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1 Introduction 

The maintenance of pregnancy requires a fine regulation of the immune response to 

inhibit maternal immune reaction to fetal-placental semi-allograft (Clark et al. 1999). 

Galectins, lectins with an affinity for beta-galactosides, are known to have an impact 

on immuno-modulation including first-line defense against pathogens, cell trafficking, 

immune cell differentiation and regulation (Perillo et al. 1995; Zhu et al. 2005; 

Toscano et al. 2007). Therefore, they are likely to be involved in uterine immuno-

regulation during pregnancy. In this regard a knock-out mouse model demonstrated 

that galectins, in particular galectin-1, are of importance during the establishment and 

maintenance of the feto-maternal tolerance by creating an anti-inflammatory 

environment (Blois et al. 2007). Moreover, galectins play a major role in many 

biological processes like the regulation of cell-cell and cell-matrix interaction, 

differentiation, proliferation and migration (Liu 2005; Liu and Rabinovich 2005). All 

these functions make them promising molecules to be involved in the physiological 

processes of placentation and maintenance of pregnancy as well in the 

immunological regulation in the peripartal period. 

The peripartal period in the dairy cow is a crucial timeframe influencing future fertility 

and milk production (Llewellyn et al. 2008). Especially, postpartal diseases like 

endometritis are a major economic factor in the dairy industry. With 24,146,000 dairy 

cows in the EU and an incidence for metritis of 20%, the annual costs caused by this 

disease are about 1,411billion € (Sheldon et al. 2009). These figures make it obvious 

how important it is to understand the pathogenesis of postpartal diseases. Based on 

the hypothesis that the postpartal diseases are most likely due to immune 

dysfunction (LeBlanc 2008; Sheldon et al. 2009), we speculate that galectins are 

promising candidates to be involved in the immuno-modulation of the bovine uterus 

as well as important factors in peripartal immuno-competence. 

In recent studies based on a large data volume from dairy cows particularly the 

negative energy balance of the late gestational cow emerged as a key factor in the 

susceptibility for postpartal uterine inflammation and fertility problems. It could be 

shown that a severe prepartal negative energy balance leads to a reduced systemic 

IGF-1 blood concentration and is associated with a higher degree of uterine 
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inflammation as well as slowed uterine involution and repair process after calving 

(Wathes et al. 2007; Wathes et al. 2009). Further evidence was brought forth by 

Piechotta et al. who where able to show that low IGF-1 blood level around day 242 to 

248 after artificial insemination (AI) clearly indicated animals which developed 

postpartal diseases after calving (Piechotta et al. 2011). Therefore we chose the 

systemic IGF-1 levels as an indicator of the immune competence of the cows and 

formed two experimental groups (IGF high vs. IGF low) to compare the galectin 

expression. 

The expression of galectins has been extensively investigated so far in the 

reproductive organs of diverse mammals (Powell 1980; von Wolff et al. 2005), but 

only little is known about its expression in the reproductive tract of the cow (Kim et al. 

2008). 

We examined the expression and localisation patterns of galectin-1, -3, -4, and -9 in 

the interplacentomal area and the placentome through the course of pregnancy in the 

cow. We especially focused on the prepartal period to find evidence for the 

involvement of galectins in the evolution of postpartal diseases. In this time frame we 

had the opportunity to investigate additionally the mRNA expression of galectin-13, 

also known as placental protein 13 (PP13), which is also associated with immune 

maldadaption ecclampsia in the human (Redman et al. 1999; Than et al. 2008; 

Merighe et al. 2009). 

Therefore, the objective of this study was to identify the expressed galectins in the 

bovine uterus and placenta. Furthermore, we analysed their spatiotemporal 

distribution throughout gestation in interplacentomal and placentomal tissues with a 

special focus on the prepartal timeframe in cows, defined by their IGF-1 blood level. 
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2 Literature 

2.1 The bovine placenta 

The bovine placenta is an adeciduate placenta and is categorised as placenta 

synpitheliochorealis (Wooding 1992) and as placenta cotyledonaria sive multiplex 

due to its appearance as cotyledonary type. The areas of feto-maternal contact are 

called placentome and are formed by maternal caruncles and fetal cotyledons (Strahl 

1906), where the feto-maternal interface is composed by an interdigitating extensive 

branching network of fetal villi and maternal crypts and septa (Strahl 1906; 

Mossmann 1987; Leiser and Kaufmann 1994). This contributes to a firm anchorage 

of fetal membranes to the maternal tissue with an extensive feto-maternal exchange 

zone (Leiser R. et al. 1998). Initially, due to the histological structure, the number and 

form of layers the bovine placenta was classified as sydesmochorial with 

disappearance of the caruncular epithelium and the trophoblast in direct contact to 

the maternal connective tissue (Grosser 1927). However, further studies could reveal 

that the maternal epithelium persisted which lead to a re-classification to 

epitheliochoreal (Bjorkman 1954). 

Generally, the bovine trophoblast consists of two cell populations, polarised 

uninucleated trophoblast cells (UTC) and trophoblast giant cells (TGC), which make 

up 15-20% of all trophoblast cells during pregnancy (Wooding et al. 1997). The 

mostly binucleated TGC develop from UTC by acytokinetic mitosis (Klisch et al. 

1999; Klisch et al. 1999) and have no epithelial-specific properties like gap or tight 

junctions, microvili and no contact to the basement membrane (Wooding and Flint 

1994). TGC are not polarised and migrate through chorionic tight junctions to the 

maternal epithelium where they fuse with an epithelial cell and form mostly trinuclear, 

feto-maternal hybrid cells (Wimsatt 1951; Wooding and Wathes 1980). As this 

migration does not continue beyond the maternal basement membrane, this 

extraordinary hallmark of the bovine placenta is charatcerised as “restricted 

trophoblast invasion” (Pfarrer et al. 2003). It is discussed that the main function of 

TGC is the delivery of specific hormones and signaling molecules to the maternal 

compartment (Wooding 1992; Klisch et al. 1999; Wooding et al. 2005). After 
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fulfillment of this task the syncytial cells degenerate (Wimsatt 1951) and are 

phagotysed by uninucleated trophoblast cells (Klisch et al. 1999). The TGC produce 

a variety of signaling molecules like placental lactogen (Wooding and Beckers 1987) 

and pregnancy associated glycoproteins (PAG) (Zoli et al. 1992). Some of these 

PAG are uniquely expressed in TGC during the course of pregnancy (Green et al. 

2000; Klisch et al. 2005) and the major target of lectin binding (Klisch and Leiser 

2003). Moreover, TGC are involved in the local production of steroid hormones 

(Ullmann and Reimers 1989; Matamoros et al. 1994) and prostaglandins (Reimers et 

al. 1985). Additionally, components of several different growth factor systems could 

be colocalised on TGC such as insulin-like growth factor (IGF) (Richterich 2008), 

vascular endothelial growth factor (Pfarrer et al. 2006), fibroblast growth factor 

(Pfarrer et al. 2006) or platelet-activating factor (Bucher et al. 2006). 

 

2.2 Galectins 

Galectins, also referred to as S-type lectins, comprise a still growing family of lectins 

which display a similar affinity for beta-galactosides (Barondes et al. 1994; 

Houzelstein et al. 2004). The first galectin was discovered 1975 in the electric eel 

(Teichberg et al. 1975). Up to date at least 20 different galectins could be identified in 

mammals (Yang et al. 2008). Members of the galectin family are defined by a 

conserved carbohydrate recognition domain (CRD) consisting of 135 amino acids. 

Structurally, the galectin family can be divided in three different types: the proto-type 

galectins (galectin-1, -2, -5, -7, -10, -11, -13, -14, -15) which contain a single CRD 

and exist as monomers or complexes depending on ligand density; the  

tandem-repeat galectins (galectin-4, -6, -8, -9, -12) which contain two CRDs joined by 

a non-lectin linker domain and chimera type (galectin-3) with one CRD connected to 

a non-lectin N-terminal peptide which promotes oligomerisation (Yang et al. 2008; 

Rabinovich and Toscano 2009). 
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Figure 1: Schematic structure of galectin types (Leffler et al. 2004, modified). 

The CRD of ca. 135 amino acid residues are shown in blue. A proto-type galectin (e.g. galectin-1) is 

shown here as a homodimer consisting of two subunits. In the chimera type (e.g. galectin-3) the 

tyrosine-, glycine- and proline-rich repeating domain is illustrated in yellow (ca. 100 residues) and the 

N-terminal domain (ca. 40 residues) in red. The tandem-repeat-type (e.g. galectin-4) consists of two 

CRD joined by a linking peptide (ca. 30 residues) which is here shown in yellow. 

 

Preferably, they bind to N-Acetylactosamine (3GlcNAc or Galβ1, 4GlcNAc) which is a 

common disaccharide found in glycans (Elola et al. 2007). The occurrence of these 

branched N-glycans is strongly dependent on the expression of certain golgi 

enzymes, especially β1,6-N-acetylglucosaminyltransferase V (Mgat5), which 

promotes the transfer of N-Acetyllactosamine to N-glycans (Lagana et al. 2006). The 

importance of this enzyme for galectin binding was demonstrated in Mgat5 knock-out 

mice which showed spontaneous autoimmunity due to reduced Galectin-3 binding to 

the T-cell receptor resulting in a reduced threshold of T-cell actvation (Demetriou et 

al. 2001). Galectins are able to act in a bi- or multivalent manner regarding their 

carbohydrate-binding activities. Intriguingly, they can bind and react with 

glycoproteins and glycolipids and despite their affinity for beta-galactosides they can 

also show protein-protein interaction (Liu and Rabinovich 2005). Another intriguing 

feature is the property to crosslink molecules and form lattices with galectin-3 being 

discussed to be especially involved in lattice formation of T-cell receptors (TCR) 

(Partridge et al. 2004). Other potential ligands for the galectins are several matrix 

molecules or basement membrane proteins such as fibronectin, laminin or hensin 

(Kuwabara and Liu 1996; Ochieng et al. 1998; Hikita et al. 2000; Ochieng et al. 

2004), several membrane receptors like integrins (Friedrichs et al. 2008; Saravanan 
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et al. 2009) or clusters of differentiation (CD), like CD3 (Paclik et al. 2008) or CD43 

(Fouillit et al. 2000). 

While most galectins show a wide tissue distribution, some galectins are expressed 

with restricted tissue specificity (Yang et al. 2008). They show a widespread location 

pattern and can be found and act in the nucleus, in the cytoplasm, on the cell surface 

and in the extracellular matrix, which makes them quite unique among proteins (Hsu 

and Liu 2004; Leffler et al. 2004; Ochieng et al. 2004; Cummings and Liu 2009). 

Typically for cytosolic proteins, they are synthesised in cytosolic ribosomes  and have 

acetylated N-termini (Leffler et al. 2004). Besides, galectins are also secreted into the 

extracellular matrix. However, the secretory processes are still not fully elucidated 

and are mainly described as non-classical pathway, as they lack a signal sequence 

need to be inserted into the endoplasmatic reticulum (Hughes 1999; Cummings and 

Liu 2009). Recent studies hinted that vesicular and non-vesicular pathways are used 

as membrane blebbing or even interactions with counter-receptors (Seelenmeyer et 

al. 2005).  

These facts suggest that galectins are able to influence a large scope of biological 

processes (Liu and Rabinovich 2005). This includes an important role in the 

regulation of cellular events like cell-cell and cell-matrix interaction, differentiation, 

proliferation and molecular recognition and may even modify processes like 

pre-mRNA-splicing (Barondes et al. 1994).  

 



Literature   

 13

 
Figure 2: Intra- and extracellularly Galectin actions (Cummings and Liu 2009). 

Galectins functionally interact with glycoconjugates on the cell surface and of the extracellular matrix 

which leads for example to regulation of cell adhesion and cell signaling. Intracellularly, galectins may 

also be also involved in the regulation of certain pathways like apoptosis pathways (Kashio et al. 2003; 

Stillman et al. 2006; Cummings and Liu 2009). 

 

However, it was shown in different knock-out mouse models that galectins are not 

necessary proteins for general viability and could probably be considered as 

“optimising molecules” (reviewed by (Leffler et al. 2004)). Their functions strongly 

depend on the way they are presented to cells. For example, it was shown that the 

immobilised form of galectin-3 promotes neurite outgrowth whereas soluble  

galectin-3 does not show this effect (Pesheva et al. 1998; Diez-Revuelta et al.). The 

blocking of galectins might alter the crosslinking between matrix and plasma 

membrane ligands which has an impact on the lattice geometry (Boscher et al. 

2011). Specific galectins (e.g. galectin-1 and -3) have also been described to act 

either pro-apoptotic or anti-apoptotic depending on their extra- or intracellular 
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localisation (Liu 2005; Liu and Rabinovich 2005). Furthermore, galectins are involved 

in the modulation of inflammatory processes including first-line defense against 

pathogens, cell trafficking, immune cell differentiation and immune regulation (Perillo 

et al. 1995; Zhu et al. 2005; Toscano et al. 2007). They are also proposed to 

participate in organ development (Hughes 2004) and in cancer progression and 

metastasis (Liu and Rabinovich 2005; Zhao et al. 2009). Tumour progression can be 

influenced by galectins through various pathways. They can be involved in the 

transformation as shown for breast carcinoma cells and thyroid follicular cells (Honjo 

et al. 2001; Yoshii et al. 2001) or in adhesion in events of metastasis as 

demonstrated by in vitro experiments (Takenaka et al. 2004; Liu and Rabinovich 

2005). Moreover, they seem to affect the regulation of tumour invasiveness (Le 

Marer and Hughes 1996; Camby et al. 2002) as well as mechanisms by which 

tumours escape the immune response (Liu and Rabinovich 2005). 

The main focus of the current research is the immunological potential of galectins. A 

large array of immune cells like activated T and B cells, dendritic cells, mast cells, 

monocytes/macrophages and neutrophils express or react with different galectins. 

Moreover, they also participate in the regulation of the differentiation of these cells 

(Zhu et al. 2005) and are often described as parts of innate and adaptive immunity 

(Cerliani et al. ; Rabinovich et al. 2004; Ilarregui et al. 2005). They are involved in 

regulating processes in acute inflammation (Stowell et al. 2008; Iqbal et al.) and 

chronic inflammation as shown in models of inflammatory bowel disease (Hokama et 

al. 2008). For the most investigated galectins (galectin-1 and galectin-3) contrary 

ways of action are described concerning their effect on inflammation. Galectin-1 

emerged as anti-inflammatory regulator of the immune response (Rabinovich et al. 

2004), while galectin-3 was described to have mostly pro-inflammatory properties 

(Dumic et al. 2006). Even recognition of pathogens and their labelling was described 

for certain galectins (Stowell et al. 2010). Also galectin-4 and galectin-9 were 

described to have an anti-inflammatory influence on the immune response in various 

models (Stowell et al. 2007; Paclik et al. 2008).  
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2.3 Galectins and reproductive organs 

Since the initiation and maintenance of pregnancy requires finely tuned adhesion 

molecules, growth and migration events as well as the regulation of the immune 

response, galectins were suggested to play a significant role in these processes 

(Shimizu et al. 2008). Research on galectins in the human uterus and the placenta 

started with the extraction and localisation of galectin-1 (Hirabayashi and Kasai 1984; 

Gabius et al. 1987; Gabius et al. 1989). Since then, various galectins were identified 

in the ovary, the corpus luteum or the oviduct of non-pregnant and pregnant uteri as 

well as in the placenta of human (von Wolff et al. 2005), mice (Phillips et al. 1996; 

Choe et al. 1997; Lee et al. 1998), rat (Powell 1980) and sheep (Gray et al. 2005; 

Lewis et al. 2007). In addition to galectin-1 and galectin-3, galectin-9, galectin-13 

(also know as placental protein 13 (PP13)) and galectin-15 are the most frequently 

investigated galectins in reproductive organs. Specific expression patterns for each 

galectin could be identified in the examined species. The main localisation of 

galectin-1 in mouse and human are stromal cells and vessel walls (Phillips et al. 

1996; von Wolff et al. 2005). Additionally, in the human placenta galectin-1 could be 

detected in the cytotrophoblast of middle and distal cell columns and in the villous 

cytotrophoblast (Vicovac et al. 1998). In contrast, in mouse, human and cow  

galectin-3 showed a distinct localisation in the epithelial lining of uterine glands and 

lumen. Interestingly, the glandular expression was restricted to the pregnant uterus 

(Phillips et al. 1996; von Wolff et al. 2005; Kim et al. 2008). In the murine placenta it 

was discovered in all trophoblastic elements (Lee et al. 1998). Similar to galectin-3, 

galectin-9 was present mainly in epithelial cells, but not in stromal cells (Shimizu et 

al. 2008). Galectin-13 was identified in the syncytiotrophoblast brush border 

membrane (Than et al. 2004) as well as in maternal cord blood (Burger et al. 2004). 

In addition to these most investigated galectins, the mRNAs of galectin-4 as well as 

the newly emerged galectin-16 and -17, both members of a placental gene cluster, 

were found in the human uterus (von Wolff et al. 2005; Than et al. 2009). Besides, 

Kaltner et al. were able to detect galectin-1 and -3 in various tissues in the 

developing bovine embryo (Kaltner et al. 2002). Interestingly, galectins were present 
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in both physiological and pathological conditions (Vicovac et al. 1998; Liu et al. 

2006).  

Various functions have been discussed for the galectins in placenta and uterus 

including an influence on the local immune system. In the human uterus it could be 

shown that galectin-1 is involved in T-cell apoptosis (Kopcow et al. 2008). 

Furthermore, in a knock-out mouse model this galectin had a major impact on shifting 

the immune cell profile towards an anti-inflammatory TH2 cell profile and promoted 

the generation of tolerogenic dendritic cells. These findings led the involved research 

groups to the hypothesis that galectin-1 plays a pivotal role in the establishment of 

feto-maternal tolerance (Blois et al. 2007). Moreover, it was discovered that the 

placental expression of galectin-1 (Jeschke et al. 2007; Than et al. 2008) and -13 

(Than et al. 2008) appears to be altered in preeclampsia, which is suspected to be 

associated with immune maladaption (Redman et al. 1999; Than et al. 2008; Merighe 

et al. 2009).  

There is evidence for an interrelationship between galectins and progesterone (P4). 

In an in vitro model with granulosa cells in primary culture and chorionic carcinoma  

cells (BeWo) it could be demonstrated that galectin-1 can have an inhibiting influence 

on the steroid production (Jeschke et al. 2004; Walzel et al. 2004). In the mouse 

uterus a regulation of galectin-1 mRNA expression by ovarian steroids occurred 

during the time of implantation (Choe et al. 1997). Besides, Blois et al. described a 

synergistic effect between galectin-1 and progesterone and an induction of the 

expression of progesterone-induced blocking factor (PIBF) by this galectin, 

suggesting a link between pregnancy-associated endocrine and immune networks 

(Blois et al. 2007). An induction of galectin-3 expression by 17β -oestradiol, P4 and 

human chorionic gonadotropin (hCG) could recently be shown in human trophoblast 

cells (Yang et al. 2011). The galectin-15 gene expression could also be induced by 

progesterone (Gray et al. 2004). In this study it was also demonstrated that  

galectin-15 expression is stimulated by interferon τ (IFNT), the pregnancy recognition 

signal in the ruminant (Thatcher et al. 1995). In consequence, the involvement of 

galectin-15 as a mediator of conceptus-endometrium interactions and a marker of 

endometrial receptivity in the sheep was suggested (Gray et al. 2004). Similarly, the 
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expression of galectin-9 in the human uterodomes, bulbous protrusions of the human 

endometrium during the implantation window, makes this protein a likely candidate to 

be involved in the implantation process (Shimizu et al. 2008). Moreover, it was shown 

that the expanded human blastocyst immediately prior to implantation synthesises 

galectin-1 suggesting its role in implantional events (Jeschke et al. 2009). This 

concept is additionally corroborated by a recent study showing that galectin-3 

secretion by BeWo cells could be induced and led to apoptosis in endometrial 

epithelial cells. Therefore, it is discussed as endocrine messenger secreted by 

trophoblast cells mediating embryo-endometrial interaction during implantation and 

invasion (Yang et al. 2011). The potential interaction between galectin-expressing 

trophoblast cells and galectin-expressing epithelial or decidual cells may not only be 

important in implantation but also in placentation and trophoblast invasion (von Wolff 

et al. 2005). As trophoblast invasion and tumor metastasis have several features in 

common (Marzusch and Dietl 1998; Murray and Lessey 1999), it was speculated that 

these similarities could also include a similar function of galectins in these processes 

(Lee et al. 1998).  

Additionally, galectins are suspected to be involved in adhesion processes in the 

placenta (Gray et al. 2005). Generally, galectins display the capacity to act as 

crosslinker for cell surface receptors and extracellular matrix (ECM) proteins thereby 

modulating cellular interactions as well as demonstrating adhesive or anti-adhesive 

properties (Elola et al. 2007). Moreover, galectins are known to interact with several 

subunits of integrins, which are also expressed in the placenta (Johnson et al. 2001; 

Pfarrer et al. 2003) and can modulate their action (Ochieng et al. 1998; Friedrichs et 

al. 2008; Saravanan et al. 2009). 



Literature   

 18

2.4 The IGF system  

The insulin-like growth factor (IGF) system consists of IGF-1, IGF-2, the IGF 

receptors type 1 (IGF1-R) and type 2 (IGF2-R) as well as seven IGF binding proteins. 

