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a b s t r a c t

This paper is the first to report the preparation, characterization, and potential biological activities of a
chemically sulfated polysaccharide isolated from the ink of the squid, Ommastrephes bartrami. The squid
ink polysaccharides (SIPs) were firstly sulfated with the pyridine–sulfur-trioxide complex in dimethyl
sulfoxide. Structural characterization of sulfated SIP using nuclear magnetic resonance indicated that
eywords:
quid ink polysaccharide
ulfation
uclear magnetic resonance migration
ngiogenesis

sulfation mainly occurred at the 4,6-position of GalNAc. The effects of the sulfated SIP (TBA-1) on tumor
cell growth, invasion, and migration were examined in vitro, and its effects on angiogenesis were mea-
sured in vivo using the chick embryo chorioallantoic membrane (CAM) assay. TBA-1 did not have any
obvious effects on the proliferation of HepG2 tumor cells, but induced the dose-dependent suppression
of cell invasion and migration in HepG2. Moreover, TBA-1 obviously inhibited angiogenesis in a CAM
model. Thus, our results indicate that TBA-1 is a potential candidate compound for the prevention of

tumor metastasis.

. Introduction

Sulfated polysaccharides, which are widespread in nature, play
n important role in molecular recognition, cell development
nd differentiation, and cell–cell interaction. A number of natural
ulfated polysaccharides were reported to exhibit diverse biolog-
cal activities, such as anticoagulant activity (Athukorala, Jung,
asanthan, & Jeon, 2006; Mourao et al., 2001; Pushpamali et al.,
008), antiviral activity (Kanekiyo et al., 2005; Lee et al., 2006;
usnati et al., 2009), and antitumor activity (Peng, Zhang, Zeng,
Kennedy, 2005; Tong et al., 2009; Zhang, Cui, Cheung, & Wang,

007); thus, chemical sulfation of many natural polysaccharides
as been conducted. The sulfation of polysaccharides could not only
nhance water solubility but also change the chain conformation,
esulting in alteration of their biological activities (Chaidedgumjorn
t al., 2002; Liu & Wang, 2007). New pharmacological agents with
ossible therapeutic uses can be obtained by chemical sulfation of
olysaccharides.
A sulfated GAG-like polysaccharide has been identified in squid
nk and has been reported to have antibacterial (Funatsu, Fukami,
ondo, & Watabe, 2005; Sadok, Abdelmoulah, & El Abed, 2004),
ntitumor (Sasaki, Ishita, Takaya, Uchisawa, & Matsue, 1997;
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Takaya et al., 1994), and anti-retroviral activities (Rajaganapathi,
Thyagarajan, & Edward, 2000). Several active components, includ-
ing a tyrosinase and an angiotensin-converting enzyme inhibitor,
have been identified (Kim, Kim, & Song, 2003; Naraoka et al., 2003;
Russo et al., 2003). In our previous work (Chen et al., 2008), we iso-
lated a non-sulfated glycosaminoglycan-like polysaccharide from
melanin-free ink of the squid, Ommastrephes bartrami. Using elec-
trospray ionization tandem mass spectrometry (ESI/MS/MS) and
nuclear magnetic resonance (NMR) analyses, we found that its
structure was composed of the following unique repeating trisac-
charide: –[3GlcA�1-4(GalNAc�1-3)Fuc�1]n–. However, sulfation
of this unique polysaccharide has not been reported. In this study,
the squid ink polysaccharide (SIP) sulfated with pyridine–sulfur-
trioxide complex in dimethyl sulfoxide (DMSO), and investigated
the structures of sulfated polysaccharides by high-performance liq-
uid chromatography (HPLC), infrared (IR), and NMR spectroscopy.
We examined the effects of sulfated polysaccharides on tumor cell
metastasis.

