
 
* Correspondence: ymater@gtu.edu.tr 

J Exp Clin Med  
2021; 38(3): 266-271 
doi: 10.52142/omujecm.38.3.11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
Breast cancer is the most frequently diagnosed cancer type in 
women with estimated 1.38 million new cases per year 
worldwide. Totally 458,000 deaths occur due to breast cancer 
in both developed and developing countries each year. This 
number of deaths indicates that cancer is the most common 
cause of death in women (Eccles et al., 2013). Normal cells 
have a regular life cycle and limited number of cell divisions. 
Like all other cancer cells, breast cancer cells are the cells that 
altered cell division characteristics due to various mutations. 
This alteration is caused by the differentiated pathways of cell 
division. These differentiations result from the changes in the 
cell surface glycans (Kohnz et al., 2016). Sialic acids on the 
end units of the outer cell surface glycans play an essential role 
in cellular recognition and interaction processes with other 
cells and microenvironment. High concentrations of sialic 
acids may also lead to structural changes both in normal and 
cancer cell surfaces (Samraj et al., 2014).  

The change in the amounts of sialic acid residues 

particularly containing α-2,3- and α-2,6 bonds located on the 
cell surfaces leads to development of avascular multicellular 
tumoral formations in normal and cancer cells. It has been 
demonstrated that they have a capability to form in vivo 
xenograft tumors particularly in the cancer cell lines. It is 
considered that the obtainable data will provide a supportive 
information infrastructure in selection of the appropriate cells, 
administration of the oriented treatment and establishment of 
the early diagnosis (Akasov et al., 2016). 

Pathological tests are gold standard for diagnosis of cancer. 
These tests have an important role in identification of etiology 
and pathogenesis of cancer as well as assessment of clinical 
correlation and symptoms of the disease. The most novel 
molecular technologies, particularly high-throughput 
technologies, have detected that even morphologically similar 
subtypes of breast cancer may show molecular heterogeneity. 
For instance, infiltrating ductal carcinoma was found to have 
at least 4 molecular subtypes. These subtypes were classified 
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as luminal (ER+, PR+, Her-2/neu-), Her-2 overexpressing 
(ER-, PR-, Her-2+), basal-like (ER+, PR-, Her-2-, CK5/6+, 
EGFR+) and normal breast-like (ER-, PR-, Her-2-) breast 
carcinomas. Each type shows different clinical results. The 
proliferative gene expression of these subtypes is detected by 
immunohistochemical markers including very expensive 
molecular tests such as Ki67, Her-2, PR and ER (Anthony et 
al., 2011). Beside all these tests and diagnostic techniques, the 
importance of glycobiology in cancer research studies has 
progressively increased in the recent years. Glycosylation may 
function as a regulator mechanism that can control various 
pathological processes. The glycosylation disorders in humans 
may lead to diseases. Human glycomics involves a substantial 
amount of biological information (Pinho and Reis, 2015). 
Among the cancer researches carried on cancer cells, the 
studies investigating the presence and amount of sugar residues 
to use as indicators in the identification of cancer cell type have 
become prominent. These studies are conducted using scan 
techniques such as PET-SCAN and their results are assessed 
for confirmation by comparing with lectin-labeling (WGA, 
SNA, MAL etc.) methods (Martinez-Duncker et al., 2011). 

Lectins are the glycoproteins with a particular glycan-
specific affinity. Glycoprotein enrichment through lectin-
affinity is one of the main techniques that utilize specificity of 
lectins to a particular glycan residue or ligand type. Currently, 
common use of two different glycoprotein/glycopeptides are 
accepted as enrichment techniques. For instance, Wheat Germ 
Agglutinin (WGA) mainly interact with N-Acetyl 
Glucosamine (GlcNAc) residues that have essentially have a 
glycan structure. The enriched glycan structures located on the 
cancer cell surfaces can be visualized by means of the lectins 
that specifically bind to these glycans (Varki et al., 2017; 
Schaurer et al., 2018). On the other hand, a multilectin mixture 
has been used to bind and enrich many various glycans. Lectin 
enrichment technique were effectively used to analyze the 
glycoproteomic changes associated with different cancer types 
including lung, breast, and liver cancers (Song and Mechref, 
2015).  

