
Abstract. Aim: Lewis antigens and the Thomsen-
Friedenreich (TF) antigen are complex glycan structures that
modulate processes such as cell adhesion and proliferation
and tumor metastasis. The aim of our study was to analyze
the expression of sialyl Lewis A (sLeA), sialyl Lewis X
(sLeX), Lewis Y (LeY), TF, galectin-1 (Gal-1) and galectin-3
(Gal-3) in human osteoblasts in vitro. Materials and
Methods: The expression of the tumor markers sLeA, sLeX,
LeY, TF, Gal-1 and Gal-3 was studied by means of
immunohistochemistry on cells grown on chamber slides
(2D) and on paraffin sections three-dimensional scaffold-free
cultures (3D). The results of the stainings were evaluated
semiquantitatively with the immunoreactive scoring system
(IRS). Results: Analysis of sLeA expression in both types of
culture, 2D and 3D showed no detectable staining. After 5
days, in the 2D culture, expression of sLeX was weak, but the
3D culture (after 56 weeks) displayed a strong expression.
LeY was expressed very slightly in the 2D culture, however
LeY was not detectable in the 3D culture. The TF epitope
was identified in the 2D cell culture model. In the 3D model,
however, TF was completely lacking. Gal-1 was expressed
very strongly in 2D culture, but in the 3D culture was not
detectable. In contrast, Gal-3 was expressed in 3D culture
but not in 2D. Conclusion: Within this study, we present a
systematic analysis of the expression of sLeA, sLeX, LeY, TF,
Gal-1 and Gal-3 in human osteoblasts grown in 2D and in
3D scaffold-free cultures. Summarizing the results of our

study, we suggest that Lewis antigens and Gal-1 and -3
might play an important role in cell–cell and cell–matrix
interactions of osteoblastic cells.

Different types of cells are responsible for the complex and
lengthy process of bone turnover. The investigation of bone
cell mechanisms has revealed that three functionally closely
related cell types play the major role (1). Osteoclasts,
originating from hematopoietic stem cells, play the major role
in bone resorption, whereas osteoblasts, derived from
mesenchymal stem cells, secrete the extracellular matrix,
regulate mineralization and thus govern bone formation (2 ,
3). Osteocytes, which originate from mature osteoblasts, are
mechanosensory cells that are also able to regulate bone
mineralization (4, 5). During the phase of maturation,
osteoblasts differentiate from an osteoprogenitor cell into
mature osteoblasts (6-8). Depending on the stage of
differentiation, osteoblasts partially change their
characteristics. The expression levels of alkaline phosphatase,
collagen type I, osteocalcin and osteopontin define the
phenotype of pre-osteoblasts and osteoblasts (9, 10). 

The in vitro cultivation of osteoblasts requires a fine
balance between proliferation and differentiation. In
particular, the choice of culture medium and the composition
of osteogenic supplements plays a determining role (11, 12).
In addition, the decision for two-dimensional (2D) or three-
dimensional (3D) culture significantly influences the state of
differentiation/dedifferentiation and cell metabolism. In
general, 3D techniques provide more realistic conditions that
allow important typical in vivo properties of the cultured
cells to be maintained (13, 14). For these reasons, 3D
cultures are considered to be superior models for studying
not only normal cellular processes but also pathological
conditions, such as tumor growth and metastasis. 

Lewis antigens and the Thomsen-Friedenreich (TF)
antigen are complex glycan structures that modulate
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processes, such as cell adhesion and proliferation, and tumor
metastasis (15). Galectins bind beta-galactoside structures on
the surface of TF-positive tumor cells (16). There is only
limited data about the expression patterns of Lewis antigens,
TF and galectins in bone cells. Therefore, our aim was to
systematically analyze the expression of sialyl Lewis A
(sLeA), sialyl Lewis X (sLeX), Lewis Y (LeY), TF, galectin-
1 (Gal-1) and galectin-3 (Gal-3) in human primary
osteoblasts grown in 2D and in 3D scaffold-free cultures.

Materials and Methods

Cell culture. Primary human osteoblasts (HOB) were isolated from
femur cancellous bone obtained from surgical waste during
corrective orthopedic procedures after informed patient consent and
with the approval of the local Ethics Committee. For this purpose,
we employed a tissue explant method that has been previously
described in detail (17). The osteoblastic phenotype of the cells was
confirmed by immunohistochemical staining for collagen type I, as
well as histochemical staining of alkaline phosphatase. For the
monolayer cultures (2D), the cells were seeded on chamber slides
(Falcon™, BioCoat™; Becton Dickinson, Franklin Lakes, NJ, USA)
for 5 days in non-mineralizing osteogenic medium consisting of
Dulbecco’s modified eagle Medium (DMEM; Biochrom, Berlin,
Germany) with 1 g/l glucose, 10% fetal calf serum (FCS Superior˚,
Biochrom), 20 mM HEPES (Biochrom), 2 mM L-glutamine
(Biochrom), 1% minimum essential medium vitamins (MEM
vitamins; Biochrom), 100 mg/l Primocin™ (InvivoGen, San Diego,
CA, USA), 10 nM dexamethasone (Sigma, St. Louis, MO, USA)
and 50 μg/ml ascorbic acid (Sigma). 

