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A clinicopathological evaluation of
anti-fucosylated antigens antibody (YB-2) in
colorectal carcinoma
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A newly generated monoclonal antibody, YB-2, reacts simultaneously with Y (Fucal — 2Galfl —
4[Fucal — 3]GIcNAcf), Le® (Fucal — 2Galfl — 3[Fucal — 4]GIcNAcf) and H type 2 (Fucal—
2Galp1 — 4GlcNAcp) antigens (Jpn J Cancer Res 1993: 84; 641-8). Since these antigens have been reported
to be expressed strongly in malignant colorectal tissues, we investigated the usefulness of this antibody as an
immunochemical tool for diagnosis of colorectal cancer. The rate of positive staining with YB-2 antibody in
colorectal carcinoma (n = 101), adenoma (n = 26) and normal tissues (n = 25) was 95.0, 50.0 and 12.0%,
respectively. The specimens with negative staining were restricted in Dukes’ A patients but 75% of Dukes’
C patients were strongly positive. The intensity of positive staining with YB-2 antibody was also
significantly related to the clinico-pathological features such as the depth of invasion, metastasis, histological
types and tumor location. Moreover, the 5-year survival in patients whose tumors were positive with YB-2
antibody was found to be significantly low. Therefore, YB-2 antibody could be useful for immunodiagnosis
and, possibly, immunotherapy of colorectal carcinoma.
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Introduction

A number of glycoconjugates with different fuco-
sylated structures have been reported in human
epithelial tissues {1]. Some of the fucosylated anti-
gens are involved in blood group substances and
some of those on cell surfaces are now considered
to have important roles in biological functions
including cell-to-cell interactions [2-4]. The pres-
ence of aberrant fucosylated antigens, which are
absent or present at only low levels in normal
tissues, has been widely observed in various tumor
tissues and, moreover, the expression of such
antigens has been demonstrated to be closely rel-
ated to the invasion and the metastasis of tumors
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[5-10]. The inappropriate expression of the anti-
gens in cancer tissues has also been reported and
some antigens have been demonstrated to be
cancer-associated [1,5-10]. The accumulation of
either Y, Le® or H antigens which are commonly
present in other normal tissues, but hardly present
in normal colorectal tissues, has been reported in
colorectal carcinomas [11-15]. In our previous
study [15], a novel monoclonal antibody was deve-
loped against fucosylated antigens and was found
to react with not only Y (Fucal—2GalBl—
4[Fucal — 3]GIcNAcf) but also Le® (Fucal-—
2Galfl — 3[Fucal — 4]GIcNAcf) and H type 2
(Fucal — 2Galpl — 4GlcNAcp) antigens to the
same extent. Moreover, immunohistochemical
studies on colorectal carcinoma showed that YB-2
monoclonal antibody could be useful for diagnosis
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and evaluation of the progression of colorectal
cancer.

The structural changes of fucosylated glycocon-
jugates have led to aberrant fucosylations and must
be caused by the action of some fucosyltrans-
ferases [1, 16-17]. Recently, we demonstrated that
the presence of aberrant ol — 2fucosyltransferase
in the colorectal cancer tissues, which is respons-
ible for new biosynthetic pathways synthesizing Y
and Le® antigens from X (GalBl — 4[Fucal — 3]
GIcNAcB) and Le* (Galfl — 3[Fucal — 4]
GlcNAcp) antigens, respectively, and, further, for
the accumulation of these antigens in colorectal
tumors.

In this study, specimens from patients with colo-
rectal carcinomas and adenomas as well as from
normal tissues were examined immunohistochemic-
ally with YB-2 antibody, and the usefulness of this
antibody was evaluated for the diagnosis of colo-
rectal cancer.

Materials and methods

Clinical materials

Colorectal carcinomas (n = 101), adenomas (n =
26) and normal colorectal tissues (n =25) were
selected from the clinical files of the First Depart-
ment of Surgery, Gunma University. Tumors were
classified according to Dukes’ stages and the histo-
logical typing was performed as shown in Table 2
[18]. All tissues were fixed in 10% (v/v) formalin
and embedded in paraffin.

Antibody

YB-2 antibody was obtained as described previ-
ously [15]. The specificity of this antibody has
been determined: it reacts with Y as well as Le®
and H type 2 antigens.

