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SIALIDASES

1.1 SIALIDASES

Sialidases or neuraminidases constitute a family of exoglycosidases that catalyze the
hydrolytic cleavage of nonreducing sialic acid residues ketositically linked to mono- or
oligosaccharide chains of glycoconjugates.

The terms "sialidase” and "neuraminidase™ have been proposed for the first time by
Heimer and Meyer (1956) and Gottschalk (1957), respectively; the first name is used to
indicate the eukaryotic enzyme, while the second to indicate the bacterial and viral
counterparts.

Sialic acid is present in sialoglycoconjugates as a terminal non-reducing residue usually
linked to galactose (02—3 or 02—6), and to N-acetylgalactosamine or N-
acetylglucosamine (02—6); moreover, the sialic acid chains may be present as
terminals, or wire internal saccharide residues into glycolipids and glycoproteins. The
formation of co-polymers of sialic acid through links (0¢2—8 or a2—9) can also be
found. Sialidases preferentially recognize the link a2—3 or 0a2—6, while in some cases
also hydrolyze bonds a2—8; internal residues are resistant to hydrolysis by these
enzymes, probably due to the steric hindrance.

Sialidases are widely distributed in nature, from viruses, and microorganisms such
bacteria, protozoa and fungi to avian and mammalian species among the vertebrates.
Perhaps, the most widely studied sialidase is from influenza virus, where the enzyme is
involved in viral replication and is released from infected cells (1, 2).

In bacteria sialidases are not only involved in infection processes, but also in cellular
energy supplying: in fact, the enzymes hydrolyze sialic acid residues from mucins and
gangliosides, making available new carbon for energy purposes (3).

The detailed study of mammalian sialidases has been hampered for a long time because
of their low cellular concentration and thermal liability during the classic purification
procedures.

The turning point came with the advent of molecular biology, which allowed to give a
great impetus to this field of study.

In mammals, these enzymes have been proved to be involved in several cellular
phenomena, including cell proliferation and differentiation, membrane functions, and

antigen masking (1).
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1.2 HUMAN SIALIDASES

The presence of sialidase activity was detected in all human cells and tissues. In human,
four isoforms have been described and distinguished on the basis of different
intracellular localization and substrate specificity.
The classification identifies:

1) The sialidase Neul localized in lysosomes

2) The sialidase Neu2 localized in the cytoplasm

3) The sialidase Neu3 localized on the plasma membrane

4) The sialidase Neu4 localized on the outer mitochondrial membrane and on inner

cell membrane

The lysosomal sialidase, Neul, is involved in the catabolism of glycoproteins,
glycolipids and oligosaccharides, in combination with lysosomal proteases and
endoglycosidases, since different substrates must be fragmented into small molecules
before desialylation (4).
The intracellular distribution of Neul depends on the last four amino acids (412-YGTL-
415) of the polypeptide, which address the enzyme to lysosome. Beside this main
localization, Neul could also detected on the plasma membrane in several cell types.
Further to T lymphocytes activation, the sialidase activity detected on the cell surface
increase several times due to the redistribution of Neul from the lysosomes to the
plasma membrane. This enhancement of sialidase levels is required for both early
production of IL-4 and the linfokine priming of conventional T cells to became active
IL-4 producers(1). In addition, redistribution of Neul from lysosomes to the plasma
membrane of activated lymphocytes is associated with tyrosine phosphorylation of the
enzyme (5). Inthis prospective, the interaction of Neul with adaptor complexes such as
AP2 and AP3 (6, 7), and targeting to the lysosome should be blocked by
phosphorylation of the essential tyrosine (Y*®) in the internalization signal, a
mechanism already described for cytotoxic T-lymphocyte-associated antigen (CLTA-4)
(8).
The movement of the enzyme induces the desialylation of molecules expressed on the
membrane surface, as the antigen class | Major Histocompatibility Complex (MHCI)

and the ganglioside GM3. This is a process linked to the synthesis of IL-4 (1).
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Moreover, in activated T lymphocytes Neul contributes to small desialylation processes
which induce the synthesis of IFN-y (9), whereas in activated B cells the sialidase Neul
is involved in the production of the so-called MAF (macrophage activating factor) (10).
These events explain the responsiveness towards the “antigen presenting cells”; the
production of IL-4 or MAF is strongly compromised in immune cells with a deficiency
of sialidase activity (10). Moreover, the enzymatic defect accounts for the frequent
infections observed in patients with sialidosis.

During the activation of neutrophils, a same mechanism for redistributing of Neul
sialidase from lysosomes to the plasma membrane has been described (11). This event
is followed up by the removing sialic acid from glycoconjugates on the surface of the
cell and the activation of non-activated adjacent cell. This mechanism induces an
increased of aggregation and adhesion to the substrate, a key function in diapedesis
(12).

The lysosomal sialidase is an enzyme essentially ubiquitous, with particularly high
levels of expression in pancreas, skeletal muscle, kidney, heart, placenta, liver, lungs
and brain (12).

Several NEU1 gene mutations underlie a severe lysosomal storage diseases: the
sialidosis (12).

In mammalian tissues, Neul is present as a high-molecular-weight multienzyme
complex with the protective protein/cathepsin A (PPCA) and B-galactosidase (2) and
co-purifies with these proteins (13, 14).

The high molecular weight of the complex is due to the formation of polymers of these
multiproteins units. The role of this complex is the protection of the enzymes from the
lysosomal proteases and the stabilization of their activity (15).

Lysosomal sialidase has been extensively investigated as a target gene for sialidosis.
Sialidosis patients carry mutations in genomic DNA coding for NEUL, including
frameshift insertions and missense mutations (16).

Genetic defects of the PPCA protein cause the rapid degradation of both sialidase and 8-
galactosidase and are associated with another serious disease lysosomal storage: the -
galactosialidosis (15).

Instead, galactosialidosis is an autosomal, recessively inherited, lysosomal storage
disease (17).
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Like sialidosis, patients with galactosialidosis also accumulate and excrete large
amounts of a complex carbohydrate mixture of glycopeptides fragments rich in sialic
acid (18).

In galactosialidosis, there is a combined deficiency of sialidase and B-galactosidase
(18).

In fibroblasts of galactosialidosis patients, the levels of both sialidase and pB-
galactosidase are severely deficient compared to the levels present in normal fibroblasts
(19). The deamidase and carboxypeptidase activity associate with the “protective
protein” is also deficient in galactosialidosis (20).

In both these pathological diseases there are neurological signs as cherry-red spots,
myoclonus, and mental retardation. Moreover, there are skeletal dysplasia, corneal
clouding, hepato-splenomegaly, hernia, coarse face, and hearing loss. Foam cells appear
in the bone narrow. Endothelial cells and lymphocytes are vacuolated (21).

The cytosolic sialidase Neu2 is unique among sialidases to not provide trans- membrane
domains (22), but has a cytosolic distribution. This enzyme is characterized by broad
substrate specificity, being capable of hydrolyzing sialic acid residues from
glycoproteins, gangliosides and oligosaccharides.

Studies demonstrated that, during myoblast differentiation, NEU2 mRNA levels as well
as enzyme-specific activity increase, and myo-tube formation can be blocked by the
addition of specific antisense oligomers (23).

The enhancer/promoter sequence of rat cytosolic sialidase contains four E-boxes and a
classic TATA box. E-boxes are involved in the development and tissue-specific
regulation of muscle gene transcription (24).

A similar organization of 5’-upstream region is reported from human NEU2 gene (22),
indicating that at least the rat and the human gene are preferentially expressed in muscle
tissue. In addition, the rat 5°-upstream region is better characterized following its ability
to drive the transcription ofa reported gene in transient transfection experiment (25).
The promoter region is active in rat myogenic cells, and its transcriptional activity is
increased after induction of myoblast differentiation. Further studies demonstrated that
during myoblast differentiation NEU2 mRNA levels as well as enzyme-specific activity
increase, and myotube formation can be blocked by addiction of a specific antisense

oligomer (23). Finally the enzyme appears to be diffusely distributed in the muscle

10
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fibers and also found in the perimysium and blood vassels. In addition, many
immunogold particles are also found in the cytosolic compartment of axons, Schwann
cells, and cells of endomysium and again, blood vassels, indicating that Neu2 is also
present in cells other that skeletal muscle fibers (26).

Many results confirm the participation of Neu2 in the process of muscle differentiation
(27) and in cell motility (28).

Among the sialidases, Neu3 is a key enzyme for ganglioside degradation because of its
strict substrate preference to gangliosides, which co-localize with this sialidase in the
surface membranes (2). Neu3 expression has been found to fluctuate with cell
differentiation, cell growth, and malignant transformation (2).

Recent analysis of membrane topology has suggested that Neu3 might be partially
localized on the cell surface as peripheral membrane protein and also in the endosomal
compartment (29). In addition, Neu3 cofractionates with markers of lipid rafts (30),
membrane functional microdomains where gangliosides and other glycosphingolipids
are arranged together with signaling proteins (31). Among these compounds,
gangliosides are the most abundant in the plasma membrane of vertebrate cells and are
involved in several important biological processes (32).

In human neuroblastoma cells, Neu3 specifically acts on gangliosides with terminal
sialic acid, yielding to GM1 and lactosylceramide, and its action on glycolipids is
necessary and sufficient to trigger differentiation in this kind of cells (33).

Neu3 also functions as a caveolin-interacting protein within caveolin-rich microdomains
via a putative caveolin-binding motif within the molecule (34).

Neu3 expression is shown to participate in neuronal differentiation through gangliosides
modulation (35), as the murine homolog gene is shown to play essential role in neurite
formation (36) and regeneration (37). A massive desialylation of the cell surface carried
out by endogenous as well exogenous sialidases has been suggested as critical event for
myelination (38), neuronal differentiation (33, 39, 40), synaptogenesis, and synaptic
function (41, 42). Moreover, it has been demonstrated the involvement of sialidase
Neu3 during the formation of axons in rat: the enzyme enhances the activity of the TrkA

receptor, which, inturn, mediates the response to NGF (43).

11
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High expression of NEU3 in cancer cells leads to protection against programmed cell
death; while in contrast, decreased NEU3 induces apoptosis, implying a critical role of
Neu3 in the survival of cancer cells (44).

Several studies have shown that the participation of Neu3, in the events downstream of
insulin-receptor interaction, occurs through the desialylation of membrane gangliosides
and through a direct link between Neu3 and GRB2 signal protein. The ability of
sialidase to regulate the cellular response induced by insulin may explain the altered
expression levels of sialidase in insulin-dependent diabetes types Il (45).

Furthermore the over-expression of NEU3 in vascular smooth muscle cells induces a
decrease in metallo-protease 9 in response to TNF «, suggesting that Neu3 is a
physiological modulator in these cells and may contribute to the instability of
atherosclerotic plaques (46). Neu3 is probably involved in cell-cell interactions though
hydrolyzing the gangliosides localized on the surface of neighboring cell (47).

The most recently identified member of the human sialidase family is Neu4 and it is
found in two forms, Neud long (NeudL) and Neu4 short (NeudS), differing in the
presence ofa 12-amino-acid sequence at the N-terminus (48, 49).

The expression of the isoforms is tissue specific; both isoforms were expressed in the
brain, muscle, and kidney, and predominantly the short form was expressed in liver and
colon.

It has been observed that the presence of Neu4S could help the elimination of the
sialylated products, accumulated in lysosomes; therefore, NeudS could be seen as a
possible target for the development of new treatments in diseases such as sialidosis and
galactosialidosis where lacking sialidase Neul is lacking (12).

Although the physiological roles of NeudL in brain still remain elusive, its substrate
specificity and subcellular localization suggest that it may be implicated in the
mitochondrial apoptotic pathway in neuronal cell. Given its unique location, in
mitochondria, Neu4L is believed to be involved in apoptosis by regulating the levels of
mitochondrial, hydrolyzing ganglioside GD3 (50).

Recently, it is demonstrated that Thymoquinone (TQ), from nutraceutical black cumin
oil, activates Neud sialidase in live macrophage, dendritic, and normal and type |

sialidosis human fibroblast cells via GPCR Gai proteins and matrix metalloproteinase.

12
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The activation of this pathway induces the production of NF-KB and pro-infiammatory

cytokines in vivo (51, 52).

1.3 GENE STRUCTURE

The human gene NEUL spans about 3.7 kb of DNA on chromosome 6p21.3 and is
organized in sixexons (53) (Fig.1).

The cDNA encodes a protein of 415 amino acids with an Arg-lleu-Pro sequence, five
Asp boxes and as potential N-linked glycosylation site. The molecular weight of Neul
is 45.5 kDa (4).

The human gene NEU2 has a very simple organization. In fact, the gene is organized in
two exons separated by one intron on chromosome 2937.1 (22) (Fig.1). The promoter
region contains a classic TATA box and four E-boxes (54) that are described as the
DNA binding motif recognized by several nuclear factors belonging to the basic helix-
loop-helix family of DNA binding protein. The cDNA encodes a protein of 380 amino
acids with. Molecular weight of Neu2 is 42.8 kDa (22).

The human gene NEU3 contains four exons and is located on chromosome 11g13.4
(55).

Sequence analysis of the 5’ untranslated region reveals the presence of several Spl-
binding sites and the absence of TATA and CAAT box sequences, in agreement with
northern blot analysis that shows a ubiquitous expression pattern.

The NEU4 gene is apparently organized in four exons in a region of chromosome
2037.3 (Fig.1). The codon for the translation-initiator methionine is located in exon 2,
whereas the terminator codon, TAA, is located in exon 4. The predicted Neu4 protein is
484 amino acids long, with a calculated molecular weight and theoretical pl of 51.57
kDa and 7.97, respectively. The sequence motif F/YRIP which is highly conserved in
all of the sialidase enzymes and occurs near the N-terminus of these polypeptides, is
also found in Neud with a V residue instead of canonical I. Moreover, NEU4 contains
two classic Asp blocks, both in agreement with the consensus sequence. A characteristic
feature of Neud is a long stretch of 79 amino acid residues that appears unique among

mammalian sialidases (49).

