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Abstract: Galectin-1 (gal-1) is the best-studied member of the galectin family 
of the human placenta, which is assumed to play important roles in pregnancy. 
Standard isolation of gal-1 from human placenta using lactose extraction and 
affinity chromatography in the presence of a reducing agent produced several 
known forms of gal-1, which were compared to the recombinant human gal-1 
(rhgal-1) and oxidized recombinant human gal-1 (Ox-gal-1). The isolated pla-
cental gal-1 retained lectin-binding activity, evidenced by hemagglutination 
and dot blot lectin assays. Characterization of the forms present by surface- 
-enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI– 
–TOF MS), based on hydrophilic interactions or immunorecognition, provided 
a sensitive tool for the detection of the fine differences among the diverse 
molecular forms. The forms detected included previously established biologic-
ally active oxidized gal-1 and reduced gal-1, as well as some other currently 
uncharacterized (less investigated forms).  

Keywords: galectin-1; placenta; molecular form; SELDI-TOF MS. 

INTRODUCTION 

Galectin-1 (gal-1) is a member of the animal lectin family with binding cap-
acity for β-galactoside residues of glycoconjugates. It exists as a non-covalent 
dimer composed of identical ≈14.6 kDa subunits, with evident carbohydrate- 
-binding activity in the reduced state only.1,2 Although gal-1 shows characteris-
tics of typical cytoplasmic proteins, it can be found on the extracellular side of 
cell membranes and in the extracellular matrices of various normal and patho-
logical tissues.3 Its localization indicates that gal-1 could act intracellularly through 
protein–protein interactions and extracellularly via sugar-dependent interactions.4,5  
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Most of the gal-1 isolation protocols are performed in the presence of a 
reducing agent in order to prevent oxidation and maintain carbohydrate-binding 
activity.6–8 The relatively high content of cysteine residues in the gal-1 molecule, 
i.e., six cysteine residues per monomer, implicates gal-1 sensitivity to oxidative 
inactivation and loss of lectin activity.9,10 For example, during purification of 
gal-1 from bovine heart, the lectin activity was lost upon oxidation, suggesting 
that this isolation protocol results in the presence of both reduced and oxidized 
lectin.9 In addition, gal-1 from a transfected cell line COS1, was isolated and the 
relevance of oxidation for functional characteristics shown.11 In nerve regener-
ation models in vivo and in vitro oxidized recombinant human gal-1 (Ox-rhgal-1) 
was recognized as a factor that promotes Schwann cell migration followed by 
axonal growth.11,12 This form of human gal-1 obtained from bacterially exp-
ressed recombinant gal-1 by the air oxidation with CuSO4 as a catalyst is a pro-
tein with a molecular mass of 14.579 kDa and is characterized by reduced or no 
lectin activity.12,13 Experimental strategies involving construction of diverse gal-1 
mutants have been devised in order to elucidate relevance/contribution of specific 
domains to gal-1 interaction with potential ligands and function.10,14 In this con-
text, a stabilized gal-1 form (CS-gal-1) in which six cysteine residues were rep-
laced with serine, expressed in and purified from E. coli, functions like a lectin 
with molecular mass of 14.886 kDa.12  

It is well known that gal-1 is abundantly expressed in human placenta and in 
trophoblast derived cell lines.15–17 Gal-1 was the first isolated and purified gal-
ectin from the human placenta.6,18 More recently, other members of the galectin 
family were localized in human and non-human placenta.19,20 Functionally, gal-1 
acts as an important stimulator of the trophoblast invasion in vitro.13 Further-
more, it was shown that CS–gal-1 was more potent than Ox-rhgal-1 in inducing 
trophoblast invasion,13 confirming a previous finding of a molecular form depen-
dent effect in an axonal regeneration model.12 No direct data are yet, however, 
available regarding the presence of different gal-1 forms in trophoblast. There-
fore, the present study was aimed at investigating whether gal-1 isolated from the 
human placenta or present in extravillous trophoblast cell line HTR-8/SVneo is 
homogenous or comprised of different molecular forms.  

