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Abstract. Invasiveness and metastasis may seriously affect
the prognosis of small cell lung cancer (SCLC). In the present
study, we analyzed the effects and inherent mechanisms
of action of polysialic acid-modified neural cell adhesion
molecule (NCAM) on the invasive and metastatic potential
of SCLC. Gene transfection and short hairpin RNA (shRNA)
interference were used to enhance or inhibit, respectively, the
expression of polysialyltransferase ST8Siall in the SCLC cell
line H446. We studied in vitro positive or negative changes
in the invasive and metastatic potential of the SCLC cells as
well as the changes in expression of genes related to signaling
molecules and metastasis. When ST8Siall expression was
enhanced, the in vitro transmembrane invasion (P<0.01) and
migration (P<0.01) abilities of the SCLC cells markedly
increased. Phosphorylation levels of fibroblast growth factor
receptor 1 (FGFR1), extracellular signal-related kinase 1/2
(ERK1/2), and matrix metalloproteinase-9 (MMP-9) in the
SCLC cells were also significantly increased. In contrast,
when ST8Siall expression was inhibited, the transmembrane
invasion (P<0.01) and migration (P<0.01) of the SCLC cells
as well as expression of the above signaling molecules were
suppressed. Polysialic acid-modified NCAM on the surface of
SCLC cells is closely related to the metastatic potential of these
cells; regulation of ST8Siall may thus affect the invasiveness
and metastasis of SCLC, and these processes may be associ-
ated with phosphorylation of FGFR1, ERK1/2 or MMP-9.

Introduction

Lung cancer has become the world's leading cause of cancer-
related deaths; the 5-year survival rate of patients with small
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cell lung cancer (SCLC), in particular, remains less than 15%.
High aggressiveness and a high metastatic potential are key
features of SCLC and are the main causes of treatment failure
among patients with SCLC (1,2). Although SCLC is sensitive
to chemotherapy and radiotherapy, most patients show only
a partial response (PR), and few achieve complete remission
(CR). In addition, the SCLC patients who do reach a PR or CR
are known to be prone to relapse and metastasis within a short
period (3.,4). Prevention of the invasiveness and metastasis
of SCLC has become a bottleneck in the prognosis of SCLC
patients and an urgent clinical problem (5).

Proteins or lipids on the cell surface are often linked to
diverse sugar residues, thus, forming sugar chains with a
variety of special structures that play an important role in
the regulation of cellular functions; this process is known as
glycosylation (6). Sialic acid (SA) is a nine-carbon monosac-
charide that is added to the sugar chain ends during protein or
lipid glycosylation and is covalently linked to the subterminal
galactose (Gal) or N-acetylgalactosamine (N-GalNAc) via
a-2,3, 0-2,6 or a-2,8 bonds. Polysialic acid (PSA) is a long
polymer of sialic acid monosaccharide residues connected via
a-2,8 bonds (7). In mammals, the most important role of PSA
is covalent modification of certain cell surface proteins, among
which the most common is neural cell adhesion molecule
(NCAM). PSA acts as a post-translational modification for
these proteins and regulates their functions; its attachment is
mainly catalyzed and completed by one of two polysialyltrans-
ferases: ST8Siall or ST8SialV (8). Various studies showed that
PSA is highly expressed during embryogenesis, but in healthy
adults, its expression is low except in nerve tissues. Recent
studies showed (9,10) that re-expression of PSA and its trans-
ferases are detectable in certain tumors, such as melanoma,
breast cancer, malignant Wilms' tumor, glioma, lung and
colorectal cancer, medullary thyroid-like tumors and T-cell
malignant lymphoma, among others, and that the expression
of PSA-NCAM is closely related to the tumor progression and
poor prognosis of the patients, particularly in SCLC, pancre-
atic cancer and neuroblastoma. However, the specific causes
and mechanisms are not yet clear.

The aims of the present study were to modify the expres-
sion of polysialyltransferase within SCLC cells in culture to
change the modification by PSA of cellular NCAM and to
analyze its effects on the invasive and metastatic potential of
SCLC cells (and the possible mechanisms). The ultimate aim
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was to lay a foundation for further exploration of the meta-
static mechanism and development of new targeted modalities
for prevention of SCLC.