13
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1000 bp
—

NEULl  [HH—H—FHHHE 3705 bp, chr 6p21.31
NEU2 [}——F ] 2387bp, chr2qg37.1

L 0 18387 bp
NEU3 [ T E! chr 11913.4
NEU4 [} HH— ] 5701 bp, chr2

[] = Coding sequences

= Untranslated sequences

Figure 1: genic structure of human sialidases NEU1, NEU2, NEU3, NEU4

1.4 MOLECULAR BIOLOGY OF HUMAN SIALIDASES

The molecular biology of sialidases began in 1993 when the first mammal sialidase was
cloned: the cytosolic sialidase inrat skeletal muscle (56).

The analysis of the primary structure of protein has demonstrated significant homology
with microbial enzymes: in particular, characteristics have been identified sequences
such as the domain F(Y)RIP, at the amino-terminal portion of the enzymes, and a series
of so-called Asp-boxes (SXDxGxxT/W), repeated several times in the protein sequence
(57, 58).

During the following year, cDNA encoding a soluble sialidase was cloned. It was
secreted into the growth medium from hamster ovary (57).

We must wait for the late 90s for the first cloning of the human lysosomal enzyme,
NEU1 (4).

In 1999, using an approach based on sequence homologies, the gene NEU2 was
identified (22), encoding the human cytosolic sialidase; this enzyme has been found
very similar to the counterparts of rat and hamster cloned in previous years.

In the same years the gene encoding sialidase NEU3 membrane was also identified (55,
59).

In 2004, the fourth gene encoding the human sialidase NEU4 was identified (49).

All mammalian sialidases cloned show a high degree of homology and the presence of

amino acid residues substantially preserved: the sequence motif F(Y)RIP and the Asp

14
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boxes, in topologically equivalent positions along the primary structure. The role of the
Asp box is not yet known, although it was suggested an involvement in the folding of
the enzymes and in maintaining the structure of the catalytic domain. Instead, the
sequence F(Y)RIP, located in amino-terminal position, gives an arginine to the catalytic
triad of residues that interacts with the sialic acid carboxyl group during the stages of
substrate binding and catalysis (60).

In addition, other 8-9 residues of the bacterial sialidase were found also in mammalian
sialidases. This shows as the evolutionary pressure has maintained a consistent level of
conservation, particularly near the catalytic site.

The level of similarity between sialidases from different species reaches 75%, if we
group the different sequences of sialidase according to their cellular localization.

For these reasons, some evolutionary hypotheses indicate the possible existence of a
common ancestral gene from which they took home all the currently known isoforms
(61).

1.5 SIALIDASES AND CANCER

Given the importance of the glycosylation profile in the neoplastic cell, for many years
the interest has been focused on these enzymes that regulate the carbohydrate structure
of proteins and lipids; indeed, the abnormal glycosylation processes are a common sign
of cancer (62). Investigation into biochemical properties of the cell surface were
extensively pursued and characteristic features of the changes in cancer cells were
identified (62).

The changes of glycosylation in glycoproteins include an increase in branched
asparagines-linked and polylactosamine sugar chains, as well as, in sialylation (63). In
particular, alteration of sialic acids is associated with cancer behavior, such as
invasiveness and metastasis (63). Altered glycosylation of functionally important
membrane glycoproteins may affect on the adhesion or motility of the tumour cells,
resulting in invasion and metastasis. Specifically, abnormalities of membrane
glycoproteins, such as selectins and integrins, influence in the adhesion properties and
motility of cancer cells, inducing consequences on the growth and the metastatic

potential of tumour (64).
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Moreover, an altered sialylation of glycolipids (65) is also observed as a ubiquitous
phenotype, leading to the appearance of tumour-associated antigens, aberrant adhesion,
and modification of transmembrane signaling (66).

Cancer cells are characterized by the presence of antigen-specific glycosphingolipids,
often absent in healthy cells (67). These molecules, especially gangliosides, are shed
into the surrounding microenvironment in higher volumes than healthy tissue (67). The
tumour gangliosides on the cell membrane or secreted appear to play keys role in
disease progression; in fact, they strongly regulate the adhesion/cell motility by
participating actively in the metastatic processes (67). Moreover, these gangliosides
may act as immuno-suppressants, may promote angiogenesis by stimulating the release
of VEGF and may modulate signal transduction through interaction with receptors for
growth factors (68).

To understand the causes of aberrant sialylation and the consequences of these changes,
the studies have been focused on mammalian sialidases which control the cellular sialic
acid content, in cooperation with sialyltransferases.

Scarce evidences are still available on sialyltransferases and on their involvement in
neop lastic transformation; on the contrary, characteristic changes in the expression and
activity of sialidases have been revealed in different tumour types.

The lysosomal sialidase activity (Neul) decreases in rat 3Y1 fibroblasts after src-
transformation. NEUL expression has been found to be inversely correlated with the
metastatic potential of the cells (69). As compared to mock 3Y1 cells, src-transformed
cells exhibited decrease of Neul, and v-fos transfer to these cells induce an even more
severe decrease in sialidase activity with the acquisition of high lung metastatic ability
(69).

The transfection of murine lysosomal sialidase, into B16 melanoma cells, causes the
suppression of tumour progression (70). Transfection of NEU1 reduces cell growth and
anchorage-independent growth and increases the sensitivity to apoptosis, induced by
suspension culture or serumdepletion in vivo (70).

The levels of NEUL expression have been evaluated in human colon cancer. Its mRNA
level shows a tendency toward decrease in cancer cells as compared to those in the

adjacent noncancerous mucosa (36). NEUL over-expression results in alterations similar
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to those observed in murine cells; in fact, in human colon adenocarcinoma HT-29 cells
it suppresses cell migration and invasion (68).

The suppression of pulmonary metastasis in murine B16 melanoma cells has been
obtained by transfection with NEU2 cDNA (28). Surprisingly, this change in the highly
invasive and metastatic behavior of the cells appears to be related to variations of
intracellular glycolipids levels. In fact, upon NEU2 transfection, the major detectable
changes were the increase of lactosylceramide and the decrease of ganglioside GM3 cell
content. The GM3 ganglioside has been found associated with microtubules and
intermediates filaments inside the cell (71). Thus Neu2 could act on intracellular GM3,
leading to alteration of cytoskeletal functions consistent with the decrease of
invasiveness detected in transfected melanoma cells.

Similar results were obtained using highly metastatic sub-lines of mouse colon
adenocarcinoma 26 (68). Also, in these malignant cells, endogenous Neu2 sialidase
levels are inversely correlated with the metastatic capacities. These modifications are
correlated with sialylLe* and GM3 cellular levels.

Another line of the experiments performed employing the cytosolic sialidase
demonstrated that the transfection of NEU2 gene into the epidermoid carcinoma line
A431 reduces the GM3 lewvels and enhances cell growth and tyrosine
autophosphorylation of EGF receptor at low EGF concentration (72).

NEU2 transfection into the chronic myelogenous leukemia cells K562, which are
devoid of cytosolic sialidase activity, induces a significant decrease in resistance to
apoptosis, possibly mediated by modifications of the interaction between cytosolic
sialoglycoproteins and on the signaling pathway of Bcr-Abl and Src kinases (73).

Many data identified Neu3 as a new oncogene, given its involvement in tumorigenesis
(74). Tumors usually express a characteristic up-regulation of Neu3 (75).

In particular, the mMRNA NEU3 levels resulted to be increased in all colon cancer tissue
surgical specimens as compared with that in adjacent noncancerous mucosa (36).

Colon cancer tissue specimens exhibit marked accumulation of lactosylceramide, a
possible Neu3 product; the addition of this glycolipid to the culture medium reduces the
number of apoptotic cells during sodium butyrate treatment (36). These results indicate
that the high contain of Neu3 in cancer cells leads to the protection against programmed

cell death, through the increase of lactosylceramide while, in contrast, the decrease of
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Neu3 induces apoptosis, implying a critical role of Neu3 in the survival of cancer cells.
It is of interest to note here that while Neu3 silencing caused acceleration of apoptosis
in various cancer cells, it has been shown not to have the same effect in noncancerous
cells, including human normal keratinocytes and fibroblasts (36).

NEU3 mRNA levels were also found to be increased in renal cell carcinomas as
compared with those adjacent non cancerous tissues (36),being significantly correlated
with the elevation of expression of interleukin (IL)-6, a pleiotropic cytokine, which has
been implicated in the immune responses and in the pathogenesis of several cancers
NEU3 activated by IL-6, in turn, enhances exerts IL-6 mediated signaling largely via
the PI3K/Akt cascade, in a positive feedback manner and contributes to the expression
of the malignant phenotype in renal cancer (76).

Transfection of NEU3 gene into cancer cells inhibits apoptosis through the increase of
Bcl-2 and the decrease of caspase expression, while the silencing of this gene with
short-interfering RNA results in acceleration of apoptosis (77).

In prostate cancer cells up-regulation of Neu3 leads to the suppression of cell
differentiation and apoptosis, and thus may be related to malignant properties (36).
Furthermore, in head and neck cancer (36), in most ovarian clear cell adenocarcinoma
(78), in chronic myeloid leukemia cells (79) Neu3 is increased.

In particular, in chronic myeloid leukemia cells K562, NEU3 silencing markedly
modifies the cell cycle, reducing proliferation rate; moreover, it causes a propensity to
undergo apoptosis, and megakaryocytic differentiation (76).

In clear contrast to Neu3, a marked decrease of NEUAS expression is detected in tumour
as compared with noncancerous cells (80).

In cultured human colon cancer cells, the enzyme is up-regulated in the early stage of
apoptosis induced by either the death ligand TRAIL, or serumdepletion (36).
Transfection of NEU4S into DLD-1 and HT-15 colon adenocarcinoma cells results in
the acceleration of apoptosis and in the decrease of invasiveness and cellular motility.
On the other hand, siRNA-mediated NEU4 targeting causes a significant inhibition of
apoptosis and promotion of cellular invasiveness and motility (36).

NeudS plays important roles in the maintenance of normal mucosa, mostly through
desialylation of the glycoproteins and its down-regulation may contribute to the

invasive properties and protection against programmed cell death of colon cancer (36).
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The short isoform is localized on the internal cell membranes. Studies have been
performed on fibroblasts of patients with sialidosis and galactosialidosis diseases. In
these works, Neud short is over-expressed and there was a greater digestion of
gangliosides deposited in lysosomes (81). This suggests a potential treatment of
diseases caused by defects in the gene NEUL.

For NeudL, involvement is hypothesized in regulating the mitochondrial pathway of
apoptosis induction. This role is particularly relevant to the nervous system where it is
particularly expressed sialidase; SH-S5SYcells is observed that following induction
with tyrosinase there is a decrease of the enzyme and an associated increase in GD3
(50). A marked decrease of NEU4S expression was detected in tumours as compared
with in the noncancerous mucosa (80).

In mouse neuroblastoma cells, Neuro2a, NEU4 expression is down-regulated during
retinoic acid-induced differentiation. Over-expression of Neud results in suppression of

neurite formation, and its knockdown showed the acceleration (82).
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2.INEUROBLASTOMA

Neuroblastomas are neuro-ectodermal tumours of embryonic neural crest-derived cells
(83). In normal development the neural crest gives rise to nerve cells of sympathetic
nervous system. This is formed by sympathetic chains and ganglia, which run alongside
the ventral side of spine, and adrenal medulla (83, 84). The fetal adrenal medulla
consists of a mixture of chromaffin cells and clusters of mature ganglioside cells (83,
84).

Chromaffin cells are neuro-endocrine cells and produce the stress hormones
norepinephrin and epinephrine. Ganglion cells are nerve cells interconnected between
pre- and postganglionic fibers of sympathetic nervous system. The amount of
chromaffin cells in adrenal medulla strongly increases after birth, in concert with a
gradual loss of ganglion cells (84). In the extra- medullary sympathetic nervous system,
the opposite can be observed: extra-medullary chromaffin cells will rapidly disappear
from ganglia, and the neural cells become the predominant cell type (84, 85).
Neuroblastoma likely originates from both the cell types, described above, or from a
pluripotent precursor cell, since the tumor can contain cells with neuronal and
chromaffin cell properties (84, 85, 86).

Neuroblastomas are undifferentiated tumours, constiting of small, round cell called
neuroblasts that have little evidence of neural differentiation. However, some tumours
show partial histological differentiation and are called ganglioneuroblastomas (86).
Ganglioneuroma consists of clusters of mature neurons surrounded by a dense stroma of
Schwann cells (86) and, in general, has a favorable prognosis.

Neuroblastoma is the third most common pediatric cancer and is responsible for
approximately 15% of all childhood cancer deaths (87), and 96% of cases occur before
of 10 years (88).

The clinical hallmark of neuroblastoma is heterogeneity, with the likelihood of tumour
progression varying widely according to anatomic stage and age at diagnosis (89).

In general, children diagnosed before 1 year of age and/or with localized disease are
curable with surgery and little or no adjuvant therapy. Some of these tumours undergo

spontaneous regression or differentiate into benign ganglioneuromas (89).
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In contrast, older children often have extensive hematogenous metastases at diagnosis,
and the majority dies from disease progression despite intensive multimodal therapy
(89).

Patients usually can be classified as high, intermediate or low risk. High risk tumours
include disseminated disease or bulky tumours with some specific genetic alterations,
such as the amplification of oncogene N-myc. These patients form a group at risk with a
5-years event-free survival (EFS) of 25/30% despite multi- modality treatment including
myelo-ablative chemotherapy (90).

Patients with intermediate risk disease are characterized by large, unresectable,
localized tumours without structural chromosomal defects. Their outcome is more
favorable (5-years EFS of 60-80%) and can be reached by combining surgery with
adjuvant chemotherapy (90).

Low risk tumours include children which can be managed by surgery alone and will
lead to an excellent 5-years EFS of more than 90% (90).

The aetiology of neuroblastoma is unknown, but it seems unlikely that environmental

exposures have a significant role (91).

