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Specific Role of T and Tn Tumor-associated Antigens in Adhesion between a 
Human Breast Carcinoma Cell Line and a Normal Human Breast Epithelial 
Cell Line
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The possibility that tumor-associated antigens T and Tn act as adhesion molecules between nor-
mal and malignant breast epithelial cells at the early stages of recognition in the metastatic path-
way was examined in vitro. The adhesive specificity of the antigens was assessed by means of in
vitro adhesion tests between a carcinomatous breast cancer cell line (ZR75-30) and a normal epi-
thelial breast cell line (HLB100) using both monoclonal antibodies and lectins specific as well as
nonspecific for each antigen. Adhesion assay was performed using monolayers of the normal cell
line prepared on plastic culture plates and the tumor cell line labeled with a fluorescent dye as a
probe. The adhesion between the two cell types occurred with significant specificity via T and Tn
antigens (P<<<<0.001), and was temperature-dependent. The results suggest that at the early stages of
recognition by tumor cells in the metastatic process, T and Tn antigens play a role as adhesion
molecules between the tumor cells and adjacent normal cells.
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Cell-cell interactions are of obvious importance not
only in normal physiological processes, but also in the
processes of proliferation and invasion of carcinoma (CA)
cells,1–3) and metastasis.4) Several steps in cancer invasion
have been investigated. The first step is considered to be
the release of cancer cells from the primary cancer lesion
due to the regulatory effects of E-cadherin-related
systems.5, 6) In the second step, the released cancer cells
make contact with nearby normal epithelial cells before
reaching the extra-cellular matrix or vascular endothelial
cells. This step may be one of the most important in the
very early stage of the metastatic processes, such as in the
intraductal invasion of breast cancer cells. Little attention,
however, has been paid to this event, i.e., the interaction
or the binding of malignant cells to healthy (normal) cells
immediately after release from the original cancer lesion.

Among the tumor-associated antigenic glycoproteins, T
[Gal(β1-3)GalNAc(α1-3)Ser/Thr] and Tn [GalNAc(α1-3)-
Ser/Thr] antigens were first described as cryptic deter-
minants on human erythrocytes7) that were exposed by
neuraminidase treatment. These pan-CA auto-antigens8–10)

play a profound role in cancer pathogenesis.11) Specific
adhesion between invasive, metastatic murine Esb T-lym-
phoma cells and syngeneic hepatocytes has been demon-

strated12, 13); direct molecular binding of the Esb cells,
which were later confirmed to strongly express T and
Tn antigens on their cell surfaces,14) to the correspond-
ing ligands was the first step after the recognition of
hepatocyte ligands. Moreover, cultured breast CA
DU4475 cells and desialylated, isologous erythrocytes
[TRBC] bound specifically to the Gal/GalNAc receptors
of rat Kupffer cells and of hepatocytes.15, 16) These find-
ings suggest that T and/or Tn antigens on released cancer
cells might have a role in adhesion of these cells to nor-
mal cells in the early stage of metastasis.

In this study, the specific role of T and Tn tumor-asso-
ciated antigens in adhesion between a breast cancer cell
line and a normal breast epithelial cell line was examined
in vitro.

MATERIALS AND METHODS

Cell culture  The human breast cancer cell line ZR75-30
(Flow Laboratories, Inc., McLean, VA; purchased from
Dai-Nippon Seiyaku, Osaka) was cultured in RPMI 1640
medium with 10% fetal bovine serum. The normal human
breast epithelial cell line HBL100 (Riken Cell Bank,
Saitama) was cultured in modified Dulbecco’s medium
with 10% fetal bovine serum as recommended by the
manufacturer.
Immunohistochemistry and electron microscopy
Expression of T and Tn antigens on the cells was deter-
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mined by immunohistochemistry and electron micro-
scopy using HT-8 (IgG, 1:100 dilution)17) and BaGS-3
(IgM, 1:40 dilution)18) monoclonal antibodies (Mabs)
respectively, and a streptavidin-biotin-peroxidase method
described previously.19)

