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Abstract

Recently, it was demonstrated that an increased level of NeuNAca2-
3Galpl-4(Fucal-3)G1cNAq3-R (sialyl Lex) and NeuNAca2-3Galfil
3(Fuca1-4)GlcNAc@i-R(sialyl Lea)expression on the surface of colorectal
cancer cells is positively correlated with progression of the disease. It has
not been determined, however, which type of glycans, N- or O-glycans, is
more closely associated with progression when cancer cells express those
ollgosaccharides. To address this problem, we have examined expression
of sialyl Le@and slalyl Lex, those oligosaccharides in O-glycans, and core
2 fi-1,6-N-acetylglucosaminyltransferase (C2GnT) transcripts in colorec.
tat cancerspedmensfrom 46 patientsand comparedthoseresultswith
dinicopathological variables. C2GnT is a glycosyltransferase that is re
sponsible for the core 2 branch, which is critical for biosynthesis of sialyl
Lea and sialyl Le5 in O-glycans. Sialyl Le@and sialyl Le@were determined
by immunohWochemistry, and C2GnT transcripts were detected by re
verse tramcripflon-PCR. Sialyl Lea or sialyl Le@@ O-glycans was assessed
by combining linmunohistochemistry for sialyl Le or sialyl Le@with
reverse transcrlption-PCR for C2GnT. Sialyl Lea,detected on cancer cells
in 74% of patients, was well correlated with lymph node metastasis,
whereas sialyl Lea@ sialyl Lex j@O-glycans, which were specifically
detected in cancer tissues of 50 and 61% of patients, respectively, were
closely associated with lymphatic and venous invasion. In addition,
C2GnT, which was specifically detected in cancer tissues of 63% of
patients, was closely correlated with the vessel invasion, as well as depth
of tumor Invasion. These results strongly suggest that sialyl Lea@ sialyl
Lex@ O-glycans and C2GnT, expressed in cancer cells, may play hnpor
tent roles in tumor progression through vessel or direct invasion.

Introduction

Specific sets of carbohydrates on the cell surface play critical roles
in many biological events, such as development, differentiation, and

pathological conditions, such as inflammation and oncogenesis (1â€”3).
In particular, among the carbohydrates, sialyl Le'@3and an isomer of
sialyl Le5, sialyl @aare enriched on the cell surface of carcinoma
cells (4, 5) and could serveas ligandsfor the cell adhesionmolecule
E-selectin, which is exclusively expressed on the cell surface of
activated endothelial cells (6). During the process of tumor metastasis,
the adhesionof carcinomacells to endothelialcells in target organs
maybe crucialfor successfulcolonizationby tumorcells (7). In fact,
it has been demonstrated that the highly metastatic colonic carcinoma
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cell line, KM12-L4, expresses more sialyl Lex moieties on the cell
surface than does a less metastatic counterpart, the KM12-SP cell line
(8), and that KM12-L4 cells also adhere more efficiently to activated
endothelialcellsor ChinesehamsterovarycellsexpressingE-selectin
(9). More recently, Izumi et al. (10) isolated two sublines showing
distinct expression levels of sialyl Le@from a human colon cancer cell
line, KM12-C, and demonstrated that liver metastasis occurred more
frequentlywhena sublinestronglyexpressingsialylLexwas injected
into the spleen of nude mice (10). In addition, a clinicopathological
study using immunohistochemistry provided evidence that the amount
of sialyl Lex on colorectal cancer cells is positively correlated to poor
prognosis of the patients (1 1). Similarly, expression of sialyl L&' in
cancer cells is also associated with poor prognosis (12). These results
clearly establish that the amount of sialyl Lex and sialyl Leâ€•expressed
on the cell surface of carcinoma cells is closely associated with
progression of colorectal cancer.