The peptides IGF-1 and -2 are highly homologous and show a structural similarity to 

pro-insulin (Jones and Clemmons 1995).The main source of serum IGF-1 is the liver 

(Peel et al. 1983). However, various other organs show a local expression of IGF-1 

leading to the hypothesis of endocrine and autocrine/paracrine ways of actions (Le 

Roith et al. 2001). The IGF expression is mainly regulated by growth hormone but is 

also influenced by other hormones and nutritional factors (Thissen et al. 1994; Cohen 

2006). The IGF1-R binds IGF-1 and IGF-2 with high affinity and activates a tyrosine 

kinase pathway thereby mediating the actions of IGF-1 and -2 (Ullrich et al. 1986; Le 

Roith et al. 2001). The IGF2-R is identical to the mannose-6-phosphate receptor and 

is considered to be a clearance molecule removing especially excessive amounts 

IGF-2 from circulation (Kornfeld 1992). In the serum the IGF ligands are bound to 

circulating IGF-binding proteins (IGFBP), which regulate the IGF availability and 

action. IGFBP can prolong the half-life of the IGF ligands by protecting them from 

proteolytic degradation (Le Roith et al. 2001). Since they act as carrier to the target 

tissue, they can also modulate the interaction of IGF with the receptors in an 

inhibiting or enhancing manner (Stewart and Rotwein 1996; Cohen 2006). In the 

serum the most important binding protein in both human and cattle is IGFBP-3. About 

95% of the IGF ligands are bound to this particular IGFBP (Reynolds et al. 1990). 

Besides being present in the circulation, IGFBP are expressed locally at the IGF 

target sites in many tissues, like the gestational endometrium (Han et al. 1996). 

However, they can also have IGF-independent functions (Cohen 2006). 

IGF-1, as a mediator of GH actions, can stimulate proliferation and has effects on 

differentiation, apoptosis and metabolism in a large variety of cells (Stewart and 

Rotwein 1996; Cohen 2006). For example it was shown to have a positive influence 

on wound healing on a molecular level (Suh et al. 1992; Bitar 2000). IGF-1 also 

influences immune function by affecting the differentiation and proliferation of 

immune cells as well as their longevity (Landreth et al. 1992; Gibson et al. 1993; 
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Kooijman et al. 2002). Apart from its physiological actions, the IGF system is also 

involved in the onset and growth of various cancers and has become a popular target 

in cancer therapy during the last years (Stewart and Rotwein 1996; Pollak 2008; 

Gualberto and Pollak 2009). Under physiological conditions IGF-2 plays an 

insignificant role in the adult organism (Jones and Clemmons 1995), but it was 

reported to be involved in several pathological processes (O'Dell and Day 1998).  

The expression of IGF system members in the reproductive tract has been related to 

a successful pregnancy in a variety of species. For example in mice and human, the 

IGF axis has been shown to play a major role in embryo-fetal growth (Bowman et al. 

2010). In the uterus of the cow mRNA and protein of IGF system components are 

differentially expressed in the pre- and postpartum period (Llewellyn et al. 2008; 

Richterich 2008). These facts point to an impact on fetal and placentaI growth as well 

as specific functions around parturition. IGF-1 has been suggested to stimulate 

preimplantational embryonic growth (Wathes et al. 1998) and to influence fetal 

growth by regulating the distribution of nutritive factors in the placenta as shown in 

the mouse, ewe and rat (Bauer et al. 1998). However, it could be demonstrated that 

not local IGF-1 but serum IGF-1 is involved in these regulations as an endocrine 

factor (Hoeflich et al. 2004). IGF-2 was shown to have important functions in 

placentation and placental and embryonal growth (DeChiara et al. 1991) by 

influencing the fetal resorption of nutritive factors (Constancia et al. 2002). In the 

ovary, where the systemic IGF-1 concentration is reflected in the follicular fluid, IGF-1 

and IGF-2 enhance ovarian functions and stimulate follicle cell proliferation (reviewed 

by (Wathes et al. 2003). 

It seems that IGF-1 blood levels can also be linked to fertility and even to the 

postpartal immuno-competence of the cow. In a study conducted by Wathes et al. 

(2007) with data from 500 lactations it was shown that postpartum altered IGF-1, 

urea and BCS scores were associated with longer calving to conception intervals. In 

this study they distinguished between multiparous and primiparous animals as well 

as animals with mild negative energy balance (MNEB) and severe negative energy 

balance (SNEB) (Wathes et al. 2007). Especially animals with SNEB showed a 

reduced IGF-1 synthesis, bioavailability and stability. Moreover, Taylor et al. could 
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demonstrate that multiparous cows with lower IGF-1 levels in the peripartum period 

failed to conceive (Taylor et al. 2004). Negative energy balance (NEB) is also 

discussed to have an impact on uterine recovery by a delay of clearance of puerperal 

pathogens. Uterine histological sections from cows with SNEB from this study 

showed a higher number of inflammatory cells. These results suggest that animals 

with SNEB, indicated by a low serum IGF-1 level, show a higher degree of 

inflammation and a delayed recovery of the uterus (Wathes et al. 2007). 

Furthermore, Piechotta et al. noticed that a low IGF-1 blood level on day 242 to 248 

after AI could pinpoint animals developing postpartal diseases like endometritis after 

calving (Piechotta et al. 2011). This observation is supported by Clark et al. who 

discussed the involvement of the GH-IGF-1 axis in pregnancy-related immune 

suppression to establish a feto-maternal tolerance (Clark 1997).  

Taken together, these results indicate that the IGF-1 blood level is a reasonable 

parameter to characterise the postpartal immuno-competence of cows. 
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3  Material and Methods 

Recipes for used buffers and solutions, reagents and technical equipment see 

appendix (chapter 10). 

3.1 Tissue sampling und preparation 

3.1.1 Galectin localisation throughout pregnancy 

The samples used for this part of the study were assembled for a previous study in 

the work group of C. Pfarrer (Pfarrer et al. 2006). 

In short: At the local slaughterhouse placentomes and interplacentomal areas of 27 

clinically healthy and pregnant animals were sampled after removal of the complete 

uterus from the carcass. The gestational stage was assessed due to the crown-rump-

length according to Schnorr (Schnorr 1996). Experimental groups were assigned 

according to their gestational stage in early gestation (day 30-130, n=9), midgestation 

(day 140-220, n=7) and late gestation (day 240-270, n=7). For experiments in 

molecular biology tissue samples of the central, interdigitating zone of the 

placentome were frozen in liquid nitrogen and stored at -80°C until processing. 

Additionally, tissue samples were perfusion fixed either in Bouin’s solution or Lillie’s 

Formalin. After 48h fixation the tissue samples were cut and embedded in paraffin 

wax (see below for detailed protocol). 

 

3.1.2  Galectin expression in the prepartal period 

For the study 17 clinically healthy, multiparous cows were chosen from a single dairy 

farm (700 dairy cows) in eastern Germany. All cows were in their 2nd to 3rd lactation 

period and had a milk yield below 10000 litres in their previous lactation. The animals 

had a comparable body condition score (3.25 to 4.25). On day 248 (+/-3) after 

artificial insemination (AI) blood samples were taken from the arteria coccygea 

mediana and the IGF-1 serum levels were determined. Experimental groups were 

formed according to IGF-1 serum level: IGF low group (n= 7; IGF-1<140ng/ml) and 

IGF high group (n=10; IGF-1>140ng/ml). On day 275 of pregnancy a caesarean 

section was perfomed without induction of birth. Animal selection, blood sampling, 
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measurement of blood parameters and caesarean section were performed by 

members of the Clinic for cattle, University of Veterinary Medicine Hannover. 

During the caesarean section two placentomes were removed from the uterine wall 

using an emasculator tool to stop blood supply in the chosen placentome before 

removal. Additionally, an area of interplacentomal tissue (size 5x10 cm) was 

sampled. For molecular biology tissue samples of all tissues were immediately frozen 

in liquid nitrogen and stored at -80°C until proces sing. From the placentomes 

caruncular base as well as chorionic plate was removed and only samples from the 

feto-maternal contact zone were used. From the interplacentomal endometrium only 

the luminal epithelium was sampled for molecular biology. Moreover, tissue samples 

were fixed for histology in either Bouin’s solution or Lillie’s Formalin for 48h and then 

cut to convenient size and embedded in paraffin wax. Slices of placentomes 

containing caruncular base, feto-maternal interdigitation zone and chorionic plate and 

slices of the interplacentomal endometrium containing all tissue layers were 

transferred into capsules for embedding.  

The experiments were approved by the committee on the use of animals for research 

purposes at the regional council (Niedersaechsisches Landesamt für 

Verbraucherschutz und Lebensmittelsicherheit, Laves, Oldenburg;  

AZ 33.9-42502-04-09/1696). 
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3.2 Histology 

3.2.1 Embedding protocol 

Flushing with running tab water  over night; Lillie’s Formalin only 

70%   Ethanol overnight 

80%   Ethanol  overnight 

100% Ethanol   2 h 

Isopropanol  2 h 

Xylene I 2 h 

Xylene II  2 h 

Paraffin wax I overnight 

Paraffin wax II 2 h 

Paraffin wax III 1 h 

      

After the final paraffin step capsules were opened, placed in a metal mould and filled 

with 60°C paraffin; the back of the capsule served as top of the mould. The paraffin 

blocks were hardened on a -5°C cold plate. 

 

3.2.2 Preparation of slides 

The paraffin embedded tissue samples were cut in 4 µm sections using a rotation 

microtome. All used slides were cut as serial sections. These were mounted on 

silane treated glass slides (Histobond, Paul Marienfeld, Laboratory Glassware, Laud-

Königshofen, Germany) and dried over night at 60°C in a heating cabinet. The dried 

sections were ready to use. 

 

3.2.3 Hematoxylin-Eosin staining 

From all used samples Hematoxylin-Eosin (HE) staining were performed to have an 

overview over the morphology of the sample. This is a dichromatic staining using the 

basic hematoxylin, to stain the nuclei and the acidic eosin to stain the cytoplasm. 
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Slides were dewaxed by xylene and dehydrated by a graded series of alcohol and 

then rinsed in aqua bidest. 

  

Dewaxing: Xylene I 10 min 

 Xylene II   10 min 

Rehydration Isopropanol 2 min 

 96% Ethanol 2 min 

 80% Ethanol  2 min 

 70% Ethanol  2 min 

  

After rehydration slides were incubated for 8min in Delafield’s hemalaun. After this 

they were shortly dipped into 0.1% HCl (in 96% ethanol) and then rinsed for 15min 

under running tab water. The following eosin staining was carried for 5min in 250ml 

of a solution containing 1% eosin in 96% ethanol and 3-4 drops acetic acid. 

Finally, slides were dehydrated, as described below, and mounted with Eukitt. 

 

Dehydration  80% Ethanol 2 min 

 96% Ethanol 2 min 

 Isopropanol 2 min 

 Xylene 5 min 

 Xylene 5 min 
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3.2.4 Immunohistochemistry 

For the immunhistochemistry a 2 day protocol was used. Visualisation was achieved 

with horseradish peroxidase complexed secondary antibodies turning the staining 

substrate 3, 3’ Diaminobenzidin (DAB) into a brown, unsoluble precipitate. 

All steps were conducted at room temperature unless indicated otherwise. 

 

Day 1: 

Slides were dewaxed in xlyene and dehydrated in a graded series of alcohols ending 

in PBS. Endogenous peroxidase activity was blocked by incubation with 2% 

hydrogen peroxide in 80% ethanol for 30min. 

 

Dewaxing: Xylene I 10 min 

 Xylene II   10 min 

Rehydration Isopropanol 2 min 

 96% Ethanol 2 min 

 80% Ethanol + 2% H2O2 2 min 

 70% Ethanol  2 min 

 

 

After rinsing the slides 3 times for 5min in PBS, they were incubated with 20% normal 

horse serum in PBS to reduce non-specific binding in a moist chamber. Antibodies 

for galectins-1, -3, -4 or -9 were incubated over night at 4°C (table of antibodies and 

dilutions see below). Antibody dilutions were prepared with PBS containing 1.5% 

bovine serum albumin. 



Material and Methods   

 26

Tab 1: Details of antibodies 

 

Antibody Concentration 

IHC [mg/ml] 

Supplier  

(order no.) 

Rabbit-anti-bovine Galectin-1, 

polyclonal IgG 

0.4  H.J. Gabius;  

H. Kaltner 

Rabbit-anti-bovine Galectin-3, 

polyclonal IgG 

0.001  H.J. Gabius; 

H. Kaltner 

Goat- anti-bovine Galectin-4, 

polyclonal IgG 

0.001  Santa Cruz  

(sc-19286) 

Goat-anti-bovine Galectin-9, 

polyclonal IgG 

0.002  Santa Cruz 

(sc-19292) 

Rabbit Serum-IgG  0.4  

0.001  

SigmaAldrich 

(I8140) 

Goat Serum-IgG 

 

0.002  SigmaAldrich 

(I9140) 

 

Day 2:  

To eliminate all unbound primary antibody, slides were rinsed 3 times in PBS for  

5min. The sources of the used primary antibodies were either rabbit (galectins-1 and  

-3) or goat (galectin-4 and -9). 

To visualise rabbit originating antibodies the DAKO Envision+ System / rabbit, HRP 

was used according to manufacturer’s instructions. Shortly, the rinsed slides were 

incubated for 45min with anti-rabbit polymer, a secondary–antibody-dextran-

peroxidase-complex, in a moist chamber and then rinsed 3 times for 5min in PBS. 

Visualisation was achieved by 5min incubation with DAB solution, provided by the 

manufacturer. 

To visualise goat originating antibodies the SuperVision2 two-step polymer system 

anti-goat was used according to manufacturer’s instructions. Shortly, slides were 

incubated with Anti-Goat polymer for 20min in a moist chamber and then rinsed  

3 times for 5min with PBS. Afterwards, they were incubated for 20min in a moist 
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chamber with the enhancer solution. Similarly, visualisation was achieved by 10min 

incubation with DAB, provided with the staining system. 

After staining with DAB the slides of both systems were rinsed for 5min with PBS and 

for 10min under running tab water to stop further DAB staining. Counterstaining was 

achieved using Delafield’s hematoxlin for 30sec. Afterwards sections were rinsed for 

10min under running tab water to establish the blue colour of the counterstaining. 

Slides were dehydrated in a series of graded ethanol solutions and cleared in xylene. 

Finally they were mounted with Eukitt. 

 

Dehydration  70% Ethanol 2 min 

 80% Ethanol 2 min 

 96% Ethanol 2 min 

 Isopropanol 2 min 

 Xylene 5 min 

 Xylene 5 min 

 

 

As negative control the primary antibodies were replaced with buffer while incubation 

with rabbit IgG from serum or goat IgG from serum served as an isotype control. As 

positive control for the yet untested antibodies galectin-4 and galectin-9 bovine colon 

and rat oesophagus were used. 

 

Two different slides per tissue from each animal were stained and evaluated 

qualitatively according to the staining intensity:  

++  = very strong  

 +  = strong  

(+) = weak 

 -  = no  

var  = variable 
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3.3 Protein biochemical methods 

All reagents are described in the annex (chapter 10.3). 

 

3.3.1 Protein extraction 

Frozen tissue samples from the placentome or the interplacentomal endometrium 

were homogenised in 300µl Boehringer lysis buffer with AEBSF (1mM) Pepstatin  

(1µM) and Leupeptin (1µg/ml) as protease inhibitors. After centrifuging the sample 

with maximum speed at 4°C, the protein containing s upernatant was collected. 

The total protein amount was measured using a detergent-compatible colorimetric 

assay, the DC Protein Assay Kit™ according to manufacturer’s instructions.  

In short: 1000µl of solution A, an alkaline tartrate solution, were mixed with 25µl 

solution S, 20µl of this solution per well were transferred into a 96-well plate. 2µl of 

sample in question or 2µl, 3µl, 4µl or 5µl of the BSA solution (2mg/ml) were added 

directly into the solution. The BSA solution was used to produce a comparable 

standard curve. Subsequently 200µl of the dilute folin reagent was added to each 

well. After 5-10min the colour intensity was measured in an ELISA reader at an 

absorbance of 690nm. After calculation of the sample concentration 15µg of protein 

were used per sample. Furthermore, an appropriate amount of 4x Laemmli buffer 

was added prior further processing. 

 

For clarification an example: 

For a sample containing 2µg/µl protein: 

 

Sample 7.5 µl 

4x Laemmli buffer 6.6  µl 

Add Bayer lysis buffer to 20µl   

 

Sample total volume 20µl with 15µg protein in 1x Laemmli buffer 
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3.3.2 SDS-PAGE 

Proteins were separated due to their electrophoretic mobility using a Laemmli  

SDS-Page (Sodium dodecyl sulfate polyacrylamide gel electrophoresis) (Laemmli 

1970). The SDS gel consists of a stacking and a separating gel and was used with a 

TRIS-Glycin-buffersystem. Before loading the samples and the prestained protein 

marker (SDS7B) were denaturised at 95°C for 5min an d then shortly cooled on ice. 

15µg sample per slot and 5µl protein marker were used. The electrophoresis was 

firstly conducted at 50V for 10min to get a uniform dye front and was adjusted 

afterwards to 100V (23-50mA) for 1h. The resulting gel with protein standard and 

samples was then used for Western Blot. 

 

3.3.3 Western Blot 

By Western Blot the proteins are transferred from a SDS-PAGE gel to a nitrocellulose 

membrane (0.45µm) using a MINI TRANSBLOT apparatus (BioRad). 

After equilibration of gel in blot buffer for 5min, the blotting sandwich was assembled 

as described in the manufacturer’s protocol. Shortly, a blot buffer wetted 

nitrocellulose membrane was transferred directly onto the gel and both were 

sandwiched between two 1mm blotting filters and one 2mm sponge on each side. 

The sandwich of sponges, filters, gel and membrane was set into the tank blot 

apparatus containing blot buffer and a frozen cold pack to prevent heating. The 

electrophorsesis was conducted at 100V (0.35A) for 1h. A prestained marker was 

used as a molecular weight marker and to monitor electrophoretic transfer. 

The separated proteins on the membrane were subsequently used for 

immunodetection.  

 

3.3.4 Immunodetection 

In this method the investigated protein bands are identified using a primary antibody 

which is detected in a successional step using a horse-radish peroxidase conjugated 

secondary antibody. The secondary antibody then is visualised by a 

chemiluminescent substrate. 
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After electrophoretic transfer, the membrane was placed protein-binding side up in 

plastic vessels. To prevent unspecific antibody binding it was incubated in blocking 

buffer (5% non fat dry milk in TBS-T) for 60min at room temperature. Afterwards, the 

primary antibody was appropriately diluted (see table below) and incubated for 12h or 

overnight at 4°C. The primary antibody was removed by washing the membrane  

3 times for 5min with TBS-T. The appropriate HRP conjugated secondary antibody 

(anti-rabbit or anti-goat, see table below) was applied for 45min at room temperature. 

Finally, the membrane was washed again 3 times for 5min in TBS-T and once for 

5min in TBS. 

Immunoreactive bands were visualised using the LumiGlow chemiluminescence 

detection system (ThermoFisher Scientific) according to manufacturer’s instruction. 

The membrane was analysed using a Fusion SL chemiluminescence detection unit 

with the Fusion software. 

 

Tab 2: Antibody details for Western Blot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antibody Concentration 

[mg/ml] 

Supplier  

(order no.) 

Rabbit-anti-bovine Galectin-1 

polyclonal IgG 

0.4  H.J. Gabius; 

 H. Kaltner 

Rabbit-anti-bovine Galectin-3, 

 polyclonal IgG 

0.001  H.J. Gabius; 

H. Kaltner 

Goat-anti-bovine Galectin-4 

polyclonal IgG 

0.001  Santa Cruz  

(sc-19286) 

Goat-anti-bovine Galectin-9, 

 polyclonal IgG 

0.0002  Santa Cruz 

(sc-19292) 

Anti-Rabbit-IgG-HRP 0.0008 Santa Cruz  

(sc-2004) 

Anti-Goat-IgG-HRP 0.0002 Santa Cruz 

(sc-2056) 
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3.4 Molecular biology 

 

3.4.1 mRNA Extraction 

For RNA extraction the SV Total RNA Isolation System (Promega, USA) was used 

according the manufacturer’s instructions. All steps were performed at room 

temperature unless stated otherwise. 

In short: About 150µg of frozen tissue sample of placentome or endometrium were 

homogenised in 500µl RNA Lysis buffer with 10µl β-Mercaptoethanol using an 

automatic homogeniser. 175 µl of this mixture were added to 350µl RNA Dilution 

buffer, mixed and heated to 70°C for 3min. Afterwar ds, the samples were centrifuged 

(14000g for 10min), the supernatant was collected and mixed with 95% ethanol and 

added onto a spin column. After centrifugation (14000g for 1min) the membrane of 

the column was washed with 600 µl of RNA Wash (14000g for 1min to remove 

buffer). Residual DNA was digested with DNase1 for 15min and digestion was 

stopped using the supplied DNase Stop Solution. Subsequently, the column was 

washed with RNA Wash Solution twice (500µl each). For elution of the RNA 100µl 

nuclease free water was used. 

The total amount and quality of the extracted RNA was analysed at a 1:50 dilution by 

determination of the optical density at 260 and 280nm with a spectrometer.  

Furthermore, RNA integrity was spot checked using Nanochips for the Agilent 

Bioanalyzer (Agilent Technologies, INC., USA). 

 

3.4.2 cDNA synthesis by reverse transcription (RT reaction) 

The extracted RNA was transcribed into cDNA (complementary DNA) by the use of 

random primers, a reverse transcriptase, RNase inhibitors and dNTPs. 

For the RT reaction the standard reverse transcriptase protocol with ImpromII 

reverse trancriptase (Promega) 700ng of total RNA in a 20µl reaction volume was 

used. RNA and random hexamers were mixed, nuclease free water was added up to 

5µl and the mix was heated to 70°C to denature RNA secondary structures. After 

cooling on ice the reaction mix (see below) was added. 
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As negative control the sample RNA was omitted and replaced with nuclease free 

water. 