EXPERIMENTAL 

Reagents 

RPMI 1640, antibiotic/antimycotic solution and fetal calf serum (FCS) were obtained 
from PAA Laboratories (Linz, Austria). Matrigel, Collagen Type I (Col I) and serum fibro-
nectin (sFN) were purchased from BD Biosciences (Bedford, MA, USA). Acrylamide, N,N′- 
-methylenebisacrylamide, N,N,N′,N′-tetramethylethylenediamine, Ponceau S, glycine, lactose 
and asialofetuin (ASF) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) protein standards and silver 
stain kit were from Bio-Rad, Inc. (Hercules, CA, USA). The oxidized form of recombinant 

_________________________________________________________________________________________________________________________

(CC) 2015 SCS. All rights reserved.

Available on line at www.shd.org.rs/JSCS/



 PLACENTAL GALECTIN-1 FORMS 161 

human gal-1 and rabbit anti-rhgal-1 with gal-1 neutralizing activity were obtained from Kirin 
Brewery (Tokyo, Japan). Recombinant human gal-1 was from Acris Antibodies GmbH 
(Hiddehausen, Germany). Biotinylated goat anti-rabbit, avidin-biotinylated peroxidase 
complex (ABC) and diaminobenzidine (DAB) substrate kit for peroxidase were obtained from 
Vector Laboratories (Burlingame, CA, USA). Anti-rabbit IgG HRP-linked antibody was from 
Cell Signaling Technology, Inc. (Danvers, MA, USA). 

All other chemicals were of p.a. grade. 

Isolation of gal-1 from human placenta 

Galectin-1 was isolated from three fresh term human placentas by lactose extraction with 
phosphate buffered saline (PBS), 0.05 mol L-1, pH 7.2 containing 0.01 mol L-1 2-mercapto-
ethanol (ME) and 0.002 mol L-1 ethylenediaminetetraacetic acid (EDTA) (EDTA–MEPBS) 
and purified by affinity chromatography on a lactosyl-Sepharose 4B column.6 The obtained 
preparations were not pooled and produced identical results. Bound protein was then eluted 
with 0.1 mol L-1 Gly–HCl, pH 2.5 and concentrated.21 The purity and homogeneity of the 
isolated protein was tested by silver staining and Western blot analysis after SDS–PAGE 
under reducing conditions. After isolation, gal-1 was extensively dialyzed against PBS in 
order to remove ME and stored in PBS at –20 °C.  

Assays for lectin activity 

The lectin activity of the isolated placental gal-1 was determined by hemagglutination 
and dot blot analysis. Agglutination assays were performed using trypsinized rabbit erythro-
cytes and purified placental gal-1. Lectin solutions prepared in PBS containing 0.005 mol L-1 
dithiothreitol (DTT) as a reducing agent were gently mixed with a 2 % suspension of erythro-
cytes without or with 0.1 mol L-1 lactose. Results were read after 1 h incubation at room 
temperature (RT).  

To assay the binding of placental gal-1 to different glycoproteins, dot blot analysis was 
performed. Asialofetuin, sFN, Col I and matrigel (containing 3 µg protein each) were spotted 
on a nitrocellulose membrane and dried at RT. Unspecific binding sites were blocked with 3 % 
bovine serum albumin (BSA) for 2 h at RT. Solutions of isolated gal-1 (6 µg mL-1) were pre- 
-incubated without or with different lactose concentrations (0.025, 0.05, 0.1 or 0.2 mol L-1) in 
EDTA–MEPBS for 1 h at RT, and then used for incubation with individual strips overnight at 
4 °C. Strips were further incubated with anti-gal-1 antibodies (1 µg mL-1) for 2 h at RT, fol-
lowed by incubation with biotinylated anti-rabbit IgG for 30 min and with ABC for another 30 
min. The reaction was visualized using DAB as the chromogen.  

