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To investigate the clinical significance of an immune response to the MUC-1 encoded polymorphic
epithelial mucin (PEM) in breast cancer, circulating immune complexes containing PEM (PEM.CIC)
were measured in sera from 96 healthy women, in pretreatment serum samples from 40 patients with
benign breast tumours and from 140 patients with breast cancer and in serum samples from 61 breast
cancer patients with recurrent or progressive disease. PEM.CIC were measured using a sandwich
enzyme-linked immunoassay, and PEM serum levels were measured with CA 15.3 IRMA (Centocor
Inc., Malvern, Pennsylvania, U.S.A.). Cut-off levels used for PEM.CIC and CA 15.3 were 120 Optical
Density Units (0.D.) x 10? and 30 U/ml, respectively. In benign tumours, positivity for PEM.CIC was
37.5% (15/40). 36 of the 140 patients (25.7%) in the breast cancer pretreatment group had elevated
PEM.CIC values. In patients with advanced metastatic disease, positivity for PEM.CIC was 18%
(11/61). PEM.CIC was elevated in 32% (24/74) of node-negative patients, but only in 20% (12/59) of
node-positive patients and absolute values were higher in node-negative patients (Mann-Whitney U
test, two-tailed P=0.0168). There was an inverse correlation between positivity for PEM.CIC and
extent of disease: while 3 of the 6 patients with a carcinoma in situ were positive, only 1 of the 15
patients with more than five nodes involved had elevated levels of PEM.CIC. All 7 patients with distant
metastases at first diagnosis were PEM.CIC negative. 28 out of 133 patients had a recurrence during
the observation period (median 55 months, range 27-84 months). 23 of these 28 patients (82%) were
PEM.CIC negative at the moment of first diagnosis. None of the patients with pretreatment elevation
of both PEM.CIC and CA 15.3 (n = 13) relapsed. Our preliminary clinical results suggest that a humoral
immune response to PEM protects against disease progression, and further support the idea of using
synthetic peptides or glycopeptides containing the immunogenic core of the mucin as cancer vaccines.
Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION sylated extracellular domain consisting of numerous peptide

PoLyMorpHIC EPITHELIAL MUCIN (PEM), encoded by the
MUC-1 gene [1, 2], is present at the apical surface of glandular
epithelial cells [3]. PEM is a high molecular weight (over
400 kD) transmembrane molecule with a large, highly glyco-
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repeats, varying in number, from 30-90, among the different
alleles. These repeats are present as tandemly bound
sequences of 20 amino acids enriched by three potential sites
for O-linked glycosylation [1, 2, 4-6]. Anti-PEM monoclonal
antibodies (MADbs) [7-10] are directed against epitopes on the
repeat domain and the majority reacts with a defined cluster
of amino acids on the PEM repeat, the PDTRP sequence.
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This immunodominant region attains its native conformation
on synthetic peptides with more than two repeats {11]. The
PDTRP region is flanked on both sides by threonines and
serines which are O-linked glycosylated in the mature PEM
molecule expressed by normal epithelial cells. In cancer cells
PEM is overexpressed and deficiently glycosylated [12], the
threonines and serines are either not glycosylated or the gly-
cans attached to them are much shorter [13-15]. In conse-
quence, a highly immunogenic molecule with a variable num-
ber of exposed immunodominant areas on its peptide core
gains access to the circulation in cancer patients.

PEM can be detected in the serum of carcinoma patients by
means of various MAb-based assays, such as the CA 15.3
assay [16, 17]. As only very low levels of PEM can be detected
in the serum of normal subjects, it is not inconceivable that
the enhanced levels present in carcinoma patients lead to a
humoral immune response. These PEM-reactive auto-anti-
bodies would bind to the circulating antigen and immune
complexes would result.

Evidence exists to support the idea of a humoral immune
response to PEM. Circulating antibodies against a peptide
epitope on this molecule have been detected in ulcerative
colitis [18]. Rughetti and associates [19] have demonstrated
the existence of a B-cell immune response to PEM. Human
antibodies produced by immortalised B-cells obtained from
tumour draining negative lymph nodes of an ovarian cancer
patient were shown to react with the PEM protein core
and with PEM-expressing tumour cells [20]. Kotera and
colleagues [21] detected anti-mucin antibodies of the IgM
isotype in sera from breast, colon and pancreas cancer patients
and Croce and colleagues [22] identified MUC-1 immune
complexes by Western blotting tests in sera from breast can-
cer patients.

