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Binding of circulating anti-MUC1 antibody and
serum MUCI1 antigen in stage IV breast cancer
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Abstract. The present study aimed to investigate the binding
of circulating mucin 1 (MUCI) antibody with serum MUCI1
antigen in stage IV breast cancer. Serum samples of 61 patients
with stage IV breast cancer and 64 patients with early-stage
breast cancer were collected. The anti-MUCI1 antibody
(IgG) and MUCI antigen (cancer antigen 15-3; Cal5-3) were
detected using an indirect enzyme-linked immunosorbent assay
(I-ELISA) and ELISA, respectively. The MUCI1 IgG affinity was
detected using a urea degradation combining ELISA. Western
blot analysis and an inhibition test were performed for verifica-
tion of the binding of anti-MUCI IgG with MUCI antigen, and
their correlation was analyzed. The results showed that there
was a negative correlation between anti-MUC1 IgG and CA15-3
antigen in stage I'V breast cancer when positive CA15-3 antigen
and/or anti-MUCI IgG were selected (r=-0.417, P=0.0044). The
positive anti-MUCI IgG with positive Cal5-3 antigen was more
common in stage IV breast cancer, compared with early-stage
breast cancer (y*=4.629; P=0.031), however, Cal5-3 antigen
positivity was higher in stage IV breast cancer, compared with
early-stage breast cancer (y*=10.58; P=0.001). Anti-MUCI IgG
was able to bind to the MUCI antigen in stage I'V breast cancer.
No differences in the SR-MUCPT inhibition ratio were found
between the two groups (P=0.778), and there were no differ-
ences in the affinity of anti-MUCI IgG (P=0.873). In stage IV

Correspondence to: Dr Yarong Li, Department of Oncology, The
Second Hospital, Jilin University, 218 Ziqiang Street, Changchun,
Jilin 130041, P.R. China

E-mail: doctor.lyr@163.com

Dr Liying Wang, Department of Molecular Biology, Norman
Bethune Medical College, Jilin University, 828 Xinmin Street,
Changchun, Jilin 130021, P.R. China

E-mail: wlying@mail jlu.edu.cn

“Contributed equally

Key words: mucin 1, antibody, antigen, breast cancer, binding

breast cancer, circulating anti-MUCI antibody was found to
bind serum MUCI antigen, although their compatibility was
low. No significant difference was found in the affinity of
the anti-MUCI antibody between stage IV breast cancer and
early-stage breast cancer.

Introduction

Cell surface-associated mucin 1 (MUCI) is a transmembrane
protein consisting of an extracellular domain containing 20-125
tandem repeat arrays, followed by a transmembrane domain
and a short cytoplasmic tail. MUCI is overexpressed and
aberrantly glycosylated in carcinoma, including 90% of breast
cancer cases (1,2). Its broad distribution on primary tumors and
metastasis renders it an attractive vaccine target (3,4). Studies
have suggested that antibodies targeting the MUCI1-N-terminal
domain may be instrumental in preventing metastasis, counter-
acting immune suppression and effecting antibody-dependent
cell-mediated cytotoxicity (5,6). The association between
elevated levels of anti-MUCI antibody and improved survival
rates has been observed in patients with early-stage breast
cancer and other types of cancer (6,7). The initial evalua-
tion of MUCI peptide/glycopeptides has found them to be
immunogenic and safe, however, their antitumor responses are
limited (8). Adjuvant vaccination with MUCI glycopeptide
polyvalent vaccines, which induce a marked humoral response,
may prevent the recurrence of disease in patients with early
breast cancer, which suggests MUC1 immunotherapy is benefi-
cial (9). Immunotherapy, which relies on humoral responses to
achieve its clinical effect, is most effective in patients with a
low tumor burden (minimal residual disease) (10). The marked
immune response and immunologic memory, which are associ-
ated with active immunotherapy, administered in an adjuvant
setting, enable constant surveillance to protect patients with
cancer from recurrence of disease, although it is of limited use
in advanced metastatic disease. However, the internalization of
anti-MUCI antibodies by tumor cells provides a route for the
development of therapeutics based on this antibody (11,12). This
allows for other therapeutic approaches, including the delivery
of toxic compounds into tumor cells, for example, antibody drug
conjugates or immunotoxins (13,14).
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In our previous study (15), circulating anti-MUC] anti-
body (IgG) was detected using an indirect enzyme-linked
immunosorbent assay (I-ELISA) with a recombinant MUC1
protein containing six tandem repeat sequences of MUCI. A
significant negative correlation was found between the serum
levels of MUCT antigen (cancer antigen 15-3; CA15-3) and that
of anti-MUCI antibody in patients with malignant tumors at
advanced stages. According to this result, the present study
hypothesized that circulating anti-MUCI antibodies were able
to bind to MUCI dispersed into the blood in stage IV breast
cancer. To clarify the binding of serum anti-MUCI antibody
to the MUCT antigen in stage IV breast cancer, the present
study analyzed serum samples collected from 61 patients with
stage IV breast cancer and 64 patients with early-stage breast
cancer, and performed comparative analysis between stage [V
and early-stage breast cancer.