Materials and methods

Culture and transfection of SCLC cells. Cells of the human
SCLC cell line H446 were purchased from the Shanghai
Institutes for Biological Sciences (Shanghai, China), then
routinely cultured in RPMI-1640 medium (HyClone
Laboratories, Inc., Logan, UT, USA) containing 10% fetal
bovine serum (Gibco Life Technologies, Grand Island, NY,
USA) at 37°C and 5% CO,.

H446 cells were transfected with the ST8Siall-encoding
lentiviral expression vector and a recombinant plasmid
(Sigma-Aldrich, St. Louis, MO, USA) that can intracellularly
express short hairpin RNA (shRNA). The transfection-positive
cells were then screened and used to establish the lung cancer
cell line H446-ST8Siall-LENTI that overexpress the polysial-
yltransferase ST8Siall (ST8Siall was previously abbreviated as
STX; and ST8SialV was previously abbreviated as PST; these
terms may cause confusion) as well as the H446-ST8Siall-
shRNA cell line that shows inhibited expression of ST8Siall.
The plasmid transfection reagent Lipofectamine 2000 was
purchased from Invitrogen Life Technologies (Grand Island,
NY, USA).

Immunofluorescence and confocal detection. Immuno-
fluorescence analysis (IF) was performed to detect the
expression of PSA-NCAM and polysialyltransferase within the
SCLC H446 cells. The procedures were as follows: i) the cells
were seeded in pretreated 12-well plates for subculturing, and
when the cells attained ~70% confluency, the coverslip was
removed and the cells were washed with phosphate-buffered
saline (PBS) three times, for 5 min each time. ii) The cells
were fixed in 4% paraformaldehyde for 15 min, and then
stored in PBS at 4°C. iii) The cells were removed from the
solution and washed with PBS three times, 5 min each; before
the assay for polysialyltransferase, Tween-20 was added, and
the cells were processed for 15 min, and then washed with
PBS three times, for 5 min each time. iv) Non-specific binding
sites on the cells were blocked with 10% normal serum for
10 min. v) A mouse anti-human PSA-NCAM monoclonal
antibody (mAb; diluted 1:300; LifeSpan BioSciences, Inc.,
Seattle, WA, USA) and rabbit anti-human anti-ST8Siall mAb
(diluted 1:300; Sigma-Aldrich) were added for the immu-
noassay, and the mixtures were incubated in a humidified
chamber at 4°C overnight. vi) The cells were removed from
these solutions and washed with PBS three times, 5 min each,
after which the fluorescence-labeled immunoglobulin G (IgG)
[green fluorescence staining with fluorescein isothiocyanate
(FITC), Cy3 red fluorescence staining, diluted 1:200] was
added with subsequent incubation for 1 h in the dark at room
temperature, and 4',6-diamidino-2-phenylindole (DAPI) was
used to stain the nuclei. Then, the cells were washed with PBS
three times, for 5 min each time, followed by one rinse with
distilled water. vii) The cells were mounted with 90% glycerol;
an anti-quenching mounting liquid was added dropwise, and
the cells were then examined and photographed under an
ordinary fluorescence microscope or a laser scanning confocal
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microscope [LSCM, Leica TCS-SP5; Leica Application Suite
Advanced Fluorescence (LAS AF) software].

RT-PCR. RT-PCR was utilized to analyze the mRNA
expression of polysialyltransferases ST8Siall and ST8SialV
in the human SCLC H446 cells for further experimental
screening. In order to detect the expression of ST8Siall and
ST8SialV in H446 cells, the following primers were designed
(5'-3"): ST8Siall-F, GGATCAGCAAGCAGGAGTATG
and ST8Siall-R, AGAAAGGGTGTAACGCAACTAA;
ST8SialV-F, GAGATGTGTCAGTGGTCAAGAG and
ST8SialV-R, GAAACTTCAGGTAGGAGGCTATG.

