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Abstract
in neoplastic human endometrium is controversial. Here we screened 111 clinical samples including 82 endometrial cancers, 16

Sialyl-Tn (sTn) is a tumor-associated carbohydrate antigen overexpressed in many carcinomas. But whether it is expressed

atypical hyperplastic and 13 normal endometria, by immunohistochemistry using a novel anti-sTn antibody, namely 3P9. Our
results showed that the expression of sTn in the endometrial carcinoma was significantly higher (76%) than that in normal tissues (31%)
(P < 0.01) and in atypical hyperplasia (44%) (P < 0.05). Importantly, we found that sTn expression in type [ carcinoma (80%) was
obviously higher than that in type Il (45%) (P < 0.05). These results suggested that sTn may be a biomarker for endometrial carcinoma,
especially for type | carcinoma. Moreover, we observed that sTn expression was increased with the decline of tumor histological grade

(P <0.05), indicating that sTn was associated with a favorable prognosis in endometrial carcinoma.
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Endometrial carcinoma is the most common
female pelvic malignancy. Based on the hormone level
in tumorigenesis, endometrial carcinoma is subdivided
into two major types: type [ (estrogen-related) and
type I (estrogen-unrelated) ™. The 80% ~90% of
endometrial cancers are type | which mainly comprises
endometrioid carcinoma. The other 10% ~20% of
endometrial cancer are type Il tumors which are non-
endometrioid subtypes, such as serous carcinoma,
clear cell carcinoma and undifferentiated carcinomal®.
Comparing with poorly differentiated type Il carcinoma,
type [ are generally well- to moderately- differentiation
with better prognosis.

To date, no characterized marker has been
validated for the diagnosis of endometrial cancer. A
number of studies have examined gene expression
profiles for classifying uterine cancers. Mutations in
K-ras and B -catenin oncogenes were found in type [

cancers. By contrast, type [l cancers were associated
with P53 gene mutations and Her-2/neu overexpression®’.
Nevertheless, none of these potential biomarkers has
been validated nor reached the clinical practice. So,
new biomarkers for prognosis and classification of
endometrial cancer are needed.
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Sialyl-Tn(sTn) is a simple mucin-type carbohydrate
antigen. Abnormal expression of sTn is due to the
premature sialylation of the core carbohydrate structure
Gal-NAcal-0-Ser/Thr (Tn antigen), which stops
further elongation of the oligosaccharide chains ™.
Overexpression of sTn at the surface of cancer cells
has been widely reported in several epithelial cancers
such as gastric®, pancreatic®, colorectal ™, ovarian®
and breast cancers®. And the overexpression of sTn is
related to tumor grade, invasion, metastasis and overall

1021 However, data on the

survival of the patients [
expression of sTn in normal and neoplastic conditions
of human endometrium are scarcely available. Though
studied the sTn
endometrial cancer, the results were controversial. For
instance, Inoue et a/™ and Semczuk et al! reported
that sTn was widely expressed in most endometrial
cancer and restricted in normal and hyperplastic

human endometrium. However, Numa and co-workers!™

some authors expression in

reported that sTn was not expressed in endometrial
carcinoma.

In this study, we employed 111 clinical samples
containing 82 endometrial carcinoma, 16 atypical
hyperplastic and 13 normal tissues to clarify this issue
using a novel anti-sTn antibody mAb 3P9 by
immunohistochemistry. Our data showed that not all
the endometrial carcinoma highly expressed sTn
antigen. In type | endometrial carcinoma, 80% was
positive, which was significantly higher than that in
type Il endometrial carcinoma (45%). This might give
a reasonable explanation for the controversial reports
since they did not distinguish the differences of type [
and type [l . In all, our study suggested that sTn may be
a biomarker for endometrial carcinoma, especially for
type I carcinoma. It could be used for the classification
of patients into categories with different risk of
recurrence to better tailor adjuvant treatment. The
type | and/or type Il should be properly evaluated in a
prospective randomized trial in management of
endometrial carcinoma. Simultaneously, this study
supplied a novel reagent, namely mAb 3P9, to execute
these functions above.

