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Abstract Purpose: Mucins have been implicated in tu-
mor-associated immunosuppression. The possibility that
colon cancer mucin (CCM) may modulate T-helper 1
(TH1) activity was evaluated by investigating its e�ect
on the production of interleukin-2 (IL-2) by CD4+ cells,
a process that requires antigen-speci®c and costimula-
tory signals. Methods: CCM was puri®ed from human
colorectal cancer cells by gel-exclusion fast-pressure
liquid chromatography. Cytokine production of puri®ed
CD4+ cells was evaluated at the protein and gene level
in the presence of a phorbol ester or an anti-CD3
monoclonal antibody (mAb) plus mAb against the
CD28 costimulatory receptor to mimic two-signal acti-
vation. Results: Soluble CCM, which contains mucins
MUC2 as well as MUC1, inhibited IL-2 mRNA
expression and secretion of CD4+ stimulated with
a phorbol ester or an anti-CD3 mAb plus anti-
CD28 mAb. Pretreatment of CD4+ cells with anti-
CD28 mAb abrogated the suppressive e�ects of CCM
on IL-2 production, and ¯ow cytometry showed de-
creased binding of anti-CD28 mAb to its receptor in the
presence of mucin. In addition, Ca2+ mobilization after
T cell receptor cross-linking with anti-CD3 mAb was
maintained in the presence of CCM. Although
interferon c production was also diminished, CCM did

not induce a general inhibition of cytokine production,
nor did it decrease cell viability. Macrophage in¯am-
matory protein 1a production was up-regulated; the
production of IL-10 and transforming growth factor b
was unchanged. Conclusions: The results indicate that
CCM can alter TH1 activity and suggest that the mod-
ulation of costimulatory interactions is involved. They
provide another mechanism of immunosuppression
mediated by these highly expressed tumor products.
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Introduction

Despite the expression of molecules that are capable of
activating host immune responses, colorectal tumors still
grow and overwhelm the host. Several lines of evidence
suggest that this may be the result of inadequate, tumor-
speci®c, T-helper 1 (TH1) activity. Expanded TH2 ac-
tivity and suppressed TH1 activity have been observed
in colorectal patients [5, 34]. Tumor rejection can be
e�ected in animal models when TH1 activity is provided
by exogenous cytokines, such as interleukin-2 (IL-2)
[10]. The e�cient activation of TH1 cells, which are
predominantly CD4+, requires simultaneous signaling
through the T cell receptor as well as costimulatory
signals, which, if absent, will result in T cell unrespon-
siveness [38]. The basis of costimulation for paracrine
production of IL-2 involves B7 molecules on the
antigen-presenting cells interacting with the CD28
and CTLA-4 receptors on CD4+ cells [11, 18, 29, 30].
Signaling is mediated through a unique cytoplasmic
pathway, which may up-regulate IL-2 gene expression
and/or increase IL-2 mRNA t1

2
by decreasing RNAse

activity and which appears to be resistant to cyclosporin
A (CsA) [32, 46]. The introduction of B7-1 (CD80) and
B7-2 (CD86) into tumors, which normally do not ex-
press costimulatory ligands, to stimulate TH1 activity

Cancer Immunol Immunother (1999) 48:525±532 Ó Springer-Verlag 1999

Supported in part by the National Cancer Institute, National
Research Service Award CA-09338, Division of Cancer Prevention
and Control (J.A.K.) and N01-CM-47666-01, and the Ohio
State University Comprehensive Cancer Center Core Grant
(2P30CA16508)

J.A. Kim á M.A. Dayton á W. Aldrich á P.L. Triozzi
The Ohio State University Comprehensive Cancer Center and
The Arthur G. James Cancer Hospital and Research Institute,
Columbus, Ohio 43210, USA

P.L. Triozzi (&)
The Ohio State University, 320 W. 10th Ave.,
Columbus, Ohio 43210, USA
e-mail: triozzi.1@osu.edu
Tel.: +1-614-293-6451
Fax: +1 614-293-7526



in situ has resulted in T-cell-mediated tumor rejection in
animal models [8, 21, 41].

