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ABSTRACT

A population of tumor-reactive cytotoxic T-cells can be propagated
from tumor-draining lymph nodes of patients with breast adenocarci-
noma. These T-cells specifically recognize breast and pancreatic tumor
cells in a major histocompatibility complex (MHC)-unrestricted fashion
but not other tumors of epithelial origin or the natural killer target K562.
The tumor-specific but MHC-unrestricted lytic activity of these cytotoxic
T-lymphocytes (CTLs) is mediated through the a/ÃŸT-cell receptor. The
molecule recognized by these (Ils is ductal epithelial min-in produced

by breast and pancreatic adenocarcinomas. The protein core of the mucin
consists of multiple tandem repeats of a 20-amino acid sequence. Anti
body SM.V directed against a determinant on the mucin protein core
preferentially expressed on malignant cells, is able to significantly inhibit
lysis of tumor cells by the (II, while other antibodies binding to different
core epitopes are not. Normal breast epithelial lines, which also express
mucin but not the SM3 epitope, are not lysed by these tumor-reactive
CTLs or act as cold target inhibitors of lysis of tumor lines. The data
suggest that the highly repetitive nature of the mucin allows cross-linking
of the T-cell receptor on mucin-specific T-cells and therefore accounts
for the lack of Ml K restriction seen in this system. They further suggest
that the mucin core epitope recognized on tumor cells is not expressed
on normal epithelial cells in a manner that can be recognized by tumor-
reactive CTLs. These findings support the role of mucins as important
tumor-associated antigens mediating the cellular response to certain
human cancers and suggest that epithelial mucin core sequences might
form the basis for an effective vaccine to augment the antitumor immune
response.

INTRODUCTION

Ever since it was first demonstrated that mice could be
immunized to reject syngeneic chemically induced tumors, im-
munologists have sought antigens on human tumors capable of
inducing an immune response. Isolation of immune cells with
autologous tumor reactivity from patients with a wide variety
of tumor types provides the best current evidence that at least
some human tumors elicit a cell-mediated immune response in
the host. Lymphocytes with antitumor reactivity have been
derived from peripheral blood (1-6), malignant effusions (7),
tumor-draining lymph nodes (8-10), and tumors themselves (5,
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11-14). These studies have formed the basis for trials of adop
tive transfer of tumor-specific T-cells in human cancer patients.
Encouraging results have been obtained in melanoma and renal
cell carcinoma patients treated with tumor-infiltrating lympho
cytes, interleukin-2, and cyclophosphamide (14, 15). Despite
this empiric success, however, the antigens recognized by these
T-cells remain elusive.

We previously identified the epithelial tumor cell mucin
produced by breast and pancreatic tumors as the antigen rec
ognized by a tumor-reactive T-cell line established from a
pancreatic cancer patient (16). Mucins are large, heavily gly-
cosylated molecules expressed and secreted by ductal epithelial
cells and tumors of the same origin ( 17). Their structure consists
of a long polypeptide core surrounded by O-linked carbohydrate
moieties (18). The role of mucins as tumor-associated antigens
has been demonstrated previously using monoclonal antibodies,
but their ability to act as stimulatory antigens for T-cells had
not been explored. cDNA4 from both breast and pancreatic

mucin has been isolated and sequenced. The deduced protein
sequence of both mucins is identical and consists of multiple
copies of a 20-amino acid tandem repeat ( 19, 20). We previously
showed that a population of tumor-reactive cytotoxic T-lym
phocytes can be isolated from tumor-draining lymph nodes of
pancreatic cancer patients and propagated in culture using
interleukin-2 and allogeneic pancreatic tumor lines as antigen
(8, 16, 21). These cells exhibited MHC-unrestricted lytic activ
ity against a wide panel of pancreatic tumor lines. The CTLs
also exhibited significant lysis of several breast tumor lines,
while 9 other tumor types, including the NK target K562, were
not killed. Although these cells acted in a MHC-unrestricted
manner, their T-cell receptor was shown to be an a/fi hetero-
dimer rather than the -y/o receptor, which is commonly associ
ated with MHC-unrestricted killing (22-24). Further studies
demonstrated that the specific epitope recognized by these
CTLs was present on the mucin polypeptide core (16).

Because breast tumors express a mucin with the identical
core sequence as pancreatic mucin, we investigated whether a
similar population of mucin-specific CTLs could be generated
from tumor-draining lymph nodes of breast cancer patients. A
number of breast cancer-reactive CTL lines were established
and analyzed. In this report, we show that CTL lines established
from breast cancer patients are similar in phenotype and func
tion to those established previously from pancreatic cancer
patients. In particular, these cells exhibit the same pattern of
cross-reactivity, lysing both breast and pancreatic tumor targets
in an MHC-unrestricted manner. This MHC-unrestricted lysis
is mediated through the ot/ÃŸT-cell receptor. Furthermore, these
cells are shown to recognize an epitope present on the 20-amino

' The abbreviations used are: cDNA. complementary DNA: MHC. major
histocompatibility complex; CTL, cytotoxic T-lymphocyte; PBS, phosphate-buff
ered saline: HLA. human leukocyte antigen: NK, natural killer; ATCC, American
Type Culture Collection: IL. interleukin: EBV. Epstein-Barr virus.

2908

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/11/2908/2443288/cr0510112908.pdf by guest on 19 M

ay 2023



CARCINOMA-REACTIVE T-CELLS RECOGNIZE A MUCIN CORE EPITOPE

acid tandem repeat of the mucin polypeptide core. We also
show here for the first time that CTL lines from both breast
and pancreatic cancer patients are able to distinguish between
malignant and normal epithelial cells, both of which express
mucin. This latter finding may have profound implications for
the use of mucin antigens to modulate the antitumor response.