The procedures were as follows: i) according to the GenBank
sequences, IDTDNA Network Software (http://www.idtdna.
com) was used to design the forward and reverse RT-PCR
primers for polysialyltransferase ST8Siall, ST8SialV, NCAM1
and NCAM?2. ii) Total RNA was extracted according to the kit
instructions. iii) After treatment with DNase I, 2 g of RNA
and avian myeloblastosis virus (AMYV) reverse transcriptase
were added into the reaction mixture for reverse transcrip-
tion. iv) Forward and reverse primers for different genes were
added, and the PCR reaction was run in PCR buffer. v) The
PCR reaction involved 30 cycles, with the annealing tempera-
ture set to 56,59 or 63°C. vi) The PCR products were subjected
to gel electrophoresis in 1.5% agarose and ethidium bromide
staining, with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as the internal reference. We used Quantity One
software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) for
analysis of the gel images, and the relative densitometric data
from the strips under study and GAPDH were then compared.

Western blotting. Western blot analysis was performed to
analyze the expression of polysialyltransferase proteins in
each group after the treatment. We analyzed the expression
differences in such signaling proteins as fibroblast growth
factor receptor (FGFR), phospholipase C y1 (PLCyl), and
mitogen-activated protein kinase (MAPK) [extracellular
signal-related kinase 1/2 (ERK1/2)], and their phosphorylation
levels as well as the differences in expression of blood
metastasis-related genes, such as matrix metalloproteinase-9
(MMP-9) and vascular endothelial growth factor (VEGF). A
mouse anti-human FGFR1 mAb, anti-FGFR1 (phospho-Y766)
mADb, anti-PLCyl mAb, anti-MMP-9 mAb and an anti-VEGF
mAb were all purchased from Abcam Co. (Cambridge,
UK); a rabbit anti-human phospho-PLCy1 (Ser1248) mAb,
mouse anti-human p44/42 MAPK (Erk1/2) mAb, and a
rabbit anti-phospho-p44/42 MAPK (Erkl1/2) mAb were
acquired from the Cell Signaling Technology, Inc. (Danvers,
MA, USA). The following are the specific procedures.
i) The cells were subdivided into the following groups:
a, the H446 group; b, the ‘ST8Siall is overexpressed’, group
H446-ST8Siall-LENTI; and c, the ‘ST8Siall expression is
inhibited’ group, H446-ST8Siall-shRNA. ii) Total cellular
protein of each group was extracted according to the kit
instructions, and the Bradford method was used to test the
protein concentrations. iii) A 25-ug protein sample from each
group (sample concentration 2 ug/ul) was then subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) on a 12% gel, at 100 V for 1.5 h. iv) The proteins
were then transferred to a polyvinylidene fluoride (PVDF)
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membrane, at 300 mA for 1 h. v) The gel was discarded, and
the membrane was washed with distilled water, after which
the western blocking solution was added, and the membrane
was slowly rocked on a shaker for blocking for 60 min at room
temperature. Then, antibodies to ST8Siall, FGFR, PLCyl,
MAPK (ERK 1/2), MMP-9, VEGF or to the phosphorylated
forms of the related proteins (diluted 1:1,000) were added for
overnight incubation at 4°C. vi) The membrane was removed
from the solution and washed with Tris-buffered saline
(TBS) three times for 5 min each time, after which a rabbit
anti-mouse IgG secondary antibody (diluted 1:2500; Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China) was added and allowed to react at 37°C for 2 h; then,
the membrane was removed from the solution and washed with
TBS once for 5 min. vii) Enhanced chemiluminescence (ECL)
staining (Pierce Protein Biology, Grand Island, NY, USA)
was then applied to the membrane, and X-ray film was used
for autoradiographic imaging, with GAPDH as the internal
reference. The target bands were analyzed using Quantity One
software.

Vector construction and transfection of polysialyl-
transferase constructs into cells. We constructed a
lentiviral vector carrying ST8Siall. The target vector was
plv.ExBip/Neo-EF1a-ST8SIAII-eGFP, the control vector
was plv.ExBip/Neo-EF1-eGFP, and the auxiliary vectors
were plv/helper-SL3, plv/helper-SL4 and plv/helper-SLS.
Meanwhile, RNA interference technology was used to select
a polysialyltransferase ST8Siall-shRNA plasmid for silencing
of the expression of ST8Siall in the SCLC H446 cells.