1 Materials and methods

1.1 Antibodies and cells

Anti-sTn antibody mAb 3P9 was generated by
our lab, anti-sTn mAb TKH2 was provided by Prof.
Steven Itzkowitz (Mount Sinai School of Medicine,
New York, USA), anti-sTn mAb B72.3 (Invitrogen)

was purchased, LSC*™ and LSB*™- cells" were also
provided by Prof. Steven Itzkowitz, MDA-MB-231*™
and MDA-MB-231*™- cells!" were provided by Prof.
Philippe Delannoy (Université des Sciences et
Lille, BSM  (bovine
submaxillary gland mucin) and periodic acid were
Sigma products, NaOH was purchased from Beijing
Chemical Reagents Company (China).

Technologies de France),

1.2 Clinical samples and information

Eighty-two endometrial cancer tissues were
supplied by Department of Obstetrics and Gynecology,
The Fifth Affiliated Hospital of Zhengzhou University
and Department of Obstetrics and Gynecology, Beijing
Anzhen Hospital, Capital Medical University.

The information of patients: (1) Mean patient age
was 57 years (range 23~ 84). None of the patients had
received chemo-, hormone-, or radio-therapy before
surgery. Surgical pathologic staging of cancer was
done according to the FIGO criteria in 2009. (2)
Fifty-two patients (63%) had stage [ tumor, eighteen
patients (22% ) had stage Il tumor, eleven patients
(14%) had stage Ill tumor and one patient (1% ) had
stage IV tumor. (3) Fifteen (18% ) neoplasms were
well-differentiated (G1), forty (49%) were moderately-
differentiated (G2), and twenty-seven (33% ) were
poorly-differentiated (G3). The histological features
were determined according to the WHO staging
system. (4) The information of clinicopathological
subtypes was that seventy(87%) tissues of endometrioid
carcinoma as type | cancer, nine (11% ) tissues of
uterine papillary serous carcinoma and two (2%) clear
cell carcinoma as type II cancer. (5) There was no
myometrial invasion of the neoplasm in eight (10%)
cases; invasion of less than half of the myometrium
was noted in forty-six (56% ) cases, and invasion
beyond half of the myometrium in twenty-eight (34%).
(6) Thirteen normal endometrial specimens were
collected from the hysterectomy in the non-cancer
patients (3 cases of multiple uterine leiomyomas and
10 cases of adenomyosis) and sixteen atypical
hyperplastic
evaluated. Informed written consent and ethic approval

endometrial specimens were also
were obtained by the institutional biomedical research
ethics committee of the Institute of Biophysics,
Chinese Academy of Sciences before the specimen
collection.
1.3 Generation of monoclonal antibody

Human colorectal adenocarcinoma SW1116 cells

(5 x10° was injected intraperitoneally with Freund
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complete adjuvant into 6-week-old BALB/c mice and
boosted 3 times with Freund incomplete adjuvant, and
then their
preparation as described™.
1.4 Indirect ELISA

The indirective enzyme-linked immunosorbent
assay (ELISA) was used to select antibodies binding to
BSM. BSM was coated on 96-well plates overnight in
4°C . Plates were washed 3 times in phosphate-buffered
saline (PBS) and then incubated with periodic acid
(2%) for 1 h at 37°C, NaOH (0.2%) for 10 min at room
temperature or PBS as control. After washing with

spleens were taken for hybridoma

PBS, plates were blocked with 5% bovine serum
albumin (BSA) for 1 h at 37 C and then incubated
with mADb 3P9. The bound antibodies were detected by
incubation with HRP (horseradish peroxidase)-
conjugated anti-mouse antibody at 25 C for another
After careful washing, 3, 3’ , 5, 5 -
tetramethylbenzydine (TMB) (Sigma, Deisenhofen,
Germany) was added as substrate for HRP and the
color reaction was measured at 450 nm with a Bio-Rad
ELISA reader (Richmond, CA).
1.5 Competitive inhibitory ELISA