SDS-PAGE, silver stain and Western blot 

Isolated placental gal-1 was subjected to SDS-PAGE on 5–20 % gradient polyacrylamide 
gel under reducing conditions, and analyzed using a Bio-Rad Silver Stain Kit, according to 
manufacturer’s instructions. Recombinant human gal-1, ox-rhgal-1, placental gal-1, HTR- 
-8/SVneo cell lysate and culture media were resolved by SDS–PAGE under reducing con-
ditions on 12.5 % polyacrylamide gel and 4 % stacking gel and subsequently transferred to 
nitrocellulose membranes. The membranes were incubated with rabbit anti-gal-1 antibody 
(1µg mL-1) overnight at 4 °C, with constant shaking. After incubation with anti-rabbit IgG 
HRP-linked antibody, a gal-1 band was detected using Pierce ECL Western blotting substrate. 
The membranes were scanned with an ImageScanner from Amersham Biosciences, Inc. (Pis-
cataway, NJ, USA) and densitometric analysis was performed using the ImageMaster Total-
Lab v2.01 program (Amersham Bioscience). 
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Cell culture 

Human extravillous trophoblast cell line HTR-8/SVneo was cultured and propagated as 
previously described.13,22 For lectin affinity chromatography and surface-enhanced laser 
desorption/ionization time-of-flight mass spectrometry (SELDI–TOF MS), the HTR-8/SVneo 
cells were grown in complete media for 48 h, lysed in 0.02 mol L-1 2-[4-(2-hydroxy-
ethyl)piperazin-1-yl]ethanesulfonic acid (HEPES) with 1 % Triton X-100, pH 8. The cell 
culture media were collected, centrifuged at 700 g for 5 min, and then analyzed using SDS- 
-PAGE and SELDI–TOF MS. For SDS-PAGE, trypsinized HTR-8/SVneo cells were washed 
with PBS pH 7.2, lysed in a sample buffer containing a protease inhibitor cocktail (6×106 cells 
mL-1), centrifuged (1600 g for 5 min at 4 °C) and the supernatant reserved. Cell lysates were 
heated for 5 min in boiling water and subjected to SDS-PAGE.  

Lectin affinity chromatography 

Asialofetuin was covalently linked to CNBr-activated Sepharose (Pharmacia, Sweden) at 
1 mg mL-1 of gel according to the manufacturer’s instructions. HTR-8/SVneo cell lysate 
(6×106 cells mL-1) prepared in 0.02 mol L-1 HEPES with 1 % Triton X-100, pH 8, was 
applied to ASF column under reducing or non-reducing conditions. Non-bound material was 
eluted with PBS or EDTA–PBSME. Under non-reducing conditions, the elution was per-
formed with 0.1 mol L-1 Gly–HCl, pH 2.5, while under reducing conditions PBS containing 
0.1 mol L-1 lactose was used for elution. The collected fractions were pooled and concentrated 
prior to SDS–PAGE analysis. 

Surface-enhanced laser desorption/ionization time-of-flight mass spectrometry  

In this study, gal-1 was analyzed by SELDI–TOF MS. Protein chip arrays were pro-
cessed according to manufacturer's instructions. Briefly, 5 μL of sample (placental gal-1, 
rhgal-1 or ox-rhgal-1) per spot was applied to normal phase NP20 chip array, left to air-dry at 
RT and rinsed three times with PBS. The pre-activated-surface protein chip array PS20 was 
coated with anti-gal-1 antibody (5 μL per spot) in a humid chamber overnight at 4 °C. After 
rinsing with PBS, the spots were blocked with 0.5 mol L-1 Tris–HCl, pH 8 for 1 h in the 
humid chamber at RT. After another washing step with PBS, 5 μL of sample (HTR-8/SVneo 
whole cell lysate, conditioned medium or placental gal-1) was loaded on each spot and incub-
ated for 2 h in a humid atmosphere at RT. Unbound material was removed from the spot by 
intensive rinsing with PBS, followed by deionized water. Both NP20 and PS20 protein chip 
arrays were left to completely air-dry, before the energy-absorbing matrix (EAM) was added. 
Sinapinic acid (SPA) dissolved in 50 % acetonitrile/0.5 % trifluoroacetic acid was used as the 
EAM. To each spot, 1 μL of 50 % SPA solution was applied twice, and after drying, the pro-
tein arrays were ready for processing. The protein chips were read in ProteinChip Reader, 
Series 4000, Personal edition (Bio-Rad Laboratories, Inc., Hercules, CA, USA). External cali-
bration was realized using ProteinChip all-in-one protein standards II. Mass analysis was 
performed at a laser energy of 6000 nJ, with 8815 laser shots per spot. The spectra were 
acquired in 25 kV positive ion acquisition, in the mass range between 2.5 and 200 kDa, with 
the focus mass at 15 kDa. The spectra were analyzed using Ciphergen Express Software 3.0 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The peaks were normalized according to 
the total ion current between 2500 and 70000 m/z and detected automatically for signal to 
noise ratio >3. 
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RESULTS AND DISCUSSION 

