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Abstract 

 

Sialylations are post-translational modifications of proteins and lipids that play important 

roles in many cellular events, including cell-cell interactions, proliferation and migration. 

Tumor cells express high levels of sialic acid (SA), which are often associated with the 

increased invasive potential in clinical tumors correlating with poor prognosis. To overcome 

the lack of natural SA-receptors, such as antibodies and lectins with high enough specificity 

and sensitivity, we have used molecularly imprinted polymers (MIPs), or “plastic antibodies”, 

as nanoprobes. Since high expression of EpCAM in primary tumors often is associated with 

proliferation and a more aggressive phenotype, the expression and of epithelial cell adhesion 

molecule (EpCAM) CD44 was initially analyzed. The SA-MIPs were used here for the 

detection of SA on the cell surface of breast cancer cells. Lectins that specifically bind to the 

α-2,3 SA and α-2,6 SA variants, respectively, were used for analysis of SA expression with 

both flow cytometry and confocal microscopy. Here we show a correlation of EpCAM and 

SA expression when using the SA-MIPs for detection of SA. We also demonstrate the binding 

pattern of the SA-MIPs on the breast cancer cell lines using confocal microscopy. Pre-

incubation of the SA-MIPs with SA-derivatives as inhibitors could reduce the binding of the 

SA-MIPs to the tumor cells, indicating the specificity of the SA-MIPs. In conclusion, the SA-

MIPs may be a new powerful tool in the SA-analysis of breast cancer cells. 

 

Keywords: Breast cancer, CD44, EpCAM, Glycan, Lectin, Molecularly imprinted polymers, 

Sialic acid.  
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Introduction 

Breast cancer is a complex and highly heterogeneous disease, and the most commonly 

diagnosed cancer in women worldwide. Despite recent improvements in overall survival rates, 

it is still the second leading cause of mortality due to cancer in women (1). Different 

classification categories of breast cancer comprise luminal A, luminal B, basal-like, human 

epidermal growth factor receptor 2 (HER2)-positive and normal subgroups (2). Twenty years 

ago, the development of molecular profiling using DNA microarrays proved this 

heterogeneity, demonstrated through gene expression profiling and immunohistochemical 

expression (3).  

 

During tumor growth, cancer cells can be detected and eliminated by the immune system, but 

some cancer cells may exploit several mechanisms to evade destruction by the immune 

system, enabling them to escape immune surveillance and progress through the metastatic 

cascade (4). The circulating cancer cells released from primary tumors (CTCs) are considered 

to have capability to initiate distant metastasis. Detection and isolation of CTCs using the 

Food and Drug Administration (FDA)-approved CellSearch platform is based on an 

automated immunomagnetic sorting and on expression of the epithelial cell adhesion 

molecule (EpCAM) and cytokeratin (CK) (5). High expression of EpCAM in primary tumors 

is often associated with proliferation and a more aggressive phenotype with respect to overall 

survival and appearance of metastasis (6). The inadequacy of EpCAM as universal marker for 

CTCs detection seems unquestionable and alternative methods able to recognize a broader 

spectrum of phenotypes are definitely needed (7). 

 

Alterations in protein glycosylation contribute to malignant transformation and cancer 

progression (8). Sialic acid (SA), or 5-N-acetylneuraminic acid (Neu5Ac), is a 

monosaccharide that plays an important role in a variety of biological processes in the cells 

(9). SA is chemically bound to galactose (Gal) or N-acetylgalactosamine (GalNAc) and the 

underlying glycan via α-2,3 or α-2,6 glycosidic linkage (9). Increased levels of SA on tumor 

cells are often associated with the increased invasive potential in clinical tumors correlating 

with poor prognosis (10). High SA expression also favors cancer metastasis by facilitating 

cancer cell detachment and protection from detachment-induced apoptosis, enhancing 

migration and tissue invasion by increasing integrin interactions with the extra cellular matrix 

(ECM), preventing immune recognition and eradication and enabling interactions with 
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endothelial cells to extravasate from the bloodstream and form metastases (11). Upon 

malignant transformation, cancer cells upregulate sialyltransferase expression resulting in the 

accumulation of sialoglycans on their surface (12, 13). Previously, we have shown the usage 

of fluorescent SA-MIP nanoprobes for detection of SA on cancer cells such as DU145, PC-3, 

Jurkat and B-CLL and further verified the binding specificity by enzymatic cleavage (14, 15). 

