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Abstracts

When cells undergo oncogenic transformation, the
sialylation of cell surface glycoconjugatesis altered, which is
thought to be associated with malignant phenotype. To eluci-
date the significance and the molecular mechanism of the alter-
ation, we have been focusing on sialidase that catalyzes the re-
moval of sialic acid residues from glycoproteins and glycolip-
ids. In mammalian cells, four types of sialidases have been iden-
tified to date and were found to behave in different manners
during carcinogenesis. A sialidase found in lysosomes is de-
creased in the activity and mRNA level in cancer cells, whilea
sialidase in plasma membrane is increased as compared with
those in the control cells. The former sialidase affects anchor-
age-independent growth and metastatic ability and introduction
of the sialidase gene leads to reversion of these phenotypes. On
the other hand, the latter brings about suppression of apoptosis
in cancer cells and knocking down of this gene with short inter-
fering RNA results in acceleration of apoptosis. In thisreview,
we describe and summarize the alteration of sialidases and its
possible significance in carcinogenesis.
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A. Introduction

Sialic acids are generally found in the terminal position
of the carbohydrate groups of glycolipids and glycoproteins.
They have been proposed to play important rolesin various bio-
logical processes by influencing conformation of glycoproteins,
recognizing and masking biological sites of the molecules and
cells. Theremoval of the sidlic acids catalyzed by sididaseisan
initial step in the degradation of glycoproteins and gangliosides.
Sialidases of mammalian origin, therefore, have been implicated
not only in lysosomal catabolism but also in regulation of func-
tional moleculesinvolved in many biological phenomena (1-3)
through modulating sialoglycoconjugates. In fact, the lines of
evidence for their involvement in cellular eventsincluding cell
differentiation, cell growth, and apoptosis have been accumu-
lated.

Alterations in sialylation during malignant transforma-
tion have been observed to be closely associated with malig-
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nant phenotype in terms of metastatic potential and invasive-
ness, although no definite conclusions between siaic acid con-
tents and malignant properties could be drawn because of some
controversial experimental results. To understand the causes of
such aberrant sialylation and the consequences of these changes,
our studies have focused on mammalian sialidases, which con-
trol cellular sialic acid contents in collaboration with
siayltransferases. Sialidase expression level indeed changesin
response to various cellular phenomena and especially in rela-
tion to cancer phenotype.

B. Multiple Forms of Mammalian Sialidase and T heir Pos-
sible Functions

Sialidase activity in higher organisms was described for
the first time in 1960 by Warren and Spearing(4). Since then
numerous papers have demonstrated the presence of sidlidasein
various mammalian tissues. However, it remained uncertain
whether the activities originated from the same or different type
of sialidase. Our previous studies on biochemical isolation and
characterization of sialidase from rat tissues presented evidence
for the existence of four types of sialidases differing in their
subcellular localization and enzymatic properties, including the
substrate specificity. They were classified according to their
major intracellular localization to be intralysosomal, cytosolic,
and membrane-associated sidlidases | and |1 (5). Several rat tis-
sues, including the liver and brain were found to contain al four
types of sialidases. Intralysosomal sialidase possessed a narrow
substrate specificity, such that only oligosaccharides and glyco-
peptides served asits substrates (6). Sialidase found in the cyto-
sol, in contrast, was able to hydrolyze glycoproteins and gan-
gliosides at near neutral pH (7). Both the sialidases were, how-
ever, distinct from the membrane-associated sialidases which
required detergents for solubilization and preferentially hydro-
lyzed gangliosides (8). Membrane sialidase | scarcely hydro-
lyzed other substratesincluding oligosaccharides and glycopro-
teins, while membrane sialidase |1 acted on oligosaccharides,
glycoproteins and even on gangliosides GM2 having an internal
salicacidresidue. Sididase | waslocalized mainly in the plasma
membranes and sialidase || was localized predominantly in the
lysosomal membranes. The biochemical characterization of the
multiple forms of sialidases suggested that each may play a
unique role depending on its particular subcellular localization
and catalytic properties. Recent progress in the molecular clon-
ing of sialidases has confirmed this hypothesis and facilitated
the elucidation of their functional roles and expression mecha
nisms. Three of them are found to be localized predominantly in
the lysosomes (9-14), cytosol (15-20) and plasma membranes
(19, 21-24) and the fourth sialidase quite recently identified (25—
27) has been suggested to be in lysosomes by gene transfection,
abbreviated as Neul, Neu2, Neu3, and Neu4, respectively. The
properties of the four forms are compared in Table |. Enzymatic
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Table . Comparison of four types of mammalian sialidase so far cloned.