MATERIALS AND METHODS

Culture of Tumor Cell Lines. Tumor cell lines were cultured in RPMI
1640 medium supplemented with 10% fetal calf serum (Flow Labora
tories, McLean. VA), 2 niM glutamine (Gibco. Grand Island. NY), 100
units/ml penicillin (Gibco), and 100 Mg/ml streptomycin (Gibco). Cells
were grown in 200-ml flasks (Nunc, Thousand Oaks, CA) until almost
confluent. At this time the cells were removed from the flask using
0.25% trypsin (Gibco) in Ix versene and split 1:2. The tumor cell lines
used were obtained from the following sources: BT-20, BT-483, MCF-
7. SK-BR-3. CAPAN-2, LS-180, and K562 were obtained from ATCC,
Rockville, MD; CAMA-1 from Cetus Corp., Emeryville, Ã‡A;T3M4
from Dr. T. Okabe. Tokyo, Japan; PANC-89 from Dr. H. Kalthoff,
Hamburg. Germany: PANC-3 from Dr. R. Metzgar, Durham, NC. Cell
lines OVCA-420. Ã“VCA-429. OVCA-432, and OVCA-433 were estab
lished in collaboration with Dr. H. Lazarus, Boston. MA (25).

Establishment and Culture of T-Cell Lines. Tumor-draining lymph
nodes were obtained either at the time of mastectomy from breast
cancer patients or laparotomy from pancreatic cancer patients. The
lymph nodes were incised to liberate the lymphocytes, which were then
cryopreserved in 10% dimethyl sulfoxide until the time of this study.
To establish tumor-reactive T-cell lines, 1 x IO6 lymphocytes were
plated in one well of a 24-well plate (Flow) in RPMI medium supple
mented with 10% human serum (Gemini Bioproducts. Calabasas, Ã‡A),
5 units/ml recombinant IL-2 (DuPont, Wilmington, DE), 2 IHMglu
tamine, 100 units/ml penicillin, and 100 Mg/ml streptomycin. As anti
gen, IO5breast or pancreatic tumor cells were irradiated with 6000 rads

and added to the lymphocytes. Clusters of activated proliferating cells
were visible by day 3 of culture. T-cells were split 1:2 when they had
proliferated to an approximate density of 2 x IO6 cells/well. The

lymphocyte cultures were cleared of excess tumor cell debris occasion
ally by passage through a Ficoll gradient (Organon Technica, Durham,
NC). The cultures were restimulated every 10 days using the same
protocol.

Normal Mammary Epithelial Cell Cultures. The normal breast epi
thelial cell primary cultures 81N and 76N, established from patients
undergoing elective mammoplasty, were the kind gift of Dr. Ruth Sager,
Boston, MA. The normal breast epithelial cell primary culture 959a,
also established from a patient undergoing elective mammoplasty, was
the kind gift of Dr. John Wiener, Durham, NC. The cells were main
tained until the time of use in MCDB170 media (26).

Antibodies. The mucin core-specific monoclonal antibodies SM3
(IgGl). BC1 (IgG3), BC2 (IgGl), and BC3 (IgM) have been previously
described (17, 19, 27). The anti-class I antibody W632 (IgG2a) and the
control antibody P3 were affinity purified from a tissue culture super
natant of hybridomas obtained from ATCC. OKT3. OKT4. and OKT8
were obtained from Ortho Diagnostic Systems. Raritan, NJ. Leu 1,
Leu 11B, WT31, and anti-IL-2 receptor were obtained from Becton
Dickinson Monoclonal Center. Mountain View, CA. VLA and TcRM
were obtained from T Cell Sciences, Cambridge, MA. Rabbit anti-
mouse immunoglobulin and fluorescein-conjugated goat anti-mouse
immunoglobulin were obtained from Tago Inc., Burlingame, CA.

Indirect Immunofluorescence. Indirect immunofluorescence was per
formed by a modification of a technique described previously (28).
Briefly, 1-3 x 105cells were counted and washed twice in 1x PBS. The

cells were resuspended in 50 or 100 /^l Ix PBS supplemented with 10%
fetal calf serum and 0.1% sodium azide. Monoclonal antibody was
added to the desired concentration and the cells were incubated at 4Â°C

for 30 min. In the case of antibody SM3 this incubation was at room
temperature for 60 min. After incubation, the cells were washed 3 times
with Ix PBS containing 10% fetal calf serum. Fluorescein-conjugated
secondary antibody was added in a volume of 150 ni and the cells were

incubated for 30 min at 4Â°Cin the dark. The cells were washed three

times with Ix PBS containing 10% fetal calf serum, fixed with 1%
paraformaldehyde, and analyzed by flow cytometry using an Ortho
Cytofluorograph 50H.

Immunopcruxidase Staining. Cytospins of cells were performed by
centrifuging 1 x IO6cells at 25 x g for 5 min in a Shandon microcen

trifuge (Shandon. Inc.. Pittsburgh, PA). Slides were air dried for 2 h.
Immunoperoxidase staining was done with the Vectastain avidin-biotin-
complex kit (Vector Laboratories, Burlingame. CA) according to the
manufacturer's instructions. Briefly, cells from cytospins were fixed 6

min in fresh acetone and allowed to dry well. The slides were washed
twice for 10 min in Ix PBS and incubated for 20 min in 109Â¿horse
serum/1% bovine serum albumin in PBS. Slides were incubated for 1
h with monoclonal antibody, washed twice with PBS. and incubated
for 30 min in a 1:100 dilution ofbiotinylated secondary antibody. Slides
were washed twice in PBS, incubated for 1 h in freshly prepared avidin-
biotin-complex reagent, washed twice in PBS, and stained twice with
diaminobenzidene. Slides were rinsed for 5 min in deionized water,
stained for 15s in hematoxylin, and rinsed sequentially in H2O, H2O/
NH4OH, and H2O. Slides were dehydrated in 70, 80, and 95% ethanol
and covered with a coverslip.