Sialyl Lex and sialyl @aassociated with glycoproteins, can be
present in N-glycansor O-glycans(8, 13, 14). However,it has not
been determined which type of glycans is more closely associated

with the progression of colorectal cancer when carcinoma cells ex
press sialyl @aor sialyl Le5 on their cell surface. As shown in Fig. 1,
the core 2 branch is critical for biosynthesis of sialyl Lea or sialyl Le@
in O-glycans because both determinants can be formed via this branch
structure (2). C2GnT is a glycosyltransferase that is responsible for
core 2 branch synthesis, and a cDNA encoding this enzyme was
isolated from the human promyelocytic cell line, HL-60, by expres
sion cloning (15). Thus, the presence of C2GnT in carcinoma cells is
directly correlated with the presence of sialyl Leâ€•or sialyl @Xin
O-glycans that are present on the carcinoma cells. Here, we combine
RT-PCR analysis of C2GnT transcripts with immunohistochemistry
for sialyl @aand sialyl Lex to determine whether sialyl Lex or sialyl

@a@ present in O-glycans in colorectal cancers obtained by endo

scopic biopsy. We also assess the relationship between the expression
of sialyl @aor sialyl L@e5in O-glycans and clinicopathological fea
tures exhibited by the patients. Last, we statistically evaluate the
correlationbetweenthe expressionof C2GnTtranscriptsper se and
cinicopathologicalvariablesto determinethe significanceof C2GnT
in tumor progression.

Patients and Methods

Patient& Biopsy specimens of carcinoma tissues were obtained using a
colonoscope from 46 patients with primary colorectal cancer at Nagano Mu
nicipal Hospital (Nagano, Japan) after informed consent was obtained. Carci
nomas that were limited to the mucosa were excluded from this study. In
addition, biopsy specimens of the colorectal mucosa, which was remote from
the carcinoma and apparently normal at the endoscopic level, were also
obtained using a colonoscope from the same patients. The patients included 24
males and 22 females, ages 28â€”91years (mean, 67.3 years). Histopathological
features, including the depth of tumor invasion, vessel invasion, and lymph
node metastasis, were determined at the subsequent surgical operation per
formed within 4 weeks after biopsy. Biopsy specimens for RT-PCR analysis
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Fig. 1. The biosynthetic pathways of O-glycans. Note that
core 2 branch formed by C2GnT is critical for the synthesis
ofboth sialyl Lea and sialyl Le' in O-glycans (based on Refs.
2 and 13â€”15).

Sialyl @a@ si@i LeX

were immediately frozen and kept at â€”80Â°Cuntil extraction of total RNA. In
parallel, other tissue specimens of carcinoma tissues, as well as normal mucosa
for immunohistochemical staining, were fixed for 48 h at room temperature in
20% phosphate-buffered formalin (pH 7.4), embedded in paraffin, and cut into
3-pm sections.

RT-PCR. Total cellular RNA was isolated from approximately8 mg of
wet tissue from each biopsy specimen, according to the acid guanidinium
thiocyanate-chioroform extraction method, using an Isogen kit (Nippon-Gene,
Tokyo, Japan; Ref. 16). After digestion of the genomic DNA with DNase I,
cDNA was then synthesized by reverse transcription of the extracted RNA
using an oligo(dT),5 primer. Using this cDNA as template, C2GnT cDNA,
which encodes an enzyme that is critical for O-glycan biosynthesis, was
amplified by PCR. On the basis of the published sequence (15), upstream
and downstream primers used in the first round of PCR were 5'-GTGC
TCAGAATGGGGCAGGATGTCACCTGG-3'(nucleotides â€”214to â€”185)
and 5'-TCACTACTAGGAUCTCCCCAGCAAGCTCC-3' (nucleotides
138â€”167),respectively. These primers were designed to amplify a region from
exon 1 to exon 2 of the C2GnT gene to distinguish amplified cDNA from
amplified genomic DNA (17). Fifty pAof reaction mixture, containing lX
PCR buffer, 1.0 mMMgC12,200 @LMdNTP, 1 @.tMeach primer, 1.25unit of Taq
polymerase, and 1.0 @gof the reverse-transcribed RNA, were denatured for 3
mm at 98Â°C,prior to 40 cycles at 95Â°Cfor 1 mm, 60Â°Cfor 1 mm, and 72Â°C
for 2 mm. In the second round, 1/50 of the amplified cDNA was reamplified
for 20 cycles under the same conditions using nested primers. The upstream
and downstream primers for the second round of PCR were 5'-GATGTCAC
CTGGAATCAGCA-3' (nucleotides â€”196 to - 177) and 5'-GCAGCAACGT

CCTCAGCAT-3' (nucleotides 1â€”19),respectively (15). When genomic DNA
was amplified using these primer sets, no PCR product was detected. As an
internal control for the RT-PCR analysis, the (32-microglobulin transcripts

were amplified from the same cDNA samples as described (18). Upstream and
downstream primers for f32-microglobulin gene were 5'-ACCCCCACT
GAAAAAGATGA-3' and 5'-ATmCAAAC@TCCATGATG-3', respec
tively. Amplified products were electrophoresed through 3% agarose gels.

