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Role of N-acetylgalactosaminyltransferase 6 in early
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Abstract. Glycosylation is one of the most important
posttranslational modifications of proteins and lipids that
contributes to the structural diversity of cellular molecules.
Enzymes of the glycosyltransferase class are responsible
for altering glycosylation patterns by adding carbohydrate
chains to the respective acceptor molecules. It is well known
that glycosylation is commonly altered in cancerous tissue.
Therefore, the present study aimed to determine the inci-
dence of N-acetylgalactosaminyltransferase 6 (GALNT6), a
prominent member of the glycosyltransferase class, in breast
cancer tissue of different developmental stages by immunohis-
tochemistry. Although no correlation was identified between
tumour characteristics and GALNTG6 staining intensity, to the
best of our knowledge, this is the first study to demonstrate
that tissue from carcinoma in situ-tumours and metastases
were more heavily stained than late-stage breast cancers. This
may indicate an important role of glycosylation aberration
in escaping the immune system at early phases of tumour
development. The present study also hypothesised that nascent
or early metastasizing tumours are normally recognized by
the immune system of the patient, but glycosylation pattern
changes may facilitate tumor escape from immune recogni-
tion. In follow-up studies, our group will aim to confirm and
consolidate these results in a larger patient cohort that may
give greater insight into breast cancer characterization as well
as tumour treatment.

Introduction

Glycosylation is the most frequent post-translational
modification of proteins and lipids, which adds to the large
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structural diversity of cellular molecules (1). Functionally, this
process contributes to altering cell adhesion properties (2,3)
and influencing intra- and intercellular communication (4).
Furthermore, protein glycosylation can be essential in antigen
recognition by the immune system (5).

Malignant transformation of cells is frequently
accompanied by alterations in the post-translational modifica-
tion of proteins (6-8). This was substantiated first in 1985 by
the use of antibodies against altered carbohydrate chains (9)
and was more recently confirmed in cell culture models (10).
The most frequent alterations, particularly in adenocarci-
nomas (11), are mucin-type-O-glycosylations, giving rise to
glycosylation patterns that can only be found in cancer, not
in normal cells (8,12). Cancer-associated glycans form novel
glycopeptide epitopes that can be targeted by the immune
system (13,14). Hence, these altered glycopeptides can exhibit
diverse and even opposing roles in immunogenicity (15).
Conversely, they can either have immunogenic character them-
selves or new conformational changes (16,17), or can provoke
anti-tumour responses (18). These activities can then lead to
elevated antibody levels against the pancarcinoma antigen,
which is regarded as a marker for increased survival (19). As
a consequence, altered glycosylation is critical in early phases
of tumourigenesis as well as in tumour progression. However,
it also offers novel angles for diagnostic, prognostic and thera-
peutic strategies in cancer (20-22).

In breast cancer, altered glycosylation is frequently associ-
ated with a worse prognosis and shorter overall survival (23).
Shortened O-glycans and increased sialylation are prevalently
found in this tumour type. Furthermore, morphological and
phenotypic transformation of epithelial cells caused by altera-
tions in glycosylation patterns was shown, which ultimately
leads to a higher incidence of remote metastasis (4).

Changes in glycosylation are predominantly caused by
changes in the expression of glycosyltransferases, a class
of enzymes that are responsible for the transfer of carbohy-
drate chains to acceptor sites on proteins and lipids (24,25).
Expression profiles of glycosyltransferases have been exten-
sively investigated (17,26-29) and it was reported that they
may serve as an important marker for tumour characteriza-
tion (30-32).

The present study aimed to determine the specific role
of glycosyltransferase N-acetylgalactosaminyltransfera
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se 6 (GALNT®6) in breast tumourigenesis. Accordingly,
paraffin-embedded tissue samples of primary tumours
including adjacent healthy tissue as well as paired metastatic
sites were immunohistochemically stained. It was demon-
strated that GALNT®6 is correlated with the occurrence of
lymph node metastasis, local recurrence and remote metas-
tasis (33). Moreover, GALNT®6 is known to be involved in
the first steps of O-glycosylation (33). The mRNA for this
enzyme was shown to be expressed in breast cancer and asso-
ciated with smaller tumours (T1) (34). This association was
confirmed in the present study. It was hypothesised that certain
glycosylation motifs may enable immune escape mechanisms
of small tumours, as well as remote metastasis formation to
different sites since the latter requires alterations in cell adhe-
sion and detachment that partially depend on glycosylation
changes (35,36).

