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Zusammenfassung
Hintergrund: PankoMab ist ein neuer Antikörper, der ein 
tumorspezifisches Epitop von Mucin 1 (MUC1) erkennt. 
Ziel der Arbeit war es, PankoMab als diagnostischen An-
tikörper beim Mammakarzinom zu evaluieren und mit 
zwei etablierten Antikörpern gegen MUC1 zu vergleichen. 
Material und Methoden: Mammakarzinomgewebe von 
82 Patientinnen wurde entsprechend den aktuellen inter-
nationalen Standards klassifiziert. MUC1-Expression und 
Hormonrezeptorstatus wurden immunhistochemisch an 
Paraffinblöcken bestimmt. Ergebnisse: PankoMab zeigte 
eine strenge Korrelation mit der Hormonrezeptorexpres-
sion. DF3 zeigte keine Korrelation mit Grading, Nodalsta-
tus und/oder Hormonrezeptorstatus. In der Subgruppe 
nodalpositiver und hormonrezeptornegativer Tumoren 
sahen wir eine signifikante Abnahme der DF3-Färbungsin-
tensität von G3-Tumoren verglichen mit G2-Tumoren. VU-
4-H5 zeigte steigende Färbungsintensität beim höheren 
Grading. Zusätzlich konnten wir eine höhere Expression 
von VU-4-H5-Epitopen in nodalpositiven im Vergleich zu 
nodalnegativen Karzinomen feststellen. Schlussfolge-
rungen: PankoMab wurde zur Erkennung von MUC1 in 
Tumoren entwickelt. In dieser Studie zeigte PankoMab 
eine hohe Korrelation mit der Hormonrezeptorexpression 
beim duktalen Mammakarzinom. VU-4-5H zeigt steigende 
Färbungsintensität in Korrelation mit steigendem Grading 
und Lymphknotenbefall. PankoMab- und VU-4-H5-Färbung 
könnten eine sinnvolle Kombination zur Prognosebestim-
mung des Mammakarzinoms sein.
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Summary
Aim: PankoMab is a novel antibody that recognizes a 
tumor-specific epitope of Mucin 1 (MUC1). The aim of 
this study was the evaluation of PankoMab as a potential 
diagnostic tool and its comparison with two established 
antibodies against MUC1 in human ductal breast cancer. 
Materials and Methods: Breast carcinomas were obtained 
from 82 patients. MUC1 expression and hormone recep-
tor status were determined by immunohistochemistry of 
paraffin-embedded material. Results: PankoMab revealed 
strong correlation to hormone receptor expression. DF3 
showed no correlation with grading, lymph node involve-
ment and/or estrogen receptor (ER) expression. In the sub-
group of lymph node-positive and ER-negative tumors, 
we saw a significantly reduced DF3 staining in G3 tumors 
compared to G2 tumors. VU-4-H5 showed increased stain-
ing intensity in correlation with increased grading. In ad-
dition, we also identified a significantly higher expression 
of the VU-4-H5 epitope in lymph node-positive carcinomas 
compared to carcinomas without lymph node involve-
ment. Conclusion: PankoMab revealed strong correlation 
to hormone receptor expression in ductal carcinoma of 
the breast. VU-4-H5 showed increased staining intensity 
in correlation with increased grading and lymph node in-
volvement. PankoMab and VU-4-H5 staining could be a 
useful combination in ductal breast cancer prognosis by 
immunohistochemistry.



Onkologie 2009;32:238–244MUC1 and Prognosis in Ductal Breast Cancer 
Characteristics

239

Introduction

Mucin derives from the word mucus and designates the struc-
tural component of it. The O-glycans exhibit high water-bind-
ing capacity on the mucins, protect the central protein from 
proteolysis and are involved in antigen binding and/or signal 
transduction [1, 2]. Mucins are divided into two groups: mem-
brane-bound mucins such as Mucin 1 (MUC1) and secreted 
mucins.

MUC1 (also named CD227, EMA, PAS-O, PEM, MAM-
6, or episialin) plays a role in the barrier function of the mu-
cous membranes and helps to regulate cell adhesion. The 
chromosomal localization was defined as 1q21 [3]. It is a high-
molecular-weight transmembrane glycoprotein with unique 
properties. It is extremely long and its stretched extracellular 
part consists of identical repeats of a 20-amino acid peptide, 
the number of which varies in the population. The repeats 
are heavily O-glycosylated, with characteristic short glycan 
chains. This can be monitored directly with monoclonal anti-
bodies (mAbs) to the glycans as well as indirectly with mAbs 
to peptide epitopes, because their binding is often hindered 
by the glycans [4].