2.2 SEVERAL KINDS OF PHENOTYPES IN NEUROBLASTOMA
CELL LINES

The initial morphological identification of cellular phenotypes present in human
neuroblastoma cell lines identifies two phenotypically stable cell variants: a
neuroblastic (N-type) cell and a flattened, substrate-adherent (S-type) cell (92-95).

N cells are, usually, small and weakly substrate-adherent. They frequently have small
neurites and grow as clumps of cells (pseudoganglia) or floating balls (93-95).

S cells adhere tightly to the underlying substrate, form a contact-inhibited monolayer,
and have a limited lifespan in culture (93-95).

A third stable cell type was subsequently identified and is similar, yet distinct, from the
other two cell types. It was called “I-type” at its discovery because its morphological
and growth characteristics are “intermediate” between N- and S-type cells; it was soon
recognized to be a malignant neuroblastoma stem-like cell type by its unique

differentiation and malignant potentials (96, 97).
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Biochemical and immunochemical studies confirm the sympathoblastic nature of the N
cells and identify the S-type cells as precursors of the non-neuronal component of the
embryonic neural crest such as Schwann cells, melanocytes, and smooth muscle cells
(97-99).

However, neither N nor S cells usually express marker proteins characteristic of late-
stage development; the absence of markers of mature neurons or non-neuronal neural
crest derivatives revealed the less differentiated nature of the cells (97-99).

Consistent with their morphological features, the I-type cells, typically, express marker
proteins of both N and S cell lineages.

Whereas all three cell variants express the intermediate filament nestin, characteristic of
early neuroepithelial cells, only I-type cells, and not their N or S cell counterparts,

express the stem cell marker proteins CD133 and c-kit (100, 101).

23 GENETICS OF NEUROBLASTOMA: NEAR-DIPLOIDY
VERSUS NEAR TRIPLOIDY AND AMPLIFICATION OF NMYC

Somatic changes, such as gain of alleles and activation oncogenes, loss of alleles or
changes in tumour-cell ploidy have been shown to be important in the development of
sporadic neuroblastomas.

Although tumours have karyotypes in the diploid range, tumours from patients at lower
stages of disease are often hyperdiploid or near-triploid (102, 103).

It has been shown that the determination on the ploidy status content of neuroblastoma
in infants can be predictive of outcome (104, 105).

In patients older than 2 years, ploidy loses its prognostic significance (105). This is
probably because hyperdiploid and near-triploid tumours in infants, generally, have
gains of whole chromosome without structural rearrangements, whereas tumours in
older patients also have several structure rearrangements.

Some neuroblastomas are cytogenetically characterized by double-minute chromatin
bodies (DMs) or homogeneously staining regions (HSRs), which are both cytogenetic
manifestations of gene amplification. In neuroblastoma, it has been found a novel
MYC-related oncogene, NMYC, which is frequently amplified (106).
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NMYC is normally located on the distal short arm of chromosome 2; a large region
from chromosome 2 amplified, maybe because it provides some selective advantage to
the cells (91).

The process of amplification usually results in 50 to 400 copies of the gene per cell,
with, correspondingly, higher levels of protein expression (107). Intermediate copy
levels numbers (three to ten copies) may reflect either low-level amplification or
aneuploidy.

It was shown that NMYC amplification occurs in a substantial subset of primary
untreated neuroblastomas and is highly correlated with an advantage stage (108).
Moreover there is a strong association with rapid disease progression and poor
prognosis (109).

Subsequent investigations have confirmed that, when NMYC gene amplification is
bigger than ten copies, the prognostic powerful is independent of anatomic stage, age,
and multiple other biologic measures.

NMYC is a proto-oncogene normally expressed in the developing nervous system and
selected other tissues. The NMYC gene product, NMyc, is a nuclear phosphoprotein
with a short half- life and regions of marked similarity to c-myc (110). NMyc must first
dimerize to Max to activate transcription (111).

Max is a ubiquitously expressed nuclear protein with a long half-life, that lacks the
amino-terminal trans-activation domain which characterizes the Myc protein family.
The formation of the heterodimer Max/NMyc leads to the transcriptional activation of
an as yet undefined series of growth-promoting genes (89). Even though NMYC has a
short half-life, the extremely high steady-state levels in amplified tumour cells probably
ensures that cells stay in cycle and do not enter GO (112).

Some neuroblastoma cell lines express high levels of NMYC mRNA or NMYC protein
without gene amplification (107, 113), perhaps due to alterations in normal protein
degradative pathways rather than loss of NMYC transcriptional auto-regulation (114,
115).

A strong correlation between NMYC amplification and 1p loss of heterozygosity (LOH)
has been shown (116). Both NMYC amplification and deletion of chromosome 1p are
strongly correlated with a poor outcome. Most cases with NMYC amplification also

present 1p LOH, but not all cases with 1p LOH have NMYC amplification, indicating
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that 1p deletion might precede the development of amplification. Indeed, it might be
necessary to delete a gene that regulates NMYC expression, or one that mediates
programmed cell death in the presence of high NMYC expression. Alternatively, there
might be an underlying genetic abnormality that leads to genomic instability that
predisposes to both 1p LOH and NMYC amplification (91).

The targets of NMYC remain mostly unknown. Among the most important identified so
far is MDM2, an inhibitor of p53, which causes the translocation of p53 from the
nucleus to the cytoplasm through a nuclear export signal (117).

In neuroblastomas with NMYC amplification, there is an increase of MDM2 with
decreased activity of p53 and therefore a resistance to apoptosis of cells and the

tendency to proliferation.

2.4 EXPRESSION OF NEUROTROPHIN RECEPTORS

The study of neurotrophins during the neoplastic transformation has become interesting
because of the central role of neurotrophin signaling in normal neuronal development.
Neurotrophins are critical to the development of sympathetic nervous system as nerve
growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 and
neurotrophin-4. Neurotrophin signaling is mainly mediated through the Trk family of
tyrosine kinases. To date, three high-affinity neurotrophin receptor genes relevant to
neuroblastoma have been cloned: TRKA, TRKB and TRKC, and their expression is
developmental regulated (91).

TrkA is a transmembrane receptor that, probably, acts as a homodimer. Binding of
TrkA to an homodimer of NGF activates the autophosphorylation of receptor, the
docking of signaling proteins and induces gene transcription. Activation of specific
signaling pathways has been linked to survival and to differentiation, whereas inhibition
of TrkA activation can lead to programmed cell death, depending in part on the state of
differentiation of the cell. So, the presence or the absence of NGF can have a profound
effect in cellular behavior (91).

High levels of TrkA expression are correlated with younger age, lower stage and

absence of NMYC amplification. TrkA expression is highly correlated with a favorable
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outcome, and the combination of TrkA expression and NMYC amplification provides
even greater prognostic power (91).

TrkA/INGF pathway might have an important role in the propensity of some
neuroblastomas to differentiate or to lead to programmed cell death (91). In contrast,
full-length TrkB is expressed preferentially in advanced stage, NMYC amplified
neuroblastomas (118). Many of these tumours also express BDNF, establishing an
autocrine pathway which promotes cell growth and survival (119, 120).

Maturing tumours often express the truncated TrkB, whereas most immature, non-
amplified tumours express neither (121, 122). The TrkB/BDNF autocrine pathway
seems to contribute to both enhanced angiogenesis and to drug resistance (121, 122).
The expression of TrkC is predominantly found in lower stage tumours and, like TrkA
and TrkC, is not show in NMYC-amplified tumours (123, 124).

This indicates that favorable neuroblastomas are characterized by the expression of
TrkA, with or without TrkC, but unfavorable tumours express full-length TrkB plus its
ligand BDNF.

2.5 WNT SIGNALING AND B-CATENIN ACCUMULATION IN
NEUROBLASTOMA CELLS

Whnt proteins are a large family (19 in mammals) of glycosylated growth factors that are
secreted in a regulated manner from source cells (125). They act as morphogens over
short distances to stimulate signaling in responding cells upon receptor binding (126).
Whnt signaling is essential for multiple developmental and homeostatic processes, and
deregulated pathway activity is associated with multiple disease states (127).

How cells respond to incoming Wnt signals depends on the particular ligand/receptor
complex involved, as well as on the cellular context (128). The main classes of Wnt
receptors are: the Frizzled proteins (129) and the low-density lipoprotein receptor-
related proteins 5 and 6 (LRP5 and LRP6) (130-132).

Whnt signaling is generally subdivided into two pathway classes, being either [3-catenin
dependent (canonical) or B-catenin independent (non-canonical, such as planar cell
polarity) (133, 134).
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Frizzled receptors activate both [-catenin-dependent and -independent pathways,
whereas LRP5/6 promote more specifically the Wnt/B-catenin pathway (135).
In the Wnt pathway, B-catenin functions as a transcriptional co-activator of Wnt target
genes in cooperation with members of the TCF/LEF transcription factors (136). It is
also a component of cadherin- cell-cell adhesion complexes at the cell membrane.
Whereas B-catenin in adhesion complexes is thought to be relatively stable, the
cytoplasmic pool is rapidly degraded by the B-catenin destruction complex, a central
player in Wnt signal transduction (137).
In this complex, Axin and adenomatous polyposis coli (APC) promote phosphorylation
of B-catenin by casein kinase la (CK1la) and glycogen synthase kinase 3(GSK3),
resulting in its ubiquitylation- mediated degradation in the proteasome (138-141).
Whnt binding to Frizzled and LRP5/6 leads to inactivation of the destruction complex,
allowing B-catenin to accumulate, enter the nucleus and activate target genes (136).
Three events are generally regarded as essential (Fig.2):

1. phosphorylation of LRP6

2. phosphorylation and membrane localization of dishevelled (Dvl) (142), probably

by means of Frizzled (143,144)
3. Axinrecruitment to phosphorylated LRP5/6 (145)

Wnt off Wnt on

%+, Frizzled

LA & & 4

La o 2 a4

Proteasome
degradation  f

‘ =
= ‘." Y
) {
@ \
g ¢
W = : T A
3 L

.................
,,,,,,,,,,,,,,,,,,,,,,
S

Cyclin D, myc "4,

X axin2, wnt
mRNAs

-
i,

TRENDS in Cell Biology

Figure 2: General overview of Wnt/b-catenin signaling.
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Whnt-signaling pathway plays an important role in the neuronal development process in
vertebrates. Inthe canonical Wnt/R-catenin cascade, B-catenin acts as a central molecule
that activates transcription of downstream growth-promoting genes.

R-catenin is expressed constitutively in neurons and neuroblastoma (146). Many of
evidences suggest that the up-regulation of Wnt-signaling pathway has a potential effect
on the differentiation status of neuroblasts.

In mouse neuroblastoma cells treated by lithium chloride, inhibition of GSK-3[ by the
chemical compound leads to an accumulation of R-catenin and morphological
differentiation (147).

A recent study demonstrates that BR-catenin plays a role in promoting neuronal
differentiation of murine neural stem cells (148).

In NB-1 neuroblastoma cell line with MYCN amplification and homozygous deletion of
chromosome 1p (149), it is demonstrated that accumulation of [-catenin in a
neuroblastoma cells led to growth inhibition and neurite extension which is related to
up-regulation of TrkA. The data suggest a possible availability of R-catenin as a
molecular target for manipulation in the management of neuroblastoma.

The situation is contrasting because, on the other hand, some studies demonstrate that
the accumulation of B-catenin is able to inhibit neuronal differentiation by potentiating
the NOTCH-RBP-Jk signaling pathway (150) and also inhibits neuronal differentiation

of embryonic stem cells (151).
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This research project was devoted to amplify the knowledge of sialidase involvement in
human tumor pathology. In literature, it is shown that abnormalities in the glycosylation
processes are a common marker of cancer; in particular, it has been found an increase of
sialic acid content in glycoproteins and an abnormal sialylation in membrane
glycolipids (38).

These anomalies lead to the appearance of specific glycosphingolipids that are often
absent in healthy cells. These molecules, especially gangliosides, are discharged into the
surrounding microenvironment in higher volumes than healthy tissue.

Cancer gangliosides, present on the cell membrane or secreted, appear to play a key role
in the progression of the disease since (68) they heavily regulate the adhesion/motility
of the cell, participating in the metastatic process. Even in the carbohydrate portion of
glycoproteins changes attributable to neoplastic transformation are found and, in
particular, is often reported an increase of the sialic acid content. Such abnormalities of
membrane glycoproteins, such as selectins and integrins, are functionally important for
the cell and are reflected in the adhesion properties and motility of cancer cells, with
consequences on the growth and metastatic potential of tumor (64).

These observations justify the interest for many years directed to the study of enzymes
that regulate cellular sialic acid content: the sialyltransferases and sialidases.

Scarce evidences are still obtained on the sialyltransferases and on their involvement in
neoplastic transformation; in the case of sialidases there are several lines of evidence
that suggest their active participation in determining the malignant phenotype. In
confirmation, different types of cancer show levels of expression of the four sialidases.
In particular, Neul down-regulation (69), the disappearance of cytosolic sialidase Neu2
(68) and the over-expression of membrane sialidase Neu3 are frequent in cancer (76).
Several indications have shown the involvement of Neu3 in the mechanisms leading to
resistance to apoptosis (76). Instead, the inhibition of Neu2 seems to enhance the
invasive properties of solid tumors (68) and to reinforce the action of the anti-apoptotic
fusion protein Ber-Abl in chronic myeloid leukemia (73) and Neul down-regulation
was found to be inversely correlated with metastatic potential (69).

The study of the roles played by Neu4 in cancer is still ina preliminary stage.

The main aim of this research project was to increase the knowledge regarding the

sialidases in neuroblastoma. In particular, attention has been devoted to the study of the
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last sialidase discovered, therefore, not at all characterized, Neud. As cellular model, a
line of human neuroblastoma, SK-N-BE was used. SK-N-BE cells carry the MYCN

oncogene amplification and characteristically express an unusual high level of NEU4L.

In order to clarify the significance of this peculiarity which significantly mark SK-N-BE

cells from other NB cell lines classified as low risk, we decided to over-express Neud L

in SK-N-BE cells and study the subsequent effects.

