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Introduction 
 

In this study the possible pathological, pathophysiological role of two 

syncytiotrophoblast-derived proteins was examined.  

To date 15 mammalian galectins have been cloned and characterized. Galectin-13 was 

isolated from human placenta and characterized in 1983. First it was identified as 

placental protein 13 (PP13). Its sequence was deposited to the GenBank (AF117383, 

AY055826). Recombinant PP13 was applied to perform more detailed functional studies 

on the protein. Conserved structural identity of PP13 to the members of the galectin 

family was found. Computational 3D modelling based on its primary structure and 

homology to prototype galectins revealed a characteristic “jellyroll” fold (deposited to 

Brookhaven Data Bank, Acc. No.: 1F87), a single conserved carbohydrate recognition 

domain (CRD) and predicted sugar binding capabilities of PP13, and therefore was 

designated as galectin-13. Several galectins have recently proved to be very closely 

related to galectin-13. We performed numerous experiments to confirm the galectin-like 

characteristics of this new member of the galectin family. The possible role of galectin-13 

in cellular signal transduction pathways was also investigated. The protein was found to 

be involved in cell death mediating pathways. 

Alkaline phosphatase (AP) is known to be produced by the liver, bones, small intestine 

and kidneys, while different AP isoforms are also expressed by the placenta during 

pregnancy. The placental isoforms are also called heat-stable AP (HSAP), as they are heat 

resistant at 60 oC.  In early pregnancy, mostly tissue-unspecific AP isoenzyme is 

expressed in placentas reaching a peak value around 10 weeks of pregnancy. At the end of 

the second trimester, AP activity is mainly composed of term placental AP isoenzymes 

(90 % of which is of P1 type, 10 % is of P2 type) produced by the syncytiotrophoblasts 

and appear in maternal serum between the 15-26th weeks of pregnancy. Their plasma 

levels increase exponentially during gestation at a level three times higher than in non-

pregnant women, and eliminate with a long half-life (7 days) postpartum. Extreme 

increases in AP levels may be regarded as suspicion of bone, hepatic, endocrine, renal 

diseases, malignancies, drug treatment, but can be associated with heavy smoking or 

pregnancy as well. Concerning, that the etiology of extreme HSAP elevation in pregnancy 

is still unknown and no literature data could be found dealing with its cellular background, 

we decided to examine the biochemical and pathophysiological events of this 

phenomenon. 



Study objectives 
 

1. Comparison of galectin-13 cDNA and amino acid sequences to various EST, genomic 

and protein databases by BLAST at NCBI, 3D modelling of galectin-13. 

 

2. Galectin-13 lysophospholipase (LPL) activity detection by NMR. 

 

3. Galectin-13 sugar-binding ability. 

 

4. Galectin-13 haemagglutination assay. 

 

5. Galectin-13 dimerization assay. 

 

6. Pro-Q Diamond Phosphoprotein Gel staining. 

 

7. Identification of galectin-13-bound proteins by mass spectrometry. 

 

8. Localization of galectin-13 in syncytiotrophoblasts by immunofluorescence confocal 

microscopy. 

 

9. Examination of the effect of H2O2- and Taxol-exposition on galectin-13 

overexpressing cells. Analysis of MAPK-phosphorylation by Western blot, 

determination of MAPK-activation profile. 

 

10. Studies on the effect of MAPK inhibitors’, caspase-3 inhibitor and cyclosporin-A on 

cell viability.  

 

11. Immunocytochemical studies on cell morphology. 

 

12. Detection of mitochondrial protein release and changes in cell signalling pathways. 

 

13. Measurement of reactive oxygen species (ROS) - production. 

 

14. Immunocytochemical detection of Ask-1 phosporylation/activation in apoptosis. 



 

15. Detection of cell death by propidium-iodide/FITC-annexin-V staining. 

 

16. Measurement of caspase-3 and -7 activity. 

 

17. Histopathology and immunohistochemistry of normal and elevated HSAP-level 

associated placental tissues. 

 

18. Protein expression studies on normal and elevated HSAP-level associated placental 

tissues. 