Cancer cells, especially adenocarcinomas, express aberrant 
forms and amounts of mucins [5–7]. The expression of distinct 
exposed oligosaccharide structures confers on tumor cells an 
enormous range of potential ligands for interaction with other 
receptors at the cell surface [8, 9]. An increased and often 
depolarized expression throughout the entire cell cytoplasm 
has been recorded [10]. It is generally believed that MUC1 
overexpression by tumor cells facilitates invasive growth and 
metastasis [11, 12]. It was also thought that overexpression of 
MUC1 disrupts cell-cell and cell-extracellular matrix adhe-
sions [13–15].

In addition, MUC1 was shown to contribute to cancer cell 
escape from immune surveillance as MUC1-expressing cells 
are less susceptible to T cell- and NK cell-mediated lysis [16]. 
On the other hand, absence of MUC1 expression also oc-
curred and was associated with the absence of estrogen re-
ceptors (ERs) and progesterone receptors (PRs) in several 
breast cancer studies. These findings support the observation 
by Luna-More et al. [17] that tumors of the human breast 
negative for MUC1 are high-grade, are ER and PR negative 
and associated with positive axillary lymph nodes. Other stud-
ies also related low or negative MUC1 expression to higher 
tumor grade and poor prognosis [18, 19].

PankoMab is a novel antibody that binds specifically to 
tumor MUC1. Therefore, the aim of this study was, firstly, 
to evaluate the new mAb, PankoMab, as a diagnostic tool in 
ductal invasive breast cancer, secondly, to compare this anti-
body with the established antibodies DF3 and VU-4-H5 and, 
thirdly, to correlate all these three antibodies with prognostic 
parameters (lymph node involvement, grading, and hormone 
receptor expression).

Patients and Methods

Patients
Ductal breast carcinomas were obtained from 82 patients and classified 
according to current international standards. Tumor, node, metastasis 
(TNM) classification was done according to the World Health Organi-
zation (WHO) system [20]. The histological grading classification was 
determined according to a modification of the Elston and Ellis grading 
proposed by Bloom and Richardson [21]. The hormone receptor status 
was determined by immunohistochemistry on paraffin-embedded materi-
al. The immunoreactive score (IRS) was assigned according to Remmele 
and Stegner [22]. Cells were regarded as hormone receptor positive when 
there was a positive staining in ≥ 10% of the tumor cell nuclei (table 1, 
see online supplemental material).

Immunohistochemistry
Immunohistochemistry was performed using a combination of pressure 
cooker heating and the standard streptavidin-biotin-peroxidase complex 
with the use of the mouse IgG-Vectastain Elite ABC kit (Vector Labora-
tories, Burlingame, CA, USA). The mouse mAbs used for these experi-
ments are listed in table 2.

Paraffin-embedded tissue sections were dewaxed using xylol for 15 
min, rehydrated in a descending series of alcohol (100, 96 and 70%), and 
subjected to epitope retrieval for 10 min in a pressure cooker using so-
dium citrate buffer (pH 6.0) containing 0.1 M citric acid and 0.1 M so-
dium citrate in distilled water. After cooling, sections were washed twice 
in PBS. Endogenous peroxidase activity was blocked by immersion in 
3% hydrogen peroxide (Merck, Darmstadt, Germany) in methanol for 
20 min. Non-specific binding of the primary antibodies was blocked by 
incubating the sections with diluted normal serum (10 ml PBS contain-
ing 150 µl horse serum; Vector Laboratories) for 20 min at room tem-
perature. The sections were then incubated at room temperature for 60 
min with the primary antibodies. After washing with PBS, the sections 
were incubated in diluted biotinylated serum (10 ml PBS containing 50 
µl horse serum; Vector Laboratories) for 30 min at room temperature. 
After incubation with the avidin-biotin-peroxidase complex (diluted in 10 
ml PBS; Vector Laboratories) for 30 min and repeated washing steps with 
PBS, visualization was performed with substrate and the chromogenic 
compound 3,3‘-diaminobenzidine (DAB; Dako, Glostrup, Denmark) for 
8–10 min. Sections were counterstained with Mayer’s acidic hematoxylin 
and dehydrated in an ascending series of alcohol (70–100%). After xylol 
treatment, the sections were covered. Negative controls were performed 
by replacing the primary antibody with normal horse serum.