The thesis was planned to develop the following points:

1.

Stable Transfection of Neu4L in SK-N-BE cells

2. Assessment of stable transfection
3.
4

Effects on the proliferative potential, cell cycle and differentiation

Evaluation of the changes induced by over-expression of the sialidase Neu4L on
the signaling pathways

Characterization of gangliosides and sialoglycoproteins in order to identify

possible candidate molecules substrate of Neu4L action
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4.1 CELL CULTURE

The human neuroblastoma cell lines, SK-N-BE and SH-5Y-SY, were grown at 37°C
with 5% CO;, in RPMI 1640 medium supplemented with 10% (v/v) FBS, 2mM

glutamine.

The cryopreservation of these cells is commonly performed in liquid nitrogen and

involves the use of freezing medium, contained a mixture of 90% FBS and 10% DMSO.

4.2 STABLE TRANSFECTION OF NEU4L IN SK-N-BE NE CELLS

To perform a stable transfection, we used the plasmid pcDNA3.1/myc-His long
5,493kb.

It contains the following functional elements (Fig.3):

1.
2.

10.

PUC oriensures high replication of the vector in E.coli

SV40 early promoter provides an efficient and high expression of the geneticin
resistance gene

The gene for geneticin resistance allows to select the mammalian cells in which
the plasmid is present

SV40 pA guarantees the entire transcription and the polyadenylation of the gene
for the geneticin resistance

PCMV, cytomegalovirus promoter sequence, ensures a high level of expression
of the recombinant protein

BGH pA guarantees the efficient termination and the polyadenylation of mMRNA
C-terminal polyhistidine sequence allows the purification of the recombinant
protein on metal chelating resins

C-terminal Myc Epitope

The ampicillin resistance gene allows selection in E. coli

The "Multiple cloning site” allows the insertion of the gene of interest and
facilitates cloning in frame with the Myc Epitope and the C-terminal

polyhistidine sequence.

The cDNA of Neud4L was included in the vector by cutting with the restriction

enzymes EcoRI and Xbal.
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PCDNA™3.1/
myc-His

A B,C
5.5 kb

Figure 3: Map of vector pcDNA 3.1/myc-His

4.2.2 BACTERIAL TRANSFORMATION

DH5a E.coli cells, rendered competent by incubation with CaCl,, were incubated on ice
for 30 min and then at 42 ° C for 30 sec (thermal shock) with the plasmid pcDNA3.1-
MycHis-Neu4L (100ng). The LB medium (1% tryptone, 0.5% yeast extract, 1% NaCl)
was added to the cells and the mixture was incubated for 1h at 37 °C while stirring.
After incubation the bacteria were resuspended in 100 ml of LB medium with 50 pg/ml
ampicillin and cultured at 37 °C overnight.

The GenElute Miniprep Plasmid Kit (Sigma) was used to isolate plasmid DNA from
recombinant E.coli cultures. All buffers used for the extraction of the plasmid were

included in the Kit and the protocol enclosed was followed.

4.2.2 TRANSFECTION OF pcDNA 3.1 myc/His IN SK-N-BE CELLS
24 hours before transfection, 8x10° cells were plated in 100mm plates in 8 ml of RMPI
1640 medium without antibiotics.
For transfection, two mixtures were prepared:
1. 500 plof Opti-MEM medium with 8ug DNA
2. 500ul of Opti-MEM medium with 15ul of Lipofectamine 2,000
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After leaving the mixture stand for 5 min, the two solutions were combined and
incubated for 20 min at room temperature to allow the formation of the complex
Lipofectamine 2,000/DNA.

After incubation, the mixture was added to the plate containing the cells.

The cells were then incubated at 37 °C in 5% CO; for 4 hours to allow the process of

transfection, after, the medium was replaced.

4.3 PROLIFERATION ASSAYS

4.3.1 PH] THYMIDINE INCORPORATION

24 hours before the assay, 8.5x10* mock and Neu4L over-expressing cells were
resuspended in RPMI 1640 contained 10% FBS, 2mM glutamine, 200ug/ml geneticin.
Then 0,5pCi/ml [*H]thymidine was added to each well, and after 24 hours at 37°C, the
radioactivity incorporated was determined in trichloroacetic insoluble material using a
B-Counter.

4.3.2 GROWTH CURVE
8x10* mock and Neu4L over-expressing cells were seeded in 24-well culture plates, and

viable cells were counted every 24 hours with Trypan Blue up to 4 days.

4.3.3 MTT ASSAY

The day before, 2x10%® mock and NeudL over-expressing cells were seeded in 24-well
culture plates. MTT was added to the cell in an amount equal to 10% of the culture
medium volume. The culture was incubated for 4 hours, at 37°C, 5% CO,.

After the incubation period, the cells were removed from the incubator and the resulting
formazan crystal was dissolved by adding an amount of MTT Solubilization Solution
(10% TritonX-100, 0.1 N HCI in anhydrous, 8% isopropanol) equal to the original
culture medium volume.

Absorbance was determined by VICTOR spectrophoto/fluorometer at 650 nm to
remove the background absorbance and at 570 nm.
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4.3.4 SOFT AGAR ASSAY

Concerning the soft agar colony formation assay, 0.72% bactoagar was melt in 1 ml of
RPMI 1640 plus 10% FBS and 2mM glutamine to constitute the hard agar layer and
was spread into 35-mm dishes.

1.5x10% cells were rapidly suspended in 1 ml of RPMI 1640 containing 10% FBS, 2mM
glutamine, and 0.36% bactoagar, at 37 °C, and were distributed onto the hard agar layer.
Then the plates were incubated at 37 °C for 2 weeks, and the cell colonies were

counted.

4.4 INDUCTION OF DIFFERENTIATION

Mock and Neu4 L over-expressing cells were grown in line at 37 ° C with 5% CO, for 6
days in RPMI 1640 medium supplemented by 1% (v/v) FBS, 2mM glutamine,
200ug/ml geneticin.

The cells were harvested at different times: 1 day, 2 day, 3 day and 6 day. After 6 days
the medium was replaced with one containing 10% FBS, and cells were harvested at

different times: 1% day and 2" day.

4.5 RNA EXTRACTION

The total RNA was isolated from SK-N-BE cells using the RNeasy mini Kit
(QUIAGEN), which includes columns with silica membranes for the purification of
RNA and appropriate buffers.

8x10° cells were plated, detached from culture plate with trypsin, and pelleted at 300xg,
5minat20 °C

Subsequently the samples were homogenized and lysed by adding of lysis buffer.

RNA was extracted following the manufacturer’s instructions and was collected in 40pl
of water. The 800ng of total RNA was reverse-transcribed employing the iScript cDNA
Synthesis Kit (Bio-Rad Laboratories)
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4.6 RNA ASSAY

The RNA assay was performed using RiboGreen, a reagent containing cyanine.
RiboGreen has a maximum of excitation at 500 nm and an emission maximum at about
525 nm.

Anaqueous RiboGreen mixture was prepared, diluting the stock solution 1:200 with TE
buffer (10 mM Tris/L mM HCI, EDTA, pH 7.5), and a calibration curve using a mixture
of rRNA (16S and 23S ) was set up.

100ul of aqueous RiboGreen solution was added to each sample. Therefore, the

fluorescence was measured on samples and standards.

4.7 RETRO-TRASCRIPTION

RNA was reverse transcribed by using of the iISCRIPT cDNA Synthesis Kit (Biorad)
which consists of the following reagents:
1. 5x iScript Reaction Mix, a mixture that includes random hexamers, oligo-dT,
RNase inhibitor, dNTPs.
Nuclease-free water, used to bring to volume the mixture.
3. IScript Reverse Transcriptase
4ul of Reaction Mix, 1ul Reverse Transcriptase, and nuclease-free water to final
volume of 20l were added to 800ng of RNA
The mixture was incubated for:
1. 5minat25°C
2. 30minat42°C
3. 5minat85°C
A negative mock containing only RNA and water was prepared to verify the absence of

genomic DNA contamination.
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4.8 POLIMERASE CHAIN REACTION (PCR)

The reaction mixture was as follows:

e CDNA

e 1.5mM MgCh
e 200 nM dN TPs mix

e 200 nM Forward primer

e 200 nM Reverse primer
e (2U) Tag-DNA polymerase

Amplification was achieved using an Eppendorf thermal cycler, following the protocol

described here:

1.

denaturation: 95 °C, 2 min

denaturation: 94 °C, 30 sec

Buffer (20 mM Tris-HCI, 50 mM KCI, pH 8.4)

repeated 37 times

3. annealing: 58 °C, 30 sec
4. elongation: 72 °C, 30 sec
5. elongation: 72 °C, 4 min
Gene Forward Reverse
NEU4L TGAGCTCTGCAGCCTTCC |GTTCATGGACCGGTGCTC

Table n°1: Primers used for PCR

49 REAL-TIME PCR

The reaction mixture, prepared in a final volume of 20 pl, contained:
- cDNA:30 ng
- 200 nM Primers:
- 21l of SYBR Green Super Mix (Biorad)
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Moreover, a black without cDNA was prepared for each simple to check the possible

contaminations

iCycler Bio Rad thermocycler was used, following this program of amplification:

denaturation:

denaturation:
annealing:
elongation:
detection of:

fluorescence:

95°C, 15sec

58°C, 30 sec >

95°C, 2 min

repeated 40 times

J

At the end of amplification cycles "melting curve™ was performed to exclude the

presence of non-specific products.

The results were processed using the software equipment available

Gene Forward Reverse

ACTB Sh CGACAGGATGCAGAAGGAG ACATCTGCTGGAAGGTGGA
NEU4L CTCTGCAGCCTTCCCAAG GTCCTCTCCCGCTCGAAG
NMYC CCCTACGTGGAGAGTGAGGA | GTGAGAAAGCTGGACCGAAG
MYC ACGTCTCCACACATCAGCAC CGCCTCTTGACATTCTCCTC
P27 CTCGAGGACACGCATTTGG CACGAACCGGCATTTGG

P21 TGCCCAAGCTCTACCTTCC ACAGGTCCACATGGTCTTCC
CYCLIN D2 TTACCTGGACCGTTTCTTGG CCTGAGGCTTGATGGAGTTG
AXIN2 GGCTCCAGAAGATCACAAAG | TATGGAATTTCCTTCCCCACA
DSH1 GACATCACTTTCTGGCATC TCGTCATTGCTCATGTTCTC
GSK3p ATGTATGGTCTGCTGGCTGT TTCTCTGATTTGCTCCCTTG
BCATENIN AGCTCTTACACCACCATCC GCACGAACAAGCAACTGAAC
NESTIN R CCAAGAACTGGCTCAGGAAA TCTCCCTGCTCTACCACCTC
CD133 CTAGCCTGCGGTCATCTCTC AGGCCATCCAAATCTGTCCT
OCT4 AGGAGAAGCTGGAGCAAAA GGCTGAATACCTTCCCAAA
NANOG GGTCCCAGTCAAGAAACAGA GAGGTTCAGGATGTTGGAGA

Table°2: Primers used for REAL-TIME PCR
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4.10 PROTEIN ASSAYS

Two methods were used for protein assay: Bradford’s and Lowry’s methods.

4.10.1 BRADFORD ASSAY

A standard calibration curve with BSA (bovine serum albumin), at known
concentrations, was prepared to determine the protein concentration of the samples.

1 ml of blue dye Coomassie diluted in water 1:4 was added to each samples; then,

absorbance was detected with a JASCO spectrophotometer, at 595 nm.

4.10.2 LOWRY ASSAY
1ml of the following solution is added to the samples and to the standards prepared with
BSA at known concentration:

- 2% NayCoz in 0.1N NaOH

- 1% CuSO4

- 2% C4H;KNaOg*4H,0
The mixture was incubated for 10 min at room temperature; then, 100pul of the Folin
Ciocalteu reagent, diluted 1:1, in water were added.
The samples were incubated for 30 min, at room temperature. The detection was
performed at 750 nm, with a spectrophotometer JASCO.

4.11 SIALIDASE ACTIVITY ASSAY

Mock and NeudL over-expressing cells were harvested from plates 100 mm, at
approximately 80% of confluence, scraping in PBS (8.1 mM NayHPO4, 1.5 mM
KH2POg4, 2.7 mM KCI, 137 mM NaCl, pH 7.4). The cells were centrifuged at 400xg for
5 min at 4 °C. The supernatant was eliminated and the pellet containing cells was re-
suspended in PBS supplemented with protease inhibitors (10ug/ml leupeptin, 10pg/ml
aprotinin, 10pg/ml pepstatin). Cells were lysed by sonication (2 cycles of 8 sec, 1 min
interval).