Colorectal tumors and other tumors of epithelial
origin express and shed mucins, large �Mr > 200 000�
molecules that consist of a core protein moiety and a
number of O-linked carbohydrates. Tumor-associated
mucins are aberrantly glycosylated, which exposes nor-
mally cryptic core polypeptides, rendering them highly
immunogenic [4]. Although mucin molecules are po-
tential targets for immunotherapeutic approaches, the
expression of high levels often correlates with rapid tu-
mor progression [15]. Mucins have been shown to have
a variety of immunosuppressive e�ects. Agrawal et al.
have reported that MUC1 mucin, a�nity-puri®ed from
ascites obtained from ovarian cancer patients, and syn-
thetic MUC1 core peptides suppress the human T cell
proliferative response. This suppression could be re-
versed by the addition of exogenous IL-2 or anti-CD28
monclonal antibody (mAb) [2].

We have previously presented evidence suggesting
that tumor-associated mucins may inhibit the produc-
tion of IL-2 [26]. The purpose of this study was to test
the e�ect colon cancer mucin (CCM) on TH activity by
investigating its e�ect on the production of IL-2 and
other cytokines by CD4+ cells. CCM contains MUC2,
a secretory mucin that di�ers physiochemically from
MUC1 [39]. The results suggest that soluble CCM can
inhibit TH1 activity by modulating costimulatory
interactions.

Materials and methods

Mucins

Isolation and puri®cation of CCM were performed, using a
modi®cation of the published technique [40]. Human colon cancer
cell lines were established from tumors obtained from two patients
with mucinous adenocarcinomas of the colon. The tumor cells
were passaged in RPMI-1640 medium, L-glutamine, 10% fetal calf
serum and antibiotic (Gibco, Grand Island, N.Y.), grown to
con¯uence, and then centrifuged at 14 000 rpm for 15 min. The
supernatant was subject to 41% NH4SO4. The precipitated pro-
tein was pelleted by centrifugation, resuspended in 1 M phos-
phate-bu�ered saline (PBS) (pH � 7.1), and dialyzed against
polyethylene glycol, using large-pore dialysis tubing, for 4 h and
then against PBS overnight (12 h). The dialyzed solution was
subjected to fast-pressure liquid chromatography in a Sephadex
CL4B column (Pharmacia, Uppsala, Sweden) with a Mr exclusion
limit of 2 ´ 107. The sample volume was 2 ml, the ¯ow rate was 2
ml/min, and the column pressure did not exceed 13.8 kPa. The
void peak and subsequent peaks were serially collected into 1-ml
samples and stored at 4 °C until further analysis. Protein con-
centration was determined by Bradford assay (BioRad, Hercules,
Calif.).

Solid-phase enzyme-linked immunosorbent assay (ELISA) as
well as sodium dodecyl sulfate/polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blot analysis con®rmed the mucin
content with the anti-TAG-72 mucin mAb, CC49 (Cancer Treat-
ment Evaluation Program, National Cancer Institute), and anti-
MUC1 and anti-MUC2 mAb (Accurate Chemical & Scienti®c
Corp., Westbury, N.Y.). Primary antibodies were added at 0.1 lg/
well for 1 h and washed three times with PBS. A goat anti-(mouse
Ig) secondary antibody and substrate were used, and absorbance at
544 nm was determined after overnight incubation. The fractions

with the highest CC49 reactivity were tested by Western blot
analysis by electrophoresis on a 4% polyacrylamide/SDS dena-
turing gel, transfer to nylon membrane (Amersham Pharmacia,
Piscataway, N.J.) and blockade for 1 h using 5% bovine serum
albumin. After washings, the nylon membrane was incubated with
mAb CC49 as the primary antibody followed by goat anti-(mouse
alkaline phosphatase) as the secondary antibody. Substrate was
added and, after 1±4 h, the reaction was terminated.