In the two-dimensional (2D) cancer cell culture systems, 
cells are cultured as a single layer on a flat and rigid surface 
with lacking cell-cell and cell-matrix interactions of natural 
tumors. These cells with artificial polarity are exposed to a cell 
skeleton regulation different from original tumor cell 
microenvironment. That causes abnormal gene and protein 
expression. Contrarily, three-dimensional (3D) cell culture 
systems allow culturing cancer cells solely or together with 
various cell types. This procedure can closely mimic the 
natural environment of tumors and promote cell-cell and cell-
matric interactions. The cells cultured by three-dimensional 
(3D) models in this way gain morphological and cellular 
characteristics similarly with in vivo tumors and thereby the 
closest cancer cell modelling directly to the patient samples can 
be directly realized. By means of this method, the impact of the 
microenvironment on the tumor can be evaluated most closely 

(Nath and Devi, 2016). For this purpose, the amounts of sugar 
residues were investigated by implementing 
immunofluorescent-labeled lectins FITC-[WGA] and FITC-
[MAL-I] to the spheroids obtained from the MCF-7 [ER (+)] 
and MDA-MB-231 [ER (-)] spheroid (3D) cancer tissue/cell 
lines. By this was, it was aimed to demonstrate the availability 
of this labeling technique in the closest 3D cell model to the 
patient cancer tissue. Thus, it would be possible to determine 
the difference between the sugar profiles of the breast cancer 
cells. 

Sugar residues were primarily preferred in this 
determination since these units control the recognition and 
binding mechanisms of the cell. That would facilitate for 
researchers identifying and clarifying the cells that were 
obtained from different sources and that have different 
characteristics. For this purpose, the fluorescent-labeled lectins 
applied to specifically identify the cell surface sugar lines will 
be visualized applying the modified staining techniques (Mater 
and Özdaş, 2018; Demircan and Mater; 2019) as in our 
previous studies. Thanks to the method used in this breast 
cancer cell model, a fast, specific and new labeling technique 
with the help of lectins has been developed. Thus, it was 
concluded that a more specific and rapid method can be created 
in the diagnosis of breast cancer. 

2. Materials and methods 
2.1. The preparation of 3D spheroid culture model for 

breast cancer cells 
MCF-7 (ATCC®HTB-22™) and MDA-MB-231 
(ATCC®HTB-26™) cell strains supplied from American Type 
Culture Collection (ATCC) were used in our study. The cells 
were incubated at 37℃, 5% CO2 concentration and 1 atm 
pressure in their medium containing 10% inactivated fetal 
bovine serum (FCS, Gibco, Invitrogen Life Science, Paisley, 
UK)), 100 U/ml penicillin and 100 µg/ml streptomycin 
(Sigma‑Aldrich, St Louis, MO, USA). Leibovitz's L-15 
Medium and Eagle's Minimum Essential Medium were used 
for MDA-MB-213 and MCF-7 cell strains, respectively.  

The cells in semi‑confluent flasks were harvested using 
0.05% trypsin (Sigma‑Aldrich), centrifuge (Nuve NF200, 
Laboratory and Sterilization Technology, Ankara, Turkey) 
following the addition of FCS for trypsin inactivation and then 
resuspended in culture medium. The cells counted for 3-
dimensional (3D) spheroid model cell culture were seeded so 
that each well will contain a cell suspension of 1×103 cells/ml 
in the six-well microplates. The wells of the plates were coated 
with 3% Noble Agar (Difco Laboratories Inc., BD Diagnostic 
Systems Detroit, MI, USA) to form a non-adhesive surface. 
Two weeks after onset, the plates were examined regarding 
development of spheroid (colonies or spheres). The spheroids 
from each well were counted under microscope and measured, 
representative fields were photographed. Labeling was 
performed using fluorescent-labeled lectins for 
characterization of the spheroids. 
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2.2. Labeling procedure of the spheroids using lectins 
Fluorescent-labeled lectins were purchased from Vector 
Laboratories (Burlingame, CA, USA) and prepared to be used 
according to the manufacturer’s usage protocol. In the labeling 
process, the mediums of the spheroids were removed to 
maintain spheroids in the six-well plates. The spheroids were 
washed with PBS after removing mediums. Following this 
step, spheroids were incubated with fluorescent-labeled lectins 
for an appropriate period. After incubation, fluorescent-
containing lectin was removed from the spheroids by washing 
with PBS and spheroids were left to dry for 10 minutes. 
Following this step, a special mounting solution (Fluoroshield 
Mounting Medium with DAPI, ab 104139, Abcam) containing 
DAPI (4' 6-diamidino-2-phenylindole) was dropped onto the 
spheroids and the samples were examined using Nikon-
Eclipse-80i-Fluorescence-Microscope. The obtained 
micrographs were visualized to be evaluated using NIS 
Elements BR 3.0 Software provided by the same device. 