Materials and methods

Tissue samples. Tissue samples for the study were obtained
from the pathology archive of the Department of Gynaecology
and Obstetrics, Ludwig Maximilians University of Munich,
(Munich, Germany).

In total, 44 patients diagnosed and treated with surgery
for primary breast cancer between 1998 and 2002 were
followed up for 8 years and included in the study. Research
conducted on patients was in compliance with the Helsinki
declaration. The present study was approved by the ethical
committee of Ludwig-Maximilians University of Munich
(approval nos. 148-12 and 048-08). Patients were asked to sign
written informed consent prior to the use of tissue samples for
investigation by the current study.

For the current study, 10 breast cancer samples from
patients with lymph node metastasis, 10 samples from patients
with local recurrence and 8 samples from patients with metas-
tasized breast cancer were included. For all these samples,
tissue sections of the primary tumour as well as diseased
lymph node, local recurrent tumour or remote metastases
were available. The histological classification, and analyses
of grading and hormone- and Her2-receptor-status were
performed pathologically, subsequent to surgery.

As controls, 8 samples of breast cancer diagnosed as ductal
carcinoma in situ and 8 samples of primary tumours without
local recurrence or remote metastasis were used.

Patients had an average age of 57 years (range from
33-87 years) at time of surgery. TNM-staging of the tumours
and their histology were determined postoperatively by a
pathologist and location of recurrence or metastases were also
noted. The intensity and amount of staining of the tumour
tissues for ER, PR and Her2 were asserted and categorized
(- no staining, + slight staining, ++ moderate staining, +++
strong staining). The determination and classification of
staining intensity for GALNT6 for the primary tumour (PT)
and tissue of affected lymph nodes (LN), recurrence (Rec.)
or metastasis (Met.) were determined as described in Table 1.

Immunohistochemistry. Paraffin-embedded (Merck Milipore,
Darmstadt, Germany) tumour blocks were cut into 2-3 ym
sections with a sliding microtome (Leica Microsystems
GmbH, Wetzlar, Germany), placed on covered microscope
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slides (Menzel GmbH, Braunschweig, Germany) and air-dried
overnight. Samples were then incubated in Xylol (Merck
Milipore). After Xylol removal, endogenous tissue peroxidase
activity was inhibited by incubation of the samples in 3%
H,0, (VWR International, Wayne, PA, USA). Then, samples
were heated for 5 min in a pressure cooker in a Na-citrate
buffer (Merck Milipore) at pH 6 in order to dissolve protein
crosslinks that arise from the fixation procedure. The tissue
samples were washed in water and phosphate-buffered saline
(Biochrom GmbH, Berlin, Germany).

The prepared slides were first incubated in normal goat
serum (Vector Laboratories, Inc., Burlingame, CA, USA) to
prevent unspecific binding of the primary antibody. After
removal of the blocking solution (Vector Laboratories, Inc.),
primary antibodies were added at concentrations determined
in positive control sample staining.

Incubation with the polyclonal IgG rabbit anti-GALNT6
(1:1,000; cat. no. GTX104602; GeneTex, Inc., Irvine, CA, USA)
primary antibody was conducted for 18 h at 4°C. Slides were
then washed three times with phosphate-buffered saline
(PBS) for 5 min and subsequently incubated with biotinyl-
ated secondary antibody solution (from the HRP100 staining
kit; Zytomed Systems GmbH, Berlin, Germany) for 30 min
at room temperature. When the secondary antibody (Vector
Laboratories, Inc.) was removed by a subsequent wash with
PBS, ABC-reagent (Vector Laboratories, Inc.) was applied to
the slides for 30 min. Next, a solution of DAB-reagent (Dako;
Agilent Technologies, Santa Clara, CA, USA) was added to
the slides for 1 min. DAB is the substrate for biotin-coupled
peroxidase, the reaction results in a brown precipitate, which
can then be evaluated by Leitz Diaplan light microscope (Ernst
Leitz GmbH, Wetzlar, Germany). The slides were washed
under running tap water to arrest the enzyme reaction. Nuclei
were counterstained with Mayer's hemalum (AppliChem,
Darmstadt, Germany) for 5 min and samples were then dehy-
drated and embedded in Eukitt (Medite, Burgdorf, Germany).
The stained samples were then evaluated or stored at room
temperature.