 

 

Reaction mix 

 

Nuclease free water 6.1 µl 

ImPromII 5x reaction buffer 4 µl 

MgCl2 (25mM) 2.4 µl (3mM) 

dNTP mix  

(every dNTP in 10nM) 

1 µl (0.5mM) 

RNasin(2,500U)  

Ribunuclease Inhibitor 

0.5 µl (1U/µl) 

ImpromII Reverse transcriptase 1 µl 

 

 

 

The annealing temperature was set to 25°C, followed  by the extension step or 60min 

at 42°C. The reaction was stopped by enzyme denatur ation at 70°C for 5min. The 

synthesised cDNA was used immediately or after a short-term storage at 4°C. 
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3.4.3 Screening for galectin expression by PCR  

The polymerase chain reaction is a tool to amplify DNA or cDNA in vitro thereby 

generating millions of copies. It was employed in this study to investigate the 

expression of galectin-1, -3, -4, -9 and -13 in late gestational interplacentomal and 

placentomal tissue samples. GoTaqHotStart Polymerase was used with a Promega 

PCR Protocol in a 20µl reaction volume. The used primers are mentioned below 

(table 3). 

All reagents used for PCR were purchased from Promega. 

 

Reaction mix 

 

5x Green/ Colourless GoTaq reaction buffer   4 µl 

Nuclease free water  11.1 µl 

MgCl2 (25mM) 1.2 µl 

dNTP (10mM) 0.4 µl 

Forward primer (10µM)  1.2 µl 

Reverse primer (10µM)  1.2 µl 

Template cDNA 0.8 µl 

GoTaq DNA polymerase (5u/µl)  0.1 µl 
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Table 3: Used primer for PCR and qPCR 

Target 
Gene Name 

Sequence (5’ to 3’) Amplicon  Accession  Ta 

Gal-1 
Lgals1*1 

For: TCAACCAGACGGACCTAACC’ 

Rev: GAAGTCACCACCTGCAGACA 

113 bp NM_175782  

 

60°C 

Gal-3 

Lgals3 

For: CAGTGCAGAGGCGTCGGGAAA 

Rev: CTGCCCCAGCAGGCTGGTTT 

121 bp NM_001102341 

 

60°C 

Gal-4 
Lgals4 

For: TCATGGTCATGACGGAGCACTTCA 

Rev: ATTGAAGCATCAGGTCGCCATCCA 

123 bp NM_001034768 

 

60°C 

Gal-9 
Lgals9*3 

For: ACCGCATCGATGCCATCAG  

Rev: TCAAATCCTCCAGGGATCTG 

180 bp NM_001039177 

 

60°C 

Gal-15-like 
(Gal-13) 
Lgals13 

For: TGGGAAGAACCCAGAGCTTGT 

Rev: ACCACCATGCTGTTCGTGTAGACT 

120 bp XM_593263 

 

60°C 

Ubiquitin*2 For: AGATCCAGGATAAGGAAGGCA T 

Rev: AGATCCAGGATAAGGAAGGCA T 

198 bp Z18245.1 

 

60°C 

HistonF3α*2 For: ACTGGCTACAAAAGCCGCTC 
 
Rev: ACTTGCCTCCTGCAAAGCAC  

233 bp BT020962 

 

60°C 

 *1   Mohan et. al 2004 

*2  (Groebner et al. 2010) 

*3    Primer can detect both splicing variants; only variant 2 occurred 

Ta  Annealing temperature 

For the PCR the lid was heated first to 110°C to pr event evaporation. The initial 

denaturation was carried out for 2min at 95°C. Each  cycle consisted of 45sec 94°C 

for denaturation, 45sec at 60°C for annealing and 1  min at 72°C for elongation. The 

cycle was repeated 35 times followed by a final elongation step for 5min at 72°C  

(96 universal gradient, Peqlab). 

As negative control the cDNA was omitted and replaced with nuclease free water. 

Samples produced with 5x Colourless GoTaq Reaction buffer were send for 

commercial sequencing to Seqlab (Göttingen, Germany). 
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The specific PCR products were visualised after electrophoresis on a 1.5% agarose 

gel containing ethidiumbromide (in TBE buffer at 80V) with a Bio-Vision detection unit 

and the Vision-Capt software (both Vilber Lourmat). 

 

3.4.4 Relative quantification using realtimePCR (RT-qPCR) 

RT-qPCR makes it possible to amplify and quantify targeted DNA molecules. 

Quantification is achieved by the assessment of emerging fluorescence. In the used 

method the non-specific fluorescent dye SYBR Green was added to the reaction mix 

to intercalate with any double stranded cDNA. Fluorescence was measured 

simultaneous to the actual PCR (-> Realtime) by a specialised Realtime PCR 

machine. During the first cycles only a basic fluorescence was detected which is also 

referred to as background fluorescence. After a certain number of cycles the reaction 

reaches the exponential phase of amplification. This exact time point or exact 

number of cycles is called cycle threshold or crossing point (Cq) and can be detected 

as fluorescence will become stronger than the background. We used the relative 

quantification method where samples are normalised against reference genes to 

compare samples of interplacentomal or placentomal tissues between IGF high and 

IGF low animals. HistonF3alpha and ubiquitin served as reference genes. 

To control the efficiency of each primer pair standard curves were prepared with  

5 dilution steps in log steps. The analysed primer sets are given in the table above 

(table 3). 

Finally, the efficiency was calculated from E = 10 –1/slope and only primer pairs with 

efficiencies in the range of 90-110% and a coefficient of determination (R2) >0.985 

were used. This was performed for each primer pair in each tissue. As the optimal 

fluorescence detection is at Cq 25 the amount of template cDNA was chosen to yield 

a Cq of 25 in the standard curves. The cDNA used in this experiment originated from 

the RT reaction described above. The given amounts of template in ng refer to the 

amount of used RNA.  

Each reaction was performed as follows in a StepOne Plus Realtime Cycler (Applied 

Biosystems): per each 96 well a reaction volume of 25µl was used. It contained 5nM 

forward and reverse primer, template varying from 0.125ng to 168ng RNA 
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(depending on primer set and tissue) and the SYBR Green PCR Master Mix (Applied 

Biosystems). The cycling was performed using the following conditions: initial 

denaturation at 95°C for 10min followed by 40 cycle s with a denaturation step at 

95°C for 15sec and an annealing step 60°C for 60sec  . The emerging fluorescence 

was detected during the annealing and the extension step. The amplification quality 

was analysed by a melt curve analysis through StepOne software. 

As negative control cDNA was omitted in one sample and replaced with nuclease 

free water. All measurements were carried out 3 times in duplicates. 

 

Reaction mix: 

Nuclease free water 5.5 µl 

Forward primer  1.5 µl 

Reverse primer  1.5 µl 

SYBR Green mastermix 12.5 µl 

Template 4 µl 

 

3.4.5 Data analysis 

The Cq values and delta Cqs were measured and calculated by the StepOne 

Software 2.1. Only data with a good quality of melt curve represented by only one 

peak were used for data analysis. 

For comparison of the results the delta-delta-Cq approach was used as proposed by 

Pfaffl (Pfaffl 2001) The calculation of delta-delta–Cq values was also done in 

accordance with Livak and Schmittgen (Livak and Schmittgen 2001). 

 

3.4.6 Statistical analysis 

For the statistical analysis SPSS software (Chicago, IL, USA) was used. Data were 

tested for normality and equal variance. The relative expression of each target gene 

of the experimental groups were separately analysed by one-way ANOVA. The level 

of significance was set to p< 0.05, trends were assumed at p< 0.1. 

 



Manuscript I   

 37

4 Manuscript I 

Galectin fingerprinting detects differences in expression profiles 

between bovine endometrium and placentomes and early and late 

gestational stages 

Rebecca Fröhlich1, Nina Hambruch1, Jan-Dirk Haeger1, Marc Dilly1, Herbert Kaltner2, 

Hans-Joachim Gabius2, Christiane Pfarrer1,* 

 
1Department of Anatomy, University of Veterinary Medicine Hannover, Hannover, 

Germany 2Institute of Physiological Chemistry, Faculty of Veterinary Medicine, 

Ludwig-Maximilians-University Munich, Munich, Germany 

 

Running head: Galectins in bovine endometrium and placenta 

Keywords: endometrium, lectin, trophoblast, placenta, stroma 

 
* Corresponding author: Prof. Dr. Christiane Pfarrer, Department of Anatomy, Univer-

sity of Veterinary Medicine Hannover, Bischofsholer Damm 15, 30173 Hannover, 

Germany; Phone: +49-(0)511-856-7211; Fax: +49-(0)511-856-7683;  

e-mail: Christiane.Pfarrer@tiho-hannover.de 

 



Manuscript I   

 38

Abstract 

Galectins (gal), lectins with beta-galactosidase affinity, play important regulatory roles 

in cell adhesion and growth, and immune function. To provide a base for future 

functional analysis galectin fingerprinting was performed for endometrium and 

placenta during bovine gestation. Placentomal (P) and interplacentomal tissues (IP) 

were collected at a slaughterhouse and assigned to three stages of pregnancy (early 

gestation = day 30-130; mid gestation = day 130-220; late gestation = day 220-275). 

The specimens were snap-frozen or fixed in Bouin’s solution and embedded in 

paraffin. Gene expression for galectins-1,-3,-4 and -9 in P and IP of late gestational 

stages was detected by RT-PCR. Following specificity controls by Western blotting 

galectin-type-specific antibodies were used for immunohistochemical localisation. In 

IP, galectin-1 occurred in stroma cells and early gestational trophoblast giant cells 

(TGC), whereas galectin-3 was present in uterine epithelial cells. In contrast, in P 

both galectins were found in epithelia. Galectin-4 was found in uterine epithelial cells 

and blood vessel walls, while gal-9 was detected predominantly in uterine epithelial 

cells and late gestational TGC. Our study thus revealed individual profiles of the 

different galectins tested an indication for specific functions exerted by each protein 

in the bovine endometrium and placenta. 
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Introduction 

Bovine epitheliochorial placentomes consist of fetal cotyledons and maternal 

caruncles (Leiser and Kaufmann 1994). The feto-maternal interface is formed by an 

interdigitating extensive branching network of fetal villi and maternal septa (Pfarrer et 

al. 2001), which leads to a firm anchorage between both compartments (Leiser R. et 

al. 1998). Specific hallmarks of the bovine placenta are the trophoblast giant cells 

(TGC). They develop from uninucleate trophoblast cells by acytokinetic mitosis and 

are able to migrate into the maternal epithelium. Subsequently, they fuse with single 

maternal epithelial cells to form feto-maternal hybrid cells (Wooding and Wathes 

1980) and degrade successively. Owing to this fusion they are a source of an array 

of compounds for the maternal compartment (Wooding 1992; Klisch et al. 1999). 

Since migration does not extend beyond the maternal basement membrane 

(Wooding and Wathes 1980), this process is considered as restricted trophoblast 

invasion (Pfarrer et al. 2003). Thus, through regulated cell adhesion, migration and 

restricted invasion, a complex interface is generated that encompasses both fetal 

and maternal cells (Vicovac et al. 1998). Its functionality is critical for the 

maintenance of pregnancy, directing attention to the analysis of proteins active in the 

given respects. 

These criteria are fulfilled for the galectin family of endogenous lectins, whose 

members are potent mediators in diverse intra- and extracellular processes (Villalobo 

et al. 2006; Schwartz-Albiez 2009; Gabius et al. 2011). Of particular note, 

coordinated orchestration of presence of glycan counterreceptors and cognate 

galectins is documented to underlie cell growth regulation, e.g. within T cell 

communication or anoikis induction (Andre et al. 2007; Wang et al. 2009) . In this 

respect individual galectins can have distinct functionality but cases are already 

described for functional divergence (Kopitz et al. 2001; Sanchez-Ruderisch et al. 

2010). Therefore, it is of interest to comparatively study the expression profiles of 

individual galectins, answering the pertinent questions on presence and regulation. 

Toward this end, we selected four members of this family from each of the three 

subgroups, i.e. the proto-type galectin-1, the chimera-type galectin-3 and the 

tandem-repeat-type galectin-4 and -9. 
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Historically, galectin research in placenta started with using this tissue as source for 

galectin-1 and glycohistochemical detection of specific binding sites in fixed tissue 

sections ( (Hirabayashi and Kasai 1984; Gabius et al. 1987; Gabius et al. 1989). By 

using the pan-galectin-binding glycoprotein asialofetuin (Dam et al. 2005) as 

histochemical tool reactivity was detected in human decidua, syncytium and 

cytotrophoblasts, calling for an analysis with galectin-type-specific reagents. Along 

this line, mostly galectin-1 has been studied immunohistochemically (Bevan et al. 

1994). Due to the availability of non-cross-reactive antibody preparations against 

galectins, e.g. tested recently in human endometrium and decidua (von Wolff et al. 

2005), it was possible to extend analyses to other members of the lectin family. In 

detail, we studied galectin expression and localisation in bovine pregnant 

endometrium and placenta. Specifically, interplacentomal and placentomal areas 

were monitored for any changes in their spatiotemporal distribution throughout the 

course of gestation.  

 

Material and Methods 

 

Sample collection and fixation  

Placentomes with surrounding interplacentomal areas were collected from 27 healthy 

cows of different gestational stages at the local abattoir and perfusion fixed either in 

Bouin’s solution or Lillie’s Formalin. After fixation they were embedded in paraffin 

wax using routine protocols. According to fetal crown-rump length (Schnorr 1996) the 

tissues were assigned to three groups: early gestation (days 30-130, n=9), 

midgestation (days 140-220, n=7), and late gestation (240-270, n=7). Additionally, 

tissue samples of the central part of the placentomes were immediately shock frozen 

in liquid nitrogen and stored at -80 °C for extract ion of RNA and protein (Pfarrer et al. 

2006). 

 

RNA extraction and RT-PCR 

RNA extraction was performed using the SV Total RNA Isolation System (Promega, 

USA) according to the manufacturer’s instructions. The total amount of extracted 
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RNA was quantified by spectrophotometric determination of the optical density at 260 

nm (SmarSpec, BioRad, CA, USA) using two different dilutions of each RNA 

preparation. 

For reverse transcription 1.0 µg of total RNA was used per 20 µl reaction volume. 

RNA and random hexamers were combined and after incubation at 70 °C for 5 min 

and cooling for 3 min on ice the reaction mix (1x ImProm-II reaction buffer, 3 mM 

MgCl2, 0.5 mM of each dNTP, 20 U RNasin ribunuclease inhibitor, 1 µl ImProm-II 

reverse transcriptase) was added and incubated due to manufacturer’s instructions. 

The primer sequences used in the subsequent PCR are compiled in table 1. GoTaq 

HotStart Polymerase (Promega, USA) was used with a reaction mix according to the 

manufacturer’s protocols. After an initial denaturation step at 95°C for two min 35 

consecutive cycles of the following series of steps were performed: denaturation at 

94°C for 45 s, annealing at 60°C for 1 min and exte nsion at 72°C for 1 min. The final 

elongation was done at 72°C for 5 min. Resulting am plicons were visualised after gel 

electrophoresis by in-gel staining.  

 

Antibody production 

The galectins were purified after recombinant production by affinity chromatography 

as central step and routinely checked for purity by one- and two-dimensional gel 

electrophoresis, then used as antigens for raising polyclonal antibodies in rabbits 

(Kaltner et al. 2002). To avoid intrafamily crossreactivity the antibody fractions were 

tested in ELISA/Western blot experiments against galectin-1,-2,-3,-4,-7,-8 and -9, any 

cross-reactive material then being removed by chromatographic affinity depletion of 

the polyclonal fractions against resin-immobilised galectin and complete removal 

ascertained by ELISA/Western blot experiments (Saal et al. 2005).  

 

Western Blot 

Tissue samples were homogenised in protein extraction buffer (50 mM Tris-HCl, 150 

mM NaCl, 40 mM NaF, 5 mM EDTA, 5 mM EGTA, 1 mM Na3VO4, 1% (v/v) NP-40, 

1% (w/v) sodiumdesoxycholate, 1 mM PMSF). The total amount of extracted protein 

was quantified by using DC Protein Assay Kit™ (BioRad, Germany). Briefly, 15 µg 
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total protein was electrophoretically separated on a 10% or 15% SDS-polyacrylamid 

gel under reducing conditions in a BioRad® electrophoresis unit. Broad-range 

molecular weight marker (Sigma, Germany) was used to identify molecular weights. 

Subsequently, the separated proteins were transferred in a tank blot device (BioRad) 

onto a nitrocellulose membrane (Roth, Karlsruhe, Germany). After blocking non-

specific binding sites with 5% non-fat dry milk in TBS/Tween-20 for 60 min at room 

temperature the membrane was incubated with a solution containing primary 

antibodies overnight at 4°C. Afterwards, the membra ne was rinsed 3 times for 10 min 

in TBS/Tween-20 at room temperature and then exposed to a solution with the 

secondary antibodies for 60 min at room temperature. Visualisation was achieved 

with LumiGlow chemiluminescence detection system (ThermoFisher Scientific) 

according to the manufacturer’s protocol. Work concentrations of primary and 

secondary antibodies are listed in table 2. 

 

Immunohistochemistry 

Paraffin-embedded tissue sections (4 µm thick) were mounted on silane-treated 

glass slides (Histobond Superior; Paul Marienfeld Laboratory Glassware, Laud-

Königshofen, Germany) and dried at 37 °C for 24 hou rs. Afterwards, they were 

deparaffinised in xylene and rehydrated in a series of solutions of graded alcohol 

concentrations. To block endogenous peroxidase activity the sections were 

incubated for 30 min in 80% alcohol solution containing 2% hydrogen peroxide. After 

rinsing the sections 3 times for 5 min in PBS (pH 7.2), they were incubated for 20 min 

in 20% normal horse serum (in PBS) at room temperature to saturate sites for non-

specific binding of proteins. The sections were then incubated with the solution of 

primary antibody at 4 °C for 20 h in a moist chambe r. Antibody details are shown in 

table 2. The antibodies were dissolved in PBS containing 1.5% BSA. For the 

detection of galectins-1 and -3 the DAKO Envision+ System / rabbit, HRP (DAKO, 

Hamburg, Germany) was used in accordance with the manufacturer’s protocol. To 

visualise both galectin-4 and galectin-9 the SuperVision2 two-step polymer system 

(DCS, Hamburg, Germany) was used according to the manufacturer’s instructions. 

After staining with DAB the sections were washed in running tap water for 10 min and 
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counterstained with Delafield’s Haematoxylin. Finally, they were dehydrated in a 

series of graded ethanol solutions, cleared in xylene and mounted with Eukitt (Sigma 

Aldrich, Munich, Germany). 

As negative control primary antibodies were omitted or replaced by an isotype 

control, here slides incubated with rabbit IgG from serum (Sigma Aldrich) or goat IgG 

from serum (Sigma Aldrich) instead of primary antibodies. Both types of processing 

did not lead to specific staining, excluding antigen-independent staining. Positive 

controls included processing of sections from bovine colon and rat esophagus with 

antibodies against galectins -4 and -9. Three different slides from each specimen 

were stained and evaluated semiquantitatively according to following categories of 

staining intensity: ++= very strong; += strong; (+)=weak; - = no staining; var= 

heterogeneous staining (cell populations with positive and negative cells). 

 

Results 

 

Validation of gene and protein expression of galectins-1, -3, -4 and -9 in bovine 

endometrium and placentome 

Presence of specific mRNAs for the four examined galectins in the bovine 

placentome and endometrium was ascertained by conventional RT-PCR. 

Commercial sequencing of each of the PCR-products showed 100% identity with the 

known bovine gene sequences (Accession Numbers are shown in table 1). GAPDH 

expression was examined as positive control to confirm the integrity of the mRNA 

templates and RT-PCR protocol.  

Western blot analysis of extracts from bovine endometrium and placentomes was 

carried out to detect protein presence and to verify the specificity of the antibodies 

used for immunohistochemistry. Specific bands for galectin-1 (14.5kDa), -3 (30kDa),  

-4 (36 kDa) and -9 (36kDa) at the expected sites could be recorded (figure 2). 
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Localisation of galectins-1, -3, -4 and -9 throughout the course of gestation 

Galectin-1 

In the interplacentomal area galectin-1 was present in fibrocytes of the maternal 

lamina propria and myocytes of the uterine blood vessel walls (figure 3A). In the fetal 

smooth chorion, uninucleate trophoblast cells showed weak staining in some areas 

during the late implantational period (day 30-60, figure 3A). The intensity of this 

staining increased until day 100 and decreased again until the end of gestation 

(Table 3). TGC showed a strong staining in the implantation period and early 

pregnancy until day 100; afterwards this cell type was not reactive (table 3). 

In the placentome the maternal connective tissue was weakly immunopositive, a 

reactivity which steadily increased after day 180 (figure 3B, table 3). The musculature 

of the vessel walls in the maternal and fetal compartment showed a rather uniform 

reaction (table 3). In early gestation, fetal endothelia in the vicinity of the maternal 

compartment displayed a weak staining intensity, which increased continuously 

during mid and late gestation (table 3). In contrast to interplacentomal tissue, the 

caruncular epithelium in the placentome was positive throughout the course of 

pregnancy (figure 3A, table 3). The same applied to uninucleate trophoblast cells 

(figure 3B, C). In many TGC galectin-1 was present in early pregnancy, however, the 

number of positive cells decreased with progressing gestation until day 270. At this 

time point TGC were negative (figure 3B, C; table 3). 

 

Galectin-3 

In the interplacentomal area this galectin was detected in the maternal epithelium 

and the trophoblast throughout gestation (figure 3D). Staining in the trophoblast 

started to intensify around day 100 and decreased after day 180 (data not shown). In 

the period of implantation/early placentation (until day 60) exclusively uterine glands 

close to the lumen were immunoreactive, after this time point the protein could be 

localised in the epithelium of all glands (data not shown). Moreover, the fetal 

mesenchyme displayed a positive reaction throughout the course of gestation (figure 

3D; table 3).  
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In the placentome a strong immunoreaction in the maternal caruncular epithelium 

and in the fetal mesenchyme was seen throughout the course of gestation (figure 3E, 

F; table 3).  

 

Galectin-4 

In the interplacentomal area staining was found in uterine glands and luminal 

epithelium as well as in the vessel walls at all stages of gestation (figure 4A). 