Neul Neu2 Neu3 Neud

Major location Lysosomes Cytosol Plasmamembranes Lysosomes (?)
Substrate Oligosaccharides Oligosaccharides ~ Gangliosides  Oligosaccharides
specificity 4AMU-NeuAc 4AMU-NeuAc 4AMU-NeuAc

Glycoproteins Glycoproteins

Gangliosides Gangliosides
Optimal pH 4.4-4.6 6.0-6.5 4.6-4.8 4.4-45
Total amino acids
(human) 415 380 428 496 (484)
Chromosome
location (human) 6p 21.3 2q 37 11913.5 2937.3
References (9-14) (15-20) (19,21-24) (25-27)
for gene cloning
Possible function Degradation Myoblast Neural

in lysosomes differentiation differentiation ?
Immune function Apoptosis
Cell signaling
Freguent change ! ! 1 ?
in cancer
inverse relationship apoptosis
with metastatic potential suppression

propertiesincluding substrate specificity and optimal pH deter-
mined by gene transfection were revealed to be completely iden-
tical to those presented in our previous biochemical studies (5).

Neu2 was the first example of cDNA cloning for mam-
malian sialidase(15), and the primary structures of Neul and
Neu3 were successively reported. Although their primary se-
guences are not particularly similar to those of bacterial and
parasite sialidases, the sequence alignment revealed that they
contain several Asp boxes (-Ser-X-Asp-X-Gly-X-Thr-Trp-), Arg-
Ileu-Pro and (Val)-Gly-Pro-Gly, the conserved sequences being
found in the sididases from microorganisms. They seemto have
athree-dimensiona structure similar to those of bacterial and
viral sialidases as suggested by the alignment with that of S.
typhimurium sialidase, whose three-dimensional structure was
determined by X-ray crystallography (28).

In the sequence of Neu2 gene (15), thereisno long stretch
of hydrophobic amino acid residues representing the transmem-
brane domain or targeting signal to some membranes, which is
compatible with recovery mainly from the tissue cytosol. When

gobobooobooobooobooboobooboobooo
gobooobooobogo

gobobbooooobboooououobboooogooo
Neu2 (15) 00 0D00O0ONeulONewd OODOODOOODODODO
gobobobobboobuooboobooboobooboo
0000000000 00000 AsphboxOO0OOOCOODOO
Arg-lleu-Pro, (Val)-Gly-Pro-Giyt OO OO0 OO0 OO OOoOoooOod
gobooboobooboXxboobooboobooobo
000000000 StyphimriumO 00 (27) 0000000
0Joooooboooobooooooooooooooooo
ood

New2O0OOOO (50000000 O0DO0O0O0OOOODOO
gobobobobobooboooboobooboobooboo
gooobobooobocosuooobobooobonooobo

