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Abstract: Background: The sialyl-Tn (sTn) antigen is a mucin-associated carbohydrate antigen expressed by numer-
ous human carcinomas, and is also claimed to be a prognostic factor in colorectal cancer. But the associations
between sTn and colorectal cancer remain elusive and controversial. Here, we investigated the expression profile
of sTn antigen in a series of human colorectal tissue samples including normal colon, colorectal adenomas, and
colorectal carcinomas (CRCs), with an aim to analyzing whether sTn plays a role in the progression and develop-
ment of Chinese patients with CRCs. Methods: Immunohistochemical staining of sTn antigen was performed in
formalin-fixed, paraffin-embedded colonic sections from 4 healthy controls, 44 patients with colorectal adenomas,
and 186 patients with primary CRCs. Results: No sTn antigen was detected in normal colonic tissues. There were
41 of 44 patients with colorectal adenomas (93.2%), and 141 of 186 patients with CRCs (75.8%) found to express
sTn antigen. The patterns of sTn localization were different in adenomas and carcinomas of colonic tissues. Colorec-
tal adenomas showed predominant supranuclear distribution of sTn antigen, while carcinomas revealed apical
membrane, mucin droplet and diffuse cytoplasmic localization. Notably, sTn was significantly associated with the
degree of differentiation (P = 0.006) and perineural invasion (P = 0.041) of the tumors, but was independent of
age, gender, tumor location, depth of penetration, status of lymph nodes, lymphovascular invasion and TNM stage.
Conclusions: These results indicate that sTn may play a role in initiating colorectal carcinogenesis and promoting
tumor progression. Determination of sTn expression and localization may assist in evaluating malignant status of
colorectal lesions.
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Introduction formed by the sialylation of Tn antigen (GalNAc-
O-Ser/Thr), which represents the common core

Colorectal cancer (CRC) is the third most com- 0O-glycan carbohydrate structure [4]. The bio-

mon type of cancer and the fourth leading
cause of cancer-related death worldwide [1]. In
China, the estimate of new cases diagnosed
with CRC in 2011 was 310,244, with an esti-
mated 149,722 deaths [2]. It was reported that
the tumorigenesis and malignant transforma-
tion of human CRC are closely associated with
aberrant glycosylation of proteins and lipids,
resulting in exposure of the immature truncat-
ed O-glycan structures, which may serve as
tumor-associated markers [3]. Among them,
sialyl-Tn (sTn) antigen has been a research
focus for decades. STn (Neub5Ac 2-6GalNAc
-O-Ser/Thr), also referred to as CD175s, is

synthesis of sTn is performed by a specific sial-
yltransferase called ST6GalNAc |, which blocks
further elongation of O-linked carbohydrate
chains.

Discovered as a tumor marker, sTn antigen is
expressed by more than 80% of human carcino-
mas including CRC. The reported frequency of
sTn expression in CRC is approximately between
75-95% [5]. Moreover, sTn antigen has been
correlated with a poor prognosis and low overall
survival for patients with CRC, but the reported
data are controversial [6-8]. For example,
Nakagoe et al reported that sTn expression was
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Figure 1. Immunohistochemical staining of normal, premalignant and malignant colorectal tissue sections with
monoclonal antibody B72.3 to the sTn antigen. (A) Normal colorectal tissues had no sTn staining. Colorectal ad-
enomas with mild dysplasia (B), moderate dysplasia (C) and severe dysplasia (D) showed consistently supranuclear
distribution of sTn antigen. Colorectal carcinomas showed apical membrane (E), mucin droplet (F) and diffuse cyto-
plasmic distribution (G) of sTn antigen. (H) Mucinous adenocarcinoma showed diffuse cytoplasmic staining. Scale
Bars (A-D): 100 um; (E-H): 50 um.

useful for predicting survival in CRC patients,
whereas Lundin et al concluded that sTn did not
provide any prognostic information regarding
CRC patients. As is known, the adenoma-carci-
noma sequence is the one of the most impor-
tant fundamental features in CRC tumorigene-
sis [9]. However, only a few studies have
examined the expression of sTn antigen in the
premalignant lesions of CRC, such as colorectal
adenomas and dysplasia. In addition, the
reports vary a lot as to the frequency of sTn
antigen expression and its association with
clinicopathological characteristics in colorectal
cancer. The differences may be due to different
countries of the cases studied. In this study, we
aimed to examine the expression profiles of sTn
antigen in a series of human colonic tissue
samples including normal mucosa, adenomas,
and carcinomas, and also investigate the asso-
ciations between sTn and clinicopathological
features in Chinese patients with CRCs.