HLA Typing of Tumor and T-Cell Lines. The HLA phenotypes of
the tumor cell lines SK-BR-3, BT-20, CAPAN-1. and LS-180 have
been described previously (ATCC). HLA phenotypes for the ovarian
tumor lines OV-429, OV-432, and OV-433 were determined using
EBV-transformed B-cell lines from the same patients from whom the
tumor cell lines were established. The HLA phenotypes of T-cell lines
WD and XS were determined on Epstein-Barr virus-transformed B-
cells from these same patients. The HLA phenotype of the T-cell line
SH was determined on the T-cells themselves. All HLA typing was
performed by Dr. Frances Ward, Durham, NC, using standard anti
body-dependent microcytotoxicity assays and a defined panel of anti-
HLA antisera.

Cytotoxicity Assays. Target cells were labeled by a 2-h incubation of
1 x IO6cells in 250 ^Ci of sodium chromate (MCr) in serum-containing

medium. Cells were washed extensively to remove free NaCr. Target
cells (5 x 10') were placed in each well of a 96-well V-bottomed plate

with varying numbers of effector T-cells and centrifuged at 100 x g for
5 min to ensure cell to cell contact. The plates were incubated for 4 h
in 5% CO2 at 37Â°C.The supernatants were harvested using a Skatron

harvesting press and counted in an LKB Wallac 1272 gamma counter.
Maximum release was obtained by freezing and thawing the target cells
four times. Only assays with a maximum release at least 2.0-fold the
spontaneous release were considered valid. Percentage of maximum
release was calculated by the following equation:

% maximum = 100 x
experimental release - spontaneous release

maximum release - spontaneous release

Cold Target Inhibition of Cytotoxicity. Unlabeled target cells were
added to a constant number of labeled tumor target cells, at various
unlabeled to labeled cell ratios. The mixed cells were then added to
effector cells for a standard 4-h Cytotoxicity assay as described above.

Antibody Blocking of Cytotoxicity. T-cells were incubated with anti
body at the indicated concentration for 45 min at 37Â°C,washed 3 times

in RPMI, and plated at the proper concentration to be used in cytotox-
icity assays as described above. For experiments involving antibody
blocking of antigens present on target cells, target cells were labeled
with MCr as described above, washed in RPMI, and incubated with
antibody at the indicated concentration for 1 h at 37Â°C.Cells were then

washed 3 times in RPMI and added at the proper concentration to
effector cells for Cytotoxicity assays as described above.

RESULTS

Tumor-specific, T-Cell Receptor-mediated, MHC-unrestricted
Lysis of Tumor Cell Lines by the CTLs. Tumor-draining lymph
nodes were obtained from breast cancer patients S. H. and X.
S. at the time of mastectomy and axillary lymph node dissec
tion. Histopathological examination revealed that 2 of 15

2909

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/11/2908/2443288/cr0510112908.pdf by guest on 19 M

ay 2023



CARCINOMA-REACTIVE T-CELLS RECOGNIZE A MUCIN CORE EP1TOPE

lymph nodes from patient S. H. contained metastatic tumor
and that 0 of the 21 lymph nodes from patient X. S. contained
metastatic tumor. Lymphocytes were prepared as described in
"Materials and Methods" from tumor-negative lymph nodes

and coincubated with irradiated breast cancer cell line CAMA-
1 as antigen, in the presence of 5 units/ml IL-2. By day 3 of
culture, resetting of T-lymphocytes around tumor cells and
proliferation of T-cells were apparent. The T-cells were restim-
ulated on day 10 with the breast tumor line MCF-7. A different
tumor cell line was used for the second stimulation in order to
minimize the proliferation of alloreactive T-cells. Cells were
restimulated on day 20 with yet another breast cancer cell line,
SK-BR-3, and on day 30 with breast cancer cell line BT-20.
This rotation of stimulator cells was meant to ensure that the
only T-cells continuing to grow long-term in culture were those
reactive to determinants shared by all 4 breast cancer lines.
After 40 days in culture, the T-cells had proliferated approxi
mately 250- to 1000-fold over their original numbers. On day
40, the CAMA-1/MCF-7/SK-BR-3/BT20 antigen rotation was
restarted. The T-cells continued to proliferate on this regimen
and have been grown continuously in culture in excess of 84
days with no loss of reactivity. Generally, stimulation with
antigen is followed by prompt, total lysis of tumor cells over a
period of 6-12 h, followed by a period of rapid T-cell prolifer
ation lasting 6 or 7 days. Periodically cleaning the T-cell cul
tures of tumor debris by centrifugation through a Ficoll-Hy-
paque gradient resulted in improved T-cell growth. Tumor-
draining lymph nodes from 6 other breast cancer patients have
been stimulated by this protocol, and tumor-reactive CTL lines
have proliferated from all of them (data not shown).

Analysis of the cell surface antigens expressed by cell lines
SH and XS after 1 month in culture is shown in Table 1. The
cultures were comprised entirely of T-cells, as evidenced by the
presence of the pan-T marker CD3, although the relative num
bers of CD4+ and CD8+ cells varied between the two lines.
Both lines expressed exclusively the a/ÃŸT-cell receptor and
were negative for the y/& receptor. The T-cells were also nega
tive for the NK cell marker CD 16. Analysis of T-cell receptor
rearrangements by Southern blot hybridization indicated that
both lines were polyclonal (data not shown).