Preparation of monolayer cells  Monolayers of HBL100
cells used in the heterotypic cell adhesion study were pre-
pared on polyvinyl slides with 8 flat-bottomed chambers
(tissue culture chamber/slides; Lab-Tek Products, Miles
Laboratories Inc., Naperville, IL) by the method of McClay
et al.20) with a slight modification. The plates were
pre-treated with Mr 60,000 poly-L-lysine in distilled water
(50 µg/ml; Sigma, St. Louis, MO) for 1 h at 24°C, and
washed with distilled water. The HBL100 cell suspension,
0.2 ml of culture medium containing 106 cells, was added
to each well. The cells were then centrifuged onto the
poly-L-lysine coated bottoms (50g; 3 min). The plates were
incubated for 30 min at 37°C in a CO2 incubator.
Preparation of probe cells  Probe cells (tumor cells)
were prepared based on the method of Takeuchi et al.21)

The tumor cells were labeled by incubation with 3 µM
BCECF AM [2′,7′-bis{carboxyethyl}carboxy-fluorescein
tetraacetoxy-methyl ester; Dojin, Kumamoto] in RPMI
1640 medium containing 10% fetal bovine serum (Gibco,
St. Louis, MO) at 37°C for 40 min. The labeled cells
were then washed three times with phosphate-buffered
saline (PBS), pH 7.4.
Heterotypic adhesion assay  Adhesion assays of the car-
cinoma cells to HBL100 cells were performed according
to the method of McClay et al.20) The monolayers of
HBL100 cells were washed first with culture medium
containing Mr 30,000 poly-L-glutamic acid (10 µg/ml;
Sigma) which prevented the binding of probe cells to the
cell-free poly-L-lysine-treated plate surface, and then with
culture medium. The probe cells (106 cells/0.2 ml
medium) were added to the monolayer cells in each well,
then centrifuged at 10g (10 min; 4°C) to provide contact
with the monolayer cells. The plates were incubated for
15 min at 4°C or at 37°C, then wrapped in Parafilm
(American National Can, Greenwich, CT), inverted, and
centrifuged at 400g for 10 min at 4°C (these conditions
were chosen based on the results obtained by McClay et
al.).20) The inhibition assays of heterotypic adhesion were
performed by pre-treating the CA cells with either anti-
bodies specific for each of the antigens or peanut aggluti-
nin (PNA) and Helix pomatia agglutinin (HPA) (E. Y.
Laboratories, San Mateo, CA), the lectins specific for T
and Tn antigens respectively. Dose-response of the inhibi-
tory lectins was tested at 0.01–0.50 µM. A number of
other lectins nonspecific for T and Tn antigens including
concanavalin A (Con A), wheat germ agglutinin (WGA),
and Griffonia simplicifolia (GS-II) (all from E. Y. Labora-
tories, Inc.) were tested for reactivity with ZR-75-30 cells,
and among them, GS-II was strongly reactive. GS-II lec-

tin was therefore used as a control in inhibition assays. In
addition, a control antibody (anti-pancytokeratin) was
used as the antibody control. All attached cells were pho-
tographed under a phase-contrast microscope. Probe cells
in the same areas were photographed under a fluorescence
microscope. Prints were prepared from the negative films,
and all cells, both adhering and non-adhering were
counted. The number of probe cells observed as adhering
to the HBL100 cells was counted and the percentage of
the adhering cells with respect to total HBL100 cells was
calculated. The experiments were repeated three times for
each antigen.
Homotypic adhesion  In a similar monolayer cell adhe-
sion assay, fluorescence-labeled ZR75-30 cells were over-
laid on the monolayer of ZR75-30 cells. The inhibition
test was performed in the same fashion as in the hetero-
typic adhesion assay.
Statistical analysis  The rates of adhesion, dependent on
T or Tn antigen, were determined as the percentage of
probe cells that adhered to the monolayer of counterpart
cells, evaluated by comparing the number observed upon
incubation in the presence of antibody specific to T or Tn
antigen, or the specific or nonspecific agglutinin, with that
observed in the absence of these reagents. Comparison
between groups with and without antibodies or agglutinins
was performed using Student’s t test. A P value of less
than 0.05 was considered as significant.