373 ©2004 FCCA (Forum: Carbohydrates Coming of Age)



the cDNA was transfected into COS cells, sialidase activity ap-
peared mainly in the supernatant of the cell homogenates. In
addition to location in cytosol, the sialidase was also found in
nucleoplasma of muscle fibers by immuno-histochemical analy-
sis on electron microscopy, probably due to the presence of
nuclear localization signal near the N-terminus. The expressed
sialidase showed an optimum pH of about 6.5 and could
desialylate fetuin and gangliosides as well as 4-
methylumbel liferyl-neuraminic acid (4AMU-NeuAc), asynthetic
substrate. The homologues were cloned from cDNA libraries of
CHO (16), mouse brain (19) and rat thymus (20) and from a
genomic library of human skeletal muscle (17), respectively,
showing high amino acid identity (98—70%) to therat gene. The
rat cytosolic sialidase gene was found to be highly expressed in
skeletal muscle in atissue-specific manner and to contain two
E-box pairs, known to be consensus binding sites for muscle-
specific transcription factors, in the 5'-flanking enhancer/pro-
motor region of the gene. This region exhibits transcriptional
activity inrat L6 (29) and murine C2C12 (30) myogenic cells,
and the activity as well as mRNA level isincreased during
myotube formation, indicating that the enzyme plays a critical
role in muscle cell differentiation. In PC12 cells the sialidase
has been suggested to participate in neuronal differentiation by
nerve-growth factor-induced transcriptional activation of the
gene (31).

Lysosomal sialidase, Neul, wasinvestigated extensively
as atarget gene for sialidosis, and was found to be associated
with a protective protein (carboxypeptidase A) and B-gal actosi-
dase as a complex in lysosomes (32), and dissosiation of the
complex led to sialidase inactivation. In 1996-1998, the Neul
genewasidentified by three groupsin humans (9-11) and mice
(12-14) as major histocompatibility complex (MHC)- related
sialidase genes. The human sialidase was suggested to be lo-
cated in lysosomes because of the presence of the lysosomal C-
terminal targeting motif. Evidence of a protective protein trans-
porting it to lysosomes has been provided (33). On the other
hand, recent observations revealed that the intracellular distri-
bution of sialidase encoded by the human homologue NEU1
geneisregulated by the signal sequence at the cytoplasmic tail,
and that the sialidase can be detected within the lysosomes as
well as in plasma membrane under conditions of cell stimula-
tion (34). Examination of sialidosis patientswho have asialidase
deficiency revealed mutationsin genomic DNA including frame-
shift insertion and missense mutations. Transfection with the
cDNA restored sialidase activity toward 4AMU-NeuAc in human
sialidosis fibroblasts to normal levels, indicating that it isatar-
get gene for sialidosis. Besides the glycoconjugate catabolism
as described above, Neul has been suggested to be involved in
cellular signaling during immune responses, as described in the
reports demonstrating the increased activity during mitogen-
activation of T lymphocytes (35), and its participation in the
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regulation of allogenic laand the production of cytokine IL4 by
activated T cells (36,37) .

A plasmamembrane-associated sididase, Neu3, wasthen
cloned from a bovine brain library (21), based on the peptide
sequence information from the purified enzyme protein. In COS-
7 cellstransiently expressing the sialidase, the hydrolysis was
essentially specific to gangliosides other than GM1 and GM2,
in the presence of Triton X-100, and the major subcellular lo-
calization was assessed to be plasma membrane by Percoll den-
sity gradient centrifugation of cell homogenates and by immun-
ofluorescence staining of the cells. Analysis of the membrane
topology by protease protection assay suggested that this
sialidase has atype | membrane orientation with its amino-ter-
minus facing the extracytoplasmic side and lacking asignal se-
guence. The primary sequences covering the entire coding re-
gion of the corresponding human (22, 23), mouse (19), and rat
(24) genes displayed an 83%, 79%, and 78% overall identity
with the bovine gene, respectively. For the possible function of
plasma-membrane-associated sialidase, there were reports by
Kopitz et al. that 2,3-dehydro-2-deoxy-N-acetylneuraminic acid,
asiaidaseinhibitor, abolishesincreasesin differentiation mark-
ersin human neuroblastoma cells and that acell surface siaidase
may take part in growth inhibition and neural differentiation of
the cells by providing the reaction product GM1 as aligand for
galectin 1 without affecting cell apoptosis (38,39). After clon-
ing, studies on the molecular basis with the cDNA have facili-
tated the elucidation of its physiological function. Neu3 was
proved to indeed participate in neurite formation of mice (19)
and human neuroblastoma cells (40), and in regulation and re-
generation in rat hippocampal neurons (41). From another as-
pect, a possible involvement of human NEU3 in signal trans-
duction was recently described. The sialidase was proved to be
located in araft of neuroblastoma cells (42) and in caveolae of
Helacells, closaly associated with caveolin-1 (43). Furthermore,
ganglioside depletion via the introduction of NEU3 resulted in
activation of integrin-linked kinase/Akt with inhibition of
caspase-9 in ahuman keratinocyte-derived SCC12 cdll line (44).
These data suggest that Neu3 plays critical rolesin signal trans-
duction by modulating gangliosides.