Plates were coated with 2 mg/L BSM and blocked
with 5% BSA. After adding primary antibody 3P9, the
antigen BSM was competitively binding to 3P9 in a
concentration gradient of 0, 0.02, 0.04, 0.08, 0.16,
0.32, 0.64, 1.28, 2.56 and 5.12 mg/L, while 5 mg/L
anti-sTn antibody B72.3/TKH2 was added together for
2 h at room temperature. Washing was performed,

hour.

sequentially HRP-conjugate goat anti-mouse IgM
antibody (Sigma) was also supplied for 1 h at room
temperature. Repeating the washing steps and TMB
substrate was added to each well. Color reaction was
measured at 450 nm with a Bio-Rad ELISA reader
(Richmond, CA).
1.6 Flow cytometric analysis

Detached cells were incubated with primary
antibodies, 3P9 or IgM as control, on ice for 40 min.
the cells
FITC-conjugated secondary antibodies (Invitrogen)

After washing, were incubated with
on ice for 30 min, then washed and analyzed using
FACSCalibur flow cytometry (Becton

Dickinson).

system

1.7 Immunohistochemistry

The 4 pm sections were obtained from each
paraffin-block. The slides were deparaffinized by
incubating twice in xylene for 30 min at a time and
then incubated in 100% , 90% , 70% , 50% , and

30% ethanol successively for 5 min in each ethanol
solution. Then the sections were incubated with 0.3%
H,0, in methanol for 30 min to quench endogenous
peroxidases and boiled for 30 min in 10 mmol/L citrate
buffer (pH 6.0) to expose the epitope completely. Let
down naturally buffer.
Sequentially, the sections were blocked with 5% goat
serum in PBS at 37°C for 1 h and then incubated with
primary anti-sTn monoclonal antibody 3P9 overnight
at 4°C . The negative control slides were kept in PBS

the slides cool in the

under the same conditions. Appropriate horseradish
peroxidase conjugated second antibodies were applied
to the sections. After every incubation step, the
sections were washed with PBS three times. Freshly
prepared 3, 3’ -diaminobenzidine tetrahydrochloride
(Sigma, Deisenhofen, Germany) was added to the
substrate. The were finally
counterstained with Meyer's hematoxylin and mounted
when dry. The grading of antigen immunoreactivity
was classified into 5 groups

sections as slides

according to the
percentage of reactive cells: 0 (<5% ), 1+ (5% to
<10%), 2+ (10% to <25%), 3+ (25% to <50%), and 4+
(50% or more). More than 500 cells were counted on
each slide.
1.8 Statistical analysis

Statistical analyses were carried out by using the
statistics package SPSS 16.0. Fisher's exact test or the
x-square test was used to analyze the relationship
between sTn reactivity and the clinicopathological
variables of cancer, whereas, the relationship between
patient age and the sTn expression was analyzed
applying Spearman's rank correlation test. P < 0.05
was considered to indicate statistical significance.

2 Results

2.1 Generation and characterization of anti-sTn
antibody

We generated hundreds of hybridomas in this
study. They were subjected to antibody screen by a
method of ELISA and immunohistochemistry with
tumor and normal tissues (data not shown). One of
these clones, named 3P9, which produced an IgM/k
and could specifically bind to human endometrial
cancer tissues but not to normal tissues, was chosen for
further characterization.

Based on the observations in immunohistochemistry,
we speculate that the antigen recognized by mAb 3P9
is probably related to mucins, which are the main
secretory  products of glandular  epithelium.
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Considering mucins being highly glycosylated and
usually undergoing aberrant glycosylation during the
development of malignancy, we firstly tested if the
mAb 3P9 antigen is BSM (bovine
submaxillary mucin) is employed to validate our
a highly
glycosylated and widely used mucin-type protein.
Oxidation of the carbohydrate chain with 2% periodic
acid severely impaired the binding of mAb 3P9 to
BSM, whereas 0.2% NaOH treatment did not influence
the recognition (Figure la). This indicated that the
epitope identified by mAb 3P9 was located on the
carbohydrate side chain but not the peptide backbone

a glycan.

speculation because BSM antigen is

of the glycoprotein.