Immunohistochemistry. Deparaffinizedbiopsy specimenswere subjectedto
immunohistochemical staining for detection of sialyl Lea and sialyl @X@nigthe
indirect method as described previously (19). Mouse monoclonal antibodies di
rected against sialyl Lea and sialyl @Xwere purchased from DAKO (Glostrup,
Demnark)and BectonDickinson(San Jose, CA), respectively.Antimouseimmu
noglobulin antibody conjugated with horseradish pemxidase (DAKO) was used as
the secondaryantibody,and peroxidaseactivitywas visualizedwith diaminoben
zidine-H202 solution. A control experiment was done, omitting the primary
antibody from the stainingprocedure,and no specific stainingwas found. Tissue
s@mans containing more than 5% positively stained carcinoma cells were
defined as positive.Others were classifiedas negativeaccordingto the criteriaof
NakamorietaL (11).

To confirm the presence of sialyl Lea or sialyl Lex in O-glycans, unfixed
frozen sections of carcinoma tissues expressing C2GnT mRNA, as well as
sialyl Lea and sialyl Lex were prepared from surgical specimens that were

immediately removed from three patients during surgical operation and di
gested with O-sialoglycoprotein endopeptidase, which specifically cleaves
O-glycan-containing peptides from glycoproteins (20), before immunostaining
with anti-sialyl @aor anti-sialyl Lex antibody. Briefly, colorectal cancer
specimens, including normal mucosa were immediately embedded in OCT
compound (Miles, Elkhart, IN) and snap-frozen at â€”80Â°C.Frozen tissue
specimens were sectioned at 4 pm using Kryostat CM3000 (Leica, Nussloch,
Germany) and then digested with 120 @.&g/miO-sialoglycoprotein endopepti
dase from Pasteurella haemolytica (Accurate Chemical, Westbury, NY) at

37Â°Cfor 4 h, followed by immunostaining for sialyl Lea or sialyl Lex. The
effect of digestion was evaluated by comparing digested specimens with serial

sections incubated with PBS instead of enzyme.
Statistical Analysis of Data. The relationship between the expression

pattern of C2GnT in carcinoma tissue and clinicopathological variables was
statistically determined by either the@ test or Fisher's exact test using
StatView 4.5 software (Abacus Concepts, Berkeley, CA). The clinicopatho
logical variables examined in this study included tumor size, histological
differentiation, depth of tumor invasion, lymphatic invasion, venous invasion,
lymph node metastasis, and tumor stage based on the histopathological tumor
node-metastasis classification system (21). Similarly, the relationship between
the expression of sialyl Lea or sialyl Lex on carcinoma cells and cinicopath
ological variables was evaluated by the same tests. A significant difference was
established when a P of <0.05 was obtained.

Results and Discussion

Expression of Sialyl Lea and Sialyl @Xm Colorectal Cancer.
Immunohistochemical analysis revealed that, among 46 patients cx
anÃ¼ned,sialyl @aand sialyl Lex were detected on the apical surface
of carcinoma cells in 34 (74%) and 43 (93%) patients, respectively
(Fig. 2, A and C). In the normal mucosa, on the other hand, sialyl @a
and sialyl Lex were detectable in 12 (26%) and 3 (7%) of the patients,
respectively (Fig. 2, A and C, insets).

