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Reduced mannosidase MAN1A1 expression
leads to aberrant N-glycosylation and
impaired survival in breast cancer

Karen Legler'3, Ricarda Rosprim'-, Tosca Karius', Kathrin Eylmann’, Maila Rossberg', Ralph M Wirtz?,
Volkmar Miiller', Isabell Witzel, Barbara Schmalfeldt', Karin Milde-Langosch' and Leticia Oliveira-Ferrer™"

'Department of Gynecology, University Medical Center Hamburg-Eppendorf, Martinistrasse 52, Hamburg 20246, Germany and
2STRATIFYER Molecular Pathology GmbH, Werthmannstraie 1, Cologne 50935, Germany

Background: Alterations in protein glycosylation have been related to malignant transformation and tumour progression. We
recently showed that low mRNA levels of Golgi alpha-mannosidase MAN1A1 correlate with poor prognosis in breast cancer
patients.

Methods: We analysed the role of MAN1A1 on a protein level using western blot analysis (n = 105) and studied the impact of
MAN1A1-related glycosylation on the prognostic relevance of adhesion molecules involved in breast cancer using microarray data
(n=194). Functional consequences of mannosidase inhibition using the inhibitor kifunensine or MAN1A1 silencing were
investigated in breast cancer cells in vitro.

Results: Patients with low/moderate MAN1A1 expression in tumours showed significantly shorter disease-free intervals than those
with high MAN1A1 levels (P=0.005). Moreover, low MAN1A1 expression correlated significantly with nodal status, grading and
brain metastasis. At an mRNA level, membrane proteins ALCAM and CD24 were only significantly prognostic in tumours with high
MAN1A1 expression. In vitro, reduced MAN1A1 expression or mannosidase inhibition led to a significantly increased adhesion of
breast cancer cells to endothelial cells.

Conclusions: Our study demonstrates the prognostic role of MAN1A1 in breast cancer by affecting the adhesive properties of
tumour cells and the strong influence of this glycosylation enzyme on the prognostic impact of some adhesion proteins.

In the last years, altered protein glycosylation has been shown in
various tumour types, where it often contributes to cancer
progression and metastasis (Munkley and Elliott, 2016). At the
cell surface, aberrant O- and N-glycans are found because of
disturbed glycosylation of adhesion molecules and receptors in
tumour cells.

N-glycosylation is a complex process that takes place during
translation of target proteins by addition of glycan structures to the
amino group of asparagine residues at the consensus motif
asparagine-X-serine/threonine (NXS/T) in which X is any amino

acid except proline. It starts with synthesis of a dolichol-bound
oligosaccharide precursor in the endoplasmatic reticulum (ER),
consisting of 14 sugar moieties, among them nine mannose
residues. This oligosaccharide is then transferred to a suitable
asparagine residue within the nascent polypeptide by the
oligosaccharyltransferase (OST) protein complex. Now, the correct
folding and secretion of the glycoprotein depends on trimming of
the glycan precursor in the ER and Golgi (Figure 1). After removal
of three glucose residues by glucosidases and one mannose by ER
mannosidase MAN1BI, the glycoprotein is transferred to the Golgi
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Figure 1. Principle steps of N-glycosylation and functional role of 21,2-mannosidases. The transfer of an oligosaccharide precursor to a suitable
asparagine residue within the nascent polypeptide is mediated by the oligosaccharyltransferase (OST) protein complex. Subsequent cleavage of
three terminal glucose residues by DCS1 and GANAB and one mannose by the -1,2-ER-mannosidase MAN1B1 leads to the formation of high-
mannose glycan structures. Golgi o-1,2-mannosidases (MAN1A1, MAN1A2 and MAN1C1) cleave further 2-1,2-bound mannose sugars from high-
mannose glycans (Man8-9GlcNAc2), resulting in 5-mannose glycans (Man5GIcNAc2). This glycan structure is the substrate for various glycosyl
transferases and mannosidases, which catalyse the formation of complex branched tri- or tetra-antennary N-glycans. ER = endoplasmatic
reticulum; FuT = fucosyltransferases (i.e., FUT8); GalT = galactosyltransferases (i.e., B3GALT1); GnT = GlcNac transferases (i.e., MGAT family);

ST = syalyltransferases (i.e., ST6GAL and ST3GAL).

with its N-glycans containing eight mannose residues, termed
high-mannose glycans. Generally, few high-mannose glycans reach
the cell surface, as additional mannose residues are then cleaved by
Golgi mannosidases, which is the prerequisite for formation of
complex or hybrid glycans (Moremen et al, 2012).