In the present study, gal-1 isolated from human term placenta was charac-
terized and compared to two different forms of recombinant gal-1, as well as the 
gal-1 from the trophoblast cell line HTR-8/SVneo. Most of the commonly used 
procedures for gal-1 isolation and purification are based on lactose extraction 
from tissue and lactose affinity column, in the presence of a reducing agent, 
which is critical for the assessment of lectin activity of gal-1.2,23 In the absence 
of a reducing agent, gal-1 from placental tissue extract lost lectin activity and was 
unable to bind to a lactose affinity column (Fig. 1A). Therefore, a procedure with 
2-mercaptoethanol was used for the isolation of placental gal-1 (Fig. 1A). The 
presence of gal-1 was confirmed by dot blot in fractions eluted with 0.1 mol L-1 
Gly–HCl, pH 2.5, and gal-1 was further analyzed by SDS-PAGE and immuno-
blot using polyclonal rabbit antibody raised against human gal-1 (Fig. 1B). The 
production, characterization and specificity of the polyclonal anti-gal-1 was pre-
viously described.11 Both analyses showed the presence of a single prominent band 

 
Fig. 1. Isolation and identification of gal-1 from human term placenta. A) Preparative 

affinity chromatography was performed under reducing conditions. Unbound material was 
washed with EDTA–MEPBS buffer pH 7.2. Gal-1 was eluted from lactosyl-Sepharose 4B 
column with Gly–HCl pH 2.5 (circles) under 3 mL min-1 flow rate. The absorbance was 

measured at 280 nm and additionally, the presence of gal-1 in fractions 5–9 was confirmed 
by dot blot using anti-gal-1 antibodies. In the absence of reducing agent, gal-1 was not 
detected in the eluted fractions (squares). B) SDS-PAGE and Western blot of isolated 
gal-1. 1) Purity of isolated gal-1 was confirmed using silver staining after SDS-PAGE 

electrophoresis under reducing conditions. A band of ≈14.6 kDa was observed by silver 
staining. 2) Western blot analysis using anti-gal-1 antibodies 

confirmed that the ≈14.6 kDa band was gal-1. 
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of ≈14.6 kDa, which was consistent with the molecular mass of gal-1. Although 
other galectin family members are known to be present in human placenta and to 
share binding characteristics with gal-1,13,24 only gal-1 is isolated from term 
placenta using lactose extraction and affinity purification, most likely, due to the 
specific cell type composition of the starting material (containing low amounts of 
cytotrophoblast expressing gal-3 and gal-8). One of the most characteristic 
features of gal-1 is high affinity binding of β-galactoside containing glyco-
conjugates, which is commonly inhibited by lactose for experimental pur-
poses.25,26 The lectin activity of gal-1 was determined by hemagglutination and 
binding to several glycoproteins or their mixture Matrigel (Fig. 2A and B). Pla-
cental gal-1 induced agglutination in the presence of DTT as a reducing agent. As 
expected, lectin-mediated agglutination was inhibited in the presence of lactose 
(Fig. 2A). Binding of the placental gal-1 to different glycoproteins was tested by 
the dot blot assay in the absence or presence of lactose. Some of the β-galacto- 