To determine the correlation between elevated sialyl Lea or
sialyl Lex level and progression of colorectal cancer, a statistical
analysis was performed to compare the expression pattern of sialyl
Lea or sialyl Lex on carcinoma cells with clinicopathological
variables. As shown previously (11, 12), the expression of sialyl
Lea and sialyl Lex in the carcinoma cells is associated with pro
gression of colorectal cancer. In particular, statistically significant
differences were found between expression of sialyl Lea on carci
noma cells and lymph node metastasis (P = 0.02) and tumor stage
(P = 0.03). Although statistical significance could not be obtained
in this study, carcinoma progressed more when carcinoma cells
expressedsialyl Lexthan those lacking sialyl Lex(data not shown).
It is possible that examination of a larger number of patients
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Fig. 2. Expression of sialyl Lea and sialyl Lax and C2GnT transcripts in colorectal cancer and normal mucosa. Aâ€”D,immunohistochemistry for sialyl Lea (A and B) and sialyl La'
(C and D). In the carcinoma cells from the patient expressing C2GnT transcripts (patient 20 in E), the expressions of sialyl La@(A) and sialyl La' (C) were significantly reduced after
digestion with O-sialoglycoprotein endopeptidase (B and D). In the normal mucosa, intensity of staining for sialyl@ and sialyl Le' was not changed by preincubation with the enzyme
(Aâ€”D,insets). Hematoxylin was used for counterstain. Bar, 100 @sm;bar (inset), 200 pm. E, RT-PCR analysis of C2GnT transcripts expression in cancer and normal mucosa from
20 patients randomly selected from 46 patients. C2GnT transcripts were specifically expressed in cancer tissues in patients 2â€”9and patients 15â€”20.C, cancer tissue; N. normal mucosa;
fJ2m, @3@-micmg1obu1in.

lacking sialyl Le5 on carcinoma cells will identify statistically were examined. These results, combined, support the conclusion
significant differences. In fact, Nakamori et a!. (11) reported that that sialyl Lea and sialyl Lex on carcinoma cells are involved in
the expression of sialyl Lex on colorectal cancer cells was corre- progression of colorectal cancer by mediating E-selectin-depend
lated, with statistical significance, with depth of tumor invasion, ent adhesion to endothelial cells (2, 3). However, it has not been
lymphatic invasion, and lymph node metastasis when 132 patients clarified which type of glycans, 0- or N-glycans, contributes more
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Table 1 Statistical analysis of the relationship between the expression patternofC2GnT
transcripts in colorectal cancer tissues and clinicopathologicalvariablesNo.

of patients (%) (n =46)C2GnT

transcriptsPositive

Negative(n29)
(n17)Tumor

size(mm)30
7 (24) 7 (41)@ 23

>30 22 (76) 10 (59)
Histologicaldifferentiationâ€•Well

20 (69) 11 (65)0.77Moderatelyandpoorly
9(31)6(35)Depth

ofinvasion'sm
and pm 2 (7) 6 (35) o o@'

ss, Se, and si 27 (93) 11(65)Lymphatic
invasionNegative

0 (0) 5 (29)@
Positive 29 (100) 12 (71)Venous
invasionNegative

3 (10) 7 (41) o 02d
Positive 26 (90) 10(59)Lymph

nodemetastasisNegative
14(48) 11 (65) 028

Positive 15 (52) 6(35)Tumor
stageeI

and II 12 (41) 10 (59)@ 25
m andIV 17(59) 7(41)a

M@Jy5@ by x2 test or Fisher's exact test.

b Well, well-differentiated adenocarcinoma; moderately, moderately differentiated ad

enocarcinoma;poor,poorlydifferentiatedadenocarcinoma.s@
submucosa; pm. muscularis propria; ss, subserosa; se, serosa exposed; si, inva

sive to neighboring tissue.
dp <o.os.e

Stage I, pT,_2, pN0, M,@; stage II, pT@4, pN@,, M0; stage II, pT,_4, pN1.3,@ stageIV,

pT,_4, pN,_3, M1.

C2GnT GENE IN COLORECTAL CANCER

significantly to the progression of colorectal cancer when carci
noma cells express sialyl Lea and sialyl Lex on cell surface gly
coproteins.

Carcinoma-associated Expression of C2GnT Transcripts in
Human Colorectal Cancer. To determine the presence of sialyl Lea
and sialyl LeX in O-glycans, it is necessary to define the expression
pattern of C2GnT in colorectal cancer because C2GnT is an enzyme
that is required to form a critical branch of core 2 in the biosynthesis
of O-glycans, and both sialyl Le@and sialyl LeX in O-glycans are
synthesized via this particular branch (Fig. 1).