Recently, based on the cDNA sequences in public data-
bases, cDNAs predicted as Neu4 genes for murine (25) and hu-
man (26, 27) have been identified to encode sialidase by mea-
suring the enzyme activity with 4AMU-NeuAc in the transfected
cells. The murine gene has been reported to contain four exons
and an open reading frame of 501 amino acids, and to be most
similar to Neu3 (42%) among the other known murine sialidases.
A sialidase encoded by human ortholog cDNA has been sug-
gested to be targeted to lysosomal lumen by the mannose-6-
phosphate receptor (27). Unlike other human siaidases, the en-
Zyme possesses broad substrate specificity including sensitivity
to mucin, similar to membrane || sialidase, as expected in our
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previous biochemical studies of the rat enzymes. The function
of Neu4 is not known at present.

C. Alterations of Sialidasesin Carcinogenesis

In the 1970-1980’s, severa observations on alteration
of endogenous sialidase activity in cancer suggested that sialidase
might be related to tumorigenic transformation and tumor inva
siveness. On the basis of these pioneering studies, we attempted
to clarify the direction of changesin sialidase in cancer and pro-
vided some evidence for the presence of multiple forms of mam-
malian sialidase by their biochemical isolation and character-
ization (5). Based on sialidase multiplicity, using a differential
assay procedure for each form of sialidase, we observed that
membrane-bound sialidase activities were elevated, but cytoso-
lic sialidase activity was reduced in rat hepatomas as compared
with normal liver. In mouse epidermal JB6 cells exposed to TPA
and in the anchorage-independent transformants, we also found
lysosomal sialidase activity to be decreased while plasma mem-
brane-associated sialidase activity was increased as compared
with that in untreated JB6 cells. The activity decreasein lysoso-
mal sididase also occurred inrat 3Y 1 fibroblasts after src-trans
formation. When the levels of sialidase activity were assayed in
transformed rat 3Y 1 cells, alysosomal-type sialidase was found
to be inversely correlated with the metastatic potential of the
cells (45). As compared with control 3Y 1 cells, src-transformed
cells exhibited decreased lysosomal-type sialidase activity, and
v-fos transfer to these cells induced an even more severe de-
crease in the sialidase activity with acquisition of high lung
metastatic ability. Various lysosomal enzymes other than
sialidase were barely affected by the transformation, suggesting
that the alterations occur specifically in sialidase. Since their
metastatic potential was not parallel inthe siaic acid levels nor
the levels of various sialyltransferases responsible for glyco-
protein and gangliosideformation, itislikely that atered sialidase
expression is more important for metastasisin transformed cells.