Synthetic peptides corresponding to MUC1 (H2N-PDTRPAP-
GSTAPPAHGVTSA-COOH) and MUC2 (H2N-PTTTPITTTTT-
VTPTPTPTGTQT-COOH) were synthesized by the Ohio State
University Peptide Laboratory. CCM that was deglycosylated
or desialylated by published methods was also evaluated [20, 27].
In brief, CCM was dissolved in one part anisole and two parts
tri¯uromethane sulfonic acid (Aldrich Chemical Co., Milwaukee,
Wis.) under nitrogen for 3 h, neutralized with aqueous pyridine,
and dialyzed against several changes of ammonium acetate bu�er
for deglycosylation. CCM was treated with Clostridium perfringens
neuraminidase (200 mu/ml PBS type X; Sigma, St. Louis, Mo.) for
1 h for desialylation.

CD4+ cell puri®cation

Lymph nodes, obtained from patients with colorectal cancer in
accordance with institutional guidelines and processed into single-
cell suspensions, and peripheral blood were subjected to Ficoll-
Hypaque (Pharmacia) gradient centrifugation for 30 min at 750 g.
Cells recovered from the interface were washed in Hank's balanced
saline solution (HBSS), passed over a nylon-wool column, and
incubated for 1 h at 37 °C. Nonadherent cells were collected by
washing the column with two volumes of warm RPMI medium.
CD4+ cells were then isolated by immunodepletion using magnetic
beads. Nylon-wool-depleted lymphocytes were incubated with
0.1 lg antibodies to CD8, CD19, CD57 and CD14 (Becton Dic-
kinson, Sunnyvale, Calif.) for 1 h at 4 °C. Cells were then washed
and incubated with anti-(mouse Fc) immunomagnetic beads for
1 h, diluted into 10 ml HBSS, and separated in a magnet appa-
ratus (Dynal, Oslo, Norway). The resulting nonadherent cell
population was more than 90% CD4+, as determined by ¯ow
cytometry.

Cytokine secretion

CD4+ cells were incubated with 10 ng/ml phorbol myristate ace-
tate and plate-bound anti-CD28 mAb (Becton Dickinson) in six-
well plates for 12 h at 37 °C and 5% humidi®ed CO2. The various
mucin reagents and CsA were added, and RPMI medium with 10%
human serum for a ®nal volume of 2 ml. After 12 h of incubation,
the supernatant was collected, and cytokine secretion was assessed.
IL-2 secretion was measured by the CTLL-2 bioassay [14]. CTLL-2
cells were incubated in 96-well plates at 2000/well with culture
supernatants for 24 h, pulsed with 0.1 lCi [3H] thymidine, and
harvested onto nylon ®lters 12 h later with an automated harvester,
and radioactivity was counted on a gamma counter. Human re-
combinant IL-2 (Chiron, Emeryville, Calif.) was used as a positive
control. Interferon c (IFNc) IL-10, transforming growth factor b
(TGFb), and macrophage in¯ammatory protein 1a (MIP-1a) se-
cretion was determined by ELISA kits according to the recom-
mendations of the manufacturer (R&D Systems, Minneapolis,
Minn). The limits for detection were 5 pg/ml for IFNc and 10 pg/
ml for IL-10, MIP-1a, and TGFb.

Cytokine gene expression

Cytokine gene expression of cultured CD4+ cells was determined
by the reverse transcription/polymerase chain reaction (PCR) as
previously described [9]. Total RNA was isolated by a modi®cation
of the phenol/chloroform technique. Total RNA was quanti®ed by
UV spectrophotometry, and 1 lg was reverse-transcribed, by 20 U
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Moloney murine leukemia virus reverse transcriptase (Gibco) in
2.0 mM KCl with TRIS/HCl bu�er at 23 °C for 1 h. samples
comprising 5 ll cDNA were then ampli®ed using 2 mM dNTP,
2 mM MgCl2, 1 nM [a-32P] dCTP, and 2 U Taq polymerase
(Boerhinger-Mannheim, Indianapohis, Ind.). Cycle parameters
were 94 °C for 1 min, 60 °C for 1 min, and 72 °C for 1 min for 20
cycles. PCR amplicons were then subjected to Sephadex G-50 gel
®ltration to remove unincorporated nucleotides, and the products
were run on a 1.8% agarose/TRIS/EDTA gel. cDNA was trans-
ferred to nylon membranes by a semi-dry electroblotter (BioRad),
and UV-crosslinked by a Stratalinker (Stratagene, La Jolla, Calif.)
prior to autoradiography. Glyceraldehyde-3-phosphate dehydro-
genase cDNA was ampli®ed for each sample to serve as a positive
control.

