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ABSTRACT

A block in carbohydrate chain elongation of 0-glycosylated mucins
results in accumulation of a-GalNAc O linked to serine or thrconine (Tn
antigen) in a large percentage of human adenocarcinomas. Immunization
of mice with desialylated ovine submaxillary mucin (A-OSIV1), which
contains a large concentration of Tn antigen, provided protection against
challenge of a highly invasive Tn expressing syngeneic mouse mammary
tumor, TA3-Ha. A similar protective effect was not observed in mice
immunized with the deglycosylated mucin or irridiated TA3-Ha cells.
Immunization with A-OSM but not with deglycosylated mucin resulted
in high anti-Tn antibody response in mice. A-OSM induced in vitro
proliferation of T-lymphocytes obtained from mice preimmunized with
A-OSM or irradiated TA3-Ha cells. This antigen-specific T-cell response
was significantly lower if lymphocytes were stimulated with either the
deglycosylated or sialylated form of mucin. A-OSM stimulation induced
primarily a ( D-T T-cell population, and these cells secreted intcrleukin
2 in a dose-dependent fashion. A-OSM was also able to induce delayed-
type hypersensitivity in mice in response to footpad injections with
irradiated TA3-Ha cells. These studies indicate that Tn antigen presented
on a protein backbone is capable of providing cellular immunity and
protection against tumor in mice.

INTRODUCTION

Immunization with mouse tumor cells containing "tumor-
associated transplantation antigens" has been shown to suc

cessfully provide protection in a syngeneic host against chal
lenge by the same tumor (1-3). Clinical studies have also used
autologous or allogeneic tumor cells to immunize cancer pa
tients to generate cellular and humoral immune responses (4-
9). However, the chemical and physical nature of tumor-asso
ciated transplantation antigens and the specificity of the im
mune response have remained unknown, despite the fact that
many tumor-associated antigens have been well defined by
MAbs' directed to tumors.

Aberration in glycosylation in various experimental and hu
man tumors has been shown to result in expression of novel
cell surface carbohydrate antigens (10, 11). Injections of car
bohydrate antigen GM2 (together with appropriate carrier ad
juvant) in melanoma patients generated anti-GM2 responses,
but no cellular immune responses were reported (12, 13). Tu
mor-associated TF (Gal|rf 1-3 GalNac-) antigen, chemically and
enzymatically derived from glycophorin A of red blood cells
(where it is generally sialylated and present in cryptic form),
elicited DTH responses in cancer patients (14). Additionally,
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immunization with synthetic TF antigen coupled to keyhole
limpet hemocyanin or human serum albumin induced DTH
response in mice against mouse mammary adenocarcinoma
(TA3-Ha) expressing TF epitope on its cell surface, and pro
vided protection against the same tumor (15, 16).

In the present study, we examined the role of the tumor-
associated Tn (Â«-GalNac-O-Ser/Thr) antigen, which is ex
pressed in greater than 70% of human adenocarcinoma (14,
17). Desialylated OSM (A-OSM) has been well characterized
as containing high concentrations of multivalent Tn epitopes.
An extensively purified A-OSM was used as an antigen source.
Active immunization studies with A-OSM were performed to
determine their effectiveness in providing protection against
challenge of a highly invasive Tn-expressing TA3-Ha tumor.
We also examined the effect of A-OSM on in vitro mouse T-
cell proliferation.

MATERIALS AND METHODS

Mice. Six- to 8-week-old female CAP mice were obtained from The
Jackson Laboratory (Bar Harbor. ME).

Cell Lines. TA3-Ha, a spontaneous murine mammary adenocarci
noma (18), was kindly provided by Drs. G. Springer and B. Michael
Longenecker. Tumor cells were obtained from ascites fluid and were
then frozen. For use in experiments, cells were thawed and resuspended
in RPMI 1640 and 5% fetal calf serum. Cultures were expanded in
vitro for 1-2 days before use.

Antibody Reagents. Murine MAbsTKH2 (anti-sialosyl-Tn) (19). 1E3
and TKH6 (anti-Tn)4 and HH8 (anti-TF) (20) were used from tissue
culture supernatants. Rat anti-L3T4 and anti-Lyt 2 were purchased
from Becton Dickinson (Moutanin View, CA). Rat anti-Thy 1.2 was
purchased from Boehringer Mannheim (Indianapolis, IN).