Our group reported the presence of PEM-containing
immune complexes (PEM.CIC) in the serum of adenocarcin-
oma patients [23]). The present study investigates the inci-
dence of PEM.CIC in benign breast tumour and breast cancer
patients, as well as its possible clinical significance for the
diagnosis, prognosis and treatment of breast cancer.

PATIENTS AND METHODS
Controls, patients and serum samples

A total of 337 serum samples were obtained from 40 pati-
ents with benign breast tumours (median age 46.5 years, range
22-83 years) and 140 breast cancer patients (median age 57.5
years, range 31-88 years) before primary treatment, and from
61 breast cancer patients (median age 57 years, range 33-79
years) with recurrent or progressive disease, treated in the
Academic Hospital Vrije Universiteit, Amsterdam, between
1987 and 1992. Patients with a past or concomitant history of
malignancy were excluded from the study. Sera obtained from
96 apparently healthy women (median age 45 years, range
39-72 years) were used as controls. Serum samples were
collected, aliquoted and stored at —70°C until analysed.

The benign breast tumour group consisted of 10 patients
with fibroadenomas and 30 with fibroadenosis.

Breast cancer patients sampled in the course of disease
included 18 patients with metastases at multiple sites and 18
patients with bone, 13 with locoregional, 7 with lung, 3 with
brain and 2 with liver metastases at the moment of sampling.

Table 1 describes the characteristics of the node-negative
and node-positive breast cancer pretreatment group (6 carci-
noma in situ, 32 Stage I, 79 Stage II and 16 Stage III patients).
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7 patients had distant metastatic disease at diagnosis. 5 of
these Stage IV patients died during the observation period, 4
of them in the course of the first follow-up year, 1 of these 4 at
a very early stage in the course of treatment from a cardiotoxic
reaction to doxorubicin.

Disease-free survival (DFS) was defined as the time elapsed
between primary surgery and the first confirmed metastasis or
recurrent growth. The duration of follow-up ranged from 3 to
84 months (median 48 months). The median duration of
follow-up at the time of current analysis for disease-free sur-
vivors is 55 months with a range of 27 to 84 months (Table 1).

Survival was defined as the time elapsed between primary
treatment and death from breast cancer. Follow-up duration
ranged from 0.3 to 84 months. The median follow-up period
of survivors was 54 months (range 27-84 months).

Assay description

The assay for the detection of circulating PEM-immune
complexes (PEM.CIC) has been developed in our laboratory
and has been described previously [23]. The PEM.CIC assay
is an enzyme-linked immunoassay using the anti-PEM MAb
139H2, directed to the peptide core of the molecule [24], as
catcher and a horseradish peroxidase-conjugated anti-human
immunoglobulin antibody as tracer. An upper level of normal
of 120 Optical Density Units (O.D.) x 10?, including 97.5%
of the healthy population (Table 2) was used.

CA 15.3 IRMA is a commercial heterologous double deter-
minant radioimmunoassay for the quantification of PEM in
serum {Centocor, Malvern, Pennsylvania, U.S.A.), that uses
the monoclonal antibody 115D8 [25], raised against human
milk fat globules (HMFGQG) as catcher, and the MAb DF3 [8,
26], raised against a membrane enriched fraction of a human
breast carcinoma, labelled with 125-I as tracer. A cut-off level
of 30 U/ml was used.

All measurements were performed in duplicate and without
knowledge of the corresponding clinical data.