Immunostaining procedure

The avidin—-biotin—peroxidase method [19] was
used. The sections were placed on slides, deparaf-
finized in xylene and rehydrated in decreasing
concentrations of ethanol, and then rinsed in
0.01 M phosphate buffered saline, pH 7.4 (PBS).
Endogenous peroxidase activity in each section
was destroyed by treatment with 100% (v/v) meth-
anol containing 0.3% (v/v) hydrogen peroxide for
30 min. The sections were preincubated in 5%
(v/v) of normal goat serum (DAKO, Kyoto,
Japan) for 30 min, and then they were incubated
overnight with YB-2 monoclonal antibody at 4°C.
After washing with PBS the sections were treated
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by biotinylated goat anti-mouse IgM (Vector
Laboratories, Burlingame, CA) for 30 min. After
washing with PBS, the sections were incubated
with avidin—biotin-complex (Vecor Laboratories)
for 15 min. Then they were developed for color
with a solution containing diaminobendizine and
0.03% (v/v) hydrogen peroxide in 0.05M
Tris—HCI buffer, pH 7.6, and counterstained with
hematoxylin and mounted. Slides were observed
without knowledge of clinico-pathological inform-
ation and classified into three groups based upon
the intensity of staining with YB-2 antibody as
follows: grade 1, negative; grade 2, positive with
intratumor heterogeneity; grade 3, uniformly posi-
tive.

Statistical analysis

Survival curves were obtained according to the
method of Kaplan—Meier and the differences in
survival rates of each group were calculated by the
Cox—Mantel test. Other data were analyzed by the
chi-square test.

Results

The incidence of positive staining with YB-2 anti-
body in colorectal carcinoma was 95.0% (96/101),
and that in adenoma and in normal tissues was
50.0% (13/26) and 12.0% (3/25), respectively
(P<0.01) (Table 1). Three normal specimens
whose tissues stained positively were obtained
from ascending colon. Five cancer specimens (two
from distal colon and three from rectum) with
Dukes’ A staging showed negative staining. There
was no correlation between the immunohistochem-
ical grades of staining with YB-2 antibody and
their ages and sexes (data not shown). On the
other hand, significant correlations were found in
specimens from grades 2 and 3 between the grades
of staining and the clinico-pathological features,
such as the tumor location, depth of tumor in-
vasion, histological types, Dukes’ stages, meta-
stasis either to lymph node or liver (Table 2).

The overall 5-year survival rates were investi-
gated according to the grade of immunostaining
with YB-2 antibody, and estimated to be 100% in
grade 1, 82% in grade 2 and 41% in grade 3
(Figure 1). The difference between grades 2 and 3
was significant (P < 0.01); in particular, in patients
with Dukes’ B staging (P <0.05), but not in
patients with Dukes’ stage C (Figure 2). Survival
rates of grade 3 were significantly lower than those
of grade 2 in both colon (P <0.01) and rectum
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Table 1. The incidence of staining with YB-2 antibody in neoplastic and normal

colorectal tissues

YB-2 antigen expression No. of cases (%) P value
Positive Negative

Normal (n = 25) 3 (12.0) 22 (88.0) L«

Adenoma (n = 26) 13 (50.0) 13 (50.0) *

Cancer (n = 101) 96 (95.0) 5 (S.O)}*

*P<0.01.

Table 2. Relationship between grades of staining with YB-2 antibody and

clinico-pathological features

No. No. of cases (%) P value?
Grade 1  Grade 2 Grade 3
Tumor location
colon 48 2 (42) 21(43.8) 25(52.0€01,,
rectum 53 3 (5.7 10(189) 40(754)
Depth of invasion
to sm 26 5(19.2) 14539 7 (26.9)}*
deeper than pm 75 0 (0.0)y 17(22.7) 58(77.3)
Histological type
wellP 46 3 (6.5) 20(43.5) 23(50.0)1,,
moderately® 48 2 (4.2) 10(20.8) 36(75.0)
others 7 0 (0.0) 1(14.3) 6(85.7)
Dukes’ stage
A 26 5(192) 14338 7 (27‘0)}* 1
B 310 (0.0) 9(29.0) 22(71.0) *
C 40 (0.0) 8(182) 36(81.8) |
Lymph node metastasis
- 57 5 (87) 23(40.4) 29(50.9)1,
+ 4 0 (0.0) 8 (18.2y 36 (81.8)
Liver metastasis
- 8 5 (6.0) 30(36.2) 48 (57.8)}*
+ 18 0 (0.0) 1 (5.6) 17(94.4)

*P <001, *P<0.02.

aP values were calculated between grade 2 and 3.

bDifferentiated adenocarcinoma.