The human 1,2-z mannosidases include seven related gene
products that are members of CAZy glycosylhydrolase family 47
(GH47):  the mannosyl-oligosaccharide  1,2-z-mannosidases
MANI1AIL, MAN1B1, MAN1A2, MANICI and the ER degrada-
tion-enhancing «-mannosidase-like proteins EDEM1, EDEM2 and
EDEM3 (Moremen and Nairn, 2014). In biochemical enzyme
assays these mannosidases show overlapping substrate specificity,
but also slight differences in enzyme activity and preference for
specific mannose residues in high-mannose N-glycans (sum-
marised by Moremen and Nairn (2014)). To date, there is only
very little knowledge about the role of the different GH47 enzymes
in human tissues and disease. MAN1A1, together with MAN1A2
and MANICI, belongs to the GH47 Golgi mannosidase I
subfamily, which cleaves o-1,2-bound mannose sugars from
high-mannose glycans (Man8-9GIcNAc2), resulting in 5-mannose
glycans (Man5GIcNAc2). This glycan structure is the substrate for
various glycosyl transferases that catalyse the formation of complex
branched tri- or tetra-antennary N-glycans (Oliveira-Ferrer et al,
2017; Figure 1). a-mannosidase inhibitors have been previously
described to increase surface high-mannose glycans and modulate
cellular function, including cell adhesion (Scott et al, 2012).

In a prior study we investigated which glycosylation enzymes
are associated with prognosis by analysis of microarray data in
two breast cancer cohorts. Among the eight genes whose
expression was significantly prognostic in both cohorts, three are
involved in N-glycosylation, namely DPM1 (dolichyl-phosphate

mannosyltransferase polypeptide 1), RPNI (ribophorin) and the
Golgi mannosidase MANIA1 (mannosidase o-class 1A member 1).
Whereas high mRNA levels of the first two genes correlated with
poor prognosis, high MAN1A1 mRNA level was significantly
associated with longer recurrence-free and overall survival,
suggesting a tumour-suppressor function for this protein (Milde-
Langosch et al, 2014).

To date, there is only little knowledge regarding the role of
MANIAL in cancer progression. In a study on hepatocarcinoma
cell lines, significant downregulation of MAN1A1 was observed in
highly metastatic compared with non-metastatic cells (Liu et al,
2014), which also points to a tumour-suppressor role of this
protein.

The fact that only MAN1AL1, but no other GH47 enzymes act as
a prognostic factor in our prior mRNA study is unexpected
because of the functional overlap among these enzymes. Therefore,
the present study aimed to further analyse the role of MAN1A1 on
a protein level using tumour tissue samples from breast cancer
patients. In addition, the functional consequences of mannosidase
inhibition or reduced MANIAI expression were examined in
breast cancer cell lines in vitro.

MATERIALS AND METHODS

Patient cohorts. MAN1AL1 protein expression was analysed in a
subcohort of 105 tumours from patients included in the microarray
cohort (see below). The clinical and histological characteristics of
these cases are shown in Table 1. Patients included in this
retrospective study were treated between 1991 and 2002 and
selected on the basis of tissue availability. Informed consent for the

848

www.bjcancer.com | DOI:10.1038/bjc.2017.472




BRITISH JOURNAL OF CANCER

Role of MAN1A1 in breast cancer

cultures (MAN1A1 shRNA #2 and MAN1A1 shRNA #3) were
chosen for further analysis.

Treatment with kifunensine. The cell lines MDA-MB-231 and
T47D were seeded in culture flasks (Greiner Bio-One, Frick-
enhausen, Germany) and cultured overnight for adherence. Cells
were incubated with the mannosidase inhibitor kifunensine
(dissolved in DMSO, Sigma-Aldrich Chemie GmbH, Hamburg,
Germany) in three different concentrations (1, 10 and 50 um) or
DMSO for 48h in serum-reduced medium (5% FBS), and
functional assays were subsequently performed. In addition,
protein extractions of kifunensine-treated cells (10 um for 48 h)
were performed using the Qproteome Cell Compartment Kit
(Qiagen) according to the manufacturer’s instructions. The
respective cytosol, membrane and nucleus fractions were examined
for the proteins ALCAM, ICAM-1 and BCAM using western blot
analysis.