Antigen Clone Isotype Working �
concentration 

Source

MUC1 DF3 (CA15–3) mouse IgG1 1.4 µg/ml Dako
MUC1 VU-4-H5 mouse IgG1 6.8 µg/ml Zymed
MUC1 PankoMab mouse IgG1 2.0 µg/ml Glycotope

Table 2. Antibodies used in the study
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For specificity control, MUC1 antibodies were incubated with 300 U/
ml MUC1-positive control reagent (Tosoh, Tokyo, Japan) and applied to 
the breast cancer tissue slides. Reduced MUC1 staining in fig. 1b was ob-
served for DF3 (CA15–3) and VU-4-H5. PankoMab is highly specific for 
non-shed MUC1. PankoMab staining cannot be reduced with the Tosoh 
control reagent, which represents a soluble and shed form of the MUC1 
antigen (fig. 1).

Immunohistochemical staining was performed using an appropriate 
positive control. Positive cells showed a brownish color, and negative con-
trols, as well as unstained cells, were blue.

The intensity and distribution patterns of specific immunohistochemi-
cal staining were evaluated using the semi-quantitative assay as described 
elsewhere, and used to assess the expression pattern of various marker 
molecules like steroid receptors, glycodelin and MUC1 [23–25]. The IRS 
score was calculated by multiplication of the optical staining intensity 
(graded as 0 = no, 1 = weak, 2 = moderate and 3 = strong staining) and the 
percentage of positively stained cells (0 = no staining, 1 = <10% of cells, 
2 = 11–50% of cells, 3 = 51–80% of cells and 4 = >81% of cells stained). 
The slides were examined by two independent observers. Sections were 
examined using a CCD color camera (JVC, Victor Company of Japan, 
Japan) and a Leitz (Wetzlar, Germany) microscope.

Statistics
Correlation between MUC1-antibody interaction with common risk fac-
tors – grading, lymph node involvement and hormone receptor status 

– was analyzed by using a general linear model (GLM). A multivariate 
logistic regression was used to analyze the correlation between MUC1 
and VU-4-H5 simultaneously. The age of the patients was included in 
the model as covariate. For this purpose, three risk groups were defined, 
based on tumor grading and hormone receptor status. The low-risk group 
comprised grading 1 or 2 (G1/G2) and positive receptor status. The high-
risk group included grading 3 (G3) and negative receptor status. The in-
termediate risk was defined by G3 and positive receptor status or G1/G2 
with negative receptor status. All analyses were performed by using SAS 
statistical software V8.2.

Results

The staining results in the ductal breast carcinomas of all 82 
patients are shown in table 1.

PankoMab
Expression of MUC1 as analyzed with the PankoMab an-
tibody (n = 82, all analyzable) was down-regulated with in-
creased grading. Highest values were measured in G1 and 
lowest in G3 tumors, although without statistical significance. 
In addition, there were no differences in MUC1 staining with 
the PankoMab antibody in invasive ductal carcinomas with or 
without lymph node metastasis.

However, significant differences in MUC1 staining were 
found in ER-positive and -negative ductal carcinomas. ER-
negative carcinomas showed significantly reduced staining of 
MUC1 (fig. 2a; p = 0.0047) compared to ER-positive carcino-
mas (fig. 2b). A quantitative summary of the staining results 
is presented in fig. 2c. The results of linear regression using a 
GLM are shown in table 3.

DF3
Although the investigation of MUC1 staining with the DF3 
antibody (n = 81; 1 not analyzable) showed no significant cor-
relation with any of the three prognostic parameters (table 
3), we were able to detect significant differences in one sub-
group. Invasive ductal carcinomas with lymph node metastasis 
and lack of expression of ER revealed significant differences �
(p = 0.046) in DF3 staining in G2 compared to G3 tumors. G2 
tumors showed very strong expression of MUC1 (fig. 3a) and 
G3 tumors showed only weak expression of MUC1 (fig. 3b) 
when analyzed with the antibody DF3. A quantitative sum-
mary of this staining result is presented in fig 3c. The results 
of linear regression are shown in table 3.