Materials and methods

Specimens. Between January 2012 and February 2014,
61 serum samples were obtained from 61 patients with
newly diagnosed stage IV breast cancer (31-67 years old,;
median 43 years) at the Second Hospital of Jilin University
(Changchun, China). In addition, 64 serum samples were
obtained from 64 patients with early-stage breast cancer
(stages I, IT and III; 35-65 years old; median 45 years) at the
same hospital. Venous blood samples (5 ml) were collected
from patients and centrifuged at 225 x g and -4°C for 10 min.
Subsequently, serum was separated immediately following
centrifugation and stored at -40 °C until analysis. All patients
included were post-primary treatment. The 61 patients with
stage IV breast cancer included 51 with infiltrating duct
carcinoma, 4 with medullary carcinoma and 6 with carci-
noma simplex. All cases were cases of recurrent disease,
including 24 with regional lymph node recurrence combined
with distant metastasis and 37 with distant metastasis only.
The distant metastasis involved one or several locations.
Patients with distant metastasis included 16 with hepatic
metastasis, 30 with pulmonary metastasis, 30 with osseous
metastasis, 4 with brain metastasis, 14 with distant lymph
node metastasis (supraclavicular nodes of opposite side or
Ilymph nodes of neck), 10 with pleural metastasis and 12
with peritoneal metastasis. The 64 patients with early-stage
breast cancer consisted of 57 with infiltrating duct carcinoma,
3 with medullary carcinoma and 4 with carcinoma simplex;
the disease staging was as follows: Stage I (n=10); stage II
(n=38); and stage III (n=16). The clinical stages of breast
cancer were according to the 7th edition of the American
Joint Committee on Cancer staging system (15). The study
was approved by the Ethical Committee of Jilin University.
Written informed consent was obtained from patients or their
families.

Preparation of recombinant protein. The recombinant
8R-MUCPT protein was prepared according to a previously
reported method (16). Briefly, a cDNA fragment, obtained by
polymerase chain reaction, containing the human MUCI vari-
able number of tandem repeats (VNTR) encoding sequence
with six tandem repeats was subcloned into the prokaryotic
expression vector pET26b plasmid, in which there was an
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eight-arginine-encoding sequence at the N-terminal insertion
end. Subsequently, the pET26b-8R-MUCPT plasmid was
directly transformed into the BL21 Escherichia coli (Beijing
Dingguo Inc., Beijing, China) bacterial strain and individual
clones were grown in Luria-Bertani liquid medium with
4 pg/ml of chloramphenicol. Purification of the recombinant
protein with a polyhistidine-tail at the C-terminal insertion
end was performed using Ni-chromate affinity chromatog-
raphy. Another recombinant protein, 3aB, encoding 224 amino
acids was used for the ELISA inhibition test, which was also
constructed in Department of Molecular Biology, Institute of
Basic Medical Sciences, Jilin University.

