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Carbohydrate antigens and E-selectin play important roles in the invasion and metastasis
of cancers. We examined the expression of these antigens and their ligand protein,
E-selectin, in urothelial carcinomas to evaluate whether their staining is correlated with
the grade and stage of cancer.

We studied the expression of carbohydrate antigens (type 1 and type 2 blood-group
antigens) and E-selectin in urothelial carcinomas of the renal pelvis, ureter, and urinary
bladder in 52 patients by staining SSEA-1 (Le¥), sialyl LeX (sLe*), DU-PAN-2, CA19-9,
and E-selectin with 5 different monoclonal antibodies (MAbs) to evaluate whether their
staining correlated with cancer grade and stage. The differences between organs with
regard to the degree of expression of these antigens were not evident. Type 2 antigens
(SSEA-1 and sialyl Le*) are frequently expressed in the tumor cells regardless of atypi-
cal grade. The expression level of type 1 antigens (DU-PAN-2 and CA19-9) is lower than
that of type 2 antigens. However, the presence of DU-PAN-2 tends to correlate with the
grade of atypia; however, that of CA19-9 is inversely proportional to the grade of atypia.
The lack of CA19-9 and appearance of DU-PAN-2 in urothelial carcinoma implies a high
malignant potential. The expression of E-selectin can be correlated with stage and grade

of tumor atypia.

Type 2 antigen and E-selectin may be involved in tumor invasion and metastasis.
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INTRODUCTION

It has been reported that the expression
of carbohydrate antigens and E-selectin
correlates with atypical grade and clinical
stage of cancer in some carcinomas. The
carbohydrate antigens (Lewis blood group
antigens) are classified as type 1 antigens and
type 2 antigens (Fig. 1). Loss or expression
of type 2 antigens (SSEA-1 and sLe") is
correlated with increased invasiveness
and higher tendency for the recurrence of
transitional cell carcinoma of the bladder
(TCCB) [1-3].

The type 1 antigens (CA19-9 and DU-

PAN-2) are known as tumor markers
of pancreatic cancers. In recent times, a
relationship between CA19-9 and urothelial
cancers has been indicated.

E and P-selectin mediate the adhesion of
various cancer cells to the endothelium [4-6].
Most, but not all, ligands carry sialylated,
sulfated, and/or fucosylated sequences that
are normally found on carbohydrate antigens
[7]. The sialyl Lewis A (sLe* or CA19-9), sialyl
Lewis C (sLe® or DU-PAN-2), and sialyl Lewis
X (sLe™) carbohydrate antigens are the main
ligands for selectins [5-7].

Fujii et al. have shown that there is an
adhesion between E-selectin and sialyl Le*
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Fig. 1 Biosynthetic pathways of type 1 and type 2 blood group antigens

and/or sialyl Le® in urothelial cancer. In
some cancers, there is a correlation between
the expression of E-selectin and clinical
prognostic factors [8, 9]. The correlation
between E-selectin and tumor grade in
urothelial cancers had not been reported.

MATERIALS AND METHODS

Patients

A total of 52 tumors (renal pelvis cancer,
14; ureter cancer, 12; and urinary bladder
cancer, 26) were included in the study. The
mean age of the patients was 68 years (range,
52-90 years). The group consisted of 53
males and 15 females. Based on the TNM
classification of invasive tumor stages, these
cases included 15 of pT3 (extramuscular
invasion); 6, pT2 (muscular invasion); 17,
pI'l (lamina proprial invasion); and 14, pTa
or plis. With regard to tumor grade, there
were 6 cases of G1; 25, G2; and 21, G3. Three
patients had lymph node metastasis at the
time of diagnosis (Table 1).

Tissues and Immunohistochemistry

All the patients who had undergone
surgical resection of renal pelvis, ureter, or
urinary bladder carcinomas at the Isehara
Kyodo Hospital between 1990 and 2002 were
identified, and a total of 52 patients were
included in the study. Paraffin-embedded
tissue blocks of the originally resected
tumors were obtained, and 3 pm sections
of these tissues were used for the study.