Fig. 1 shows the cytotoxic activity of T-cell line XS, after a
single stimulation with the tumor cell line CAMA-1, against
three breast tumor lines, CAMA-1, MCF-7, and SK-BR-3. The
killing was MHC unrestricted and clearly titrated out with
decreasing effector cell concentration but was not like NK since
the cell line K562 was not killed. The tumor specificity observed
in the early culture remained unchanged during its mainte
nance. Table 2 shows the killing of a larger panel of target cells
by the two T-cell lines, after at least three rounds of stimulation
with alternating tumor lines as discussed earlier. The T-cell
lines SH and XS killed 3 of 5 and 5 of 5, respectively, of the
breast tumor cell lines tested. Moreover, both cell lines dem
onstrated cross-reactivity with pancreatic tumor targets, killing
5 of 5 pancreatic tumor cell targets tested. The colonie tumor
line LS-180, also of epithelial cell origin, was not lysed. Also
not lysed was the myelogenous leukemia cell line K562, the
classic NK cell target.

Our previous work with a T-cell line WD, derived from the
tumor-draining lymph nodes of a patient with pancreatic can
cer, demonstrated that WD cells were cytotoxic for 8 of 10
pancreatic tumor cell lines and 4 of 4 breast cancer cell lines,
while cell lines from 8 other tumor types were not killed (16).
We determined at that time that this was due to the fact that

Table 1 Surface phenotype of established CTL lines
The values indicate the percentage of cells staining positively with the indicated

antibody by immunofluorescence assay.

Antibody CTL line

DescriptionControln

class1Â«-CD40-CD8Â«-CD5n-CD

16Â«-CD3Anti-rt/fi

TcRAnti-c5
chainNameP3W632OKT4OKT8leu

1leu
11BOKT3WT31TcR61SH6.695.776.926.999.21.495.096.65.3XS2.899.013.790.198.62.697.895.73.1
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Fig. 1. MHC-unrestricted lysis of breast tumor lines by CTLs expanded from
patient XS. Cells were expanded in culture for 10 days as described in "Materials
and Methods," using CAMA-1 as the stimulator cell line. O, SK-BR-3; â€¢MCF-
7;Â», CAMA-1 ; D. K562.

Table 2 Breast and pancreatic tumor-specific, MHC-unrestricted cytotoxicity
Cytotoxicity was assayed by a 4-h "Cr release assay. The values represent the

means of percentage-specific lysis from duplicate or triplicate determinations at
an effectortarget ratio of 40:1. The probable error was in all cases <10%.
Cytotoxicity titration curves similar to Fig. 1 were generated for all cells listed.

TumorlineCAMA-1

(breast)MCF-7
(breast)SKBR3
(breast)BT-483
(breast)BT-20
(breast)CAPAN-2

(pancreatic)PANC-3
(pancreatic)PANC-89
(pancreatic)T3M4
(pancreatic)CAPAN-

1(pancreatic)OVCA-420

(ovarian)OVCA-429
(ovarian)OVCA-432
(ovarian)OVCA-433
(ovarian)LS-180

(colonie)K562

(myelogenous leukemia)CTL

lineSH20.119.138.51.91.616.332.639.920.017.50.026.54.04.47.95.2XS31.341.858.038.112.919.331.728.313.326.10.07.56.50.45.22.4

both breast and pancreatic tumors produce a mucin molecule
which was recognized by the WD cell line. The two pancreatic
tumor lines which were not killed by WD, and the other tumor
types, failed to express this mucin. The lack of MHC restriction
of tumor cell lysis by T-cell lines SH and XS, and the specificity
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Table 3 HLA phenotypes ofcytotoxic T-cell lines and tumor cell lines and lack of correlation with cytotoxicity

The HLA phenotypes of the CTL lines and several tumor cell lines were determined by a standard microcytotoxicity assay. The ability of CTL lines to lyse tumor
targets at a 40:1 effectontarget ratio is indicated by + (>12% lysis), +/- (5-12% lysis) or - (<5% lysis).

T-cell line

TargetSK-BR-3BT-20CAPAN-

1OVCA-429OVCA-432OVCA-433LS-180HLA

phenotypeAll:B18.40;Bw22Al:Bwl6A2.9:B13.17A2:B7.16;

Bw6;DRw6;
DQwlA

1,29:B22.44;Bw4.w6:
Cw3:DR4.7;

DQ2.3:DRw53Al;B15,16;Bw4,w6;DR2:

DRw6:DQwl,w52A2;B13.50XS

WDSI
1Alt IO- RIÂ» Al ->A-BIS-35;Bw6:Cw4,

A3.28; B17.44; Bw4. wo.w44;Â»5;
DR3: DQ2; DR5; DRw52: Cw4. w5:DR4.7:DRw52

DQ3 DQ2.3:DRw53+

+++
++

+++/â€”
++/â€”_

__â€”

â€” â€”

50

o
o

40 -

30 -

5 20-

I
* 10-

OKT3

o o eno in1".*oo
P> Â»~ W fy ^

1C

WT31 OKT4 OKT8

>oo

W632

ANTIBODY CONCENTRATION ((ig/ml)
Fig. 2. Inhibition by antibodies of tumor cell lysis by CTLs. Effector CTL line

SH was preincubated with antibody at the indicated concentrations as described
in "Materials and Methods" prior to a 4-h "Cr release assay with PANC-89

tumor cells as targets.