Materials and methods
Tissue specimens

The tissue specimens were obtained by endo-
scopic polypectomy and surgical resection
from 44 patients with colorectal adenomas and
186 patients with colorectal adenocarcinomas.
These patients were treated at Beijing Chao-
Yang Hospital, Capital Medical University,
Beijing, China, from January 2007 to December
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2009. The 4 normal colorectal mucosae were
taken at autopsy from individuals without
colorectal malignancies. Using hematoxylin
and eosin (HE) staining method, colorectal ade-
nomas were classified as mild, moderate and
severe dysplasia according to the criteria of
Konishi and Morson [10]. Likewise, colorectal
carcinomas were histologically classified as
well, moderately, poorly differentiated and
mucinous adenocarcinomas, using the WHO
criteria [11]. The tumor stage was assessed
according to the TNM classification of CRC [12].
None of the patients had received preoperative
radiotherapy and/or chemotherapy.

Immunohistochemistry staining of sTn antigen

In brief, human colorectal tissues were fixed
with formalin, processed and embedded in par-
affin wax, and cut into 5 pm-thick sections by
microtome. Immunohistochemistry was per-
formed using the PV-9000 2-step plus ®Poly-
HRP Anti-Mouse/Rabbit 1gG Detection System
(GBI, Bothell, WA, USA), according to the manu-
facturer’s instructions. Each section was
dewaxed in xylene and rehydrated by a graded
ethanol solution followed by antigen retrieval by
heating the tissue in boiling EDTA buffer (dilut-
ed 1:50, pH 9.0) for 18 min. The sections were
cooled, immersed in 0.3% H,O, for 15 min to
block the endogenous peroxidase activity and
rinsed in PBS (PH 7.2-7.4) for 5 min. The sam-
ples were blocked with 10% goat serum at
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Table 1. Immunohistochemistry analysis of sTn antigen expression
in colorectal adenomas with different degree of dysplasia

of 44 Chinese patients with
colorectal adenomas (93.2%),

sTn expression

and 141 of 186 Chinese

Grade Number of patients - Pvalue patients with CRCs (75.8%)
High low

- - were found to express sln

Mild dysplasia | 20 18 2 0.789 antigen. There was a signifi-

Moderate dysplasia 14 13 1 cant difference in sTn antigen

Severe dysplasia 10 10 0 expression between adeno-

room temperature for 15 min and incubated
with primary antibodies against sTn (B72.3,
diluted 1:100, Abcam, Cambridge, UK) at 4°C
overnight. After three washes with PBS, the
sections were further processed using Polymer
Helper + polyperoxidase-anti-mouse/rabbit 1gG
(ZSGB-BIO, Beijing, China) according to the
instructions provided by the manufacturer.
Reactivity was detected using DAB reagent
sets (ZSGB-BIO, Beijing, China) for 5 min, and
the cells were counterstained with hematoxylin.
A negative control was made by replacing the
primary antibody with immunoglobulin G.

Evaluation of sTn staining

Immunostaining of sTn antigen was indepen-
dently assessed by two pathologists. Semi-
quantitative levels of sTn expression were
obtained based on staining intensity and distri-
bution [13]. Staining intensity (I) was graded as
0 (no staining), 1 (weak staining = light yellow),
2 (moderate staining = yellow brown), and 3
(strong staining = brown). The percentage
(0-100%) of the extent of reactivity (R) scored
as follows: O (no positive cells); 1 (positive cells
rates < 5%), 2 (positive cells rates > 5%), and 3
(positive cells rates > 50%). Histochemistry
score = | x R. The scores less than 4 were clas-
sified as the low expression and the rest as the
high expression. The mean optical density was
analyzed by Image-Pro Plus 6.0 software.