RESULTS

Immunostaining of ZR75-30 breast CA cells and
HBL100 normal breast epithelial cells  Fig. 1, A and B
show light micrographs of ZR75-30 cells immunostained
with anti-T (A) or anti-Tn (B) antibody. Compared with
the negative control staining (C), the cells were clearly
positive for T and Tn antigens. Overall, 60% of the cells
expressed T, and 75% Tn antigens. Fig. 1D shows a light
micrograph of HBL100 cells immunostained with anti-T
antibody. The normal breast epithelial cells did not dis-
play these antigens.

Electron micrographs of ZR75-30 CA cells immuno-
stained with anti-T (Fig. 2A) or anti-Tn (Fig. 2B) anti-
body showed that both of these antigens are expressed on
the cell surface.
Study of the adhesion of ZR75-30 breast CA cells to
HBL100 normal breast epithelial cells  Fig. 1E shows a
typical phase-contrast photomicrograph of HBL100 cells
to which many of the probe ZR75-30 cells adhered, as
revealed under the fluorescence microscope (Fig. 1F).
Temperature dependency of heterotypic adhesion  Fig.
3 shows that heterotypic adhesion amounted to 45% at
37°C (first column) but was negligible (3%) at 4°C (sec-
ond column). This result is consistent with the fact that at
4°C, the binding force of adhesion is very weak.20)
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Fig. 1. (A) Light micrograph of ZR75-30 cells immunostained with anti-T antibody, (B) with anti-Tn antibody, and (C) negative con-
trol staining. (D) Light micrograph of HBL100 cells immunostained with anti-T antibody shows no reaction. (E) Light micrograph of
cells after adhesion assay shows normal breast epithelial cells on which breast cancer cells (probe cells) adhered. (F) The same view as
observed by fluorescence microscopy confirms that probe cells adhered to the normal cells. By comparing the two micrographs, the
ratio of probe cells adhering to the counterpart normal cells can be calculated (bar=10 µm, A–C; bar=20 µm, D–F).
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Antigen specificity of adhesion of ZR75-30 cells to
HBL100 cells at 37°C  The adhesion of the tumor cells
to HBL100 cells was significantly (P<0.001) inhibited by
pretreatment of the cells with anti-Tn antibody (Fig. 4,
second column) compared to that without pretreatment
(Fig. 4, control). A similar result was obtained in the inhi-
bition assay with HPA at 0.05 µM, beyond which no
increase in inhibition rate was observed (Fig. 4, third col-
umn). The inhibition of adhesion by anti-Tn antibody and
HPA agglutinin was not additive (Fig. 4, fourth column),
indicating that the adhesion was due to Tn antigen.

The adhesion of the tumor cells to HBL100 cells was
also markedly (P<0.001) inhibited by pretreatment of the

Fig. 2. Electron micrograph of ZR75-30 cells immunostained
with anti-T (A) or anti-Tn (B) antibody. A strong positive reac-
tion for these antigens is exhibited on the cell membrane and
microvillous surfaces (bar=2 µm).

Fig. 3. Adhesion between ZR75-30 cells and HBL100 cells is
significantly different at 37°C and 4°C (P<0.05, n=10). The
ratio of probe cells adhering to the counterpart cells is expressed
as a percentage of total HBL100 cells.