3. Results 
MCF-7 and MDA-MB 231 breast cancer cell lines were grown 
in the three-dimensional (3D) cell culture and spheroids were 
created in our study (Figs. 1A, 2A). In the next step, MCF-7 
[ER (+)] and MDA-MB-231 [ER (-)] spheroids were stained 
using fluorescent-labeled lectins (Figs. 1B, 1C and Figs. 2B, 
2C). Accordingly, sialic acid units (GlcNAc, Neu5Ac) and also 
glycan units containing particularly ß-GlcNAc type sialic acids 
were visualized by using FITC-[WGA] while Galß4GlcNAc 
type glycan units were displayed by applying FITC-[MAL-I] 
as the specifically binding fluorescent-labeled lectins. 

 
Fig. 1. Cells produced in MCF-7 three-dimensional (3D) cell line, 
spheroids. Control cells and spheroids [thick black arrow] (1A) and 
residues specifically stained with fluorescent-labeled WGA (1B) and 
MAL-I (1C) [thin black arrow] [200X] 

 
Fig. 2. Cells produced in MDA-MB-231 three-dimensional (3D) cell 
line, spheroids. Control cells and spheroids. Control cells and 
spheroids [thick black arrow] (1A) and residues specifically stained 
with fluorescent-labeled WGA (1B) and MAL-I (1C) [thin black 
arrow] [200X] 

 
Fig. 3. Cells produced in MCF-7 three-dimensional (3D) cell line, 
spheroids. Control cells and spheroids [thick black arrow] (1A) and 
residues specifically stained with fluorescent-labeled WGA (1B) and 
MAL-I (1C) [thin black arrow] [400X] 

 
Fig. 4. Cells produced in MDA-MB-231 three-dimensional (3D) cell 
line, spheroids. Control cells and spheroids. Control cells and 
spheroids [thick black arrow] (1A) and residues specifically stained 
with fluorescent-labeled WGA (1B) and MAL-I (1C) [thin black 
arrow] [200X] 

The internal evaluation between Fig. 1 and Fig. 3 revealed 
that MCF-7 [ER (+)] spheroids were intensely labeled with 
FITC-[WGA] lectin, however, this labeling was more intense 
at the surface level of the cells. We can state in other words that 
GlcNAc and Neu5Ac sialic acid units beside glycan units 
containing particularly ß-GlcNAc type sialic acid were found 
to be intense on the cell membranes of the 3D cancer cell lines.  

The internal evaluation between Fig. 2 and Fig. 4 
demonstrated that MDA-MB-231 [ER (-)] spheroids were 
intensely labeled by both FITC-[WGA] FITC-[MAL-I] lectins. 
The obvious difference on these images was that both GlcNAc 
and Neu5Ac sialic acid units beside glycan units containing 
particularly ß-GlcNAc type sialic acid specifically labeled by 
FITC-[WGA] lectin and also glycan units containing 
particularly Galß4GlcNAc type glycan units labeled by FITC-
[MAL-I] were not only focused on the cell membranes of the 
3D cancer cell lines, but also, they were intensely encountered 
in the cytoplasm and functioning in particularly cell adherence 
and division. This result indicates that MDA-MB-231 [ER (-)] 
breast cancer cell line is a much more aggressive or metastatic 
cancer type. In addition, these outcomes obtained using 
spheroid cell culture method as the closest model to the patient 
sample suggest that the present study carried out based on 
different staining and radiation intensities with a two-hour 
lasting short staining procedure can be implemented as an easy, 
sensitive, and fast method in differentiation of two cancer 
types. 