Statistical methods

Statistical analysis was performed using the SPSS Advanced
Statistics 6.1 software package (SPSS Inc., Chicago, Illinois,
U.S.A.). The diagnostic value (sensitivity, specificity, positive
predictive value, negative predictive value and accuracy) of
the test results was calculated according to Bittner [27].
CA 15.3 levels and PEM.CIC assay results in the different
groups were analysed using the Mann—Whitney U-Wilcoxon
Rank Sum W Test. The impact of the different variables in
the prediction of events was analysed by logistic regression.
Multivariate analysis included as potential predictors the fol-
lowing features: stage, nodal involvement, menopausal status,
CA 15.3 and PEM.CIC. Disease-free survival and survival
were computed using the Kaplan—Meier technique, and uni-
variate comparisons between subgroups were made using a
two-tailed log-rank test.

RESULTS

PEM.CIC and CA 15.3 results for healthy controls, benign
breast tumour and breast cancer patients are shown in
Table 2. PEM.CIC was elevated in 37.5% of patients with
benign breast tumours. In breast cancer, the number of pati-
ents with values above the cut-off level was higher in the
pretreatment group (25.7%) than in the group of patients with
advanced metastatic disease after primary treatment (18%).
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Tabie 1. Chinical characteristics of the breast cancer patients in the pretreatiment group

Node - ve Node + ve Total
n="74 n=>59 n=133

Age in years (mean) (S.D.) 60 (12) 57 (13) 58 (13)
Premenopausal 20 27 47
Postmenocpausal 54 32 86
Primary treatment

Breast-conserving surgery 35 20 55

Modified radical mastectomy 39 39 78

Irradiation 41 57 98

Adjuvant systemic therapy

chemotherapy 1 23 24
tamoxifen 9 31 40

Follow-up time in months, median (range) 51 (27-84) 56 (28-83) 55 (27-84)
Number of recurrences 15 13 28
Site of recurrence

Local 3 3 6

Lung 2 2 4

Pleura 1 1 2

Bone 2 1 3

Liver 2 2

Brain — 1 1

Multiple sites 7 3 10
Deaths from breast cancer 9 11 20

Table 2. PEM.CIC and CA 15.3 serum levels in healthy controls and in berign and malignant breast tumour patients

Breast cancer high tumour

Healthy controls Benign breast tumours  Breast cancer pretreatment load
n 96 40 140 61
PEM.CIC >120% 2 15 36 11
% 2.1 37.5 25.7 18
Mean 17.8 96 90 65
Median 13.5 995 64 57
S.D. 37.7 67.2 93 82.3
Two-tailed P} <0.0001 <0.0001 <0.0001
CA 15.3 >30 U/ml 12 2 54 41
% 125 4.2 38.6 67.2
Mean 18.5 18 40 263
Median 18 17.5 25.5 43
S.D. 8.2 6.8 92 471

*PEM.CIC is expressed in O.D. x 10°. tMann-~Whitney U test: breast tumour patients/healthy controls.

Diagnostic value

Evaluation of the diagnostic value of PEM.CIC and
CA 15.3, individually and in combination, is shown in
Table 3. A concomitant elevation of PEM.CIC and CA 15.3
had a high specificity (99%) for breast cancer, but sensitivity
was very low (9%).

Relation 1o extent of disease

PEM.CIC was positive in 24/74 (32.4%) of breast cancer
patients with no nodal involvement, but only in 12/59 (20.3%)
of patients with nodal involvement. All 7 patients with distant
metattases at diagnosis had PEM.CIC values under the cut-
off level. PEM.CIC absolute values were significantly higher
in node-negative patients in comparison with node-positive
(P=0.0168) and Stage IV patients (P=0.0259; Table 4).
CA 15.3 values are shown in Table 4. CA 15.3 was elevated
in 6/7 Stage IV patients.

Whilst 3 of the 6 pTisNOMO patients had elevated pretreat-
ment PEM.CIC levels, positivity for PEM.CIC in pretreat-
ment serum decreased steadily with increasing stage of disease
and was only 6.7% in the 15 patients with more than five
positive nodes. Comparison of absolute PEM.CIC values
among extremes showed significant differences (Table 5).