Detection of anti-MUCI IgG with SR-MUCPT using I-ELISA.
The serum anti-MUCI IgG was detected using I-ELISA (16).
The 8R-MUCPT fusion protein corresponding to the six
VNTR region of the MUCI protein core was used as a catcher
and coated onto the 96-well flat-bottom plates. Individual
results were calculated as the mean optical density (OD) of
two repeat sample wells; the cut-off value was 1.30, which was
defined as an anti-MUC1 IgG level equal to or higher than the
mean OD value of the total breast cancer samples.

Detection of MUCI antigen using ELISA. The CA15-3
antigen is defined as a glycoprotein, which binds to two
monoclonal antibodies, namely, DF3 and 115D8. The
DF3 antibody recognizes the VNTR of MUCI (sequence
DTRPAPGS), and the 115D8 monoclonal antibody
is the solid-phase capture antibody, which binds to a
peptide-carbohydrate epitope on the same repeat (17). In
the present study, CA15-3 was measured using an ELISA kit
(R&D Systems, Inc., Minneapolis, MN, USA), and all steps
were performed according to the manufacturer's protocols.
Briefly, 100 ul of the patient sample, control and calibrator
were dispensed in ligand-coated tubes. Following the addi-
tion of 100 pl ligand-labeled monoclonal antibody (mAb),
the tubes were incubated at 37°C for 1 h. Subsequently,
100 pl anti-ligand mAb was added, followed by incubation
for 1 h. The OD values were determined at 450 nm in an
ELISA autoreader (Labsystems Diagnostics Ltd., Vantaa,
Finland). The cut-off value was 36.0 U/ml.

Western blot analysis and inhibition test with MUCI VNTR
antigen. According to the previously reported method (18),
purified recombinant 8R-MUCPT protein (10 #g) was resolved
by 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, and then transferred onto a nitrocellulose membrane
(Advantec MFS, Inc., Dubulin, CA, USA). The membranes
were sectioned vertically into 4 sections of the same size
and were incubated in 5% milk/PBS (Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany) at 4°C overnight. The
following day, the membranes were preincubated with either
mouse anti-human MUC1 VNTR mAb (BD Pharmingen,
Inc., San Diego, CA, USA) in a 1:50 dilution or mouse
anti-human monoclonal anti-hepatitis B surface antigen anti-
body (Bioson Corporation, Beijing, China) in a 1:20 dilution
at room temperature for 3 h. Following washing with PBS,
the membranes were incubated with serum positive for the
anti-MUCI antibody, derived from an MUCI1-positive patient
with stage IV breast cancer, in a 1:5 dilution at 4°C overnight,
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and then washed and incubated with peroxidase-conjugated
goat anti-human IgG (Bioson Corporation) in a 1:200 dilu-
tion with 5% milk/PBS at 25°C for 1 h. Following washing,
3.3'-diaminobenzidine was added to the membranes for the
coloration reaction.

ELISA inhibition test with MUCI1 VNTR antigen. Each serum
sample was incubated, respectively, with 8R-MUCPT, 3aB,
poly-arginine (poly-R, Sigma-Aldrich; Merck Millipore) or
poly-histidine (poly-H, Sigma-Aldrich; Merck Millipore) at
the same molar concentration of 8 mM, followed by the detec-
tion of anti-MUCT antibodies using I-ELISA with SR-MUCPT
as a coating antigen. All samples were measured in duplicate.
The inhibition ratio of SR-MUCPT in the binding reaction of
anti-MUCI1 IgG and MUCI antigen was calculated as follows:
Inhibition ratio (%) = (OD value of serum sample incubated
with 8R-MUCPT-OD value of control serum or serum sample
incubated without an inhibitor) x100 / OD value of control
serum.