The mixture was centrifuged at 800xg for 10 min at 4 °C to remove the unbroken cells

and nuclei from ‘“crude homogenate”. Subsequently, the crude homogenate was
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centrifuged at 70,000xg, for 20 minutes, at 4 °C, to separate the cellular membranes
from cytosol.
The pellet, resuspended in PBS, was used for sialidase activity.
The activity was expressed as U/mg protein: 1U equals to 1umole substrate of released
in1 min.
A fluorimetric, radiochemical and colorimetric assay were performed.
The fluorimetric assay relies on the wuse of artificial fluorescent substrate
methylumberilliferyl-N-acetily-D- neuraminic acid (MU-NeuAc) (152).
The activity was assayed using membrane proteins extracted from cells.
The preparation of the reaction mixture was carried out as follows:

e 50 mM Citrate phosphate buffer, pH 3.2

e 0.1 mM MU-NeuAc

e 600 pg BSA

e 20-25 pgof proteins containing the enzyme
The mixture was brought to a final volume of 100l with H,O.
“White” samples were also prepared, containing all components except the enzyme
preparation.
The samples were incubated at 37 °C, with shaking, for 1 hour. After incubation, 0.2 M
glycine pH 10.8 was added to stop the reaction.
The amount of 4-methylumberilliferyl released by the enzyme was determined by
measuring the fluorescence emitted.
The standard samples were prepared with 0.5 nmol of MU-Na, in a final volume of
100ul. The fluorescence was determined using Nanodrop fluorometer (excitation: 3651
emission: 448))
The radiochemical method uses GDla ganglioside, a natural substrate of sialidase
radioactively labeled with tritium on the carbon chain of sphingosine (153).
The [*H] GD1a and the residual [?H] GM1, released by the sialidase, were separated by
thin layer chromatography (HPTLC) and detected by analysis with radiocromatoscanner
Beta-Imager (Biospace).
The ganglioside micelles were prepared by mixing 173,000dpm (equivalent to 0.45
uCilmole) of [*H] GD1a dissolved in propanol/water 7:3, and 20nmoli of cold GD1a,
dissolved in chloroform / methanol 2: 1.
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The solvents were evaporated under the nitrogen and the gangliosides were resuspended
in 20 yl of water.
The reaction mixtures were prepared in a final volume of 100ul and were composed as
follows:

e 20nmoli, 173,000dpm [*H] GD1a micelles

e 50 mM citrate phosphate buffer, pH 3.2

e 20-25 ng of membranes

e 0.04% Triton X-100
“White” samples were prepared, including all reaction components without the enzyme.
The samples were incubated for 1 hour, at 37 °C with shaking.
After incubation, the reaction was stopped by rapid freezing and subsequent addition of
4 volumes of tetrahydrofuran (400ul).
The reaction products were separated by HPTLC on silica plates using as solvent a
mixture of chloroform/methanol/0.2% CaCl, (60:40:9).
Colorimetric method was used to assay sialidase activity towards glycoproteins, as
fetuin.
The reaction mixture was prepared in a final volume of 100ul and was composed as
follows:

e 100pg Fetuin

e 50 mM citrate phosphate buffer, pH 3.2

e 40pg of membrane proteins
The mixture was incubated for 2 hours at 37°C in shaking; at the end of incubation the
reaction was stopped by freezing at -20.
A resin (DOWEX 1x8 200-400 mesh) was used to bind the extracted sialic acid by the
previous reaction.
The samples were acidified by adding of 1N H,SO, in a final volume of 100pl; in the
same way the standard was made.
The samples were loaded onto the resin, washed 7 times with 1ml of H,O and were
eluted by adding of 2N C,H3NaO, pH 4.6 (about 1,2 ml); then Warren assay was made
to measured the free sialic acid.
400ul of periodate reagent (sodium periodate (meta) 0.2M in 9 M H3zPO,4) was added to

the assay samples and the tubes were incubated for 20 min at 20°C; then, 1ml of 10%
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sodium arsenite (in 0.5 M Na;SO4 and 0.1 N H;SO.) and 3 ml of 0.6% thiobarbituric
acid (in 0.5M Na,SO4) were added to the samples and the mixture was incubated for 15
min at 100°C.

Cyclohexanone was added (4 ml) to the samples to extract the colorimetric signal. The

solution was centrifuged at 1,000 xg for 10 min and absorbance was detected at 550 and
532 nm.

412 ELECTROPHORESIS

4.12.1 NUCLEID ACID ELECTROPHORESIS

Samples were run in a 1% agarose gel, prepared by melting agarose in TAE (0.4 mM
Tris/acetate, 10 M EDTA, pH 8.3). 0.5ug/ml ethidium bromide was added to the
mixture.

The run was performed in TAE buffer, at a constant voltage of 100V.

Samples were dissolved in a loading buffer consisting of 0.04% Bromophenol blue and

5% glycerol in water.

4.12.2 PROTEIN ELECTROPHORESIS
A discontinuous gel, consisting of a stacking and a running gel, was prepared.
Running Gel Composition (12% -10%: Acrylamide):
e HO
e 15MTris/HCIpH 8.8
e 10-12% Acrylamide
e 0.1% w/vSDS
e 0.05% w/v APS (ammonium persulphate)
e TEMED
Stacking Gel Composition (4% Acrylamide):
e HO
e 05MTris/HCIpH6.8
e 0.1% w/vSDS
e 4% acrylamide
e 0.05% w/v APS
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e TEMED

The cells were harvested and broken by sonication and the lysed cells were centrifuged
at 800xg, 10 min at 4 °C to separate unbroken cells and nuclei from the so-called “crude
homogenate”. Subsequently, the crude homogenate was centrifuged at 70,000xg, for 20
min, at 4 °C, in order to obtain the precipitation of cell membranes. The samples,
consisting of 20 g of crude homogenate or membrane proteins, were diluted in loading
buffer (62.5 mM Tris/HCI pH 6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol,
0.01% Bromophenol blue) and were boiled for 3 min.

The electrophoresis was performed in 25 mM Tris/HCI, 19.2 mM glycine, 0.1% SDS,
pH 8.3, at constant amperage of 18 mA. After running, proteins were transferred onto
PVDF membrane for Western blot.

413 WESTERN BLOT

20 pg of proteins were transferred to a PVVDF membrane at 100 V, for 2 hours, at4 ° C.
In order to saturate nonspecific binding sites, the membrane was incubated for 1 hour or
over-night in a Blocking Buffers of different composition depending on the basis of the
primary antibody used: Blocking Buffer consisting of TBS (50 mM Tris/HCI, 0.15 M
NaCl, pH 7.5), 0.1% (w/v) Tween 20 with or 1% BSA, used for the characterization of
phosphorylated proteins, or 5% non fat milk powder in all other cases.

The membrane was washed in TBS and 0.1% Tween 20 and then, the primary
antibodies, appropriately diluted in Blocking Buffer, were added and incubated for 1
hour or over-night.

The following primary antibodies were used:

Antibody Source Dilution
Myc epitope Mouse 1:400

Cytochrome C Mouse 1:1,000
[3-catenin Mouse 1:5,000
P-cdk2 Rabbit 1:1,000
Nmyc Rabbit 1:1,000
v-Src Rabbit 1:1,000
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Cytochrome P450 | Rabbit 1:1,000
P-Rb 807/811 Rabbit 1:1,000
NCAM Rabbit 1:1,000
Lamp2 Goat 1:1,000

Table 3: antibodies used for Western blot

The membrane was washed several times in TBS and 0.1%.Tween 20

Then, the membrane was incubated for 1 hour with the secondary antibody conjugated
with peroxidase, diluted 1: 2,000 in Blocking Buffer.

Following the final wash, the detection of the antibody complex was performed with the
SuperSignal West Pico/Dura Trial Kit (Pierce).

4.14 SIALOGLYCOPROTEIN ASSAY

30ug of cytosolic and membrane proteins were separated by SDS-PAGE on 10%
polyacrylamide gel and then transferred onto PVVDF membrane , at 100 V for 2 hours, at
4 °C.

Sialoglycoproteins were visualized using the DIG (Glycan Differentiation Kit-Roche
Applied Science) and following manufacturer’s protocol. In particular, we used lectin
MAA (Maack amurensis agglutinin) to identify glycoproteins containing sialic acid
a2—3 linked to galactose, and the SNA lectin (Sambucus Nigra agglutinin) for the
identification of glycoproteins containing sialic «2—6 acid bound to galactose.

The membranes were incubated overnight with a blocking buffer consisting of TBS
BUFFER and 5% milk powder. Then, we proceeded with 2 washes of 10 min in TBS
and a further wash of 10 min in buffer 1 (TBS, 1 mM MgCk, 1 mM CaCk, pH 7.5).
After washing, the membranes were incubated for 1 hour with the lectin conjugated to
digoxigenin.

After incubation, the membranes were washed 3 times, for 10 min, in TBS, and then
incubated for 1 hour with an anti-digoxigenin antibody conjugated with alkaline

phosp hatase.
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After 3 additional washes in TBS, antibody complexes were visualized by adding the

chromogenic substrate NBT/X-phosphate, dissolved in buffer 2 (0.1 M Tris/HCI, 0.05
M MgCk, 0.1 M NaCl, pH 9.5).

4.15 LUCIFERASE ASSAY

The day before, 6x10* cells were seeded in 24-well culture plates in 500 ul of RPMI
plus 10% FBS and 2mM glutamine.

Cells were transfected with TOPFlash (TCF Reporter Plasmid), vector carrying a
promoter responsive to [3-catenin upstreamthe luciferase gene.

In particular it contains 2 sets (with the second set in the reverse orientation) of three

copies of the TCF binding site (wild type) upstream of the Thymidine Kinase (TK)
minimal promoter and Luciferase open reading frame.

TOPFLASH

(wt TCF binding sites)

85pj)100

Figure 4: map of vector TOPFLASH
The transfection was made as described below:
1

750 ng of TOPFlash were diluted in 100 yl Opti-MEM
2

1l of PLUS Reagent (Invitrogen) was directly added to the diluted DNA. The
solution was mixed and incubated for 5 min

4ul of Mix Lipofectamine LTX (Invitrogen) was added to the mixture and
mixed thoroughly.

The solution was incubated for 30 min, at room temperature
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5 100l of DNA-Ilipid complex were added to the cell, and were incubated for 12
hours at 37°C, 5% CO»

The next day, the medium containing DNA-lipid complex, was removed and replaced
with 200l of RPM 11640 with 10% FBS and 2mM glutamine. The cells were incubated
for 24 hours at 37°C, 5% CO,.
At the end of the incubation, the activation of the reporter assay was followed using the
luciferin (Promega). The luminometric signal was measured by a VICTOR luminometer
(Wallac).

4.16 METABOLIG LABELING OF CELL SPHINGOLIPIDS WITH
[3-*H] SPHINGOSINE

The sphingolipid pattern of SK-N-BE cells was determined by metabolic labeling with
[3-3H] sphingosine ([3-3H] SPH). [3-2H] SPH is a natural precursor of sphingolipids.
When cells are placed in culture medium supplemented with radiolabeled sphingosine,
[3-3H] SPH is absorbed and used into the biosynthetic pathways of sphingolipids. The
metabolic products are radioactive, and after extraction and separation by HPTLC, it is
possible to evaluate the cellular sphingolipid content in terms of both quality and
quantity.

(0.4 uCi) [3-*H] SPH was administered to the cells after being dissolved in culture
medium at a final concentration of 3x108M. Subsequently, the lipids were extracted and
separated by HPTLC and the chromatographic profile was read by Beta-Imager

equipment (Biospace).

1. DISSOLVING OF SPHINGOSINE:
[3-H] SPH was dissolved in sterile conditions in RPMI 1640 medium with 10%
FBS, 2 mM Glutamine.
The solution was sonicated for 2 min and vortexed for 1 min. This procedure was
repeated 3 times. The degree of solubilization (> 70%) was verified by counting the

radioactivity by B-counter (Perkin Elmer).
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2.

PULSE:

The day before, 8x10° cells were plated.

The culture medium was replaced with 5ml of medium containing [3-*H] SPH.

The cells were then incubated for 2 hours at 37 °C, with 5% CO,.

In this phase the cells absorbed the [3-*H] SPH present in the medium.

After two hours, the medium was taken from plates and stored for the quantification
of [3-3H] SPH absorbed by cells, by counting the radioactivity with a p-counter
(Perkin Elmer).

CHASE
The cells were grown in 8ml of growth medium without [3-H] SPH, for 24 hours,
at 37 ° C with 5% CO5.

CELL HARVESTING

At the end of the chase, medium was collected from plates and kept for counting by
B-Counter (Perkin Elmer). The cells were washed three times with PBS and
harvested.

After being harvested by centrifugation (300xg, 10 min, 4 °C), the cells were freeze
and lyophilized

EXTRACTION OF TOTAL LIPIDS FROM CELL PELLET
The lyophilized cells were resuspended in 25ul of water, sonicated in ultrasonic
bath and vortexed. In order to obtain a good solubilization, two lipid extractions

were made.

FIRST EXTRACTION

10 volumes of methanol were added to the aqueous solution of cells. The resulting

mixture was sonicated in ultrasonic bath for 2 min and vortexed for 1 min.

Then, 20 volumes of chloroform were added. Sonication in ultrasonic bath for 2 minutes
and agitation were repeated.

The samples were shaken on an Eppendorf shaker for 10 min and centrifuged at

10,000xg, for 10 min at room temperature.
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The supernatant containing the lipids was transferred to a new eppendorf.

SECOND EXTRACTION

10 volumes of a mixture of chloroform / methanol 2:1were added to pellet.

The samples were sonicated in ultrasonic bath, vortexed and shaken for 10 min; then,
they were centrifuged at 10,000xg, for 10 min, at room temperature. The lipid
supernatant was collected and combined with that collected after the first extraction.

The protein pellets, after the evaporation of solvent, was digested overnight at room
temperature in 50ul of LN NaOH and then, subsequently, increased to 1 ml with water.
Proteins were then measured by the method of Lowry.

The lipid radioactivity was evaluated to determine the percentage yield of the lipid

extraction.

PARTITION OF LIPIDS

This procedure allows to divide the extracted lipid in an agqueous phase (FA), containing

gangliosides, and an organic phase (FO), containing neutral glycolipids.

The partition was divided into two phases:

FIRST PARTITION

In order to separate the aqueous from the organic phase, a volume of water equal to

20% of the total solution was added to lipid extracts. Samples were vortexed and mixed
on Eppendorf mixer for 15 min and centrifuged at 3,500xg for 5 min. The agqueous

phase was collected and transferred to a new eppendorf.

SECOND PARTITION
A mixture of methanol / water 1: 1, equal to 40% of the initial volume, was added to the

organic phase. The separation of the agueous phase from the organic phase was
obtained by vortexing and agitation on an Eppendorf shaker for 15 min and, finally,
centrifugation at 3,500xg for 5 min.

The aqueous phase was collected and added to that obtained in the first separation.
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The two separated phases were dried under nitrogen and suspended in a mixture of
chloroform/methanol 2:1. The aqueous phase was resuspended in 100 pl of solvent,
while the organic phase was resuspended in 200 pl.

Radioactivity assays of the two phases were performed to determine the percentage
yield of the partition. The total lipids, neutral glycolipids and gangliosides were then
separated by HPTLC and the content of the component detected was expressed as dpm /
mg total protein.