Disease-free survival (DFS)

Logistic regression analysis showed stage to be the only
independent variable (P < 0.0001) for prediction of recur-
rence in the study population. DFS probability was higher for
pT1 in comparison to pT2 node-negative patients
(P=0.0381) and for Stage I in relation to Stage II and Stage
III breast cancer patients. These latter differences were not
significant (P=0.0897 and P = 0.1003, respectively). No dif-
ference in DFS was found between node-negative and node-
positive patients during the observation period (P=0.8793).
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Table 3. Diagnostic value of CA 15.3 and PEM.CIC in breast cancer

Healthy controls n= 96

Benign breast tumours n= 40

Breast cancer pretreatment n=140

CA 15.3 and/or

% CA 15.3% PEM.CICt CA 15.3 and PEM.CIC PEM.CIC
SensitivityF 39 26 9 55
Specificity§ 90 88 99 79
Positive predictive value|| 79 68 88 73
Negative predictive valuef 59 53 51 63
Accuracy** 64 56 53 67

Cut-off: *CA 15.3 = 30 U/ml. tPEM.CIC = 120 O.D. x 10°. {Percentage of patients with breast cancer with elevated test results. {Percentage
of subjects with no breast cancer with non-elevated test results. |[Probability that a positive test result will truly be associated with breast cancer.
{Probability that a negative test result will truly be associated with absence of breast cancer. **Proportion of the total test results that are

correctly positive or negative.

Table 4. Pretreatment CA 15.3 and PEM.CIC serum levels in breast cancer patients (n = 140)

Node -ve Node + ve Metastatic disease

n="74 n=59 n="7
CA 15.3>30U/ml 24 (32%) 24 (41%) 6 (86%)
Mean £ S.D. 27.2+11.8 2891149 227.4+385
Median 25 24 114
PEM.CIC > 120* 24 (32%) 12 (20%) 0 (0%)
Mean = S.D. 105.3+94.1 76.3+92.4 38+ 33.6
Median 87 48 37
Mann-Whitney U test on PEM.CIC levels, two-tailed P nodal - ve/nodal +ve 0.0168, nodal-ve/metastatic disease 0.0259,

nodal + ve/metastatic disease n.s.
*PEM.CIC is expressed in O.D. x 107,

Table 5. PEM.CIC pretreatment serum levels in breast cancer patients in relation to extent of disease at first diagnosis

Mann-Whitney U test two-tailed

Tumour size PEM.CIC > 120* % P
a pTis 3/6 50 a/h 0.0194
node — ve b pT1 10/32 31 b/h 0.0062
ne 74 c pT2 11/33 33 ¢/h 0.0158

d pT3 0/1 — n.s.

e pT4 0/2 — ns.

no. of + ve nodes

d f 1to3 8/33 24 n.s.

‘:’_ ;9'* ve g 4105 311 27 g/h 0.0355
h >5 1/15 6.7

*PEM.CIC is expressed in O.D. x 10°.

Postmenopausal patients had a lower probability of recurrence
than premenopausal patients (P=0.0569). No relation was
found between DFS and CA 15.3 values above or below cut-
off level.

Mean DFS was 74 months (95% confidence interval 67-81
months) for node-negative and node-positive patients with
PEM.CIC above cut-off level (#=36) and 69 months (95%
confidence interval 63—~74 months) for those with PEM.CIC
below cut-off level (n=97), but these differences were not
significant (P = 0.2166). 23 of the 28 patients with recurrences

were PEM.CIC negative (82%), 12/15 in the nodal negative
group and 11/13 in the nodal positive group (Table 6). None
of the 13 patients with simultaneous elevation of CA 15.3 and
PEM.CIC relapsed during the observation period. All tumour
stages were present in this group of 13 patients (1 carcinoma
in situ, 4 Stage I, 6 Stage II and 2 Stage III). Difference in
DFS approached significance when comparing the group of
patients with simultaneous elevation of CA15.3 and
PEM.CIC, to patients with low pretreatment levels of both
PEM.CIC and CA 15.3 (P=0.0586) and to patients with
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Table 6. CA 15.3 and PEM.CIC pretreatment serum levels in breast cancer patients in relation to number of recurrences and death from

breast cancer
Node - ve Node + ve Total
rec. death rec. death rec. death
PEM.CIC neg. 12/50 8 11/47 9 23/97 17
CA 15.3 neg./PEM.CIC neg. 10/34 7 5/28 4 15/62 11
CA 15.3 pos./PEM.CIC neg. 2/16 1 6/19 5 8/35 6
PEM/CIC pos. 3/24 1 2/12 2 5/36 3
CA 15.3 neg./PEM.CIC pos. 3/16 1 2/7 2 5/23 3
CA 15.3 pos./PEM.CIC pos. 0/8 0 0/5 0 0/13 0