Fig. 4. Comparison of rates of adhesion of the tumor cells
(ZR75-30 cells) to HBL100 cells after no treatment (control
as 100%, first column), or treatment with anti-Tn antibody (Tn,
second column), HPA (third column), or anti-Tn antibody plus
HPA (fourth column). Bar=SD. Differences from the control
value were statistically significant at (a) P<0.001 (n=10), (b)
P<0.02 (n=10), and (c) P<0.05 (n=10), as assessed by Stu-
dent’s t test. There were no significant differences between any
of the treatment groups.
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cells with anti-T antibody (Fig. 5, second column) com-
pared to that without pretreatment (Fig. 5, control, first
column). A similar result was obtained in the inhibition
assay with PNA specific for T antigen at 0.05 µM,
beyond which no increase in inhibition rate was observed
(Fig. 5, third column). The inhibition of adhesion by anti-
T antibody and PNA was not additive (Fig. 5, right col-
umn), indicating that the adhesion was due to T antigen.
The control lectin and antibody (GS-II and anti-pancyto-
keratin), that reacted with ZR75-30 cells, did not inhibit
the cell adhesion (adherence rates: 65% with and 64%
without their addition).
Effect of T or Tn antibody on homotypic aggregation
(adhesion) of the tumor cell line  In a similar monolayer
cell adhesion assay using fluorescence-labeled ZR75-30
cells overlaid on a monolayer of ZR75-30 cells treated
with or without T or Tn antibodies, the percentage of T or
Tn antigen-bearing tumor cells attached homotypically to
each other was determined and compared with that in the
case of cells pretreated with the antibodies or lectins spe-
cific to each antigen. There was no significant difference
(Student’s t test, P<0.9).

DISCUSSION

Cell contact usually involves mutual recognition prior
to adhesion, and this may be mediated by specific recep-
tor molecules on the cells. Specific cell adhesion is a mul-
tistep phenomenon, with specific recognition being only
the initial event. Umbreit and Roseman22) demonstrated
that there are at least two separate steps in cell-cell adhe-
sion. Initial weak adhesion was followed by a second
step, which required metabolic energy, during which the
cells became more firmly attached to each other. McClay
et al.20) and Guarmacci and Schnaar23) reported a method
to measure directly the force of cell-cell adhesion and
they quantitatively examined the strengthening event. The
initial adhesion was cell-specific and occurred at low tem-
perature or in the presence of metabolic inhibitors. The
first cell-cell recognition step, as monitored at 37°C, was
reversible, while the second step, the strengthening of
adhesion, occurred within a few minutes and reached a
maximum after 10 min. This step was blocked by meta-
bolic inhibitors. We followed the method of McClay et
al.,20) which seemed suitable to elucidate the role and
specificity of T or Tn antigens in the adhesion of tumor
cells to normal cells in the early step, whether or not it is
metabolically dependent. In order to allow complete reac-
tion of the antigen-bearing cells with the counterpart cells,
we chose experimental conditions of 15 min at 37°C or
4°C. We obtained clear evidence of the specific involve-
ment of T and Tn antigens in the interaction between the
breast cancer cells and the HBL100 cells. We found that
T and Tn antigen-associated adhesion occurred at 37°C,
but not at 4°C, indicating temperature and metabolic
energy dependency of adhesion between the two types of
cells, as reported previously.20) The adhesion and anchor-
age of released cancer cells to nearby normal cells1, 24) is
likely to be a key step in the spread of cancer.

ZR75-30 cells exhibited both T and Tn antigens, and
the adhesion to normal human breast cell line HBL100
was specifically dependent upon these antigens. Further
studies are in progress to examine whether the effect of
anti-T and anti-Tn antibodies was additive or not, in order
to provide information on the possible existence of a
receptor on HBL100 cells for T and Tn antigens.

The normal breast epithelial cell line HBL100 did not
express T or Tn antigen, both of which seldom appear in
normal breast epithelium or other tissues10, 11) except in the
healthy colon, and uterine cervix.25) The T and Tn anti-
gens appear on the surface of undeveloped epithelial cells,
such as cancer cells, in which glycosyl-transferases are
absent or abnormal.26)

Hull et al.27) have reported the presence of sialyl-Tn on
the surface of cells of the breast cancer cell line BT-20.
Also, sialyl-Tn has been detected on the surface of
gastrointestinal CAs28–30) and ovarian CAs.19, 31) It was
reported that sialylation of asparagine-linked oligosaccha-

Fig. 5. Comparison of rates of adhesion of the tumor cells
(ZR75-30 cells) to HBL100 cells after no treatment (control
as 100%, first column), or treatment with anti-T antibody (T,
second column), peanut agglutinin (PNA, third column), or anti-
T antibody plus PNA (fourth column). Bar=SD. Differences
from the control value were significant at (a) P<0.001 (n=10),
(b) P<0.001 (n=10), and (c) P<0.001 (n=10), as assessed by
Student’s t test. There were no significant differences between
any of the treatment groups.
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rides was more evident on the surface of highly metastatic
colon CA cells than on the surface of less metastatic
cells.32) Thus, sialyl-Tn might also have a role in adhesion
processes between normal and cancer cells.