Additionally, the compact layer of the maternal stroma showed a positive reaction 

with decreasing signal intensity after day 130 (figure 4A; Table 3). 

In the placentome the maternal connective tissue showed a weak immunoreactivity. 

The caruncular epithelium displayed a strong heterogeneous staining. From 

midgestation on the number of positive cells increased until all caruncular epithelial 

cells showed a consistently strong immunoreactivity (figure 4B, C). The uninucleate 

trophoblast was moderately reactive in early pregnancy (figure 4A), however, the 

staining increased towards the end of gestation (figure 4B, C, table 3). Fetal vessel 

walls displayed a weak and rather inconsistent immunoreaction (table 3). 

 

Galectin-9 

At all stages of pregnancy both uterine glands and luminal epithelium was 

immunopositive in the interplacentomal area (figure 4D; table 3). No reactivity was 

observed in the fetal compartment of the bovine placentome until late gestation 

around day 270. At this time point, many TGC displayed either a cytoplasmic or 

granular staining (figure 3F). Furthermore, there was weak staining present in 

uninucleate trophoblast cells (figure 3F), maternal epithelium and connective tissue 

(figure 4C, table3).  
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Discussion 

This study provides, to the best of our knowledge, for the first time substantial 

information about the expression and localisation of galectin-1, -3, -4 and -9 in the 

pregnant bovine endometrium and placenta. Our immunohistochemical study clearly 

attests that the glycohistochemical staining with a galectin-reactive glycoprotein can 

be separated into contributions by individual galectins. The application of the 

galectin-type-specific reagents facilitated to detect characteristic spatiotemporal 

localisation profiles for the four tested galectins.  

Interestingly, for galectin-1 and galectin-3 a contrasting expression pattern was 

observed. In detail, the thorough monitoring of pregnant bovine endometrium and 

placenta by this galectin fingerprinting revealed distinct staining in the 

placentomal/interplacentomal regions, of smooth muscle cells in blood vessels and 

especially the maternal stroma being sites for galectin-1 presence. Staining 

decreased in TGC with increasing stage of gestation.  

A predominant localisation of galectin-1 in tissues of mesodermal origin has also 

been reported for lung and intestinal tissue of bovine embryos (Poirier et al. 1992; 

Kaltner et al. 2002) and uteri of pregnant mice (Phillips et al. 1996). Due to its 

localisation, galectin-1 has been suggested to act as a matricellular protein which 

serves as an adapter between cells and ECM (Moiseeva et al. 2000). The specific 

occurrence in stromal vessel walls is suggestive of a particular role in angiogenesis 

as galectin-1 can stimulate the proliferation of smooth muscle cells (Moiseeva et al. 

2000) and tumour cells secrete galectin-1 to enhance endothelial cell activity 

(Thijssen et al. 2010). 

A regulatory course, as seen for galectin-1, could not be noted for galectin-3, mostly 

presenting a different distribution profile. Presence in glandular and luminal epithelia, 

also reported in bovine uterus and other organs (Kaltner et al. 2002; Kim et al. 2008) 

notably the caruncular epithelium in the placentome emphasised the marked  

inter-galectin differences. That galectin-3 of human syncytiotrophoblasts appeared to 

be associated with a glycoprotein involved in cell fusion events (i.e. CD98) (Dalton et 

al. 2007) invites the assumption for a putative role in TGC fusion with the maternal 

caruncular epithelial cells. This idea is further corroborated by the fact that galectin-3 
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is known as non-integrin laminin receptor (Woo et al. 1990; Ochieng et al. 1998). 

Since TGC express laminin and are hypothesised to migrate along this matrix 

(Pfarrer et al. 2003) occurrence of galectin-3 in maternal epithelial cells could 

promote the association of TGC with these cells. To test this concept experimentally 

application of labelled galectin-3, with the aim to localise specific binding sites in 

tissue sections (Lohr et al. 2008; Szabo et al. 2009) is a reasonable step.  

The presence of galectin-4 was demonstrated for the first time in reproductive organs 

specifically in epithelial cells of bovine endometrium and placentomes. This galectin 

is a natural cross linker due to its molecular design and was so far only described in 

the gastro-intestinal tract, the bladder, and in cancer cells of organs with highly 

differentiated polarised monolayers (Gitt et al. 1998; Huflejt and Leffler 2004). 

Galectin-4 has been shown to be involved in the apical delivery of glycoproteins, 

vesicular trafficking to apical or basolateral membrane domains and sorting signals in 

the intestines which are also an area of intensive substance exchange (Stechly et al. 

2009) and may therefore be considered a prime candidate for similar functions in the 

placenta. Galectin-9 showed a similar expression pattern to galectin-4 in the 

endometrium. In the human galectin-9 is considered to be an endometrial epithelial 

marker as it was shown to be present in endometrial epithelial cells and uterine 

glands during the window of implantation as well as in the early decidua (Popovici et 

al. 2005).  

The distribution patterns of the two tandem-repeat-type galectins showed clear 

differences in the placentomal tissue. While galectin-4 is constantly expressed, 

galectin-9 is found in trophoblast and TGC from day 220 onwards, in the last third of 

pregnancy. As internal control against cross-reactivity to galectins-1 and -3 the 

reticular layer of the maternal stroma (galectin-1) and the fetal mesenchyme 

(galectin-3) was consistently negative. These cases exclude side reactions in situ for 

these antibodies, as e.g. negativity in uterine (glandular) epithelia for galectin-1 

excludes detection of galectins-3, -4 or -9 by the respective antibody.  

The ability of galectin-9 to negatively regulate TH1 immune response through tim-3 

(Zhu et al. 2005) and its established role as mediator for leukocyte adhesion and 

diapedesis (Rabinovich et al. 1999; Chabot et al. 2002) invite the assumption that it 
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could also be involved in the modulation of feto-maternal tolerance in bovine 

pregnancy (besides galectin-1, which produces a shift to a TH2 profile in the 

endometrium to support feto-maternal tolerance (Blois et al. 2007). However, in order 

to proceed from this immunohistochemical mapping to further functional implications 

it is compulsive to determine the tissue reactivity profile for the galectins, hereby 

identifying sites of interaction for each protein. 

In summary, placentomal and interplacentomal tissue contain a group of galectins, 

beyond galectins-1 and -3. Localisation profiles and temporal regulation implicate 

characteristic modes of gene expression and distinct activity patterns, which will de-

pend on the presence of counter-receptors. Given the increasing evidence for fine 

tuned differences in binding capacity toward natural glycoconjugates, when e.g. 

glycoprotein panels are tested (Krzeminski et al.), the question on tissue reactivity for 

these galectins gives future research a clear direction. 
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Tables 

 

Table 1: Primer used in RT-PCR 

Target Sequence Amplicon  Accession  Ta 

Gal-1 For 5’-TCAACCAGACGGACCTAACC-3’ 

Rev 5’-GAAGTCACCACCTGCAGACA-3’ 

113 bp NM_175782 *  

 

60°C 

Gal-3  For 5’ CAGTGCAGAGGCGTCGGGAAA-3’ 

Rev 5’  CTGCCCCAGCAGGCTGGTTT-3’ 

121 bp NM_001102341 

 

60°C 

Gal-4 For 5’-TCATGGTCATGACGGAGCACTTCA-3’ 

Rev5’-ATTGAAGCATCAGGTCGCCATCCA- 3’ 

123 bp NM_001034768 

 

60°C 

Gal-9 

 

For 5’- ACCGCATCGATGCCATCAG -3’ 

Rev 5’- TCAAATCCTCCAGGGATCTG- 3’ 

180 bp NM_001039177 

 

60°C 

 
(Mohan et al. 2004) 

Ta : Annealing temperature 

 

Table 2: Used Antibodies 

Antibody Concentration 
WB [mg/ml] 

Concentration 
IHC [mg/ml] 

Supplier  
order no. 

Rabbit- anti-bovine-Gal-1, 
polyclonal IgG 

0.4  0.4  HJ Gabius; 
H. Kaltner 

Rabbit-anti-bovine Gal-3, 
polyclonal IgG 

0.001  0,001  HJ Gabius; 
H. Kaltner 

Goat-anti-bovine Gal-4, 
polyclonal IgG 

0.001  0.001  Santa Cruz  
sc-19286 

Goat-anti-bovine Gal-9, 
polyclonal IgG 

0.0002  0.002  Santa Cruz  
sc-19292 

Rabbit IgG, 
Serum 

 0.4  
0.001  

SigmaAldrich  
I8140 

Goat IgG, Serum  0.001  
0.002  

SigmaAldrich  
I9140 
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Table 3: Galectin expression in interplacentomal tissues 

 

  Interplacentomal Tissue 

  Maternal compartment Fetal compartment 

AB Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-1 I 

II 

III 

+ 

+ 

++ 

+ 

+ 

++ 

- 

- 

- 

- 

- 

- 

+ 

+ 

+ 

+ 

++ 

(+) 

Var/++ 

- 

- 

- 

- 

- 

Gal-3 I 

II 

III 

- 

- 

- 

- 

- 

- 

++ 

++ 

++ 

++ 

++ 

++ 

- 

- 

- 

++ 

+ 

+ 

- 

- 

- 

++ 

+ 

+ 

Gal-4 

 

I 

II 

III 

- 

- 

- 

+ 

(+) 

(+) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

Gal-9 

 

I 

II 

III 

- 

- 

- 

- 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

(+) 

+ 

(+) 

- 

Var 

- 

- 

- 

- 

 

AB, Antibody; MS-R, maternal stroma: reticular layer; MS-C, maternal stroma: compact layer; UG, 

uterine glandular epithelium; UE, uterine epithelium; UV, uterine vessel wall; T, trophoblast; TGC, 

trophoblast giant cells; FM, fetal mesenchyme; MS, maternal stroma; MV, maternal vessel wall; ME, 

maternal endothelium; FE, fetal endothelium; FV, fetal vessel wall; Gestational ages are grouped into 

three stages (I-III).Stage I = day 30- 130; Stage II = day130-220; Stage III =day220-275 

Staining intensity: ++= very strong; += strong; (+)= weak; - = no; var= variable staining 
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Table 4: Galectin expression in placentomal tissues 

 

  Placentomal Tissue 

  Maternal compartment Fetal compartment 

AB Stage MS MV ME UE T  TGC FE FV FM  

Gal-1 I 

II 

III 

(+) 

+ 

+ 

(+) 

+ 

+ 

- 

- 

- 

++ 

+ 

+ 

+ 

(+) 

+ 

Var/ + 

Var/+ 

Var/-  

(+) 

(+) 

+ 

+ 

+ 

+ 

- 

- 

- 

Gal-3 I 

II 

III 

- 

- 

- 

- 

- 

- 

- 

- 

- 

++ 

++ 

++ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

(+) 

- 

- 

++ 

++ 

++ 

Gal-4 

 

I 

II 

III 

(+) 

(+) 

(+) 

- 

+ 

+ 

- 

- 

(+) 

(+) 

(+) 

+ 

(+) 

(+) 

+ 

- 

- 

- 

- 

- 

- 

- 

(+) 

(+) 

- 

- 

- 

Gal-9 

 

I 

II 

III 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

+ 

- 

- 

(+) 

- 

- 

Var 

- 

- 

- 

- 

- 

- 

- 

- 

- 

 

AB, Antibody; MS-R, maternal stroma: reticular layer; MS-C, maternal stroma: compact layer; UG, 

uterine glandular epithelium; UE, uterine epithelium; UV, uterine vessel wall; T, trophoblast; TGC, 

trophoblast giant cells; FM, fetal mesenchyme; MS, maternal stroma; MV, maternal vessel wall; ME, 

maternal endothelium; FE, fetal endothelium; FV, fetal vessel wall; Gestational ages are grouped into 

three stages (I-III).Stage I = day 30- 130; Stage II = day130-220; Stage III =day220-275 

Staining intensity: ++= very strong; += strong; (+)=weak; - = no; var= variable staining 
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Figures 

 

Figure 1:  

 

 

 

 

 

 

 

Expression profiling of galectin-1, -3, -4 and -9 in extracts of bovine placentomes (A) and endometrium 

(B) by RT-PCR. 

Presence of mRNA was tested with the primer sets given in Table 1 and led to direct amplification 

products of 113 bp (galectin-1, lane 1), 98 bp (galectin-3, lane 2), 123 bp (galectin-4, lane 3) and 125 

bp (galectin-9, lane 4). Amplification of GAPDH cDNA (predicted product size: 180 bp, lane 5) served 

as a quality control for RNA integrity and a setup without template (lane 6) as negative control. 

Calibration of cDNA length is given.  

 

Figure 2:  

 

Expression of galectin-1, -3, -4 and -9 in extracts (15 µg protein) of bovine placentomes (P) and 

interplacentomal endometrium (IP) demonstrated by Western blotting.  

The presence of the galectins with predicted molecular weights of 14 kDa (galectin-1), 28 kDa 

(galectin-3) and 36 kDa (galectin-4, galectin-9) was monitored applying the respective polyclonal IgG-

fraction (Table 2). Positions of molecular weight markers are indicated. 
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Figure 3:  

 Gal-1          Gal-3 

Localisation of galectin-1 (A-C) and -3 (D-F) in bovine placentomes and endometrium from early until 

late gestation by immunohistochemistry. 

(A) In early gestation (day 60) gal-1 was present mainly in the lamina propria (MS), in blood vessel 

walls (V, arrowhead) and in uninucleate trophoblast cells (T). In mid (B) and late gestation (C), 

maternal epithelium (ME) and maternal stroma (MS) were stained. Reactivity for gal-1 in the 

trophoblast was restricted to a few trophoblast giant cells (TGC) in midgestation (B), whereas in late 

gestation (C) only uninucleate trophoblast cells (T) were immunopositive. In early gestation (day 60, 

D), galectin-3 was found in ME and uterine glandular epithelia (UG), T and fetal stroma (FS). After day 

180 (E+F) gal-3 occurred in ME and FS. Representative controls are shown in the inserts of panels C 

and F. Bars: B, C, E, F : 50 µm; A, D: 100 µm. 
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Figure 4  

Gal-4        Gal-9 

Localisation of galectin-4 (A-C) and -9 (D-F) in bovine placentomes and endometrium from early until 

late gestation by immunohistochemistry. 

In early gestation (A), gal-4 was detected in glandular (UG), maternal (ME) and trophoblast (T), as well 

as in the stratum compactum (SC) of the lamina propria.In Midgestation (B) gal-4 was found ME, 

maternal stroma (MS) and uninucleate trophoblast (T). In late gestation(C) strong immunoreactivity in 

MS, ME and T was observed. No staining was seen in TGC (arrowheads). In early gestation (D) gal-9 

occurred in the glandular epithelium (UG), ME and T. No staining occurred in midgestation (E). In late 

gestation (day 275, F) T, ME and MS were positive. TGC of this stage contained very often strongly 

stained granules (arrowheads). Representative controls are shown in the inserts (I1: gal-4,  

I2: gal-9) of panels C and F. Bars: B, C, E, F: 50 µm; A,D: 100 µm. 
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Abstract 

Galectins have emerged as potent factors of adaptive and innate immunity and 

therefore, may act as regulators of the local immune response of the pregnant 

uterus. Moreover, it has been demonstrated that cows with severe negative energy 

balance show both, lower levels of serum IGF-1 and elevated inflammation markers 

in the endometrium and have subsequently higher incidence of postpartum metritis. 

Our objective was to examine if the local galectin expression is related to different 

IGF-1 levels as well as to an elevated susceptibility to postpartum diseases. 

19 clinically healthy, pregnant cows with similar body condition were grouped 

according to their prepartum IGF blood levels into an IGF high (n=11) and IGF low 

(n=8) experimental group. A caesarean section was performed on day 275 after 

artificial insemination and two placentomes (P) and interplacentomal uterine tissues 

(IP) were sampled. Gene expression was investigated on mRNA level for galectin-1, 

-3, -4, -9 and -15 by RT-qPCR and on protein level for galectin-1, -3, -4 and -9 by 

immunohistochemistry. 

On mRNA level galectin-9 expression was significantly higher in IP (p< 0.05) and 

galectin-13 highly significant higher (p< 0.001) in IGF high animals. Galectin-4 

showed a trend of higher expression in the IP area of IGF high animals (p<0.1). No 

difference in expression occurred for galectin-1 and galectin-3 in IP and in P for all 

galectins. 

Galectin-1 protein was localised in stroma, whereas galectin-3 appeared in epithelia 

of IP. In P galectin-1 stained all cells except the mesenchyme and TGC. Galectin-3 

was restricted to the mesenchyme and maternal epithelium. Galectin-4 and galectin-

9 occurred in epithelia and stroma of both IP and P, while in P galectin- 9 showed 

granular staining in TGC and a stronger immunoreaction in maternal stroma and 

vessel walls of IGF high animals. 

The results presented support our current working hypothesis that a negative energy 

balance has impact on the immunological competence of the animals and is reflected 

by differences in the local galectin expression patterns between IGF high and low 

animals. 

Funded by Pfizer Inc.  
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Introduction 

 

Galectins represent a still growing family of lectins with an affinity for beta-

galactosides. So far there are 15 different members known in mammals, most with 

wide tissue distribution (Yang et al. 2008). Galectins are able to interact with 

glycoproteins, glycolipids and proteins on the cell surface, in extracellular matrices 

and intracellular. With regard to their glycan-binding activities they can act either  

bi- or multivalent, enabling them to react with a large variety of binding partners and 

activate distinct signaling pathways (Yang et al. 2008). Therefore, galectins play 

important roles in a many biological processes (Liu 2005; Liu and Rabinovich 2005) 

including the regulation of cell-cell and cell-matrix interaction, differentiation and 

proliferation (Zhou and Cummings 1993; Barondes et al. 1994; Dhirapong et al. 

2009). Over the last decade galectins emerged as potent factors involved in the 

modulation of adaptive and innate immunity. In inflammatory processes they obtain 

various functions including first-line defense against pathogens, cell trafficking, 

immune cell differentiation and regulation (Perillo et al. 1995; Zhu et al. 2005; 

Toscano et al. 2007). Moreover, particular galectins, like galectin-1 and galectin-3, 

have also been described to act either pro-apoptotic or anti-apoptotic on immuno 

active cells depending on their extra- or intracellular localisation (Liu 2005; Liu and 

Rabinovich 2005). 

The maintenance of pregnancy requires a fine regulation of the immune response to 

inhibit maternal immune reaction to fetal-placental semi-allograft (Clark et al. 1999). 

With their impact on immunomodulation, galectins are also highly suspicious 

candidates to be involved in uterine immuno-regulation during pregnancy. For 

example, it was shown in a knock-out mouse model that galectins, in particular 

galectin-1, play a pivotal role in the establishment and maintenance of the  

feto-maternal tolerance by establishing an anti-inflammatory environment (Blois et al. 

2007). Moreover, galectin-15 is discussed to act as a progesterone-induced immuno-

regulatory protein similar to uterine serpins or uterine milk (Gray et al. 2005). The 

presence and importance of particular galectins in uterus and placenta was so far 
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reported for rat (Powell 1980), mouse (von Wolff et al. 2005) and human (Poirier et 

al. 1992). 

The peripartal period in the dairy cow is a crucial timeframe influencing future fertility 

and milk production (Llewellyn et al. 2008). In this time, various immune functions are 

suppressed in the bovine uterus (Kehrli et al. 1989; Mallard et al. 1998). Especially 

the negative energy balance of the late gestational cow seems to be a key factor in 

the susceptibility of cows for postpartal uterine inflammation and fertility problems. A 

recent study suggested that a severe prepartal negative energy balance lead to a 

reduced systemic IGF-1 blood concentration and is associated with a higher degree 

of uterine inflammation as well as slowed uterine involution and repair process after 

calving (Wathes et al. 2007). Additionally, Taylor et al. (Taylor et al. 2004) showed 

that a lower IGF-1 blood level before and after parturition was associated to longer 

calving to conception intervals. The influence of IGF-1 and growth hormone (GH) on 

maternal immunosuppression during pregnancy was discussed by (Clark 1997). 

Further evidence was brought forward by Piechotta et. al. who where able to show 

that low IGF-1 blood level around day 242 to 248 after artificial insemination (AI) 

clearly indicated animals which developed postpartal diseases after calving 

(Piechotta et. al 2011; unpublished data). Therefore systemic IGF-1 seems to be a 

suitable parameter to identify cows prepartum which are prone to uterine disease 

after calving.  

The main source of systemic IGF-1 is the liver where its synthesis is regulated by 

growth hormone (GH) (Peel et al. 1983). It is believed to be an important mediator of 

GH in the mammary gland (milk production) and was shown to positively influence 

wound healing on molecular level (Suh et al. 1992; Bitar 2000). The latter also 

presenting an important aspect in the postpartal uterine repair since the caruncular 

epithelium is highly damaged after calving (Gier and Marion 1968). Moreover, it is 

likely that IGF-1 may have direct effects on the ovary and therefore impacts fertility 

both from the ovary and the reproductive tract (Wathes et al. 2007).  

As a consequence of the lack of immuno-competence caused by severe negative 

energy balance a large array of diseases like retained fetal membranes, metritis and 

endometritis are very likely to occur in the transition period (Wathes et al. 2007). 



Manuscript II   

 64

Averagely about 15-20% of cows develop an endometritis after calving (LeBlanc 

2008). With 24,146,000 dairy cows in the EU and an incidence for metritis of 20%, 

the annual costs caused by this disease are about 1,411billion € (Sheldon et al. 

2009). These figures make it obvious how important it is to understand the 

pathogenesis of postpartal diseases. 