VU-4-H5
Using the VU-4-H5 antibody (n = 79; 3 not analyzable), we 
could demonstrate a significant correlation with lymph node 
involvement and grading, but not with the receptor status, by 
comparing all cases (table 3). In addition, we also found sig-
nificant differences in one specific subgroup. In ductal carci-
nomas without lymph node metastasis and no expression of 
ER, VU-4-H5 staining in G2 tumors was significantly lower 

  
 

  
 

  
 

 
Fig. 1. Specificity control: MUC1 antibodies were incubated with 
MUC1 positive control reagent and applied to the breast cancer tissue 
slides. Reduced MUC1 staining in (b) was observed for DF3 and VU-4-
H5. PankoMab is highly specific for non-shed MUC1. PankoMab stain-
ing cannot be reduced with the Tosoh control reagent which represents 
a soluble and shed form of the MUC1 antigen.

ba

PankoMab, 10× PankoMab + Mucin 1, 10×

DF3 (CA15–3) DF3 (CA15–3) + Mucin 1, 10×

VU-4-H5 VU-4-H5 + Mucin 1, 10×
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(fig. 4e) and from lymph node-negative to lymph node-posi-
tive tumors (fig. 4f). Linear regression results are shown in 
table 3.

The results of the multivariate logistic regression analysis 
to correlate MUC1 and VU-4-H5 simultaneously are shown 
in table 4.

Fig. 2. ER-negative 
carcinomas showed 
significantly reduced 
staining with Panko�
Mab (a) (p = 0.0047) 
compared to ER-
positive carcinomas 
(b). A semi-quanti-
tative evaluation of 
the staining results is 
presented in a box �
plot in (c) (n = 82: 
ER neg. n = 34, ER 
pos. n = 48). The 
boxes represent the �
range between the �
25th and 75th per-
centiles with a hori
zontal line at the 
median. The bars 
delineate the 5th and 
95th percentiles. The 
IRS score is illustra-
ted on the y-axis.
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Table 3. Results of statistical analysis of PankoMab, DF3 and VU-4-H5 staining in ductal breast carcinomas compared to grading, staging and ER 
expression

Risk factor PankoMab DF3 VU-4-H5

Mean squarea p Value Mean square p Value Mean square p Value

Lymph node involvement 13.581 0.2822 11.281 0.4051 142.109 0.0056
Receptor status 98.196 0.0047 19.059 0.2799     2.456 0.7088
Grading   5.133 0.6435 21.234 0.2733   86.244 0.0097

aLinear regression using a GLM.

(fig. 4a) compared to G3 (fig. 4b) tumors (p = 0.008). In addi-
tion, in ductal carcinomas with lymph node metastasis and ex-
pression of ER, increased VU-4-H5 staining from G2 (fig. 4c) 
to G3 (fig. 4d) tumors was observed, without reaching statisti-
cal significance. In contrast to PankoMab and DF3 staining, 
VU-4-H5 staining was increased from G1 to G3 carcinomas 

Fig. 3. G2 tumors 
showed very strong 
expression of MUC1 
(a) and G3 tumors 
faint expression of 
MUC1 (b) analyzed 
with the antibody 
DF3. A semi-quan-
titative evaluation 
of this staining is 
presented in a box 
plot in (c) (n = 20: 
G2 N+ ER– n = 10, 
G3 N+ ER– n = 10). 
The boxes represent 
the range between 
the 25th and 75th 
percentiles with a 
horizontal line at the 
median. The bars 
delineate the 5th 
and 95th percentiles. 
The circles indicate 
values more than 1.5 
box lengths. The IRS 
score is illustrated on 
the y-axis.
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Discussion

In this study, we investigated a novel anti-MUC1 antibody 
called PankoMab as a potential new diagnostic tool and com-
pared its ability to define prognostically relevant groups of 

patients with two established antibodies (DF3 and VU-4-H5) 
nominally directed against the same antigen. In detail, we ex-
amined the relationship between MUC1 expression patterns 
as seen by the three antibodies in invasive ductal carcinoma 
of the breast and established tumor characteristics like lymph 
node involvement, hormone receptor status, and grading. To 
avoid ambiguous results due to the heterogeneity of breast 
cancer, we focused on invasive ductal carcinomas, the most 
common type of breast cancer.