For recurrent superficial tumors, only the
primary or the first resected tumor was used.
Using the high polymer method (Histofine
SAB-PO Kit, Nichirei Co., Tokyo, Japan),
sections of the paraffin-embedded tissues
were immunohistochemically stained with
monoclonal antibodies (MAbs) of anti-SSEA-1
(Kyowa Medex, Mishima, Japan), anti- sialyl
Le* (Kyowa Medex, Mishima, Japan), anti-
CA19-9 (Fujirebio Diagnostic, Malvern, PA),
anti-DU-PAN-2 (Kyowa Medex, Mishima,
Japan), and anti-E-selectin (Novocastra,
MA, USA). The paraffin-embedded tissue
sections were deparaffinized with xylene and
graded alcohol concentrations. They were
then incubated with 3% hydrogen peroxide
and methanol in a ratio of 1:3 to block
endogenous peroxidase activity. Sections
were also treated with 20% normal human
serum diluted with phosphate buffered
saline (PBS) buffer to block binding of
nonspecific antibodies and background
proteins. The sections were then incubated
with primary antibodies. Following this,
these sections were treated with a high
polymer immunohistochemical detection
kit (Histofine SAB-PO Kit, Nichirei Co.,
Tokyo, Japan). Slides were prepared using
a 0.5 mg/mL solution of diaminobenzidine
tetrahydrochloride (Sigma, St. Louis, MO,
USA and 1.5 pL of 30% hydrogen peroxide
for 2-8 min. All the incubations were
performed at room temperature. Sections
were counterstained with Gill's hematoxylin
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Table 1 Clinicopathological profile of the cases

1 ; ; pathological stage
Mo reee | Histologic type Grade (LN rmsta) )
1 F3ISF BO TS i1 pTa
2 56, | BO TCOS Gi pTla
i 50.M | BO TCC Gi1 pla
4 FEM BO TCSS G pTa
5 T3S | BO TS Gi pla
B B2/, | BO (TCC Gl |pTa
7 T4 | BO (TCS papillary G2 pTla, lyl, v+ (1.°5)
2 | 65-M | BO TCC G2  lpTa
8 | 73/M | BO | TCC G2 |pTa
10 56.°M | BO TSSO G2 b1l
11 21 BO TCO G2 pTla
12 E9.°M | BO TCC G2 pla
12 20 | BO TCS G2 pTa
14 | 64-M | BO TCCE:AS G2 pla
15 T1M P TS G2 pT2
16 T9SF P TGOS G2 eTl1
17 §8SF P TGOS G2 pT2 (0s8)
12 51.M P TGS G2 BTl (0C8)
18 G58F P TCC G2 BpT2
20  Bs8/M | P OTCO G2 pTis _
21 5750 PTCC G2 pTil .
22 E1.5M P TS G2 pTl, pLO, pvwi
23 51.M P TCC G2 pTl, pLO, pWO
24 T35F P TGS G2 pTl, pLO, pWO
25 | B8/F | U |[Too>sScCC G2 |pT3
286  g82/.F | U TCCS | G2 pTi O/
27 54 U TS G2 pT2, pLO, pWO
28 G545F U TS G2 pTa, pLO, pWO
29 G75F U TS G2 eT2
20 57M U [ TCSCE=AC G2 el
31 S25F | U TGO G2 |[pT2
32 E5/M | BO TCOS G2 pT2a pl2, pWYo
a3 84sF  BO SCGCRETOC 3 pT2b s
34 | 535 | BO TCO G2 pT2, pL1, pWv1 (0728)
35 54°M | BO TCSS=SCC>AC G2 pl2, pLO, pvwO
3B 545 | BO TS G323 pT23b (17110
a7 455 | BO TCOS G3 pT23a, pLl, p?v1 (0730
38 80  BO [TCCS trabecular G3 pT3b, pL2, pWi
39 E9SsF  BO TS G2 pT3b, pLO, pv1 (010
40 Fe | BO TS G3 pT2a
41 73S BO TCO G323 pTa
42 72 | BO TS G3 pTilb
43 23/ BO TCOC G323 invasion +
44 | T8SF | POTCO G2  pT1
45 52.5M P TCCRAD G3 pT3 (07130
46 | 7O0M P TS G2 pTa, pLO, pWvo
47 B8/ | POTCO G2 pT1 _
48 G75F U TS G2 pT2
49 | 58./M U TCC G3  |pT2 (08
50 T4 M u TS G2 eTl, pL1, pvwO
s1 TesF | U TGO G2 eT2
82 =17 | U TCC trabecular G323 pT2, pLl, pWvl (2-°2)

B; Bladder tumor. P Pelvic tumor,

and mounted using Permount.