of lysis for pancreatic and breast tumor targets, suggested the
likelihood of mucin-specific reactivity in the case of the breast
cancer patient-derived CTLs as well. Nevertheless, it remained
a formal possibility that the observed reactivity pattern could
have been due to alloreactivity directed toward HLA antigens
present on the tumor targets. To minimize the likelihood of the
T-cell lines being expanded due to reactivity with HLA antigens,
4 different tumor cell lines had been used in a rotating cycle to
stimulate the T-cell cultures. The only T-cells expected to
proliferate long-term in culture, therefore, were those reactive
to a shared antigen. Because of the highly polymorphic nature
of the human MHC locus, it was highly unlikely that the 4
stimulating lines all shared a common HLA antigen. For the
observed pattern of killing to be explained by alloreactivity
toward a shared HLA antigen, the antigen would have to be
present on all of the breast and pancreatic target lines, which
were killed, and absent from each of the other tumor cell types,
which were not killed. Still, to exclude alloreactivity as an
explanation for the observed pattern of tumor cell killing, we
performed HLA analysis on the T-cell lines SH and XS, as well
as on the previously described CTL line WD, and on several
tumor targets. The tumor cells express high levels of MHC
class I and low but detectable levels of MHC class II, as detected

by antibodies directed toward monomorphic determinants (data
not shown). The HLA phenotypes of several of the tumor lines
which were used as targets are available from ATCC. A sum
mary of the HLA phenotypes of the effectors and tumor targets,
along with the relative lysis of the target cell in each combina
tion, is provided in Table 3. Each T-cell line possessed a unique
set of HLA antigens. In addition, no single HLA alÃelewas
found on any of the tumor lines susceptible to lysis by the
CTLs. Importantly, many of the HLA alÃelespresent on the
tumor lines susceptible to lysis are also present on cells which
are not lysed. These data demonstrate that alloreactivity di
rected toward a shared alloantigen cannot explain the pattern
of lysis in Table 2. Still another possibility was that these
polyclonal CTL lines consisted of subpopulations with various
HLA allospecificities, each subpopulation mediating killing of
one or more of the tumor targets. To exclude this possibility,
we tested the ability of the CTLs to lyse EBV-transformed B-
cells expressing the HLA antigens present on the breast and
pancreatic tumor cells which were killed. If the lysis of these
tumor lines were on the basis of their expression of a particular
HLA alÃele,the corresponding EBV-transformed B-cell ex
pressing this antigen should also be killed. Fifteen EBV-trans
formed B-cell lines expressing these HLA antigens were tested,
and no HLA-specific killing was detected (data not shown). In
contrast, these EBV lines were efficiently lysed by alloreactive
T-cell lines established from renal allograft patients (data not
shown).

MHC-unrestricted lysis by T-cells has been described previ
ously for T-cells expressing the 7/6 T-cell receptor (24). How
ever, the T-cell lines XS and SH express only the a/ÃŸT-cell
receptor (Table 1). MHC-unrestricted lysis mediated through
the a/ii T-cell receptor is rare, although examples have been
documented previously by us and others (16, 29, 30). Fig. 2
shows that a T-cell receptor-specific antibody OKT3, directed
to the CD3 complex of the T-cell receptor, can efficiently block
lysis by the SH cells. At a concentration of 30 Mg/ml the
antibody OKT3 is able to inhibit lysis by about 50%. This
percentage of inhibition is similar in magnitude to that seen in
our earlier studies of alloreactive cell lines established from
renal allografts/ Another T-cell receptor-specific antibody,
WT31, reactive with a combinatorial epitope of the Â«and ÃŸ

* M. C. Miceli and O. J. Finn, unpublished observations.
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chains, also effectively blocks lysis by the SH cells. Antibodies
OKT4 and OKT8, directed toward the CD4 and CD8 accessory
molecules, respectively, also are able to block lysis by the T-cell
line SH. Since the cell line SH consists of a mixed population
of CD4+ and CD8+ cells, this suggests that both cell types
contribute to the lysis exhibited by this cell line. Although
CTLs are traditionally expected to be CD8+, the existence of
CD4+ CTLs has been described previously (31, 32). These
findings may also suggest that accessory interaction of the CDS
and CD4 molecules with MHC class I and class II molecules
on the target cells is important for stabilizing effector-target
interactions, even in the case of MHC-unrestricted lysis. In
contrast, preincubation of the CTLs with the MHC class I-
specific antibody W632 results in no inhibition of lysis.

Inhibition of Cytotoxicity by Antibodies Specific to the Mucin
Polypeptide Core. Our previous work with a T-cell line derived
from patients with pancreatic cancer had demonstrated that
this line was specific for the epithelial cell mucin molecule
expressed by both breast and pancreatic tumor cells (16). Com
puter analysis by the program AMPHI (33) of the 20-amino
acid tandem repeat of the core of the mucin suggested that a
portion of the repeat does indeed form a predicted T-cell epitope
(amphipathic score, 15.6; for explanation see Ref. 33). We
therefore asked whether the T-cell lines derived from breast
cancer patients also recognized this antigen. Several antibodies
have been described which react with the polypeptide core of
the breast/pancreatic mucin molecule. We reasoned that, if the
tumor-reactive T-cell lines from breast cancer patients were
also recognizing the peptide core of the mucin molecule, some
anti-core antibodies found to react with tumor cells might be
able to interfere with the killing of these cells by binding close
to the CTL recognition site. Monoclonal antibodies SM3, BC1,
BC2, and BC3 all react with epitopes found on different seg
ments of the breast mucin polypeptide core (19, 27, 34, 35).
We first investigated the expression of the SM3, BC1, and BC3
epitopes on the breast and pancreatic tumor lines used as CTL
stimulators and/or targets. All 3 antibodies reacted with the
target cells (Table 4). Generally, the epitopes recognized by
antibodies BC1 and BC3 were found on a greater percentage of
cells than were the SM3 epitopes.