Prior to the staining procedure on tumour tissue samples,
positive and isotype control samples were stained (Fig. 1). For
the positive control, a sample from a tissue (placenta, collected
after birth) known to overexpress the antigen of interest was
stained to test antibody function and to determine an ideal
dilution of the antibody. The isotype control should reveal back-
ground staining due to primary antibody. Therefore the tissue
was stained, which was also used for positive control, with an
isotype control serum instead of a primary antibody solution.

Microscopy and evaluation of staining. Samples were
visualized with a Leitz Diaplan light microscope. Four objec-
tives with different magnifications (6,3X, 10X, 25X and 40X)
were used.

Staining was evaluated according to the immune-reac-
tive-score (IRS) described by Remmele and Stegner (37). The
IRS is obtained by multiplication of the staining intensity with
the number of stained cells. Briefly, staining intensity is clas-
sified into groups from O to 3 (0 means ‘no staining reaction’
and 3 means ‘strong color reaction’) and the number of stained
cells is similarly classified (0O means ‘0% stained cells’ to 4
‘81-100% stained cells’). Thus, the IRS is in a range of O to 12.
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Table I. Patient/tumour data in correlation to IRS for GALNT®6.
Patient Age Size Loc. IRS IRS LK.
no. (years) Histology TNM (cm) Met/Rec. ER PR Her2 PT /Rec/Met.
1 56 Duct. Lob. pTla, pNO, MX 1,2 mult. None - + ND 8 None
2 67 Duct. pTis, pNX, MX 0.8 None ND ND ND ND None
3 49 Duct. pTis, NX, MX 09 None ND ND ND 8 None
4 47 Duct. pTis, NX, MX 1,1 None + + ND 8 None
5 55 Duct. pTis, NX, MX 03 None ND ND ND 4 None
6 45 Duct. pTis, NX, MX 0,7 None ND ND ND 12 None
7 57 Duct. pTis, NX, MX 4,0 mult. None ND ND ND 8 None
8 72 Duct. pTis, NX, MX 09 None ND ND ND 8 None
9 51 Duct. + Cis pTlc, pNO, MX, G3 1,5 mult. None + + ND 4 None
10 55 Duct. pTlc, pNO, MX, G3 1,2 None + + ND ND None
11 57 Duct. pTlc, pNO, MX, G2 1.4 mult. None + + ND 4 None
12 59 Lob. pT2, pNO, MX 2.8 mult. None - + ND 4 None
13 75 Duct. pTlc, pNO, MX, G3 1,3 None + + ND 4 None
14 49 Duct. pT2, pNO, MX, G3 2,7 None - - ND 4 None
15 77 Duct. + Cis pT2, pNO, MX, G2 2 None + + ND 4 None
16 55 Duct. pT2, pNO, MX, G2 32 None + + ND 4 None
17 58 Lob. pTlc, pN2, MX 1,4 mult. LN + + ND 4 ND
18 33 Duct. pTlc, pN1bi, MX, G2 1.5 LN + + ND 4 4
19 63 Duct. pT2, pN1biii, MX, G3 2.5 LN + + ND 12 8
20 60 Lob. pTlc, pN2, MX, G3 35 LN + - ND 8 8
21 45 Duct. pTlc, pN2, MX, G3 1,2 LN - + ND 4 4
22 54 Duct. pT2, pNbiii, MX, G2 33 LN + + ND 12 8
23 77 Duct. pTlc, pN1biii, MX, G2 1,2 LN + + ND 8 8
24 48 Duct. + Cis pT1b, pN1bi, MX, G3 1 LN - - ND 0 4
25 72 Duct. pT2, pN1biv, MX, G3 2,1 LN - - ND 8 8
26 65 Duct. pT2, pN1biii, MX, G3 2 LN + + ND 8 8
27 45 Duct. + Cis pTlc, pN1bi, MX, G2 1,5 mult. Thor. Wall - - +++ 2 4
28 64 Duct. pTlc, pNO, MX, G2 1,9 mult. Intra-mam. ++ - + 12 12
29 57 Duct. + Cis Post CTx 1 Intra-mam. - + + 3 n.d.
30 87 Lob. pT4, pNX, MX 1.5 Thor. Wall +++ - ++ 2 1
31 74 Duct. pTlc, pNO, MX, G2 1,8 Thor. Wall + + - 8 3
32 53 Duct. + Cis pTla, pNX, MX 0,1 mult. Ulc. - - +++ 8 4
33 39 Duct. + Cis pT2, pNbiii, MX, G2 3 Intra-mam. +++ +++ 4 4
34 38 Duct. pTlc, pNX, MX, G2 1,5 mult. Thor. Wall +4++ + +++ 4 8
35 58 Med. pTlc, pNO, MX 1.8 Intra-mam. - - +++ 1 4
36 52 Duct. + Cis pT1, pN1bi, MX 1 Intra-mam. - - +++ 4 4
37 51 Lob. + LCIS pTlc,pNla, M1 1.8 Skin - + +H/+++ 3 4
38 78 Lob. pTlc, pNlbiii, M1, GND 1,5mult.  Contr. Ax. LN + - +++ 4 12
39 45 Duct. + Cis pTlc, pN1bi, M1, G2 1,5 mult. Contr. Ax. LN - - +++ 2 4
40 71 Duct. + Cis pT2, pN1biv, M1, G2 2 Contr. Ax. LN - - +++ 8 8
41 33 Small cell Ca. pTlc, pN1bii, M1 10 Ovary - + + 12 12
42 38 Duct. pT2,nPla, M1, G2 2.5 Contr. Ax. LN - - ++ ND 12
43 58 Med. pTlc, pNO, M1 1.8 Contr. Ax. LN - - +++ 3 1
44 41 Duct. pT4d, pN1bii, M1 1,3mult.  Contr. Ax. LN + + +++ 8 8