2. Experimental protocol

2.1. Materials
The ink of the squid, O. bartrami, was obtained from Zhou-Shan
Fishery Company (Zhejiang, China) and stored at −40 ◦C before
use. TSK G4000PWXL columns were obtained from TOSOH BIOSEP
(Tokyo, Japan), and Sephacryl S-300, from Amersham Biosciences

ghts reserved.
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Uppsala, Sweden). The monosaccharides d-mannose (Man) and
-fucose (Fuc), papain, and cystein (Cys) were purchased from
luka (Seelze, Germany), while l-arabinose (Ara), d-galactose (Gal),
-galactosamine (GalN), d-glucosamine (GlcN), d-glucuronic acid
GlcA), d-galacturonic acid (GalA), disaccharide lactose, trimethy-
amine (TMA), DMSO, tributylammonium, and pyridine–sulfur-
rioxide from Sigma (St. Louis, MO, USA). The derivatization
eagent 1-phenyl-3-methyl-5-pyrazolone (PMP) was purchased
rom Sinopharm Chemical Reagent (Shanghai, China). The RPMI-
640 medium and newborn/fetal bovine serum were obtained
rom Gibco Co. (USA). l-Glutamine and 3-(4,5-dimethylthiazol-2-
l)-2,5-diphenyltetrazolium bromide (MTT) were purchased from
igma Chemical (St. Louis, MO, USA). Matrigel was obtained from
D (San Jose, CA, USA). Fertilized chicken eggs were purchased from
ingdao Zhengda Co. Ltd.

.2. Isolation and purification of non-sulfated SIP

SIP was purified as previously reported (Chen et al., 2008).
riefly, melanin-free ink was digested with 2 volumes of 1% (w/v)
apain in Tris–HCl buffer (50 mM (pH 6.8) containing 5 mM Cys
nd 5 mM EDTA) at 60 ◦C for 24 h. Digestion was repeated twice.
rude melanin-free SIP was obtained after precipitation with 4
olumes of ethanol. The crude SIP was purified by sequential gel
ltration and anion-exchange chromatography on a Sephacryl S-
00 column (1.6 cm × 100 cm) and a DEAE ion-exchange column
2.6 cm × 30 cm), respectively. The molecular weight of SIP was
etermined by liquid chromatography on an Agilent 1100 sys-
em (Palo Alto, CA, USA) with a TSK G4000PWXL column (TOSOH
IOSEP) by elution with 0.2 M NaCl, and it was found to be 48000 Da.

.3. Sulfation of SIP

Method 1: The sulfation reaction was performed as follows: The
olysaccharide powder (1 g) was suspended in dry DMSO (50 ml),
nd the mixture was stirred at 80 ◦C for 30 min, after which 4 g
y·SO3 was added. The reaction was allowed to continue for 1–3 h;
hen, the mixture was cooled to room temperature with an ice
ath, neutralized with 15% NaOH aqueous solution, and dialyzed
gainst distilled water (Spectra/Por membrane, MWCO. 1000) for
20 h. The dialysate was freeze-dried and weighed. About 1.2–1.5 g
f each of the sulfated SIP samples prepared with different reaction
imes was obtained; depending on the reaction time, they were
amed DMSO-1h, DMSO-2h, and DMSO-3h.

Method 2: SIP (1.5 g) was dissolved in water (25 ml) and passed
hrough an ion-exchange column (50 ml, Amberlite IR-120 H1).
fter its passage through the column, the pH of the solution
as 3.35. The pH was then adjusted to 7 with tributylamine and

tirred for 1 h. Excess tributylamine was removed by extracting
he resulting solution with diethyl ether. The solution was dia-
yzed (Spectra/Por membrane, MWCO. 1000) against water for 12 h
o completely remove any remaining tributylamine (Falshaw et
l., 2000). The retentate was concentrated on a rotary evaporator
nd finally lyophilized to obtain the tributylammonium salt of SIP
1.65 g).

The tributylammonium (TBA) salt of the SIP (1 g) was dissolved
n dry DMSO (20 ml). The pyridine–sulfur-trioxide complex (15
quivalents [10 g] or 7 equivalents [5 g]) was dissolved in dry DMSO
40 ml). Both DMSO solutions were cooled on an ice bath, and the
yridine–sulfur-trioxide solution was poured into the SIP solution.
he resulting solution was stirred on an ice bath for 1–3 h. After this,

he mixture was poured into ice-cold water (200 ml), and the pH
initially 2) was adjusted to 7 with NaOH (2 M). The solution was
ialyzed (Spectra/Por membrane, MWCO. 1000) against distilled
ater for 48 h and then lyophilised to obtain sulfated SIP. About

.2–1.5 g of the sulfated SIP samples prepared with different reac-
mers 81 (2010) 560–566 561

tion times was used; depending on the reaction time, they were
named TBA-1, TBA-2, and TBA-3.