Statistical analysis

The correlations between the expression of sTn
antigen and different groups of adenomas and
clinicopathological parameters of CRCs were
analyzed by the Fisher exact test and x2 test.
For all statistical analyses, SPSS 17.0 software
(SPSS, Chicago, USA) was used, and P < 0.05
was considered as significant.

Results

There was no sTn antigen detected in normal
colorectal mucosa (Figure 1A). In contrast, 41

11551

mas and CRCs (P = 0.011).

These observations suggest
that sTn overexpression occurs earlier during
the process of carcinogenesis. Moreover, in
colorectal adenomas, there was a gradual
increase in the frequencies and intensities of
sTn expression from mild to moderate to severe
dysplasia, but no statistical association was
obtained between sTn and the dysplasia degree
(P=0.789) (Table 1). Notably, there were differ-
ent patterns of sTh antigen localization in ade-
nomas and carcinomas of colorectal tissues,
respectively. As for colorectal adenomas, sTn
antigen was found to locate predominantly in
the supranuclear region of cells and accumu-
late at the luminal cell surface regardless of
their degree of dysplasia (Figure 1B-D). In
colorectal adenocarcinomas, sTn antigen was
observed in the apical cell membranes, mucin
droplet and the cytoplasm of the cancer cells
(Figure 1E-H). Furthermore, we analyzed wheth-
er there was an association between sTn anti-
gen expression and the clinicopathological
characteristics of colorectal carcinomas. The
results showed that sTh antigen was strongly
correlated to poor histological differentiation (P
= 0.006) and perineural invasion (P = 0.041) of
the tumors, whereas it was not related to age,
gender, tumor location, depth of penetration,
status of lymph nodes, lymphovascular inva-
sion and TNM stage (Table 2).

Discussion

Abnormal sialylation is a glycoconjugate change
frequently observed in the malignant transfor-
mation of epithelial cells in a variety of tumors,
including colorectal cancer. Indeed, this aber-
rant process can produce a number of different
sialylated oligosaccharides, including sialyl-
Lewis A, sialyl- Lewis X, sialyl-T, and sialyl-Th
(sTn). It has been reported that sTn is involved in
a number of important biological properties of
cancer cells, such as immunological functions,
tumor progression and metastasis [14]. Thus,
sTn exposure is a characteristic feature of
colorectal epithelial cancer cells, and is associ-
ated with poor prognosis and overall low sur-
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Table 2. The relationship between sTn antigen expression and
clinicopathological factors in colorectal carcinoma

there was a significantly
prominent expression of sTn

sTh expression

antigen in Chinese patients

Variable Number of patients High Low P value with adenomas (93.2%), as
Age (years) well as in patlentg with (?RCS
(75.8%). Of particular inter-
<60 56 43 13 0.838 est, patients with adenomas
260 130 98 32 had a higher frequency of sTn
Gender expression than patients with
Male 112 85 27 0.973 CRCs. sTn is speculated to be
Female 74 56 18 carried by various glycopro-
Location teins such as mucins and its
Colon 91 72 19 0.302 expression generally repre-
Rectum 95 69 26 sents incomplete glycosyl-
Differentiation ation of the mucins. It is
Well + Moderate 151 109 43 0.006 known that abnorm.al glyco-
) sylation of the mucins inter-
Poor + Mucinous 35 32 2 feres with normal cellular sig-
Invasive depth naling, and may be an early
T1+T2 36 23 13 0.063 step in neoplastic transforma-
T3+T4 150 118 32 tion of a normal epithelial cell.
Lymph nodes metastasis Thus, enhanced levels of sTn
NO 90 63 27 0.073 expression in  adenomas
N1 + N2 96 78 18 seem to be associated with
Vessel embolus the malignant potential of
Present 58 45 1 0.342 cells, which are sometimes
Absent 198 96 34 lost in t.he fully transformed,
Perineural invasion poorly differentiated state.
Present 36 32 4 0.041 Characteristically, immunos-
Absent 150 109 41 taining localization showed
TNM Stage that sTn antigen was consis-
|+ 1l 88 61 27 0.050 tently located in the supranu-
0+ IV 98 80 18 clear region in colorectal ade-