Considering sialyled Tn antigen was frequently
expressed in many epithelial cancers, we performed
competitive inhibition ELISA and found that the
binding capacity of mAb 3P9 to BSM was markedly
inhibited by well-known anti-sTn antibody B72.3 and
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TKH2 in a dose-dependent manner (Figure 1b).
Moreover, a pair of well-established cell lines,
namely LSC*™ and LSB*™, was employed to determine
the antigen of mAb 3P9 by FACS. LSC*™ cells express
sTn and were stained by mAb 3P9, while LSB*™ cells,
which have the exactly same genetic background as
LSC™ but do not express sTn , could not be stained
by mAb 3P9 (Figure 1c). In addition, another pair of
breast cancer cell lines, namely MDA-MB-231°™ and
MDA-MB-2315™, was also employed to determine the
antigen of mAb 3P9. They were generated by
transfection with ST6GalNAc-I and mock vector into
MDA-MB-231 cells respectively!”, which is different
from the method of gaining LSC™/LSB*™- cells [\
MDA-MB-231°™ cells were stained by mAb 3P9, but
MDA-MB-231°™ cells could not be stained (Figure 1c).
These data finally ensured that mAb 3P9 specifically
recognizes the carbohydrate structure of sTn.

128} 128}
LsC™ LSB™
] \-mAb3PY 5 mAb 3P9
53] 53] |
£ 0 : 0
2 100 100 10> 10° 10  10° 10" 10* 10°
o FL1-H FL1-H
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i 2
- mADb 3P9 mAb 3P9
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Fig. 1 Identification the mAb 3P9 antigen
(a) BSM proteins coated on the plate were treated with periodic acid (2%) for 1 h at 37°C , NaOH (0.2%) for 10 min at room temperature or PBS as
control and then reacted with mAb 3P9 in an ELISA assay. **P < 0.01. (b) Binding of different concentrations of mAb 3P9 to BSM was tested in a
competitive ELISA assay in the presence of anti-sTn mAb TKH2 or mAb B72.3. A—A: migM;m—m: mAb 3P9. (c) Flow cytometric analysis of the
binding of mAb 3P9 to LSC™/LSB™ or MDA-MB-231""/ MDA-MB- 23 1™ cells.

2.2 sTn highly expressed in endometrial carcinoma

To clarify whether sTn was highly expressed in
endometrial carcinoma, we used mAb 3P9 to screening
111 clinical samples including 71 endometrioid
carcinoma as type [ cancer, 9 uterine papillary serous

carcinoma and 2 clear cell carcinoma as type Il cancer,

16 atypical hyperplasia and 13 normal tissues. Our
study showed there was no (0, <5%) or weak (1+, 5%
to <10% ) sTn immunostaining in most normal and
atypical hyperplastic tissues (Figure 2 g~1). Weak sTn
reactivity was observed in 4/13 (31% ) normal slides
and 7/16 (44%) atypical hyperplastic slides. And the
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staining was mostly restricted in cell membrane
(Figure 2g, k). However, the frequency rate of positive
sTn tests was 80% (57 of 71) for endometrioid
carcinoma, 44% (4 of 9) for uterine papillary serous
carcinoma and 50% (1 of 2) for clear cell carcinoma.
In all, the positive expression of sTn antigen in
endometrial carcinoma was 76% (62 of 82), which
was significantly higher than that in normal tissues
(31%) (P = 0.003) and that in atypical hyperplastic
tissues (44% ) (P = 0.024). To be noticed, the

statistically significant difference was found between
atypical hyperplasia and type | endometrial cancer
(endometrioid carcinoma) (P=0.009) but there was no
difference between atypical hyperplasia and type II
cancer (papillary serous carcinoma and clear cell
carcinoma) (P=1.000) (Table 1). Positive staining was
observed throughout the cytoplasm of the glandular
cancer cells and in an intraluminar mucus(Figure 2a~ d),
not restricted in cell membrane.