2.4. Chemical composition of chemically modified SIP

As previously reported, the GalNAc branch is likely to be lost in
acidic conditions. The monosaccharide composition of chemically
modified SIP was determined by a PMP-HPLC method (Strydom,
1994). In brief, polysaccharide (typically 1 mg) was hydrolyzed with
2 M TFA at 110 ◦C under nitrogen for 8 h with lactose added as
an internal standard. The monosaccharide hydrolysate was dried
under vacuum and then derivatized with 450 �L PMP solution
(0.5 M in methanol) and 450 �L of 0.3 M NaOH at 70 ◦C for 30 min.
The reaction was discontinued by neutralization with 450 �L of
0.3 M HCl and extraction with chloroform (1 mL, 3 times). HPLC
analyses were performed on an Agilent ZORBAX Eclipse XDB-C18
column (5 �m, 4.6 mm × 150 mm) at 25 ◦C with detection at UV
(250 nm). The mobile phase was 0.05 M KH2PO4 (pH 6.9) with 15%
(solvent A) and 40% (solvent B) acetonitrile in water. The solvent B
gradient used was from 8% to 19% for 25 min.

The sulfate content was determined by ion chromatography
(Ohira & Toda, 2006).

2.5. NMR spectroscopy and IR spectroscopy

For NMR analysis, chemically sulfated SIP or native polysac-
charide (50 mg) were co-evaporated with D2O (99.8%) twice by
lyophilization before final dissolution in 500 �L high-quality D2O
(99.96%) containing 0.1 �L acetone. 1H NMR experiments were car-
ried out at 600 MHz, and 13C NMR experiments, at 150 MHz. The
spectra for both were recorded at 60 ◦C for the native polysac-
charide. The temperatures were selected so as to assign the HDO
signals with minimal disturbance to carbohydrate protons. The
observed 1H chemical shifts were reported relative to internal ace-
tone (2.03 ppm).

The IR spectrum of the polysaccharide (∼0.5 mg) was acquired
on a Perkin-Elmer instrument as KBr pellets at room temperature.

2.6. Cell line and cell culture

The human hepatocellular liver carcinoma cell line HepG2 was
obtained from Shanghai Cell Bank (Shanghai, China) and grown
in RPMI 1640 medium supplemented with 10% newborn bovine
serum, 2 mM l-glutamine, 100 units/mL penicillin, and 100 �g/mL
streptomycin at 37 ◦C in a humidified atmosphere containing 5%
CO2. All the experiments were repeated 3 times to ensure repro-
ducibility. The sulfated SIP TBA-1 was used for all the cell culture
experiments. It was dissolved in D-Hanks as a stocking solution
and diluted with the culture medium to the desired concentrations
before use.

2.7. Cell proliferation assay

HepG2 (2 × 104 cells/well) cells were plated on a 96-well plate
(Corning, NY, USA). After the cells were incubated overnight, the
medium in each well was replaced by fresh RPMI1640 medium
containing different concentrations of TBA-1. After incubation for
48–96 h, the medium was removed from each well, and cell viability
was determined by the MTT assay, as described previously.

2.8. Wound migration assay
The HepG2 cells were plated in a 24-well plate and incubated
for 24 h. The confluent monolayer was starved with serum-free
medium for 8 h, wounded by scratching with a 1-ml pipette tip,
and washed 3 times with phosphate-buffered saline (PBS). Then,
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Table 1
Composition and molecular weights analysis of the sulfated SIP sample.

Samples Molar ratio of monosaccharides Sulfate MW (Da)

Fuc GlcN GlcA GalN Gal Man

SIP 1.00 0.14 0.96 1.01 0.03 0.08 0 48000
DMSO-1 1.00 0.11 0.74 0.84 0.03 0.15 2.41 10200
DMSO-2 1.00 0.10 0.76 0.81 – 0.17 2.63 8300
DMSO-3 1.00 0.10 0.79 0.84 – 0.13 2.75 6700

of Fuc (�) shift from 5.27 ppm (d, J = 3.42) to 4.98 ppm; this shift
was caused by sulfation of GalNAc.

The 13C NMR spectrum further confirmed the results of the 1H
NMR spectrum (Fig. 3). The resonance peaks at 173–176 ppm in
62 S. Chen et al. / Carbohydra

he cells were incubated in serum-free medium containing various
oncentrations of TBA-1. Photographs were taken at 0, 12, and 24 h
fter wounding, and the width of the wound was measured with
he Image Pro Plus 5 software.