Static cell adhesion assay. To estimate the adherence of tumour
cells to endothelial cells, static cell adhesion assays were performed
as described (Dippel et al, 2013). One day before the experiment
started, tumour cells were labeled with CellTrackerTM Green
CMFDA (Molecular Probes, Invitrogen, Waltham, MA, USA)
according to the manufacturer’s protocol. Human pulmonary
microvascular endothelial cells (HPMECs, PromoCell, Heidelberg,
Germany) were seeded in black 96-well plates (Greiner Bio-One)
and grown to confluence. HPMECs were stimulated with tumour
necrosis factor o (TNFo; Sigma-Aldrich GmbH) 4h before the
addition of tumour cells. Tumour cells treated with kifunensine or
those with reduced MAN1A1 expression (MAN1A1 shRNA #2,
#3), as well as their respective control cells, were washed with
DPBS and detached with AccuMax (eBioscience, San Diego, CA,
USA). Then, culture medium of the HPMEC was removed and
80000 tumour cells per well were added directly and incubated for
40 min at 37 °C. Afterwards, wells were washed three times with
DPBS containing MgCl, and CaCl,. Finally, fluorescence was
measured with a fluorescence plate reader (Infinite 200 PRO
multimode reader, Tecan, Minnedorf, Switzerland).

Dynamic cell flow adhesion assay. Cell adhesion under flow
conditions was analysed with ibiTreat slides (IBIDI, Martinsried,
Germany) as described (Dippel et al, 2013; Oliveira-Ferrer et al,
2014). The channels of these slides were coated with HPMECs
(80000 cells per channel) and cultivated until confluence for
~48h. Then, cells were stimulated with TNFx (10ngml ') for
4h, which has previously been shown to be the ogtimal activation
period. MDA-MB-231 cells were adjusted to 10” cells per ml in
serum-free medium. The perfusion pump created a constant flow
of the cell suspension through the flow chamber of 8.5mlh ™',
corresponding to a shear stress of 0.25dyncm ~ 2. Cell adhesion
was digitally recorded for 2 min with a video camera mounted on
the microscope. Adherent cells were counted using Caplmage
software (Dr. Zeintl, Heidelberg, Germany) and given as a
percentage of adherent control cells per minute.

Proliferation assay. To analyse the proliferation of MDA-MB-231
MAN1A1 shRNA clones, 5x 10° cells of MAN1A1 shRNA #2,
MANI1A1 shRNA #3 or nc shRNA clones in culture medium with
either 1% or 10% FBS were seeded in 96-well plates and cell
proliferation was analysed using the Cell Proliferation Kit (MTT,
Roche) after 24, 48 and 72h as previously described (Oliveira-
Ferrer et al, 2014).

Cytotoxicity assay. Transfected MDA-MB-231 cells were seeded
(1 x 10" cells per well) in 96-well plates, incubated overnight and
treated with camptothecin in seven different concentrations (1-
0.01 ugml ") for 24h. Cell viability was determined using the
MTT kit (Roche).

Migration and motility assays. To study cell migration, cells were
seeded with 2 x 10° cells per well in six-well plates (Greiner Bio-
One). After 48h, a wound-healing assay was performed as
described previously (Oliveira-Ferrer et al, 2014). Subsequently,
the migration potential of the cells was determined by analysing
the gap closure of four different areas in duplicates after four
different time points (10, 24, 30 and 48 h) with the Image] Wound
Healing Tool (Wayne Rasband, National Institute of Health).

Statistics. Statistical analysis was conducted using SPSS software
Version 24 (IBM SPSS Statistics, Armonk, NY, USA). Correlations
between the MANIA1 mRNA and protein expression values were
examined using two-sided Pearson tests. For further statistical
analysis, all tumour cases were divided into four groups of similar
size (quartiles) representing low, moderate/low, moderate/strong
and strong MAN1A1 expression.