(P < 0.01) (Figure 3), and in both well (P <0.01)
and moderately differentiated adenocarcinoma
(P < 0.01) (Figure 4).

Discussion

Many well-defined monoclonal antibodies raised
against glycoconjugates are now available and have
been determined to show restricted specificities
with glycoconjugates in glycosylated antigens [1].
Changes of the expression of glycoconjugates have
been described in a variety of cancers [20-21] and

the use of highly specific monoclonal antibodies,
which detect such changes, has an advantage in
demonstrating cancer-associated antigens for
immunodiagnosis or immunotherapy. Accumul-
ation and inappropriate expression of fucosylated
antigens in a variety of human cancers have been
regarded as a cancer-associated phenomenon, and
levels of some fucosylated antigens have been
reported to be elevated in sera and tissues from
cancer patients [2-4]. In colorectal carcinoma tis-
sues, the expression of blood group substances and
related antigens has been reported to be different
from that in normal colon, i.e. the expression of
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Figure 1. Survival curves of patients with colorectal
cancer according to the grades of immunohistochemical
staining with YB-2 antibody.
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Figure 2. Survival curves of patients with colorectal
cancer according to the grades and Dukes’ stage. A,
Dukes’ stage B; B, Dukes’ stage C.

ABH and Le® antigens is almost lost from normal
distal colonic tissue, but is preserved in proximal
tissue, while Le® antigen appears to be more
uniformly distributed throughout the proximal and

34 Giycosylation & Disease Vol 1 No 1

100+
[:% Grade 2 (n=21)
1 1 i

p<0.01

]

Grade 3 {(n=25}

i

SURVIVAL RATE (%)
o Y
o (=]
1 ]

S
o
]

20 T T T T T T 1
0 20 40 60
MONTHS
B
100 L ! —
Grade 2 (n=10)
g 80+
wi
< P<0.01
(<4
2’ 60
>
2 ]
=
& 404
-
Grade 3 (n=40)
20 T T T T T T 1
0 20 40 60

MONTHS
Figure3. Survival curves of patients with colorectal

cancer according to the grades and tumor location.
Colon (A) and rectum (B) cancer patients.

distal colon. The ABH and Le® antigens are re-
expressed in colorectal tumors, and, in particular,
accumulation of Y, Le® and H antigens has been
shown in colon cancer [11-15]. In our previous
study [15], it was demonstrated that YB-2 mono-
clonal antibody, reacting simultaneously with Y,
Le® and H type 2 antigens, could be used for the
diagnosis of colorectal cancer. More recently [17],
we also found the presence of aberrant al-—
2fucosyitransferase, responsible for the synthesis of
the aforementioned fucosylated antigens, in colo-
rectal tumors. In this study, we have demonstrated
from the immunohistochemical results of a large
number of sections that YB-2 monoclonal antibody
reacts very sensitively (95%) and specifically
(88%) toward colorectal cancer, and, moreover,
that the incidence of positive staining with YB-2
antibody was related to the histological types,
tumor location and the occurrence of metastasis
either to lymph node or to liver. It was of particu-
lar interest that overall S-year survival rates were
clearly associated with the grade of immunostain-
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Figure 4. Survival curves of patients with colorectal
cancer according to the grades and histological types.
Well (A) and moderately (B) differentiated adeno-
carcinoma.

ing with YB-2 antibody. Therefore, it is clear that
immunohistochemical studies with YB-2 antibody
are potentially useful in predicting the prognosis of
colorectal cancer and are an independent factor of
clinicopathological value in estimating malignant
potential.

Acknowledgements

This study was supported in part by a Grant-in-
Aid for Scientific Research (No. 01010001) from
the Ministry of Education, Science and Culture,
Japan and by a grant from Otsuka Pharmaceutical
Company, Japan.

References

1. Hakomori S. Aberrant glycosylation in tumors and
tumor associated carbohydrate antigens. Adv Cancer
Res 1989: 52; 257-331.

10.

11.

12.

13.

14.

15.

16.

Hakomori S. Blood group glycolipid antigens and
their modifications as human cancer antigens. Am J
Clin Pathol 1984: 82; 635-48.