Antigens and Adjuvant Preparations. OSM was purified as described
previously (21). Desialylation of OSM to produce A-OSM was accom
plished using 0.025 unit of neuraminidase (Closlridium perfringens
Type X) per 1 mg of mucin at pH 5.0 in 0.1 M sodium acetate buffer
for 24 h at 37Â°Cfollowed by dialysis against PBS. Complete desialyla-

tion was determined when reactivity of MAb TKH2 (anti-sialosyl-Tn)
was negative. Carbohydrate epitopes on A-OSM were analyzed chemi
cally and immunologically and found to contain only /V-acetylgalactos-
amine residues. No TF antigen was detected on A-OSM. Further
deglycosylation of A-OSM was carried out by Â«-A'-acetylgalactosamin-

idase (21) or TFMS (22). Carbohydrate epitopes expressed on OSM
during various chemical or enzymatic treatments are described in Table
1. BSM was obtained from Sigma Chemical Co. (St. Louis, MO) and
desialylated (to give A-BSM) by the same procedure used for OSM.
For preparation of irradiated tumor cells, TA3-Ha cells were harvested
from cell culture and irradiated with 10.000 rads (cobalt source). Before
immunization, antigens were resuspended in Ribi adjuvant (monophos-
phoryl lipid A + trehalose dimycolate + Bacillus CaÃmette-GuÃ©rincell

wall skeleton; Ribilmmuno Chem, Hamilton, MT) according to man
ufacturer's instructions.

Survival Experiments. Seven days prior to tumor challenge, mice
were immunized s.c. at 2 bilateral inguinal sites (50 M' each) and one
neck site (100 Â¿Â¿I).Live TA3-Ha cells were injected i.p. at a dose of 7 x
IO2cells/mouse. Twenty-four h later. CY (100 mg/kg) was injected i.p.

Mice were then treated with antigen as above on days 2, 5, 12, and 19

4 H. Clausen. T. Kjeldscn. and S. Hakomori, unpublished observations.
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Table 1 Expression of carbohydrate antigens on OSM following various chemical/enzymatic treatments"

Treatment Mucin Carbohydrate expression

None

Neuraminidase
TFMS
n.iV-Acetylgalactosaminidase

OSM

A-OSM
Core protein (TFMS)
Core protein (enzyme)

90% sialosyl-Tn (SA2^6GalNAcÂ«-O-Ser/Thr)
10% Tn (GalNAcÂ«-O-Ser/Thr)
100% Tn
=5% Tn
7-10% Tn

Â°Desialylation and deglycosylation of OSM were carried out as described in "Materials and Methods."
* Expression ofTn and sialosyl-Tn on different mucin preparations was determined by anti-Tn (1E3. TKH6) and antisialosyl-Tn (TKH2) MAbsas well as by mass

spcctrometric analysis.

after tumor challenge. Survival of mice from ascitic tumor was moni
tored. Mice receiving CY only, or CY and Ribi adjuvant, served as
control groups in all experiments.

Serum Antibody 'liters. Blood was drawn retro-orbitally from mice 7

days after the second immunization with A-OSM, A-BSM, or A-OSM
core protein in Ribi adjuvant. Sera were titered against A-OSM in an
enzyme-linked immunosorbent assay. Anti-Tn IgG and IgM titers were
detected by horseradish peroxidase-conjugated goat anti-mouse Â¿j-and
7-chain specific antibodies.

Lymphocyte Proliferation Assay. Draining lymph nodes from mice
immunized 7 to 9 days earlier were homogenized, filtered through
nylon membrane, and washed with ice-cold Hanks' balanced salt solu
tion. Cells were resuspended to a concentration of 2 x 106/ml Â¡nRPMI

1640, 5% fetal bovine serum. 1 niM glutamine, 1 HIMpyruvate. 100 ng/
ml penicillin-streptomycin, and 2x IO"5M 2-mercaptoethanol. Cells, 2
x 105/well, were cocultured with stimulating antigen in 96-well tissue

culture plates (Costar, Cambridge, MA). After 4 days, the cultures were
pulsed with 0.5 uCi ['Hjthymidine/well for 24 h. Cells were then

harvested onto glass fiber filters and radioactive incorporation deter
mined by scintillation counting. In lymphocyte subset depletion exper
iments, IO7cells were incubated with 25 Mgof rat anti-Thy 1.2, L3T4
or Lyt 2 for 30 min at 4Â°C.The cell suspension was washed twice and

