
[CANCER RESEARCH 58. 4079-4081, September 15. 1998]

Advances in Brief

Expression of MUC1 Mucin on Activated Human T Cells: Implications for a Role

of MUC1 in Normal Immune Regulation

Babita Agrawal, Mark J. Krantz, Joanne Parker, and B. Michael Longenecker1

Biomira Inc., Edmonton, Alberta TON 1H1, Canada

Abstract

MUC1 mucin is expressed by normal and malignant epithelial cells and
is thought to function through cell-cell interactions and transmembrane
signal transduction events. Secreted cancer-associated MUC1 is immuno-
suppressive and inhibits human T-cell proliferation. We report here that
newly synthesized MUC1 is expressed on the surface of mitogen-activated

human T cells and is also found in soluble form in the supernatants from
cultures of mitogen-activated human T cells. After removal of the mito-
genie stimulus from the T-cell cultures, MUC1 expression is down-
regulated. The addition of anti-MUCl monoclonal antibody to mitogen-
activated cultures partially inhibits the T-cell proliferative response.

These data suggest that MUC1 serves an immunodulatory function for
human T lymphocytes.

Introduction

Many functions have been proposed for MLJC1 (1) that include
steric hindrance by the large glycosylated extracellular domain of
cell-cell or cell-substratum interactions, remodeling of the cytoskel-
etal network, and down-regulating the activities of other molecules

such as catenins, cadherins, or integrins via signal transduction events
(2). Its cytoplasmic tail is phosphorylated, consistent with a trans-

membrane signal transduction function for MUC1 (3, 4). Elevated
levels of serum MUC1 are associated with poor survival and a lower
anticancer immune response of cancer patients after immunotherapy
(5, 6). Direct demonstration of an immunosuppressive role of MUC1
mucin came from recent work (7) showing that cancer-associated,

affinity purified, MUC1 mucin and synthetic tandem repeats of the
MUC1 polypeptide core specifically inhibited human T-cell prolifer
ative responses to polyclonal stimuli resulting in T-cell anergy. Our
understanding of the immunoregulatory role of cancer-associated

MUC1 has revealed some of the intricate mechanisms tumor cells use
to regulate immune responses for their enhanced survival. We postu
lated that similar MUC 1-mediated immunoregulatory mechanisms are

operational in the normal functioning of the immune system.

Materials and Methods

Cell Surface Immunofluorescence Staining. For detection of cell surface
antigens, normal human PBLs,2 cultured as indicated in each experiment, were

stained essentially as described previously (8). Anti-MUCl MAb B27.29 (2
/xg/5 X IO5 T cells; Ref. 9) or isotype control antibody B80.3 (2 jig/5 x IO5

T cells) were used with indirect labeling with FITC or a Phycoerythrin-

conjugated second antibody (GaM IgGl). Isotype control groups had <2%

positive cells. The samples were analyzed by flow cytometry using FACSort
(Becton Dickinson). The percentage of positive cells was defined as the
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fraction of cells exhibiting fluorescence intensities beyond a region set to
exclude at least 98% of the control isotype-matched antibody stained cells.

Proliferation Assay. PBLs were stimulated with PHA (1 /xg/ml) for 3
days. T cells were then harvested and recultured in the presence or absence of
OKT3, B27.29 MAb, isotype control MAb B80.3, and goat-antimouse in

96-well plates in quadruplicate. On the 3rd day, the wells were pulsed with 1
uCi/well 3H Thymidine (Amersham Corp.). The incorporation of 3H Thymi-

dine into the DNA of proliferating T cells was measured after harvesting the
plates after 18-24 h and counting in a liquid scintillation counter (Beckman LS

60001C: Mississauga, Ontario, Canada).
Determination of mRNA for Human MUC1 by PCR. MUC1 mRNA in

the lymphocytes was analyzed using RT-PCR. Total RNA was extracted from
the T cells using Trizol according to the manufacturer's instructions (Life

Technologies) and was reverse transcribed into cDNA with M-MLV Reverse
Transcriptase and oligo d(T; Perkin-Elmer Corp., Nonvalk, CT). Subsequent

DNA amplification was performed in the same tubes using AmpliTaq DNA
polymerase (Perkin-Elmer Corp.) and MUC 1-specific primers (5'-TC-

TACTCTGGTGCACAACGG-3' and 5'-TTATATCGAGAGGCTGCTTCC-
3'). These primers spanned a region within the genomic DNA that contained

two introns and would result in the amplification of a 489-bp fragment from
RNA and a 738-bp fragment from any contaminating genomic DNA. MCF-7

(a human breast cancer cell line obtained from American Type Culture Col
lection) RNA was used as a positive control, and mouse spleen RNA was used
as a negative control. RNA-specific primers for human ÃŸactin (Stratagene. La

Jolla, CA) were used as a positive control with each RNA sample. Amplified
fragments were run on a 2% agarose gel.

