
Abstract. MUC1 is a glycoprotein found at the secretory
poles of normal cells but is hypoglycosylated on the entire
surface of cell membranes of adenocarcinomas. In order to
determine the influence on the immune response of peptide
context for epitope presentation, peripheral blood mono-
nuclear cells (PBMC) from patients with adenocarcinomas,
were stimulated with MUC1 peptides derived from the 20
amino acids (aa) long sequence that is characteristic of the
MUC1 Variable Number of Tandem Repeats (VNTR). In the
seven peptides tested, the T-cell tumor-specific epitope (cTSE)
was surrounded by variable numbers of aa and repeated up to
5 times in the same peptide. The results of this study indicate
that cultures stimulated with peptide 610 (GSTAPPAHGVTS
APDTRPAP) showed the highest specific killing of the MUC1-
expressing breast cancer MCF-7 cells. Peptide 610 is also
superior to the other peptides in inducing better production of
the type 1 cytokines, tissue necrosis factor · and interferon Á.
In conclusion, context of the epitope and not sequence alone
determines immunogenicity.

Introduction

MUC1 is one of the glycoproteins of mucus secretions. The
core of the MUC1 protein is usually coated heavily with
carbohydrates; i.e., glycosylated. The mass of MUC1 (80%)
is made up of carbohydrates. The extensive branching for
these carbohydrate side chains inhibits the tumor-specific anti-
genicity and immunogenicity of normal MUC1. However,
shorter carbohydrates are produced on MUC1 of many cancer
cells, exposing epitopes on the core protein to the immune

system (1). These aberrantly glycosylated cancer-associated
MUC1 are immunogenic and are abundantly expressed by
breast carcinomas as well as other carcinomas such as pan-
creatic, ovarian, lung, renal, colon, gastric, prostate and urinary
bladder (2).

The entire coding sequence for the core protein of MUC1
has been cloned and its amino acid sequence determined (3).
The core of the MUC1 protein consists of three regions: the
extracellular region containing the VNTRs, the transmembrane
domain and the cytoplasmic tail. A general characteristic of
the MUC1 core proteins is tandem repeats. Each repeat consists
of an identical 20 amino acid sequence (PDTRPAPGSTAPP
AHGVTSA). Different numbers of tandem repeats are the
cause of the polymorphism exhibited by MUC1.

Initial experiments showed that unglycosylated MUC1
contains a tumor specific epitope. This epitope was detected
with the monoclonal antibody, SM3, which recognized tumor-
specific MUC1 and fully deglycosylated native MUC1 but
not the fully glycosylated form and thus did not react with
normal tissues (4). By inserting one VNTR MUC1 tandem
repeat into an E. coli expression vector, we were able to
produce an unglycosylated maltose-binding protein (MBP)-
MUC1 fusion protein. These proteins were purified and showed
strong affinity to tumor-specific monoclonal antibody SM3
(5). Competition assays of SM3 with anti-MBP-MUC1 showed
that the SM3 bound the same epitope on the MBP-MUC1
fusion protein as the anti-MBP-MUC1 (5). These experiments
helped substantiate the hypothesis that unglycosylated MUC1
contains a tumor-specific epitope and opened the possibility
of using MUC1 in developing vaccines against adenocarci-
nomas and cytotoxic T-lymphocyte (CTL) lines for immuno-
therapy of adenocarcinomas. The human MUC1 monoclonal
antibody tumor-specific epitope (MAB-TSE) is found within
the pentapeptide PDTRP sequence present in the MUC1
VNTR motif (4).

Barnd et al (6) and Ioannides et al (7) have speculated
that the likely T-cell tumor-specific epitope (cTSE) is included
in, or adjacent to, the same epitope that is recognized by the
SM3 monoclonal antibody. Blocking CTL cytotoxicity of
MCF-7 with SM3 monoclonal antibody narrowed the CTL
epitope to 10 aa (P1 DTRPAPGST10). Antibodies recognizing
epitopes outside this 10 aa sequence had no inhibitory effect
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on MUC1-carcinoma-specific CTL killing of MUC1-producing
adenocarcinomas. This suggests that the SM3-binding site
(MAB-TSE) and cTSE are the same or near one another.
However, it was not clear whether the inhibition of cytolytic
activity with SM3 was due to steric hindrance as a result of
its binding in the proximity of the cTSE or directly to it.
Using human leukocyte antigen (HLA)-2 transgenic mice,
Apostolopoulos et al found a cTSE (STAPPAHGV), at the
opposite end of the MUC1 VNTR motif (8). This cTSE is
present in the class II MHC epitope PGSTAPPAHGVT (9).
The study presented addressed the context of the cTSE(s),
i.e., the orientation or location within the VNTR, and immuno-
genicity.