then treated with 0.5 ml of 1:10 guinea pig complement (Cedarlane,
Hornby, Ontario, Canada) for 45 min at 37Â°C.The cells were washed
3 times and plated at 2 x 105/well before the addition of stimulating

antigens.
IL-2 Assay. Lymphocytes from draining nodes were cocultured with

antigens as described in "Lymphocyte Proliferation Assay." After 24

h. supernatants were collected and evaluated for the presence of IL-2
by stimulation of the IL-2-dependent murine CTLL line. Briefly, 5 x
10' CTLL were cultured for 24 h with supernatant and then pulsed for
4 h with ['Hjthymidine. Standard curve was obtained by measuring the

growth of CTLL line in serially diluted recombinant human IL-2
(Genzyme, Boston. MA) starting at 10 units/ml.

Delayed Type Hypersensitivity. Groups of mice were immunized with
A-OSM or Ribi adjuvant alone. Mice received injections in the hind
footpad of IO6 irradiated TA3-HA in 25 u\ of PBS. PBS alone was

injected in the other footpad as a control. At 24 and 48 h after injection,
footpad thickness was measured using a oditest gauge. DTH units were
expressed as difference between the thickness of TA3-Ha injected
footpad and thickness of PBS injected footpad; one DTH unit equals
10~2mm.

RESULTS

Protection against Tumor on Immunization with Tn-containing
Mucin. Mouse mammary adenocarcinoma TA3-Ha expresses
on its cell surface a large molecular weight glycoprotein, epi-
glycanin, carrying multiple Tn epitopes (23, 24). In the present
study, we examined the effectiveness of TA3-Ha cells or A-
OSM in providing protection against challenge of TA3-Ha
tumor in syngeneic mice. TA3-Ha is a highly invasive tumor,
and mice given injections of 10 tumor cells i.p. died consistently
after 16-18 days (data not shown). For our studies, we used 7
x IO2 tumor cells for challenge. Injection of CY 24 h after

tumor challenge increased the average survival time from 14 to
20 days (Fig. 1, A and B). Inclusion of Ribi adjuvant alone had

little effect on survival of mice. Immunization with A-OSM/
Ribi significantly enhanced the survival period, during which
50% of the mice survived longer than 48 days after the tumor
challenge (Fig. \A). The O-linked sugar chain of A-OSM was

identified as essentially all Tn and had no TF activity (Table
1). A similar effect was also observed by immunization with
desialylated BSM (A-BSM), which also contains a high concen
tration of Tn antigen (Table 1). In contrast, when deglycosy-
lated OSM core protein (TFMS) was used as an immunogen,
there was no significant increase in survival period beyond
adjuvant control mice (Fig. IÃŸ).Upon treatment with irradiated
tumor cells in Ribi adjuvant, partial protection against tumor
invasion was observed (survival between 20 and 36 days). A-
OSM and A-BSM immunized mice surviving the initial chal
lenge with tumor (7 x 102cells) were rechallenged with a higher
dose of tumor cells (2 x 103). Of this group, 40% of mice were

immune to second challenge and survived beyond 145 days
(Fig. 1C).

Serum Antibody Titer on Immunization with Tn-containing
Mucin. Sera from mice immunized with A-OSM or A-BSM
were measured for the presence of antibody titers against A-
OSM in a solid-phase enzyme-linked immunosorbent assay.

High antibody titers of both IgG and IgM isotype were seen in
all of the mice immunized with Tn-containing mucins (Fig. 2).
No measurable levels of anti-Tn antibody were seen in mice
immunized with A-OSM core protein alone. Sera from mice
immunized with A-OSM or A-BSM reacted strongly with TA3-
Ha cells, but sera from animals immunized with core protein
showed no binding to tumor cells (data not shown).