In order to separate total lipids and gangliosides was used a solvent consisting of
chloroform/methanol/0.2% CaCl, (60:40:9) and to separate neutral lipids in the organic

phase, a solvent consisting chloroform/methanol/water (110:40:6).

417 FLOW CYTOFLUORIMETRY

Cells were labeled with 20 uM BrdU for 15 min at 37°C harvested, and fixed in 70%
ethanol. Fixed cells were incubated in 3N HCI for 15 min, washed with 0.1 M Na;B407,
pH 8.5, and finally stained sequentially with monoclonal anti-BrdU (BD Biosciences) in
PBS, 0.5% Tween 20, 1% BSA, and anti-mouse Alexa488 antibody (Invitrogen Life
Technology). Later, the cells were resuspended in PBS containing 3 pg/ml propidium
iodide RNase and 1%BSA, and stained overnight at 4°C in the dark. Cell analysis was
performed on at least 30,000 events for each sample by FACSCalibur System (BD
Biosciences) and the DNA profile was analyzed by Summit 4.3 (Cytomation Coulter,
Glostrup, Denmark).

4.18 CELL SUBFRACTIONATION

In order to obtain mitochondria, lysosomes, reticulum endoplasmatic, membrane and
cytosol, 2x10” NeudL over-expressing cells were plated, harvested and sub- fractionated

as fellow.

4.18.1 MITOCHONDRIA ISOLATION

We used the mitochondria isolation Kit (PIERCE) to isolate mitochondria.
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2x107 cells were harvested and centrifuged at 850xg for 2 min; then we followed the

manufacturer’s instructions.

4.18.2 LYSOSOME ISOLATION

The lysosomes were obtained from the supernatant previously obtained after
mitochondria isolation; in particular, it was centrifuged at 12,000xg for 15 min at 4°C.
This supernatant fraction (PMF), which is post mitochondria fraction, is the source of

microsomes while the pellet contains the lysosomes.

4.18.3 ENDOPLASMATIC RETICULUM ISOLATION

In order to separate endoplasmatic reticulum, we used Endoplasmatic Reticulum
isolation Kit (SIGMA). The PMF was transferred to a beaker containing a suitable
magnetic spinbar and a volume of 8mM Ca,Cl, equivalent of 7,5 times the volume of
PMF, was added to the PMF with constant stirring. After, the mixture stirred for
additional 15 min. The sample was centrifuged at 8,000xg for 10 min at 4°C. The
obtained pellet contained the enriched RER microsomes

4.18.4 MEMBRANE AND CYTOSOL ISOLATION
The supernatant, isolated after RER preparation, was centrifuged at 70,000xg for 20 min
at4°C.

The pellet contained cell membranes while the supernatant was the cytosol.
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5.1 SIALIDASE NEU4 GENE EXPRESSION IN
NEUROBLASTOMA CELL LINES SH-SY5Y AND SK-N-BE

Total RNA was extracted to determine the sialidase Neud gene expression in SK-N-BE
and SH-SY5Y cells, as described in materials and methods.
The RNA was reverse transcribed and the cDNA was analyzed by Real Time PCR.
Then, the values were normalized to the housekeeping gene encoding B-actin.
Neud expression was quantitatively assessed and compared in two different
neuroblastoma cell lines, SK-N-BE and SH-SY5Y cells. SK-N-BE cells showed a 3.57-
fold increase of Neu4 mRNA in comparisonto SH-SY5Y (Fig. 5.1).

1,2
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0,6
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Relative expression, as mRNA

0
SH-5Y5Y SK-N-BE

Figure 5.1: Neu4 expression in SH-SY5Y and SK-N-BE cell lines

5.2 OVER-EXPRESSION OF SIALIDASE NEU4L IN SK-N-BE
CELLS

SK-N-BE cells were transfected with the recombinant vector pcDNA 3.1-myc-His-
NeudL, using the procedure described in materials and methods.

Selection in 200 ug/ml geneticin began 48hours after transfection and after 2 weeks
individual colonies were isolated using cloning disks.

In order to assess the efficiency of the stable transfection, two different approaches were
adopted:

e Determination of Neu4L mRNA increase by Real Time PCR

o Determination of sialidase activity in the particulate fraction, at pH 3.2
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5.2.1 SIALIDASE NEU4L GENE EXPRESSION IN SK-N-BE TRANSFECTED
CELLS

After selection, 3 different clones were isolated and compared to mock cells.

Total RNA was extracted and reverse transcribed from these clones, as described in
materials and methods, to verify the presence and the increase of NEU4L expression.
NeudL over-expression was evaluated by REAL-TIME PCR (Fig. 5.2).

2500 ~
2000 -
1500 -
1000 -

500 -

Relative expression, asmRNA

0
Mock Cl.1 Cl.2 Cl.3
Figure 5.2: NeudL expression in mock and over-expressing cells

NeudL over-expressing cells showed a net increase of NEU4L expression, in
comparison to mock cells. Among the selected clones, NeudL CI.1 exhibited a 1,700-
fold increase of NEUAL expression in comparison to mock cells. We decided to

continue the experiments on this clone.

5.2.2 SIALIDASE ACTIVITY ON CELL MEMBRANES OF NEU4L OVER-
EXPRESSING CELLS

The cell membranes of mock and Neu4L over-expressing cells were obtained using the
protocol described in materials and methods. The sialidase activity was subsequently
assayed at pH 3.2 toward the artificial substrate methylumberilliferyl-N-acetily-D-

neuraminic acid (MU-NeuAc).
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Figure 5.3: sialidase activity towards MU-NeuAc at pH 3.2

The sialidase activity was estimated equal to 312 pU/mg in NeudL over-expressing
cells, while in mock cell it was 170 pU/mg. Therefore, we assessed a 1.83-fold increase
of sialidase activity in NeudL over-expressing cells in comparison to mock cells (Fig
5.3).

Moreover, we assayed sialidase activity towards fetuin, as a representative
sialoglycoprotein, at pH 3.2 (Fig 5.4); we also decided to evaluate the activity at pH 7 to
demonstrate that the sialidase worked at physiological pH.
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pH 3.2 pH 7
Figure 5.4: sialidase activity towards Fetuin at pH 3.2 and pH 7
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NeudL over-expressing cells showed a sialidase activity equal to 180 pU/mg, while
mock cells equal to 130 pU/mg; there was a 1.4-fold increase in Neu4 L over-expressing
cells at pH 3.2.

We found the same increase at pH 7; in fact, Neud L over-expressing cells showed an
activity value equal to 287uU/mg vs 212uU/mg in mock cells.

These results demonstrated that cells, transfected with pcDNA3.1 Myc/His- Neu4lL,
stably over-expressed the sialidase Neu4L and that the enzyme was also active at
physiological pH towards sialoglycoproteins.

Cell membranes were also used to determinate the sialidase activity towards ganglioside
GD1a, as described in materials and methods, but we did not find differences between
mock and Neu4 L over-expressing cells.

5.3 SIALIDASES NEU1 AND NEU3 GENE EXPRESSION

In order to make sure that the transfection with NeudL did not alter other sialidases
behaviour, we evaluated sialidase NEU1 and NEU3 gene expression by Real Time
PCR.

Sialidase NEU2 is not expressed by SK-N-BE cells.
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Figure 5.5 Gene expression of sialidases NEU1 and NEU3

Sialidases NEU1 and NEU3 did not show significant alterations in gene expression
between mock and NeudL CI.1 cells (Fig 5.5).
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5.4 NEU4AL LOCALIZATION

Mitochondria, endoplasmatic reticulum, lysosomes, membrane and cytosol were
obtained as described in material and method.

The proteins were separated by SDS-PAGE and transferred to PVVDF membrane.
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Figure 5.6: Characterization of Neu4L localization: A) Western Blot, B) densitometric
analysis
NeudL seemed to be localized in mitochondria and RER, while it was not present in
lysosomes, membrane and cytosol. The efficiency of sub-fractionation was followed by
the analysis of specific markers. The localization of NeudL was identified to be in
mitochondria (60%) and in RER (40%) (Fig. 5.6).

55 EFFECTS OF NEU4L OVER-EXPRESSION ON SK-N-BE
MORPHOLOGY

As showed in Fig 5.7, mock cells seemed to be smaller and with a well-defined cell body;
NeudL over-expressing cells seemed to be larger than mock cells and more adhesive to the

plate. Therefore, NeudL over-expression induced some significant morphological changes.

Figure 5.7: Phase contrast microphotographas of A) mock cells B) Neu4L over-expressing

[
cells 57



RESULTS

56 EFFECTS OF NEU4L OVER-EXPRESSION ON THE
PROLIFERATION RATE OF SK-N-BE CELLS

We carried out several experiments to evaluate the proliferative potential of transfected
cells:

e Growth Curve

e [H]Thymidine incorporation

e MTT assay

e Soft Agar Assay

5.6.1 GROWTH CURVE

Mock and NeudL over-expressing cells were plated and counted after staining with
Trypan Blue, at intervals of 24 hours, up to 4 consecutive days, as described in
materials and methods. It was possible to create a growth curve to compare the
proliferative potential of mock and Neu4L CI.1 cells.

As shown in fig. 5.8, it was clear that the over-expression of Neu4L caused a marked
increase of proliferation rate in comparison to mock cells. At 4™ day of cell culture,

NeudL over-expressing cells showed 1.56-fold increase in comparisonto mock cells.

~3

Days of culture

Figure 5.8: Growth curve
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5.6.2 [3H] THYMIDINE INCORPORATION

In order to confirm the increase of the proliferation, identified by growth curve, we
decided to determinate the capacity to incorporate [*H] thymidine.

NeudL over-expressing cells showed a 1.58-fold increase of [*H]thymidine

incorporation in comparison to mock cells (Fig.5.9).
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Figure 5.9: % [*H]Thymidine incorporation

5.6.3 MTT ASSAY
As further evidence, mock and Neu4 L over-expressing cells were plated and MTT assay

was performed every 24hours, as described in materials and methods.

60 -

50 1 —#— Neu4l Cl.1

A (arbitrary unit)

Days of culture
Figure 5.10: MTT assay

Fig. 5.10 shows that cells transfected with NeudL, were able to convert the
chromogenic substrate with an efficiency 1.56-fold higher in comparison to mock cells,

confirming an increase of proliferation rate.
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5.6.4 SOFT AGAR ASSAY

1.5x10° NeudL over-expressing and mock cells were plated, and maintained in soft agar
at 37°C and 5% CO; for 2 weeks, as described in materials and methods. After, the
plates were stained by 0.005% Crystal Violet and incubated for 1 hour.

The colonies formed by Neu4L over-expressing cells were numerically major and larger
than colonies formed by mock cells (Fig 5.11).

A Mock Neu4LCl.1 B

Figure 5.11: Soft Agar assay A) mock colonies B) Neu4L over-expressing colonies
C) Phase contrast microphotographas of mock cells and D) of Neu4L over-expressing cells

5.7 NEU4L OVER-EXPRESSION INCREASES THE
PHOSPHORYLATION OF RB AND CDK2 PROTEINS

In order to better clarify the changes concerning proliferation rate, previously described,

we focused our attention on 2 proteins that are involved in the regulation of cell cycle,
Rb and cdk2.

8x10° mock and NeudL over-expressing cells were plated in RPMI11640 plus 10 % FBS
and 2 mM glutamine and lysed by sonication. The protein content was separated by
SDS-PAGE and transferred to PVDF membrane to evaluate Rb and cdk2
phosphorylation.
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Figure 5.12: A) western blot and B) densitometric analysis of P-Rb and P- cdk2 in
mock and Neu4L over-expressing cells

NeudL over-expressing cells showed a net increase of Rb and cdk2 phosphorylation
(Fig. 5.12); in particular, by densitometric analysis, we were able to determine that there
was a 3-fold increase of Rb phosphorylation and a 1.24-fold increase of cdk2

phosphorylation, in comparison to mock cells.

58 EFFECT OF NEU4L OVER-EXPRESSION ON THE
ONCOGENE NMYC

NMYC, as known in the literature, is over-expressed in SK-N-BE cells because of gene
amplification (108). We examined possible changes in NMYC gene and protein
expression after NeudL over-expression.

8x10°> mock and NeudL Cl.1 over-expressing cells were plated in RPMI 11640 plus
10% FBS and glutamine and harvested after 48 hours.

In order to analyze the gene expression, the RN A was extracted and retro-transcribed; to
study the protein content, the cells were lysed by sonication, separated by SDS-PAGE,

and finally transferred to PVDF membrane.
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Figure 5.13: Characterization of NMyc: A) western blot of NMyc B) densitometric analysis
C) NMYC gene expression by Real-Time PCR

NeudL over-expressing cells showed a 3-fold increase of NMYC expressionand a 1,68-

fold increase of protein content in comparison to mock cells.

59 EFFECTS OF NEU4L OVER-EXPRESSION ON THE
DIFFERENTIATION OF SK-N-BE CELLS

As know in literature, SK-N-BE cells can differentiate along the neuronal lineage under
specific stimulation, such as retinoic acid and the reduction of serum (FBS) in the
medium (96, 97).

The cells are obliged to not proliferate, but go out from cell cycle and differentiate.

To this end, 6x10° mock and NeudL over-expressing cells were plated in RPMI1640
plus 1% FBS, and harvested every 24 hours for 6 days. At the 6" day the medium was
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replaced with one containing 10% FBS, and the cells were harvested every 24 hours for
3 days.
The differentiation was analyzed by 4 procedures:

1. MTT assay

2. Cell morphology and differentiation markers

3. Analysis of cell cycle by FACS and proteins regulating cell cycle

4

. Gene expression of some regulators of cell cycle

59.1 MTT ASSAY
Mock and Neu4dL over-expressing cells were plated in RMPI 1640 plus 1% FBS up to 6
days; then, the medium was replaced with RPMI 1640 plus 10% FBS.