Transwell chamber invasion assay. The following procedure
was used for the Transwell chamber invasion assay. i) As
prepared according to the conventional 24-well Transwell
chamber method, the upper chamber was lined with Matrigel
and incubated at 37°C for 5 h; then serum-free medium was
used to gently wash the gel. ii) The post-treatment lung cancer
cells from each group were collected and diluted with the
RPMI-1640 serum-free medium to adjust the cellular concen-
tration to 5x10°/ml, and 200 pl of the cell suspension was
added to the upper chamber, while 600 pl of the cell culture
medium (containing 5 pug/ml fibronectin) was added to the
lower chamber. The chambers were cultured in a humidified
incubator (37°C and 5% of CO,) for 24 h. iii) Non-invasive
cells were carefully wiped from the upper chamber. iv) The
upper chamber was removed and placed upside down, fixed
with 5% glutaraldehyde, and precooled at 4°C for 30 min.
v) The cells were stained with an eosin solution and photo-
graphed; five visual fields were subjected to counting, and the
mean value was used to quantify the transmembrane invasion
of the lung cancer cells; the relative multiples were compared
with the control H446 cell group.

The wound healing (cell metastasis) assay. After 48-72 h
of culture, the cells of each group were harvested with
trypsin-EDTA, the cell count was adjusted to 5x10°/ml, and
the cells were seeded in 12-well plates and cultured overnight.
After a monolayer formed, a sterile pipette tip was used to
make scratches, and the cells were immediately photographed.
The cells were then cultured for 24 or 48 h, and were then
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photographed. The ImageJ software was used to quantitatively
analyze the pixels in the scratched area, and the relative speed
of cell metastasis was compared with that in the H446 cell

group.

Statistical analysis. The data were analyzed using the
SPSS 13.0 statistical package (SPSS for Windows; SPSS, Inc.,
Chicago, IL, USA), and the experiments were performed at
least three times. The intergroup differences were analyzed
with one-way analysis of variance (ANOVA) or the y? test;
differences with P<0.05 were considered statistically signifi-
cant (very significant at P<0.01).

Results

Expression of polysialylated NCAM and polysialyltransfer-
ases in SCLC cells. In the SCLC H446 cells, the results of
IF revealed obvious expression of PSA-NCAM, manifested as
green fluorescence (Fig. 1). The RT-PCR results at different
annealing temperatures showed that the expression of ST8Siall
in every case was significantly stronger than that of ST8SialV,
and the difference was significant (P<0.05). The LSCM results
also confirmed significant expression of ST8Siall in the H446
cells (Fig. 2).

ST8Siall expression in different transfection groups. On the
basis of the above results, we constructed the lentiviral vector
carrying ST8Siall. After construction of other recombinant
vectors, the Lipofectamine 2000-cotransfected lentivirus
was used to package the cells, and 48 h later, significant
green fluorescence appeared, indicating that the transfec-
tion efficiency was good. The packaged viral particles and
the prepared shRNA plasmid were then transfected into
the target H446 cells. After repeated screening, a cell line
that could stably and strongly express ST8Siall was then
established (H446-ST8Siall-LENTI), as was the cell line
(H446-ST8Siall-shRNA) that showed stable suppression of
ST8Siall expression (Figs. 3 and 4).

Invasion and metastasis. The in vitro invasion and metas-
tasis abilities of the three groups were tested. The Transwell
assay showed that the transmembrane invasion ability of the
H446-ST8SiallI-LENTI cell group was significantly increased
as compared to the control group (P<0.01), while the in vitro
transmembrane invasion ability of the H446-ST8Siall-shRNA
group was significantly inhibited compared to the control
group (P<0.01; Fig. 5A). These results suggested that altera-
tions of the expression of polysialyltransferase ST8Siall can
affect the post-transcriptional PSA modification of NCAM,
thus having significant effects on the in vitro invasion ability
of SCLC cells.