The ruminant endometrium comprises two functionally different zones, caruncles and 

intercaruncular areas. During placentation, caruncles interdigitate with fetal 

cotyledons, together forming placentomes, the sites of feto-maternal exchange. In 

contrast, the chorionic epithelium (trophoblast) does not adhere to the intercaruncular 

areas, which have been reported to be the main sites of oxytocin regulation of 

prostaglandin F2α (Asselin et al. 1998) and especially in late pregnancy the primary 

target of lactogenic hormone action (Leiser R. et al. 1998; Pfarrer et al. 2001; 

Spencer et al. 2004) 

Recent studies on the role of galectins in immunotolerance have dealt with invasive 

placental types (rodents) (Blois et al. 2007). However, within bovine placentomes a 

synepitheliochorial tissue interrelation is established, which is characterised by 

restricted invasion of trophoblast giant cells (TGC) into the maternal epithelium 

(Pfarrer et al. 2003). It can be assumed that different ways of immunomodulation are 

present in endometrium specialised in preventing or tightly controlling trophoblast 

invasion.  

Based on the hypothesis that the postpartal diseases are most likely due to immune 

dysfunction (LeBlanc 2008; Sheldon et al. 2009), we speculate that galectins are 

likely candidates to be involved in the immunomodulation of the bovine uterus and 

are important factors in peripartal immuno-competence. Therefore, the aim of this 

study is to detect whether the galectin expression in the bovine uterus and placenta 

differs depending on the immune status (IGF-1 high vs. IGF-1 low) of the cow close 

to parturition. 
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Material and Methods  

 

Sample collection and preparation  

 

The experiments were approved by the committee on the use of animals for research 

purposes at the regional council (Niedersaechsisches Landesamt für 

Verbraucherschutz und Lebensmittelsicherheit, Laves, Oldenburg;  

AZ 33.9-42502-04-09/1696) according to the German animal protection law. 

 

17 clinically healthy, multiparous cows were grouped according to their serum IGF 

level on day 248 (+/-3) into IGF high (n=10) and IGF low (n=7) animals. Animals with 

an IGF-1 blood level below 140ng/ml were considered as IGF-1 low animals. All 

animals came from the same farm, shared the same diet and had a comparable body 

condition score. They were in their 2nd to 3rd lactation period. During a caesarean 

section performed on day 275 after artificial insemination (AI) respectively two 

placentomes (P) and interplacentomal uterine tissue (IP) were sampled. From 

samples of the IP the epithelial layer of the endometrium was dissected, from 

samples of the placentome both chorionic plate and caruncular base were removed 

to ensure that only tissue from the feto-maternal contact zone was examined. Both 

samples were snap frozen in liquid nitrogen and stored at -80°C until processing. For 

histology sections the placentomal and interplacentomal tissue were fixed in Bouin’s 

solution or Lillie’s formalin as well as snap frozen for frozen tissue sections.  

 

RNA extraction and RT-PCR 

 

Frozen tissue samples from placentomes and endometrium were homogenised and 

RNA-isolation was performed with the SV Total RNA Isolation System (Promega 

Corporation, Madison, WI, USA) according to the manufacturer’s instructions. Quality 

of extracted RNA was spot tested with an Agilent Bioanalyzer (Agilent Technologies 

INC., Santa Clara, CA, USA). For quantification of the total amount of RNA optical 
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density was analysed with a spectrometer (SmarSpec, Bio-Rad Laboratories, 

Hercules, CA, USA) at 260 and 280 nm.  

Per 20 µl of RT-PCR reaction 700ng total RNA was used. RNA and random 

hexamers (Promega) were combined and after incubation at 70°C for 5 min and 

cooling for 5 min on ice the reaction mix (1x ImProm-II reaction buffer, 3 mM MgCl2, 

0.5 mM each dNTP, 20 U RNasin ribunuclease inhibitor, 1 µl ImProm-II reverse 

transcriptase (Promega)) was added. The reverse transcription was performed using 

the following conditions: 25°C for 5 min, followed by 42°C for 60 min and 70°C for 15 

min. cDNA was used immediately after transcription or after a short cooling period at 

4°C. 

 

Quantitative PCR (qPCR) 

 

Realtime PCR reactions were performed in a stepOne-Plus Realtime PCR System 

(Applied Biosystems, Life Technologies, Carlsbad, CA, USA). Per well of a 96 well 

plate (Applied Biosystems) a reaction volume of 25 µl was used. It contained 5nM 

forward and reverse primer, cDNA varying from 0.125ng to 168ng and SYBR Green 

PCR Master Mix (Applied Biosystems). As negative control cDNA was replaced with 

nuclease free water. The cycling program was performed using the following 

conditions: 95°C for 10 min followed by 40 cycles o f 95°C for 15 s and 60°C for 60 s 

with fluorescence detection during the annealing/extension step. The quality of 

amplification was proved by melt curve analysis. All amplicons were verified by gel 

electrophoresis and commercial sequencing. The efficiencies of target and control 

genes were established by calibration curves and ranged between 92-107 %. 

Primers of target and reference genes with their specific sizes and sizes of the 

resulting fragments are shown in table 1. Target gene Cq’s were normalised against 

the reference genes Ubiquitin and HistonF3a (∆Cq). For comparison of the results 

the delta-delta-Cq approach was used as proposed by Pfaffl (Pfaffl 2001) The 

calculation of delta-delta –Cq values was in accordance with Livak and Schmittgen 

(Livak and Schmittgen 2001). Data were tested for normality and equal variance. The 

relative expression of each target gene of the experimental groups were separately 
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analysed by one-way ANOVA .For the analysis SPSS statistics software (SPSS, 

Chicago, IL, USA) was used. The level of high significance was set to p< 0.001 and 

of significance p< 0.05, trends were assumed at p< 0.1. 

 

Immunohistochemistry 

 

After embedding in paraffin the tissue samples were cut in 4 µm sections, mounted 

on silane treated glass slides (Histobond Superior, Paul Marienfeld, Laboratory 

Glassware, Laud-Königshofen, Germany) and dried at 37°C for 24 hours. For 

immunohistochemistry they were deparaffinised in xylene and rehydrated in a series 

of graded alcohols. The endogenous peroxidase activity was blocked by incubation in 

80% alcohol containing 2% hydrogen peroxide for 30 min. To reduce non-specific 

binding the tissue sections were incubated with 20% normal horse serum. Primary 

antibodies were diluted in PBS containing 1.5% BSA and incubated in a humidified 

chamber at 4°C over night. Antibody details are sho wn in table 2. For the detection of 

immunoreactive proteins the DAKO Envision+ System / rabbit, HRP (DAKO, 

Hamburg, Germany) and the SuperVision2 two-step polymer system anti-goat (DCS, 

Hamburg, Germany) was used respectively in accordance with the manufacturer’s 

protocol. Visualisation was achieved by staining with DAB and counterstaining with 

Delafield’s Haematoxylin. After dehydration in a series of graded alcohols and 

xylene, they were mounted with Eukitt (Sigma Aldrich, Munich, Germany). 

The Replacement of the primary antibodies with rabbit IgG from serum (Sigma 

Aldrich) or Goat IgG from serum (Sigma Aldrich) served as negative control.  

 

Results 

 

RT-qPCR 

 

Both Galectin-1 and -3 expression could be detected in endometrium and 

placentome. In both tissues no statistically significant differences could be observed 

in the mRNA levels between IGF high versus IGF low animals (Figure 1 and 2). 
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Similarly galectin-4 mRNA expression in the placentome did not differ between the 

experimental groups (Figure 1). However, a trend of higher expression in the 

endometrium of IGF high animals could be detected (Figure 2). 

In IGF high animals a statistically significant higher expression of galectin-9 mRNA 

occurred in the interplacentomal endometrium (Figure 2). No difference in expression 

occurred in the placentome (Figure 1). 

For galectin-13 the placentomal tissue showed no difference in the expression 

between the experimental groups (Figure 1). However, in the endometrial tissue the 

IGF high animals expressed more galectin-13 mRNA than the IGF low animals. This 

difference was statistically highly significant (Figure 2).  

 

Immunohistochemistry 

 

Galectin-1 

 

Galectin-1 was mainly expressed in the interplacentomal endometrium in the reticular 

and compact layer of the lamina propria as well as in the vessel walls. There 

occurred no differences between IGF high and low animals (Table 2).  

In the placentome galectin-1 was expressed in the maternal stroma and vessel walls, 

but also in the maternal epithelium. The staining in the epithelium did not show the 

same intensity in all areas of the placentome, as there were areas with strong and 

with almost no expression of the protein present (Figure 3). The staining in the vessel 

walls differed slightly between IGF high and IGF low animals; the IGF low animals 

showed a gradually weaker expression of galectin-1 (Table 2 and 3). On the fetal 

side a staining for galectin-1 occurred in the trophoblast and in the vessel walls. The 

latter displayed a stronger expression in IGF high animals (Table 3).  

 

 Galectin-3 

 

In the interplacentomal endometrium both luminal and glandular epithelium revealed 

a clear staining for galectin-3. In the stroma IGF high animals displayed a slightly 
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stronger staining than IGF low animals. No difference between IGF high and IGF low 

animals occurred in the placentome. There the maternal epithelium and fetal 

mesenchyme unveiled a strong expression of galectin-3. A very weak expression 

could be observed in the trophoblast (Table 3 and Figure 4). 

 

Galectin-4 

 

Luminal and glandular epithelia showed a strong staining for galectin-4 which was 

marginally weaker in the luminal epithelium of IGF low animals (Table 2). Moreover 

immunostaining occurred in vessel walls and the compact layer of the endometrial 

stroma, again with a weaker expression in IGF low animals (Table 2). In the maternal 

compartment of the placentome all cell populations showed an immunostaining for 

galectin-4 (Figure 5). In IGF low animals the expression of galectin-4 in the stroma 

and the vessel walls was slightly weaker than in IGF high animals (Table 3). In the 

fetal compartment galectin-4 was mainly expressed in trophoblast and vessel walls. 

Interestingly, TGC also express galectin-4 in IGF high animals, whereas no 

immunoreaction was observed in IGF low animals (Figure 5). 

 

Galectin-9 

 

In the IGF high animal galectin-9 was localised in the interplacentomal endometrium 

in vessel walls and the luminal epithelium as well as in the uterine glands (Table 2). 

In the placentome an expression of galectin-9 was documented in the trophoblast as 

well as in strongly stained granules in the TGC with some TGC showing additional 

cytoplasmatic staining (Figure 6). The staining localisation was identical to the IGF 

low animals with a much reduced staining intensity up to no visible expression (Table 

2 and 3). 
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Discussion 

 

We were able to show that the endometrial galectin-9 and -13 expression differed 

statistically significantly between cows with IGF high and IGF low blood levels. For 

galectin-4 a trend was detectable. Moreover, all galectins showed a stronger protein 

expression in the interplacentomal endometrium. This suggests that the prepartal 

immunological status of the cow has an impact on galectin expression. Therefore, it 

seems likely that galectins, especially galectin-13, are involved in the pathogenesis of 

postpartal diseases. 

We were able to detect galectin-13 mRNA in both endometrium and placentome. A 

highly significant increased expression could be demonstrated in the endometrium of 

IGF high animals. Unfortunately, there was no valid antibody available, so the protein 

expression could not be investigated in this study. In the human placenta a decrease 

in galectin-13 expression is associated with preeclampsia, a pregnancy-specific 

syndrome linked to immune maladaption (Redman et al. 1999; Than et al. 2008). 

Therefore, in the peripartal uterus of the cow it seems likely that galectin-13 is 

involved in the immuno-regulation. Cows with a deficient immunological status 

demonstrated by a low IGF blood concentration show a lower level of this protein 

which might be comparable to the immune maladaption in preeclamptic women. 

Moreover, the bovine galectin-13 shows a strong genetic similarity (86%) to  

galectin-15 (LGALS15) present in sheep (Lewis et al. 2007; Farmer et al. 2008). The 

expression of this particular galectin was firstly reported as a response to a 

nematode infection in sheep (Dunphy et al. 2000). In the uterus of the sheep 

galectin-15 is present in interplacentomal epithelia, but not in the placentome and is 

probably a component of the histotroph as it could be induced by progesterone and 

interferon tau (Gray et al. 2004; Gray et al. 2005). Apart from an influence on 

trophoblast cell migration and attachment during implantation (Farmer et al. 2008) it 

is also discussed to be a progesterone-stimulated immuno-regulatory protein similar 

to the uterine serpins or other uterine milk proteins which have been described earlier 

(Leslie and Hansen 1991; Hansen 1998; Gray et al. 2005). It could be argued that 

the highly similar galectin-13 has similar function in the uterus of the cow, where no 
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galectin-15 protein could be detected so far (Lewis et al. 2007). However, a 

relationship between progesterone and galectin-13 expression which was reported 

for galectin-15 (Gray et al. 2004) could not be demonstrated in our study as there 

was no significant difference in progesterone levels between IGF high and low cows. 

This hints that there might be a different mechanism of galectin-13 regulation in the 

cow which should be further investigated.   

Galectin-1 and -3 were present in interplacentomal and placentomal tissue at day 

275 of pregnancy. The galectins did not show differences in mRNA expression 

between the experimental groups in these tissues. Moreover, both galectins did not 

show differences in protein expression and detectable localisation in the placentome. 

In the endometrium however, galectin-3 showed a stronger expression in the lamina 

propria of IGF high cows and for galectin-1 a stronger expression was notable in 

vessel walls of both maternal and fetal tissue. Over the last years galectin-1 has 

emerged as an anti-inflammatory regulator of the immune response (Rabinovich et 

al. 2004). In this regard it was reported to prevent the adhesion of T-cells to 

extracellular matrix, change their cytokine profile (Rabinovich et al. 1999) and inhibit 

the chemotaxis (La et al. 2003). Furthermore, it was observed that galectin-1 can 

inhibit leucocyte diapedesis in the mouse model (La et al. 2003) and human in vitro 

systems (La et al. 2003; He and Baum 2006; Cooper et al. 2008). A study with a 

galectin-1 knock-out mouse model showed that it plays a major role in establishing 

the feto-maternal tolerance by shifting the cell status to an anti-inflammatory TH2 

profile and thereby, is able to regulate the immuno-modulation in the reproductive 

tract (Blois et al. 2007). In the cow we could demonstrate in a recent study that 

galectin-1 is expressed in vessel walls during the course of pregnancy. Therefore, 

referring to the knowledge of its functions in immune-regulation and in the mouse 

uterus we hypothesise that the bovine galectin-1 is involved in the establishing of the 

feto-maternal tolerance. The increased expression in vessel walls of IGF high 

animals supports the hypothesis that these animals show less inflammation markers 

due to stronger inhibited leucocyte diapedesis compared to IGF low animals. 

Contrary to galectin-1, galectin-3 was portrayed in the past to act mainly  

pro-inflammatory and only in some cases anti-inflammatory if applied directly 
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 (Dumic et al. 2006). Also, in vivo experiments in galectin-3 knock-out mice 

suggested a pro-inflammatory role for this protein (Colnot et al. 1998; Hsu et al. 

2000). Galectin-3 was described to interact with many immune cells like mast cells 

where it promotes activation and degranulation (Cerliani et al. 2010) or neutrophils 

where it favours their adhesion to endothelia (Sato et al. 2002). Moreover, this 

galectin could be associated with macrophages for which it acts as chemo-attractant 

(Sano et al. 2000) and can trigger the production of reactive oxygen species 

(Greenwald et al. 2009). Another intriguing fact is that galectin-3 is able to associate 

with different pathogens thereby not only facilitate immune activation but also induce 

phagocyte recognition and removal (Cerliani et al. 2010). Given these immuno-

regulative functions we would have expected to see a higher galectin-3 expression 

on mRNA level and/or protein level in IGF low cows. Nevertheless, these results do 

not exclude an influence of galectin-3 on postpartal diseases. We consider it possible 

that a regulation might be seen only after parturition or after contact with pathogens. 

This needs further elucidation. 

Galectin-4 and galectin-9, both tandem-repeat type galectins, showed no difference 

in expression in placentomal tissue between IGF high and IGF low animals. 

However, in the endometrium galectin-4 showed a tendency of higher expression 

and galectin-9 was statistically significant higher expressed in IGF high cows. On 

protein level these results are not fully reflected. In the luminal epithelium of the 

interplacentomal endometrium and in the placentome galectin-4 shows a slightly 

stronger expression in IGF high animals. Galectin-9 shows a slightly higher 

expression in the endometrial and the placentomal tissue of IGF high animals. We 

chose to investigate galectin-4 as we could prove its expression in the bovine uterus 

and placenta during pregnancy in a former study (Froehlich et al 2011, unpublished 

data). This galectin has both intriguing functions in immune regulation as well as 

healing of epithelial wounds. Similar to galectin-3, galectin-4 was shown to recognise 

and even induce death in specific strains of Escherichia coli bearing human blood 

group B bearing antigens (Stowell et al. 2010). Moreover, it was shown in a study on 

inflammatory bowel disease to ameliorate inflammation by inhibition of T-cell 

activation, cycling and expansion and inducing caspase-independent T-cell and 
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neutrophil apoptosis (Stowell et al. 2007; Paclik et al. 2008). Similarly, to the here 

present expression in the epithelial lining of the bovine uterus it was also reported to 

be expressed in the intestinal epithelium (Huflejt and Leffler 2004; Paclik et al. 2008). 

We hypothesise that galectin-4 is mainly involved in the epithelial repair of the 

caruncular epithelium after calving. For the release of fetal membranes the bovine 

uterus undergoes involution with flattening and partial degradation of the maternal 

epithelium (Gier and Marion 1968). This will leave areas without epithelial lining, 

which could be comparable with the epithelial damage in the inflammatory bowel 

disease. With the assumption that the more immuno-competent cows (higher IGF-1 

blood level) show less postpartal diseases like retained fetal membranes it seems 

likely that those animals express more galectin-4 in the placentome. Thereby they 

should be able to heal and close the barrier between maternal tissue and pathogens 

faster. The anti-inflammatory qualities of this galectin might be also important. We 

hypothesise that towards the end of pregnancy galectin-4 expression might be 

upregulated in the interplacentomal endometrium to face the intruding pathogens. 

Further studies are needed to obtain more insight about the role of galectin-4 in the 

postpartum uterus, as it might be promising for the prevention of postpartum 

diseases due to its wound healing properties. Galectin-9 was also reported to have 

anti-inflammatory activities. It could be shown to inhibit T-cell infiltration in a murine 

model of allergic asthma (Katoh et al. 2007), to induce T-cell apoptosis in models of 

experimental allergic encephalomyelitis (Zhu et al. 2005) and nephritis (Tsuchiyama 

et al. 2000) and to suppress mast cell degranulation in vivo and in vitro (Niki et al. 

2009). It could be discussed that the upregulation of the anti-inflammatory galectin-9 

in the interplacentomal endometrium of IGF high cows is linked to the fact that these 

animals show less inflammatory symptoms post partum. Very interesting are the 

strongly galectin-9 positive granules in TGC, which were reported to occur only at the 

end of pregnancy (Froehlich et al 2011, unpublished data). We hypothesise that TGC 

secrete galectin-9 to support the detachment process of the fetal membranes. In cell 

lines generated from breast or colon cancer galectin-9 was described to suppress the 

binding of adhesive molecules on tumour cells to endothelium and extracellular 

matrix (Nobumoto et al. 2008). With this assumption and the fact that IGF high 
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animals show a slightly stronger expression of galectin-9 in the placentome it is 

possible that IGF high animals might be better prepared for the release of fetal 

membranes. Retained fetal membranes are often the prelude to postpartal metritis 

and endometritis. Therefore, the lower expression of galectin-9 could be one 

prerequisite of less immunological competent animals to be more readily affected by 

postpartal diseases.  

Discrepancies occurring between galectin mRNA expression and protein expression 

are probably due to posttranslational RNA regulation which was not further 

investigated in this study. 

Galectins emerged over the last years more and more as possible therapeutical 

targets (reviewed by (Rabinovich and Toscano 2009). For instance, an anti-

inflammatory action has been confirmed for galectin-1 and -9 in a mouse model with 

carrageenan induced inflammatory paw edema (Iqbal et al. 2011). Especially the use 

of galectins in production animals like the dairy cow as therapeutic agents could be 

very promising. Particularly in Europe more and more drugs are banned over the last 

decades, therefore, novel therapeutic compounds are needed.  

In this study we could prove the expression of galectin-1, -3, -4, -9 and -15 in the 

peripartal uterus and placenta of the cow. For galectin-13 in particular we were able 

to show that there is a relation between the immunological status of the cow 

demonstrated by a low IGF-1 blood level and the galectin expression. 
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Tables 

 

Table 1: Primer sequences used for RT-qPCR 

 

*1   Mohan et. al 2004 
*2  (Groebner et al. 2010) 
*3    Primer can detect both splicing variants; only variant 2 occurred 
Ta  Annealing temperature 

Target 
Gene Name 

Sequence (5’ to 3’) Amplicon  Accession  Ta 

Gal-1 
Lgals1*1 

For: TCAACCAGACGGACCTAACC’ 

Rev: GAAGTCACCACCTGCAGACA 

113 bp NM_175782  

 

60°C 

Gal-3 

Lgals3 

For: CAGTGCAGAGGCGTCGGGAAA 

Rev: CTGCCCCAGCAGGCTGGTTT 

121 bp NM_001102341 

 

60°C 

Gal-4 
Lgals4 

For: TCATGGTCATGACGGAGCACTTCA 

Rev: ATTGAAGCATCAGGTCGCCATCCA 

123 bp NM_001034768 

 

60°C 

Gal-9 
Lgals9*3 

For: ACCGCATCGATGCCATCAG  

Rev: TCAAATCCTCCAGGGATCTG 

180 bp NM_001039177 

 

60°C 

Gal-15-like 

(Gal-13) 

Lgals13 

For: TGGGAAGAACCCAGAGCTTGT 

Rev: ACCACCATGCTGTTCGTGTAGACT 

120 bp XM_593263 

 

60°C 

Ubiquitin*2 For: AGATCCAGGATAAGGAAGGCA T 

Rev: AGATCCAGGATAAGGAAGGCA T 

198 bp Z18245.1 

 

60°C 

HistonF3α*2 For: ACTGGCTACAAAAGCCGCTC 
Rev: ACTTGCCTCCTGCAAAGCAC  

233 bp BT020962 

 

60°C 
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Table 2: Galectin expression in the endometrium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Staining intensity comparing experimental groups IGF high vs. IGF low for Galectin-1, -3, -4 and -9 

 ++= very strong; += strong; (+)= weak; - = no staining; var= heterogeneous staining (cell populations 

with positive and negative cells) 

  Endometrium 

Target group MS-R MS-C UG ME UV 

Galectin-1 IGF 
high 

+ZK ++ - - ++ 

 IGF low (+) ++ - - ++ 

Galectin-3 IGF high (+)fila (+) ++ ++ - 

 IGF low - var ++ ++ - 

Galectin-4 IGF high - + ++ ++ + 

 IGF low - (+) ++ + + 

Galectin-9 IGF high - var ++ ++ var 

 IGF low - - ++ + + 
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Table 3: Galectin expression in the placentome 

 

 

Staining intensity comparing experimental groups IGF high vs. IGF low for Galectin-1, -3, -4 and-9 

 ++ = very strong; + = strong; (+) = weak; - = no staining; var = heterogeneous staining (cell 

populations with positive and negative cells) 

  Placentomal Tissue 

  Maternal compartment Fetal compartment 

Target group MS MV ME UE T TGC FE FV FM 

Galectin-1 IGF high ++ ++ - var ++ - - ++ - 

 IGF low ++ + - + var ++ - - + - 

Galectin-3 IGF high - - - ++ var - - - ++ 

 IGF low - - - ++ -var - - - ++ 

Galectin-4 IGF high + var var + + var (+) + - 

 IGF low (+) var (+) + + - (+) var - 

Galectin-9 IGF high (+) (+) (+) - + var 
Gran 

(+) (+) - 

 IGF low - var - - (+) - (mit + 
Granula) 

- (+) - 
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Figures 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

Bar graph showing the relative abundances galectin (gal) expression in the placentome. 