Cut-off: CA 15.3 =30 U/ml. PEM.CIC =120 O.D. x 10,

elevated CA 15.3 levels and low PEM.CIC (P=0.0758). DFS
in this group of 13 patients in relation to all other 120 patients
is shown in Figure 1.

Survival

Survival analysis in relation to stage showed, as expected, a
significantly poor outcome for Stage IV patients (P < 0.0001)
in comparison to each of the other stages. Patients with Stage
I had a significantly better survival than those with Stage II
(P=0.0414), and probability of survival was significantly
higher for pT1 node-negative patients in comparison to pT2
node-negative patients (P = 0.0403). There was no significant
difference in survival between node-negative and node-posi-
tive patients during the observation period. Menopausal status
was not significantly related to survival and no relationship
was found between CA 15.3 values and survival.

All 7 patients with metastatic disease at diagnosis were
PEM.CIC negative, and 5 of them died during the observation
period. Probability of survival in the total population in
relation to PEM.CIC was, though not significant, higher for
PEM.CIC positive patients (P=0.0865). In the group of
patients with elevated CA 15.3, survival analysis showed a

100(~—magz=————-—===me— o —memmmo oo me———e-
9 (100%)
2 80 ey,

S (75%)
S 60f

B

5 P =0.0656
g 40— All others

& n=120

:‘é 20 ---- CA 15.3 pos—CIC pos

2 n=13
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Figure 1. Disease-free survival (DFS) related to pretreatment

CA 15.3 and PEM.CIC serum levels in node - ve and node + ve

breast cancer patients (n = 133). No recurrences were observed

in the group of patients with concomitant elevation of CA 15.3
and PEM.CIC.

significant difference for the group of patients with concomi-
tant elevation of PEM.CIC (Figure 2).

DISCUSSION

A successful immune surveillance on the part of the host
could be one of the reasons for the variable extent of tumour
dissemination found at diagnosis among patients. Tumour—
host interactions could also explain differences in disease
outcome among patients with, to all intents, the same lesions
at diagnosis [28]. In the present study, we found evidence for
a natural humoral immune response to PEM in breast cancer
patients that was inversely related to extent of disease at
diagnosis. It is not possible to rule out that the decrease of
circulating antibody in patients with a high tumour load is due
to antibody trapping within the tumour tissue. However, the
presence of high serum levels of immune complexes in patients
with early stage disease is probably indicative of a restraining
influence of this immune reaction on tumour growth and dis-
semination.

In breast cancer, natural immunity against PEM may have
a restrictive effect on disease progression through one or more
mechanisms. Studies show that MUC-1 expression reduces
intercellular adhesion and participates in epithelial sheet dif-
ferentiation and lumen formation during organogenesis [29].
MUC-1 overexpression strongly decreases cell-cell and cell-

(100%)
S
= (11%)
S 60
5
2 P =0.0457
g 40 — CA 153 pos—CIC neg
2 n=41
& 20 ---- CA 15.3 pos—CIC pos
n=13
i ] \ i L 1 }
0 10 20 30 40 50 60 70

Months after primary treatment

Figure 2. Survival in breast cancer patients with elevated pre-
treatment CA 15.3 levels in relation to pretreatment PEM.CIC
serum levels.
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matrix interactions [30]. The extracellular component of the
PEM molecule extends high above all other cell surface mol-
ecules and may reach a length of several hundred nanometers.
As is the case with MAbs to the PEM repeat domain [31],
immune complexes fixed on the cell surface could lead to a
capping of PEM, thus uncovering adhesion molecules masked
by it. As a consequence, cell adhesion would be restored,
limiting cancer invasion. MUC-1 transfected cells are less
susceptible to lysis by cyrotoxic effector cells [32], a redistri-
bution of PEM could also be instrumental in unmasking cell
surface antigens involved in immune recognition processes.
Other possible mechanisms involved in tumour destruction
could be antibody-dependent cellular cytotoxicity against can-
cer cells or complement-dependent cytolysis of these cells.