7>-tests were used to examine the correlations between
MANIALI expression and clinicopathological factors. For prog-
nostic parameters, the following groups were compared: histolo-
gical grading (G1/2 vs G3); breast cancer stage (I/IT vs II vs IV);
nodal status (positive vs negative); ER and PR status (positive vs
negative); presence of bone, lung, visceral or brain metastasis
(positive vs negative); and molecular subtype (luminal vs HER2-
enriched vs triple-negative). Survival curves were plotted by
Kaplan-Meier analysis. Differences between survival curves were
evaluated by log-rank tests. Probability values less than 0.05 were
regarded as statistically significant.

RESULTS

MANIAL1 protein expression and correlation with mRNA
data. Using western blot analysis in 105 breast cancer samples,
an at least minimal MANI1ALI protein expression was detected in
all tumours. Yet, in contrast to MDA-MB-231 and other cell lines
that showed the expected band at ~70kDa, one or more
additional bands at ~ 60 kDa were detected in most tissue samples
(Figure 2A). As the function of these smaller proteins is not clear,
we quantified both the 70kDa- and the combined 60-kDa bands
separately using densitometry.

Expression values of the 70-kDa bands, relative to MDA-MB-
231, ranged from 16 to 684%, with a median expression of 163%.
For the 60-kDa bands, expression relative to the same MDA-MB-
231 band ranged from 0 to 637% (median 77%). Both bands
correlated strongly with each other by Pearson tests (correlation
coefficient 0.877). In addition, both the 70-kDa- and the 60-kDa
bands showed significant correlations with MAN1A1 mRNA
expression as obtained by microarray analysis as shown before
(Milde-Langosch et al, 2014). Pearson coefficients for correlations
with the Affymetrix 208116_s_at probeset for both protein bands
were 0.493 and 0.491, respectively. For the second probeset
221716_at, these values were 0.429 and 0.441, respectively. These
data point to an at least moderate extent of transcriptional
regulation of the MAN1AI expression in tumour tissue. In the
following chapters, we confine ourselves to the MAN1A1 70-kDa
band, yet similar results were obtained for the smaller band
(Supplementary Table S1).

Correlation of MAN1A1 expression with clinicopathological
variables. For correlations with clinical and histological prognos-
tic tumour parameters, as well as the follow-up information, the
cohort was divided into quartiles of similar size (25-27 samples)
with low, moderate/low, moderate/strong and strong MAN1A1
expression. Using ’-tests, we found significant correlations of low
MANIAL protein expression with nodal involvement and high
grading (P=0.002, P=0.047; Figures 2D and E). On the basis of
the mRNA expression of ESR1, PGR and ERBB2, the molecular
subtypes of the samples of this cohort had been previously defined
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Figure 2. MAN1A1 protein expression in clinical tumour tissue samples. (A) Representative western blot analysis showing MAN1A1 expression
(ca. 70 and 60kDa) in two breast cancer cell lines and 15 clinical tumour tissue samples. As a loading control, GAPDH expression is shown. (B, C)
Kaplan-Meier analysis showing correlations of high MAN1A1 protein expression with longer disease-free survival (B) and overall survival (C).
P-values after log-rank tests comparing four groups (quartiles Q1-Q4) or two groups (quartiles Q1-Q3 vs Q4) are shown. (D) Correlation of
MAN1AT1 protein expression with clinical and histological tumour parameters. P-values after z’tests are given. Significant associations of high
MAN1A1 expression with negative nodal status (D) and high to moderate differentiation (G1/2; E), as well as a weak association with a luminal
molecular subtype, are shown (F). In addition, low MAN1A1 levels correlated significantly with the appearance of brain metastases (G), whereas a

trend was observed for bone and lung metastases (H, ).

(Milde-Langosch et al, 2013). When comparing these groups,
differences in MAN1AL1 protein levels were observed, with a lower
MANI1AL expression in triple-negative tumours compared with
HER2-enriched or luminal carcinomas (P=0.057; Figure 2F).
Regarding the immunohistochemically determined oestrogen
receptor (ER) expression and the tumour stage, no significant
correlations were found (Supplementary Table S1).