General conclusions 
 

1. By GenBank search of related EST sequences, it could be assumed that galectin-13 

and its EST sequence appears in numerous fetal and adult tissues, and gene expression 

array-based results also suggested the presence of galectin-13 transcripts is several 

normal cells or malignancies (NCBI database; Geo Profils) as well. Galectin-13 gene 

mapped to chromosome 19 (19q13.1) in the close vicinity of genes of four known 

(galectin-10, galectin-7, galectin-4 and placental protein 13-like protein) and three 

putative galectins at 19q13.1-13.2 with similar exon structures, indicating their 

common genetic origin. Computational 3D modelling based on its primary structure 

and homology to prototype galectins revealed a characteristic “jellyroll” fold 

(deposited to Brookhaven Data Bank, Acc. No.: 1F87). 

2. Galectin-13 possesses weak endogenous LPL activity. For both isolated and 

recombinant galectin-13, the highest degree of transformation was found for L-α-

lysophosphatidylcholine (1-acyl-glycero-3-phosphorylcholine, LPC) according to the 
31P NMR spectra. 

3. Non-modified agarose beads (Sephadex 2B) did not bind galectin-13 at all, while all 

types of sugar-coupled agarose beads bound more than 95% of galectin-13 after 1 h 

incubation. Different sugars (1mM – 1 M) eluted the protein from various sugar-

coupled agarose in different manners, with the following elution capacity: N-acetyl-

lactosamine > mannose > N-acetyl-galactosamine > maltose > glucose > galactose > 

fucose > lactose. In 1 M concentration, N-acetyl-lactosamine had significantly the 

highest efficacy (95-100%) to elute galectin-13 from all kinds of beads. 

4. In non-reducing conditions, very small amounts of galectin-13 induced 

haemagglutination, and strong agglutination was detected at and above 50 µg/ml 

applied protein concentrations, which was very similar to the phenomenon seen in 

cases of other galectins. 

5. In non-reducing conditions, dimerization occurred at and above 0.21 mg/ml protein 

concentrations. When galectin-13 was dissolved in Laemmli solution containing 10 % 

(v/v) 2-mercaptoethanol, no dimerization of galectin-13 was found at all, even at 

higher protein concentrations. 

6. Strong signal of phosphorylated groups in the lane of ovalbumin (positive control) and 

weak signal in the lane of placental-derived galectin-13 could be specifically detected. 



No signal in the lanes of albumin (negative control) and bacterially expressed galectin-

13 was found. 

7. 38 and 41 kDa proteins could be detected either in placental or in foetal hepatic 

protein extracts bound to either isolated or to recombinant galectin-13. MALDI-TOF 

MS data of the 38 kDa protein in both cases permitted the identification of human 

annexin II (Acc. No.: NM_004039), while the mass map of the 41 kDa protein 

matched beta/gamma actin in both cases (Acc. No.: NM_001101 and NM_001614).  

8. By immunofluorescence confocal imaging, intensive galectin-13 staining of the brush 

border membrane was detected in syncytiotrophoblasts, with also a discrete 

perinuclear labelling of the cells by both mono- and polyclonal antibodies. 

9. Treating cells with 100 nM Taxol, a cytostatic agent which blocks the microtubulus 

formation, phospho-Akt and phospho-Erk-1/2 decreased and disappeared in galectin-

13 containing cells, while it reached its maximum level in control samples. Total Akt 

level was constant in all samples. Galectin-13 overexpressing cells showed constant 

p38-MAPK activation till the end of the experiment. At the same time, decrease of 

p38-MAPK activation could be observed in control cells. Phosphorylation of 

JNK/SAPK moderately appeared in galectin-13 overexpressing cells. Treating cells 

with 0.3 mM H2O2 also resulted in decrease in phospho-Akt level and Erk-1/2 

activation of galectin-13 overexpressing cells. Total Akt level was constant in all 

samples. Phospho-p38-MAPK showed modest increase in H2O2 treated galectin-13 

overexpressing cells from the first hours. In these cells, JNK/SAPK activation occured 

from the 12th hour of the experiment. Both p38-MAPK, both JNK/SAPK 

phosphorylation was lesser in control samples.  