Detection of MUCI IgG affinity by urea degradation
combining ELISA.8R-MUCPT protein (10 zg/ml) in 0.05 mol/l
carbonate buffer (pH 9.6) was coated onto 96-well flat-bottom
plates at 4°C for 17 h. The plates were washed with PBS three
times, blocked with 5% milk/PBS at 37°C for 2 h, and then
incubated with sera from the patients in a 1:40 dilution with
10% milk/PBS at room temperature for 30 min. Following
washing twice with 0.05% Tween-20/PBS (Sigma-Aldrich;
Merck Millipore), two plate wells were incubated with 8 mol/l
urea solution (Sigma-Aldrich; Merck Millipore) and another
two wells with PBS at room temperature for 10 min. The plates
were washed three times with 0.05% Tween-20/PBS, and incu-
bated with peroxidase-conjugated goat anti-human IgG ina I:
250 dilution with 5% milk/PBS at room temperature for 1 h.
The reaction was terminated by adding O-phenylenediamine
dihydrochloride following washing three times with 0.05%
Tween-20/PBS. The OD value was determined at A492 in
an ELISA autoreader (Labsystems Diagnostics Ltd., Vantaa,
Finland). All samples were measured in four wells. The
avidity index (AI) was calculated as follows: Al = (OD with
urea / OD without urea) x100.

Statistical analysis. Statistical analysis was performed
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA).
The percentages among the different groups were compared
using the ¥ test. Differences between clinical stages were
analyzed using a Kruskal-Wallis test. Correlations between
two experimental groups were evaluated using linear regres-
sion analysis. An unpaired two-sample 7-test was used to
compare between values of two groups. P<0.05 determined
in the two-tailed test was considered to indicate a statistically
significant difference.

Results

I-ELISA results of circulating anti-MUCI IgG and Cal5-3
antigen. As shown in Table I, the serum level and positive
rate of anti-MUCI1 IgG were marginally elevated in patients
with stage II breast cancer, compared with those with stage I
breast cancer, but were marginally decreased in stage III
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breast cancer. Elevated levels were found in the stage IV
patients. The patients with stages II, III and IV breast cancer
showed a gradual increase in the level of Cal5-3 antigen and
rate of positivity, compared with those with stage I disease.
The OD value and positivity of anti-MUCI IgG in the patients
with stage IV cancer with regional lymph node recurrence
and distant metastasis were marginally higher, compared
with those in patients with distant metastasis only. By
contrast, the serum level and positivity of Cal5-3 in patients
with regional lymph node recurrence with distant metastasis
were decreased, compared with those in patients with distant
metastasis only, however, no statistically significant correla-
tions were found among the groups (P>0.05).

Association between circulating anti-MUCI IgG and the
Cal5-3 antigen in stage 1V breast cancer. No significant
correlation was found between the level of circulating
anti-MUCI IgG and serum expression of CA15-3 in patients
with stage IV breast cancer. However, a significant nega-
tive correlation was observed when positive serum level
of CA15-3 antigen and/or anti-MUCI IgG were selected
(r=-0.417; P=0.0044; Fig. 1), which suggested the formation
of an MUCI circulating immune complex (MUCI1-CIC)
or the binding of anti-MUCI IgG with CA15-3 antigen in
stage IV breast cancer. The same was observed in stage 11
breast cancer, in which there was a negative correlation
when positive CA15-3 antigen and/or anti-MUC1 IgG were
selected (r=-0.630; P=0.0029; Fig. 1). For stages I and III,
no significant correlations were found due to fewer samples.
However, if all positive serum levels of CA15-3 antigen
and/or anti-MUCI1 IgG were selected between stages I and
II1, omitting stage IV, a negative correlation was observed
(r=-0.605; P<0.001; Fig. 1).

As presented in Fig. 1, for each stage of breast cancer, the
OD value of the serum sample was divided into four groups
(ILIL,IIT and I'V) by cut-off lines. In group I, positive anti-MUCI
IgG was detected together with negative CA15-3 antigen.
Negative anti-MUCI IgG and negative CA15-3 antigen was
present in group II. In group III, negative anti-MUCI1 IgG
and positive CA15-3 antigen were found. In group IV, posi-
tive anti-MUCI IgG and positive CA15-3 were shown. In the
stage IV cancer samples, an increased number (8/61) were in
group IV, compared with samples in other stages of disease
(1/64; ¥*=4.629; P=0.031). Fewer samples were positive for
CA15-3 (12/64) in early-stage breast cancer, compared with
stage IV breast cancer (28/61; x*=10.58; P=0.0011). The above
results suggested that circulating anti-MUC]1 antibody was
able to bind serum MUCI antigen and form MUCI-CIC in
stage I'V and early-stage breast cancer, however, the compat-
ibility of anti-MUCI IgG and MUCI antigen in stage I'V breast
cancer may have been lower.