Lymphocyte Proliferative Response to Tn-containing Mucin.
Since Tn antigen containing mucin was able to provide protec
tion against Tn expressing tumor, we studied the effect of A-
OSM on cellular immune response in mice. Lymphocytes from
draining lymph nodes of mice were examined for their ability
to proliferate in response to stimulation with A-OSM. Lym
phocytes from mice immunized with A-OSM/Ribi or irradiated
TA3-Ha tumor cells/Ribi proliferated in response to A-OSM
in a dose-dependent fashion (Fig. 3). However, lymphocytes
from animals immunized with Ribi adjuvant alone did not
respond to A-OSM, indicating that A-OSM does not induce a
nonspecific mitogenic activity. Proliferation of lymphocytes
from A-OSM-immunized mice could be in response to either
the Tn carbohydrate, which completely surrounds the protein
core, or the protein core itself. However, A-OSM specific
proliferation in TA3-Ha immunized mice will be more likely to
Tn antigen. The tumor cells express Tn-containing epiglycanin
on their cell surface and the memory cells should recognize Tn
epitope on A-OSM in vitro unless the A-OSM and epiglycanin
on TA3-Ha share homologous protein sequences. Since antisera
from mice immunized with core protein did not react with TA3-
Ha cells, it is unlikely that epiglycanin and A-OSM core exhibit
significant protein sequence homology.
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Fig. 1. Survival of mice from challenge of TA3-Ha tumor. A, mice were
immunized s.c. with A-OSM, A-BSM, or Ribi alone on day -7 and were then
challenged with 7 x IO2 TA3-Ha cells i.p. on day 0. Mice received a single i.p.
injection of cyclophosphamide (CY) on day I. The animals were further immu
nized s.c. with different antigens on days 2. 5. 12 and 19. B. mice were immunized
with deglycosylated OSM core, irradiated TA.VHa or Ribi alone. Survival from
TA.VHa was monitored as described in A. C, mice immunized with A-OSM or
A-BSM. surviving the initial tumor, were rechallenged with 2 x IO3cells Â¡.p.on

day 48 and survival was monitored.

Specificity of A-OSM-mediated Proliferation. Lymphocytes
from A-OSM immunized mice were pulsed in vitro with either
OSM or deglycosylated OSM. OSM as opposed to A-OSM
possesses 90% of the Tn antigen in the sialylated form (sialosyl
2->6 GalNac-O-Ser/Thr) (Table 1). Deglycosylated OSM, ex
posing the core protein, was prepared either by glycosyl hydro-
lases or by TFMS (see "Materials and Methods"). Both OSM

and deglycosylated core protein still contain 5-10% Tn antigen.
If the memory T cells generated on A-OSM immunization are
specific to Tn carbohydrate, they should not proliferate in
response to OSM or core protein. Proliferation response was
47% lower in response to OSM, 40% lower in response to core
protein (enzyme), and 80% lower in response to core protein

A-OSM Immunized
A A igG titer
A A IgM titer
Aâ€”BSMImmunized
â€¢ â€¢IgG titer
Oâ€”O IgM titer

CORE Immunized
â€¢ â€¢IgG titer
D D IgM titer

0.00

1:50 1:200 1:800 1:3200
SERUM ANTI-TN TITER

Fig. 2. Serum anti-Tn liters in mice immunized with Tn-contaimng mucins.
Mice were immunized twice with either A-OSM. A-BSM, or A-OSM core protein
in Ribi adjuvant. Seven days after the second immunization, blood was drawn
and sera were titrated against A-OSM. Both IgG and IgM liters were measured
by using peroxidase-conjugated goat anti-mouse Â¡t-and -Â»-chain-specific
antibodies.

(TFMS), relative to stimulation with A-OSM (Fig. 4). Incom
plete loss in proliferation could be due to the fact that both
stimulating antigens (OSM and core protein) still contain a
small percentage of Tn antigen, or that the proliferating T cells
contain 2 populations, one specific to Tn antigen and another
to core protein.

Lymphocytes from TA3-Ha immunized mice cocultured with
OSM or core protein (enzyme) showed 37% and 57% lower
proliferation, respectively (Fig. 4). If the protein sequences
between the TA3-Ha glycoprotein and A-OSM were shared,
deglycosylated A-OSM should be equally stimulatory for T-cell
proliferation. These data, therefore, indicate involvement of Tn
antigen in T-cell proliferation.

Phenotype of Lymphocytes Proliferating in Response to Tn-
containing Mucin. Lymphocytes from the A-OSM immunized
mice were preincubated with anti-Thy 1.2, anti-Lyt 2, or anti-
L3T4 plus complement (Fig. 5). Significant reduction in lym
phocyte proliferation resulted from depletion of total T-cell
population as well as from depletion of helper T-cells. There
was, however, no decrease in lymphocyte proliferation when
the Lyt 2 population was depleted, indicating that T-cells
proliferating in response to A-OSM are of CD4+ phenotype.