 
Fig. 2. Lectin properties of gal-1 from the human placenta. A) Hemagglutination activity of 

placental gal-1 under reducing conditions (in the presence of DTT). Addition of lactose 
inhibited hemagglutination, confirming that the isolated placental gal-1 had lectin activity. 
DTT or DTT/lactose served as the negative controls. B) Binding of placental gal-1. Gal-1 

ligands (ASF and Matrigel), negative control (sFN, Col I) and blank probe (EDTA– 
–MEPBS) were spotted onto nitrocellulose membranes. The membranes were incubated 

with gal-1 pre-incubated without or with different concentrations of lactose (0.025–0.2 mol 
L-1) in EDTA–MEPBS. Bound gal-1 was detected using anti-gal-1 antibodies. 
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side-containing ligands that are bound by gal-1 are found in trophoblast, inc-
luding heavily glycosylated proteins of the extracellular matrix (laminin and cell 
fibronectin),27 as well as the cell membrane glycoproteins, integrins28 and muc-
ins.29 In this study placental gal-1 was shown to bind ASF, the commercial base-
ment membrane protein preparation Matrigel that contains laminin, collagen type 
IV and heparan sulfate proteoglycan, but not sFN or Col I (Fig. 2B). The binding 
of gal-1 to ASF or Matrigel was reduced by lactose (0.025–0.2 mol L-1), which 
confirms that gal-1 binds via carbohydrate recognition. In different tissues and 
cell types, gal-1 is implicated in many biological processes, such as cell adhe-
sion, invasion, differentiation, and most of these effects are supposed to be medi-
ated through binding to β-galactoside cell membrane glycoconjugates partici-
pating in signal transduction.30,31 In this study, HTR-8/SVneo derived gal-1 
monomer was shown to differently bind ASF in the presence or absence of a red-
ucing agent (Fig. 3A), resulting in a different proportion of bound/unbound gal-1 
(Fig. 3B). A similar finding was reported for the recombinant and mutant forms 

 
Fig. 3. Binding of gal-1 from HTR-8/SVneo cell lysates to ASF in the absence or presence 
of 2-mercaptoethanol (ME). A) Western blot analysis of unbound (U) or bound (B) gal-1 

containing fractions eluted in the absence (–) or presence (+) of the reducing agent. 
B) Relative proportion of unbound/bound gal-1 as detected by Western blot and 

densitometric analysis. 
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of gal-1 binding to lactose,12,14 showing that redox status influences the structure 
and binding properties of gal-1. 

Placental gal-1 was compared to rhgal-1 and ox-rhgal-1. All gal-1 samples 
were trapped on NP20 arrays due to hydrophilic interactions, and the resulting 
proteomic spectra were analyzed by SELDI–TOF MS (Fig. 4A). Although the 

Fig. 4. SELDI–TOF and Western 
blot analysis of gal-1 in different 
samples. A) Mass spectra on NP20 
protein chip array of isolated 
placental gal-1 compared to rhgal-1 
and ox-rhgal-1. B) Mass spectra of 
isolated placental gal-1 and gal-1 
from HTR-8/SVneo cell line (whole 
cell lysate and secreted) identified 
on a PS20 protein chip array, using 
anti-gal-1 antibodies as bait. Spec-
tra (A and B) are represented as 
relative peak intensity vs. mass to 
charge ratio. Protein peaks are iden-
tified automatically, for signal to 
noise ration (S/N) > 3. C) Western 
blot analysis of gal-1 from different 
sources: HTR-8/SVneo cell lysate 
(1) and the corresponding medium 
(2), ox-rhgal-1 (3), rhgal-1 (4), gal-1 
from human term placenta (5). 
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obtained protein profiles of gal-1 were similar, some subtle differences were 
noted. The dominant gal-1 forms in trophoblast were of 14.6, 14.933, 15.078 and 
15.843 kDa. In the sample of ox-rhgal-1, a 14.6 kDa protein was detected, in 
keeping with the molecular mass of 14.579 kDa previously determined by 
MALDI–TOF MS.12 A prominent peak at 14.9 kDa was detected in the sample 
of rhgal-1 used in the present study, the molecular mass of which is slightly 
higher, compared to the size of the mutant CS-gal-1 and reduced form of rhgal-1 
measured by MALDI–TOF MS.12 Four relatively high intensities peaks at 14.6 
kDa, 14.933, 15.078 and 15.843 kDa were observed in the preparation of pla-
cental gal-1, two of which, at 14.6 and 14.933 kDa, coincided with the ox-rhgal-1 
and rhgal-1 peaks (Fig. 4A). 