We next asked whether any of these mucin core-reactive
antibodies were able to inhibit lysis of tumor cells by the CTLs.
As shown in Table 5, preincubation of the target cells with
antibody SM3 strongly inhibited lysis of the tumor cells by the
CTL line XS. This inhibition titrated out with decreasing
antibody concentration. Antibody BC1 caused only partial in
hibition, and only at the highest concentration, while the anti
body BC2, which like SM3 is of the IgGl isotype, inhibited
lysis only slightly. Antibody BC3 had little or no effect. Rabbit
anti-mouse antibody was included to control for nonspecific
effects of immunoglobulin. Antibody to HLA class I molecules
(W632) was used to control for binding of antibody to target
cell molecules other than those specifically recognized by the
CTLs. W632 showed a partial inhibition most likely due to the
inhibition of accessory interaction of CDS molecules on the
effector cells (XS cells are 90% CD8+) with HLA class I
molecules on the target cells (36).

Normal Breast Epithelial Lines Are Not Lysed by Tumor-
reactive CTLs. The polypeptide core-reactive antibody SM3 has
been shown to react preferentially with mucin produced by
malignant rather than normal cells (17, 37). This preferential
reactivity is due to aberrant glycosylation in malignant cells of
certain O-linked glycosylation sites in the vicinity of the SM3

Table 4 Staining of breast and pancreatic tumor targets with anti-mucin core
antibodies

Target cell lines were assayed for reactivity with unti-mucin core antibodies by
the immunoperoxidase or immunofluorescence methods. Immunoperoxidase
staining of target cells is indicated by a scale from (â€”)for no staining with negative
control antibody P3 to (+++) for maximum observed staining. Values in paren
theses, percentage of cells judged positive by flow cytomctry after immunofluo
rescence staining.

Tumor celllineBreastBT-20BT-483SK-BR-3CAMA-1MCF-7PancreasPANC-89PANC-1CAPAN

1T3M4P3

SM-3+

(31.7)++
(38.2)+
(NT)++
(25.8)+

(32.4)â€”

+â€”
+-

++++AntibodyBC-1+++

(20.8)++
(80.7)+++(11.1)NT

(31.2)NT
(49.9)NTNTNTNTBC-3NT"

(95.1)NT

(87.6)NT
(74.0)+++
(92.6)++

(74.0)+++++++++++Â°

NT, not tested.

Table 5 Inhibition of cytotoxicity by the T-cell line XS with mucin core-specific
antibodies

The breast tumor cell line MCF-7 was preincubated for l h with the indicated
antibody before the addition of CTL from patient X. S. A standard 4-h cytotoxicity
assay was then performed at an effector:target ratio of 5:1.

% inhibition
by antibody"

AntibodySM3

BC1
BC2
BC3
W632
RaMlgIsotypeIgGl

IgG3
IgGl
IgM
IgG2a100â€žg/ml63

26
14
0

19
030

Kg/ml19

4
0
6
8
0HI

,<uml0

10
03

0
0

' Percentage of inhibition by antibody 100 x 1 -

lysis with added antibody\l

30.9
The percentage of lysis at an effectortarget ratio

of 5:1 with no added antibody was 30.9%.

Table 6 Immunoperoxidase staining of normal breast epithelial cell line 81IV
The reactivity of the normal breast epithelial cell line 81N with the indicated

antibodies was assayed by the immunoperoxidase method. The staining of the
cells is indicated by a scale from (-) for no staining with the negative control
antibody OKT8 to (+++) for the maximum observed staining.

Antibody Staining

OKT8 (negative control)
SM3
BC1
BC2
BC3

epitope. While in normal cells glycosylation of the mucin core
masks the SM3 epitope, in malignant cells the aberrant glyco
sylation leaves this epitope exposed. Because blocking studies
indicated that the SM3 antibody-binding site is closely related
to the T-cell recognition site on the mucin polypeptide core, we
examined whether this aberrant glycosylation of tumor cell
mucin also allows preferential recognition and lysis of malig
nant cells by the CTLs. We therefore obtained normal breast
epithelial cell primary cultures established from normal breast
tissue during elective mammoplasty. Immunoperoxidase stain
ing of the normal breast epithelial cell line 81N showed that
this line expressed high levels of mucin, as evidenced by reac
tivity with the monoclonal antibodies BC1, BC2, and BC3
(Table 6). However, these cells do not react with monoclonal
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Fig. }. Normal mammary epithelial cell lines are not lysed by tumor-reactive
CTLs and do not act as cold target inhibitors of lysis of tumor lines by CTLs. A,
lytic activity of CTLs lines SH and WD against normal mammary epithelial lines
76N, 959a. and 8 IN. Pancreatic tumor cell line PANC-89 serves as a positive
control. B, ability of normal mammary epithelial cell lines 81N and HMEC-12
to act as cold target inhibitors of lysis of tumor cell line PANC-89 by CTL line
WD. The labeled:unlabeled target ratio in these experiments was 1:10. Pancreatic
tumor cell line PANC-89 and breast tumor cell lines SK-BR-3, CAMA-1. and
BT-20 served as positive controls.

antibody SM3, which is in agreement with earlier studies dem
onstrating the preferential reactivity of this antibody with ma
lignant cells. As shown in Fig. 3,4, the T-cell line SH, as well
as the previously established CTL line WD, did not kill any of
the normal breast epithelial lines tested. While the most obvious
explanation for this result is that the full glycosylation of the
mucin in the normal epithelial lines masks the T-cell epitope,
it was also possible that the normal epithelial lines are resistant
by some other mechanism to lysis by the CTLs. To address this
issue, we performed cold target inhibition studies using unla-
beled normal epithelial lines to inhibit lysis of labeled tumor
targets. Regardless of their susceptibility to lysis, if the normal
epithelial lines express the antigen recognized by T-cells, they
should be able to act as cold target inhibitors of lysis of tumor
lines by the CTLs. As demonstrated in Fig. 3Ã„,the normal
epithelial lines were unable to inhibit lysis of tumor cell lines,
suggesting that these normal epithelial cell lines do not express
the epitope on the mucin antigen in a form recognizable by the
CTLs and this allows the CTLs to distinguish between normal
and malignant mucin-expressing epithelial cells.