.9. Cell invasion assay

Cell invasion assay was performed using the transwell Boy-
en chamber with a 6.5-mm diameter polycarbonate filter (pore
ize, 8 �M). Briefly, the upper surface of each filter was coated
ith a uniform layer of Matrigel (diluted in RPMI-1640, 1:20, v/v).
epG2 cells were trypsinized and suspended at a final concentra-

ion of 5 × 105 cells/mL in RPMI1640 containing 1% fetal bovine
erum (FBS), and 100 �L of the cell suspension was loaded into
ach upper well, along with various concentrations of TBA-1. In the
ower chamber, RPMI-1640 medium containing 20% FBS was used
o stimulate migration. After incubation at 37 ◦C for 24 h, nonmi-
rating cells on the upper surface of the filter were removed with
cotton swab. Migrating cells on the lower surface of the filters
ere fixed with ethanol and stained with 1% crystal violet. The

ells were visualized using a microscope (IX70; Olympus, Japan)
quipped with a 40× objective. Five random fields were counted
or each filter, and the images were analyzed using the Image Pro
lus 5 software. Each assay was performed in triplicate.

.10. Chicken chorioallantoic membrane assay

Inhibition of angiogenesis was determined using a modification
f the chicken chorioallantoic membrane (CAM) assay (Tan et al.,
001). Fertilized chicken eggs were transferred to an egg incubator
aintained at 37 ◦C and 50% humidity and allowed to grow for 9

ays. Then, a 1-cm2 window was created. The shell membrane was
emoved to expose the CAM. Filter paper disks (diameter, 5 mm)
aturated with TBA-1 solutions (20 and 40 �g/egg) or PBS were
laced on the CAM. The window was resealed with plastic tape,
nd the embryos were further incubated for 24 h. The neovascular
ones under the disks were photographed using a stereomicro-
cope (SZ61; Olympus, Japan).

.11. Statistical analysis

All data are presented as mean (SD). Statistical significance was
etermined by one-way analysis of variance (ANOVA) and the least
ignificant difference (LSD) test.

. Results and discussion

.1. Effects of various reaction conditions on the degree of
ulfation

The sulfate group plays an important role in the bioactivities of
olysaccharides. The degree of sulfation (DS) of polysaccharides

s an important parameter for analyzing the bioactivities. Three
ulfated samples of SIP that were prepared with method 1 were
amed DMSO-1, DMSO-2, and DMSO-3, the DSs of which were
etermined to be in the range of 2.51–2.73. The molecular weight of
ative SIP was 48000 Da, but that of DMSO-1, DMSO-2, and DMSO-3
ecreased sharply to 6000–10000 Da; this indicates that backbone
egradation probably occurred because of the highly reactive envi-
onment. The sulfated samples of SIP prepared by method 2 were
amed TBA-1, TBA-2, and TBA-3, the DS of which were determined

o be 2.13–2.25; thus, these DS values were slightly lower than
hose of the sulfated samples prepared using method 1. However,
he molecular weight of these samples was almost unchanged com-
ared to native SIP (molecular weight, about 30000 Da); thus, the
ackbone remained almost unchanged.
TBA -1 1.00 0.09 0.81 0.93 – 0.16 2.13 32400
TBA-2 1.00 0.08 0.80 0.92 – 0.13 2.20 31300
TBA -3 1.00 0.09 0.84 0.93 – 0.12 2.25 29800

Although the sulfation resulted in a decrease in the molecular
weight, the monosaccharide composition of all 6 sulfated samples
remained almost unchanged (Table 1); this indicated that the sulfa-
tion process obviously has no effect on the loss of GalNAc branches,
which we have reported are liable to be lost under acidic conditions.
Since there were no obvious effects of time on the chemical proper-
ties of the sulfated sample, we chose DMSO-1 and TBA-1 for further
spectral analyses.

Compared with the FTIR spectrum of native SIP, that of sulfated
SIP (DMSO-1 and TBA-1) showed 2 new absorption bands—one
at 1248 cm−1, describing an asymmetrical S–O stretching vibra-
tion, and the other at 827 cm−1, representing a symmetrical C–O–S
vibration associated with a C–O–SO3 group (Fig. 1). These observa-
tions indicated the presence of 4,6-O-SO3-GalNAc or 2-O-SO3-Fuc
(Bernardi & Springer, 1962; Duarte, Cardoso, Noseda, & Cerezo,
2001).