In most cases of tumour recurrence, the site(s) of metastasis is
well documented for our cohort. Interestingly, tumours, which
later developed metastases of the bone, lung or brain were
characterised by lower MANIAIL expression compared with
tumours without these metastases (Figures 2G-I). For brain
metastasis, this difference reached statistical significance
(P=0.043; Figure 2G). No difference in MANI1AI expression
was observed for cases with and without visceral/hepatic
metastases (Supplementary Table S1).

Using Kaplan-Meier analysis comparing the four quartiles, we
found significant inverse correlations of MAN1A1 expression with
survival (Figures 2B and C). In cases with high MAN1A1 protein
levels (quartile 4), only few events of recurrence or death were
observed. On the contrary, tumours with low/moderate MAN1A1
expression showed relatively short disease-free intervals (mean RFS
of 103, 113, 152 and 210 months in quartiles 1-4) and overall
survival (mean OAS of 146, 144, 177 and 218 months in quartiles
1-4; log-rank: P=0.005 and P = 0.050, respectively). Accordantly,
the 10-year survival rate for recurrence-free intervals and overall
survival increased with MAN1AI expression (RFS: 44, 46, 60 and

79% for quartile 1-4; OAS: 59, 53, 67 and 84% in quartiles 1-4). In
a multivariate analysis, we could not confirm the prognostic role of
MANI1AL1 expression adjusted for classical prognostic parameters,
such as nodal involvement and grading (Supplementary Table S2).

Influence of MAN1A1 expression on the prognostic influence of
target proteins. Our analyses have shown a clear correlation of
low MAN1A1 mRNA and protein levels — presumably resulting in
large amounts of high-mannose glycans - with high tumour
aggressiveness. This suggests that the nature of N-glycans (high-
mannose vs complex types) might influence the biological proper-
ties of target proteins, which affect tumour progression and
metastasis. On the basis of this hypothesis, we analysed the
prognostic value of selected highly N-glycosylated proteins,
comparing tumours with low vs high MAN1A1 expression. For
this purpose, we used the mRNA microarray data of our previously
described Hamburg breast cancer cohort (Milde-Langosch et al,
2014).

The role of the activated leukocyte cell adhesion molecule
(ALCAM) in breast cancer has been studied by us and others,
resulting in partly conflicting results. As we found that the
prognostic role varies depending on the treatment (Thnen et al,
2008), we only included chemotherapy-treated patients (n = 100)
in our stratified analysis. After dividing this cohort into quartiles
based on ALCAM mRNA (Affymetrix no. 201992_at) levels,
Kaplan-Meier analysis revealed the expected correlation of high
ALCAM expression with longer RFS (P =0.049; mean RFS: 104,
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129, 142 and 155 months in quartiles 1-4), whereas the association
with overall survival did not reach statistical significance (not
shown). In a stratified analysis we found that this correlation was
highly dependent on MANIAI levels: only in tumours with
relatively high MAN1Al1 mRNA level (>median), ALCAM
expression was significantly associated with longer DFS (Figures
3A and B). Ten-year DFS rates in that high-MAN1A1 group were
36% in cases with low ALCAM mRNA levels (Q1) vs 81% in
tumours with higher ALCAM levels (Q2-4; P=0.001), with the
mean DFS times of 89 and 165 months, respectively. Similar results
were shown regarding overall survival (P=0.639 and 0.031 for
cases with low vs high MAN1A1 expression (not shown)).

CD24 is another strongly N-glycosylated protein, which has
been reported to has an important role in breast cancer progression
(Kwon et al, 2015). In our cohort of breast cancer samples with
c¢DNA microarray data, high CD24 expression (Affymetrix no.
266_s_at) was significantly associated with shorter DFS and OAS
(P=0.013 and P=0.007; mean DFS rates: 189, 156, 137 and 112
months in quartiles 1-4; not shown). In a stratified analysis, this
prognostic impact was only found in tumours with high MAN1A1
expression, whereas in cases with low MANIALI levels CD24 lost
its significant role (Figures 3C and D). In the former group, DFS
rates in quartiles 1-4 were 203, 165, 153 and 105 months,
respectively (P=0.005). A similar difference was shown regarding
the influence of CD24 on overall survival (log-rank test: P=0.399
and 0.001 for tumours with low and high MANIAl mRNA
expression; not shown), and for the other CD24 probesets present
on the used Affymetrix chips.
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MANIAL1 expression in breast cancer cell lines. MANIAI
expression was further analysed by western blot analysis in the
following breast cancer cell lines: T47D and MCF7 (ER+ and
PR+ ), SKBR3, AU565 and HCC1954 (HER2 + ) and MDA-MB-
231, MDA-MB-231-Br and MDA-MB-231-SA (TNBC). In con-
cordance with the results on patient samples, no significant
correlation between MANIAI expression and the molecular
subtype of the cell lines could be observed. Interestingly, we
detected a remarkably decreased MAN1A1 expression in the bone-
seeking (MDA-231-SA) and brain-seeking (MDA-231-BR) clones
compared with their parental human breast cancer cell line MDA-
MB-231 (Figure 4).