Determination of Soluble MUC1 Mucin in Cell Supernatants. MUC1 in
cell culture supernatants was determined with a sandwich enzyme immunoas-

say using MAb B27.29 (9) as solid phase on polystyrene microwells (Nunc
Maxisorp), horseradish peroxidase (Boehringer Mannheim), conjugated MAb
B27.29 as tracer, and tetramethylbenzidine (Biomira Diagnostics Inc., Toronto,
Ontario, Canada) as substrate.

Results

Expression of Cell Surface MUC1 Mucin and MUC1 mRNA by
PHA-activated Human T Cells. We examined MUC1 expression on
days 1,3, and 6 after in vitro culture of human PBLs with or without
PHA stimulation (Fig. 1 A). In cultures without added PHA there was
a low (1-4%) number of MUC1 positive cells in the CD3+ T cell

population (only day 6 is illustrated in Fig. \A). In PHA-stimulated
cultures there was an increase in the number of B27.29"1"CD3+ cells

to a peak of approximately 80% positive cells 3-6 days after culture

initiation. As a control for MAb B27.29 binding specificity, we
determined whether the presence of soluble MUC1 mucin inhibits
MAb B27.29 binding to 3-day PHA-activated T cells. We observed a
MUC1 mucin dose-dependent inhibition of staining of activated hu

man T cells with B27.29: at 1 /xg of MUC1 mucin, a 25% inhibition
of binding was noted; at 10 /Â¿gof MUC 1, a 45% inhibition of binding
was noted; and at 50 /u.g of MUC1, a 65% inhibition of B27.29
binding to activated T-cells was noted. A negative control mucin
(OSM) did not inhibit binding of B27.29 to PHA-activated T cells

(0% inhibition of binding of MAb B27.29 at 50 fj.g of OSM).
To confirm that the appearance of cell surface MUC 1 on activated

T cells represents the presence of newly synthesized mucin, RT-PCR
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EXPRESSION OF MUCl MUCIN ON ACTIVATED HUMAN T CELLS

A. FACS Analysis:

Fig. 1. Time course of MUCl expression by
activated T cells. PBLs were cultured for 1, 3. and
6 days in the absence or presence of mitogen PHA.
At each time point, cells were collected and stained
for CD3 and MUCl expression. A. cell surface
expression determined by fluorescence-activated
cell sorting. The number in parentheses represents
the percentage of MUCl-positive T cells. B, RT-
PCR for mRNA for MUCl. RT-PCR was per
formed on T cells cultured in the presence or
absence of PHA for I. 3, or 6 days. mRNA for
MUCl was present in PHA-stimulated cells and
correlated with surface expression of MUCl.
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Fig. 2. Down-regulation of MUCl mucin expression on activated T cells. â€¢.PBLs
were cultured in the presence of PHA for 6 days. At day 6. the cells were washed,
harvested, and recultured in the absence of PHA (media alone) for an additional 3-6 days.
â€¢.PBLs were cultured in the absence of PHA for 6 days after which PHA was added and
cells were cultured again for an additional 6 days. In both groups, cells were harvested at
each lime point (1, 3, 6, 9, and 12days) and double stained for CD3 and MUCl (B27.29
MAb) expression. Data are shown as the mean percentage of MUCl-positive T
cells Â±SD.

was also performed in parallel cultures. All samples from lympho
cytes that had been stimulated with PHA produced a fragment of
approximately 489 bp, indicating the presence of human MUCl
mRNA. Fig. IÃŸdemonstrates that MUCl-specific mRNA could be

detected after 24 h of PHA stimulation with increased expression
noted at days 3 and 6. Faint bands were also noted in the cultures not
stimulated with PHA, which are consistent with the finding of 1-4%
MUC1+ cells in nonstimulated T-cell cultures.

MUCl mucin is coexpressed with other T-cell markers. Double
staining with anti-CD4 or anti-CD8 MAbs and MAb B27.29 demon

strated that at days 5 and 7, after activation of PBLs with PHA,
approximately 80% of the CD4+ T cells were MUCl positive and
approximately 65% of the CD8+ T cells were MUCl positive.