Materials and methods

MUC1 peptides (Fig. 1). MUC1 VNTR peptides were synthe-
sized by American Peptide Co., Inc., Sunnyvale, CA and
Chiron, Emeryville, CA, USA (P601, P603, P605, P607,
P609 and P610). MBP-VNTR5 was produced in our
laboratory (10).

Cell culture conditions. PBMC were from humans with breast
adenocarcinomas from apheresis, in accordance with the
institutional review board. Cells were cultured at 2x106 cells/ml
in AIM-V (Registered™) serum-free lymphocyte medium (Life
Technologies Gibco-BRL, Grand Island, NY, USA) and
maintained in a 37˚C humidified 5% CO2 atmosphere. IL-2
(Cetus) was added twice per week at 100 IU/ml. Cells were
stimulated with 1 μg/ml MUC1-VNTR1 peptide on days 0
and 7. Media was not changed.

Cytotoxicity assays. MCF-7 breast cancer cell line was obtained
from, and cultured as recommended, by the American Type
Culture Collection (ATCC). MCF-7 expresses hypoglyco-
sylated MUC1 (6). This cell line was used as the target cell
line in a 51Cr release assay (11). The target cells were labeled
with [51Cr] sodium chromate (New England Nuclear) (200 μCi
per 1x107 cells) and 5x103 target cells/well of microtiter plates
were added. The effector cells were tested at the effector to
target cell ratios (E:T) indicated in Table I. Medium was
added in place of effector cells to the control wells measuring
the spontaneous 51Cr release. In maximum target lysis control
wells, effector cells were replaced with 2 or 10% Triton X-100
(Sigma). The assays were incubated for 18 h at 37˚C and 5%
CO2, and performed in triplicate. The cells were centrifuged and
50 of the 100 μl supernatants were harvested. Radioactivity

released into the supernatant was measured by liquid scintil-
lation or Á counting. The specific lysis was calculated by:

(mean experimental cpm - mean spontaneous cpm) 
% lysis = –––––––––––––––––––––––––––––––––––––––––– x100

(mean maximum cpm - mean spontaneous cpm)

Cytokine assays. Assays for cytokines (interferon Á (INF-Á)
and tumor necrosis factor · (TNF-·) (BD Pharmingen Inc.,
San Diego, CA, USA), were performed by the use of enzyme
linked solid phase sandwich assay (ELISA) kits per
manufacturer's instructions. The detection limit was 6 pg/ml.
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Figure 1. MUC1 cTSE in various contexts of the MUC1 20 aa VNTR motif peptides in various contexts.

Table I. Killing of MUC1 expressing adenocarcinoma cells
with MUC1 peptides stimulated PBMC.
–––––––––––––––––––––––––––––––––––––––––––––––––

Day 17
STIMa a. 011597 b. 020696 c. 073093 d. 367969-2
–––––––––––––––––––––––––––––––––––––––––––––––––
IL-2 4 16 26 13
601 NDc ND 22 10
603 ND ND 45 7
605 ND 28 44 12
607 ND 18 23 11
609 54 34 22 13
610 ND 48 57 18d