As a consequence, sialic acid (GlcNAc, Neu5Ac) units, 
particularly ß-GlcNAc type sialic acid glycan units and 
Galß4GlcNAc type glycan units were sensitively and 
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specifically labeled by FITC-[WGA] and FITC-[MAL-I], and 
the results were illustrated. Thereby, a modified 
immunofluorescent staining method that can perform a fast, 
sensitive, and specific labeling was tested and developed in one 
of the closest cell models to the patient samples. 

4. Discussion 
Oligosaccharides and polysaccharides defined as glycans are 
the cell surface molecules located at the surfaces of all the cells 
including embryonic and pluripotent stem cells and constitute 
an intense glycocalyx layer as usually added to proteins and 
lipids. It has been determined that investigations conducted in 
the field of glycobiology have detected that these 
glycoconjugates have various and complicated biological 
functions. The cells respond to the environment circumstances 
thanks to this layer while this layer also regulates the 
interactions with neighboring cells. Beside these, 
glycoconjugates play an effective role in determination of 
cellular positioning (Lanctot and Varki, 2007; Patil et al., 2012; 
Yu et al., 2014).  The change in the amounts of sialic acid 
residues particularly containing α-2,3- and α-2,6 bonds located 
on the cell surfaces leads to development of avascular 
multicellular tumoral formations in normal and cancer cells. It 
has been demonstrated that they have a capability to form in 
vivo xenograft tumors particularly in the cancer cell lines. In 
the light of these data; it may be concluded that the ability to 
specifically label these xenograft tumor formations to 
differentiate cancer cells from the normal cells is highly 
important (Akasov et al., 2016).  

Several studies have been carried out on specifically 
labeling of glycoconjugates using fluorescent-labeled lectins  
(Kataoka and Tavassoli, 1985; Fujitani et al., 2013; Ishihara et 
al., 2013), appropriate selection of the cells (Lawrence et al., 
2014, Kawabe et al., 2013), their use in the oriented treatment 
(Sethuraman and Stadheim 2006, Abdelkrim et al., 2009) and 
treatment of many metabolic disorders as adjuvant therapies 
(Gangaram-Panday et al., 2007; Varki, 2008) and these studies 
are currently continuing. 

Whelan et al. (2009) have reported their study on N-linked 
membrane glycoproteomics obtained from three breast cancer 
lines using hydrazide chemistry-based enrichment. They used 
ER and PR (+) and Her2 (-) MCF-7, ER and PR (-) and Her2 
(+) MDAMB-453 and ER (-); PR (-) and Her2 (-) (triple 
negative) MDA-MB-468 cell strains. In that study, the cells 
that constitute ER (+) MCF-7 and ER (-) MDAMB-231 breast 
cancer cell lines were applied fluorescent (FITC)-labeled 
Maackia amurensis lectin-1 (FITC-[MAL-I]) that can 
specifically bind to a kind of galactose (Galß4GlcNAc) and 
fluorescent (FITC)-labeled Wheat Germ Aglutinin (FITC-
Triticum vulgaris [WGA]) that can specifically bind to some 
sialic acid types (GlcNAc, Neu5Ac) and particularly ß-type N-
Acetyl Glucosamine (ß-GlcNAc) sialic acid glycan. By this 
process, the differences between the amounts of sugar residues 
detected on membrane surfaces of mentioned ER (+) MCF-7 

and ER (-) MDAMB-231 breast cancer cell lines were 
specifically labeled and radiation intensities was relatively 
compared. 

In the light of this information, the differences between the 
amounts of sugar residues detected on membrane surfaces of 
mentioned ER (+) MCF-7 and ER (-) MDAMB-231 breast 
cancer cell lines in our previous studies we have performed 
using 2D cell culture model (Mater and Özdaş 2018; Demircan 
and Mater, 2019) were specifically labeled with FITC-[WGA] 
and FITC-[MAL-I] and radiation intensities was relatively 
compared (Figs. 1-4). Accordingly, three-dimensional (3D) 
spheroid models were created from the MCF-7 and MDA-MB 
231 breast cancer cell lines (Fig. 1A and Fig. 2A). MCF-7 [ER 
(+)] and MDA-MB-231 [ER (-)] spheroids were stained with 
fluorescent-labeled lectins (Fig. 1B-C and Fig. 2B-C).  
Correspondingly; sialic acid units (GlcNAc, Neu5Ac) and also 
glycan units containing particularly ß-GlcNAc type sialic acids 
were visualized by using FITC-[WGA] while Galß4GlcNAc 
type glycan units were displayed by applying FITC-[MAL-I] 
as the specifically binding fluorescent-labeled lectins. Their 
binding ability and the fact that this method was applicable also 
in the 3D cell model as the closest design to the patient samples 
were manifested (Figs. 1 and 2). 