After Neul gene was cloned, we measured sialidase ac-
tivity and the mRNA level in mouse adenocarcinoma colon 26
cells of different metastatic potential (46) aswell asinrat 3Y1
transformants (45) described above, to determine whether the
levels are closely related with metastatic potential. There was
good inverse relationship between Neul expression level and
matastatic ability in the both cases. We then investigated how
sialidase expression influences metastasis by introducing a cy-
tosolic sialidase (Neu2) cDNA, which was found to have broad
substrate specificity, acting on both glycoproteins and ganglio-
sides, into a B16-BL6 mouse melanoma cell line known to be
highly invasive and metastatic(47). Intravenousinjection of these
stable transfectants into syngeneic mice resulted in a marked
decreasein experimental pulmonary metastasis, invasivenessand
cell motility but no change in cell growth or cell attachment to
fibronectin, collagen type VI or laminin. Analysis of the mo-
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lecular mechanisms showed that sialidase overexpression did
not lead to any significant changesin cell surface or intracellu-
lar glycoproteins, whilethere was adecreasein ganglioside GM3
and an increase in lactosylceramide based on thin layer chroma-
tography results. When the sialidase gene was transfected into a
highly metastatic cell line of mouse colon 26 adenocarcinoma
cells, changesin the sialyl Le* level were observed in addition
to marked suppression of metastasis and ganglioside alterations
similar to those in BL6 cells (46). Compared to low metastatic
NL4 and NL44 cell lines, the highly metastatic NL17 and NL
22 cells exhibit low expression of Neul sialidase, accompanied
by higher levelsof sidyl Le* and GM 3. After transfection, NL17
cells showed marked inhibition of lung metastasis, invasion and
cell motility with aconcomitant decreasein sialyl Le* and GM3
levels, in line with the case of spontaneously low metastatic sub-
lines having a relatively high level of endogenous sialidase.
Treatment of the cellswith antibodies against sialyl Lef and GM3
affected cell adhesion and/or cell motility, providing evidence
that desialylation of these molecules, as targets of sialidase, is
involved in the suppression of metastasis. However, the highly
metastatic cells exhibited rather lower siaic acid content, both
total and cell surface, as compared to the low metastatic cells,
which was not consistent with the sialidase activity. The results
together indicate that the sialidase level is a determining factor
affecting metastatic ability, at least of murine origin, irrespec-
tive of sialic acid contents.

To investigate whether overexpression of Neul sialidase
can reverse metastatic ability, we next introduced arat lysoso-
mal sialidase gene into BI6 melanoma cells (48). As expected,
sialidase-overexpressing cells showed suppression of experimen-
tal pulmonary metastasis and tumor progression. In contrast to
the case of Neu2 sialidase, the transfectants exhibited reduced
cell growth and anchorage-independent growth and increased
sensitivity to apoptosis, induced by suspension culture or serum
depletion in vitro, but no significant aterations in invasiveness,
cell motility, or cell attachment. Although the target molecule
for the sialidase has not been specified, the results indicate that
the sialidase affects malignant properties including the meta-
static ability of cancer cells, in amanner different from that of
Neu?2.

Thirdly, we introduced a plasma membrane-associated
sialidase, Neu3, into B16-BI6 melanoma cells, and no signifi-
cant changes in metastatic potential were observed before, ver-
sus after, transfection (Sawada, et al. Unpublished data). We
then investigated the sialidase expression in human colon can-
cer (49), since it has been suggested that gangliosides and
sphingolipids modul ate transmembrane signaling essential for
tumor cell growth, invasion, and metastasis. The NEU3 mRNA
levels were found to be increased by 3- to 100-fold in colon
cancer tissues compared to adjacent non-tumor mucosa, associ-
ated with significant sialidase activity elevation in the tumors.

Trends in Glycoscience and Glycotechnology
Vol.16 N0.92 (November 2004) pp.371-381