DISCUSSION

Several lines of evidence suggest that at least some human
tumors elicit a cell-mediated immune response in the host. The
most convincing evidence to date is the isolation from cancer
patients of immune cells with reactivity for autologous tumor.
Tumor-reactive CTL lines have been established from patients
with a variety of cancers. The highest frequency of such cells
occurs in two places: either within the tumor itself (tumor-

infiltrating lymphocytes) (38) or in tumor-draining lymph nodes
(9, 16). We have shown (8, 16, 21) that a population of tumor-
reactive, MHC-unrestricted CTLs can be propagated from the
tumor-draining lymph nodes of patients with pancreatic cancer.

These cells kill both pancreatic and breast tumor targets, while
lysing none of nine other tumor types. In this report we show
that an analogous population of tumor-reactive, MHC-unre
stricted CTLs can be propagated from the tumor-draining
lymph nodes of patients with breast cancer. These CTLs dem
onstrate similar cross-reactivity, lysing both breast and pan
creatic epithelial tumor targets while not killing other tumor
types. We demonstrate here that this pattern of lysis is not
explained on the basis of alloantigens present on the target
cells. Despite the fact that the CTLs are MHC unrestricted,
lysis is antigen specific and mediated through the a/ÃŸT-cell
receptor. Antibody-blocking studies suggest that the CTLs from

the breast cancer patients recognize an antigen which is present
on the protein core of mucin molecules produced by the tumor
cells, a finding which parallels our work with CTLs from
pancreatic cancer patients. Most important, we demonstrate
here that these tumor-reactive CTLs selectively lyse only malig
nant breast and pancreatic cells and not normal epithelial cells
from these tissues. Cold target inhibition studies suggest that
these normal epithelial cells do not express the mucin deter
minant which can be recognized by the CTLs.

A number of studies have implicated mucins as important
epithelial tumor-associated antigens (39-41). The antibody
DUPAN-2, which recognizes mucin epitopes on pancreatic

cells, may have promise in detection of early pancreatic cancer
(42). Similar epitopes on breast tumor-associated mucin have
also been described (43, 44). The majority of such mucin-
specific antibodies react with determinants present on the car
bohydrate side chains of mucin molecules. A few anti-mucin
antibodies, such as the BC1, BC2, BC3, and SM3 antibodies
used here, recognize epitopes present on the protein core of the
mucin molecule. The breast/pancreatic mucin polypeptide core
consists of a 20-amino acid sequence (PDTRPAPGSTAP-
PAHGVTSA) repeated 40 or more times in the mucin mole
cule. The polyvalent nature of the mucin molecules suggests an
interesting explanation for the lack of MHC restriction exhib
ited by the cytotoxic T-cell lines described here and previously.
A single mucin molecule, which contains 40 or more identical
T-cell epitopes, should be able to bind many T-cell receptor
molecules simultaneously. The simultaneous engagement of
multiple T-cell receptor molecules by multiple identical epi
topes on the same antigen molecule may bypass the need for
MHC stabilization of the antigen-receptor complex. Specific
cross-linking of the T-cell receptor in this way by highly mul-
tivalent forms of nominal antigen has been shown to lead to T-
cell activation (45-47). Analysis of the mucin core sequence by
the program AMPH1 (33) indicates that each 20-amino acid
repeat contains a segment predicted to be a T-cell stimulatory
determinant on the basis of its propensity to form an amphi-
pathic Â«helix. The sequence contains a number of prolines,
which generally disrupt Â«helices. In this case, however, the
prolines may also function to hold the mucin core in a relatively
extended conformation and therefore accessible to the T-cell
receptors. Supporting the hypothesis that the multivalent na
ture of the mucin is responsible for the MHC-unrestricted
activity of these T-cells is our previous finding that soluble
purified tumor mucin, in the absence of antigen-presenting cells,
is capable of inducing a strong proliferative response from
tumor-reactive T-cells (16). Finally, we have recently trans-
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fected the Raji cell line with an expression vector containing
the full-length cDNA encoding the pancreatic mucin. While the
untransfected cell line does not produce mucin and is not lysed
by tumor-reactive CTLs, the transfected cells express mucin on
their surface, and are susceptible to lysis by adenocarcinoma-
reactive CTLs.6

Since CTLs expanded on either breast or pancreatic tumor
cells can lyse both breast and pancreatic tumor targets, it was
reasonable to suspect the presence of a cross-reactive epitope
on these cell types. As stated earlier, the 20-amino acid repeat
of the polypeptide core of the mucins produced by breast and
pancreatic tumors is identical (19, 20). Immunoperoxidase
staining of the pancreatic tumor targets showed that these cells
express the SM3 and BC3 epitopes at levels similar to those of
the breast tumor lines. We have also shown that breast tumor
lines can competitively inhibit CTL-mediated lysis of pancre
atic tumor targets (16). On the other hand, CTLs stimulated
with either breast or pancreatic tumor cell lines do not lyse
colonie tumor targets. The protein core of the colonie mucin
has been shown to consist of a 23-amino acid repeat
(PTTTPITTTTTVTPTPTPTGTQT) with no homology to the
breast and pancreatic sequence (48). The interpretation of the
data with ovarian tumor targets is less clear. Two of the ovarian
lines were lysed at a significant level, the ovarian line OV429
by the CTL line SH and the ovarian line OV420 by the CTL
line WD. While the core sequence of the ovarian mucin is not
known, the fact that some ovarian lines are lysed by mucin-
specific CTLs suggests that it may have a sequence similar to
that of the breast/pancreatic mucin. The lack of lysis of other
ovarian targets might be explained by earlier observations that
some carcinoma cell lines modulate their levels of mucin pro
duction over time in culture (49). Immunoperoxidase staining
of the ovarian lines used as targets in these experiments revealed
extreme variability of expression of the SM3 and BC3 epitopes
over time in culture (data not shown). This phenomenon has
also been observed in cultures of breast tumor targets, especially
the cell line BT-20, explaining sporadic failures of the CTLs to
lyse this target (Table 2). Pancreatic tumor lines maintain
mucin production in vitro (data not shown).