The internal evaluation of the breast cancer cell lines with 
different characteristics (Figs. 1 and 3) revealed that spheroids 
created by MCF-7 [ER (+)] cells were intensely labeled by 
FITC-[WGA] lectin, however, this labeling was mostly 
concentrated on the membrane surfaces of the cells (Figure 1B 
and 3B). We can state in other words that GlcNAc, Neu5Ac 
sialic acid units and particularly glycan units containing ß-
GlcNAc type sialic acid specifically labeled with FITC-
[WGA] lectin was intensely found in (3D) breast cancer cell 
lines. Contrarily, Galß4GlcNAc type glycan units specifically 
labeled applying FITC-[MAL-I] were detected on the cell 
membrane in the same manner, however, their amount was 
found to be very much lower than the residues specifically 
labeled with FITC-[WGA] lectin (Figs. 1C and 3C). On the 
other hand, the internal evaluation between the spheroids 
created by MDA-MB-231 [ER (-)] cells (Figs. 2 and 4) 
demonstrated that spheroids were intensely stained by both 
FITC-[WGA] (Figs. 2B and 4B) and FITC-[MAL-I] lectins 
(Figs. 2C and 4C). The obvious difference on these images was 
that both GlcNAc and Neu5Ac sialic acid units beside glycan 
units containing particularly ß-GlcNAc type sialic acid 
specifically labeled by FITC-[WGA] lectin and also glycan 
units containing particularly Galß4GlcNAc type glycan units 
labeled by FITC-[MAL-I] were not only focused on the cell 
membranes of the 3D cancer cell lines, but also they were 
intensely encountered in the cytoplasm and functioning in 
particularly cell adherence and division (Figs. 2B-C and 4B-
C). This result indicates by the micrographs that MDA-MB-
231 [ER (-)] breast cancer cell line included much more sialic 
acid units and is a much more aggressive or metastatic cancer 
type.  
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In addition, these outcomes obtained using spheroid cell 
culture method as the closest model to the patient sample 
proved once more that assessment of the sugar units can be 
implemented as a relatively easier, absolutely sensitive and fast 
method in differentiation of two cancer types thanks to the 
present study carried out based on different staining and 
radiation intensities with a two-hour lasting short staining 
procedure. 

It has been exhibited by the present study that it would be 
possible to label the sugar units found on the surfaces of breast 
cancer cells with specifically binding lectins and thus to 
identify the sugar profiles of the normal and different breast 
cancer cells. Additionally, it has been also clarified that it 
would possible to determine the structure of the monomer units 
that constitute these specifically detected residues and that the 
impact of the sugar molecules that have a vital function in 
recognition-adherence mechanism of the cells on the breast 
cancer cell types may be analyzed visually and by micrographs. 

3D cell culture models applying successfully designed and 
improved lectin-labeling method will allow visualization with 
fluorescent microscopes as well as achievement and evaluation 
of the closest accurate results to the living tissue. Our present 
and further studies applying improved and improvable specific 
labeling methods will provide a precious contribution to the 
research and healthcare sector in “development of fast-
resulting alternative immunohistochemical labeling 
method/methods”. 

As a conclusion, the most crucial feature of the present 
study is that the differences between sugar units on the cell 
surface were identified in the three-dimensional spheroid cell 
culture model that shows the closest similarity to the living 
tissue using fluorescent-labeled lectin for the fast, sensitive, 
and specific labeling method (Mater and Özdaş, 2018; 
Demircan and Mater, 2019) of which preliminary studies were 
performed and modified by us. The surface sugar profiles of 
two different breast cancer cell lines were analyzed by this 
method. The inability to specifically label the residues have 
provided guiding information in both early diagnosis of breast 
cancer and also oriented drug studies. Thus, collection of 
essential information for a study has been started to develop a 
technique allowing a fast, sensitive and specific labeling to be 
implemented to the closest cell form regarding living tissue and 
to obtain kit and patent right. 
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