 

Available lectins and glycan specific antibodies for detection of SA containing 

glycoconjugates do not perform well in e.g. analytics of glycoproteomes and appropriate 

high-throughput cellular imaging technologies (16). Therefore, the studies by us and others 

are of high importance to develop novel tools for glycan detection. Wang et al imprinted 

fluorescent monosaccharide MIPs against SA, fucose and mannose by using boronic acid 

functionality and sol-gel based surface imprinting approach. The results showed that the 

nanoprobes exhibited desirable binding properties and could specifically target cancer cells 

over normal cells (17). Using an innovative multilayered core-shell architecture comprising 

quantum dot cores, nanoprobes were developed for selective targeting and imaging of 

hyaluronan and sialylated glycosylation sites on human keratinocytes (18).  

 

In the present study, we have performed screening of SA expression on a collection of breast 

cancer cell lines by using SA-MIPs and lectins, and analyzed interactions by flow cytometry 

and confocal fluorescence microscopy. The breast cancer cell lines were also analyzed using 

antibodies for the expression of the epithelial EpCAM and the mesenchymal CD44 

biomarkers. We show that the SA-MIPs recognize breast cancer cells with low CD44 and 

high EpCAM expression. The fluorescence microscopy images revealed the staining pattern 

of both lectins and SA-MIPs. Importantly, by pre-treating the SA-MIPs with SA-derivatives 

as inhibitors before cell staining, we could demonstrate a concentration-dependent reduction 

in binding of the SA-MIPs to breast cancer cells as analyzed with flow cytometry.  
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Materials and methods 

Cell culture 

Human breast cancer cell lines T47D, MCF-7, Cama-1, MDAMB-468, MDAMB-231 and Hs-

578T were obtained from American Type Culture Collection (ATCC/LGC Standards, 

Teddington, UK). T47D and MCF-7 cells were cultured in RPMI-1640 medium supplemented 

with 10 % fetal bovine serum and 50 µg/mL gentamycin. MDAMB468 and MDAMB231 

cells were cultured in Dulbecco´s Modified Eagle Medium (DMEM) supplemented with 10 % 

FBS. Cama-1 cells was cultured in RPMI-1640 medium supplemented with 10 % FBS, 1 % 

pyruvate sodium (Invitrogen) and 1 % penicillin streptomycin. Hs-578T cells was cultured in 

DMEM supplemented with 10% FBS, 1 % penicillin streptomycin and 10 ug/mL insulin 

(Sigma-Aldrich, St Louis, USA). The cell lines were incubated in 37 °C with 5 % CO2 in 100 

% humidity. All cell culture reagents except for insulin were from Thermo Fisher Scientific, 

Waltham, USA). 

Flow cytometry analysis 

EpCAM staining: 1x106 cells/sample were stained with anti-EpCAM-PE (Milentyi Biotec 

GmBH, Bergisch Gladbach, Germany) or left unstained as a control. The cells were washed 

twice with 2 ml PBS. 100 µL of anti-EpCAM-PE with concentrations of 1, 0,5 and 0,25 

µg/mL respectively, was added to the cells and 100 µL of PBS was used as a negative control. 

The cells were incubated with EpCAM-PE for 30 min at 4 °C in dark, were thereafter washed 

three times with 2 ml PBS, and analyzed using flow cytometry (BD Biosciences, Accuri C6 

Flow Cytometry, NJ). 

CD44 staining: 1x106 cells/sample were stained with human anti-CD44 antibody (R&D, 

Minneapolis, MN, USA) or left unstained as a control. The cells were washed twice with 2 ml 

PBS. 100 µL of anti-CD44 with concentration 2,5 µg/mL was added to the cells and 100 µL 

of PBS was used as a negative control and incubated for 30 min at 4 ºC in dark. After 

incubation the cells were washed twice with 2 mL PBS. Anti-rat-FITC (R&D) were used as a 

secondary antibody. 100 µL of 1/10 diluted anti-rat-FITC was added to the cells and to the 

negative control. The cells were incubated for 30 min at 4 °C in dark, were thereafter washed 

three times with 2 ml PBS, and analyzed using flow cytometry. 

MAL I and SNA (Lectin-Biotin): 1x106 cells/sample were stained with Lectin-Biotin (Vector 

Laboratories, Burlingame, CA, USA) both for MAL I and SNA or left unstained as a control. 