10. Inhibition of p38-MAPK-pathway (SB203580) resulted in the highest increase in cell 

survival rate of galectin-13 transfectants after low dose Taxol treatment. JNK/SAPK 

inhibition resulted in a modest increase in cell survival of galectin-13 containing cells. 

Neither cyclosporin-A nor caspase-3 inhibition had any significant protective effect on 

galectin-13 overexpressing cells in cases of Taxol exposition compared to controls. 

H2O2 exposition resulted in much less living cells in galectin-13 overexpressing group, 

compared to similar treated controls. In cases of p38-MAPK inhibition (SB203580), or 

especially in presence of cyclosporin-A, the survival rate of galectin-13 containing 

cells increased, compared to controls. At the same time JNK/SAPK-inhibition 

(SP600125) resulted in a modestly decreased survival rate in galectin-13 



overexpressing cells. The other applied inhibitors did not result in significant cell 

survival rate increase or decrease after H2O2 treatment. 

11. After 12 hours of treatment with 0.3 mM H2O2 the spikes of both cell types are 

reduced or nearly disappeared. Galectin-13 transfectants are shrunken compared to 

those of without treatment. After Taxol exposition, galectin-13 overexpressing cells 

definitely turn into apoptosis, with shrunken cells, fragmented nuclei, while control 

cells are not effected such dramatically. 

12. Increased nuclear translocation of endonuclease-G from mitochondia was found in 

galectin-13 overexpressing cells without any further insultes and this state was not 

modified by H2O2 or Taxol exposition. H2O2 exposition was followed by a greater 

increase of mitochondrial cytochrom-c release in cases of galectin-13 overexpressing 

cells, than in controls. This phenomenon was not observed in case of Taxol treatment. 

Nuclear amount of AIF was more in galectin-13 overexpressing cells. After treatments 

both cell types contained AIF in their nuclei, but more amounts were detectable in 

galectin-13 overexpressing cells. 

13. Galectin-13 overexpressing and control cells had no considerable difference between 

their ROS-producing ability. 

14. Intensive cytoplasmic phospho-Ask-1 staining can be detected in most galectin-13 

overexpressing U-937 cells contrary to controls. After 12 hours of 0.3 mM H2O2 

exposition phosphorylated Ask-1 appears in all galectin-13 overexpressing cells. 

Performing a 12-hour treatment with 10 nM Taxol, galectin-13 overexpressing cells 

definitely undergo apoptosis. 

15. Numerous galectin-13 overexpressing cells were slightly labelled by FITC-annexin-V 

on their surfaces, while it was lacking in cases of control transfectants. Propidium-

iodide staining, however, was present alone in galectin-13 overexpressing cells after 

H2O2 treatment. Taxol exposition resulted in stronger FITC-annexin-V and PI staining 

in galectin-13 overexpressing cells than in control transfectants. 

16. Cells without any treatment did not result in notable caspase activation. The same 

phenomenon was obtained after H2O2 exposition. Following to Taxol treatment, 

increased caspase activation was detected in each cell types, but without considerable 

differencies in the labelling of galectin-13 overexpressing and control transfectants. 

17. Elevated number of syncytial knots on the surface of chorionic villi, several groups of 

avascular tertiary villi, presence of “proliferation centres” in immature villi, villous 

crowding and nearly disappeared intervillous space were found in elevated HSAP-



associated placental tissue samples. Staining of the index placenta resulted in a 

minimal HSAP labelling of the brush border, and yielded a remarkable diffuse HSAP 

positivity in the intervillous space. 10 % of cells were Ki-67 positive in elevated 

HSAP-associated samples, compared to 1-2 % positivity of controls. 

18. In term placental tissue extracts, five different proteins of cellular signal transduction 

pathways were examined. Densitometric analyses were performed on Western-blot 

bands, and the following differences in protein content were found in the index case 

compared to controls (100%): phospho-GSK-3β 152%, total-GSK-3 106%, phospho-

Akt 174%, total-Akt 103%, phospho-p38MAPK 249%, phospho-p44/42 MAPK / 

Erk1/2 561% and phospho-SAPK/JNK 202%. 