The in vitro metastasis potential of the three cellular
groups was also examined to study the effects of alterations
of the post-transcriptional PSA modification on the metastatic
potential of SCLC. The wound healing assay revealed that the
metastasis of the H446-ST8Siall-LENTI cell group was signif-
icantly enhanced, while that of the H446-ST8Siall-shRNA
group was significantly inhibited (P<0.01 for both; Fig. 5B).
These results suggested that alterations in the expression of
polysialyltransferase ST8Siall affected its capacity for the
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Figure 1. Expression of PSA-NCAM in the SCLC H446 cells (magnification, x200). (A-C) Immunofluorescent results of the PSA-NCAM-positive cells (green).
(D-F) Nuclear staining (DAPI, blue).
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Figure 2. Expression levels of polysialyltransferase ST8Siall and ST8SialV in the H446 cells. (A) Expression levels of polysialyltransferase ST8Siall and
ST8SialV in the H446 cells at different annealing temperatures: lane 1, 56°C; lane 2, 59°C; and lane 3, 63°C. (B) Relative mRNA expression levels of polysi-
alyltransferase ST8Siall and ST8SialV in the H446 cells ('P<0.05): 1, 56°C; 2, 59°C; and 3, 63°C. (C) LSCM detection of expression of polysialyltransferase
ST8Siall in the H446 cells: a and d, overlay of the ST8Siall-positive and nuclear staining images; b and e, nuclear staining of H446 cells (DAPI, blue);
c and f, ST8Siall-positive cells (Cy3 staining, red, exciting wavelength 561 nm). Scale bar, 50 ym.

post-transcriptional PSA modification of NCAM, thus influ- the different treatments on SCLC metastasis-related genes.
encing the in vitro metastasis of SCLC. We found (Fig. 6A) that when the lentiviral transfection

enhanced the expression of the ST8Siall gene in the SCLC
Changes in metastasis-related genes and signaling molecules.  cells and affected the post-transcriptional PSA modification
Western blot analysis was performed to detect the effects of of NCAM (H446-ST8Siall-LENTI), the protein expression
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Figure 3. ST8Siall lentiviral expression vectors, shRNA construction interference and cell transfection. (A) Transfection of recombinant vector liposome and
lentiviral packaging: a and b, PLV/EGFP/ST8Siall; -c and d, PLV/EGFP/NEO. (B) Transfection of lentiviral particles and shRNA plasmid into the target H446
cells: a, LENTI-EF1A-EGFP-control; b, LENTI-EF1 A-EGFP-ST8Siall; and ¢, PGFP-V-RS-ST8Siall-shRNA.
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Figure 4. Expression of ST8Siall in the different SCLC groups. (A) LSCM detection of ST8Siall expression in the different transfection groups; 1-3 (left) overlay
of the ST8Siall-positive and nuclear staining images; (center left) nuclear staining of SCLC cells (DAPI, blue); (center right) the ST8Siall-positive cells in
the different groups (green, FITC staining, exciting wavelength 488 nm); (right) the ST8Siall-positive cells in the different groups (red, Cy3 staining, exciting
wavelength 561 nm). Scale bar, 100 ym. (B) Western blot detection of ST8Siall protein expression in the different transfection groups. (C) Relative levels of
ST8Siall protein expression in the different transfection groups: 1, H446-ST8Siall-shRNA; 2, H446 blank control; and 3, H446-ST8Siall-LENTI; "P<0.05,
“P<0.01.
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Figure 5. Impacts of polysialyltransferase regulation on the in vitro invasion and metastasis of SCLC. (A) Changes in the invasive ability of each group as
detected by Transwell analysis (feosin, magnification, x400). (B) Changes in the metastasis of each group as detected by the wound healing analysis: 1, H446
blank control; 2, H446-ST8Siall-shRNA; and 3, H446-ST8Siall-LENTTI; "P<0.01; scale bar, 50 ym.
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Figure 6. Changes in SCLC metastasis-related genes and signaling pathway molecules among the different groups. (A) Protein expression levels of MMP-9 and
VEGF. (B) Protein expression and phosphorylation levels of FGFR, PLCy and ERK (1/2) among the experimental groups; 1, FGFR1; 2, P-FGFR1; 3, PLCyI;
4, P-PLCyl; 5, ERK (1/2); and 6, P-ERK (1/2); "P<0.05, “"P<0.01; NS, not significant.

levels of an invasion- and metastasis-related gene (MMP-9)  compared with the control group (P>0.05). In addition, in the
was significantly increased (P<0.01), while the expression  cells in which ST8Siall was inhibited in a sustained fashion
of VEGF showed no statistically significant change when  (H446-ST8Siall-shRNA), the protein expression of MMP-9
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and VEGF showed no significant differences with the control
group (P>0.05).