VNTR1 14 26 ND 6
VNTR2 15 ND ND ND
VNTR3 39 ND 42 ND
MBP-
VNTR5 ND 27 38 ND
MBP ND 21 ND ND
UNSTb 3 0 0 ND
–––––––––––––––––––––––––––––––––––––––––––––––––
Percent specific lysis of MCF-7 at E:T=10:1 by PBMC from patients
with breast cancer after stimulations on days 0 and 7, and incubation
for one month. aStim, stimulant, with IL-2 twice per week as in
Materials and methods. bUnst, unstimulated. Frozen on the day of
preparation of PBMC. Thawed the day before the assay and placed
into media without IL-2 and assayed on the day of the cytotoxicity
assay. cND, not performed. dP610 E:T: 1.25:1, 2.5:1, 5:1. % specific
lysis: 8, 10, 13. Other peptides-stimulated PBMC lysed ≤12%
MCF-7 at the lower 3 E:T ratios.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Supernatant from stimulated PBMC were added to the
cytokine monoclonal antibody coated 96-well plates and incu-
bated. The wells were then emptied and washed. Streptavidin-
horseradish peroxidase conjugate mixed with a biotinylated
anti-human antibody for the specific cytokine was added. The
wells were washed. The substrate solution (3,3',5,5' tetramethyl-
benzidine) was added. After 30 min, the stop solution (1 M
phosphoric acid) was added. The wells were read at 450 nm.
A set of standards with known amounts of cytokine were run
with each assay to develop a standard curve. The amount of
cytokine present in the samples was determined using this
standard curve.

Results

Cytotoxicity. To attempt to identify the cTSE and optimal
context, PBMC preparations from four patients with breast
cancer were stimulated with peptides from Fig. 1 (Table I).
Of the seven VNTR peptides of ≤20 aa, peptide P610-, a
20 mer with PDTRP 2 aa from the carboxy terminus, stimu-
lated lymphocytes having the greatest toxicity against MCF7.
This implies that PDTRP near the carboxy terminus may
enhance immunogenicity of the VNTR. MBP-VNTR5 (10) was
no better than the optimum VNTR3, implying that three repeats
may be the maximum needed to stimulate CTL in the (PDTR
PAPGSTAPPAHGVTSA) orientation.

Cytokine production. Type 1 cytokines are produced by anti-
gen-activated lymphocytes, thus supernatant samples taken

on days 1, 8 and 24 were tested for the cytokines TNF-·,
INF-Á, IL-10 and GM-CSF by ELISA. There was not a
detectable amount of Type 2 cytokine, IL-10 or GM-CSF in
any of the supernatant samples from this experiment. Type 1
cytokines, INF-Á and TNF-·, however, were produced by
PBMC stimulated with some of the MUC1 peptides. The
maximum production of both of these cytokines occurred on
day 8 [there are overlapping data points at baseline (Fig. 2)].

On day 8, only PBMC stimulated with the MUC1 peptide
P610 produced INF-Á significantly greater than PBMC stimu-
lated with IL-2. PBMC stimulated with the other MUC1
peptides produced similar or less INF-Á on day 8 than by
cells stimulated with IL-2 (Table II). Pair-wise multiple
comparisons of the eight MUC1 peptides were made using
the Student-Newman-Keuls method. Only the PBMC stimu-
lated with P610 produced a statistically different amount of
INF-Á (p<0.05).

In addition, only PBMC stimulated with the MUC1
peptide P610 produced TNF-· on day 8 significantly greater
than the detection limit of 6 pg/ml (Table III). The PBMC
stimulated with P610 were the only PBMC to produce a
statistically different amount of TNF-· (p<0.05).
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Figure 2. Cytokine production from MUC1 peptides stimulated PBMC.
Interferon Á (top) and tissue necrosis factor · (bottom) produced by PBMC
367969, from a patient with breast cancer, stimulated on days 0 and 7 with
MUC1 peptides, as determined by ELISA assays. Supernatant was collected
on days 1, 8, and 24. Data points overlap at baseline levels.

Table II. Production of INF-Á by PBMC from a patient with
breast cancer stimulated with MUC1 peptides.
–––––––––––––––––––––––––––––––––––––––––––––––––

IL-2 P601 P603 P605 P607 P609 P610 VNTR1
–––––––––––––––––––––––––––––––––––––––––––––––––
Meana 34 0 0 37 0 31 86 1
SDb 2 0 0 1 0 3 2 1
–––––––––––––––––––––––––––––––––––––––––––––––––
PBMC 367969-2 stimulation with MUC1 peptides was on days 0
and 7. Supernatant of MUC1 peptides stimulated PBMC was assayed
by ELISA on day 8. apg/ml. bSD, standard deviation, N=3. Only
the PBMC stimulated with P610 produced a statistically different
(p<0.05, pair-wise multiple comparisons of the eight conditions by
the Student-Newman-Keuls method) amount of INF-Á, compared to
other peptide contexts.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Production of TNF-· by PBMC from a patient with
breast cancer stimulated with MUC1 peptides.
–––––––––––––––––––––––––––––––––––––––––––––––––

