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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 (LeX), sialyl LeX (sLex), 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 Lex) 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 classifi ed as type 1 antigens and 
type 2 antigens (Fig. 1). Loss or expression 
of type 2 antigens (SSEA-1 and sLex) 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-
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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 (sLea or CA19-9), sialyl 
Lewis C (sLec or DU-PAN-2), and sialyl Lewis 
X (sLeX) 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 Lex
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and/or sialyl Lea 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, 
pT1 (lamina proprial invasion); and 14, pTa 
or pTis. 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 µm sections 
of these tissues were used for the study.  

For recurrent superficial tumors, only the 
primary or the fi rst 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 
LeX (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 deparaffi nized 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 µL of 30% hydrogen peroxide 
for 2 -8 min. All the incubations were 
performed at room temperature. Sections 
were counterstained with Gill’s hematoxylin 

Fig. 1  Biosynthetic pathways of type 1 and type 2 blood group antigens
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Table 1  Clinicopathological profi le of the cases

and mounted using Permount.
Each stained tumor section was analyzed 

for both presence and extent of staining. The 
extent of staining was classifi ed into one of four 
phases, namely, －(negative), ＋(＜50%), ＋＋

(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 signifi cant.
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Fig. 2   Percentage expression of carbohydrate antigens 
according to tumor grade.

Fig. 3   Expression of DU-PAN-2 according to tumor 
grade

Fig. 4   Expression of CA19-9 according to tumor 
grade

Fig. 5   Expression of E-selectin according to 
tumor grade

Fig. 6   Expression of E -selectin according to 
clinical stage

RESULTS

Immunohistochemical staining of SSEA-1, 
Sialyl LeX, 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.

The expression rate of SSEA-1 according 
to tumor grade was 100% in G1 and G2, and 
95% in G3; that of sialyl LeX was 100% in all 
the grades; that of DU-PAN-2 was 0% in G1, 
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 G1, 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 G1 and G3 cancers, and pT3 
and pT1 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 

(SSEA-1 and sialyl Le,0) are frequently 
expressed in urothelial cancers, irrespective 
of the tumor grade and pathological stage. 
Shirahama et al. [13] and Konety [14] have 
shown a signifi cant 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 

Fig. 7Fig. 7   Non-invasive cancer   Non-invasive cancer

Fig. 8   Invasive cancer
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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 α-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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