Burchell et al. (50) have shown that antibody SM3 binds to
an epitope consisting of at least amino acid 1 through 5
(PDTRP) of the 20-amino acid repeat and that residues carboxy
terminal to this region are also important for antibody binding.
Xing et al. (35) have likewise shown that antibodies BC1, BC2,
and BC3 bind to a minimal region extending from amino acid
20 to amino acid 4 of the next repeat (APDTR) and that
residues amino terminal to this region are also important for
high-affinity antibody binding. The portion of the mucin core
predicted by the program AMPHI to form an amphipathic a
helix reaches from the proline at position 7 to the threonine at
position 3 of the next repeat. The spatial proximity of these
regions on the mucin core has been diagrammed in our earlier
work (51). Because antibody SM3 alone inhibits lysis of mucin-
producing tumor cells by tumor-reactive CTLs, we propose that
a part of the SM3 determinant overlaps with the actual T-cell
epitope recognized by the CTLs. It must be remembered that
the computer-predicted epitope may only approximate the ac
tual T-cell epitope. The much lower inhibition of lysis seen with
antibodies BC1, BC2, and BC3 suggests that the actual T-cell
epitope lies carboxy terminal to the PDTRP sequence. Exper
iments are in progress using synthetic peptides to define pre
cisely the T-cell epitope on the mucin core.

* K. R. Jerome. D. L. Barnd. and O. J. Finn, manuscript in preparation.

Since mucins are produced by both normal and malignant
ductal epithelial cells, an explanation must be sought for why
this presumed autoantigen elicits an immune response in the
tumor-bearing host. Studies using antibodies have suggested
that the glycosylation of mucins varies between normal and
malignant cells. Normal mucin molecules isolated from human
milk have been shown to contain extended and/or branched
polysaccharide side chains (52). In contrast, the oligosaccharide
side chains on mucins produced by the breast adenocarcinoma
cell line BT-20 contain only three or four sugar residues (53).
Consistent with these findings are observations that the core
epitope recognized by antibody SM3 appears to be selectively
expressed in carcinomas (17, 37, 43, 44). It has been suggested
that aberrant glycosylation by malignant cells of certain O-
linked glycosylation sites in the vicinity of the SM3 epitope
may uncover this epitope, which is masked in the normal state
by the extended polysaccharide side chains. Three potential O-
linked glycosylation sites, threonine 3, serine 9, and threonine
10, are present within or near our proposed T-cell epitope (51).
We suggest that aberrant glycosylation of some of these sites
in malignant cells may expose the T-cell epitope on the poly
peptide core and that this may facilitate direct recognition of
the native mucin molecule by the CTLs. This hypothesis is
supported by the observations presented here that normal breast
epithelial cells express large amounts of mucin, as evidenced by
reactivity with antibody BC3, and yet are not lysed by tumor-
reactive CTLs. These normal cells do not act as cold target
inhibitors of lysis of tumor cell lines, indicating that the T-cell
epitope is not accessible on these cells. Antibody SM3, which
is specific for malignant cells and overlaps with the T-cell
epitope, does not stain the normal epithelial cells. Since the
differential reactivity of SM3 with normal and malignant cells
appears to be due to aberrant glycosylation of the mucin core,
we suggest that this aberrant glycosylation also explains the
differential reactivity of tumor-reactive T-cells with normal and
malignant cells.

In the normal host, structural features may also play a role
in preventing an antimucin response. The ductal epithelial cells
which produce mucin are polarized and secrete mucin from the
luminal surface only. The normal architecture of the breast and
pancreatic ducts therefore limits mucin secretion into the ducts
only, preventing its entry into the peripheral circulation. The
disruption of this architecture in the malignant state has been
shown to lead to tremendously increased levels of mucin in the
circulation (54). Direct recognition of soluble mucin by the
CTLs and increased circulatory levels of mucin may also lead
to a "decoy" phenomenon, in which mucin-specific CTLs are

preoccupied with the recognition of circulating soluble mucin
molecules and therefore do not home efficiently to the mucin-
producing cells themselves.

Much interest has been generated recently in the use of
cytotoxic T-lymphocytes in the treatment of human cancers.
For this to become a rational and useful approach to therapy
the antigens recognized by these cells must be identified. Our
work has shown that mucin core sequences can act as tumor
antigens capable of specifically stimulating cytotoxic T-cells in
breast and pancreatic cancer. We have also shown that these
CTLs can discriminate between normal and malignant cells.
This latter observation suggests that mucin core sequences
might be effective as a tumor vaccine. Further studies will be
necessary to ensure that immunization with mucin core se
quences elicits only antitumor immunity and not undesired
autoimmunity against normal ductal tissues. In addition to
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breast and pancreatic tumors, many other carcinomas also
produce mucins, such as tumors arising from the kidney, ovary,
bladder, colon, gallbladder, and some lung tissues. Our work
describing the role of mucins as important tumor-associated

antigens eliciting a CTL response in breast and pancreatic
cancer suggests that mucins may also be important to our
understanding of T-cell responses to these other tumor types
and may ultimately lead to a rational therapeutic approach to
a wide variety of tumor types.
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