Each stained tumor section was analyzed
for both presence and extent of staining. The
extent of staining was classified into one of four
phases, namely, —(negative), +(<50%), ++

I, Ureter turmoz

(50-75%), or +++(75-100%) depending on
the percentage of cells that exhibited staining.
Statistical analysis was performed using the
Wilcoxon-Mann-Whitney test; P<0.05 was
regarded as significant.
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Fig. 2 Percentage expression of carbohydrate antigens
according to tumor grade.
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Fig. 3 Expression of DU-PAN-2 according to tumor Fig. 4 Expression of CA19-9 according to tumor
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Fig. 5 Expression of E-selectin according to Fig. 6 Expression of E-selectin according to

tumor grade

RESULTS

Immunohistochemical staining of SSEA-1,
Sialyl Le*, DU-PAN-2, CA19-9, and E-selectin
was observed in 51/52 (98%), 52/52 (100%),
46/52 (88%), 10/52 (19%), and 48/52 (92%)
tumors, respectively.

clinical stage

The expression rate of SSEA-1 according
to tumor grade was 100% in Gl and G2, and
95% in G3; that of sialyl Le* was 100% in all
the grades; that of DU-PAN-2 was 0% in Gl1,
20% in G2, and 23% in G3; that of CA19-9
was 100% in G1, 92% in G2 and 81% in G3;
and that of E-selectin was 67% in GI1, 92% in
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G2, and 100% in G3 (Figs. 2-5). The number
of positive cells that expressed E-selectin also
correlated with the pathological stage (Fig. 6).
In the E-selectin, significant difference was
noted between Gl and G3 cancers, and pI'3
and pT'l or non-invasive cancers.

Immunohistochemical findings of the
carbohydrate antigens and E-selectin are
shown in Fig. 7 and Fig. 8.

DISCUSSION

In our immunohistochemical study, we
confirmed the expression of carbohydrate
antigens in various tumors and its correlation
with clinical stage of the cancer and tumor
grade [10-12].

Our results indicate that type 2 antigens

CA18-9

SSEA-1 Sialyl Le*

(SSEA-1 and sialyl Le") are frequently
expressed in urothelial cancers, irrespective
of the tumor grade and pathological stage.
Shirahama et al. [13] and Konety [14] have
shown a significant correlation between tumor
grade, stage, and expression of SSEA-1. A
progressive increase in the expression of
SSEA-1 along with an increase in tumor
grade is suggestive of an upregulation in
antigen expression in higher grade tumors.
Our findings and the observations of
Sheinfeld et al. did not substantiate their
results [15]. Sheinfeld et al. found that there
was a downregulation of the expression of
the SSEA-1 antigen with increasing tumor
grade. Immunostaining of the type 2 antigen
is not useful to detect poor prognostic cancers
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because of the markers are frequently positive
for high-grade tumors.

Only a few cases showed the expression
of DU-PAN-2 after staining, and the
expression of DU-PAN-2 slightly correlated
with tumor grade. The numbers of cases in
which CA19-9 disappears increase in the
high-grade tumors, but high expressed cases
also increase. Chuang et al. have shown that
CA19-9 is a promising candidate for being
used as a biomarker that detects and monitors
low-grade bladder cancer [16]. Sashide et
al. have revealed that CA19-9 is a serum
marker in urothelial carcinoma that indicates
poor prognosis [17]. In our study, CA19-9
expression was frequently observed in the
low-grade tumors. However, non-neoplastic
urothelial cells were also stained for CA19-9,
and the number of positive cells increased in
high-grade tumors. The expression of DU-
PAN-2 has not been reported in urothelial
carcinomas. When higher-grade tumors were
monitored for the expression of DU-PAN-2,
the expression of CA19-9 and a decrease
of DU-PAN-2 (precursor of CA19-9) were
observed. The involvement of a-1,4-fucosyl
transferase has been implicated in this
decrease.

Our findings indicate a correlation
between expression of E-selectin and clinical
prognostic factors in urothelial cancers as well
as other carcinomas.

As a summary, a positive correlation was
found between the expression of E-selectin
and clinical stage and tumor grade.

These results are considered to be useful to
predict the clinical outcome of the urothelial
carcinomas in surgical pathology.
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