gbooooboobooooboboobooboooboobo
ogbobooobooboooooeM3pooooooooooooo
gbooboobooboboooboobooobooboooobo
gbooboobooboooobobooobooboooboobo
OO0O0OOcolon26 DOO0O0OOOONLI7OO000000O0DO
gbboobooboobobooobobooboboooboobo
000000 LeDDDOOO0OO0ODODO 46)DO0O00O0O0O NLA
000 N44ODOOO0OO0O0O0DbO0OD0OO NLI7O00 NL220O
UobOodbONewddOOODOOODOOOOOODOO Lex0O
oeM3DbOoOoOoOOoOoOoooooooooNLI7ODODDO
gbobobobobobobobooboboboon e o
geM3aOoooooooooooooooboooboooboo
gbooboobooboboooboboobooboooboobo
ootododd e GM3ODOOOOOOOoOoooooDODO
gboobooboobobooobooboobooboooobo
gboobooboobobooobooboobooboooobo
gboobooboobooooboboobooboooboOoDbo
goboboboooobbooobobooobboooobooo
gboobooboobobooobooboobooboooobo
gboooooboobobooobooboobooboooobo
gbooobooboooboboooboboobooboooboobo
gboboooooooobogooa
gobOONewlOODOODOOODOOOOOODOOODOOO
gboooooboobobooobooboobooboooobo
O0BleOOO0ODODOOOOOOD @®UODOOOOODOO
gboobooboobobooobobooboboooboobo
New2OOOOOOOOOOOOOOODDODODOOODOOOO
gboooboobooboboooboboobooboooobo
gbooboobooboboooboboobooboooboobo
gboobooboobooooboboobooboooboOoDbo
goboboboooobbooobobooobboooobooo
goboodNew000O00D0DOOODOOODOOODOOO
gbobooooobobobobobooogo
O0000000000000 (Neuw3)yd Ble-BL6 OO OO
gobooooobobooobobooobboooobooo
gbobooboobooboboooboboobooboooboabo
gbooboobooobobooobobooboobooooobo
gboooboobooobooooobobooboobooooDbo
000000000 @Uooo0O0 mRNAOOOOODOO
gooooooooosgonoooooboobobbDbDD

377 ©2004 FCCA (Forum: Carbohydrates Coming of Age)



In situ hybridization showed the high sialidase expression in
epithelial elements of adenocarcinomas. To understand the sig-
nificance of the increased expression, cultured human colon
cancer cells were treated with sodium butyrate, and changesin
expression during differentiation and apoptosis were observed.
The NEUS level was down-regulated by the treatment while
NEU1 was up-regulated. Transfection of NEU3 gene into can-
cer cellsinhibited apoptosis accompanied by increased Bcl-2
and decreased caspase expression, while knocking down of this
gene with short interfering RNA resulted in acceleration of
apoptosis. Colon cancer tissues exhibited a marked accumula-
tion of lactosylceramide, a possible NEU3 product, and addi-
tion of the glycolipid to the culture reduced apoptotic cells dur-
ing sodium butyrate treatment. These results indicate that high
expression of NEU3 in cancer cells leads to protection against
programmed cell death. Through modulation of gangliosides
NEU3 may give influence not only on mitochondrial apoptotic
pathway but also on apoptosis-related molecules at death recep-
tors' level, as described in the reports that NEU3 is within
microdomain, rafts, at cell surface (42, 43). Taken together, the
results indicate that increased NEU3 might cause disturbance
of apoptosis signaling probably viamodulation of gangliosides.

To know whether similar changes in NEU3 expression
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Tablell. Malignant phenotype altered by transfection of mammalian sialidase genes.

Sialidase gene

References

Neul
invivo

(48)

suppression of metastasis in murine melanoma (murine B16-BL6 cells)
Suppression of tumor growth in murine melanoma

invitro

reduced anchorage-independent growth (murine B16-BL6 cells)
increased sensitivity to apoptosis (murine B16-BL6 cells)
reduced cell growth (murine B16-BL6 cells)

Neu2
invivo

(46,47)

marked suppression of metastasis in murine melanoma ( B16-BL6 cells)
marked suppression of metastasis in colon adenocarcinoma

(colon 26 adenocarcinoma)
invitro

reduced cell invasion and motility (murine B16-BL6 cells)

possible target: GM3

reduced cell invasion and motility (murine colon 26 cells)
possible target: GM3 and sialylL e

no changein cell growth

Neu3
invivo

(44,49)