MTT assay was performed, as described in materials and methods.
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Figure 5.14: MTT assay of mock and NEU4L CI.1 cells after

FBS reduction
NeudL over-expressing cells seemed to be more sensitive to the reduction of FBS; in
fact, they showed a 1.31-fold decrease in comparison to mock cells during the first 3
days of cell culture (Fig 5.14).
This difference increased during the following 3 days of differentiation: at 6 day,
NeudL over-expressing cells showed a 1.88-fold decrease of proliferation rate in
comparison to mock cells. When the medium was replaced with one containing 10%
FBS, NeudL over-expressing cells proliferated again more than mock cells. We
observed that the difference between mock and NeudL over-expressing cells was
reduced in the following 2 days in 10% FBS (1.88 fold decrease at the 6'" day in 1%
FBS vs 1.3-fold decrease at the 2" day in 10% FBS) (Fig.5.14).
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5.9.2 CELL MOPHOLOGY AND DIFFERENTIATION MARKERS

Already after 24hours, mock cells tended to establish a dense network of neurites and to
undergo to morphological changes such as the reduction of soma, which culminated
after 3 days. In contrast, these growth conditions did not suffice to trigger the same
process in NeudLCl.1 cells since the morphological changes and the neurite emission
occurred at lower levels than mock cells (Fig. 5.15)

Figure 5.15: Phase contrast microphotographas of A) mock cells B) NeudL over-
expressing cells after 6 days with 1% FBS

In order to evaluate the degree of differentiation, we analyzed two markers of the
neuronal differentiation: c-Src and NCAM.

Src family kinase is a family of non-receptor tyrosine kinases that includes nine
members. They are involved in many processes in cell biology; in particular c-Src is
involved in differentiation (42).

Neural Cell Adhesion Molecule (NCAM, also the cluster of differentiation CD56) is a
homophilic binding glycoprotein expressed on the surface of neurons, glia, skeletal
muscle and natural Killer cells. NCAM has been implicated as having a role in cell-cell
adhesion, neurite outgrowth, and synaptic plasticity (154).

In order to value the degree of differentiation 8x10° cells were plated and harvested.

The crude homogenate was separated by electrophoresis and transferred to PVDF

membrane.
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Figure 5.16: A) Western Blot of NCAM and c-Src protein, B) densitometric
analysis of NCAM and C) c-Src

Both neuronal markers increased in mock cells during differentiation (Fig. 5.16) and
resulted to be less expressed in Neu4 L over-expressing cells.

NCAM showed a 1.46-fold decrease in NeudL over-expressing cells in comparison to
mock cells.

c-Src protein was almost absent in NeudL over-expressing cells. We observed a light
increase of the marker at the 6" day, but the levels remained low; instead, in mock cells
the level of c-Src protein was higher already at the 1% day and continued to increase
until the 6" day.

5.9.3 ANALYSIS OF CELL CYCLEBY FACS

In order to confirm the data obtained through the MTT assay, we decided to investigate
the cell cycle by FACS. Mock and Neu4L over-expressing cells were plated, labeled
with 20 uM BrdU for 15 min at 37°C, harvested, and fixed in 70% ethanol, as described

in materials and methods.
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Figure 5.17:analysis of cell cycle by FACS
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After 24 hours, 63% of NeudL over-expressing cells blocked the cell cycle in G1 phase
in comparison to 51% of mock cells (Fig. 5.17). This gap increased until the 3" day of
differentiation; in fact, the 88% of NeudL over-expressing cells were blocked in G1
phase, in contrast to the 71% of mock cells. The block of cell cycle in NeudL over-
expressing cells was annulled when the medium was replaced with RPMI 1640
containing 10% FBS: Neu4L over-expressing cells returned to proliferate and unblock
the cell cycle.

It was clear that NeudL over-expressing cells woke up from a quiescent state and their
accumulation in S phase was increased (from 8% at the 6'" day in 1% FBS to 35% at 1%
day in 10% FBS).

We investigated the behavior of P-Rb and P-cdk2 during the induction of differentiation
through serum reduction.

8x10° cells were plated and harvested. The homogenate crude was loaded on SDS-
PAGE and transferred to PVDF membrane.
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Figure 5.18: A-B) Western Blot of P-Rb and P-cdk2 protein and C-D)

densitometric analysis
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The content of P-Rb and P-cdk2 changed during differentiation (Fig. 5.18): in NeudL
over-expressing cells, a faster down-regulation of phosphorylation was observed in
presence of 1% FBS; at the 3" day P-cdk2 was 2.2-fold decreased and P-Rb was 2.25-
fold decreased in comparison to mock cells. The situation changed, when the medium
was replaced with one containing 10% FBS: Neu4 L over-expressing cells returned to an
initial situation with levels of phosphorylation higher than mock cells (P-cdk2 was 3.5-
fold increased and P-Rb was 2.9-fold increased). These data confirmed that the
reduction of FBS induced a block of Neu4L over-expressing cells in G1 phase; in fact,
the levels of phosphorylation of P-Rb and P-cdk2 decreased. When 10% FBS was

added, NeudL over-expressing cells fully re-activated their proliferation machinery.

5.9.4 REGULATORS OF CELL CYCLE
In order to clarify the alteration on the cell cycle during FBS deprivation, we focused
our attention on the gene expression of cyclins, which regulate the G1-S transition, and
on inhibitor of cell cycle. In particular, we analyzed the gene expression of:

e CyclinD1

e p21
The cells were plated, harvested and mRNA was extracted as described in materials and

methods, finally, the gene expression was studied by Real- Time.
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Figure 5.19: Gene expression of CYCLIN D1 (A) and p21 (B) by REAL-TIME PCR
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Fig. 5.19 shows that the levels of cyclin D1 slightly decreased during 1% FBS culture
but, when 10% FBS was added to culture, its expression showed a 1.5-fold increase in
Neu4L over-expressing in comparison with mock cells.

During differentiation, p21expression showed a 1.6-fold increase at the 1% day and a 3-
fold increase at 6™ in Neu4L over-expressing cells in comparison to mock cells; while,
when the medium was replaced with one containing 10% FBS, p21 expression was at

the same levels in mock and Neu4L over-expressing cells.

5.10 ACTIVATION OF WNT/B-CATENIN PATHWAY IN NEU4L
OVER-EXPRESSING CELLS

We studied the activation of this pathway by 3 different approaches:

1. analysis of active B-catenin content

2. analysis of the activation of B-catenin by luciferase assay

3. analysis of the expression of B-catenin target genes
In order to analyze the B-catenin protein, 8x10° Neu4L over-expressing and mock cells
were plated and harvested after 48 hours. The crude homogenate was separated by SDS-

PAGE and the proteins were transferred to P\VVDF membrane.
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Figure 5.20: A)Western Blot of non-phosphorylated p-catenin and B)
densitometric analysis

The amount of active, non-phosphorylated B-catenin was about 3-fold increased in
NeudL over-expressing cells in comparison to mock cells. This data was an indication
of the involvement of Wnt/B-catenin pathway (Fig. 5.20).
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In order to confirm the previous observations, we used a gene reporter assay responsive
to B-catenin.

6x10* cells were plated and transfected with the TOP-Flash vector; then luciferin was
added and the luminescence signal was measured, as described in materials and
methods.

Neu4cl.1 ——'

Mock HH

0 200 400 600 800

luciferase activity (arbitrary units)

Figure 5.21: TOP-Flash assay in mock and NeudL over-
expressing cells

The Fig. 5.21 shows a 2-fold increase of detected signal in NeudL over-expressing cells
in comparison to mock cells, demonstrating signal the occurrence of a higher gene
transactivation activity of B-catenin.

At the end, we focused our attention also on target genes which are regulated by B-
catenin activation.

6x10° cells were plated, harvested, mRNA was extracted and analyzed by Real-Time
PCR.
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Figure 5.22: A)Real-Time PCR of B-catenin target genes, B9 Real-Time PCR
of genes involved in Wnt/B-catenin pathway
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Some [-catenin target genes were up-regulated in NeudL over-expressing cells; in
particular we noted that Nmyc was 3-fold increased, myc was 10-fold increased, Axin2
was 2 fold increased, cyclin D2 was 2 fold-increased (Fig.5.22A). We also found that
two other genes, involved in Wnt/B-catenin pathway, were up-regulated in Neu4L over-
expressing cells: DSH1(Dishevelled 1) was 2.5-fold increased, and, the expression of -
CATENIN was 1.3 fold increased.

511 THE TREATMENT WITH LiClI INHIBITS THE
DIFFERENTIATION OF SK-N-BE CELLS

LiCl is a well-known activator of Wnt/B-catenin pathway through the inhibition of
GSK-p (155).
In order to prove that an increase of B-catenin inhibited the differentiation and induced
the modifications identified above in SK-N-BE cells, mock cells were treated with 10
UM LiCl in1 % FBS medium and then we analyzed:

e the morphological modifications

e the proliferation

e the markers of differentiation

Mock+LiCl 10X

Figure 5.23: Phase contrast microphotographas of A) mock cells B) mock cell +
LiCl10 pM after 3 days of differentiation

After 3 days of culture, mock cells acquired a typical neuronal morphology already
described in previous experiments, but mock cells treated with 10uM LIiCIl presented
neurites less developed and also a cell body bigger in comparison to untreated mock
cells (Fig.5.23).

72



RESULTS

For proliferation, mock and mock cells treated with LiCl were plated and MTT was

tested at the end of differentiation process, as described in materials and methods.

10 +
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Mock Mock+LiCl
Figure 5.24: MTT ASSAY

MTT assay demonstrated that the treatment of cells with LiCl 10uM induced a 4.6-fold
decrease of proliferation in comparison to mock cells (Fig 5.24). This data confirmed
that the inhibition of Wnt/B-catenin pathway was involved in differentiation induction.
The morphological and proliferative modifications, described above, induced to think
that these cells started to assume a behavior-like Neu4L over-expressing cells.

As further evidence we valued the degree of differentiation after LiCl treatment.

8x10° cells were plated, harvested and a Western blot was made as described in

materials and methods.
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Figure 5.25: A) Western blot and B) densitometer analysis of c-Src

and NCAM in mock and mock treated cells with LiCl 10pM
Mock cells showed a 1.7-fold increase of c-Src protein and a 1.3-fold increase of
NCAM in comparison to mock cells treated with LIiCl (Fig. 5.25). This was another

prove that the levels of intracellular B-catenin were crucial to inhibit the differentiation.

5.12 STEM CELL MARKERS

In order to demonstrate that NeudL over-expression was able to reprogram
neuroblastoma cell line, we analyzed the main stem cell markers.
6x10° cells were plated, harvested and mRNA was extracted as described in materials

and methods. The gene expression was studied by Real- Time PCR.
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Figure 5.26: Gene expression of stem cell markers
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NeudL over-expressing cells presented higher expression levels of all markers; in
particular, CD133, NESTIN and OCT-4 were 1.3 fold increased, while NANOG was 2-

fold increased in these cells in comparison to mock (Fig.5.26).

5.13 GLYCOPROTEIC PROFILE

The proteins were fractionated into membrane and cytosol, separated by SDS-PAGE,
transferred to PVDF membrane and characterized by using of lectin MAA, which
recognizes sialic acid linked a2—3, and lectin SNA, which recognizes sialic acid linked

a2—6, as described in materials and methods.
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Figure 5.27:Sialoglycoprotein analysis: A) detection with lectin

MAA and B) with lectin SNA
The over-expression of sialidase NeudL induced an important modification on

sialoglycoproteins, which were recognized by lectin MAA,; these alterations were
mainly localized on cytosolic sialoglycoproteins with molecular weight between 51 and
98 kDa; and on membrane sialoglycoproteins with molecular weight about 200 kDa
(Fig. 5.27 A).

Instead we did not see considerable modifications on sialoglycoproteins, which were
recognized by lectin SNA (Fig. 5.27 B).

75



RESULTS

5.14 GANGLIOSIDE AND NEUTRAL SPHINGOLIPID PROFILE

Mock and NeudL over-expressing cells were labeled with [*H] sphingosine, proceeding
as described in materials and methods. After a pulse of 2 hours, we calculated that the
amount of precursor, which cells incorporated, was equal about 40% -45% of [*H]
sphingosine total. After a chase of 24 hours, the cells were freeze-dried; then we have
proceeded with the extraction of total lipids and the partition of neutral sphingolipids in
an organic phase and gangliosides in an aqueous phase. Lipid extracts, finally, were
separated by TLC and quantified with Radiocromatoscanner. The comparison of the
ganglioside profile between two cell types did not show significant differences (Fig.
5.28 A, B).

A a
GMS3
CM2 e ZE &8 -
- o\
S B AR
GDla
- - B M W
v Mock Neu4L Mock Neu4L
cl1 Cl.1
B 50000 -
45000 | D' Mock
" 40000 - W Neu4lcl1
é 35000 -
- 4
k30000
& 25000 -
(O}
= 20000 -
~
% 15000 -
10000 -
o T T T
6Dla G6M1 GM2 GM3

Figure 5.28: A) profile of gangliosides in mock and Neu4 L over-expressing
cells B) HPTLC gangliosides
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Also the profile of neutral lipids did not show significant differences (Fig5.29 A, B).
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Figure 5.29: A) HPTLC neutral lipid B) profile of neutral lipid in mock and
Neu4L over-expressing cells

Moreover, we analyzed cytosolic gangliosides and neutral lipids but we did not find

differences in NeudL over-expressing cell in comparison to mock (Fig 5.29).
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Figure 5.30: A) HPTLC of gangliosides B) profile of gangliosides in mock and
NeudL over-expressing cells C) HPTLC of neutral lipids D)analysis of neutral
lipids in mock and Neu4 L over-expressing cells
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Cancer transformation is characterized by the occurrence of many processes on
glycoconjugates. These phenomena are commonly considered a marker of cancer cells
(62). In particular, abnormal glycosylation in pre-malignant lesions and in highly
invasive tumours (63) suggests an involvement of abnormal glycoconjugates in
neoplastic transformation and in tumor progression, even if the precise role of these
molecules has been partially clarified and needs further experimental investigations
(68).