3.2. NMR spectrum characterization of sulfated SIP

The 1H NMR spectrum of the SIP is shown in Fig. 2(a): 3 nar-
row doublet peaks were observed at 5.27 ppm (d, J = 3.42), 5.18 ppm
(d, J = 3.64), and 4.52 ppm (d, J = 6.06); they were attributed to the
anomeric protons of Fuc (�), GalNAc (�), and GlcA (�), respec-
tively. However, the splits of the sulfated sample were obviously
unclear, and a new major signal around the anomeric region at
5.56 ppm appeared; this was assigned to the anomeric signal of
4,6-sulfated GalNAc (�) according to previous reports. Moreover, a
minor signal at 5.86 ppm could not be assigned; this might be the 2,
4, 6-O-sulfated group of branch GalNAc (�). The anomeric protons
Fig. 1. IR spectrum of squid ink polysaccharides and its sulfated derivatives. (a)
Native SIP; (b) DMSO-1; (c) TBA-1.
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ig. 2. 1H NMR of squid ink polysaccharides and its sulfated derivatives. (a) Native
IP; (b) DMSO-1; (c) TBA-1.

he 13C NMR spectra of all the samples were assigned to the car-
onyl group of GlcA and GalNAc. The main signal of GalNAc in SIP
as assigned to 101.87 ppm for C1, 74.1 ppm for C5, 71.3 ppm for
4, 70.1 ppm for C3, 52.4 ppm for C2, and 64.5 ppm for C6. The
eak at 64.5 ppm, which represented the chemical shift of C6 of
alNAc in native SIP, disappeared in the 13C NMR spectrum of TBA-
and DMSO-1. The new peak that appeared at 68.5 ppm indicated

he sulfation of C6 in the GalNAc of TBA-1 and DMSO-1 because
he downfield shift of a carbon atom linked by a sulfated group
s 4–7 ppm. Similarly, the new peaks at 77.9 ppm for TBA-1 and
MSO-1 were assigned to the substituted C4 of GalNAc, which
ere fully substituted by sulfate groups. Furthermore, a new peak

t 100.3 ppm was assigned to C1 of GalNAc, because C4 and C6 had
een substituted by sulfate group to influence the chemical shift of
he adjacent C1. In DMSO-1, the anomeric signal of GalNAc splits
nto 2 peaks—100.3 ppm for C1 and 99.5 ppm for C1′. The upfield
hift of C1′ to C1 is 0.8 ppm, indicating that the C2, C4, and C6 of par-

ial GalNAc are substituted by sulfate, which is in line with Gorin’s
escription.

All the results indicated that sulfation mainly occurred at the
,6-position of GalNAc. The main structure of the sulfated SIP
hould be –[3GlcA�1-4(4,6-SO4-GalNAc�1-3)Fuc�1]n–.
Fig. 3. 13C NMR of squid ink polysaccharides and its sulfated derivatives. (a) Native
SIP; (b) DMSO-1; (c) TBA-1.

3.3. Anti-metastasis activity of chemically sulfated SIP

To identify the effect of TBA-1 on anti-metastasis, we initially
examined the effects of TBA-1 on tumor cell proliferation by the
MTT assay. Data indicated that TBA-1 at the tested concentrations
did not inhibit HepG2 proliferation (Fig. 4). To investigate whether
TBA-1 inhibits tumor migration, wound migration assays were per-
formed in TBA-1-treated HepG2 cells. As shown in Fig. 5, TBA-1
suppressed the migration of HepG2 across the wounded space in
a dose-dependant manner. Tumor cell migration and invasion are
necessary for metastasis. We further explored the effect of TBA-1 on
HepG2 invasion by using a transwell Boyden chamber assay. Incu-
bation of control HepG2 for 24 h resulted in large-scale invasion of

tumor cells to the lower side of the filter (Fig. 6). In contrast, treat-
ment with TBA-1 inhibited HepG2 invasion in a dose-dependent
manner, resulting in inhibition rates of 38.4% and 78.2%. Invasion
is a characteristic feature of carcinomas, which frequently show
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Fig. 4. Effects of TBA-1 on HepG2 cell proliferation. Cells were cultured in the pres-
e
M