Secretion of IL-2 by T-Cells Stimulated with Tn Mucin. Since
the T-cells proliferating in response to A-OSM were of CD4

35 T
Immunogen
O - O RISI
â€¢- â€¢A-OSM/Ribi
A - A TA3-Ho/Ribi

25 3.12 1.5612.5 6.25

A-OSM (/Â¿g/well)

Fig. 3. Lymphocyte proliferation in response to Tn-containing mucin. A-OSM.
Mice were immunized with A-OSM/Ribi. irradiated TA.VHa/Ribi. or Ribi alone.
Lymph node lymphocytes were stimulated in vitro with different dosages of A-
OSM. Lymphocyte proliferation was measured by 24-h pulse with ['HJthymidine

after 72 h.
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Fig. 4. Specificity of A-OSM-mediated lymphocyte proliferation. Lymph node
lymphocytes from A-OSM or irradiated TA.VHa immunized mice were stimu
lated in vitro with 25 fig/well of OSM. A-OSM. or core protein prepared by
enzyme or TFMS. T-cell proliferation was measured by incorporation of [3H]-

thymidine.

phenotype, we examined their functionality by measuring the
production of endogenous IL-2. As with proliferative activity,
there was no secretion of IL-2 by lymphocytes in response to
in vitro stimulation with A-OSM from mice immunized with
adjuvant alone. T-cells from mice immunized with A-OSM
secreted IL-2 on in vitro stimulation with A-OSM in a dose-
dependent manner (Fig. 6). There was significant reduction in
IL-2 production by OSM-stimulated T-cells and core protein
prepared by enzyme or TFMS. These results again indicate that
IL-2 production by A-OSM-stimulated CD4+ T-cells is me

diated by Tn antigen.
DTH Specific to Tn Antigen. Since DTH responses are known

to be mediated by T-cells, we examined the ability of Tn-
containing mucin to elicit these responses. Mice were immu
nized with A-OSM/Ribi or the adjuvant alone. The animals
were then given injections in the footpad with irradiated TA3-
Ha cells. Significant footpad swelling was seen after 48 h in
mice immunized with A-OSM (Fig. 7). This result confirms the
involvement of Tn antigen in mouse T-cell response as evi
denced by in vitro T-cell proliferation assays.

DISCUSSION

Immunization with TF antigen was recently shown to provide
protection against challenge of TF expressing tumor in mice
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Fig. 6. Secretion of IL-2 by T-cells stimulated with A-OSM. Lymphocytes
from A-OSM immunized mice were stimulated in vitro with different dosages of
A-OSM. OSM. or core protein prepared by enzyme or TFMS. Culture superna-
tants were used to quantitate production of IL-2 by proliferation of CTLL cells.

(16). In the present study, we examined the role of Tn antigen
expressed on A-OSM as active immunogen against a highly
invasive Tn expressing mouse mammary adenocarcinoma. A-
OSM was chosen as the immunogen since its prosthetic group
was found to be exclusively Tn, and it did not contain TF.
Long-term survival was seen in 50% of mice immunized with
A-OSM in Ribi adjuvant, and 40% of these mice were highly
immune to rechallenge with a larger dose of tumor cells. This
protection was completely abrogated when mice were immu
nized with A-OSM core protein, indicating that protection was
imparted by the carbohydrate Tn antigen.

The tumor immunity by the Tn antigen could be caused by
the generation of humoral and/or cellular immune response.
High serum anti-Tn titers of both IgG and IgM isotype were
detected in A-OSM immunized mice. Carbohydrates in general
are, however, not known to activate T-cells. There are some
reports in the literature that carbohydrates can cause T-cell
stimulation. In a recent report, ganglioside GM3 encapsulated
in liposomes was able to induce cytotoxic T-lymphocyte activity
against GM3-expressing melanoma (25). T-cell lines generated