The abundances of the IGF-1 high animals (white bars) and the abundances of the IGF-1 low group 

(grey bar) are displayed. The standard error of mean is represented in up-and down-whiskers in the 

bars. On the axis the genes of interest are demonstrated. The relative abundances of measured 

galectin mRNA transcripts are plotted on the Y-axis.  
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Figure 2 

 

 
Bar graph showing the relative abundances galectin (gal) expression in the interplacentomal 

endometrium. 

The abundances of the IGF-1 high animals (white bars) and the abundances of the IGF-1 low group 

(grey bar) are displayed. The standard error of mean is represented in up-and down-whiskers in the 

bars. On the axis the genes of interest are demonstrated. The relative abundances of measured 

galectin mRNA transcripts are plotted on the Y-axis. 

* indicates a significant difference between IGF-1 high and low animals of galectin-9. 

** indicates a highly significant difference between IGF-1 high and low animals of galectin-13. 
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Figure 3 

 
Localisation of galectin-1 in bovine interplacentomal tissue (A+B) and placentomes (C+D) on day 275 

of pregnancy. 

 

Galectin-1 showed in both experimental groups a steady expression in the compact (A) and the 

reticular layer (B) of the interplacentomal area. Vessel walls were strongly stained (B, arrowhead). In 

the placentome (C) + (D) the trophoblast, vessel walls on both sides and maternal epithelium 

displayed a strong reaction. Not in all areas of the placentome galectin-1 was equally strong 

expressed in the maternal epithelium (D). As negative control served sections without the incubation 

step with specific antibody to ascertain lack of antigen-independent staining are shown in the inset (I) 

in (D). Bars: 50 µm. 

ME: maternal epithelium; MS-R: reticular layer of maternal stroma; MS-C: compact layer of maternal 

stroma; MS: maternal stroma in placentome; T: trophoblast 



Manuscript II   

 81

Figure 4 

 
Localisation of galectin-3 in bovine interplacentomal tissue (A-D) and placentomes (C+D) on day 275 

of pregnancy, comparing IGF high (A+C) vs. IGF low (B+D) animals.  

In the interplacentomal area galectin-3 was visualised mainly in the epithelium to the lumen (A+B) and 

the epithelia of the uterine glands (C+D) and on filaments in both layers of the stroma (C; D). The 

stroma of IGF high animals (A; C; arrowhead) showed a slightly more intense staining than of IGF low 

animals (B; D; arrowhead). No difference occurred in placentomal tissues (E) where only maternal 

epithelium and fetal mesenchyme (arrowhead) displayed a strong reaction for galectin-3. A very weak 

reaction can be found in the trophoblast. 

As negative control served sections without the incubation step with specific antibody to ascertain lack 

of antigen-independent staining are shown in the inset (I) in (E). Bars: 50 µm 

ME: maternal epithelium; MS-R: reticular layer of maternal stroma; MS-C: compact layer of maternal 

stroma; UG: uterine gland; MS: maternal stroma in placentome; T: trophoblast 
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Figure 5 

 
Localisation of galectin-4 in bovine interplacentomal tissue (A+B) and placentomes (C+D) on day 275 

of pregnancy, comparing IGF high (C) vs IGF low (D) animals.  

 

Strong galectin-4 staining could be detected in luminal (A) and glandular epithelium (B) of the 

interplacentomal area. Furthermore, immunoreactivity was detected in all components of the maternal 

compartment in the placentome. In the fetal compartment vessel walls and uninuclear trophoblast was 

stained (C+D). TGC showed no staining in IGF low animals (D, arrowhead); some TGC of IGF high 

animals expressed galectin-9 (C, arrowheads). 

As negative control served sections without the incubation step with specific antibody to ascertain lack 

of antigen-independent staining are shown in the inset (I) in (D). Bars: 50 µm 

ME: maternal epithelium; MS-R: reticular layer of maternal stroma; MS-C: compact layer of maternal 

stroma; UG: uterine gland; MS: maternal stroma in placentome; T: trophoblast; V: vessel wall 
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Figure 6 

 
Localisation of galectin-9 in bovine interplacentomal tissue (A+B) and placentomes (D+E) on day 275 

of pregnancy 

 

In the interplacentomal area a strong expression of galectin-9 could be visualised in luminal (A+B) and 

glandular (C) epithelia. Moreover, immunopositivity was revealed in vessel walls (B). In the 

placentomal area strongly stained granules occurred in positive and negative TGC (arrowheads). 

Slightly stronger staining was visualised in the trophoblast of IGF high animals (C) than ion IGF low 

animals (D). 

As negative control served sections without the incubation step with specific antibody to ascertain lack 

of antigen-independent staining are shown in the inset (I) in (D). Bars: 50 µm 

ME: maternal epithelium; MS-R: reticular layer of maternal stroma; MS-C: compact layer of maternal 

stroma; UG: uterine gland; MS: maternal stroma in placentome; T: trophoblast; V: vessel wall 
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6 Discussion 

In this study we were able to prove for the first time the expression of several 

galectins in the bovine uterus and the bovine placenta on mRNA and protein level 

throughout gestation. In the prepartal period changes of mRNA expression were 

investigated depending on the serum IGF-1 level of the cow. The applied animal 

model based on the observation that animals with prepartally low IGF-1 serum levels 

displayed a significant higher incidence of postpartal diseases (Wathes et al. 2007; 

Piechotta et al. 2011).  

It could be shown that galectin-13 is highly significant higher expressed in the 

interplacentomal endometrium of IGF high cows (< 0.001). Similarly galectin-9 

showed a significantly higher (p < 0.05) and galectin-4 (p<0.1) a trend of higher 

expression in the interplacentomal endometrium of IGF high cows. Neither for the 

placentomal tissues nor for the interplacentomal expression of galectin-1 and-3 in 

both tissues could differences be detected. On protein level we were able to localise 

galectin-1, -3, -4 and -9 all showing specific different spatiotemporal expression 

patterns in interplacentomal and placentomal areas through the course of gestation 

and in the prepartal period.  

Interestingly, a contrasting expression pattern was observed for galectin-1 (stroma) 

and galectin-3 (epithelium). Moreover, the expression of galectin-4 in the pregnant 

bovine endometrium and placentomes was confirmed, although this galectin was so 

far thought to be confined to the gastrointestinal tract (Gitt et al. 1998). Its expression 

was mainly found in epithelia of interplacentomal and placentomal areas. Galectin-9 

showed a similar expression pattern concerning the localisation in the 

interplacentomal area. However, in the placentome galectin-9 was not detectable 

until late gestation. Galectin-13 was only investigated on mRNA level in the peripartal 

period, as there was no antibody available. 

In some cases we could detect differences in mRNA expression which were not 

reflected on protein level or differences on protein level which were not reflected on 

mRNA level. We hypothesise that these differences occurring between mRNA 

expression and protein expression are probably due to posttranslational RNA gene 

regulation which was not further investigated in this study. 
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6.1 Implications of galectin-1 expression 

In both placentomal and interplacentomal areas galectin-1 was expressed in the 

maternal connective tissue as well as in the muscular fraction of the vessel wall 

through the course of pregnancy. On day 275 post AI the protein expression did not 

differ between IGF high and IGF low cows for both interplacentomal and placentomal 

tissue. Only in vessel walls of IGF high animals a stronger immunoreaction could be 

detected. The observed expression pattern is in accordance with the results from 

other studies. Galectin-1 was shown to be predominantly expressed in tissues of 

mesodermal origin like fibroblasts, tunica media of arterioles and venules in lung and 

intestines of bovine embryos (Poirier et al. 1992; Kaltner et al. 2002) and also in uteri 

of pregnant mice (Phillips, Knisley et al. 1996). Due to its localisation, galectin-1 can 

be characterised as matricellular protein which probably serves as an adapter 

between epithelial cells and ECM thereby modulating adhesion, migration and 

proliferation (Moiseeva et al. 2000).  

Of special interest is the protein expression in the vessel walls. Naturally, a good 

vascularisation is needed in the area of the caruncle and later the placentome since it 

is a prerequisite for tissue proliferation and feto-maternal exchange. The particular 

distribution of galectin-1 from the time of implantation onwards in vessel walls 

suggests a function in the regulation of proliferation of the muscular layer of the 

vessel wall thereby influencing the angiogenesis in this area. A positive effect of 

galectin-1 on the proliferation of smooth muscle cells has already been proven in a 

study on arteriovascular injury (Moiseeva et al. 2000). More recent studies showed 

also that tumour cells secrete galectin-1 to enhance endothelial cell activity (Thijssen 

et al. 2010).  

For the success of pregnancy it is important to suppress the local immune answer in 

the uterus as the maternal immune system must tolerate fetal alloantigens encoded 

by paternal genes. Hence, the generation of an anti-inflammatory environment in the 

pregnant uterus is a crucial factor (Chaouat et al. 2005; Trowsdale and Betz 2006). 

We hypothesise that one of the major functions of galectin-1 in the cow is the 

establishment of the feto-maternal tolerance as it has already been described in a 

knock-out mouse model (Blois et al. 2007). It was shown that galectin-1 causes a 
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shift of the T-cell profile to an anti-inflammatory and TH2 dominant profile. Supporting 

this hypothesis, galectin-1 was repeatedly described as an anti-inflammatory 

regulator of the immune response in the last decade (Rabinovich et al. 2004). With its 

expression in the vessel walls galectin-1 is probably involved in the inhibition of 

immune cell extravasation into the endometrium. This mode of action was already 

demonstrated in different models where galectin-1 inhibited leukocyte diapedesis (La 

et al. 2003; He and Baum 2006) and decreased lymphocyte capture, adhesion and 

rolling of endothelial cells (Norling et al. 2008). Moreover, it was reported to inhibit 

the adhesion of T-cells to extracellular matrix and change the cytokine profile of the 

latter (Rabinovich et al. 1999). Therefore, the higher expression in the vessel walls of 

animals in the IGF high group is of special interest. Nevertheless, since the 

immunoreaction is only a slightly elevated, a higher number of animals should be 

examined pre- and postpartally to confirm a relation between a reduced  

immuno-competence and the galectin-1 expression  

Interestingly, galectin-1 was expressed in every TGC in the first trimester, afterwards 

the number of positive TGC decreased until no expression was present around day 

270. The existence of galectin-1 in migrating TGC indicates a function in the 

regulation of migration and invasion of these cells. Galectins are often associated 

with the regulation of tumour proliferation, migration and metastasis (Camby et al. 

2002; Liu and Rabinovich 2005). As placentation can be compared with tumour 

invasion considering its highly proliferative and invasive properties (Winterhager et al. 

1996) a similar function of this protein to the tumour invasion and migration could be 

assumed. Nevertheless, functional experiments have to be conducted to prove this 

hypothesis. 

 

6.2 Implications of galectin-3 expression 

On mRNA level galectin-3 showed no difference in the expression in the placentome 

and the interplacentomal endometrium between the IGF high and IGF low groups. 

The immunohistochemical results for the galectin-3 localisation revealed a distinct 

difference compared to the expression pattern of galectin-1 throughout pregnancy 
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and in the peripartal period. Galectin-3 was immunolocalised in luminal and glandular 

epithelia of the interplacentomal area and in the maternal epithelium as well as in the 

fetal mesenchyme in the placentome. On day 275 after AI the endometrium showed 

a stronger expression of galectin-3 in the lamina propria of IGF high cows whereas 

no difference was found in the placentome. The observed localisation pattern in the 

interplacentomal endometrium is in accordance with the findings of Kim et al. (2008) 

who detected bovine galectin-3 in the non-pregnant uterus and in early stages of 

pregnancy in similar localisations (Kim et al. 2008). Moreover, the pattern of a 

generally epithelial localisation was already reported in studies on bovine embryos in 

lung and intestinal tissue (Kaltner et al. 2002). In contrast to galectin-1, galectin-3 has 

distinct pro-inflammatory properties (Dumic et al. 2006) which have been 

demonstrated in in vivo experiments with galectin-3 knock-out mice (Colnot et al. 

1998; Hsu et al. 2000). Therefore, the contrary localisation of galectin-1 and galectin-

3 obviously reflects their contrary functions. Galectin-3 was repeatedly described as 

a promotor of immune reaction. Different studies demonstrated that galectin-3 was 

able to stimulate mast cell activation and degranulation (Cerliani et al. 2010) as well 

as enhance neutrophil adhesion to endothelia (Sato et al. 2002). This galectin was 

also identified as a chemo-attractant for macrophages (Sano et al. 2000) and a 

trigger for the production of reactive oxygen species (Greenwald et al. 2009). 

Besides having an impact on immune cells galectin-3 is able to associate with 

different pathogens which might lead to immune activation and also to induction of 

phagocyte recognition and removal (Cerliani et al. 2010). In consideration of these 

functions we would have expected to see a higher galectin-3 expression in IGF low 

cows as they seem to have a higher susceptibility for inflammations in the postpartal 

period (Llewellyn et al. 2008). However, the fact that we could not demonstrate 

changes in galectin-3 expression on mRNA level and relatively small changes on 

protein level does not necessarily conflict with a galectin-3 involvement in the 

postpartal inflammation process. The differences observed between the experimental 

groups could indicate an imbalance in the galectin-3 expression leading to a possible 

predisposition for intensified inflammatory reaction after calving. A more distinct 
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difference might be detectable only after parturition or after contact with pathogens 

but further studies are necessary to clarify these assumptions.  

Through the course of pregnancy the expression of galectin-3 in the caruncular 

epithelium is of particular interest since this epithelial lining forms the boundary of the 

maternal compartment towards the fetal side. Galectin-3 is already known to play an 

important role in proliferation and differentiation of epithelia (Ochieng et al. 2004). 

However, one crucial factor for the formation of the feto-maternal interface is the 

adhesion of the trophoblast cells to the maternal epithelium and the signalling 

between these cells (Massa et al. 1993). Apart having a high affinity for glycans, 

galectin-3 binds extracellular matrix components like laminin and fibronectin 

(Matarrese et al. 2000) and is a potent mediator of adhesion when secreted into the 

ECM (reviewed Ochieng, Furtak et al. 2004). Moreover, it can enhance the 

adherence of breast cancer cells to the ECM (Matarrese et al. 2000) and takes part 

in the assembly of the matrix network (Gabius 2009). In the bovine placentome it 

could support the adhesion process after being secreted from maternal epithelial 

cells. Moreover, in the human syncytiotrophoblast galectin-3 was shown to be 

associated with CD98, a protein involved in the formation of the syncytiotrophoblast 

(Dalton et al. 2007). Therefore, we consider galectin-3 a promising candidate to be 

involved in the fusion of TGC with maternal caruncular epithelial cells in the cow. 

 

6.3 Implications of galectin-4 expression  

In this study we were able to confirm the expression of galectin-4 protein for the first 

time in a reproductive organ and in the cow. Galectin-4, a natural crosslinker due to 

its molecular design as a tandem-repeat type galectin, was so far only described in 

the gastro-intestinal tract, the bladder, and in cancer cells of organs with highly 

differentiated polarised monolayers (Huflejt and Leffler 2004). In the pregnant bovine 

uterus galectin-4 is expressed in the maternal epithelium of the interplacentomal 

endometrium, the uterine glands and the placentome. Furthermore, the uninucleate 

trophoblast cells showed a positive reaction after day 130. Close to parturition on day 

275 galectin-4 shows a stronger expression in the luminal epithelium of the 
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interplacentomal endometrium as well as in the placentome of in IGF high animals. 

This is not fully reflected by the mRNA level where galectin-4 showed a tendency of 

higher expression in the endometrium of IGF high animals. In the gastrointestinal 

tract galectin-4 is expressed in the epithelium and has been suggested to play a role 

in stabilising cellular junctions, lipid rafts, and membranes (Huflejt and Leffler 2004). 

Moreover, galectin-4 was described to be important for apical delivery of 

glycoproteins and vesicular trafficking in the intestines which are also an area of 

intensive substance exchange (Stechly et al. 2009). An analogue expression pattern 

of galectin-4 in the epithelia of interplacentomal endometrium and the placentome is 

suggestive of a similar function. As the placentome forms the feto-maternal interface, 

it is the area of constant exchange between fetal and maternal compartment in the 

bovine placenta. Therefore, the expression of galectin-4 in the maternal epithelium 

and later in the trophoblast might be involved in feto-maternal substance exchange. 

In this particular localisation galectin-4 could also be involved in adhesion processes 

in the placentome. Studies on human colon carcinoma cells indicate a role for 

galectin-4 in this process since treatment with surface-absorbed recombinant 

galectin-4 enhanced cell adhesion of T84 cells (Huflejt et al. 1997). Interestingly, we 

detected a tendency of higher galectin-4 expression in IGF high animals. Especially 

the expression in maternal epithelia led us to the hypothesis that galectin-4 may be 

involved in the epithelial wound healing after calving. To prepare the release of fetal 

membranes the maternal epithelium undergoes flattening and partial degradation 

(Gier and Marion 1968). This can leave whole areas of the maternal compartment 

without epithelial lining. The influence of galectin-4 on wound healing by enhancing 

migration and progression of epithelia cells was demonstrated for intestinal 

inflammatory bowel disease (Paclik et al. 2008). Since IGF-1 was also shown to be 

involved in tissue repair processes (Suh et al. 1992; Bitar 2000) it can be assumed 

that both factors might act in conjunction. Cows with a higher IGF-1 blood level seem 

to have an effective immuno-competence and develop less postpartal diseases, 

whereas cows with a lower IGF-1 blood level appear to have a lower immuno-

competence with more signs of inflammation and impaired repair process (Llewellyn 

et al. 2008). Therefore, the lower expression of galectin-4 in these animals could 
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contribute to the retarded healing and closure of the tissue barrier and thus allow the 

invasion of pathogens. At the same time galectin-4 acts anti-inflammatory which was 

shown by inhibition of T-cell activation and neutrophil apoptosis in inflammatory 

bowel disease (Stowell et al. 2007; Paclik et al. 2008), a property that could be of 

importance in the context of the present study. 

 

6.4 Implications of galectin-9 expression  

We detected galectin-9 on mRNA level and on protein level during gestation and in 

the late gestational period in the bovine uterus and placentome. It was mainly 

expressed by epithelia from interplacentomal and placentomal tissues. Interestingly, 

the placentomal expression occurred only after day 220 of pregnancy. On day 275 a 

statistically significant higher expression was detected on mRNA level in the 

endometrium of IGF high animals. This was also reflected on protein level where a 

higher immunoreactivity in the interplacentomal area was observed. In the late 

gestational placentome we found a weak protein expression in fetal and maternal 

compartment. In addition, strongly stained granules were detected in TGC, some of 

which showed also a cytoplasmatic staining. In the human, galectin-9 was similarly 

shown to be present in endometrial epithelial cells as well as in uterine glands in the 

window of implantation and also in the early decidua, where it is considered to be an 

endometrial epithelial marker (Popovici et al. 2005). Particularly the late expression 

of galectin-9 in the bovine placentome is intriguing. We hypothesise that at this stage 

the trophoblast is getting prepared on a molecular level to be detached from the 

maternal tissue. The strongly stained granules of the TGC can be externalised and 

thereby weaken the adhesion of the trophoblast to the maternal epithelium. In cell 

lines of breast cancer and colon cancer galectin-9 was described to suppress the 

binding of adhesive molecules on tumour cells to endothelium and extracellular 

matrix (Nobumoto et al. 2008). Therefore, we suggest that galectin-9 should be taken 

into consideration as one of many elements in the detachment process. As retained 

fetal membranes are often a preliminary event to postpartal metritis and endometritis, 

it can be discussed that the increased galectin-9 expression in IGF high animals 
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might be one of the factors which make them less susceptible to postpartal disease. 

The fact that galectin-9 was also reported to have anti-inflammatory properties 

supports this hypothesis. In different in vivo and in vitro models galectin-9 was 

reported to inhibit T-cell infiltration and suppress mast cell degranulation 

(Tsuchiyama et al. 2000; Zhu et al. 2005; Katoh et al. 2007; Niki et al. 2009). 