Flow cytometry

CD4+ were incubated with ¯uoroscein-isothiocyanate-conjugated
anti-CD28 and anti-CD3 mAb (Becton-Dickinson) (100 ng/106

cells) for 1 h at 4 °C. Cells were then pelleted by centrifugation and
washed in triplicate with HBSS. Experiments using soluble CCM
were performed by pretreating the CD4+ cells with soluble CCM
for 1 h at 4 °C followed by replacement with fresh HBSS prior to
immunostaining. The tumor cell lines from which the CCM was
puri®ed were also assessed for binding of anti-CD3, CD28, MUC1,
and MUC2 mAb. Cells were analyzed with an Epics Elite cyto-
meter (Coulter, Hialeah Flq.) using the 525-nm line of an argon ion
beam. Histograms were processed by Coulter software and stored
in list mode. Control samples were performed at the beginning of
each run, and gating was checked so that controls had less than 5%
positive staining.

Ca2+ mobilization

Ca2+ mobilization was determined by ¯ow cytometry with the
Ca2+-sensitive indicator, Indo-1 (Calbiochem; La Jolla, Calif.),
as has been previously described [28]. Puri®ed CD4+ cells (106)
were loaded with Indo-1 (1 lM) for 20 min in HBSS contain-
ing 1.3 nM Ca2+ and 0.8 mM Mg2+. After washing, CD4+ cells
were resuspended in the presence or absence of Ca2+ and analyzed
by ¯ow cytometery using UV line excitation. The ratio of blue
(495 nm) to violet (405 nm) ¯uorescence was used to determine
Ca2+ mobilization. After baseline measurements had been
obtained, cells were treated with anti-CD3 and anti-CD28 mAb
(1 lg/ml) and goat anti-[mouse F(ab¢)] for crosslinking, both in the

presence and absence of soluble CCM (50 lg/ml). Ionomycin C
(1 lg/ml) was used as a positive control.

Results

E�ect on IL-2 production

TAG-72-expressing CCM of Mr greater than 200 000
was puri®ed from human colon cancer cell lines (Fig. 1).
The CCM puri®ed expressed bothMUC1 andMUC2, as
determined by ELISA (Fig. 1D); in addition, the tumor
cell lines were positive for MUC1 and MUC2 by ¯ow
cytometry (data not shown). The e�ect of CCM on the
production of IL-2 by puri®ed CD4+ cells stimulated
in vitro in conditions to mimic two-signal T-cell activa-
tion was evaluated [24]. Lymph-node CD4+ cells stim-
ulated with PMA to activate protein kinase C signaling,
as well as plate-bound anti-CD28 mAb to provide co-
stimulation via the CD28 receptor resulted in the secre-
tion of signi®cant amounts of IL-2. Secretion under
similar conditions was signi®cantly less in the presence of
CCM (Fig. 2A). (Both sources of CCM had inhibitory
e�ects.) In other experiments puri®ed CD4+ cells de-
rived from peripheral blood were stimulated with plate-

