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INTRODUCTION 

Mammalian cells are covered by a dense glycocalyx 

consisting of glycolipids, glycoproteins, and 

proteoglycans.
[1]

 Many of these glycoconjugates carry 

glycan chains terminating with sialic acids (Sias), a 

family of acidic 9-carbon sugars that are prominently 

expressed in animals of the deuterostome lineage.
[2]

 They 

contribute to the enormous structural diversity of 

complex carbohydrates, which are major constituents of 

proteins and lipids of cell membranes and secreted 

macromolecules.
[3]

 Sialic acids are prominently 

positioned, usually at the outer end of these molecules. 

The diversity of glycan chains is even more increased by 

the biosynthesis of various kinds of sialic acids
[1]

 used by 

glycoconjugates. 

 

Sialic acids play multifaceted roles in intracellular 

functioning within the immune system, mediating or 

modulating a variety of normal and pathological 

processes. Sialic acids are involved in a variety of 

cellular functions, such as cell-cell interactions. There is 

a distinct dichotomy in the roles that sialic acids play in 

the mammalian immune system. Sialic acid residues 

provide a mechanism by which toxins and pathogens, 

such as cholera toxin
[4] and enterovirus 70

[5]
, infiltrate 

host cells.  They serve as components of binding sites for 

various pathogens and toxins.
[6,7]

 Conversely, sialic acids 

regulate a diverse number of host immune responses.
[7]

 

For example, sialic aid moieties modulate the 

complement pathway factor via selectin family of sialic 

acid-binding proteins.
[8]

 In clinical pathology, sialic acid 

measurements of body fluids are used to predict disease 

risk. There have been many papers suggesting that 

measurements of total sialic acids in the serum
[8,9] can 

predict the risk of various diseases. 

 

The importance of ST6Gal I in the immune system was 

established by the finding that ST6Gal I deficient mice 

have impaired thymopoiesis and granulopoiesis
[10]

, as 

well as defective B cell maturation and antibody 

production.
[11]

 Although the ST6Gal I gene is widely 

expressed in multiple tissues throughout the body
[12]

, the 

only major defect observed in the ST6Gal I knockout 

mice is an impaired humoral immune response. This is 

demonstrated by reduced levels of circulating IgM, 

impaired B cell proliferation in response to various 

activation signals and impaired antibody production in 

response to both T-dependent and T-independent 

antigens.
[13,14]
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ABSTRACT 

Significant changes in sialylation are known to accompany cancer and autoimmune disease. Therefore, it is 

important to understand the functional role that sialic acid plays in lymphocyte development so that novel 

therapeutic strategies to combat these pathologies may be developed. In this study, cell surface alpha-2,6 linked 

sialic acid on the surface of two lymphoblastic cell lines were studied. Both both WEHI-231 and A-20 cell lines are 

mature B cell lines from mouse that are known to express sialic acid on their cell surfaces. This is the first study 

done to analyse cell surface alpha 2,6-linked sialic acid on the cell lines by flow cytometry. An investigation was 

done to study how cytokine IL-4 afftects the expression of cell surface alpha 2,6-linked sialic acid in these cell 

lines. Results clearly demonstrated that both A-20 and WEHI-231 cell lines express alpha 2,6- linked sialic acid on 

their cell surfaces. However, WEHI-231 cells showed a heterogeneity in their cell surface sialic acid expression, 

which, after stimulation with cytokine IL-4, homogeneously started expressing sialic acid on their cell surface. 

While a few hypotheses have been made trying to explain this characteristic change in WEHI-231 cell line, further 

experiments need to be carried out for a better understanding of this behaviour. 
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The transfer of sialic acid from CMP-Sias onto newly 

synthesised glycoconjugates passing through eukaryotic 

Golgi compartments is catalyzed by a family of linkage-

specific sialyltransferases.
[1]

 As with most 

glycosyltransferases, sialyltransferases are type II 

membrane proteins with complex signals dictating Golgi 

localization. The sialyltransferase primary structures 

from many mammalian tissues and from some bacterial 

species are known, and today there exists a family of at 

least 15 members creating α2→3, α2→6, α2→8 and 

α2→9 linkages between Neu5Ac and the accepting 

sugar.
[15]

 The ST6 Gal I sialyltransferases (ST6 Gal I) 

transfers sialic acid to galactose via α2, 6- linkage. 

 

α 2,6-linked sialic acids are markedly up-regulated 

during the development of B cells
[16]

, coinciding with the 

binding preference of the B cell surface molecule 

CD22/Siglec-2, which modulates the B cell response to 

antigen stimulation.
[17]

 Although both WEHI-231 and A-

20 are mature B cell lines that are known to express 

ST6Gal I gene, the A-20 cell line is further ahead in the 

process of maturation as compared to WEHI-231.
[18]

 In 

this study, cell surface sialic acid was analysed in the two 

mouse lymphoblastoid cell lines followed by the effect 

of IL-4 on the regulation of cell surface sialic acid. 

 

MATERIALS AND METHODS  

Cell culture 

WEHI-231 and A-20 cell lines were originally purchased 

from ATCC (American Type Culture Collection). The 

cells were maintained in RPMI 1640 medium 

supplemented with 10% heat- inactivated FBS (Fetal 

Bovine Serum), 5% penicillin- streptomycin and 2µl β-

Mercaptoethanol at 37oC in a 5% CO2 incubator. The 

cells were subcutured to maintain a cell density of 1 x 

10
6 cells/ml. 