from cerebrospinal fluid of patients with multiple sclerosis were
found to recognize purified gangliosides GM1, GDI a, and
GDlb(26). Tunicamycin treatment (which blocks glycosylation
process) of virally infected P815 cells blocked generation of
major histocompatibility complex class I restricted T-cell clones
(27).
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Fig. 5. Phenotype of lymphocytes proliferating in response to A-OSM. Lymph
node lymphocytes were incubated with anti-Thy 1.2, anti-L3T4, or anti-Lyt 2
antibodies followed by guinea pig complement. Lymphocytes were then stimulated
with different concentrations of A-OSM. Lymphocyte proliferation was measured
by [3H]thymidine incorporation.
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Fig. 1. DTH response in A-OSM immunized mice. Mice immunized either
with A-OSM or Ribi adjuvant alone were injected in footpad with irradiated TA3-
Ha cells. DTH response was monitored after 24 and 48 h by measurement of
footpad swelling (1 unit = 10~2mm).
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Henningsson et al. (15) showed that synthetic TF antigen
coupled to keyhole limpet hemocyanin or human serum albu
min exhibited DTH response to the carbohydrate, and this
response in vivo was abolished by treatment with anti-L3T4
(15). We found that Tn-containing A-OSM caused in vitro T-
cell proliferation in a dose-dependent fashion. This prolifera
tion was significantly lower when T-cells were stimulated by
deglycosylated OSM core protein, indicating that T-cells re
sponded to the carbohydrate epitope. The presence of Tn epi-
tope-associated T-cell activation was further confirmed for the
following considerations: (a) When lymphocytes from A-OSM
immunized mice were stimulated in vitro with OSM (where
90% of Tn is sialylated), T-cell proliferation was significantly
lower, (b) Lymphocytes from mice immunized with Tn-express-
ing TA3-Ha cells proliferated in vitro when cocultured with A-
OSM. The only common epitope memory T-cells recognize
would be Tn unless the epiglycanin of TA3-Ha cells shared
homologous protein sequence to A-OSM. However, there was
significantly lower proliferation of TA3-Ha specific lympho
cytes when stimulated with core protein, (c) A-BSM, also
expressing large concentrations of Tn antigen, caused specific
T-cell proliferation similar to that of A-OSM (data not shown).
However, the possibility cannot be ruled out that carbohydrates
provided preferred conformation for protein core to interact
with T-cells. Since many mucins contain Ser-Thr-Thr sequences
to which Tn and TF epitopes are attached, it is possible that
peptides containing these sequences interact with T-cells when
Ser-Thr-Thr sequences are glycosylated with A'-acetyl galactos-

amine (Tn antigen). On deglycosylation of OSM, the optimum
conformation may be lost, resulting in decreased interaction of
peptide sequences to T-cells. A specific peptide sequence at the
IIICS region of fibronectins derived from tumor or fetal tissues
was found to have a specific conformation held by a single Â«-
GalNAc glycosylation at Thr residue of the VTHPGY se
quence. rt-GalNAc deglycosylation resulted in loss of the spe
cific peptide conformation reactive with MAb FDC-6 (28, 29).
A specific peptide conformation eliciting antibody response
may also be recognized by T-cells. In a recent study, cytotoxic
T-lymphocyte clones generated against human pancreatic cell
lines were found to be directed against the core protein of
pancreatic mucin expressed on tumor cell surface (30). Studies
using synthetic Tn antigen are being carried out in our labora
tory to further elucidate the mechanism of Tn-associated T-cell
activation.

Phenotype of A-OSM-activated T-cells was found to be
CD4+/CD8"k,and these CD4+ cells secrete IL-2 in a dose-

dependent manner. Recent studies have indicated that helper
T-cells can lyse target cells either by direct interaction or
secretion of various cytokines (31-34). The present studies,
however, do not confirm that antitumor protection provided by
Tn antigen was due to T-cell-mediated lysis of tumor cells.
Studies involving: (a) adoptive transfer of lymphocytes; and (b)
depletion of T-cells in A-OSM-immunized mice are in progress
to further determine the involvement of T-cells in Tn antigen-
mediated active immunotherapy. However, this study provides
the basis for active immunization with a defined tumor-associ
ated antigen.

ACKNOWLEDGMENTS

The authors thank Dr. Richard Johnson for mass speetrometric
analyses. Dr. Martin Cheever for helpful discussions, Jim White and
Donald Duarte for excellent technical help in animal studies, and Dr.

Stephen Anderson for scientific editing and preparation of the
manuscript.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