Western blot analysis and inhibition test with the MUCI
VNTR antigen. The results of the western blot analysis and
inhibition test showed that 8R-MUCPT was recognized by
natural anti-MUCI antibody in the serum, and this was inhib-
ited by anti-MUCI VNTR mAb when at a sufficient quantity
to neutralize the VNTR region on 8R-MUCPT (Fig. 2). This
demonstrated that circulating anti-MUCI antibody was able
to bind to the MUC] antigen in stage IV breast cancer.
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Table I. Expression of anti-MUC1 IgG and Cal5-3 antigen in serum samples of patients with breast cancer.

Optical density (positive rate, %)

Stage n Anti-MUC1 IgG Cal5-3 antigen
1 10 1.32+0.18 (30.00) 20.35+1.29 (10.00)
11 38 1.33+0.24 (36.84) 24 .34+7 .98 (15.79)
111 16 1.14+0.24 (18.75) 30.79+£7.06 (31.25)
v 61 1.32+0.38 (44.26) 32.80+8.50 (45.90)
Regional lymph node recurrence 24 1.40+0.26 (50.00) 32.05+7.92 (41.67)
with distant metastasis
Distant metastasis only 37 1.27+0.32 (40.54) 33.29+6.96 (48.65)
Total 125 1.30+0.27 (37.60) 28.97+8.90 (32.00)
MUCI, mucin 1; Cal5-3, cancer antigen 15-3.
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Figure 1. Levels of anti-MUCI IgG and Cal5-3 antigen in different stages of breast cancer. The dotted lines indicate the cutoff values. The cut-off value of
anti-MUCI IgG was 1.30 (OD value) and that of Cal5-3 antigen was 36.0 U/ml. MUCI, mucin 1; Cal5-3, cancer antigen 15-3; OD, optical density.

ELISA inhibition test with the MUCI VNTR antigen. The
results of the ELISA inhibition test showed that SR-MUCPT
efficiently neutralized the natural anti-MUC] antibody in the
serum, whereas the recombinant proteins 3aB, poly-R and
poly-H did not have this effect. This result confirmed that the
MUCI antigen or tandem repeat sequence of MUCI reacted
with anti-MUCT antibody in the sera of patients with stage IV
and early-stage breast cancer (Fig. 3).

A total of 11 serum samples from IV stage breast cancer
and 11 samples from early-stage breast cancer were assessed
in the inhibition test. The inhibition ratios of SR-MUCPT

in the binding of anti-MUCI IgG and the MUCI1 antigen
were all >45%, with no statistically significant difference
in the between the two groups (t-test, P=0.778). This result
suggested that there was no significant difference in the
affinity of MUC1-IgG between serum samples from stage IV
and early-stage IV breast cancer, as MUCI1-IgG affinity
affects the inhibition ratio of 8R-MUCPT in the binding reac-
tion in the assay.

Detection of the affinity of MUCI IgG by urea degrada-
tion combining ELISA. The results of the urea degradation
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Input
MUCPT + + +
Anti-MUC1 mAb +
Anti-HBV mAb +
Patient serum + + +
23 kDa — . — —1

Figure 2. Western blot analysis and inhibition test with the MUCI variable
number of tandem repeats antigen. MUC1, mucin 1; MUCPT, 8R-MUCPT
fusion protein; HBV, hepatitis B virus; mAB, monoclonal antibody.

Anti-MUC1 IgG level (OD)

Inhibitors and control serum

Figure 3. Enzyme-linked immunosorbent assay inhibition test with the
MUCI variable number of tandem repeats antigen. Each line indicates a
different sample. MUC1, mucin 1; OD, optical density.

combining ELISA showed that the Als of anti-MUCI IgG in
stage IV and early-stage breast cancer were 47.13+11.45 and
47.53+16.10%, respectively, with no significant difference
between the two groups (t-test, P=0.873).

