
Summary. PankoMab-GEX™ is a novel humanized and
glycooptimized antibody, which recognizes a novel
specific tumour epitope of MUC1 (TA-MUC1). The aim
of this study was to evaluate PankoMab-GEX™ binding
to a variety of ovarian cancer specimens (n=156) and to
normal ovarian tissue. In addition, PankoMab-GEX™
staining was compared to that of the well-known anti-
MUC1 antibodies HMFG-1 and 115D8. PankoMab-
GEX™ showed positive reactivity in serous (100% of
cases, mean IRS 8.23), endometrioid (95% of cases,
mean IRS 6.40), mucinous (58% of cases, mean IRS
4.17), and clear cell (92% of cases, mean IRS 7.58)
carcinomas. In contrast to HMFG-1, healthy ovarian
tissue was not recognized by PankoMab-GEX™.
Staining with antibody 115D8 was increased with
staging. Cytoplasmic PankoMab-GEX™ staining
increased with tumour grade, but no correlation was
found with staging. Univariate Kaplan-Meier analysis
revealed a tendency of reduced survival of patients with
high expression of TA-MUC1. The findings are
encouraging with respect to a potential use of
PankoMab-GEX™ as a new therapeutic antibody for the
treatment of ovarian cancer patients.
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Introduction

PankoMab-GEX™ is a novel humanized IgG1
antibody explicitly tailored to recognize a special
tumour-associated epitope on MUC1, TA-MUC1. Its
specificity and affinity equals that of its chimaeric and
murine version described by Danielczyk et al.(2006).
PankoMab-™ has three modes of action against tumor
cells (including stem cells), ADCC, phagocytosis and
apoptosis induction. PankoMab-GEX™ was glyco-
optimized by the GlycoExpress™ platform using human
glycoengineered production cell lines in order to
enhance ADCC activity. Its epitope consists of a special
carbohydrate-induced conformation of the PDTRP motif
(Karsten et al., 1998, 2004, 2005) wherein the tumor-
specific carbohydrate antigens Tn or TF play a key role
(Danielczyk et al., 2006). The Tn or TF glycan is an
absolute requirement for the binding of PankoMab-
GEX™ to the PDTRP motif of MUC1. PankoMab-
GEX™ offers high tumour selectivity, making it very
attractive as a therapeutic antibody, which is currently
developed in clinical trials. 

In a recent study, we demonstrated that the murine
antibody corresponding to PankoMab-GEX™
(mPankoMab) may be suitable as a diagnostic antibody
in breast cancer. In contrast to the antibodies DF3 and
VU-4-H5, mPankoMab reactivity revealed a strong
correlation with the expression of the estrogen receptor
(ER). No correlation to lymph node involvement was
found. However, in this study, the localization of the
antigen (membrane versus cytoplasm) was not
considered (Dian et al., 2009). mPankoMab has also
been shown to be a prognostic marker in lung cancer
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(Kuemmel et al., 2009).
For in vivo therapeutic applications, the acquisition

of data concerning the distribution of TA-MUC1 on
different types of cancer is important. In a recent study,
the reactivity of PankoMab-GEX™ with a number of
different human cancer types such as lung, breast,
gastric, colorectal, liver, cervical, thyroid, and others
(including several non-epithelial tumors) was
investigated (Fan et al., 2010). 

In the present study we report on the binding of
PankoMab-GEX™ to ovarian cancer and on possible
correlations with histological grading, staging, and
overall patient survival. Furthermore, PankoMab-
GEX™ staining was compared to two other, well-known
anti-MUC1 specific mouse monoclonal antibodies,
HMFG-1 and 115D8, on both neoplastic and healthy
tissues.
Materials and methods

Specimens

Formalin-fixed paraffin-embedded tissues from
ovarian cancer patients undergoing surgery at the
Department of Obstetrics and Gynaecology - Maistrasse
of the Ludwig- Maximilians-University of Munich in the
period between the years 1992 and 2002 was
investigated. All specimens had histological
classification as either serous, mucinous, endometriod or
clear cell ovarian cancer by a gynaecological pathologist
(D.M.). Grading was also done by a gynaecological
pathologist. Out of 156 ovarian cancer cases (Table 1),
93 were graded as low Grade (G1 and G2) and 53 as
high grade (G3). Data regarding clinical staging,
survival and recurrence-free survival were obtained from
the Munich Cancer Registry. Control ovarian tissue
came from pre-menopausal (n=10), non pregnant
individuals who underwent gynaecological surgery by
hysterectomy with salpingo-oophorectomia at the
Department of Gynaecology and Obstetrics between
1997 and 2002.
Antibodies