The long-term scaffold-free 3D cultures were grown under static
conditions according to a previously described method (18). Briefly,
primary human osteoblasts were grown as 2D culture in non-
mineralizing osteogenic medium until a rather thick, multicellular
membrane was formed. This delicate system was intentionally
released to randomly fold itself. The folded cell cultures were grown
to cell clusters of cubic milli- or centimeter size in non-mineralizing
osteogenic medium for a total period of minimum 56 weeks (Figure
1).

Immunohistochemistry. The chamber slides with 2D-HOB were
fixed in methanol/acetone (1:1) for 10 min at room temperature
(RT) and air dried. Prior to staining, the slides were rehydrated in
PBS for 10 min at RT. The 3D-HOB were fixed in buffered 4%
paraformaldehyde (PFA) solution (pH=7.4) for 12 h at RT and
embedded in paraffin according to standard histological protocols.
For the immunohistological study, thin sections (~3 μm thickness)
mounted on glass slides were deparaffinized by immersing in xylene
twice for 10 min and rehydrated in an ascending set of ethanol and
finally PBS. Endogenous peroxidase was inhibited with
methanol/H2O2 for 30 min at RT. From this point on, the chamber
slides and the sections were treated identically. The slides were
incubated with normal goatserum (Vector Laboratories, Burlingame,
CA, USA) for 30 min at RT in order to reduce nonspecific
background staining. This was followed by incubation with the
monoclonal antibodies towards sLeA, sLeX, LeY, TF, Gal-1 and
Gal-3 overnight at 4˚C (Table I). After acclimation for 30 min at RT,
slides were washed twice in PBS for 10 min and then incubated
with the appropriate biotinylated secondary anti-mouse antibody

(Vector Laboratories, Burlingame, CA, USA) for 30 min at RT. The
slides were washed again in PBS and incubated with the avidin-
biotin peroxidase complex (Vectastain-Elite; Vector Laboratories,
Burlingame, CA, USA) for 30 min at RT. The antigen - antibody
complex was visualized with the chromogen 3-amino-9-
ethylcarbazole (AEC; Dako, Glostrup, Denmark) and the slides
counterstained with Mayer’s hematoxylin. Finally, the slides were
washed in tap water and coverslipped using Kaiser’s glycerin
gelatine (Merck, Darmstadt, Germany). Sections of mammary
carcinoma were used as positive control, whereas for the negative
control the primary antibody was replaced by nonspecific mouse
IgM serum (Vector Laboratories, Burlingame, CA, USA). 

Statistical analysis. The intensity and distribution patterns of the
specific immunohistochemical staining were evaluated using a
previously described semiquantitative method, namely the
immunoreactive scoring system (IRS) (19). 

The IRS score is calculated as follows: IRS=SI×PP, where SI is
the optical staining intensity (graded as 0 for no staining, 1 for weak
staining, 2 for moderate staining and 3 for strong staining) and PP
the percentage of positively stained cells. The PP was calculated by
counting at least 100 cells in randomly selected optical fields. The
unpaired t-test was used to compare the means of the different IRS
scores. A value of p<0.05 was considered statistically significant.

Results

Phenotype expression. The osteogenic phenotype was
confirmed by positive expression of alkaline phosphatase and
collagen type I (Figure 2).

Antigen expression. Sialyl Lewis A and X: Analysis of sLeA
expression in both types of cells, namely 2D-HOB and 3D-
HOB, showed no detectable staining (Figure 3). After 5 days,
the 2D-HOB expressed sLeX weakly, but the 3D-HOB at 56
weeks displayed a strong expression. The number of positive
cells and intensity of staining increased with the duration of
culturing (Figure 4). Statistical analysis of IRS 0, IRS 2 and
IRS 3 showed significant differences in 2D- compared to the
3D-HOB cell culture model (p=0.0004). Staining of IRS 1
was not significantly different between 2D- and 3D HOB.
Lewis Y: LeY was expressed very slightly in the 2D-HOB,
however, it was not detectable in the 3D-HOB (Figure 5). 
Thomsen-Friedenreich: The TF epitope was identified in the
2D-HOB cell culture (Figure 6). In the 3D-HOB, however,
TF expression was completely lacking. 
Galectin-1 and -3: Although Gal-1 was expressed very
strongly in 2D-HOB, it was not detectable in 3D-HOB
(Figure 7). In contrast, Gal-3 was not detectable in 2D-HOB,
but in 3D-HOB a small fraction of positively stained cells
was found (Figure 8). 