The cells were washed twice with 2 ml phosphate buffered saline (PBS, Thermo Fischer 
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Scientific). 100 µL of Lectin-Biotin with concentrations of 2, 1 and 0,5 µg/mL respectively, 

was added to the cells and 100 µL of PBS was used as a negative control. The cells were 

incubated with Lectin-Biotin for 30 min on 4 °C and were thereafter washed three times with 

2 ml PBS. Thereafter 100 µL of 1:100 dilutions of streptavidin-FITC (Sigma) was added to 

the cells and incubated for 20 min at 4 °C in dark. After the incubation, the cells were washed 

three times with 2 mL PBS and analyzed using flow cytometry. 

SA-MIPs: 1x106 cells/sample were stained with SA-MIPs or left unstained as a control. The 

cells were washed twice with 2 ml PBS. 100 µL of SA-MIPs with concentration of 0,1 

mg/mL was added to the cells and 100 µL of PBS was used as a negative control. The cells 

were incubated with SA-MIP for 30 min at 4°C and were thereafter washed three times with 2 

ml PBS and analyzed using flow cytometry. 

Fluorescence microscopy  

5x104 cells/samples were adhered to poly-lysine slides (Thermo Fisher Scientific) in a 6 wells 

plate for 2 h, at 37 °C with 5 % CO2 in 100 % humidity. After the incubation, 2 mL cell 

culture medium was added to the wells and incubated for 48 h. After the incubation, the cells 

were washed three times with PBS and fixed with 100 µl 4 % formaldehyde for 10 min, 

followed with three times wash with PBS. After permeabilization with 0,05 % TritonX 

(Sigma) the cells were incubated with rhodamine-Phalloidin (Sigma) for 30 min in dark at 

RT. After two more wash with 0,05 % Triton-X and PBS, the cells were incubated with 100 

µl of SA-MIPs (0,1 mg/mL) or biotinylated MAL I and SNA, 10 µg/ml) for 30 min at RT. 

The biotinylated lectins were further incubated with streptavidin-FITC. After the incubation, 

the cells were washed four times with PBS and incubated with 100 µl 300 nM DAPI (Thermo 

Fisher Scientific) in PBS, for 4 min at RT. After three more washes with PBS, the cells were 

mounted with one drop of mounting medium Prolong® Gold antifade reagent (Molecular 

probes). 

Pre-treatment of SA-MIPs with SA- derivatives: The cells were harvested and washed twice 

with 2 ml PBS. SA-MIPs and two different SA-derivatives (ME0970 and ME1057)  (19) at 

either 20 uM or 200 uM in 100 µL were pre-incubated in PBS for 5 min before added to 

1x106 cells/sample or left unstained as a control. In addition, 100 µL of SA-MIPs with 

concentration of 0,1 mg/mL was used as a positive staining control. The cells were incubated 

for 30 min at 4°C and were thereafter washed three times with 2 ml PBS and analyzed using 

flow cytometry. 
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Results 

Expression of EpCAM and CD44 on breast cancer cell lines 

The expression levels of EpCAM were analyzed in the six different breast cancer cell lines. 

Hs-578T and MDAMB231 expressed EpCAM at low levels compared to MDAMB468, 

T47D, Cama-1 and MCF-7, which express EpCAM at higher levels (Figure 1a). For CD44 

expression, the Hs-578T, MDAMB231 and MDAMB468 express CD44at high levels 

compared to T47D, Cama-1 and MCF-7, which express CD44 at lower levels (Figure 1b). 

SA staining with lectins on breast cancer cell lines  

In this study, two different lectins were used and analyzed by flow cytometry and 

fluorescence microscopy. MAL I appear to bind carbohydrate structures that contain SA 

attached to terminal galactose in α-2,3 linkage. The 2,3-SA expression is presented in figure 

2A. T47D, MDAMB231 and MCF-7 expressed high α-2,3 linkage levels compared to Cama-

1 and Hs-578T, which express low levels of α-2,3 linkage, as determined by the mean 

fluorescence intensity (MFI). SNA binds preferentially to SA attached to terminal galactose in 

α-2,6 and to a lesser degree, α-2,3 linkage (ref). The 2,6-SA expression is presented in figure 

2B. T47D and MDAMB468 showed highest α-2,6 linkage levels compared to MCF-7 and Hs-

578T, which showed low levels of α-2,6 linkage. The fluorescent microscopy results correlate 

well with the flow cytometry results (Fig 3).  

SA staining with SA-MIPs on breast cancer cell lines 

The expression levels for SA was analyzed using SA-MIPs and flow cytometry in six 

different breast cancer cell lines. According to the binding pattern, Hs-578T and MDAMB231 

expressed SA at low levels compared to MDAMB468, T47D, Cama-1 and MCF-7, which 

expressed SA at higher levels. Interestingly, the results indicate that low EpCAM expression 

levels correlate with low SA expression levels (Figure 4). Also, there is an inverse correlation 

between SA- and CD44-expression. 