The humanized antibody PankoMab-GEX™ was
provided by Glycotope GmbH, Berlin, Germany. For
comparison, two commercial murine MUC1 antibodies,
HMFG-1 (Burchell et al., 1983) and 115D8 (Zotter et al.,
1987), were employed.
Immunohistochemistry

Paraffin sections (3 µm) of ovarian carcinoma
tissues were dewaxed for 15 minutes in xylol and
incubated for 2 minutes in absolute ethanol. To inhibit
endogenous peroxidase activity the tissue slides were
treated with 3% hydrogen peroxide in methanol for 20
minutes. Afterwards the tissue slides were rehydrated in
a descending series of alcohols. They were washed twice

in PBS and incubated with Power Block™ (BioGenex,
Fremont, CA, USA) for 3 minutes (PankoMab-GEX™)
or horse serum (HMFG1 and 115D8) for 20 minutes.
After decanting the blocking solution, the tissue sections
were covered with HMFG1 or115D8 for 16 hours over-
night, or PankoMab-GEX™ for 60 minutes at room
temperature. The slides were washed again with PBS for
2 x 5 minutes. Bound primary antibodies were visualized
with 3.3’-diaminobenzidine (Dako, Glostrup, Denmark)
for 2 minutes at room temperature. The staining reaction
was stopped with distilled water. Counterstaining was
done with Mayer’s acidic hematoxylin for 2 minutes and
tap water for 5 minutes. The tissue slides were
dehydrated by an ascending series of ethanol, and cover-
slipped. 

In controls the primary antibody was replaced with
normal mouse serum. Positive (human trophoblast tissue
for PankoMab-GEX™ and breast cancer tissue for
HMFG-1 and 115D8) controls were always included.
Two independent observers, including a gynaecological
pathologist (D.M.), assessed the specimens using the
semi-quantitative immunoreactive score (IRS) according
to Remmele and Stegner (1987), which is routinely used
for assessing receptor positivity in cancer. This method
was employed to evaluate intensity and distribution
patterns of staining. The IRS was calculated by
multiplication of optical staining intensity (graded as
0=no, 1=weak, 2=moderate and 3=strong staining) and
the percentage of positive stained cells (0=no staining,
1≤10% of the cells, 2=11-50% of the cells, 3=51-80% of
the cells and 4≥81% of the cells) as described recently
(Scholz et al., 2009). 

The evaluation of each specimen was performed
without knowledge of the pathological diagnosis.
Statistics

The SPSS/PC software package, version 19.0 (IBM,
Armonk, New York), was used for collection, processing
and statistical analysis of all data. Statistical analysis
was performed using the non-parametrical Mann-
Whitney U test and in the case of 3 or more groups its
extension, the Kruskal-Wallis one-way analysis of
variance by ranks. 

For the comparison of survival times, Kaplan-Meier
curves were drawn. The chi-square statistics of the log-
rank test were calculated to test differences between
survival curves for significance. All p-values resulting
from two-sided statistical tests and ≤0.05 were
considered to be significant.
Results

Serous carcinomas

The antibody PankoMab-GEX™ showed positive
staining in all (100%) serous carcinomas investigated
with a mean IRS of 8.23 (Fig. 1A). We observed a
down-regulation of membranous PankoMab-GEX™
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staining from G1 (mean IRS 8.94) to G2 (mean IRS
8.11) and G3 carcinomas (mean IRS 7.60) with a p value
of 0.080 (Fig. 2 B). In addition, when we compared
subgroups G1 and G3, the difference was significant
(p=0.017). In contrast, cytoplasmic staining with
PankoMab-GEX™ was found to be increased with
grading (most applicable for serous carcinomas, with G1
IRS=0.5 vs. G3 IRS=0.86; p=0.094) which was
significant within the whole study population (p=0.033;
Fig. 2 A). Both HMFG1 (mean IRS=7.64; Fig. 1A’) and
115D8 (mean IRS=10.85; Fig. 1A’’) also stained 100%
of serous carcinoma sections. Although 115D8 revealed
an increase of IRS from 10.15 (FIGO I) to 11.25 (FIGO
II), the difference was only significant for the whole
population (FIGO I vs. III; p=0.005; Fig. 2C). Neither
PankoMab-GEX™ nor HMFG1 significantly correlated
with tumour staging. 
Endometrioid carcinomas