Fig. 1A±D Colon cancer mucin (CCM) puri®cation. A Fraction-
ation of colon cancer cell supernatant precipitate by gel ®ltration
FPLC over a Sephadex CL-48 column. Absorbance was deter-
mined at 280 nM. B The resulting fractions were then tested
in a solid-phase enzyme-linked immunosorbent assay (ELISA)
using the anti-TAG-72 mucin mAb, CC49, and absorbance was
determined by spectrophotometry. The anti-CD3 mAb, OKT3, was
used as a negative control. C Fractions containing high mAb CC49
reactivity were subjected to sodium dodecyl sulfate/polyacrylamide
gel electrophoresis analysis using 3% stacking and 4% resolving
gels. Western blotting was performed using mAb CC49 as the pri-
mary and goat anti-(mouse alkaline phosphatase) as the secondary
antibody. The fractions were quanti®ed by the Lowry assay. D
Binding of CC49 and anti-MUC1, MUC2, CD3 (OKT3), and
CD28 mAb to CCM as determined by solid-phase ELISA
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bound anti-CD3 and anti-CD28 mAb. Again, the pro-
duction of IL-2 under these conditions was signi®cantly
diminished in the presence of CCM (Fig. 2B). Control
experiments were performed in order to determine
whether the observed decrease in IL-2 secretion was due
to CCM directly inhibiting the proliferative response of
CTLL-2 cells to IL-2. CCM did not inhibit the prolif-
erative response of CTLL-2 cells, even at low concen-
trations of IL-2 (1 U/ml), suggesting that CCM was not
binding IL-2 or the IL-2 receptor (data not shown).
There was no evidence of decreased cell viability, as
measured by trypan blue exclusion in CCM-treated
cultures, when compared with experiments performed in
the absence of CCM, nor of apoptotic bodies.

The use of deglycosylated or desialylated CCM did
not similarly inhibit IL-2 secretion nor did the addition

of synthetic peptides corresponding to a single repeat of
apomucins encoded by MUC1 and MUC2 genes, sug-
gesting that the large glycoprotein was necessary for the
inhibitory e�ects observed (Fig. 2B, C). In contrast, the
synthetic MUC1 and MUC2 stimulated IL-2 produc-
tion; this stimulation was abrogated in the presence of
CCM (Fig. 1B). IL-2 production was also tested in the
presence of CsA, which inhibits IL-2 production via a
CD28-independent mechanism. In contrast to CCM,
CsA did not alter IL-2 secretion by CD4+ cells stimu-
lated under similar conditions (Fig. 2A).

The kinetics of IL-2 gene transcription of the CD4+

cells in this in vitro model of CD4+ cell activation was
evaluated. Up-regulation of IL-2 mRNA was observed
within 2 h following stimulation with PMA and
anti-CD28 mAb; IL-2 mRNA persisted over a period of
8 h (Fig. 3A). In contrast, IL-2 mRNA of CD4+ cells
treated with PMA and anti-CD28 mAb in the presence

Fig. 2A±D Interleukin-2 (IL-2) secretion of CD4+ cells as mea-
sured by CTLL-2 bioassay. A CD4+ lymph node cells were
stimulated with phorbol myristate acetate (PMA; 10 ng/ml) and
plate-bound anti-CD28 mAb (CD28) in the presence of soluble
CCM (5 or 50 lg/ml) or cyclosporin A (CsA; 10 ng/ml). Data
represent means � SD of triplicate samples of a representative
experiment. Experiments with CCM were repeated three times, and
experiments with CsA were repeated once. B CD4+ peripheral
blood cells were stimulated with plate-bound anti-CD3 (CD3) plus
anti-CD28 mAb and synthetic MUC1 and MUC2 peptides (10 lg/
ml), in the presence and absence of CCM (50 lg/ml) (NT no
treatment). Data represent means � SD of triplicate samples of a
representative experiment, which was repeated once. C CD4+

peripheral blood cells were stimulated with plate-bound anti-CD3
and anti-CD28 mAb in the presence and absence of deglycosylated
CCM (dgCCM; 50 lg/ml), and desialylated CCM (dsCCM; 50 lg/
ml). Data represent means � SD of triplicate samples of a
representative experiment, which was repeated once. D CD4+

lymph node cells were pretreated with plate-bound anti-CD28 mAb
(CD28) prior to incubation with soluble CCM (5 or 50 lg/ml) and
CsA (10 ng/ml). Data represent means � SD of triplicate samples
of a representative experiment, which was repeated once with
similar results

