
2. Enzymatic removal of PSA does not 
affect NCAM gene expression

NCAM expression was studied by qPCR using primers

specific for each isoform (see Fig. 1) to test whether the
increase in NCAM140 occurred at gene levels. Our results
showed no change in levels of expression of any of the
three major isoforms.

 The neural cell adhesion molecule (NCAM) is a
glycoprotein mainly found on the surface of cells in the
nervous system. NCAM primarily regulates cell‐cell and cell‐
extracellular matrix interaction but is also involved in cell
migration, proliferation, apoptosis and differentiation (1).

 A single gene encodes for NCAM and generates several
isoforms by alternative splicing (Fig. 1). The expression of
the three main isoforms (NCAM120, NCAM140 and
NCAM180) vary during the development and between
tissues in the adult (1).

 Polysialic acid (PSA), a post‐translational modification
found almost exclusively on NCAM, modulates NCAM
activity and is involved in neurogenesis, cell migration and
plays a role in the immune system (1‐3) .

 Changes in NCAM expression and in levels of PSA‐
NCAM occur in diseases such as cancer (4 & 5) and
neurodegenerative diseases (6 & 7).
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Introduction

The main objective is to determine whether enzymatic
removal of PSA using endoneuraminidase (endoN) affects
the expression of the three main NCAM isoforms.

Aim

Material and Methods

Cell culture

TE671 cells (rhabdomyosarcoma; ATCC CRL8805) were
cultured in complete media (CM; DMEM/F12 + 10% FBS +
1% PSG + 1 mM sodium pyruvate), washed once in
DMEM/F12 and treated for 24h with 1.5 U/ml of EndoN
(EurobioAbCys) diluted in reduced media (RM; DMEM/F12
+ 1 mM sodium pyruvate + 1x glutamax).

Western Blot (WB)

Samples (10 µg/lane) were loaded onto a SDS‐PAGE gel (4‐
12%), transferred to a PVDF membrane, blocked with
Odyssey blocking buffer PBS (LI‐COR) and incubated with
the primary antibodies as shown in Table 1. Goat anti‐
rabbit IRDye 680 or goat anti‐mouse IRDye 800 were used
as secondary antibody (LI‐COR). Blots were imaged with
the Odyssey FC imaging system.

For the ICC:

Cells were fixed in 4% PFA and processed for ICC as
previously described (8) with antibodies specific for PSA or
NCAM (table 1). Hoechst staining was used to label all
nuclei. Images were acquired with ImageXpress and
analysed with MetaXpress (Moleculardevices).

Table 2: Primer sets for qPCR analysis

1. Increased NCAM140 following 
enzymatic removal of polysialic acid 

EndoN has been widely used to study the role of PSA and
how it modulates NCAM activity (8). However, the
involvement of PSA in the regulation of NCAM expression is
yet to be investigated.

As expected, endoN treatment resulted in a significant
decrease in PSA staining intensity; however, there was a
significant increase in NCAM staining intensity (Fig. 2).

Results

Conclusion
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Enzymatic removal of PSA resulted in an increase in
NCAM140 at protein levels which indicates that PSA might
be involved in the recycling of NCAM.

Increased NCAM140 detected by a C‐terminal antibody
suggests that PSA does not interfere with the detection of
NCAM. This is particularly important as previous studies
have used antibody‐based methods to study NCAM during
development and in diseases and an increase in PSA‐NCAM
would appear as a decrease in NCAM140.

Figure 1: Neuronal cell adhesion molecule isoforms

The three main NCAM isoforms (A) are encoded by a single gene (B) generating several
isoforms through alternative splicing. The three major isoforms possess a common
extracellular domain consisting of five immunoglobulin-like (Ig I to Ig V) and two fibronectin
type III (FNIII) domains. The shorter isoform (NCAM120) is attached to the membrane
through a Glycosylphosphatidylinositol anchor (GPI). The two longer isoforms (NCAM140
& NCAM180) contain an transmembrane domain (TMD) and an intracellular domain with
NCAM180 having an extra segment encoded by exon 18. (C) Primer sets were designed
to specifically study each isoform by qPCR .

Quantitative PCR (qPCR)

RNA was extracted using RNeasy mini kit (Qiagen), cDNA
and qPCR were performed as previously described (8).
Primers were designed to amplify all isoforms or each
major isoform individually (Fig. 1 and Table 2). GAPDH and
RLP30 were used as reference genes. The ddCT method was
used to analyse the data and a two fold change was
considered as being significant.

Statistical analysis

Kolmogorov‐Smirnov test was used to evaluate if data were
normally distributed. Accordingly, a one‐way ANOVA
followed by Holm‐Sidak or Dunn’s test were used for
multiple comparison. All experiments were performed
independently performed in triplicate.

Figure 3: Study of PSA-NCAM and NCAM by western blot

Cells were cultured in complete media (CM), reduced media (RM) or with endoN for
24h. PSA and NCAM were studied by WB using anti-NCAM antibodies targeting
the N-terminal (A) or the C-terminal (B) of the receptor. GAPDH was used as
loading control.

Figure 2: Study of PSA-NCAM and NCAM by Immunocytochemistry

Cells were cultured in complete media (CM), reduced media (RM) or with endoN for
24h. PSA and NCAM were studied by ICC (A & C) combined with high-throughput
microscopy analysis (B & D). Scale bar = 100 and 10 µm. Data are represented with +/-
SEM. **** p < 0.0001

Western blot analysis was then used to confirm ICC data
and to identify which isoform was increased. EndoN
treatment induced a shift in molecular weight for
NCAM180 corresponding to the removal of PSA. In
addition, there was an increase in NCAM140 (Fig. 3).

Figure 4: Study of NCAM isoforms by qPCR

Cells were cultured in complete media (CM), reduced media (RM) or with endoN for 24h.
NCAM120, NCAM140, NCAM 180 or all NCAM isoforms (NCAM All) were studied by
qPCR using specific primers described in Table 2. Error bars represent the SD.

Table 1: Primary antibodies

These results were obtained both with an antibody
targeting the N‐terminal (Fig. 3A) and the C‐terminal (Fig.
3B) of the receptor thus excluding the possibility that the
presence of PSA masked the antigen.