The antibody PankoMab-GEX™ showed positive
membrane staining in 95% of endometrioid carcinomas
with a mean IRS of 6.40. In this histological type,
however, we found no significant differences in
PankoMab-GEX™ staining between G1 (mean IRS
6.00), G2 (mean IRS 7.00), and G3 (mean IRS 6.50)

carcinomas (Fig. 1B). This was also true for the
cytoplasmic expression pattern, although overall IR
scores were much lower (mean IRS=0.28). Endometrioid
carcinomas examined here were also recognized by
HMFG1 (Fig. 1B’) or 115D8 (Fig. 1B’’) without
correlation to grading or FIGO stage.
Mucinous carcinomas

In contrast to the other histological types of ovarian
cancer, mucinous carcinomas showed positive
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Fig. 1. Expression patterns of PankoMab-GEX™ (A-D), HMFG1 (A’-D’) and 115D8 (A’’-D’’) are shown. Representative images for serous,
endometrioid, clear cell and mucinous carcinomas are shown. Mann-Whitney statistics were calculated for pairwise comparisons and statistical
significance was defined for p<0.05. A-D, x 10; inserts, x 40.

Table 1. Patient data.

serous clear cell endometrioid mucinous total

Number of patients 110 12 21 13 156
Grading

G1+2 65 5 11 12 93
G3 40 5 8 0 53
GX 5 2 2 1 10

Staging
FIGO 1+2 20 4 10 11 45
FIGO 3+4 90 4 10 2 106
FIGO X 0 4 1 0 5



membrane staining with PankoMab-GEX™ only in 58%
of cases with a mean IRS of 4.17. The difference in
staining between stage FIGO I (mean IRS 3.75) and II
(mean IRS 10.00), although apparent, was not
statistically significant. The cytoplasmic staining pattern
was less strong than membranous staining, and also not
different between stages. Interestingly, in the case of
mucinous carcinomas the percentage of positive cases
was lower with PankoMab-GEX™ as compared to
HMFG1 (92%, Fig. 1C’) and 115D8 (92%, Fig. 1C’’). 
Clear cell carcinomas

In the group of clear cell carcinomas the antibody
PankoMab-GEX™ showed positive membranous
staining in 92% of the cases investigated with a mean
IRS of 7.58. We saw no significant different staining by
PankoMab-GEX™ between G1 (mean IRS 10.00), G2

(mean IRS 8.50), and G3 stage carcinomas (mean IRS
7.20) (Fig. 1D). Neither the cytoplasmic PankoMab-
GEX™ pattern nor HMFG1 (Fig. 1D’) or 115D8
staining (Fig. 1D’’) correlated with either grading or
staging.
Normal ovarian tissues

Normal ovarian tissue was not stained by
PankoMab-GEX™ (Fig. 3A) either at the surface
epithelium or in the stroma, whereas HMFG-1 was
clearly positive in ovarian surface epithelia (Fig. 3B).
Antibody 115D8 was also negative with normal surface
epithelium (Fig. 3C). 
Overall survival

Statistical analyses were performed to test for a
prognostic value of either positive or negative
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Fig. 3. Representative images of PankoMab-GEX™ (A), 115D8 (B) and HMFG-1 (C) are depicted. A-C, x 10; inserts, x 40.

Fig. 2. Statistically significant correlations of cytoplasmic PankoMab-GEX™ whole population (A), membranous PankoMab-GEX™ (serous
carcinomas), (B) and 115D8 (C) staining results with grading or staging are shown as bar charts. Overall survival (D) of patients whose tumours were
either PankoMab-GEX™ negative or positive was not significantly different.