Fig. 3A, B Kinetics of IL-2 gene expression as measured by reverse
transcription/polymerase chain reaction (RT-PCR). A CD4+

lymph node cells were treated with PMA and plate-bound anti-
CD28 mAb (CD28), alone and in the presence of CCM (50 lg ml).
B IL-2 gene expression after 4 h of treatment with PMA, plate-
bound anti-CD28, CCM (50 lg/ml), and/or CsA (10 ng/ml).
Glyceraldehyde phosphate dehydrogenase (GAPDH) was used as
a control

528



of CCM demonstrated diminished levels and t1
2

(Fig. 3A). CD4+ cells treated with PMA and anti-
CD28 mAb maintained IL-2 gene expression in the
presence of CsA (Fig. 3B). These results are consistent
with the observation that IL-2 gene expression and cy-
tokine secretion by CD4+ cells is diminished in the
presence of soluble CCM by a mechanism separate from
that of CsA.

E�ect on CD4+ cell costimulation

The following experiments were performed to test
whether modulation of the costimulatory pathway was
involved in the inhibitory e�ects of CCM. CCM did not
bind anti-CD3 or anti-CD28 mAb, as determined by
ELISA (Fig. 1D); the tumor cell lines from which CCM
was puri®ed did not bind anti-CD3 or anti-CD28 mAb,
as determined by ¯ow cytometry (data not shown).
CD4+ lymph node cells were incubated with PMA
and anti-CD28 in the presence of CCM and CsA as
described above. However, in this set of experiments,
CD4+ cells were pretreated with anti-CD28 mAb for
15 min prior to exposure to CsA and CCM (Fig. 2D).
This pretreatment of the CD4+ cells with anti-
CD28 mAb abrogated the suppressive e�ects of CCM
on IL-2 secretion, suggesting that CCM may be modu-
lating CD28 costimulation.

Flow cytometry was performed to evaluate whether
soluble CCM interfered with binding of anti-CD28 mAb

to its receptor. Incubation of CD4+ cells with anti-
CD28 mAb in the presence of soluble CCM resulted in a
diminished number of positive cells (Fig. 4) as well as
diminished ¯uorescence intensity of binding to CD28
(mean ¯uorescence in the presence of CCM, 1.07; in the
absence of CCM, 1.77; control, 0.692). In contrast,
CCM did not substantially modulate anti-CD3 mAb
binding using the same cells, suggesting that the inhibi-
tion of binding of anti-CD28 mAb by CCM was not due
to nonspeci®c interactions of the CCM glycoprotein and
the antibodies.

In order to test whether CCM was interfering with
signaling through the T cell receptor and the protein
kinase C pathway, Ca2+ mobilization of CD4+ cells was
determined after stimulation with anti-CD3 and anti-
CD28 mAb in the presence and absence of soluble CCM
(Fig. 5). These experiments show that CD4+ cells show
signi®cant in¯ux of Ca2+ shortly after incubation with
cross-linked anti-CD mAb. Addition of CCM at various
concentrations (5, 10, and 50 lg/ml) did not inhibit
Ca2+ mobilization, suggesting the CCM does not inhibit
signaling via the T cell receptor. Additional experiments
using anti-CD28 mAb alone did not show Ca2+ mobi-
lization, consistent with previous reports [31].

E�ect on other cytokines

In order to determine whether the e�ect of CCM on IL-2
production represented a general inhibition of cytokine

Fig. 4 Binding of anti-CD28
and anti-CD3 mAb to puri®ed
CD4+ lymph node cells as
determined by ¯ow cytometry
in the presence and absence
(NT) of CCM (50 lg/ml) or
ovalbumin (OVA; 50 lg/ml).
Control isotype control. FITC
¯uorescence isothiocyanate

Fig. 5 Ca2+ mobilization of
CD4+ cells to stimulation with
crosslinked anti-CD3 or anti-
CD28 mAb in the presence and
absence of CCm (50 lg/ml).
Cytoplasmic Ca2+ was
determined by Indo-1 and is
presented as the ratio of ¯uo-
rescence at 495 nm to that at
405 nm over time. Reagents
were added 1 min after estab-
lishing a baseline level. Ion-
omycin C (10 ng/ml) was used
as a positive control
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production, the e�ects of CCM on the production of
other cytokines, including IFNc, IL-10, TGFb, and
MIP-1a were compared at the mRNA and protein level
(Figs. 6, 7). Although IFNc mRNA expression was not
substantially modulated by CCM, its secretion was.
MIP-1a mRNA as well as MIP-1a secretion was up-
regulated in the presence of CCM. The production of
IL-10 and TGFb was not signi®cantly modulated.