The protein expression and phosphorylation levels of
intracellular signaling molecules were then further tested after
treatment with various factors. The results (Fig. 6B) showed
that in the H446-ST8Siall-LENTTI group, the protein expres-
sion levels of FGFR1, PLCyl and ERK1/2 did not significantly
differ from levels in the control group (P>0.05). In contrast,
the expression levels of phosphorylated FGFR1 and ERK1/2
were significantly increased (P<0.01 for both). The expression
level of phosphorylated PLCyl was decreased when compared
with the level in the control group (P<0.05). In the H446-
ST8Siall-shRNA group, the expression and phosphorylation
levels of the above proteins showed no significant differences
with the control group (P>0.05).

Discussion

Invasiveness and metastasis of SCLC seriously affect patient
prognosis, but since the specific mechanisms have not been
fully elucidated yet, the treatment effectiveness remains unsat-
isfactory. Active research into (and improved understanding
of) the mechanisms of metastasis of SCLC and identification
of new therapeutic targets will have a positive influence on the
prevention and treatment of SCLC.

In the present study, we found that glycosylation of proteins
or lipids on the tumor cell surface had significant effects on the
metastatic potential of the tumor cells. The glycans are a class
of biological molecules within cells, in addition to nucleic
acids, proteins and lipids, and mainly include N-glycans that
are covalently linked to asparagine, O-glycans that are linked
to serine or threonine, GAGs that are linked to serine, and
glycolipids that are linked to lipid structures. Many of the
body's physiological and pathological processes including
inflammation, cancer, metabolic regulation, development,
aging and immune defense are closely related to cellular
glycans (11). PSA is a long linear chain formed by sialic acid
monosaccharide residues (N-acetylneuraminic acid, Neu5AC;
or N-hydroxy-acetylneuraminic acid, Neu5GC) via a-2,8
bonds (7). The PSA chain in mammalian tissues generally
consists of 50-150 residues, while the longest chain detected
is >370 sialic acid residues long. PSA first caught the attention
of researchers in the context of its roles in post-transcriptional
modification of NCAM (12).

NCAM is a transmembrane protein on the cell surface and
performs important functions in the development of nerve
tissues as well as adhesion and metastasis of neural cells in the
brain. The extramembranous structure of NCAM is composed
of five Ig homeodomains (Igl, Igll, IgIIl, IgIV and IgV) and
two type III fibronectins (FN1 and FN2); the two adjacent
domains are linked via disulfide bonds (13). The polysialylation
of NCAM is mainly performed by ST8Siall and ST8SialV,
which have their catalytic regions in the Golgi lumen, and only
ST8Siall and ST8SialV can attach PSA to NCAM. The above
two enzymes can catalyze the reaction alone or have syner-
gistic effects, but the exact mechanisms have not been fully
elucidated (7-9). The binding sites for polysialyltransferase on
NCAM are mainly located in IgV and FN1 (14,15). NCAM2
is also called olfactory cell adhesion molecule (OCAM) or
Rb-8 neural cell adhesion molecule (RNCAM). NCAMI1 and
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NCAM2 share overall sequence identity of ~44%, but their
functions are not exactly the same, and NCAM-2 cannot be
covalently linked to PSA (16).