Discussion

The aim of the present study was to systematically analyze
the expression of sLeA, sLeX, LeY, TF, Gal-1 and Gal-3 in
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human osteoblasts grown in 2D and in 3D scaffold-free
cultures. 

Sialyl Lewis antigens are carbohydrates that are used as
tumor markers. They are differentially expressed in various
normal and pathological tissues (20) and exhibit a wide
range of functions (21). The monofucosylated
tetrasaccharides sLeX and sLeA, ligands of E- and P-
selectins, are involved in cell adhesion and proliferation (22).
In addition, a number of recent studies reported their
influence on tumor metastasis (23, 24) and fetal development
(25, 26). We identified a strong expression of sLeX in the
3D-HOB. In contrast, the expression of LeY was pretty weak
in the 2D HOB cell culture model, whereas in the 3D model,
the antigen was completely lacking. However, the function
of LeY has not been completely elucidated. Therefore, we
postulate that Lewis antigens play a role in the cell - cell
adhesion and/or neovascularization processes in bone. 

Gal-1, which is a prototype galectin and member of the
lectin family, forms non-covalently associated homodimers
with two carbohydrate recognition domains (CRDs) under
physiological conditions, which preferentially recognize type
I and type II N-acetyllactosamine residues present on all
complex N-linked, and many O-linked glycoproteins (16, 27).
The function of Gal-1 is quite different compared to that of
the Lewis-type carbohydrate antigens. For example, Camby
et al. reported its involvement in the regulation of cell growth
and migration processes, adhesion and motility (28).
Furthermore, through binding to laminin and vitronectin, Gal-
1 also plays a role in the extracellular matrix assembly (29,
30). It is known that many types of mesenchymal cells secrete
Gal-1 (31). We identified a different expression pattern for
Gal-1 in the 2D and 3D cultured osteoblasts: the expression
in the 2D culture was strong, whereas in the 3D-HOB
cultures no secretion of Gal-1 was detected. 

The beta-galactoside-binding protein Gal-3 recognizes
Galbeta1-4GlcNAc sequences of oligosaccharides on cell
membranes and binds to the TF-antigen. Gal-3 expression

was previously demonstrated in rat osteoblasts (32) and in
the bone of neonatal mice (33). It was also discussed that
Gal-3 plays some role in the skeletal development, because
an overexpression of runt-related transcription factor 2
(Runx2), an important osteogenic differentiation factor,
leads to an increase in Gal-3 expression in murine
mesenchymal progenitor cells (34). We showed that human
cells of the osteoblastic lineage also produce Gal-3 and
confirm that the alteration of the stage of maturation
affected its production. 

Interpreting the results of this study, while taking into
account previous publications, we suggest that Lewis
antigens, Gal-1 and Gal-3 play some important role in cell -
cell and cell - matrix interactions of human osteoblastic cells.
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Table I. Antibodies used for immunohistochemical characterisations.

Antibody Clone Isotype Concentration used Source
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Thomsen-Friedenreich Nemrod-TF1 Mouse IgM 0.4 mg/ml Glycotype Berlin, Germany

Galectin-1 201002 Rat IgG 0.1 mg/ml R and D Systems Minneapolis, MN, USA

Galectin-3 9C4 Mouse IgG 1 0.02 mg/ml Novacastra Leica, Wetzlar, Germany
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Figure 1. A: 2D human osteoblast (HOB) culture model (magnification,
×320); B: 3D-HOB culture model.

Figure 2. The osteogenic phenotype is confirmed by expression of
alkaline phosphatase (magnification, ×200) (A) and collagen type I
(magnification, ×320) (B).

Figure 3. Sialyl Lewis A was not detectable in the 2D human osteoblast (HOB) culture model nor in the 3D-HOB model (magnification, × 320).

Figure 4. Sialyl Lewis X expression in the 2D human osteoblast (HOB) culture model (magnification, ×200) (A) with summary of staining results (B).
Sialyl Lewis X expression in 3D-HOB cells (magnification, ×320) (C); distribution pattern of immunoreactive score (IRS) summarizes the results for
3D-HOB (D).
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Figure 5. A: The very faint Lewis Y expression in 2D human osteoblast (HOB) (magnification, ×320). B: Distribution pattern of immunoreactive score
(IRS) summarizes the results of 2D-HOB.

Figure 6. A: Thomsen-Friedenreich expression in the 2D human osteoblast (HOB) culture model (magnification, ×200). B: Summary of the
immunoreactive score (IRS). 

Figure 8. A: Galectin-3 expression in the 3D human osteoblast (HOB) culture model (magnification, ×200). B: Summary of staining results.

Figure 7. A: Galectin-1 expression in the 2D human osteoblast (HOB) culture model (magnification, ×320). B: Summary of staining results.
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