Influence of MANI1A1 on the adhesive properties of breast
cancer cells. Once tumour cells have entered into the vascular
system, adhesion to the EC bed represents a key step in order to
successfully extravasate and form distant metastasis. As most cell
adhesion molecules involved in this process are strongly glycosy-
lated, we aimed to analyse the impact of mannosidase activity on
this particular step of the metastatic cascade. Therefore, cell lines
with high endogenous MAN1A1 expression were treated with the
2-mannosidase I inhibitor kifunensine (Elbein et al, 1990), and
subsequently tumour cell adhesion to human endothelial cells was
evaluated. As the lung is a major metastatic site in breast cancer,
HPMECs were chosen for these experiments. In order to study the
impact of tumour cell glycosylation on adhesion, kifunensin has
been applied exclusively to the tumour cell lines and not to the
endothelial cells in the following experiments.
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Figure 3. Influence of MAN1A1 expression on the prognostic role of ALCAM and CD24. Expression of MAN1A1 and ALCAM (A, B) or MAN1A1
and CD24 (C, D) were analysed in clinical tumour tissue samples, based on cDNA microarray data. Regarding the ALCAM or CD24 expression
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with a higher mannosidase MAN1A1 expression (B, D).
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Figure 4. MAN1A1 protein expression in breast cancer cell lines. (A)
Western blot analysis showing MAN1A1 expression in breast cancer
cell lines: T47D and MCF7 (ER+ and PR+), SKBR3, AU565 and
HCC1954 (HER2 +) and MDA-MB-231, MDA-MB-231-BR and MDA-
MB-231-SA (TNBC). As a loading control, GAPDH expression is shown.
(B) MAN1A1 expression was quantified by densitometry, normalised to
GAPDH expression and the relative expression of each sample was
calculated in relation to MDA-MB231 cells, which was set as 1.

For the static adhesion assays, T47D and MDA-MD-231 cells
were treated with 1, 10 and 50 um kifunensine for 48 h, labelled
with CMFDA fluorescence dye and incubated on HPMEC for
30 min. Stimulation with TNFo, which has been described to
upregulate diverse adhesion molecules on ECs, was performed
before each adhesion assay. The quantification of adherent tumour
cells showed a significant and dose-dependent increase in MDA-
MB-231 cell adhesion to both untreated, as well as TNFa-
stimulated ECs (Figures 5A and B). Kifunensine treatment of T47D
cells, which endogenously express higher levels of MAN1A1 than
MDA-MB-231 (Figure 4), also led to a significant increase in
tumour cell adhesion on both TNFa-treated or untreated ECs, but
only at the highest concentration of 50 um (Figures 5C and D).

Mimicking physiological conditions, we further performed
dynamic adhesion assays with capillaries that were coated with
EC cells. Here, MDA-MB-231 cells treated with kifunensine
(average value from three experiments; n=2.5 cells per min)
exhibited ~significantly increased adhesion to non-activated
endothelial monolayers compared with the control (average value
from three experiments; n = 0.3 cells per min; Figure 5E), and the
same trend was observed on TNFu-stimulated ECs. Here, the
average amount of adherent control cells was 2, whereas 4.5 cells
attached to the EC monolayer after kifunensine treatment
(Figure 5F; @ vs 10 um: P=0.065; @ vs 50 um: P=0.1).