Furthermore, it was reported to act as a mediator for leukocyte adhesion and 

diapedesis (Rabinovich et al. 1999; Chabot et al. 2002). As a specific ligand of tim-3, 

a TH1 specific surface molecule, it was shown to negatively regulate TH1 immune 

responses in a model of neuroinflammation (Zhu et al. 2005). Thereby, it assists the 

actions of galectin-1 which produces a shift to a TH2 profile in the endometrium to 

support feto-maternal tolerance (Blois et al. 2007). An enhanced protein expression 

might occur during parturition or shortly after pathogen contact. Especially as some 

recent studies revealed an upregulation of galectin-9 expression after LPS contact 

(Tsuboi et al. 2007). 

 

6.5 Implications of galectin-13 expression  

In this study galectin-13 mRNA was identified in interplacentomal endometrium and 

placentome on day 275 of pregnancy. It was statistically significantly higher 

expressed in the endometrium of IGF high animals. Since there is no commercial 

antibody available protein expression could not be investigated.  

In the literature this protein was already described in the human placenta and is also 

called placental protein 13 (PP13). Here galectin-13 expression could be associated 

with preeclampsia, a pregnancy-specific syndrome linked to immune maladaption 

(Redman et al. 1999; Than et al. 2008). Hence, it seems likely that galectin-13 might 

also be involved in the immuno-regulation in the peripartal uterus of the cow. 

Furthermore, the bovine galectin-13 shows a strong genetic similarity (86%) to 

galectin-15 (LGALS15) detected in sheep (Lewis et al. 2007; Farmer et al. 2008). 

The expression of this particular galectin was firstly reported as a response to a 

nematode infection in sheep (Dunphy et al. 2000) and its expression seems to be 

restricted to sheep and goats (Lewis et al. 2007). In the ovine uterus galectin-15 was 
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observed in interplacentomal epithelia, but not in the placentome. It is discussed to 

be a component of the histotroph and to be induced by progesterone and interferon 

tau (Gray et al. 2004; Gray et al. 2005). Apart from an influence on trophoblast cell 

migration and attachment during implantation (Farmer et al. 2008) it is also discussed 

to be a progesterone-stimulated immuno-regulatory protein similar to the uterine 

serpins or other uterine milk proteins (Leslie and Hansen 1991; Hansen 1998; Gray 

et al. 2005). With the high similarity of these proteins and the placenta types we 

hypothesise that they have similar functions. Therefore, it would be desirable to 

obtain specific antibodies as well as the protein to extend the studies on this galectin 

in the bovine placenta. 

 

6.6 Conclusion 

In conclusion, the specific spatiotemporal expression patterns of galectin-1, -3, -4 

and -9 in the bovine uterus and placenta throughout gestation suggests their 

involvement in placentation and maintenance of pregnancy. Moreover, differences in 

the expression depending on the immunological status of the cow lead to the 

assumption that galectins could be involved in the development of postpartal 

diseases. Our results stress the need of further in vitro experiments to elucidate the 

exact function of this protein in the placentome. 
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7 Summary 

Rebecca Froehlich  Galectin expression in the bovine uterus and placenta 
through the course of pregnancy with focus on the 
peripartal period 

 
Galectins, lectins with beta-galactosidase affinity, play important regulatory roles in 

cell adhesion, proliferation and migration and are involved in the modulation of the 

adaptive and innate immunity. These proteins are promising candidates for 

participating in placentation processes, maintenance of pregnancy and local immune 

regulation in the uterus. To provide a base for future functional analysis galectin 

fingerprinting was performed for interplacentomal endometrium and placenta during 

bovine gestation. Special interest was paid to the prepartal period in connection with 

the serum-IGF-1 level of the cow.  

In the past it was demonstrated that in dairy cows a severe negative energy balance, 

indicated by lower levels of serum IGF-1, could be associated with elevated 

inflammation markers in the endometrium and subsequently a higher incidence of 

postpartum metritis. Therefore the second objective of this study was to investigate if 

the local galectin expression is influenced by different IGF-1 serum levels. 

For the galectin fingerprinting placentomal (P) and interplacentomal tissue (IP) was 

collected at a slaughterhouse and assigned to three stages of pregnancy: early 

gestation (day 30-130, n=9); mid gestation (day 130-220, n=7); late gestation (day 

220-275, n=7). The collected samples were snap-frozen or fixed in Bouin’s solution 

and embedded in paraffin. The mRNA level gene expression for galectin-1, -3, -4 and 

-9 in late gestational stages was examined by RTq-PCR. The protein localisation was 

investigated by immunohistochemistry. Antibody specifity has been proven by 

Western Blotting. 

For the characterisation of the prepartal period 17 clinically healthy, pregnant cows 

from the same farm and with similar body condition were chosen and grouped 

according to their IGF-1 blood levels into an IGF high (n=9) and an IGF low group 

(n=7 IGF-1<140ng/ml). A caesarean section was performed on day 275 after artificial 

insemination where two placentomes (P) and interplacentomal uterine tissue (IP) 

were sampled. Gene expression at mRNA level was investigated for galectin-1, -3,  
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-4, -9 and -13 by RT-qPCR and at the protein level for galectin-1, -3, -4 and -9 by 

immunohistochemistry  

The mRNA expression of galectin-1, -3, -4 and -9 could be demonstrated in late 

gestational P and IP. Through gestation galectin-1 was mainly localised in vessel 

walls and stroma while galectin-3 showed a distribution in epithelia and the fetal 

mesenchyme. Similarly to galectin-3, galectin-4 and galectin-9 showed an epithelial 

localisation pattern with an additional expression of galectin-4 in stroma and vessel 

walls. Galectin-9 was not detectable in midgestational P but showed strongly stained 

granules in TGC in late gestational P. 

In the prepartal period galectin-9 mRNA expression was significantly higher in IP  

(p< 0.05) in IGF high animals. Additionally galectin-13 showed a highly significant 

higher and galectin-4 a trend of higher (p<0.1) expression in IGF high animals. No 

difference in expression occurred in P as well as in P and IP for galectin-1 and 

galectin-3. Only slight changes were detectable on the protein level for all analysed 

molecules. 

The expression and distinct localisation patterns with spatiotemporal changes 

indecates a function of galectins in the bovine uterus and placenta. Especially the 

different expression in IGF high and IGF low cows suggest that galectins might be 

involved in the local immune regulation and therefore have an impact on the 

incidence of postpartal diseases.  

This study clearly indicates that galectins are promising candidates to be involved in 

maintenance of pregnancy, placentation and local uterine immunity. Therefore, it can 

be a base for further investigations on the actual galectin functions in the bovine 

placenta. 
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8 Zusammenfassung 

Rebecca Fröhlich  Galektinexpression im bovinen Uterus and Plazenta 
im Verlauf der Trächtigkeit mit spezieller Betrachtung 
der präpartalen Phase  

 
Galektine spielen eine wichtige Rolle in der Regulation biologischer Prozesse wie 

Zell-Adhäsion, Proliferation und Migration, sowie in der Modulation der angeborenen 

als auch der erworbenen Immunität. Es ist daher wahrscheinlich, dass Galektine 

auch an der Steuerung der Plazentation, dem Erhalt der Trächtigkeit und der lokalen 

Immunregulation im bovinen Uterus maßgeblich beteiligt sind. Um eine Basis für 

zukünftige Untersuchungen zu liefern, war das erste Ziel dieser Studie ein 

Galektinprofil für das interplazentomäre Endometrium und das Plazentom während 

der Trächtigkeit des Rindes zu erstellen. Besondere Aufmerksamkeit galt der 

präpartalen Phase und dem immunolgischen Status der Kuh. In den letzten Jahren 

konnte gezeigt werden, dass eine schwere negative Energiebilanz während der 

Trächtigkeit, sichtbar durch erniedrigte IGF-1 Serumspiegel bei Milchkühen, in 

vermehrten Entzündungszeichen im postpartalen Uterus sowie einer höheren 

Inzidenz an postpartalen Erkrankungen resultiert. Daher war es ein weiteres Ziel 

dieser Studie zu untersuchen, ob die lokale Galektinexpression auf mRNA- und 

Proteinebene von unterschiedlichen IGF-Serum-spiegeln beeinflusst wird. 

Für die Erstellung eines Galektinprofils wurden am Schlachthof Gewebeproben von 

interplazentomalem (IP) und plazentomalem (P) Bereichen des Uterus trächtiger 

Kühe verschiedener Stadien genommen und mittels Scheitel-Steiß-Länge in  

3 Gruppen eingeteilt: Frühe Trächtigkeit (Tag 30-130, n=9); Mittlere Phase der 

Trächtigkeit (Tag 130-220, n=7); Späte Trächtigkeit (Tag 220-275, n=7). Die Proben 

wurden nach der Entnahme in flüssigem Stickstoff bzw. in Bouin’scher Lösung fixiert. 

Galektin-1, -3, -4 und -9 wurden immunhistochemisch lokalisiert. Proben der späten 

Trächtigkeit wurden auch auf mRNA-Ebene mittels RT-qPCR untersucht. Die 

Spezifität der benutzen Antikörper konnte mittels Western Blot gezeigt werden. 

Zur Charakterisierung der präpartalen Periode wurden 17 gesunde, trächtige Kühe 

von einem Milchviehbetrieb ausgewählt und anhand präpartaler IGF-1 Serumwerte in 

eine IGF-1 high (n=10; IGF-1>140ng/ml) und IGF-1 low (n=7; IGF-1< 140ng/ml) 
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Gruppe eingeteilt. Im Rahmen von Kaiserschnitten am 275.Tag der Trächtigkeit 

wurden Proben aus dem IP sowie zwei Plazentome entnommen. Die Analyse der 

Genexpression erfolgte für Galektin-1, -3, -4, -9 und -13 auf mRNA-Ebene mittels 

RT-qPCR und auf Proteinebene (mit Ausnahme von Galektin-13) mittels 

Immunhistochemie.  

Für alle untersuchten Galektine konnte eine Expression im IP und im P während der 

Trächtigkeit auf mRNA-Ebene dargestellt werden. Galektin-1 zeigte eine Lokalisation 

im maternalen Stroma und den Gefäßwänden, sowie im plazentomalen Gewebe im 

Karunkelepithel. Dagegen konnte Galektin-3 hauptsächlich im Drüsenepithel, dem 

maternalen Epithel und dem fetalen Stroma nachgewiesen werden. Galektin-4 und -9 

zeigten, ähnlich zu Galektin-3, eine Verteilung in den Epithelien, wobei Galektin-4 

zusätzlich im Stroma und den Gefäßwänden zu finden war. Galektin-9 konnte in der 

mittleren Phase der Trächtigkeit nicht im P lokalisiert, jedoch in der späten Phase in 

Granula der TGC. 

In der präpartalen Periode zeigte Galektin-13 eine hoch signifikant (p<0,001), 

Galektin-9 eine signifikant (p<0,05) erhöhte Expression und Galektin-4 den Trend 

(p<0,1) einer stärkeren Expression im interplazentomalen Gewebe von IGF-1 high 

Kühen, während die Galektin-1 und -3 Expressionen in beiden 

Untersuchungsgruppen gleich hoch waren. Im Plazentom konnten für keines der 

untersuchten Galektine Unterschiede zwischen den Gruppen festgestellt werden. Auf 

Proteinebene zeigten sich leichte Unterschiede in der Immunreaktivität. 

Die Expression der Galektine sowie deren spezifische Lokalisation mit ihren 

Änderungen im Verlauf der Trächtigkeit deutet darauf hin, dass diese Proteine an 

Regulationsprozessen im bovinen Uterus beteiligt sind. Insbesondere die 

Expressionsunterschiede zwischen IGF high und low Kühen sind ein Hinweis darauf, 

dass Galektine an der Regulation der lokalen Immunantwort im Uterus beteiligt sein 

könnten. Diese Studie sollte als Basis für künftige Untersuchungen genutzt werden, 

in denen die genaue Funktion der Galektine im bovinen Uterus, beispielsweise am 

Zellkulturmodell, im Mittelpunkt stehen wird.  
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10 Annex 

10.1  Abbreviations 

µ   Micro (10-6) 

°C   Degree centigrade 

A   Ampere 

ABA   Rotiphorese Gel 30, Roth 

APS   Ammoniumpersulfate 

Aqua bidest  Aqua bidestillata 

AEBSF  4-(2-Aminoethyl) benzenesulfonyl fluoride hydrochloride 

Anova   Analysis of variance 

bp   Base pairs 

BSA   Bovine serum albumin 

cDNA   Complementary DNA 

DNA   Desoxyribonucleic acid 

CRD   Carbohydrate recognition domain 

dNTP   Didesoxyribonucleoside triphosphates  

ECM   Extracellular matrix 

EDTA   Ethylenediaminetetraacetic acid 

EGTA   Ethylene glycol tetraacetic acid 

For   Forward (primer) 

g   Acceleration due to gravity (1 g = 9.8 m/s²) 

g   Gramm 

Gal   Galectin 

h   Hora (hours) 

H2O2   Hydrogen peroxyde 

HCl   Hydrochloric acid 

HRP   Horse radish peroxidase 

Ig   Immunoglobulin 

IFNT   Interferon τ 

IGF   Insulin-Like Growth Factor 
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IGFBP  Insulin-Like Growth Factor Binding Protein 

IGF1   Insulin-Like Growth Factor-1 

IGF2   Insulin-Like Growth Factor-2 

IGF1-R   Insulin-Like Growth Factor-1-Rezeptor 

IGF2-R   Insulin-Like Growth Factor-2-Rezeptor 

m   Milli (10-3) 

Min   Minute 

M   Molar 

Mgat5   β1,6 N-acetylglucosaminyltransferase V 

mRNA   Messenger RNA 

n=   Number of observations 

n   Nano (10-9) 

NaCl   Sodium chloride 

NaDox  Sodiumdesoxycholate 

NaHPo4  Sodiumhydrogenphosphate 

Na2HPO4  Sodiumdihydrogenphosphate 

NaOH   Sodiumhydroxide 

p   p-value 

P4   Progesterone 

PP13   Placenta Protein 13 

PBS   Phosphate buffered saline  

PCR   Polymerase chain reaction 

PIBF   Progesterone-induced blocking factor  

qPCR   Quantitative Realtime-PCR 

R2   Coefficient of determination 

Rev   Reverse (primer)  

RT   Room temperature 

SD    Standard deviation 

SDS   Sodium dodecylsulfate 

SEM   Standard error of the mean 

SNEB   Severe negative energy balance 
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TBE buffer  TRIS-boronic acid-EDTA-buffer 

TBS   Salty buffered TRIS 

TG   Tris-Glycine 

TGC   Trophoblast giant cells  

TRIS   Trizma base 

TEMED  Tetramethylethylenediamine 

V   Volt 

v/v   Volume per volume 
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10.2  Used buffers and solutions 

All chemicals are purchased from Carl Roth, GmbH + Co. KG, Karlsruhe, Germany, 

unless stated otherwise. 

 

10.2.1 Solutions used for fixation 

Bouin’s solution 

 

  

Picric acid, saturated 1500 ml 

37% Formalin, filtrated 500 ml 

100% Acetic acid 100 ml 

   

Lillie’s Formalin 
 

  

NaHPO4 3.48 g 

Na2HPO4 6.5 g 

Aqua bidest 1000 ml 

pH=7.0   

37% Formaldehyde 100 ml 

PBS 900 ml 

 

10.2.2 Buffers and solution for histology 

PBS, pH 7.2 

 

  

NaH2PO4   7.8 g 

NaCl 40 g 

Aqua bidest     5 l 

NaOH 

 

40 

 

ml 
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40% NaOH solution 

NaOH pellets     

Aqua bidest.    

    

 

40 

1000 

 

g 

ml 

Delafield’s Hemalaun   

Hematoxylin       1 g 

Isopropanol       6 ml 

Ammoniumalaun solution, saturated   100  ml 

Maturation for 4 days in daylight   

Glycerin       25 ml 

Methanol       25 ml 

Filtration before usage   

 

10.2.3 Buffers and solutions for protein biochemistry 

Boehringer Lysis buffer   

Tris pH 7.4  50 mM 

NaCl  150 mM 

NaF 40 mM 

EDTA  3 mM 

EGTA  2 mM 

NP40 (Nonidet)  1 %(v/v) 

SDS        0.1 %(w/v) 

NaDox 0.1 % (w/v) 

 

SDS- stacking gel   

Aqua bidest.       2.7 ml 

Bromphenol Blue 0.05 ml 

Upper TRIS 0.5 ml 

ABA 0.67 ml 

APS 0.04 ml 

TEMED 0.008 ml 
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SDS-separating gel 10%   

Aqua bidest.  3 ml 

ABA   2.5 ml 

Lower TRIS  2 ml 

APS   0.075 ml 

TEMED 0.005 ml 

   

SDS-separating gel 15%   

Aqua bidest.  1.7 ml 

ABA   3.8 ml 

Lower TRIS 2 ml 

APS 0.075 ml 

TEMED   0.005 ml 

   

Upper TRIS   

TRIS-HCL 500  mM 

SDS  0.4 % ( v/v) 

pH 6.8  

 

Lower TRIS   

TRIS base 1.5 M 

SDS 0.4 % (v/v) 

pH 8.8  

   

Laemmli buffer (4x)   

Tris-HCL   240 mM 

SDS  8 % 

Gylcerol 40 % 

Bromphenolblue  0.04 % 

Beta-Mercaptoethanol  

 

5 % 
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TRIS-Glycin SDS running buffer (10x) 

TRIS Base 29 g 

Glycine 144 g 

SDS 10 g 

Add Aq. dest. to 1000ml    

   

Blot buffer   

TG 100 ml 

Methanol 200 ml 

10% SDS 5 ml 

Add Aq. dest. to 1000ml   

   

TBS (10x)   

TRIS 60.55 g 

NaCl   90 g 

pH 7.4  

Add Aqua dest. to 1000ml   

 

TBS-T   

20% Tween20 2.5 ml 

TBS (1x) 999 ml 

   

TBE (10x)   

TRIS  108 g 

Boronic acid  55 g 

0.5M EDTA (pH 8) 40 ml 

Add Aqua dest. to 1000ml   
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10.3  Reagents 

All materials not purchased at Carl Roth, GmbH + Co. KG, Karlsruhe, Germany are 

stated below. 

 

AEBSF A1721 AppliChem, Germany 

Antibody Rabbit-anti-bovine Gal-1/-3 kindly donated by H.Kaltner/HJ Gabius 

Antibody Goat-anti-bovineGal-4 (sc-19286) 

Antibody Goat-anti bovine Gal-9 (sc-19292) 

Anti-Rabbit-HRP (sc-2004) 

Anti-Goat-HRP (sc-2056) 

5x Colourless GoTaq Reaction buffer  

SantaCruz Biotechnology,Inc. Germany 

SantaCruz Biotechnology,Inc.; Germany 

SantaCruz Biotechnology,Inc.; Germany 

SantaCruz Biotechnology,Inc.;Germany 

Promega, Germany 

DAKO Envision+ System/ rabbit HRP 

DC Protein Assay Kit™ 

dNTP (10nM) 

Eosin 

Eukitt® 

GoTaqHotStart Polymerase (5u/µl) 

5x Green GoTaq Reaction buffer  

DAKO, Hamburg, Germany 

Bio-Rad, Munich,Germany 

Promega, Germany 

Merck, Germany 

Kindler, Germany 

Promega, Germany 

Promega, Germany 

Hematoxylin 

IgG Rabbit (I8140) 

IgG Goat (I9140) 

ImPromII 5x reaction buffer 

ImPromII Reverse transcriptase 

Merck, Germany 

SigmaAldrich, Germany 

SigmaAldrich, Germany 

Promega, Germany 

Promega, Germany 

Leupeptin ( L2884) 

LumiGlow 

MgCl2 

Normal horse serum 

SigmaAldrich, Germany 

ThermoFischer Scientific, Inc., USA 

Promega, Germany 

Prepared by Institute for Anatomy, 

Veterinary University Hannover, 

Germany 

Paraffin, Leica Surgi Path Paraplast Leica Microsystems, Germany 
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Pepstatin A2205 

Picric acid 

Primer 

Proteinmaker SDS7B  

AppliChem, Germany 

SigmaAldrich, Germany  

Eurofins MWG, Operon,Germany, 

Germany 

SigmaAldrich, Germany 

RNasin (2,500U) Promega, Germany 

SuperVision2 two-step polymer system  

anti-goat 

DCS Diagnostics, Germany 

SYBR Green PCR MasterMix Applied Biosystems, Life Technologies, 

USA 

SV Total RNA Isolation System Promega, Germany 
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10.4  Technical equipment 

Agilent Bioanalyzer Agilent Technologies, INC., USA 

Cold plate EG1150C Leica Microsystems, Germany 

ELISA Reader Thermo Multiscan ThermoFischer Scientific Inc., USA 

Fusion SL cheminluminescence 

documentaion 

Vilber-Lourmat, Germany 

Heraeus Fresco 17 Centrifuge  ThermoFischer Scientific Inc., USA 

Heated embedding module EG 1150H  Leica Microsystems, Germany 

Heating cabinet Heraeus, ThermoScientifc 

Homogenizer; VDI12 VWR International 

Infinity Gel documentation Vilber-Lourmat, Eberhardszell, Germany 

MiniProtean Tetra Cell Bio-Rad Laboratories GmbH,Germany 

Mixing block MB102 BIOER Technology Co., Ltd., China 

PCR cycler, 96 Universal Gradient Peqlab Biotechnologie GmbH, Germany 

pH-Meter 766 Calimetrix Knick Elektronische Messgeräte GmbH, 

Germany 

PowerPack Basis  Bio-Rad Laboratories GmbH,Germany 

Realtime Cycler,StepOnePlus Applied Biosystems, Life Technologies, 

USA 

Rotation microtome  Leica Instruments GmbH, Germany 

Shaker, Promax 102 

 

Spectrometer  

Heidolph Instruments GmbH & Ko. KG, 

Germany 

Bio-Rad Laboratories GmbH,Germany 

SubCellGT Electrophoresis system Bio-Rad Laboratories GmbH,Germany 

Water bath Type 1052 GFL, Germany 
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10.5  Immunohistochemical data 

10.5.1 Galectin localisation throughout pregnancy 

MS-R, maternal stroma: reticular layer; MS-C, maternal stroma: compact layer; UG, uterine glandular 

epithelium; UE, uterine epithelium; UV, uterine vessel wall; T, trophoblast; TGC, trophoblast giant cells; 

FM, fetal mesenchyme; MS, maternal stroma; MV, maternal vessel wall; ME, maternal endothelium; 

FE, fetal endothelium; FV, fetal vessel wall; Gestational ages are grouped into three stages (I-III). 