In several cases, the aberrant glycosylation process modifies the levels of sialylation and
leads to the appearance ofaltered sialylated glycoproteins and gangliosides (64, 65).
Sialic acid is present in sialoglycoconjugates as a terminal non-reducing residue usually
linked to galactose (a2—3 or o2—6), and to N-acetylgalactosamine or N-
acetylglucosamine (0a2—6); moreover, the sialic acid chains may be present as
terminals, or wire internal saccharide residues into glycolipids and glycoproteins.

It is known that an increase of sialic acid content is related to malignant the phenotype,
and to the capacity of invasion and the metastatic potential of cancer cells (16).
Moreover, cancer gangliosides are present on cell membranes and secreted in large
quantities in comparison to normal gangliosides (68). These gangliosides play a key role
in the cancer progression; in fact, they strongly regulate the cell adhesion/motility and
induce immune-suppression in the organism (68).

Also, in the carbohydrate portion of glycoproteins are found changes related to
neoplastic transformation and, in particular, an increase of sialic acid content is often
reported (64). The alteration of membrane glycoproteins, such as selectins and integrins,
is functionally important for the cell and is reflected in the adhesion properties and
motility of cancer cells, with consequences on the growth and metastatic potential of
tumor (64).

The levels of sialylation of glycoproteins and gangliosides are mainly determined by the
activity of two categories of enzymes: sialidases and sialyltransferases.

The evidences of sialyltransferases’ involvement in malignant disease are still low,
while there are proofs that suggest an active participation of sialidases in determining
the malignant phenotype (16).

Human sialidases are four and are classified on the basis of their localization and

specificity of substrate:
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1. lysosomal sialidase Neul (4)

2. cytosolic sialidase Neu2 (22)

3. membrane sialidase Neu3 (55)

4. mitochondrial or inner membrane sialidase Neu4 (48, 49)
Among these enzymes, the last to be discovered and still partially unknown is Neu4
(49).
Much interest has aroused on this enzyme because NEU4 gene is expressed in two
isoforms: the NeudLong form (Neu4L), which presents a sequence of 12 amino-acid at
the N-terminal, as signal sequence for mitochondrial localization, and the Neu4Short
form (Neu4S), which is ubiquitously expressed and associated with inner cell
membranes (48).
The role of Neu4 is still unclear, but recent studies show the involvement of NeudS in
the modulation of metastatic behavior (49), in particular in colon tumor.
To the contrary, the study of NeudL is more complicated; in fact, its physiological role
is still unknown, but it was demonstrated its involvement in mitochondrial signaling,
such as apoptosis (50), and in neuronal differentiation (82). Moreover, Neu4L resulted
to be scarcely expressed in adult tissue, in contrast to fetal tissue and nervous system
during development. We characteristically found a high expression of Neu4L also in
neuroblastoma cell lines.
In light of these considerations, we developed a research project to clarify if NeudL
could play a role in neuroblastoma pathogenesis.
We used two cellular models: the SK-N-BE cells, which carry the amplification of the
oncogene MYCN and a greater degree of malignancy, and the SH-SY5Y cells, without
MYCN amplification(106).
Preliminary investigations showed a 3.57-fold increase of NeudL expression in SK-N-
BE cell line in comparison to SH-SY5Y (Fig. 5.1).
In order to identify the meaning of a possible involvement of Neud4L in the
pathogenesis of neuroblastoma, it was decided to over-express Neu4L in SK-N-BE cell
line.
After transfection and selection of clones, we quantified the increase of NeudL by gene

expression and sialidase activity assay.
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The results indicated that Neud4L clone 1 showed a 1,700-fold increase, as gene
expression, in comparisonto mock cells (Fig. 5.2). Also, sialidase activity at pH 3.2 was
1.83-fold increased in Neu4 L over-expressing cells (Fig. 5.3). Moreover, we also tested
the sialidase activity against fetuin, as representative sialoglycoproteins, and we found
that NeudL over-expressing cells showed a 1.4-fold increase in comparison to mock
cells at pH 3.2 and pH 7 (Fig. 5.4). These data indicated that the over-expression of
Neu4L was successful and sialidase was also active at physiological pH.

The most significant data concerned the impact of NeudL on the phenotype and
physiology of cells, transfected with vector pcDNA 3.1-myc-Hys NeudL. First, the
over-expression of Neu4L induced deep changes in the cell proliferation.

In order to demonstrate this modification, several tests were carried out: a) a growth
curve showed a 1.56-fold increase in NeudL over-expressing cells in comparison to
mock cells (Fig. 5.8); b) the incorporation of [*H] thymidine showed a 1.58-fold
increase in NeudL over-expressing cells in comparison to mock cells (Fig. 5.9); c) the
MTT test revealed that NeudL over-expressing cells were more able (1.56-fold) to
convert the chromogenic substrate than the mock controls (Fig.5.10); d) the Soft Agar
assay demonstrated that NeudL over-expressing colonies were numerically more and
larger than mock cells (Fig. 5.11). All these proofs demonstrated that the over-
expression of NeudL induced an increase of proliferation rate. In accordance with these
data, we demonstrated the inhibition of main regulator of cell cycle, Rb, in parallel to
the up-regulation of cdk2.

The retinoblastoma protein, Rb, is a tumor suppressor protein that is dysfunctional in
many types of cancer. One highly studied function of Rb is to prevent excessive cell
growth by inhibiting cell cycle progression until the cell is ready to divide. Rb prevents
the cell from replicating damaged DNA by preventing its progression along the cell
cycle through G1 into S (156). Through the inhibition of transcription factors of the E2F
family. In the hypophosphorylated state, Rb is active and carries out its role as tumor
suppressor by inhibiting cell cycle progression. Phosphorylation inactivates Rb (156).
Cdk2 (cyclin-dependent kinases 2) belongs to a family of serine/threonine kinases
activated by cyclins In the late G; phase, Cdk2 is activated by binding to cyclin E and
completes the phosphorylation of Rb leading to further activation of E2F mediated

transcription (157). This leads to passage through the restriction point at the boundary
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of the G1/S phase, and to S phase initiation. Later, Cdk2 plays an important role in S
phase progression by binding with cyclin A (157).

We found that the phosphorylated forms of these proteins, Rb and cdk2, were increased
in Neud L over-expressing cells (Fig. 5.12). These data demonstrated that the increase of
proliferation rate was due to a higher transition from G1 to S phase of cell cycle.
Moreover, we observed that NeudL over-expression induced a marked increase in
NMYC mRNA and protein expression (Fig. 5.13). As repeatedly emphasized
throughout this thesis, the expression of NMYC determines the malignancy and stage of
neuroblastoma. In that way, the over-expression of NMYC is able to overturn the
regulation of the cell (107). Its main role is to regulate the entrance in G1 phase to
accelerate the shift in S of the cell cycle (107). All these observations demonstrated that
the increase of cell proliferation was due to a de-regulation of cell cycle by accelerating
the transition from G1 to S phase.

A second effect of Neud L over-expression concerned SK-N-BE differentiation.

One of methods, more used to induce differentiation, was plated cells in presence of 1%
FBS.

After inducing differentiation by reduction of FBS, we observed that Neu4L over-
expressing cells were not able to assume a neuronal morphology, but they maintained a
cell body somewhat around with few neuronal processes (Fig. 5.15).

In order to confirm our observations, described above, we studied two of main neuronal
markers: c-Src and NCAM

c-Src tyrosine kinase, also known as CSK, includes an SH2 domain, an SH3 domain
and a tyrosine kinase domain (42). It was demonstrated that c-Src expression increase
during neuronal differentiation (42).

NCAM, Neural Cell Adhesion Molecule, is a homophilic binding glycoprotein
expressed on the surface of neurons, glia, skeletal muscle and natural Killer cells (154).
NCAM has been implicated as having a role in cell-cell adhesion, neurite outgrowth,
synaptic plasticity, and learning and memory (154).

After inducing differentiation, we noted that both c-Src and NCAM proteins increased
in mock cells in contrast to NeudL over-expressing cells (Fig 5.16). This was

incontrovertible evidence that the over-expression of Neu4L inhibited the differentiation
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process; while mock cells were able to trigger neuronal differentiation also in terms of
neurites emission.

Moreover, serum reduction induced a singular reaction in Neud L over-expressing cells;
in fact, we decided to analyze cell cycle by FACS and we noted that they arrested nearly
completely their growth, but did not die (data non shown), entering in a sort of
quiescent state and fully re-activating the proliferation machinery as soon as the 10%
FBS was re-added to the culture medium, as a mechanism of defense to preserve cell
survival. We noted that there was a net accumulation of Neud L over-expressing cells in
G1 phase until the 3" day of differentiation (88% Neu4L vs 71% mock), while the
situation changed when the medium was replaced with one containing 10% FBS; in
fact these cells passed from a quiescent to a vital state, increasing their accumulation in
S phase (Fig5.17).

The block in a quiescent state was confirmed through MTT assay; in fact, after 6 days in
1% FBS, NeudL over-expressing cells showed a 1.8-fold decrease of proliferative rate
in comparison to mock cells; but when the medium was replaced with one containing
10% FBS, NeudL over-expressing cells started again to proliferate more rapidly than
mock cells (Fig. 5.14).

These observations were also confirmed analyzing the cyclin D1 and the inhibitor of
cell cycle p21. As expected, over-expression of NeudL induced changes of parameters
which are involved in the block of cell cycle; in fact, we identified a decrease of cyclin
D1 and an increase of p21 in NeudL over-expressing cells, in comparison to mock cells
(Fig. 5.19). We did not find significant modifications on gene expression of apoptotic
genes(data not shown). These proofs demonstrated that over-expression of NeudL
blocked cell cycle during serum withdrawal but it did not activate the apoptosis
pathway.

Another validation of this trend was given analyzing the phosphorylated forms of Rb
and cdk2 during serum deprivation. As described above, in presence of 10% FBS, their
phosphorylation increased in NeudL over-expressing cells in comparison to mock;
instead we noted that, during serum deprivation, the phosphorylated forms of cdk2 and
Rb dramatically decreased in NeudL over-expressing cells in comparisonto mock cells.
When the medium was replaced with one containing 10% FBS, the situation changed
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again; in fact, NeudL over-expressing cells increased the levels of Rb and cdk2
phosphorylation in comparison to mock cells (Fig. 5.18).

All these data confirmed that NeudL, during the reduction of FBS, moved the cells to a
quiescent state, in which cells did not answer to outer stimuli but stayed in a “standby
state”.

It is known that one of the most important pathways, which regulates the balance
between proliferation and differentiation, in neural crest from which neuroblastoma
arises, is Wnt/ B-catenin (137). In condition of inactivated signaling, intracellular [3-
catenin is bound to a complex of proteins (137), which induces its degradation (138-
141); in contrast, the binding of Wnt to its receptor activates an intracellular signaling
which causes the dephosphorylation of B-catenin and its translocation to the nucleus
(136).

Our results showed that Wnt/B-catenin pathway was more activated in NeudL over-
expressing cells that in mock cells. This event was demonstrated by analysis of active,
non-phosphorylated B-catenin and by a luciferase gene reporter assay responsive to f3-
catenin (Fig. 5.21).

All data confirmed that there was a major activation of fB-catenin in Neud4L over-
expressing cells and could explain the proliferative alteration described above.
Moreover, we analyzed the modifications of B-catenin expression of target genes
(NMYC, MYC, AXIN2 and CYCLIN D2) which are involved in progression of cell
cycle (138-141). An up-regulation of all these genes was present, and these proofs
further demonstrated that Wnt/B-catenin pathway was more active in NeudL over-
expressing cells and that this activation could induce modifications in cell proliferation
(Fig. 5.22A). We also investigated gene expression of DSH (138-141) and B-
CATENIN, which increased in NeudL over-expressing cells in comparison to mock
cells (Fig. 5.22B).

It is known that the accumulation of intracellular 3-catenin is able to induce block of
differentiation (150, 151). To confirm that also in our cells the activation of the B-
catenin signaling could be related to the behavior of NeudL over-expressing cells in 1%
FBS, we treated mock cells with an inhibitor (LIiCl) of GSK3p, which is responsible of
[3-catenin degradation (155), in order to activate Wnt/B-catenin pathway.
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LiCl treated mock cells were unable to trigger neuronal differentiation in terms of
neurites emission and appearance of markers (c-Src and N-CAM), under reduction of
FBS (Fig 5.25). Moreover, they blocked their proliferation more significantly than non-
treated mock cells, in similar way to Neu4 L over-expressing cells (Fig. 5.24).

It is known in literature that most of proteins, involved in Wnt/B-catenin pathway such
as also inhibitors, are glycoproteins (137). Can the alteration on one of these
“characters” modify cell proliferation and differentiation of SK-N-BE cell line?

As described above, Neu4L, in vitro, recognized fetuin, a sialo-glycoprotein, also at a
neutral pH. Moreover, it was able to induce, in vivo, deep modifications on some
cytosolic sialo-glycoproteins, in the range of 50-60 KDa, and on membrane sialo-
glycoproteins at 80 and 100 KDa; instead, we did not find Neu4 sialidase activity
towards ganglioside in vitro and in vivo (Fig. 5.27).

The localization of NeudL was found in mitochondria and RER (48, 49) (Fig. 5.6).
These data suggested that the NeudL activity is direct on intracellular sialo-
glycoproteins.

Our hypothesis is that the alterations on cell proliferation and differentiation are due to
the action of Neu4L on one or more sialo-glycoproteins, which are involved in the
activation of Wnt/ B-catenin signaling.

In summary, we describes NeudL as a possible regulator of malignancy in SK-N-BE
through the promotion of Wnt/p-catenin pathway, which induces modification in cell
proliferation and the de-differentiation of tumoral cells.

As last observation we found an increase of some stem cell markers in Neud4L over-
expressing cells, which are correlated with a poor prognosis, and are linked to a
phenotype like-stem cell induced by the activation of Wnt/B-catenin signaling (25).
These finding could open new and important input in clinical application in

Neuroblastoma, employing Neu4 L expression as a prognostic marker.
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