No. 1-8, DCIS; no. 9-16, primary tumour; no. 17-26, tumour with lymph node affection; no. 27-36, tumour with recurrence; no. 37-44, tumour with metastasis;
Duct, ductal; Lob, lobular; Med, medullar; Small cell Ca, small cell carcinoma; pT, tumour size; pN, nodal staging; pM, metastatic staging; G, grading;
CTx, chemotherapy, ND, not detected; mult, multifocal; LN, lymph node affection; IRS PT, immune-reactive-score primary tumour; IRS LN/Rec/Met,
immune-reactive-score of affected lymph nodes, recurrence or metastasis tissue; TNM, tumor size, nodal involvement, metastasis; Thor. Wall, Thoracical wall;
Intra-mam, within the breast; Ulc, ulcerated; Contr. Ax.LN, axillar lymph nodes of the contrary side.

Statistical analysis. Statistical analysis was conducted
using SPSS version 20.0 (IBM, Armonk, NY, USA). Since
patient samples are not normally distributed, non-parametric
Mann-Whitney-U-Test comparing two variables was
applied; in cases of more variables, Kruskal-Wallis Test was
used. A P<0.05 was considered to indicate a statistically
significant difference.

Results

Staining intensity correlation with patient data. Breast
cancer tissues at different phases of disease progression
(Cis, primary tumour tissue, tumour with lymph node infil-
tration, recurrent tumours and metastasized tumours) were
immunhistochemically stained for GALNT6 (Fig. 1). IRS
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Table II. GALNTG staining intensity of tissue samples.
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Number of Average Minimum Maximum Standard
Type of sample samples IRS IRS IRS deviation
DCIS 7 8.00 4.00 12.00 2.309
Primary tumour 7 4.00 4.00 4.00 0.000
Tumour with lymph node affection 10 6.80 0.00 12.00 3.795
Affected lymph nodes 10 6.00 0.00 8.00 2.828
Tumour with recurrence 10 4.80 1.00 12.00 3458
Recurrence tissue 9 4.89 1.00 12.00 3219
Tumour with remote metastasis 7 5.71 2.00 12.00 3.684
Metastasis tissue 8 7.63 1.00 12.00 4274

GALNT®6, N-acetylgalactosaminyltransferase 6; DCIS, ductal carcinoma in situ; IRS, immune-reactive-score.

Positive Control

Isotype Control

(Placenta) (Placenta)
Carcinoma Primary
in situ Tumour
Tumour with Tumour with Tumour with
allected Lymph Nodes Recurrence Remote Metastasis
T ¥, T TR Y RN

D
-

© A e : G f'»L
Lymph Node Tissue

Recurrence Tissue

Remote Metastasis Tissue

Figure 1. Light microscopy images of control and tumour tissue samples taken with 10X objective.

was determined by light microscopy by two independent
investigators. Subsequently, IRS was correlated with patient
and tumour characteristics in order to detect associations
between tumour features and the GALNT6 staining inten-
sity (Table I). The following parameters were included in
the study: Age of the patient at primary diagnosis, tumour
histology, TNM-staging of the tumour, tumour size and
hormone (estrogen and progesterone)- and Her2-receptor
status (if available). Extensive statistical analysis revealed

no significant correlation between these investigated
patient-related factors and the staining intensity of GALNT®6.