In order to visualize the surface binding of SA, breast cancer cell lines were stained with SA-

MIPs and analyzed with fluorescent microscopy. In figure 5, the membrane staining of the 

breast cancer cell lines using SA-MIPs, actin filament staining with phalloidin and nuclei 

staining using DAPI is shown.  
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Pre-treatment of SA-MIPs with SA-derivative reduce the binding to cells 

The SA-derivates ME0970 or ME1057 were pre-incubated at either 20 uM or 200 uM, 

respectively, with 0,1 mg/ml SA-MIPs and then added to the T47D cells. The binding of the 

pre-treated cells was compared with the binding to the same cell line of 0,1 mg/ml of SA-

MIPs alone, and was shown to be reduced with 7% (20 uM) and 66% (200 uM), respectively, 

for ME0970, and with 0,5% (20 uM) and 64% (200 uM), respectively, for ME1057 (Figure 

6). The reduction in binding of the pre-treated cells was concentration-dependent, as shown 

with both SA conjugates. 
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Discussion 

Glycosylation is the most abundant post-translational modification and the majority of 

eukaryotic cells express cell surface glycans (20). The knowledge about the glycome has 

increased in the past years. Indeed, the role of glycans in cancer have been highlighted by 

the fact that alterations in glycosylation regulate the development and progression of 

cancer. Thus, glycans serve as important biomarkers. We have developed SA-imprinted 

fluorescent nanoprobes to enable SA-detection, for the use as novel tools in cancer 

diagnostics (14). The correlation of SA-MIP binding and EpCAM expression on the breast 

cancer cell lines presented in this study show an additive level of phenotyping of breast 

cancer cells, together with the CD44 biomarker, which showed a reverse correlation. High 

expression levels of EpCAM in tumors are often associated with proliferation and a more 

aggressive phenotype with respect to overall survival and appearance of metastasis (6). 

Identification of EpCAM glycosylation sites or structures may be a crucial step to define the 

potential role of EpCAM in breast cancer cells (21). Various cancer cells are lacking EpCAM 

expression, therefore CellSearch approaches are limited (22). Indeed, carcinoma cells 

undergoing epithelial-to-mesenchymal transition, can at least partially downregulate epithelial 

cell–specific molecules such as EpCAM (23). 

 

Our results show that breast cancer cells expressing α-2,3 or α-2,6 glycosidic linkage can bind 

the SA-MIPs to various degrees. The confocal microscopy results show the binding pattern of 

the SA-MIPs to the different cell types. For flow cytometry analysis, we could characterize 

the binding pattern of MAL, SNA and SA-MIPs to all six cell lines and showed that the 

binding of the SA-MIPs to the cell line T47D could be inhibited by addition of two different 

SA-derivatives. Because of their efficient inhibition ability, SA-derivatives can be used for 

specificity tests for SA-MIPs. The two SA-derivatives used in this study were designed of 

multivalent ligands intended for topical administration for the viruses CVA24v and HAdV-37 

that utilize SA for cell attachment (19). 

 

Others have shown that SA-imprinted nanoparticles could selectively bind with SA 

overexpressed in DU145 cancer cells (24). In their hands, DU145 cells, but not HeLa cells 

bound the SA-imprinted nanoparticles, revealing a specificity in binding. Moreover, 

unmodified nanoparticles did not show any binding to the two cell lines. Interestingly, Wang 

et al showed that SA-MIPs could specifically target cancer cells over normal cells, and that 
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addition of SA could compete out the SA-MIP binding to the cancer cells (17). These results 

support our observation using the SA derivates, although we cannot completely reduce the 

binding to SA-expressing cells.  

 

The majority of breast cancers carry Tn (GalNAc-Ser/Thr) within the same cell and in close 

proximity to extended glycan T (Galβ1,3GalNAc) the addition of Gal to the GalNAc being 

catalysed by the T synthase (25). In breast cancer, there can also be a change in the number of 

O-GalNAc glycans added to the peptide core of glycoproteins, as well as changes in the core 

structures, which often results in increased sialylation. The sialylated derivatives of the O-

GalNAc glycans are commonly observed, giving the sialylated Tn (STn) and sialylated core 1 