PankoMab-GEX™ epitope expression, or of
membranous versus cytoplasmatic staining, respectively.
The univariate Kaplan-Meier analysis revealed no
significantly different overall survival between ovarian
cancer patients whose tumor did or did not express the
membranous PankoMab-GEX™ epitope (log rank,
p=0.146, Fig. 2D). A trend for an improved overall
survival was observed for tumours with cytoplasmatic
PankoMab-GEX™ staining, though it did not reach
statistical significance (p=0.259). HMFG-1 (p=0.777)
and 115D8 (p=0.170), as well as the comparison of
membrane versus cytoplasmatic staining of PankoMab-
GEX™ (p=0.158), was not useful to predict patients’
prognosis.
Discussion

Targeted therapies are an important option for cancer
treatment (Lee-Hoeflich et al., 2008). Such strategies
include treatment with unconjugated antibodies or with
antibodies conjugated to cytotoxic drugs or
radionuclides, or in combination with immunological
effector cells (Hempel et al., 2000; Klement et al., 2002;
Buchsbaum et al., 2003; Repp et al., 2003). High
specificity and affinity to the cancer cells are essential
for the selection of therapeutic antibodies (Bhattacharya-
Chatterjee et al., 1994; Collignon et al., 2009; Doalto et
al., 1991; Stipsanelli and Valsamaki, 2005; Xia et al.,
2005). In the case of ovarian cancer, the epithelial
mucin-1 (MUC1) is an obvious target. It is
overexpressed in most carcinomas, and its glycosylation
and cellular distribution is changed after malignant
transformation. Song et al. have shown that
radioimmunotherapy with the anti-MUC1 monoclonal
antibody C595 can effectively target and kill ovarian
cancer cells in vitro and in vivo (Song et al., 2008).
Verheijen et al. (2006), on the other hand, were not able
to extend survival or time to relapse with a different anti-
MUC1 antibody (HMFG-1) in a multinational, open-
label, randomized phase III trial. These discrepancies
may be caused by differences in the fine-specificities of
the anti-MUC1 antibodies employed. Another approach
for a better therapeutic efficacy of antibody-guided
therapies would be a multi-antigen targeting strategy
(Verheijen et al., 2006). In any case, the choice of the
best suited antibody is crucial.

In this study we have investigated the binding
characteristics of a novel humanized anti-MUC1
antibody, called PankoMab-GEX™, towards ovarian
cancer specimens. PankoMab-GEX™ recognizes a
conformational epitope of the PDTRP motif of MUC1
induced by the tumor specific carbohydrate antigens Tn
or TF, whereby its binding is fully dependent on the
presence of Tn or TF. The main advantage of this
antibody is its improved tumour specificity with a lack
of binding to blood cells and to accessible normal
tissues, as well as a higher affinity and number of
binding sites per tumor cell when compared to other
MUC1 antibodies such as HMFG-1 (Danielczyk et al.,

2006). A further advantage is its manifold more potent
anti-tumour modes of action, such as ADCC,
phagocytosis and apoptosis, compared to other MUC1
antibodies as shown in in vitro and in vivo models.
Besides its use in naked antibody therapy approaches it
is also suitable for a drug targeting approach due to its
ability for internalization. The present study confirmed
that ovarian cancer is a primary indication for
PankoMab-GEX™. With the exception of mucinous
ovarian cancers, all other histological types of ovarian
cancer were almost complete TA-MUC1-positive,
whereas normal ovarian cancer tissue was not stained by
PankoMab-GEX™ (Fig. 3). Two well-known murine
MUC1 antibodies (HMFG-1 and 115D8) were also
employed in this study. Both antibodies stained ovarian
cancer tissues. However, HMFG-1 also stained normal
ovarian epithelium. Interestingly, 115D8 was negative
with normal ovarian epithelium. This was not expected,
since its epitope has been described as sialic acid-
dependent (Price et al., 1998), and normal MUC1 is
known to carry (mostly sialylated) glycans. 

We could not find significant correlations between
any of the three MUC1 antibody staining results and
overall or recurrence-free survival. PankoMab-GEX™
staining, however, tended to correlate with a reduced
patients’ survival. Cytoplasmic expression of MUC1 has
been reported to be associated with worse prognosis in
cancer patients (Matsumura et al., 2002). We have found
elevated cytoplasmic PankoMab-GEX™ staining levels
in high grade carcinomas (Fig. 2A), which is not
surprising. High grade cancers predicted worse
prognosis in our study population, too (data not shown).
Although membrane staining by PankoMab-GEX™
declined slightly in G3 tumours, it still remained a strong
and reliable signal (Fig. 2B).

In conclusion, PankoMab-GEX™ reveals excellent
tumour specificity in almost all cases of ovarian cancer
except the mucinous type, and with a high percentage of
tumour cells stained. Normal ovarian epithelia are not
stained. This makes PankoMab-GEX™ a promising
candidate for a therapeutic antibody in ovarian cancer.
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