All three anti-MUC1 antibodies were of the same isotype 
(mouse IgG1). The antibody DF3 was first described in 1984 
by Kufe et al. [38]. It was generated with a membrane frac-
tion of breast cancer tissue as immunogen. DF3 is part of 
the CA15–3 sandwich assay for serum MUC1 [26]. The an-
tibody VU-4-H5 was generated with a synthetic MUC1 pep-
tide consisting of three tandem repeats as immunogen. Both 
antibodies, DF3 and VU-4-H5, were evaluated during the 
ISOBM TD-4 International Workshop on Monoclonal Anti-
bodies against MUC1 [27]. As a result of this Workshop, they 
were confirmed in their MUC1 specificity, and the epitope 
sequence was determined as APDTRPAP for both antibod-
ies. Nonetheless, the fine specificities were not identical. In 
immunohistochemistry, DF3 did react with normal gastroin-
testinal and breast tissues without pretreatment whereas VU-
4-H5 became positive with normal tissues only after partial 
deglycosylation by periodate oxidation. In addition, the cellu-
lar localization of the antigen analyzed with a MUC1-positive 
tumor cell line was different [4]. Besides aberrant expression 
of fully glycosylated MUC1, expression of underglycosylated 
MUC1 is often found in human carcinomas [28–30]; VU-4-H5 
is directed against the core peptide of MUC1 and stains posi-
tive only when the MUC1 molecule is underglycosylated, pre-
senting simpler and fewer carbohydrate chains [12, 31].

PankoMab [32] is a novel MUC1 antibody explicitly tai-
lored to recognize a tumor-associated MUC1 epitope (TA-
MUC1) described earlier [33, 34]. This epitope consists of a 
special carbohydrate-induced conformation of the PDTRP 
motif. PankoMab has improved tumor selectivity, making it 
very attractive as a potential therapeutic antibody.

In the present study, we demonstrate that PankoMab may 
also be suited as a diagnostic antibody. In contrast to the an-
tibodies DF3 and VU-4-H5, PankoMab reactivity revealed 
a strong correlation with the expression of the ER. No cor-
relation to lymph node involvement was found; however, in 
our study, the localization of the antigen (membrane versus 
cytoplasm) was not considered [17]. DF3 showed no correla-
tion with grading, lymph node involvement or ER expression. 
Only in one subgroup of lymph node-positive, ER-negative 
tumors, we found significantly reduced DF3 staining in G3 
compared to G2 tumors. VU-4-H5 showed increased staining 
intensity in correlation with increased grading and lymph node 
involvement, a result in contrast to the data of Luna-More 
[17], which were obtained with another anti-MUC1 antibody 
(E29) and considered the cellular distribution of the antigen. 
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Fig. 4. VU-4-H5 staining in G2 tumors was significantly lower (a) com-
pared to G3 (b) tumors. In ductal carcinomas with lymph node metastasis 
and expression of ER, increased VU-4-H5 staining from G2 (c) to G3 (d) 
tumors was observed. VU-4-H5 expression was increased from G1 to G3 
carcinomas (e) (n = 79: G1 n = 9, G2 n = 38, G3 n = 32) and from lymph 
node-negative to lymph node-positive tumors (f) (n = 79: LN– 42, LN+ 
37). The boxes represent the range between the 25th and 75th percentiles 
with a horizontal line at the median. The bars delineate the 5th and 95th 
percentiles. The circle indicates values more than 1.5 box lengths. The 
IRS score is illustrated on the y-axis.

Table 4. Results of the multivariate logistic regression analysis to corre-
late MUC1 and VU-4-H5 simultaneously

Parameter Coefficient p Value

Estimatea Standard error

PankoMab –0.2123 0.0696 0.0023
VU-4-H5   0.0984 0.0490 0.0448
Age, years –0.0488 0.0222 0.0282

aCumulative logit model.
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Because VU-4-H5 detects MUC1 with less glycosylated sugar 
chains and as glycosylation of mucins is often reduced with 
tumor progression [35–37], our results on VU-4-H5 staining 
are in concordance with these findings.

In conclusion, PankoMab is a novel anti-MUC1 antibody 
with diagnostic potential providing strong correlation with ER 
expression, a property not shown by the two established anti-
MUC1 antibodies used for comparison. Its use in combination 
with VU-4-H5 may be an alternative option in comparison 
with the established DF3 antibody, which showed no correla-
tion with grading or hormone receptor status.

Supplemental Table File

Table 1. PankoMab, DF3 and VU-4-H5 staining in ductal breast car-
cinomas of 82 patients

For further information plase refer to �
www.karger.com/doi/10.1159/000209280.
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