vival of CRC patients. However, the expression
profile of sTn in the colorectal adenoma-carci-
noma sequence remains controversial. Some
studies observed a very high frequency of sTn
antigen expression in colorectal adenomas
[15], whereas others only detected weak stain-
ing of sTn in early premalignant lesions [16]. In
addition, the associations between sTh expres-
sion and the clinicopathological features of
CRC are also elusive. The observational varia-
tions were likely due to environmental or ethnic
differences. To date, there is still lack of the
profile of sTh expression in Chinese patients
with colorectal lesions (adenomas, carcino-
mas).

In this study, we observed that in contrast to
the absence of sTn expression in normal colon,
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nomas, while colorectal car-
cinomas revealed apical me-
mbrane, mucin droplet and diffusion cytoplas-
mic distribution. Previous studies reported that
sTn overexpression was observed at the apical
or luminal cell surface in several other epitheli-
al benign lesions [17-19], but was mainly locat-
ed in cytoplasm of tumor cells [20]. These dif-
ferent patterns in the cellular distribution of sTh
antigen seem important, which may assist in
evaluating the process of malignant transfor-
mation of epithelial cells. The changes of mucin
biosynthetic pathway and intracellular trans-
port of glycosyltransferase may explain the dis-
tinctive patterns of sTn distribution in premalig-
nant and malignant tissues, respectively. Wang
et al [21] examined the subcellular localization
and biosynthetic pathway of sTn in a series of
colorectal tissues using high-resolution immu-
noelectron microscopy. In normal colorectal
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mucosa, sTn expression could not be visualized
due to O-acetylation of sialic acid residues. In
colorectal adenomas, sTn sialylation took place
in the trans-Golgi apparatus, whereas in CRCs,
sTn sialylation occurred in all the Golgi compart-
ments and in the rough endoplasmic reticulum
(RER). Egea et al [22] demonstrated that the
enzyme molecules normally resident in the
Golgi apparatus could be distributed retro-
gradely to the RER during malignant transfor-
mation of colon epithelial cells.

To our knowledge, it is the first report as to the
frequency of sTn expression in Chinese patients
with CRCs, which is in accordance with other
previous reports. Our data indicated that the
presence of elevated sTn expression was sig-
nificantly associated with poor histological dif-
ferentiation and perineural invasion of the
tumors, but did not correlated with age, gender,
tumor location, depth of penetration, status of
lymph nodes, lymphovascular invasion and
TNM stage. Although there was no statistical
significance between sTn expression and TNM
stage, patients with stage lll and IV had a high-
er trend of sTn expression (P = 0.05). Poorly dif-
ferentiated adenocarcinomas and mucinous
carcinomas with higher sTn expression were
often associated with an adverse outcome.
Similar finding was reported by Itzkowize et al
[20] who showed that sTn antigens was prefer-
entially expressed by poorly differentiated ade-
nocarcinomas and mucinous carcinomas.
Likewise, perineural invasion was also known
to be a useful marker for a more aggressive
tumor phenotype and poor prognosis in CRCs
[23]. These observations thus strengthen the
clinical role of sTn antigen in promoting tumor
progression and predicting clinical outcomes of
colorectal cancer.

The mechanisms as to sTh expression in
colorectal adenomas and carcinomas are yet to
be clear. It is suggested that during tumorigen-
esis of colorectal epithelia, mucins undergo
characteristic changes of glycosylation and dis-
tribution, resulting in the exposure of sTn anti-
gen in the cells of adenoma and adenocarcino-
ma. Taken together, sTnh antigen not only is a
tumor marker but also plays an important role
in the sequence of adenoma-carcinoma.
Moreover, the different immunohistochemistry
staining localization of sTn antigen may assist
in distinguishing the process of malignant
transformation from a diagnostic standpoint.
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