(ST) glycans (20). Truncated mucin-type O-linked glycans are seen often terminating in SA 

due to up-regulation of sialyltransferases in breast cancers. The altered expression of the 

sialyltransferase is believed to be the main STn synthase (26). However, novel diagnostic 

tools with better affinity and specificity are needed. It has been shown that more than 90% of 

isolated CTCs metastatic bladder and colorectal cancers can overexpress the STn antigen, 

significantly higher than EpCAM-based detection (27). Recently, Kaptan et al presented the 

effect of α-2,3 and α-2,6 on cell proliferation, survival and malignant behaviors of thyroid 

cancer cells. The authors treated the cancer cells with different plant lectins such as MALII, 

SNA and Aleuria aurantia lectin (AAL) (28). These results suggest that altered cell surface 

glycosylation in cancer seems to be a strong candidate for new therapeutic strategies.  

 

In this study, we provide a discovery strategy in breast cancer cell lines to understand the 

binding pattern of lectins and MIPs targeting SA.  

 

Conclusions  

SA expression correlate with the EpCAM and inversely with CD44 expression levels on a 

collection of breast cancer cell lines. SA expression could be detected both with SA-MIPs, 

and the lectins MAL I and SNA. Most interestingly, two different SA-variants could 

significantly reduce the binding of the SA-MIPs in a concentration-dependent manner. In 

conclusion, we show a combination of potential biomarkers that can be used to detect 

epithelial tumor cells that express SA. 
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Figure legends  

 

1. EpCAM and CD44 expression was analyzed with flow cytometry. Six different breast 

cancer cell lines were analyzed for EpCAM (a) and CD44 (b) expression pattern. The 

histograms shows the MFI for each staining including background control. 

 

2. Fluorescence confocal microscopy MAL I - scale bar 20 µm. Six different breast 

cancer cell lines were stained for MAL I in green, actin filament in red and nuclear in 

blue, and analyzed with fluorescence microscopy (a). Fluorescence microscopy SNA- 

scale bar 10 µm. Six different breast cancer cell lines were stained for SNA in green, 

actin filament in red and nuclear in blue, and analyzed with fluorescence confocal 

microscopy (b). 

 

3. Six breast cancer cell lines were stained with either MAL I or SNA and analyzed with 

flow cytometry. The histograms shows the MFI for each staining including 

background control. 

 

 

4. Fluorescence confocal microscopy SA-MIPs - scale bar 20 µm. Four different breast 

cancer cell lines were stained with SA-MIPs in green, rhodamine-phalloidin (actin 

filaments) in red and DAPI (nuclei) in blue, and analyzed with fluorescence confocal 

microscopy. 

 

5. EpCAM, CD44 and SA-MIPs analyzed with flow cytometry. Six different breast 

cancer cell lines were analyzed for EpCAM, CD44 and SA expression pattern. Results 

are shown in % positive cells. 

 

 

6. SA-MIPs were pre-incubated with the SA-derivatives ME0970 or ME1057, 

respectively and analyzed with flow cytometry. The reduction of binding compared to 

SA-MIP binding alone is shown. 
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Figures

Figure 1

EpCAM and CD44 expression was analyzed with �ow cytometry. Six different breast cancer cell lines
were analyzed for EpCAM (a) and CD44 (b) expression pattern. The histograms shows the MFI for each
staining including background control.



Figure 2

Fluorescence confocal microscopy MAL I - scale bar 20 μm. Six different breast cancer cell lines were
stained for MAL I in green, actin �lament in red and nuclear in blue, and analyzed with �uorescence
microscopy (a). Fluorescence microscopy SNA- scale bar 10 μm. Six different breast cancer cell lines
were stained for SNA in green, actin �lament in red and nuclear in blue, and analyzed with �uorescence
confocal microscopy (b).



Figure 3

Six breast cancer cell lines were stained with either MAL I or SNA and analyzed with �ow cytometry. The
histograms shows the MFI for each staining including background control.



Figure 4

Fluorescence confocal microscopy SA-MIPs - scale bar 20 μm. Four different breast cancer cell lines were
stained with SA-MIPs in green, rhodamine-phalloidin (actin �laments) in red and DAPI (nuclei) in blue, and
analyzed with �uorescence confocal microscopy.



Figure 5

EpCAM, CD44 and SA-MIPs analyzed with �ow cytometry. Six different breast cancer cell lines were
analyzed for EpCAM, CD44 and SA expression pattern. Results are shown in % positive cells.



Figure 6

SA-MIPs were pre-incubated with the SA-derivatives ME0970 or ME1057, respectively and analyzed with
�ow cytometry. The reduction of binding compared to SA-MIP binding alone is shown.