No significant changes in metastasis in murine melanoma (murine B16-BL6 cells)

invitro

inhibition of differentiation (human prostate cancer cells)
decreased sensitivity to apoptosis (human colon cancer cells)
no significant change in cell growth (human colon and prostate cancer cells)
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occur in other cancerous tissues, we extended our studies on
prostate cancer (submitted, Kawamura, S., Li, Y., Li, D., Wada,
T., and Miyagi, T.). Anincrease in NEU3 mRNA level was de-
tected in the most cases for cancer as compared with non-can-
cerous tissue. Furthermore, the mRNA level was found to be
inversely correlated to differentiation grade of the cancer. For
further understanding of the biological significance of the in-
creased expression seen in prostate cancer, we analyzed two
human prostate cancer cell lines, PC-3 and LNCap cells. An-
drogen-insensitive and apoptosi s-resistant PC-3 cells expressed
higher level of NEU3 than androgen-sensitive LNCap cells, in
sialidase activity aswell asin the mRNA levels. Following in-
duction of differentiation and apoptosis with sodium butyrate
treatment, the sialidase expression of LNCap cells was down-
regulated while expression of PSA ,a prostate cancer marker,
was elevated. In PC-3 cells NEU3 overexpression increased Bcl-
2 and Bcl-XL protein levels compared to control cells. These
results suggest that up-regulation of NEU3 sialidase leads to
suppression of cell differentiation and apoptosis, and thus may
be related to malignant properties of prostate cancer cells, as
observed in colon cancer. The results on gene transfection into
cancer cells are summarized in Tablelll.

D. Conclusion

The use of sialidase genes as tools has made it possible
to elucidate some of their functions and the biologica signifi-
cance of their altered expressions in cancer. Further investiga-
tion of mammalian sialidase would clarify the molecular basis
of numbers of pathological phenomena as a result of aberrant
siaylation. In the observations described herein it would be the
most important phenomenafor cancer that the expression level

Z
m

Trends in Glycoscience and Glycotechnology
Vol.16 N0.92 (November 2004) pp.371-381

gbooooboobooooboboobooboooboobo
OOONEUSMRNADOOODOOOOODOOODOOOODO
00 @dO000ooooD)§Doooooo mRNAOOOOOOOO
gbooobooboobooboooboboobooboooobo
UOmRNAOOOOOODOOOOOOODOOOOOO0OO0 pCc-30
OO LNCapODDOOODOOOOOOOOOooooobooDoDO
obooboooobo pc300000D00ODODODODOODO
LNCap OO OODOO NEUSMmRNAOODOOOOOOOOODO
gboooboobooboboooboboobooboooobo
LNCeapU D OODOOOOOOOOO0OOOOOOobOOOoDbOoOn
OO00OPSAOODDOOOPC3OOO NEUIDOODOOODOO
oo0o0o0O000000Bel-20 BeLxLOOOOOOOOOO
oboboboboooooooooboobOooNeEU3Ogno
gboooboobooboboooboboobooboooobo
gboobooboobooooboboobooboooboobo
gboboobooooboooboobobobobooonbobo

pooogno
gbooooooobooboooooooboobooooog
gbooboobooboooobobooboobooobooDbo
gboobooboobooboooboboobooboooboobo
gbboobooboobobooobobooboboooboobo
gboooooboobobooobooboobooboooobo
gboboboOoONevlOOOOODOODOODODOODODO

Specific inhibitor?

Specific antibody ?

Ul

—)

apoptosis {
differentiation

apoptosis 1
differentiation

<=

NEU3

Fig. 1. Biological significance of altered sialidase expression in cancer and possible means for

reversion of malignant phenotype
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of Neul may be acritical and defining factor in malignancy,
and that increased expression of Neu3 may be essential for the
survival of various cancer cells. Investigation of the fourth
sialidase (Neud) gene in cancer is now required. If the alter-
ations occur, what consequences do the alterations have? What-
ever the mechanism and biological significance of altered ex-
pression are, sialidase could be a useful target for cancer diag-
nosis and therapy. As shown in Fig.1, discovery of specificin-
hibitor for NEU3, the use of small interfering RNA or specific
antibody would open up the possibility of potential applications
in acure for cancer.
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