Discussion

Previous studies in patients with early-stage breast cancer
and other malignant tumors have found that there is a
negative correlation between circulating MUCI antigen
and anti-MUCI antibody, which indicates the formation of
MUCI-CIC or the binding of anti-MUCI antibody to MUCI1
antigen in serum (19-21). In early-stage breast cancer, higher
levels of MUCI-CIC are found, compared with levels at
advanced stages of the disease. The levels of MUCI are low,
and marginally higher values of free anti-MUCI1 antibodies
are found. By contrast, patients with stage IV breast cancer
present with low MUCI1-CIC, but increased anti-MUCI anti-
body and MUCI antigen positivity, with high positive rates
of anti-MUCI antibody and MUCI antigen in sera (6,19,22).
This indicates that anti-MUC]1 antibodies are of low affinity.
In the present study, the number of serum samples detected
and analyzed from patients with stage I'V breast cancer was
higher, compared with that in a previous study (19), and
were compared with the data from early-stage breast cancer.
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The results showed that there was formation of MUC1-CIC
or binding of anti-MUCI1 antibody to MUCI antigen in
serum samples from stage IV and early-stage breast cancer.
According to the previous study (19), at least one in six
patients with stage IV breast cancer showed higher serum
levels of MUCI, and increased free IgM, IgG and MUCI-CIC.
In addition, Nakamura et al (18) reported that 27 patients
with stage III or IV colorectal cancer were detected with
serum MUCT antigen or anti-MUCI antibody, and 2 of these
patients were positive for serum MUCI antigen and increased
anti-MUCI antibodies, including one with values marginally
above the cut-off.

In order to confirm the interaction between the serum
anti-MUCI antibody and MUCI antigen in stage IV breast
cancer, and to examine differences in IgG affinity between
serum samples from stage IV and early-stage breast cancer,
the present study performed western blot analysis, an inhi-
bition test and an ELISA inhibition test. The results of the
western blot analysis and inhibition test showed that serum
anti-MUCI antibody in stage IV breast cancer was bound
to MUCT antigen. In the ELISA inhibition test, the inhibi-
tors respectively represented an unpurified component of
8R-MUCPT protein, synthetic peptides of 8 lysine and a
poly-hist tail, which were designed to prevent the effect of
irrelevant antibodies in detecting anti-MUCI antibody. The
results showed that only S8R-MUCPT inhibited the reaction,
which confirmed that the serum MUCI antigen or tandem
repeat sequence of MUCI reacted with anti-MUCI1 antibody
in the serum of patients with stage IV and early-stage breast
cancer. A total of 11 serum samples from IV stage breast
cancer and 11 from early-stage breast cancer were assessed.
No statistically significant difference was found between the
two groups (7-test, P=0.778). MUCI1-IgG affinity can affect
the binding of MUCI antigen with anti-MUCI1 antibody,
thus affecting the inhibition ratio. The results of the present
study suggested that there was no significant difference in
MUCI-IgG affinity between stage IV and early-stage breast
cancer.

To further examine the difference in IgG affinity between
serum samples from stage IV and early-stage breast cancer,
all serum samples selected were analyzed using a urea degra-
dation combining ELISA. This assay is a common method to
detect the affinity of an antibody (23,24) and also enables the
examination of a larger sample size. The results showed no
differences between stage I'V and early-stage breast cancer in
the affinity of anti-MUC1 IgG (z-test, P=0.873).

Usually, in addition to the affinity of an antibody, the ratio
between the antigen and antibody, the concentration of the
antigen and/or antibody, and other factors can have an effect
on the binding of antigen and antibody or the formation of
the antigen-antibody complex. In stage IV breast cancer,
there was increased serum MUCI antigen (25), therefore,
the concentration of MUCI antigen requires consideration if
binding is decreased or MUCI-CIC is low.

In conclusion, circulating anti-MUC] antibody was found
to bind serum MUCI antigen in stage IV breast cancer,
however, the compatibility of anti-MUCI antibody and MUC1
antigen may be low. No significant difference was found in
the affinity of anti-MUCI antibody between stage IV breast
cancer and early-stage breast cancer. In the future, the low
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compatibility of anti-MUCI antibody and MUCI antigen in
stage IV breast cancer requires further investigation.
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