In conclusion, the results of our study strongly suggest
that the T and Tn antigens expressed on the surface of
breast cancer cells have an important role in adhesion of
these cells to normal epithelial mammary cells in the early
stages of invasion and metastasis. Further studies are in
progress to clarify the role of sialyl-Tn antigen in such
adhesion processes.

ACKNOWLEDGMENTS

The authors wish to dedicate this work to Professor Georg F.
Springer, who passed away on 10th March 1998, leaving an
unforgettable memory of a powerful intellect and scientific
mind. He was deeply involved in the investigation of T, Tn, and
sialyl-Tn antigens and breast carcinoma vaccines. He deserves
our lasting respect.

(Received October 2, 1998/Revised December 21, 1998/
Accepted December 29, 1998)

REFERENCES

1) Roos, E., Van de Pavert, L. V. and Middelkoop, O. P.
Infiltration of tumour cells into cultures of isolated hepato-
cytes.  J. Cell Sci., 47, 385–397 (1981).

2) Roos, E.  Cellular adhesion, invasion and metastasis.  Bio-
chim. Biophys. Acta, 738, 263–284 (1984).

3) Roos, E., Middelkoop, O. P. and Van de Pavert, I. V.
Adhesion of tumour cells to hepatocytes: different mecha-
nisms for mammary carcinoma compared with lymphosar-
coma cells.  J. Natl. Cancer Inst., 73, 963–969 (1984).

4) Steck, P. A. and Nicolson, G. L.  Cell surface glycopro-
teins of 13762 mammary adenocarcinoma clones of differ-
ing metastatic potentials.  Exp. Cell Res., 147, 255–267
(1983).

5) Ochiai, A., Akimoto, S., Shimoyama, Y., Nagafuchi, A.,
Tsukita, S. and Hirohashi, S.  Frequent loss of α catenin
expression in scirrhous carcinomas with scattered cell
growth.  Jpn. J. Cancer Res., 85, 266–273 (1994).

6) Kanai, Y., Oda, T., Tsuda, H., Ochiai, A. and Hirohashi, S.
Point mutation of the E-cadherin gene in invasive lobular
carcinoma of the breast.  Jpn. J. Cancer Res., 85, 1035–
1039 (1994).

7) Springer, G. F. and Ansell, N. J.  Inactivation of human
erythrocyte agglutinogens M and N by influenza viruses
and receptor-destroying enzyme.  Proc. Natl. Acad. Sci.
USA, 44, 182–189 (1958).

8) Springer, G. F., Murthy, M. S., Desai, P. R. and Scanten,
E. F.  Breast cancer patient’s cell-mediated immune
response to Thomsen-Friedenreich (T) antigen.  Cancer,
45, 2949–2954 (1980).

9) Seitz, R. C., Fischer, K., Stegber, H. E. and Poschmann, A.
Detection of metastatic breast carcinoma cells by immuno-
fluorescent demonstration of Thomsen-Friedenreich anti-
gen.  Cancer, 54, 830–836 (1984).

10) Springer, G. F.  T and Tn, general carcinoma autoantigens.
Science, 224, 1198–1206 (1984).

11) Springer, G. F., Taylor, C. R., Howard, D. R., Tegtmeyer,
H., Desai, P. R., Murthy, S. M., Felder, B. and Scanlon, E.
F.  Tn, a carcinoma-associated antigen, reacts with anti-Tn
of normal human sera.  Cancer, 55, 561–569 (1985).