 

Stimulation of cell lines with IL-4 

Mouse recombinant interleukin-4 (IL-4) was used at 

5ng/ml. 2 X 10
5 cells were transferred to fresh RPMI-

1640 media. IL-4 was added and the cells were allowed 

to grow in 10% CO2 incubator at 37oC for 24 hours. 

 

Cell Staining with Lectin 

5 X 10
6 cells were stained with fluorescein 

isothiocyanate (FITC)-conjugated Saumbucus nigra ag- 

glutinin (SNA), specific for 2, 6- linked sialic acid. 

Lectins were used at 2µg/ml. The cells were finally fixed 

by adding 200µl of 3.7% formaldehyde prepared in 

Hanks’s Balanced salt Solution (HBSS). 

 

Flow Cytometric Analysis of Stained Cells using 

Bioanalyzer 

Agilent 2100 bioanalyzer offers on-chip flow cytometry 

of cell-based fluorescence data. Pre-stained cells were 

loaded onto a chip and fluorescence intensities in two 

channels for approximately 750 single cells per sample 

were measured within 25 minutes. 

 

Stimulation of cell lines with IL-4 

Mouse recombinant interleukin-4 (IL-4) was used at 

5ng/ml. 2 X 105 cells were transferred to fresh RPMI-

1640 media. IL-4 was added and the cells were allowed 

to grow in 10% CO2 incubator at 37oC for 24 hours. 

 

RESULTS AND DISCUSSION  

Although both WEHI-231 and A-20 are mature B cell 

lines that are known to express ST6Gal I gene, the A-20 

cell line is further ahead in the process of maturation as 

compared to WEHI-231.
[18]

 In this set of experiments, A-

20 and WEHI-231 cells lines were analysed for sialic 

acid expression at different time intervals (24hrs and 

48hrs). 

  
(a)                                                                                              (b) 

Fig. 1: A-20 cells stained with SNA at (a) 24 hours, and (b) 48 hours. 
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(a)                                                                                                  (b) 

Fig. 2: WEHI-231 cells stained with SNA at (a) 24. 

 

The gated cells in region 1 are viable cells that express 

sialic acid on their cell surface and have been stained. 

The cells below the gated area are viable cells that did 

not take up the stain, probably because they did not 

express sialic acid on cell surface. The cells that showed 

high red fluorescence are dead cells. 

 

The cytokine interleukin 4 (IL-4) is known to induce 

class switching in B cells. In the next set of experiments, 

both the cell lines (A-20 and WEHI-231) were incubated 

in cytokine IL-4 (500pg/ml) for 48 hours and stained 

with fluorescein isocyanate (FITC)-conjugated 

Sambucus nigra (SNA) specific for 2, 6-linked sialic 

acid. Cell staining was read using Agilent 2100 

Bioanalyzer. The results are as shown in the next figures. 

 

  
(a)                                                                                              (b) 

Fig. 3: A-20 cells grown in the presence of IL-4 and stained with SNA at (a) 24 hours and (b) 48 hours. 
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(a)                                                                                         (b) 

Fig. 4: WEHI-231 cells grown in the presence of IL-4 and stained with SNA at (a) 24 hours and (b) 48 hours. 

 

The A-20 cells recapitulated the results seen in the 

previous experiment. The cells expressed a high level of 

cell surface sialic acid and there was only a very minute 

increase in sialic acid expression when the cells were 

cultured in the presence of IL-4 (figure 3). In contrast, 

WEHI-231 cells were found to be relatively low 

expressers of sialic acid on their surface. But the sialic 

acid expression was significantly increased when 

incubated with IL-4. There was a clear upward shift in 

the cells stained with SNA lectin when exposed to IL-4 

in WEHI-231 cells (figure 4). 

 

This study demonstrates that B-lymphoblastoid cell lines 

WEHI-231 and A-20 both express cell surface sialic 

acid, and when stimulated with cytokine IL-4, that there 

is an increased α- 2,6 linked sialic acid on WEHI-231 

cells (figure 4). This result is consistent with previous 

studies that have shown that B-cell maturation is 

accompanied by a dramatic induction of ST6Gal I 

expression and consequent display of cell surface α-2,6 

sialyl linkage.
[19]

 The A-20 cells showed a very high 

degree of cell surface sialic acid which when stimulated 

with cytokine IL-4 did not show much difference in the 

expression of sialic acid expression. This can be 

explained by the fact that the A-20 cell line is a mature B 

cell line.
[18]

 Maturity of B cells in known to induce cell 

surface sialic acid. Therefore, it can be concluded that 

the A-20 cells are already expressing maximum cell 

surface sialic acid expression and stimulation with IL-4 

fails to make any significant difference in their further 

expres- sion. 

 

WEHI-231 cell line however, shows an interesting 

heterogeneity in its cell surface sialic acid expression in 

the un-stimulated cells (figure 4 (a) and (b)). There 

seemed two possible scenarios that might explain this 

observation. The first and least interesting possibility 

was that this was a population of cells on a threshold of 

stimulation and that any particular cell within the 

population might express differing levels of sialic acid 

on its surface due to minor fluctuations in growth 

conditions within the flask. On the other hand, 

Gottschalk et al.
[20] in a review explained that continuous 

passage of WEHI-231 cells in different laboratories 

yielded variants that differed greatly in their response to 

anti-Ig treatment. Given these previous studies, it seemed 

possible that the ATCC WEHI-231 cell line, which 

should ideally have been genetically uniform, none-the-

less consisted of a collection of heterogeneous clones, at 

least with respect to expression of cell surface sialic acid. 
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