Foley, E. J. Antigenic properties of melhylcholanthrene-induccd tumors in
mice of the strain of origin. Cancer Res.. 13: 835-837. 1953.
Prehn. R. T.. and Main. J. M. Immunity to methylcholanthrene-induced
sarcomas. J. Nati. Cancer Inst.. 18: 769-778. 1957.
Klein. G.. Sjogren. H. O.. Klein. E.. and Hcllstrom. K-E. Demonstration of
resistance against MCA induced sarcomas in the primary autochthonous
host. Cancer Res.. 20: 1561-1572, 1960.
Bystryn. J. C.. Jacobsen. S.. Harris, M., Roses. D.. Speyer. J., and Levin, M.
Preparation and characterization of a polyvalent human melanoma antigen
vaccine. J. Biol. Resp. Modif.. 5: 211-224. 1986.
Mitchell, M. S.. Kan-Mitchell. J.. Kempf. R. A., Harel. W.. Shan. H.. and
Lind. S. Active specific immunotherapy for melanoma: Phase I trial of
allogeneic lysates and a novel adjuvant. Cancer Res.. 48: 5883-5893. 1988.
Berd, D., Maguire, H. C. Jr.. and Mastrangelo. M. J. Induction of cell-
mediated immunity to autologous melanoma cells and regression of mÃ©tas
tases after treatment with a melanoma cell vaccine preceded by cyclophos-
phamide. Cancer Res.. 46: 2572-2577, 1986.
Neidhart. J. A.. Murphy. S. G., Hennick. L. A., and Wise, H. A. Active
specific immunotherapy of stage IV renal carcinoma with aggregated tumor
antigen adjuvant. Cancer (Phila.). 46: 1128-1134. 1980.
Sahasrabudhe. D. M., de Kernion. J. B.. Pomes. J. E., McCune, C. S.. Ryan,
D. M., and O'Donnell, R. W. Specific immunotherapy with suppressor

function inhibition for metastatic renal cell carcinoma. J. Biol. Resp. Modif..
5:581-594. 1986.
Hoover, H. C., Jr.. Surdyke. M. G.. Dangel. R. B.. Peters. L. C., and Hanna,
M., Jr. Prospectively randomized trial of adjuvant active-specific immuno
therapy for human colorectal cancer. Cancer (Phila.), 55: 1236-1243. 1985.
Hakomori, S. Aberrant glycosylation in tumors and tumor-associated car
bohydrate antigens. Adv. Cancer Res.. 52: 257-331. 1989.
Singhal, A., and Hakomori. S. Molecular changes in carbohydrate antigens
associated with cancer. BioEssays, 12: 223-230. 1990.
Livingston. P. O.. Natoli. E. J.. Calves. M. J., Stocken, E.. Oettgen, H. F..
and Old. L. J. Vaccines containing purified GM2 ganglioside elicit GM2
antibodies in melanoma patients. Proc. Nati. Acad. Sci. USA. 84: 2911-
2915, 1987.
Livingston, P. O., Ritter, G., Srivastava. P.. Padavan. M.. Calves, M. J.,
Oettgen. H. F., and Old, L. J. Characterization of IgG and IgM antibodies
induced in melanoma patients by immunization with purified GM2ganglio
side. Cancer Res., 49: 7045-7050, 1989.
Springer. G. F. T and Tn. general carcinoma autoantigens. Science (Wash
ington DC). 224: 1198-1206. 1984.
Henningsson. C. M.. Selvaraj. S.. MacLean. G. D.. Suresh. M. R.. Noujaim.
A. A., and Longenecker, B. M. T cell recognition of a tumor-associated
glycoprotein and its synthetic carbohydrate epitopes: stimulation of antican-
cer T cell immunity in vivo. Cancer Immunol. Immunother.. 25: 231-241,
1987.
Fung, P. V. S., Madej, M., Koganty. R. R.. and Longenecker. B. M. Active
specific immunotherapy of a murine mammary adenocarcinoma using a
synthetic tumor-associated glycoconjugate. Cancer Res., 50: 4308-4314,
1990.
Hirohashi. S., Clausen, H., Yamada. T.. Shimosato, Y., and Hakomori, S.
Blood group A cross-reacting epitope defined by monoclonal antibodies
NCC-LC-35 and -81 expressed in cancer of blood group O or B individuals:
its identification as Tn antigen. Proc. Nati. Acad. Sci. USA. 82: 7039-7043.
1985.
Hauschka. T. S.. Weiss. L., Holdridge, B. A., Cudney, T. L.. Zumpft, M..
and Planinsek. J. A. Karyotypic and surface features of murine TA3 carci
noma cells during immunoselection in mice and rats. J. Nati. Cancer Inst..
47:343-359. 1971.
Kjeldsen. T.. Clausen. H.. Hirohashi, S., Ogawa. T., lijima. H.. and Hako
mori, S. Preparation and characterization of monoclonal antibodies directed
to the tumor-associated O-linked sialosyl-2â€”Â«6Â«-A'-acetylgalactosaminyl (sia-
losyl-Tn) epitope. Cancer Res.. 48: 2214-2220. 1988.
Clausen. H.. Stroud. M. R.. Parker. J.. Springer. G.. and Hakomori. S.
Monoclonal antibodies directed to the blood group A associated structure.
galactosyl-A: specificity and relation to the Thomsen-Friedenrcich antigen.
Mol. Immunol.. 25: 199-204. 1988.
Hill. H. D.. Reynolds. J. A., and Hill. R. L. Purification, composition,
molecular weight, and subunit structure of ovine submaxillary mucin. J. Biol.
Chem., 252:3791-3798. 1977.
Bhavanandan. V. P.. and Hagarty. J. D. Identification of the mucin core
protein by cell-free translation of messenger RNA from bovine submaxillary
glands. J. Biol. Chem., 262: 5913-5917. 1987.
Codington. C. F., Sanford, B. H.. and Jeanloz, R. W. Cell surface glycopro-
teins of two sublines of the TA3 tumor. J. Nati. Cancer Inst., 51: 585-591,
1973.
Codington, C. F., Yamazaki, T., van den Eijnden, D. H.. Evans, E. A., and
Jeanloz. R. W. Unequivocal evidence for a )i-n-configuration of the galactose
residue in the disaccharide chain of epiglycanin. the major glycoprotein of
the TA.VHa tumor cell. FEBS Lett., 99: 70-72, 1979.