F
m
M

nce of TBA-1 (25–400 �g/ml) for 48–96 h and the cell growth was measured using
TT assay. Data are mean ± SD (n = 3).

ig. 5. Inhibition of HepG-2 cell migration by TBA-1. The cells were plated in a 24-well
edium in 200 and 400 �g/mL of TBA-1. At 0, 12 and 24 h after wounding, the cells were p
icrophotographs of HepG2 cells (a) and quantitative analysis (b) of the wound migration
mers 81 (2010) 560–566

early invasion into blood vessels and subsequent tumor metasta-
sis (Pasco, Brassart, Ramont, Maquart, & Monboisse, 2005). These
results suggest that the sulfated SIP TBA-1 may be useful for sup-
pressing HepG2 cell metastasis. Furthermore, TBA-1 had no obvious
cytotoxic effects on HepG2, indicating that inhibition of HepG2 cell
metastasis by TBA-1 is likely to occur in a cytotoxicity-independent
fashion.

The CAM of the chicken embryo is a unique model for eval-
uating neovascularization. Using this model, we examined the
potential anti-angiogenic activities of TBA-1 in vivo. In the control
eggs, blood vessels formed densely branching vascular networks
(Fig. 7). Treatment with TBA-1 significantly inhibited the num-
ber of newly formed blood vessels in a dose-dependent manner;
this suggests that TBA-1 suppresses angiogenesis in chicken
embryos.

Angiogenesis, the process of the sprouting of new capillaries
from pre-existing blood vessels, is essential for sustained growth of
solid tumors and metastasis (Folkman, 2002). The sulfated polysac-

charide SIP-SII from the ink of the cuttlefish, Sepiella maindroni,
might suppress invasion and migration of carcinoma cells via inhi-
bition of MMP-2 proteolytic activity; these polysaccharides are
composed of fucose, N-acetylgalactosamine, and mannose in a

plate and confluent monolayer were wounded and then incubated in serum-free
hotographed under an invert microscope and width of the migration was measured.

assay are shown. Migration rate was expressed as a percentage of control (0 �M).
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Fig. 6. Inhibition of HepG-2 cell invasion by TBA-1. (a) Cells pre-treated with various concentrations of TBA-1 were placed on Matrigel-coated filters and incubated for 24 h.
Invasion cells on the lower surface of the filter were assessed by staining with crystal violet. (A) Control; (B) 200 �g/ml; (C) 400 �g/ml. (b) Overall rate of TBA-1induced
inhibition of HepG-2 migration.
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ig. 7. The effects of TBA-1 on the angiogenesis of CAM. Fertilized eggs were incuba
as added to a final concentration of (A) 0 �g/egg (PBS control), (B) 20 �g/egg, (C)
arvested and photographed by stereoscope (Olympus SZ61, Japan).

olar ratio of 2:2:1, with a single branch of glucuronic acid at the
-3 position of mannose (Wang et al., 2008). Here, we show that
ulfated SIPs have anti-metastatic activity. However, the detailed
echanism still requires further investigation.

. Conclusion

An SIP with the clear unique structure –[3GlcA�1-4 (GalNAc�1-
)-Fuc�1]n– was first sulfated with the pyridine–sulfur-trioxide
omplex in DMSO; no obvious degradation of SIP occurred.
wo characteristic absorption bands (near 1258 and 827 cm−1)
ppeared in the FT-IR spectra, which indicated that the sulfation
eaction had actually occurred. Further, 1H and 13C NMR spec-
ra indicated that sulfation mainly occurred at the 4,6-position of
alNAc. The main structure of the sulfated SIP was clearly shown
o be –[3GlcA�1-4(4,6-SO4-GalNAc�1-3)-Fuc�1]n–. We further
nvestigated the effects of the sulfated SIP TBA-1 on invasion and

igration of tumor cells in vitro and on angiogenesis in vivo.
ur findings are the first to provide evidence for the inhibition of

umor cell invasion and suppression of angiogenesis by the unique
ntinuously for 9 days, and then a window was opened to expose the CAM and DSEA
g/egg. The eggs were incubated for another 24 h, and then the treated CAMs were

sulfated SIP TBA-1. These results suggest that TBA-1 may be a can-
didate compound for the prevention of tumor metastasis.
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