Furthermore, several recent studies seem to indicate that
humoral immunity reflects the presence of cellular immunity.
Induction of an immune network cascade in cancer patients,
with development of anti-anti-idiotypic antibodies and cellular
immunity after MAb therapy with HMFG1 (33, 34], with
OC 125 [35] and with 17-1A and its anti-idiotype [36, 37],
led to a prolonged DFS. Adjuvant therapy with 17-1A
extended life and prolonged remission in Dukes’ stage C
colorectal cancer patients [38]). Immune complexes could be
taken up and presented by dendritic cells and thus initiate T
cell responses [39, 40]. Cytotoxic T cells from patients with
breast, pancreas and ovarian carcinomas recognise PEM core
peptides and mediate lysis of tumour targets iz vitro [41-44].
Immunisation of mice with a vaccinia virus construct carrying
the ¢cDNA for the MUC-1 antigen produced a moderate
MUC-1 specific immune response and protected 30% of the
treated mice against growth of murine tumours expressing
MUC-1 [45].

While stage and tumour size in node-negative patients were
determinant variables for disease outcome, the lack of impact
of nodal involvement in outcome of disease in this study
population may be due to its limited size and the relatively
short follow-up time for some of the patients in each group,
showing the effect of aggressive tumours, metastasising early,
on DFS evaluation. This effect is later lost in prolonged
follow-ups. As nodal status is one of the strongest prognostic
indicators in breast cancer, this study will be repeated in
a larger breast cancer population. Nevertheless, PEM.CIC
positive patients had a better, albeit not significant, outcome
than PEM.CIC negative patients in all subgroups considered.
The fact that the 5 patients positive for PEM.CIC with a
recurrence during the observation period were CA 15.3 nega-
tive and that none of the patients with elevation of both
PEM.CIC and CA 15.3 relapsed, suggests that sustained elev-
ated levels of CA 15.3 would be necessary to provoke a
prolonged specific immune response. This natural immune
response does not happen in all patients: 6 of the 23 patients
that relapsed and 6 of 7 patients with distant metastatic disease
at diagnosis all had elevated levels of CA 15.3 but were
PEM.CIC negative. Survival in the group of patients with
elevated CA 15.3 was significantly higher for those patients
with elevated levels of PEM.CIC. The molecular character-
istics of the circulating PEM glycoforms, with variable
exposure of the immunodominant peptide epitopes according
to the presence of shorter or longer glycans, associated to the
genetic polymorphism in the number of repeats, could be a
decisive factor in provoking a prolonged immune response.

Altered PEM glycoforms could access the circulation during
pregnancy and lactation and also in benign breast diseases and
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unleash an immune response. Circulating free antibodies to
PEM are present not only in sera from breast cancer patients
but also in healthy women and benign breast tumour patients
(Gourevitch and associates, unpublished observations). Agra-
wal and associates [46] demonstrated the presence of T cells
specifically proliferating in response to PEM in multiparous,
but not in nulliparous women. Furthermore, the formation of
immune complexes could impair CA 15.3 measurements
[23], and the presence of PEM.CIC could be considered as
indirect evidence of circulating mucin, even in patients with
normal CA 15.3 levels.

Thus, a natural humoral immune response to PEM seems
to protect against disease progression, while lack of immune
reaction, or immune tolerance developed in the course of
disease, could be an additional risk factor more frequently
associated with an unfavourable outcome. Our preliminary
clinical results, in addition to the growing evidence of an
immune response to tumours, further support the idea of the
use of mucins or, better still, synthetic peptides or glycopep-
tide derivatives containing the immunogenic core of the mol-
ecule as a vaccine for cancer therapy. Furthermore, the
PEM.CIC assay provides a tool for vaccine therapy monitor-
ing. Characterisation of the PEM epitopes involved in this
immune response may define antibody subclasses with higher
diagnostic and prognostic value and provide information on
the best material for vaccine therapy.
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