The present study showed for the first time that when
the SCLC H446 cells were transfected with a lentivirus
and the expression of polysialyltransferase ST8Siall was
enhanced (followed by enhancement of the PSA modifica-
tion of NCAM) the in vitro invasion and metastasis abilities
of the H446 cells were significantly increase. Expression of
the invasion- and metastasis-related MMP-9 gene was also
significantly increased (P<0.01), while VEGF showed no
significant change. After further examining the changes in
signaling molecules, we found that when ST8Siall expres-
sion was enhanced, the expression levels of FGFR1, PLCyl
and ERK1/2 were not significantly changes, while the levels
of phosphorylated FGFR1 and ERK1/2 were significantly
increased (P<0.01). When shRNA was used to knock down
the expression of polysialyltransferase ST8Siall, the in vitro
invasion and metastasis abilities of the H446 cells were also
suppressed. In a similar fashion, Al-Saraire er al found that
when cytidine monophosphate was used to inhibit the expres-
sion of ST8Siall in neuroblastoma (SH-SY5Y) and glioma
cells (C6-ST8Siall type) (this treatment secondarily inhibits
the ST8Siall-mediated polysialylation of NCAM) the migra-
tion ability of these two tumor cell types was significantly
decreased (10). In contrast, the migration of ST8Siall itself [as
well as the colon cancer cells (DLD-1) and wild-type glioma
cells (C6 wild-type) that showed no expression of PSA] was
not affected (10).

Recent studies (17-19) showed that the post-transcriptional
modification of NCAM by PSA does not only affect its adhe-
sion function but also has a ‘switch’ effect on the NCAM
signal transduction functions. Before modification by PSA, it
is easy for NCAMs to form stable homological adhesion. In
contrast, when NCAM is highly modified by PSA, the steric
hindrance effects of the long-chain PSA (as well as the mutual
repulsion arising within negatively charged PSAs) inhibit the
homological adhesion among NCAMs. This change results not
only in separation of cancer cells but also in activation of the
NCAM-mediated intracellular signaling pathways.

Various studies have confirmed that activated NCAM
can activate intracellular signaling pathways mainly in two
ways. One is the receptor tyrosine kinase-dependent signaling
pathway; specifically, NCAM can act on FGFR or tyrosine
kinase receptor B (TrkB) on the adjacent cell membrane, thus
activating the receptor tyrosine kinase and promoting the
downstream signaling cascades (20-22). Li et al (23) reported
that PSA-modified NCAM can bind to the CAM homology
domain (CHD) on the adjacent film FGFR, thereby modu-
lating the activities of FGFR and promoting the metastasis of
NIH-3T3 cells and African green monkey kidney cells COS-7.
This finding is related to the phosphorylation of PLCy and
ERK1/2 in the FGFR downstream signaling pathways.

The other pathway that NCAM activates using intracellular
signals is the non-receptor-dependent pathway, which is not
mediated by FGF receptors (24-26). It causes focal adhesion
kinase (FAK) to bind to the NCAM-Fyn complex directly via
phosphorylation of intracellular tyrosine protein kinase-related
Fyn and FAK, then continues to activate the downstream
Ras/mitogen-activated protein kinase (MEK)/ERK or
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phosphoinositide 3-kinase (PI-3K) signaling pathways (24-26).
The specific mechanisms of how the activated NCAM can
activate the intracellular signal transduction inside SCLC cells
are still unclear. Expression of NCAM is present in almost all
tissues of SCLC, and the diagnosis of SCLC can be confirmed
by the results of immunohistochemical analysis (27).

The present study showed that, in SCLC, the post-tran-
scriptional modification of NCAM with PSA glycans is closely
associated with the metastatic potential of SCLC cells. We
also found that activation of intracellular P-FGFR/P-ERK 1/2/
MMP-9 signaling by PSA-NCAM may be a new mechanism
that promotes the invasiveness and metastasis of SCLC. This
approach requires the FGF receptors to be phosphorylated,
but not via PLCy; thus, there may be additional mechanisms
connecting phosphorylation of the FGF receptor to the activa-
tion of ERK1/2 phosphorylation. Future studies should further
examine how the saccharification of cell surface molecules
can activate specific intracellular signal transduction path-
ways and how the intracellular signaling pathways driving
PSA-NCAM-mediated invasion and metastasis are regulated
in SCLC. These lines of inquiry may lead to new strategies for
the prevention or treatment of SCLC.
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