Down-regulation of MUCl Expression on Activated T Cells

after Removal of the Mitogen. T cells were cultured in the presence
of PHA for 1, 3, and 6 days, followed by washing and reculturing in

media without PHA for an additional 3 and 6 days. Fig. 2 shows that
after removing the PHA from the cultures, MUCl expression was
reduced with time. The reduction in the number of T cells positive for
MUCl expression does not seem to be due to selective death of
MUC l+ T cells because, by using a trypan blue exclusion test, we

observed a <20% cell death corresponding to an approximate 60%
reduction in MUC 1 expression on T cells after removal of the mito-

genie stimulus. In parallel, T cells were cultured in the absence of
PHA for 6 days and then stimulated with PHA. MUCl expression on
T cells was not observed up to 6 days in culture without PHA, but
MUCl mucin expression was detected after subsequent stimulation
with PHA (Fig. 2).

Soluble MUCl Mucin Is Found in Cell Supernal an I,s of Acti
vated Human T-Cell Cultures. We used an enzyme immunoassay
specific for MUC 1 mucin to test supernatants from PHA-activated T

cells for the presence of soluble MUCl mucin. Table 1 shows that

Table 1 Activated human T cells secrete or shed MUCl mucin into culture
supernatants

Amount of secreted MUCl (unit/ml X IO2)

mean Â±SD

Time inculture1

day
3 days
6 days
7 daysPBLs

withoutPHA2.0

Â±0.1
1.6 Â±0.1
1.3 Â±0.0
1.7 Â±0.1PBLs

with PHA ( 1ng/ml)1.5

Â±0.2
12.9 Â±1.027.2

Â±3.6
24.2 Â±0.1

Table 2 Partial inhibition of T-cell proliferation by anti-MUCl MAb 827.29

Experiment Control
no. (noMAb)12396.29491.03463,161Â±

7,325"(5)Â±

1,578(4)Â±

6.326 (4)MAb

B80-treated
Tcells97,04888,28052,567Â±

6,498(4)Â±

4,640(4)Â±

589 (3)MAb

B27.29-treated
Tcells74,972

Â±70,986

Â±28,524

Â±3.368

(4)7.884

(4)979

(3)POM6h0.024'0.047*0.108'O-OOSS*1<0.001'

" Mean CPM 3H-Thymidine incorporation Â±SE (n).

Compared with no MAb control.
' Compared with B80 negative control MAb group.
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supernatants from PHA-activated, but not -nonactivated, cultures con
tained increasing amounts of soluble MUC1 mucin with a peak level
of approximately 27 units/ml culture supernatant at day 6.

Anti-MUCl Mucin Antibody Partially Inhibits the T-cell Pro-
liferative Response. HumanPBLs were stimulatedwith PHA for 3
days to induce the expression of MUCl mucin. At this time the cells
were harvested, washed, and recultured in the presence of anti-CD3
(OKT3, as a polyclonal stimulus), with or without anti-MUCl MAb
B27.29 or isotype control MAb B80.3 and goat-antimouse antibody.
In three experiments, T cells stimulated in the presence of anti-MUCl
antibody showed inhibited proliferation responses (Table 2). The
overall reduction in the T-cell proliferative response by anti-MUCl
MAb B27.29 was 32.5 Â±5.8% compared with 5 Â±3.7% by negative
control MAb B80 (P = 0.0007).

Discussion

Our working hypothesis is that MUCl mucin is involved in
normal immune regulation. Evidence supporting this hypothesis
includes the observation that (a) newly synthesized MUCl mucin
is rapidly induced and appears on the cell surface of the majority
of activated human T cells; (b) there is down-regulation of MUCl

mucin expression after the mitogenic stimulus is removed; (c)
cross-linking surface MUCl by anti-MUCl MAb B27.29 modu
lates the T-cell proliferative response; (d) MUCl mucin is either
shed or secreted into the supernatants of cultures of PHA-activated
human T cells; and (e) soluble MUCl mucin inhibits T-cell pro
liferation and induces an anergy-like state that is reversible by
interleukin-2 or anti-CD28 antibody (7).

The exact role and the mechanism of immune regulation by MUC 1
mucin is not clear yet. However, the observations that MUC 1 mucin
can present multiple functional domains e.g., antiadhesion, proadhe-
sion as well as inhibition of T-cell proliferation (7, 10-16), support

the hypothesis that MUC 1 expression on T cells may play an impor
tant homeostatic function. It is possible that MUC 1 mucin expressed
by activated T cells helps in actively terminating T-cell immune
responses by down-regulating their proliferative response and also
serves a role in lymphocyte trafficking due to its adhesion and/or
antiadhesion properties. We are presently investigating whether ex
pression of MUCl mucin by activated T cells is one of the negative
feedback mechanisms to return the immune system to its basal resting
state from an activated stage after antigenic stimulation.