IL-2 P601 P603 P605 P607 P609 P610 VNTR1
–––––––––––––––––––––––––––––––––––––––––––––––––
Meana 3 0 0 5 0 0 35 0
SDb 1 0 0 1 0 0 3 0
–––––––––––––––––––––––––––––––––––––––––––––––––
PBMC 367969-2 stimulation with MUC1 peptides was on days 0
and 7. Supernatant of MUC1 peptides stimulated PBMC was assayed
by ELISA on day 8. apg/ml. bSD, standard deviation, N=3. Only
the PBMC stimulated with P610 produced a statistically different
(p<0.05, pair wise multiple comparisons of the eight conditions by
the Student-Newman-Keuls method) amount of TNF-·, compared
to other peptide contexts.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Discussion

The purpose of the experiments was to determine if the aa
surrounding the MAB-TSE influences the cellular immune
response. The DTR epitope is a well-known MAB target to
several tumor-specific MAB, including SM3 (4) and HMFG2
(12). Therefore, to attempt to identify the CTL epitope, seven
MUC1 peptides (MUC1-VNTR1, P601, P603, P605, P607,
P609 and P610), with different epitope contexts and different
number of repeats (VNTR1,3,5), were used to stimulate PBMC
(Fig. 1). The shortest peptide, P601, contained only the MAB-
TSE (PDTRP). Previous studies have suggested that placement
of the epitope near the carboxy terminus of a peptide is more
immunogenic (13,14). Two peptides, P603 (SAPDTRPAP)
and P610 (GSTAPPAHGVTSAPDTRPAP) had only two aa
following the epitope on the carboxy terminus. On the other
hand, MUC1-VNTR1 (PDTRPAPGSTAPPAHGVTSA) has the
epitope at the amino terminus. In P605 (GVTSAPDTRPAPGS)
the MAB-TSE is 4 aa away from the carboxy terminus. The
epitope is 6 aa away from the carboxy terminus in P607 (AH
GVTSAPDTRPAPGSTA) and P609 (PPAHGVTSAPDTRP
APGSTA). VNTR2,3,5 have one or more of the DTR epitope at
non-terminal locations.

In the study presented herein, PBMC obtained from
patients with breast cancer were stimulated with seven
different peptide contexts of MUC1 VNTR, and different
numbers of VNTR. VNTR3 was the optimum number of
VNTR. VNTR3 may assume secondary structure, and if so,
implies that structure is sufficient for immunogenicity. The
other finding was that PBMC stimulated with the MUC1
peptide GSTAPPAHGVTSAPDTRPAP (P610) exhibited
the highest specific lysis of the MCF-7 and produced a
greater amount of the type 1 cytokines INF-Á and TNF-· than
PBMC stimulated with other MUC1 peptides. The enhanced
killing of MCF-7 cells by PBMC stimulated with the MUC1
peptide GSTAPPAHGVTSAPDTRPAP (P610) is possibly
due to the context of the PDTRP epitope, near the carboxy
terminus, which has been shown to enhance immunogenicity
with other antigens (13,14). However, a PDTRP as a 9 (P603),
14 (P605), 18 (P607) or 20 (P609) mer does not appear to
be as immunogenic as 20 mer P610 which contains
STAPPAHGV, supporting the data (8,9) for STAPPAHGV as
the cTSE epitope(s). If STAPPAHGV (8) and/or PGSTAPPA
HGVT (9) are the critical cTSE epitope(s), then the opposite
context, with cTSE epitope(s) near the amino terminus may
be more immunogenic. P610 is the only peptide containing
STAPPAHGV at the amino terminus. VNTR1 contains
STAPPAHGV, but at the carboxy end. In conclusion, context
of the epitope and not sequence alone determines immuno-
genicity.
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