Stage I = day 30- 130; Stage II = day130-220; Stage III =day220-275. 

Staining intensity: ++= very strong; += strong; (+)= weak; - = no; var= variable staining 

10.5.1.1 Galectin-1 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-1 I 
Day 
 30-130 

+ + - - + + Var/++ - 

 II 
Day 
130-220 

+ + - - + ++ - - 

 III 
Day 
220-270 

++ ++ - - + (+) - - 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-1 I 
Day 
 30-130 

(+) (+) - ++ + Var/ + (+) + - 

 II 
Day 
130-220 

+ + - + (+) Var/+ (+) + - 

 III 
Day 
220-270 

+ + - + + Var/- + + - 
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10.5.1.2 Galectin-3 

 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-3 I 
Day 
 30-130 

- 

 

- 

 

++ 

 

++ 

 

- 

 

++ 

 

- 

 

++ 

 

 II 
Day 
130-220 

- 

 

- 

 

++ 

 

++ 

 

- 

 

+ 

 

- 

 

+ 

 

 III 
Day 
220-270 

  -    - ++ ++ - + - + 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-3 I 
Day 
 30-130 

- 

 

- 

 

- 

 

++ 

 

- 

 

- 

 

- 

 

(+) 

 

++ 

 

 II 
Day 
130-220 

- 

 

- 

 

- 

 

++ 

 

- 

 

- 

 

- 

 

- 

 

++ 

 

 III 
Day 
220-270 

- - - ++ - - - - ++ 
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10.5.1.3  Galectin-4 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-4 I 
Day 
 30-130 

- 

 

+ 

 

+ 

 

+ 

 

+ 

 

+ 

 

- 

 

- 

 

 II 
Day 
130-220 

- 

 

(+) 

 

+ 

 

+ 

 

+ 

 

+ 

 

- 

 

- 

 

 III 
Day 
220-270 

- (+) + + + + - - 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-4 I 
Day 
 30-130 

(+) - 

 

- 

 

(+) 

 

(+) 

 

- 

 

- 

 

- 

  

- 

 

 II 
Day 
130-220 

(+) + 

 

- 

 

(+) 

 

(+) 

 

- 

 

- 

 

(+) 

 

- 

 

 III 
Day 
220-270 

(+) 

 

+ (+) + + - - (+) - 
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10.5.1.4  Galectin-9 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-9 I 
Day 
 30-130 

- 

 

- 

 

+ 

 

+ 

 

- 

 

(+) 

  

- 

 

- 

 

 II 
Day 
130-220 

- 

 

- 

 

+ 

 

+ 

 

- 

 

+ 

 

Var 

 

- 

 

 III 
Day 
220-270 

- - + + - (+) - - 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-9 I 
Day 
 30-130 

- - - - - - - - - 

 II 
Day 
130-220 

- - - - - - - - - 

 III 
Day 
220-270 

+ - - + (+) Var - - - 
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10.5.2  Galectin localisation in the prepartal period 

AB, Antibody; MS-R, maternal stroma: reticular layer; MS-C, maternal stroma: compact layer; UG, 

uterine glandular epithelium; UE, uterine epithelium; UV, uterine vessel wall; T, trophoblast; TGC, 

trophoblast giant cells; FM, fetal mesenchyme; MS, maternal stroma; MV, maternal vessel wall; ME, 

maternal endothelium; FE, fetal endothelium; FV, fetal vessel wall; Gestational ages are grouped into 

three stages (I-III). 

Stage I = day 30- 130; Stage II = day130-220; Stage III =day220-275 

Staining intensity: ++= very strong; += strong; (+)= weak; - = no; var= variable staining 

 

10.5.2.1  Galectin-1 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-1 IGF high +ZK ++ - - ++ + - - 
FV++ 

 IGF low (+) ++ - - ++ + -  - 
FV++ 

 
  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-1 IGF high ++ ++ - var ++ - - ++ - 

 IGF low ++ + - + 
var 

++ - - + - 
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10.5.2.2  Galectin-3 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-3 IGF high (+)fila (+)* ++ ++ - (+)fila (+)* ++ 

 IGF low - var  ++ ++ - - var  ++ 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-3 IGF high - - - ++ var - - - ++ 

 IGF low - - - ++ -var - - - ++ 

 

10.5.2.3  Galectin4 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-4 IGF high - + ++ ++ + + - - 
FV(+) 

 IGF low - (+) ++ + + ++ - - 
FV(+) 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-4 IGF high + var (+) (+) + var (+) + - 

 IGF low (+) var (+)  + + -  (+) var - 
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10.5.2.4  Galectin-9 

  Interplacentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS-R MS-C UG UE  UV T TGC FM 

Gal-9 IGF high - var ++ ++ var + - - 
FV: (+) 

 IGF low - - ++ + + + - - 
FV: + 

 

 

  Placentomal tissue 

  Maternal compartment Fetal compartment 

 Stage MS MV ME UE T  TGC FE FV FM  

Gal-9 IGF high (+) (+) (+) - + Var 
Gran 

(+) (+) - 

 IGF low - var - - (+) -  
Gran 

- (+) - 
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10.6  qPCR data 

10.6.1 Efficiencies 

Target Tissue Efficiency % Effiiciency log Cq 25[ng] R2 

Galectin-1 Endometrium 103.50 2.00 1.40 1.00 

 Placentome 107.20 2.00 0.29 1.00 

Galectin-3 Endometrium 93.38 1.97 5.60 1.00 

 Placentome 96.88 1.99 0.75 1.00 

Galectin-4 Endometrium 106.00 2.00 12.00 0.99 

 Placentome 93.00 1.97 160 (Cq 27) 1.00 

Galectin-9 Endometrium 93.84 1.97 0.27 1.00 

 Placentome 91.86 1.96 0.75 0.99 

Galectin-13 Endometrium 105.00 2.00 120 (Cq 29) 0.93 

 Placentome 115.00 2.00 20.00 0.99 

Ubiquitin Endometrium 97.63 1.99 0.28 0.99 

 Placentome 92.94 1.97 0.28 0.92 

Histon F3A Endometrium 92.56 1.97 0.28 1.00 

 Placentome 93.57 1.97 0.28 1.00 
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10.6.2  Galectin-1 

Endometrium 

Sample 
Cт  
Mean 

∆Cт  
Mean 

CT  
H3 

CT  
UBQ 

(-)∆Cт 
Mean 

Efficiency 
corrected 

Ek1 23.90 -1.73 26.29 24.96 1.73 3.35 

EK2 23.72 -2.15 26.60 25.13 2.15 4.50 

EK3 23.01 -1.94 25.77 24.14 1.94 3.90 

EK4 23.27 -1.41 25.27 24.10 1.41 2.69 

EK6 22.82 -2.33 25.85 24.46 2.33 5.13 

EK7 23.59 -2.16 26.43 25.07 2.16 4.56 

EK8 21.20 -2.60 25.53 23.86 2.60 6.16 

EK9 22.96 -3.01 26.54 25.61 3.01 8.23 

Ek10 25.23 -4.12 29.43 29.27 4.12 17.90 

EK11 22.90 -2.69 25.27 25.91 2.69 6.57 

EK13 20.83 -5.19 25.95 26.08 5.19 37.84 

EK14 23.06 -2.69 25.97 25.53 2.69 6.57 

EK15 23.66 -2.74 26.90 25.89 2.74 6.81 

EK16 24.19 -2.00 27.00 25.71 2.00 4.07 

ES1 23.18 -4.32 26.48 27.83 4.32 20.65 

ES2 23.51 -2.91 26.98 25.71 2.91 7.70 

ES3 22.83 -3.34 26.25 26.09 3.34 10.36 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 4.89 6.22 

SEM 0.56 0.80 
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Figure 3: Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational endometrium for galectin-1. 
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Placentome 

Sample Cт Mean ∆Cт Mean CT H3 CT UBQ 
(-)∆Cт 
Mean 

∆Cт Mean 
korr 

KK1 26.16 2.38 21.87 25.87 -2.38 0,19 

KK2 23.34 0.04 22.76 23.84 -0.04 0,97 

KK3 23.95 0.99 22.59 23.33 -0.99 0,50 

KK4 23.90 0.28 23.08 24.15 -0.28 0,82 

KK6 26.74 2.47 23.86 24.68 -2.47 0,18 

KK7 25.02 1.16 23.96 23.75 -1,16 0,45 

KK8 25.43 1.73 24.23 23.23 -1,73 0,30 

KK9 26.12 1.17 25.41 24.48 -1,17 0,44 

KK10 24.39 1.06   -1,06 0,48 

KK11 24.09 2,50 19.38 23.82 -2,50 0,18 

KK13 22.92 -1.85 24.75 24.80 1,85 3,61 

KK14 24.28 0.76 23.52 23.52 -0,76 0,59 

KK15 25.56 0.89 24.77 24.57 -0,89 0,54 

KK16 27.54 1.44 26.15 26.05 -1,44 0,37 

KS1 25.41 0.24 26.56 23.85 -0,24 0,85 

KS2 25.25 0.10 26.41 23.96 -0,10 0,94 

KS3 26.71 0.30 26.72 25.92 -0,30 0,81 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 0,61 0,42 

SEM 0,10 0,06 
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Figure 4: Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational endometrium for galectin-1. 
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10.6.3  Galectin-3 

Endometrium 

 

Sample 
Cт 
 Mean 

∆Cт 
Mean 

CT  
UBQ 

CT  
H3 

(-) Cт 
Mean 

Efficiency 
corrected 

EK1 27.24 0.94 25.90 26.61 -0.94 0.53 

EK2 28.92 2.68 25.79 26.70 -2.68 0.16 

EK3 20.60 -3.90 16.68 16.74 3.90 14.04 

EK4 20.29 -3.97 16.29 16.35 3.97 14.76 

EK7 24.79 -0.96 25.07 26.43 0.96 1.92 

EK8 21.40 -3.29 23.86 25.53 3.29 9.31 

EK9 22.10 -3.85 25.61 26.54 3.85 13.65 

Ek10 27.90 -1.45 29.36 29.32 1.45 2.67 

EK11 26.48 -4.19 25.27 25.91 4.19 17.20 

EK13 24.77 -1.34 25.95 26.08 1.34 2.48 

EK14 19.92 -5.83 25.53 25.97 5.83 52.08 

EK15 21.40 -4.99 25.89 26.90 4.99 29.54 

EK16 26.24 -0.12 25.71 27.00 0.12 1.08 

ES1 27.68 0.74 27.83 26.38 -0.74 0.61 

ES2 24.64 -3.20 28.72 26.98 3.20 8.74 

ES3 24.57 -1.65 26.19 26.25 1.65 3.06 

 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 8.68 11.53 

SEM 2.39 4.97 
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Figure 5: Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational endometrium for galectin-3. 
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Placentome 

 

Sample Cт Mean 
∆Cт 
Mean CT UBQ CT H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

KK1 18.84 -3.65 21.94 22.89 3.65 12.23 

KK2 18.37 -3.61 21.54 22.19 3.61 11.90 

KK3 23.72 2.48 20.76 21.72 -2.48 0.18 

KK4 19.53 -2.94 21.57 22.06 2.94 7.52 

KK6 18.37 -3.47 21.43 22.25 3.47 10.83 

KK7 18.99 -4.48 22.97 23.96 4.48 21.59 

KK8 21.50 -2.19 23.23 24.16 2.19 4.50 

KK9 22.01 -2.94 24.48 25.41 2.94 7.50 

KK10 18.90 -4.44 23.31 23.36 4.44 20.99 

KK11 22.91 -1.10 23.82 24.20 1.10 2.12 

KK13 24.55 -0.23 24.80 24.75 0.23 1.17 

KK14 18.89 -4.59 23.52 23.52 4.59 23.33 

KK15 19.48 -5.19 24.57 24.77 5.19 35.28 

KK16 23.04 -3.22 26.05 26.15 3.22 9.10 

KS1 24.69 -1.29 23.85 26.67 1.29 2.43 

KS2 19.38 -3.48 23.96 26.34 3.48 10.87 

KS3 21.85 -4.67 26.10 26.72 4.67 24.69 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 13.78 17.30 

SEM 2.50 4.69 
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Figure 6:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational placentome for galectin-3. 
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10.6.4  Galectin-4 

Endometrium 

Sample 
Name Cт Mean ∆Cт Mean CT Ubq Ct H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

E1 26.91 0.91 25.49 26.50 -0.91 0.53 

E2 25.90 -0.37 25.95 26.60 0.37 1.29 

E3 28.23 0.28 27.68 28.22 -0.28 0.82 

E4 24.33 -1.23 25.28 25.84 1.23 2.34 

E6 26.17 0.71 24.86 26.05 -0.71 0.61 

E7 26.33 1.70 23.98 25.27 -1.70 0.31 

E8 27.62 1.18 25.89 27.00 -1.18 0.44 

E9 25.90 -0.39 25.80 26.78 0.39 1.31 

E10 26.49 -0.30 26.41 27.17 0.30 1.23 

E10 26.57 -0.22 26.41 27.17 0.22 1.17 

E11 25.44 -0.99 25.90 26.96 0.99 1.99 

E13 25.89 1.45 23.05 25.91 -1.45 0.37 

E14 27.91 1.17 26.24 27.25 -1.17 0.45 

E15 27.88 1.07 25.98 27.67 -1.07 0.48 

E16 25.73 -0.12 25.27 26.44 0.12 1.09 

ES1 24.69 -2.27 27.71 26.61 2.27 4.82 

ES2 26.75 -1.30 28.68 27.45 1.30 2.47 

ES3 24.73 -1.53 26.17 26.35 1.53 2.88 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 
1.36 0.69 

SEM 
0.29 0.15 
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Figure 7: Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational endometrium for galectin-4 
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Placentome 

Sample 
Name Cт Mean ∆Cт Mean Ct UBQ CT H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

K1 26.13 3.06 23.84 22.32 -3.06 0.13 

K2 24.15 -0.04 23.87 24.65 0.04 1.03 

K3 25.43 1.49 23.36 24.59 -1.49 0.36 

K4 24.44 0.95 23.12 23.87 -0.95 0.53 

K6 25.67 2.39 22.76 23.81 -2.39 0.20 

K7 27.83 3.55 23.73 24.85 -3.55 0.09 

K8 23.93 2.03 22.29 21.53 -2.03 0.25 

K9 28.28 3.54 24.50 24.99 -3.54 0.09 

K10 24.97 -3.85 28.68 28.83 3.85 13.60 

K11 23.51 -0.58 23.67 24.50 0.58 1.48 

K13 25.83 -0.83 26.74 26.59 0.83 1.76 

K14 23.81 0.70 23.08 23.15 -0.70 0.62 

K15 25.71 -4.22 29.85 30.00 4.22 17.39 

K16 24.71 -0.53 24.97 25.59 0.53 1.43 

KS1 22.90 -2.27 23.85 26.56 2.27 4.65 

KS2 22.20 -2.87 23.87 26.34 2.87 6.99 

KS3 26.03 -0.37 26.10 26.72 0.37 1.29 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 
0.90 0.57 

SEM 
0.20 0.31 
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Figure 8:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational placentome for galectin-4. 
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10.6.5  Galectin-9 

Endometrium 

Sample 
Name Cт Mean ∆Cт Mean Ct UBQ CT H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

EK1 2.67 25.52 28.73 -2.67 0.16 1.97 

EK2 -0.80 24.72 25.82 0.80 1.72 1.97 

EK3 -0.80 24.97 25.17 0.80 1.72 1.97 

EK4 0.64 24.01 24.74 -0.64 0.65 1.97 

EK6 4.55 24.25 27.54 -4.55 0.05 1.97 

EK7 2.38 25.07 26.43 -2.38 0.20 1.97 

EK8 4.10 23.86 25.53 -4.10 0.06 1.97 

EK9 4.10 25.39 26.54 -4.10 0.06 1.97 

Ek10 0.71 29.27 29.43 -0.71 0.62 1.97 

EK11 0.18 25.91 25.27 -0.18 0.89 1.97 

EK13 1.85 26.08 25.95 -1.85 0.28 1.97 

EK14 4.06 25.53 25.97 -4.06 0.06 1.97 

EK15 3.91 26.90 25.89 -3.91 0.07 1.97 

EK16 2.50 27.00 25.71 -2.50 0.18 1.97 

ES1 3.62 26.33 27.83 -3.62 0.09 1.97 

ES2 2.74 26.98 28.72 -2.74 0.16 1.97 

ES3 -1.43 26.25 26.17 1.43 2.64 1.97 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 0.79 0.19 

SEM 0.27 0.08 
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Figure 9:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the late 

gestational endometrium for galectin-9.* indicates a signficant difference. 
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Placentome  

Sample 
Name Cт Mean ∆Cт Mean Ct UBQ CT H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

KK1 26.27 1.21 24.00 26.12 -1.21 0.44 

KK2 25.52 1.43 23.23 25.00 -1.43 0.38 

KK3 24.83 1.25 22.58 24.64 -1.25 0.43 

KK4 25.28 1.18 23.29 24.94 -1.18 0.45 

KK6 26.14 2.11 23.16 24.90 -2.11 0.24 

KK7 22.19 -1.68 23.75 24.82 1.68 3.11 

KK8 25.80 2.11 23.23 24.16 -2.11 0.24 

KK9 26.02 1.07 24.48 25.41 -1.07 0.49 

KK10 22.11 -1.23 23.31 23.36 1.23 2.29 

KK11 22.97 1.38 23.82 19.38 -1.38 0.40 

KK13 26.10 1.32 24.80 24.75 -1.32 0.41 

KK14 25.04 1.52 23.52 23.52 -1.52 0.36 

KK15 25.94 1.27 24.57 24.77 -1.27 0.42 

KK16 25.43 -1.02 26.05 26.86 1.02 1.99 

KS1 26.43 1.19 26.72 23.85 -1.19 0.45 

KS2 26.19 1.14 26.34 23.82 -1.14 0.46 

KS3 24.24 -2.16 26.72 26.10 2.16 4.30 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 0.40 0.39 

SEM 0.03 0.03 
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Figure 10:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the 

late gestational placentome for galectin-9. 
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10.6.6  Galectin-13 

Endometrium 

Sample 
Name 

Cт  
Mean 

∆Cт  
Mean 

Ct  
Ubq 

Ct  
H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

E1 29.66 3.54 25.49 26.50 -3.54 0.09 

E2 25.30 -0.98 25.95 26.60 0.98 1.97 

E3 26.71 -1.50 27.61 28.22 1.50 2.83 

E4 28.80 3.15 25.28 25.84 -3.15 0.11 

E6 24.79 -1.43 25.71 26.74 1.43 2.70 

E8 28.77 2.32 25.89 27.00 -2.32 0.20 

E9 25.97 -0.57 25.80 26.78 0.57 1.48 

E10 26.90 0.50 26.33 27.17 -0.50 0.71 

E11 25.71 -0.72 25.90 26.96 0.72 1.65 

E13 29.61 3.96 25.35 25.96 -3.96 0.06 

E14 28.91 2.26 26.07 27.25 -2.26 0.21 

E15 29.18 2.37 25.98 27.67 -2.37 0.19 

E16 24.33 -1.52 25.27 26.44 1.52 2.87 

ES1 27.58 0.59 26.33 27.83 -0.59 0.66 

ES2 27.28 -0.66 26.98 28.71 0.66 1.58 

ES3 27.91 1.73 26.25 26.10 -1.73 0.30 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 
2.04 0.15 

SEM 
0.31 0.03 
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Figure 11:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the 

late gestational endometrium for galectin-13.* indicates a highly signficant difference. 
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Placentome 

Sample 
Name Cт Mean ∆Cт Mean Ct Ubq Ct H3 

(-)∆Cт 
Mean 

Efficiency 
corrected 

K1 21.94 -1.09 23.76 22.32 1.09 2.20 

K2 26.61 2.35 23.87 24.65 -2.35 0.18 

K3 22.30 -1.05 23.89 22.80 1.05 2.13 

K4 21.77 -1.24 23.73 22.28 1.24 2.45 

K5 25.30 0.78 24.37 24.66 -0.78 0.57 

K6 24.98 1.16 23.69 23.94 -1.16 0.43 

K7 22.55 -1.73 23.73 24.85 1.73 3.50 

K8 25.53 1.41 23.96 24.28 -1.41 0.36 

K9 28.23 3.45 24.57 24.99 -3.45 0.08 

K10 25.66 -3.06 28.62 28.83 3.06 9.17 

K11 24.32 2.21 23.67 24.50 -2.21 0.20 

K12 27.00 -2.52 29.21 29.82 2.52 6.17 

K13 26.13 2.23 23.39 24.40 -2.23 0.20 

K14 24.07 0.88 23.08 23.30 -0.88 0.53 

K15 26.35 -3.50 29.70 30.00 3.50 12.52 

K16 26.66 2.61 23.63 24.46 -2.61 0.15 

KS1 24.55 -0.64 26.62 23.85 0.64 1.59 

KS2 24.01 -1.16 26.46 23.96 1.16 2.31 

KS3 25.88 -0.52 26.72 26.10 0.52 1.46 

 

 
IGFhigh  
∆Cт Mean 

IGFlow  
∆Cт Mean 

Mean korr 
1.73 2.49 

SEM 
0.36 1.71 
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Figure 12:  Efficiency corrected means of ∆Cт’s in the IGF high vs. IGF low groups with SEM in the 

late gestational placentome for galectin-13. 
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