Staining intensity of different tumour stages. It was then
evaluated whether mean IRS-values for GALNT6 of the
samples was correlated with different developmental stages of
the tumour samples (Table II). Notably, the highest staining
intensity was demonstrated in precursor lesions (Cis-tumours)
with an average IRS of 8.00 and in metastases tissue samples
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Table III. Statistical comparison of GALNT6-IRS.

Group P-value®
Tumours with affected lymph nodes 0.546
Tumours with recurrence 0.172
Tumours with remote metastasis 0.443
Tumours with affected lymph 0.541

nodes/recurrence/metastasis

*Compared with control (ductal cell in situ or primary tumor). GALNT6,
N-acetylgalactosaminyltransferase 6; IRS, immune-reactive-score.

with an average IRS of 7.63. Thus, the pre-invasive form of
breast cancer intraductal carcinoma (also Cis), newly arising
small tumours and metastatic lesions display the highest inci-
dence of GALNT®6.

Statistical analysis of GALNTG6-staining. Lastly, the IRS
values of the control group (DCIS- and primary tumours) were
statistically compared with the more advanced tumour stages
(Table III). No significant differences were identified between
the control group and tumours with infiltrated lymph nodes
(P=0.546). In addition, no statistical significance was identified
when comparing the control group with the recurrence-group
(P=0.172) or the metastasis group (P=0.443). Finally, compari-
sons of the control group with all other tumour stages together
did not reveal any statistically significant results (P=0.541).

Discussion

The present data did not identify a direct correlation between
GALNT6-staining and the age of primary diagnosis,
TNM-staging, tumour size and histology, and hormone
(estrogen and progesterone)-receptor and Her2-status. However,
the results presented here may be regarded as preliminary, as
they were collected from a small patient collective.

Notably a coherence between GALNTO6-staining and
different developmental stages of the tumours was identi-
fied, as Cis-tumours and metastatic tumour mass are highly
stained. This is consistent with a previous study (38) that
demonstrated a correlation between the occurrence of
glycosyltransferases and tumour size and grade. It could
be shown, that glycosyltransferases, particularly GALNT®6,
are identified in recently formed tumours. Knockdown of
GALNT®6 by small interfering RNA slowed breast cancer
cell growth by increasing cell adhesion. Furthermore
GALNTG6 was shown to be important for the stabilization
of the MUCI-oncoprotein (33). GALNT® is critical in the
fibronectin pathway, regulating cellular morphology and
morphological changes, which are required for the transfor-
mation of a normal epithelial cell into a tumour cell, and is
thereby an important component for breast cancer develop-
ment and progression (39). Consistently, a recent study in
lung cancer research demonstrated that cigarette smoke
induces the glycosylation of MUCI via GALNT6, and that
inhibition of GLANT6 leads to the maintenance of cellular
polarity and cell adhesion (33), which are critical steps in the
early stages of tumourigenesis (40).
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A possible reason for the correlation identified may be
that at early stages of development, tumour cells activate
an immune response. In order to spread and grow, the cells
use glycosylation alterations to escape these mechanisms.
By contrast, glycosylation may also be key in ensuring that
an established tumour is no longer attacked by the immune
system. Therefore, the presence of GALNT6 may also be an
important marker in tumour diagnosis and tumour staging.
To further address this hypothesis, our future studies will
investigate a larger panel of tumour samples of different stages
with matched metastasis in order to have a sample that is large
enough for meaningful statistical analysis which in turn would
consolidate these working hypotheses. Furthermore, we plan
on staining a different and broader panel of glycosylation
enzymes in the tumour samples. With the aim of identifying
different steps in glycosylation, which are important for
tumourigenesis and immune escape of the tumour. Thereby,
mechanisms of tumourigenesis may be further clarified and
could lead to the development of novel treatment strategies
for patients with breast cancer. Furthermore, it is desirable
to identify the precise chronology of glycosylation enzyme
activation and expression during the course of breast cancer
tumourigenesis, as this knowledge may aid in staging tumours.
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