(e

Fig. 2 Immunoreactivity of sTn in endometrial carcinoma
(a~c¢) Type | carcinoma. (d~ f) Type Il carcinoma. (g~ 1) Atypical hyperplasia. (j~ 1) Normal endometrium. (a) Endometrioid carcinoma | stage. (b)

Endometrioid carcinoma I stage. (c) Endometrioid carcinoma Il stage. (d) Uterine papillary serous carcinomas Il stage. (¢) Uterine papillary serous

carcinomas I stage. (f) Clear cell carcinomas I stage. Magnification is 100 folds.

Table 1 sTn expression in normal and pathological conditions of human endometrium

Intensity of immunostaining”

Samples Pisitive/Total P
1+ 2+ 3+ 44
Normal endometrium(31%) 4/13 9 3 1 0 0 P1=0.003
Atypical hyperplasia (44%) 7/16 9 2 2 3 0 P2=0.024
Neoplastic endomtrium(76%) 62/82 20 5 15 13 29
Endometrioid carcinoma(80%) 57/71 14 5 15 9 28 P3=0.009
Papillary serous carcinoma(44%) 4/9 5 0 0 3 1 P4=1.000
Clear cell carcinoma(50%) 12 1 0 0 1 0

Number in parentheses is the positive rate of sTn expression. " sTn immunoreactivity: 0( < 5%); 1+(5% to < 10%); 2+(10% to < 25%); 3+(25% to

<50%); 4+(50% or more). ?P1 represents the difference between the normal and neoplastic endometrium, Pearson Chi-square test; P2 represents the

difference between the atypical hyperplasia and the neoplastic endometrium, Pearson Chi-square test; P3 represents the difference between the

atypical hyperplasia and the endometrioid adenocarcinoma, Fisher's exact test; P4 represents the difference between the atypical hyperplasia and the

papillary serous and clear cell carcinoma, Fisher's exact test.
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2.3 sTn expression correlated with histological
grade and type I carcinoma

The expression of sTn in endometrial cancer
correlated with histological grade (P =0.021) and
clinicopathologic subtype (P =0.023). But no
significant correlation was shown between sTn
expression and other clinicopathologic features, such
as patient age (P=0.559), clinical stage (P=0.198) and
myometrial invasion depth (P=0.887). The expression
of sTn decreased with the degree of tumor

differentiation (Table 2). When the tumor was poorly-
differentiated (G3), the positive rate of sTn expression
was 59%, which was significantly lower than that in
well- (G1) and moderately- (G2) differentiated tumors.
In addition, The frequency of sTn expression in type [
(80% ) carcinoma was obviously higher than that in
type I (45% ) carcinoma. There was a significant
difference between type | and type II endometrial
carcinoma (Table 2).

Table 2 Correlation between sTn expression and clinicopathological parameters in endometrial cancer

sTn
Parameter n P
Positive Negative

Patient age (years)

<50 13 9 (69%) 4 (31%)

=50 69 53(77%) 16(23%) 0.559?
FIGO Stage

[-0 70 54 (74%) 16 (26%)

-V 12 8 (67%) 4 (33%) 0.198"
Histological grade

Gl 15 11 (73%) 4(27%)

G2 40 35 (87%) 5(13%)

G3 27 16 (59%) 11 (41%) 0.021"
Depth of myometrial

<12 54 40 (74%) 14 (26%)

>1/2 28 22 (79%) 6 (21%) 0.887"
Clinicopathologic subtype

Type [ cancer 71 57 (80%) 14 (20%)

Type Il cancer 11 5 (45%) 6 (55%) 0.023"

YPearson Chi-square test, ?Spearman's rank correlation test.