1410

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/5/1406/2446133/cr0510051406.pdf by guest on 19 M

ay 2023



Tn ANTIGEN IN MOUSE IMMl NOTHERAI'Y

25. Harada. V.. Sakalsume. M.. Ã‘ores, G. A.. Hakomori. S.. and Taniguchi. M.
Density of GM3 with normal primary structure determines mouse melanoma
antigenicity: a new concept of tumor antigen. Jpn. J. Cancer Res.. 80: 988-992. 1989."

26. Bellamy. A., Davidson. A. N.. and Feldmann. M. Derivation of ganglioside-
specific T cell lines of suppressor or helper phenotype from cerebrospinal
fluid from multiple sclerosis patients. J. Neuroimmunol.. 12: 107-120. 1986.

27. Black. P. L.. Vitetta. E. S.. Forman. J.. Rang. C-Y.. May. R. D., and Uhr. J.
VV.Role of glycosylation in the H-2 restricted cytosis of virus-infected cells.
Eur. J. Immunol.. //: 48-55. 1981.

28. Matsuura. H.. Takio, K...Titani. K.. Greene. T.. Levery. S. B.. Salvan, M. E.
K., and Hakomori. S. The oncofetal structure of human fibronectin defined
by monoclonal antibody FDC-6: unique structural requirement for the anti-
genie specificity provided by a glycosylhcxapeptide. J. Biol. Chem., 263:
3314-3322. 1988.

29. Matsuura, H.. Greene. T.. and Hakomori. S. An ct-A'-acetylgalactosaminy-

lation at the threonine residue of a defined peptide sequence creates the

oncofetal peptide epitope in human fibronectin. J. Biol. Chem.. 264: 10472-
10476. 1989.

30. Barnd. D. L.. Lan, M. S.. Metzgar. R. S., and Finn. O. J. Specific major
histocompatibilily complex: unrestricted recognition of tumor-associated
mucins by human cytotoxic T cells. Proc. Nati. Acad. Sci. L'SA, 86: 7159-

7163. 1989.
31. Fleischer, B. Acquisition of specific cytotoxic activity by human T4* T

lymphocytes in culture. Nature (Lond.). 308: 365-367. 1984.
32. Golding. H.. Munit/. T. I., and Singer. A. Characterization of antigen-

specific, la restricted. L3T4* cytolytic T lymphocytes and assessment of
thymic influence on their self specificity. J. Ã‰xp.Med.. 162: 943-961. 1985.

33. Nakamura, M., Ross, D. T., Briner. T. J.. and Gefter, M. L. Cytotoxic
activity of antigen-specific T cells with helper phenotype. J. Immunol.. 136:
44-47. 1986.

34. Erb. P., Grogg, D., Troxler. M.. Kennedy. M.. and Fluri. M. CD4* T cell-
mediated killing of MHC class Il-positive antigen-presenting cells: I. Char
acterization of target cell recognition by in vivo or in vitro activated CD4*
killer T cells. J. Immunol.. Â¡44:790-795. 1990.

1411

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/5/1406/2446133/cr0510051406.pdf by guest on 19 M

ay 2023