12) Davey, G. C., Currie, G. A. and Alexander, P.  Spontane-
ous shedding and antibody induced modulation of histo-

compatibility antigens on murine lymphomata: correlation
with metastatic spread.  Br. J. Cancer, 33, 9–14 (1976).

13) Schirrmacher, V., Cheingsong-Popov, R. and Arnheiter, H.
Hepatocyte-tumor cell interaction in vitro.  J. Exp. Med.,
151, 984–989 (1980).

14) Springer, G. F., Cheingsong-Popov, R., Schirrmacher, V.,
Desai, P. R. and Tegtmeyer, H.  Proposed molecular basis
of murine tumor cell-hepatocyte interaction.  J. Biol.
Chem., 258, 5702–5706 (1983).

15) Schlepper-Schäfer, J., Springer, G. F., Holl, N., Kolb, H.,
and Kolb-Bachofen, V.  Macrophages from rat liver bind
breast carcinoma cells and ingest tumor associated T and
Tn antigens.  Immunobiol. Suppl., 3, 180 (1987).

16) Schlepper-Schäfer, J. and Springer, G. F.  Carcinoma
autoantigens T and Tn and their cleavage products interact
with Gal/GalNAc-specific receptors on rat Kupffer cells
and hepatocytes.  Biochim. Biophys. Acta, 1013, 266–272
(1989).

17) Metcalfe, S., Springer, G. F., Svvennsen, R. J. and
Tegtmeyer, H.  Monoclonal antibodies specific for human
Thomsen-Friedenreich (T) and Tn blood group precursor
antigens.  Protides Biol. Fluid. Proc. Colloq., 32, 765–768
(1984).

18) Springer, G. F., Chandrasekaran, E. V., Desai, P. R. and
Tegtmeyer, H.  Blood group Tn-active macromolecules
from human carcinoma and erythrocytes: characterization
of and specific reactivity with mono- and poly-clonal anti-
Tn antibodies induced by various immunogens.  Carbo-
hydr. Res., 178, 271–292 (1988).

19) Gahzizadeh, M., Ogawa, H., Sasaki, Y., Araki, T. and
Aihara, K.  Mucin carbohydrate antigens (T, Tn, and sialyl-
Tn) in human ovarian carcinomas: relationship with histo-
pathology and prognosis.  Hum. Pathol., 28, 960–966
(1997).

20) McClay, D. R., Wessel, G. M. and Marchase, R. B.  Inter-
cellular recognition: quantitation of initial binding events.
Proc. Natl. Acad. Sci. USA, 78, 4975–4979 (1981).

21) Takeuchi, K., Tsuji, T., Hakomori, S. and Irimura, T.
Intercellular adhesion induced by anti-α3 integrin (VLA-3)
antibodies.  Exp. Cell Res., 211, 133–141 (1994).

22) Umbreit, J. and Roseman, S.  A requirement for reversible

query?uid=6894926&form=6&db=m&Dopt=b     
query?uid=6394051&form=6&db=m&Dopt=b     
query?uid=6434781&form=6&db=m&Dopt=b     
query?uid=6688589&form=6&db=m&Dopt=b     
query?uid=8188525&form=6&db=m&Dopt=b     
query?uid=7961105&form=6&db=m&Dopt=b     
query?uid=6248184&form=6&db=m&Dopt=b     
query?uid=6331628&form=6&db=m&Dopt=b     
query?uid=6729450&form=6&db=m&Dopt=b     
query?uid=2981150&form=6&db=m&Dopt=b     
query?uid=1252330&form=6&db=m&Dopt=b     
query?uid=1252330&form=6&db=m&Dopt=b     
query?uid=7373219&form=6&db=m&Dopt=b     
query?uid=6304095&form=6&db=m&Dopt=b     
query?uid=2553105&form=6&db=m&Dopt=b     
query?uid=3056614&form=6&db=m&Dopt=b     
query?uid=9269833&form=6&db=m&Dopt=b     
query?uid=6946443&form=6&db=m&Dopt=b     
query?uid=8125150&form=6&db=m&Dopt=b     
query?uid=1238397&form=6&db=m&Dopt=b     


Jpn. J. Cancer Res. 90, March 1999

332

binding between aggregating embryonic cells before stable
adhesion.  J. Biol. Chem., 250, 9360–9368 (1975).