The expression of C2GnT in colorectal cancer and normal mucosa
was analyzed by RT-PCR. Among 46 patients examined, C2GnT
transcripts were specifically detected in carcinoma tissues from 29
patients (63%) but not in the normal mucosa of all of the 46 patients
(Fig. 2E and Table 1). This result indicates that sialyl Le@and sialyl
Le', on the cell surface of carcinoma cells expressing C2GnT, could
be present in O-glycans. Increased activity of C2GnT has been dem
onstrated in many biological processes and diseases, such as T-cell
activation, leukemia, and immunodeficiencies such as Wiskott-Al
drich syndrome and AIDS (2). In rodents, Yousefi et al. (22) reported
that transfection of the T24H-ras gene into rat2 fibroblasts and mam
mary adenocarcinoma SP1 cells resulted in a 70% increase in C2GnT

activity in both cell lines. The present study provides further evidence
that this enzyme is associated with malignant transformation in the
human large intestine and suggests that O-glycans having the core 2
branch may play important roles in tumor progression.

Expression of Sialyl Lea and Sialyl Lea in O-Glycans in Cob
rectal Cancer. Combining the results obtained from immunohisto
chemistry for sialyl Le@ and sialyl Le'@with those obtained from
RT-PCR analysis of C2GnT, we can differentiate sialyl Le@and sialyl
Le' in O-glycans from those found in N-glycans and/or in glycolipids.
As determined by RT-PCR analysis (Fig. 2E), C2GnT expression in
colorectal cancer was detected in 23 (68%) of the 34 patients express
ing sialyl Le' and in 28 (58%) of the 43 patients expressing sialyl Lex.
These results indicate that sialyl Le@and sialyl LeXcould be present in
O-glycans on the cell surface of carcinoma cells of these patients. In
the patients lacking C2GnT transcripts in cancer tissues, sialyl Le@and
sialyl LeX must be present in N-glycans of glycoproteins and/or in
glycolipids in the carcinoma cells. In six patients, sialyl Le@was not
detectable in carcinoma cells, despite the presence of C2GnT tran
scripts. In addition, one patient lacked sialyl LeX in carcinoma cells,
but C2GnT was apparently expressed in carcinoma tissue. In these
patients, it is possible that other glycosyltransferases, such as a-2,3-
sialyltransferase or a-l,3/1,4-fucosyltransferases, involved in biosyn
thesis of sialyl Le@and sialyl Lex, were absent in carcinoma tissues
(23,24).

To corroborate the presence of sialyl Le@and sialyl LeX in 0-
glycans of carcinoma cells, unfixed frozen sections of the colorectal
cancer expressing sialyl Le@and sialyl Lex, together with C2GnT
mRNA, were prepared from three patients and subjected to 0-sialo

glycoproteinendopeptidasedigestion(20), prior to immunostaining
with anti-sialyl Le@or anti-sialyl Le' antibodies. After removal of
0-glycans with 0-sialoglycoprotein endopeptidase, expression of sia
lyl Le@and sialyl LeXin carcinoma cells was significantly reduced in
all patients examined (Fig. 2, B and D). These results strongly suggest
that sialyl Leâ€•and sialyl LeX were actually expressed in 0-glycans on
carcinoma cells expressing C2GnT and that the enzyme-resistant
staining may be those in N-glycans and/or in glycolipids. In fact, sialyl
Lea and sialyl Le'@in the normal mucosa, in which C2GnT was not

detectable, were not reduced, even after digestion with 0-sialoglyco
protein endopeptidase (Fig. 2, B and D, insets), indicating that sialyl
Lea and sialyl Lex, in normal mucosa, are present in N-glycans and/or

in glycolipids. These findings clearly establish that sialyl Le@and

sialyl LeX present in 0-glycans but not in N-glycans are newly
synthesized in association with malignant transformation of the cob
rectal mucosa.

Sialyl@ @dSialyl @XDeterminants Present in O-Glycans
Are Involved in Vessel Invasion of Coborectal Cancer Cells. To
determine whether the expression of sialyl Le@or sialyl LeX in 0-
glycans is involved in progression of coborectal cancer, the relation
ship between the expression of C2GnT in carcinoma tissues and
clinicopathobogicalvariables was statisticallyevaluated among pa
tientsexpressingsialylLe@or sialylLeXon carcinomacells.As shown
in Table 2, patients expressing C2GnT mRNA in carcinoma tissues
had more advanced clinicopathobogical variables compared to patients
lacking the C2GnT transcripts. In particular, lymphatic and venous
invasions were more frequenfly found in patients expressing C2GnT
than in patients lacking C2GnT with statistical significance
(P < 0.05). Interestingly, the significant differences found between
expression of sialyl Le@and lymph node metastasis or tumor stage
could no longer be obtained (Table 2).