Discussion

Tumor-associated mucins have been implicated in a
number of immunosuppressive activities, in addition to
suppressing T cell proliferation [2]. These include the
suppression of the interactions between cytolytic T
lymphocytes and their targets [44], sensitivity to natural
killer cell cytolysis [33], adhesion of eosinophils to

antibody-coated targets [19], and delayed-type hyper-
sensitivity reactions [12]. The release of mucins may also
lead to a ``decoy'' phenomenon, in which mucin-speci®c
e�ectors are preoccupied with circulating soluble mucin
molecules and do not e�ciently engage tumor cells [25].
The results of our study indicate that CCM regulates
cytokine production of CD4+ cells. Modulation of TH
cytokine production is another mechanism by which
these highly expressed molecules can act as immuno-
suppressives and by which a tumor may evade immune
e�ector mechanisms despite the expression of antigenic
determinants.

Agarwal et al. found that MCU1 induced anergy,
which could be reversed by adding IL-2 [2]. Our obser-
vations with CCM are consistent with those of Agrawal
et al. and the induction of anergy and not apoptosis.
Signi®cant lymphocyte death or apoptotic bodies were
not observed over the short-term culture period, and
CCM did not lead to a general decrease in cytokine
production. The decrease of IL-2 secretion and con-
comitant increase of MIP-1a secretion would be con-
sistent with induction of T-cell unresponsiveness of the
CD4+ cells [37]. In other aspects, our results vary from
those of Agrawal et al., who found that MUC1-inhibited
T cells retained their ability to secrete IFNc in response
to an antigenic challenge and suggested that ``split tol-
erance'' was being observed, whereby T cell proliferation
was inhibited but cytokine secretion was una�ected. In
addition, they found that MUC1 did not block the
stimulatory e�ect of anti-CD28 antibody on the prolif-
erative response. Our studies with anti-CD28 antibody
were performed with resting CD4+ cells. The studies of
Agrawal et al. used peripheral blood T cells that had
been cultured for 6±7 days with allogeneic lymphocytes.
CD28 expression by these allo-antigen-stimulated cells
was likely higher and presumably included a substantial
proportion of CD8+ cells. There is evidence of func-
tional di�erences between the CD28 molecule expressed
on CD4+ and CD8+ cells [13]. The production of IFNc
by CD8+ cells may not require CD28-mediated co-
stimulation [17]. Finally, di�erent sources of mucin were
used. The mucin studied herein was derived from pa-
tients with mucinous colorectal cancers and contained
MUC2, the predominant mucin produced by the human
colon [43]. In contrast to MUC1, which is expressed by
the apical membranes of most polarized epithelial cells
of the respiratory, digestive and genitourinary tract, in-
cluding breast tissue, MUC2 is secreted by goblet cells of
the colon, small intestine, and bronchus. MUC2 is a gel-
forming mucin with domains containing high levels of
cysteines and mannose-rich N-glycans [39]. Other large,
secretory glycoproteins produced by the colon, such as
MUC4, may also have been present. There are similari-
ties in the e�ects of CCM observed to the e�ects of
another tumor-derived product, namely, gangliosides,
which are large, sialic-acid-containing glycosphingolip-
ids. Gangliosides have been shown to block IL2 and
IFNc gene transcription without inhibiting the produc-
tion of IL-10 mRNA [23].