23) Guarmacci, S. P. and Schnaar, R. L.  Hepatocyte adhesion
to immobilized carbohydrates. I. Sugar recognition is fol-
lowed by energy-dependent strengthening.  J. Biol. Chem.,
257, 14288–14292 (1982).

24) Middelkoop, O. P., Roos, E. and Van de Pavert, I. V.
Infiltration of lymphosarcoma cells into hepatocyte cul-
tures: inhibition by univalent antibodies against liver
plasma membranes and lymphosarcoma cells.  J. Cell Sci.,
56, 467–470 (1982).

25) Gipson, I. K., Ho, S. B., Spurr-Michaud, J., Tisdale, A. S.,
Zhan, Q., Torlakovic, E., Pudney, J., Anderson, D. J.,
Toribara, N. W. and Hill, J. A., III. Mucin genes expressed
by human female reproductive tract epithelia.  Biol.
Reprod., 56, 999–1011 (1997).

26) Klein, P. J., Newman, R. A., Muller, P., Uhlenbruck, G.,
Schaefer, H. E., Lennartz, K. J. and Fischer, R.  The pres-
ence and significance of the Thomsen-Friedenreich antigen
in mammary gland. II. Its topochemistry in normal, hyper-
plastic and carcinoma tissue of the breast.  J. Cancer Res.
Clin. Oncol., 93, 205–214 (1979).

27) Hull, S., Bright, A., Carraway, K., Abe, M., Hayes, D. and
Kufe, D.  Oligosaccharide differences in the DF3 sialomu-
cin antigen from normal human milk and the BT20 human

breast carcinoma cell line.  Cancer Commun., 1, 261–267
(1989).

28) Ogata, S., Ho, I., Chen, A., Dubois, D., Maklansky, J.,
Singhal, A., Hakomori, S. and Itzkowitz, H.  Tumor-associ-
ated sialylated antigens are constitutively expressed in nor-
mal human colonic mucosa.  Cancer Res., 55, 1869–1874
(1995).

29) Itzkowitz, S. H., Yuan, M., Montgomery, C. K., Kjeldsen,
T., Takahashi, H. K., Bigbee, W. L. and Kim, Y. S.
Expression of Tn, sialosyl-Tn, and T antigens in human
colon cancer.  Cancer Res., 49, 197–204 (1989).

30) Iwata, H., Steven, H., Itzkowitz, H., Werther, J. L.,
Hayashi, K., Nakamura, H., Ichinose, M., Miki, K. and
Tatematsu, M.  Expression of sialosyl-Tn in intestinal type
cancer cells of human gastric cancers.  Acta Pathol. Jpn.,
43, 646–653 (1993).

31) Ogawa, H., Ghazizadeh, M. and Araki, T.  Tn and sialyl-
Tn antigens as potential prognostic markers in human ovar-
ian carcinoma.  Gynecol. Obstet. Invest., 41, 278–283
(1996).

32) Saito, O., Wang, W. C., Lotan, R. and Fukuda, M.  Differ-
ential glycosylation and cell surface expression of lysoso-
mal membrane glycoproteins in sublines of a human colon
cancer exhibiting distinct metastatic potentials.  J. Biol.
Chem., 267, 5700–5711 (1992).

query?uid=1238397&form=6&db=m&Dopt=b     
query?uid=7142209&form=6&db=m&Dopt=b     
query?uid=9096884&form=6&db=m&Dopt=b     
query?uid=438283&form=6&db=m&Dopt=b     
query?uid=2639730&form=6&db=m&Dopt=b     
query?uid=2639730&form=6&db=m&Dopt=b     
query?uid=7537175&form=6&db=m&Dopt=b     
query?uid=2908846&form=6&db=m&Dopt=b     
query?uid=8310825&form=6&db=m&Dopt=b     
query?uid=8793500&form=6&db=m&Dopt=b     
query?uid=1544942&form=6&db=m&Dopt=b     