These results indicate that, among patients expressing sialyl Le@
and sialyl Le' on carcinoma cells, coborectal cancer progresses more
through vessel invasion rather than lymph node metastasis, when
these carbohydrates are presented in 0-glycans. Thus, it is suggested
that these carbohydrate ligands in 0-glycans found on the cell surface
of carcinoma cells could efficiently facilitate selectin-mediated adhe
sion between carcinoma cells and endothelial cells. In fact, Mannon et
a!. (25) recently demonstrated that treatment of two human colon
carcinoma cell lines, LS18O and T84, with 0-sialoglycoprotein en
dopeptidaseresultedin reducedbindingto notonlyE-selectinbut also
P- and L-selectins. In addition, venules distributed along the invasive

margin of colorectal cancer were reported to express E-selectin as
well as P-selectin (26). These results suggest that coborectal carcinoma
cells may adhere to endothelial cells by binding of not only E-selectin
but also P-selectin. For binding of P-selectin, however, the carbohy
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No. of patients(%)Sialyl

Laa@pesitiVe@rÃ¸u@(n = 34) SialylLa'-positivegroup(n=43)C2GnT

transcripts C2GnTtranscriptsPositive

(n = 23) Negative (n = 11) Pâ€• Positive (n = 28) Negative (n=15)F'Tumor

size(mm)@30
7(30) 4(36) >099 7(25) 6(40)

>30 16 (70) 7 (64)@ 21 (75) 9 (60)
Histologicaldifferentiationâ€•032Well

14 (61) 8 (73)@@ 19(68) 10 (67)
Moderately and poorly 9 (39) 3 (27)@ 9 (32) 5(33)>@Depth

ofinvasioncsm
and pm 2 (9) 3 (27)@ @o 2 (7) 4 (27)

55' SC, and si 21 (91) 8 (73)@ 26 (93) 1 1(73)16Lymphatic

invasionNegative
0 (0) 3 (27)@ 03d 0 (0) 4 (27)

Positive@ 23 (100) 8 (73) â€¢ 28 (100) 11(73)Venous
invasionNegative

2 (9) 5 (45)@ 02d 2 (7) 6 (40)
Positive 21 (91) 6 (55) â€¢ 26 (93) 9 (60)o

01â€•Lymph

nodemetastasisNegative
9 (39) 6 (55) o 47 13 (46) 9 (60)

Positive 14 (61) 5 (45)@ 15 (54) 6 (40)o
@toTumor

stageeland!!
8(35) 5(45) 071 11(39) 8(53)

ifiandIV 15(65) 6(55)@ 17(61) 7(47)038a

Analyzed by x2 test or Fisher's exact test.

b Well, well-differentiated adenocarcinoma; moderately, moderately differentiated adenocarcinoma; poorly, poorly differentiatedadenocarcinoma.Csm,
submucosa; pm, muscularis propria; ss, subserosa; se, serosa exposed; si, invasive to neighboring tissue.

dp <0.05.e

Stage I, pT1_2, pN0, M@@;stage II, pT@4, pN0, Mâ‚¬,@;stage III, pT,_4, pN,_3, M@@;stage N, pT,_4, pN,3, M,.
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Table 2 Statistical analysis of the relationship between the expression pattern of C2GnT transcripts in colorectal cancer tissues and clinicopathological variables in patients
expressing sialyl @aor sialyl Lex on carcinoma cells

metastasis, whereas sialyl Lea and sialyl Lex in 0-glycans on
carcinoma cells are highly correlated with lymphatic invasion as
well as venous invasion. Moreover, the expression of C2GnT
transcripts per se in carcinoma tissue is closely related to not only
vessel invasion but also depth of tumor invasion. These results
suggest that oligosaccharides with the core 2 branchings, including
sialyl Lea and sialyl Lex, may play important roles in tumor
progression through direct or vessel invasion and that the presence
of unidentified 0-glycan(s) having the core 2 branch, in addition to
sialyl Le@and sialyl Leâ€•,may play a role as ligands for carbohy
drate-binding proteins including selectins. Further studies will be
important in determining whether the expression of C2GnT is
closely related to tumor progression in the absence of siabyl Lea
and sialyl Lex and to determine whether the oligosaccharide struc
ture other than sialyl Lea and sialyl Lex are responsible for tumor
progression.
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