Fig. 6 RT-PCR of cytokine mRNA of CD4+ cells treated with
PMA and anti-CD28 mAb in the presence of CCM (50 lg/ml) or
CsA (10 ng/ml). GAPDH was used as a control. IFN interferon,
TGF transforming growth factor b, MIP macrophage in¯amma-
tory protein 1a

Fig. 7 Cytokine production of CD4+ cells in response to PMA
and anti-CD28, in the presence and absence of CCM (50 lg/ml).
Data are presented as mean values � SD for triplicate samples
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The costimulatory signal generated through CD28
results in IL-2 production. Depending of the stimulus
and the responding cells the production of other cyto-
kines, including IFNc, TNFa, granulocyte/macrophage-
colony-stimulating factor, IL-4, IL-5, IL-6, and IL-10,
can also be modulated [45]. The switch of TH1-associ-
ates cytokines, namely IL-2 and IFNc, to TH2-associ-
ated cytokines, namely IL-4, IL-5, and IL-10, has been
suggested to play a role in the escape of tumors from
immune e�ectors, including that in patients with colo-
rectal cancer [34]. Although IL-2 and IFNc production
could still detected and although up-regulation of IL-10
was not observed, the production of IL-10 was not in-
hibited, which suggests that CCM would promote TH2-
associated, humoral responses. An increase in soluble
IL-2 receptor levels has been implicated in the TH1 to
TH2 switch observed in colorectal cancer patients [5]. It
has recently been reported that MUC1 induces a CTL
response in mice but an antibody response in humans
[3]. This switch in the immune response appears to be
caused by cross-reacting antibodies that are present in
humans but not in mice. In addition, transgenic mice
expressing MUC1, which are tolerant to MUC1 protein,
fail to exhibit any switching of immunoglobulin class to
the IgG subtypes, a process that requires TH activity
[36].

The mechanism by which CCM modulate immune
responses will require further study. That CCM did not
interfere with signaling through the TCR and that pre-
treatment of CD4+ with anti-CD28 mAb abrogated the
suppressive e�ects of CCM on IL-2 secretion suggest
that CCM may modulate costimulatory signals. In
addition, CCM decreased the binding of an anti-
CD28 mAb, although it is possible that other antibodies
may not be a�ected. How CCM a�ects CD28 but not
CD3 is not known. The large size and anti-adhesive
properties of mucins have been implicated in their im-
munosuppressive e�ects. Suppression of IL-2 produc-
tion by CCM was dependent on the maintenance of its
glycosylation and sialylation. In animal models inhibi-
tion of mucin glycosylation greatly reduces the meta-
static potential of mucin-producing tumors [7]. B7-1 and
B7-2 are highly glycosylated molecules and alterations in
their glycosylation have been demonstrated to alter their
binding properties to CD28 and CTLA-4 [22]. Soluble
MUC1 mucin has been shown to inhibit the adhesion of
cancer cells to endothelium through ICAM-1, which
suggests the possibility that CCM can induce anergy
by interfering with the costimulatory interaction of
lymphocyte-function-associated antigen (LFA-1) with
ICAM-1 [6, 35].

Whether these and other observations of the immu-
nosuppressive e�ects of mucins made in vitro and in
animal models are relevant to human cancer will also
require further study. A CD4+ cell pleocytosis is often
detected in the draining lymph nodes of patients with
colorectal cancer [1, 42]. Our results would indicate that
the ability of these CD4+ cells to mediate TH1 activity
e�ectively is compromised. The capacity of CCM to

modulate cytokine production of resting CD4+ cells by
inhibiting costimulatory interactions has implications
for the immunotherapy of human adenocarcinomas.
Circulating CCM would be predicted to limit the ca-
pacity of vaccine approaches using oligopeptides corre-
sponding to MUC1 or MUC2 to elicit cellular immune
responses e�ectively. Although it has been demonstrated
that poorly immunogenic murine tumor cells can be
rejected in vivo when transformed to express costimu-
latory ligands, this approach, as well as the use of spe-
ci®c cytokines which increases circulating levels of CCM
[16], will be ine�ective in mucin-secreting tumors: the
expansion of su�cient TH1 activity in situ may be
continually abrogated.
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