3 Discussion

Although the sTn overexpression has been
reported in many epithelia-derived cancers!, the study
of sTn expression in normal and pathological
conditions of human endometrium was controversial.
Since endometrial carcinoma has been subdivided into
two major types, type | and type Il , and they are
totally different in tumor histological subtype and
clinical behavior, so we speculated that the conflicting
results in the past may be due to not distinguishing the
two type cancers in the selection of study subjects.
Here, we employed 71 type I cancers (endometrioid
carcinoma) and 11 type Il cancers (papillary serous

carcinoma and clear cell carcinoma) to address this
issue. Our results firstly demonstrated that the
expression of sTn was statistically significantly
associated with type | endometrial carcinoma rather
than with type Il carcinoma, which confirmed our
hypothesis. The frequency rate of sTn expression in
type I carcinoma (80%) was obviously higher than that
in type I carcinoma (45% ). All of these results
suggested that sTn antigen is a new potential
biomarker and therapeutic target in type | carcinoma.
Moreover, our results showed that the expression
rate of sTn was 31% in normal tissues, 44% in atypical
hyperplastic endometrium and 76% in endometrial
carcinoma, which indicated that sTn was involved in
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endometrial carcinogenesis and progression. Besides
the significantly difference on sTn expression between
endometrial carcinoma and normal tissue (P=0.003),
importantly, the significant difference also existed
between the atypical hyperplasia and type [ carcinoma
(P=0.009) rather than type Il carcinoma (P =1.000).
Atypical hyperplasia represents the
precursor of endometrioid carcinoma (type [ ). It is
difficult to distinguish the two
clinicopathologic diagnosis because they are similar in

endometrial
lesions in

histopathological ~ morphology, often  present

concurrently and in topographic proximity in
hysterectomy specimens!. Here our study supplied a
novel marker to identify the difference between
atypical hyperplasia and type [ cancer, and thereby
improve the diagnostic accuracy.

We found there was a statistically significant
association between sTn expression and histological
grade. As shown in the Table 2, the expression of sTn
decreased with the degree of tumor differentiation. The
positive rate of sTn expression in poorly- differentiated
carcinoma (G3) was significantly lower than that in
well- (G1) and moderate- (G2) differentiated tumors
(P < 0.05), which was consistent with previous
study by Semczuk et al. The correlation of sTn with
grade and type |
characterized with good clinical behavior suggested
that sTn may be associated with a favorable prognosis

in endometrial carcinoma.

histological carcinoma which

Additionally, we noticed that in normal and
hyperplastic tissues, the immunostaining of sTn was
weak, and the reactivity was mostly restricted in cell
membrane. But in endometrial carcinomas, the

positive staining was observed throughout the
cytoplasm of the glandular cancer cells and in an
intraluminar mucus, not restricted in cell membrane.
This result seems to be reasonable because during
carcinogenesis, the normal topology and polarity of
epithelial cells both change markedly. The aberrantly
glycosylated mucins, such as truncated carbohydrate
chain (Tn, sTn), expressed on the whole cell surface,
could be re-arranged or shed into the bloodstream™,
All of these results were executed by the novel
anti-sTn antibody 3P9. It can effectively identify the
sTn expression in endometrial cancer and distinguish
the expression differences in histological grade and
type [ /type I cancer. So mAb 3P9 was a new useful
tool for diagnosis and therapy in endometrial cancer.

In conclusion, we generated a novel anti-sTn

antibody 3P9 to study the sTn expression. Our study
demonstrated that sTn highly expressed in type [
endometrial cancer and there was a significant
difference between endometrioid carcinoma and
atypical hyperplastic endometrium. Moreover, sTn
expression was correlated with histologic grade of
endometrial carcinoma. All of these results indicated
that sTn has potential to be used as a diagnostic aid in
the surgical pathology of the uterine neoplasia and to
become a new therapeutic target, especially for type [
endometrial carcinoma.
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