The analysis based on the antibody binding (immobilized to a PS20 array) of 
gal-1 from different biological sources also revealed multiple forms of gal-1 (Fig. 
4B). All the preparations, including cell lysate, and secreted gal-1, as well as the 
gal-1 isolated from placenta, contained a form of 14.6 kDa consistent with the 
oxidized gal-1. There was considerable overlap in the presence of other forms, 
while the 13.8 kDa form was specific to HTR-8/SVneo cell lysate. In addition, 
differences in the mobility between the same gal-1 containing preparations were 
detected by Western blot (Fig. 4C). A similar molecular form (of 14.2 kDa) was 
previously identified by MALDI-TOF32 in a gal-1 form lacking the first six 
amino acids, but also in other human cell lines (of 13.5 kDa, by Western blot).33 
The molecular nature and biological function of this form is not clear at present. 
On the other hand, higher molecular forms were detected in other cell models and 
might be related to the unconventional secretion and membrane targeting of gal-1.26 
The obtained data showed that the placental tissue at term contains multiple 
molecular forms of gal-1, and among them all of the known biologically active 
ones.  

CONCLUSION 

Isolation of gal-1 from the human placenta using lactose and affinity column 
produced several known forms of gal-1. The system devised for the character-
ization of the forms present, based on either hydrophilic interactions or immu-
norecognition on chips followed by SELDI–TOF MS, provided a sensitive tool 
for the detection of fine differences among the diverse molecular forms. The 
forms detected contained previously established biologically active entities, but 
also some the potential significance of which remains to be investigated in the 
future. 
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И З В О Д  
МОЛЕКУЛСКЕ ФОРМЕ ГАЛЕКТИНА-1 ИЗ ПЛАЦЕНТЕ ЧОВЕКА И ЋЕЛИЈА 

ТРОФОБЛАСТА 
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1
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1
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1
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и ЉИЉАНА ВИЋОВАЦ
1
 

1Институт за примену нуклеарне енергије – ИНЕП, Универзитет у Београду, Банатска 31б, 11080 

Београд и 2Department of Biotechnology, Maebashi Institute of Technology, Maebashi, Gunma, Japan 

Галектин-1 (gal-1) је највише изучаван члан фамилије галектина у ћелијама трофо-
бласта хумане плаценте. Применом стандардне процедуре изоловања gal-1 лактозном 
екстракцијом и афинитетном хроматографијом у присуству редукујућег средства, доби-
јено је неколико познатих форми gal-1 које су упоређене са рекомбинантним хуманим 
gal-1 (rhgal-1) и оксидованим рекомбинантним хуманим gal-1 (ox-rhgal-1). Изоловани 
плацентни gal-1 је био лектински активан, што је показано хемаглутинацијом и лектин-
ским тестом на чврстој фази. Карактеризација форми применом SELDI–TOF масене 
спектрометрије, засноване на хемијском или имунолошком препознавању, омогућила је 
детекцију дискретних разлика између молекулских форми плацентног gal-1. У изоло-
ваном gal-1 биле су присутне форме оксидованог и редукованог gal-1, чија је биолошка 
активност претходно показана. Поред ових, уочене су и мање испитиване форме gal-1.  

(Примљено 28. априла, ревидирано 3. септембра, прихваћено 9. септембра 2014) 
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