Acknowledgments

We are grateful to Teri Tan, Ann Burrell. and Ann Berg for excellent
technical assistance. Loreen Degenstein and Sarah Lehman provided excellent
secretarial assistance with the manuscript. We thank Biomira colleagues for
stimulating discussions and constructive criticisms of the manuscript.

References

1. Gendler. S. J., and Spicer, A. P. Epithelial mucin genes. Annu. Rev. Physiol.. 57:
607-634. 1995.

2. Yamamoto, M., Bharti, A., Li, Y.. and Kufe, D. Interaction of the DF3/MUC1 breast
carcinoma-associated antigen and ÃŸ-cateninin cell adhesion. J. Biol. Chem.. 272.-
12492-12494, 1997.

3. Zrihan-Licht. S., Baruch, A., Elroy-Stein. O., Keydar. !.. and Wreschner, D. H.
Tyrosine phosphorylation of the MUCl breast cancer membrane proteins. Cytokine
receptor-like molecules. FEBS Lett., 356: 130-136. 1994.

4. Mockensturm-Gardner, M., and Gendler, S. J. The role of MUCl at the membrane

may involve transduction of a signal. Mol. Biol. Cell. 7: 434a, 1996.
5. Reddish, M. A., MacLean, G. D.. Poppema. S., Berg. A., and Longenecker. B. M.

Preimmunotherapy serum CA27.29 (MUC-I) mucin level and CD69+ lymphocytes

correlate with effects of Theratope sialyl-Tn-KLH cancer vaccine in active specific
immunotherapy. Cancer Immunol. Immunother.. 42: 303-309, 1996.

6. MacLean. G. D.. Reddish, M. A., and Longenecker, B. M. Prognostic significance of
preimmunotherapy serum CA27.29 (MUC-1) mucin level after active specific im
munotherapy of metastatic adenocarcinoma patients. J. Immunother., 20: 70-78,

1997.
7. Agrawal, B.. Krantz, M. J.. Reddish. M. A., and Longenecker. B. M. Cancer-

associated MUCl mucin inhibits human T-cell proliferation, which is reversible by
IL-2. Nat. Med., 4: 43-49, 1998.

8. Agrawal, B-, Reddish. M.. and Longenecker. B. M. CD30 expression on human
CD8+ T cells isolated from peripheral blood lymphocytes of normal donors. J. Im

munol., 757: 3229-3234, 1996.
9. Reddish. M.. Black, N.. Almeida. A.. Suresh. M. R.. and Longenecker. B. M. Epitope

mapping of MAb B27.29 within the peptide core of the malignant breast carcinoma-

associated mucin antigen coded for the human MUCl gene. J. Tumor Marker Oncol..
7: 19-27, 1992.

10. Ligtenberg. M. J.. Buijs, F., Vos, H. L., and Milkens. J. Suppression of cellular
aggregation by high levels of episialin. Cancer Res.. 52: 2318-2324. 1992.

11. Wesseling, J., Van der Valk, S. W., Vos, H. L., Sonnenberg. A., and Milkens, J.
Episialin (MUCl) overexpression inhibits integrin-mediated cell adhesion to extra
cellular matrix components. J. Cell Biol.. 129: 255-265, 1995.

12. Wesseling, J., Van der Valk, S. W.. and Milkens, J. A mechanism for inhibition of
E-cadherin-mediated cell-cell adhesion by the membrane-associated mucin episialin/
MUCl. Mol. Biol. Cell, 7: 565-577, 1996.

13. Hayes, D. F.. Silberstein, D. S., Rodrique. S. W., and Kufe, D. W. DF3 antigen, a
human epithelial cell mucin. inhibits adhesion of eosinophils to antibody-coated
targets. J. Immunol., 145: 962-970. 1990.

14. Ogata, S., Maimonis, P. J., and Itzkowitz. S. H. Mucins bearing the cancer-associated
sialosyl-Tn antigen mediate inhibition of natural killer cell cytotoxicity. Cancer Res..
52: 4741-4746, 1992.

15. Zhang, K.. Sikut, R., and Hansson, G. C. A MUCl mucin secreted from a colon
carcinoma cell line inhibits target cell lysis by natural killer cells. Cell. Immunol.,
166: 158-165, 1997.

16. van de Wiel-van Kemenade, E.. Ligtenberg, M. J. L., de Boer, A. L.. Buijs. R., Vos,

H. L.. Melief. C. J. M., Milkens. J.. and Figdor. C. G. Episialin (MUCl) inhibits
cytotoxic lymphocyte-target cell interaction. J. Immunol., 757: 767-776. 1993.

4081

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/18/4079/2467367/cr0580184079.pdf by guest on 19 M

ay 2023