Coon JS, Weinstein RS. Blood group-
related antigens as markers of malignant potential
and heterogeneity in human patient. Human
Pathol 1986: 17; 1089-105.

Lloyd KO. Blood group antigens as markers for
normal differentiation and malignant changes in
human tissues. Am J Clin Pathol 1987: 87; 129-39.

Hoff SD, Irimura T, Matsushita Y, et al. Metastatic
potential of colon carcinoma. Arch Surg 1990: 125;
206-9.

Phillips ML, Nudelman E, Gaeta FCA, et al
ELAM-1 mediates cell adhesion by regulation of
carbohydrate ligand, sialyl-Lex. Science 1990: 250;
1130-32.

Miyake M, Hakomori S. A specific cell surface
glycoconjugate controlling cell motility. Biochemistry
1991: 30; 3328-34.

Polley MJ, Phillips ML, Wayner E, et al. CD62 and
endothelial cell-leukocyte adhesion molecular 1
(ELAM-1) recognizes the same carbohydrate ligand,
sialyl-Lewis X. Proc Natl Acad Sci USA 1991: 88;
6224-8.

Takada A, Ohmori K, Takahashi N, er al. Adhesion
of human cancer cells to vascular endothelium medi-
ated by a carbohydrate antigen, sialyl Lewis A.
Biochem Biophys Res Commun 1991: 179; 713-9.

Kojima N, Honda K, Newman W, et al. Inhibition
of selectin-dependent tumor cell adhesion to endo-
thelial cells and platelets by blocking O-glycosylation
of these cells. Biochem Biophys Res Commun 1992:
182; 1288-95.

Hakomori S and Andrews HD. Sphingoglycolipids
with Le® activity, and the co-presence of Lez-,
Leb-glycolipids in human tumor tissues. Biochim
Biophys Acta 1970: 202; 225-8.

Yuan M, Itzkowits SH, Palelar A, er al. Distribution
of blood group antigenes A, B, H, Lewis? and
Lewis® in human normal, fetal, and malignant col-
onic tissue. Cancer Res 1985: 45; 4499-4511.

Sakamoto J, Furukawa K, Cordon-Cardo C, et al.
Expression of Lewis?, Lewis®, X, and Y blood group
antigens in human colonic tumor and normal tissue
and in human tumor derived cell lines. Cancer Res
1986: 46; 1553-61.

Compton C, Wyatte R, Konugres A, er al. Immuno-
histochemical studies of blood group substance H in
colorectal tumors using a monoclonal antibody.
Cancer 1987: 59; 118-27.

Yazawa S, Akamatsu S, Tachikawa T, er al
Development and characterization of a novel anti-
fucosylated antigen monoclonal antibody YB-2 and
its usefulness in the immunohistochemical diagnosis
of colorectal cancer. Jpn J Cancer Res 1993: 84;:
641-8.

Yazawa S, Asao T, Izawa H, Miyamoto Y, Matta
KL. The presence of CA19-9 in serum and saliva
from Lewis blood-group negative cancer patients.
Jpn J Cancer Res 1988: 79; 538-43.

Glycosylation & Disease Vol 1 No 1 35



17.

18.

19.

. Naitoh et al.

Yazawa S, Nakamura J, Asao T, et al. Aberrant
a1l — 2fucosyltransferases found in human colorectal
carcinoma involved in the accumulation of Leb and
Y antigens in colorectal tumors. Jpn J Cancer Res
1993: 84; 989-95.

Japanese Research Society for Cancer of Colon and
Rectum. General rules for clinical and pathological
studies on cancer of the colon, rectum, and anus.
Jpn J Surg 1983: 13; 557-73.

Hsu S, Reine L, Fanger H. Use of avidin-biotin
peroxidase complex (ABC) in immunoperoxidase

36 Glycosylation & Disease Vol 1 No 1

20.

21.

techniques. J Histochem Cytochem 1987: 29,

577-80.

Hakomori S. Aberrant glycosylation in cancer cell
membranes as focused on glycolipids: overview and
perspective. Cancer Res 1985: 45; 2405-14.

Hakomori S. Tumor-associated glycolipid antigens,
their metabolism and organization. Chem Phys
Lipids 1986: 42; 209-33.

(Received 13 December 1993; accepted in revised form
17 January 1994)