The mannosidase-inhibiting activity of kifunensine, which leads
to a modification of N-glycan structures on the cell, could be
corroborated by western blot analysis on kifunensine-treated vs
untreated breast cancer cells. Here, the N-glycosylated adhesion
molecules ALCAM, ICAM-1 and BCAM showed a molecular mass
shift in both MDA-MB-231 and T47D cells after treatment with
kifunensine (Figure 5G). Cell fractionation experiments corrobo-
rated the impact of kifunensine on the glycosylation pattern of
those CAM:s located at the cell surface (Supplementary Figure S2).

As kifunensine does not specifically inhibit MAN1A1 (Golgi
class I mannosidase IA) but also other type I z-mannosidases, such
as endoplasmatic reticulum -1,2-mannosidase I (MAN1B1), Golgi

class I mannosidases IB (MAN1A2) and IC (MANI1C1), we also
generated stably transfected MDA-MB-231 cell lines with reduced
MANIALI expression and analysed them in static and dynamic
adhesion assays. Two different MANI1Al-specific shRNA
sequences (#2 and #3) were used in order to produce respective
sublines with 60% and 95% MANI1A1 knockdown, respectively
(Figure 5H).

In static adhesion assays, we observed a significantly increased
adhesion of MDA-MB-231 cells with reduced MAN1AL1 expression
(MAN1A1-shRNA cells #2 and #3) to activated endothelial cells
compared with controls (scramble shRNA: nc; Figure 5]). This
effect could not be reproduced with unstimulated ECs. Here, only
MANI1A1-shRNA #3 cells, which were characterised by a more
efficient MANIAl knockdown than MANIAL-shRNA #2
(Figure 5H), showed a slightly enhanced adhesion to endothelial
cells (Figure 5I).

Further, no significant differences in the adhesive behaviour of
MANI1A1 knockdown cells compared with control ones were
found in the dynamic assays, either on stimulated or unstimulated
ECs (Figures 5K and L).

In order to rule out the possibility that the MAN1AL1 silencing
was neutralised by a compensatory upregulation of other -
mannosidases, QRT-PCR for MAN1A2, MANIBI and MANIC1
was performed with the MAN1A1 knockdown cells and controls.
MANIA1 knockdown in MDA-MD-231 cells leads to a weak
downregulation of MAN1A2 and MAN1C, whereas no consistent
results in both clones were obtained for MANI1BI (Supplementary
Figure S1B).

Influence of MAN1AL1 on proliferation, migration and apopto-
tic potential of breast cancer cells. The effect of reduced
MANI1AL1 expression on further cellular properties was analysed
in vitro using stably transfected MDA-MB-231 cells. No influence
of MAN1A1 knockdown on cell growth was observed in normal
growth medium and under serum-reduced conditions (not shown).
In addition, cell viability analysis after exposure to the cytotoxic
agent camptothecin showed no significant differences in the
amount of apoptotic cells in control MDA-MB-231 cells and those
with reduced MAN1A1 expression (not shown). In contrast, in an
in vitro scratch assay, we observed a significantly retarded wound
closure of MDA-MB-231 cells with reduced MAN1A1 expression
(MANI1A1 shRNA #2 and #3) compared with control ones. Here, a
slight difference was already evident after 10h, and this trend
became more pronounced and statistically significant after 24, 30
and 48 h (Supplementary Figure S3).

DISCUSSION

On the basis of our experimental data and investigations of clinical
tumour tissue, we could clearly show that the mannosidase
MANIALI has a metastasis-suppressor function in breast cancer.
Weak MANIA1 protein expression correlates with a higher
probability of lymph node involvement, metastasis to the lung,
bone or brain, and is associated with a significantly shorter disease-
free and overall survival. Comparison of western blot results and
mRNA expression data in cell lines and tumour tissue also
indicates that MANI1AI1 levels are subjected to transcriptional
regulation.

Mannosidases have an important role in the maturation of
N-glycans in the Golgi apparatus. In the absence of mannosidases,
N-glycans stay in the high-mannose form, whereas in the presence
of these enzymes mannose residues are cleaved and replaced by
other sugars, leading to the formation of the highly variable
complex N-glycans. MANIA1 is not the only mannosidase
involved in this process (Moremen and Nairn, 2014). Yet, although
in vitro data point to a partial redundancy between MAN1A1 and

www.bjcancer.com | DOI:10.1038/bjc.2017.472

853

10




BRITISH JOURNAL OF CANCER

Role of MAN1A1 in breast cancer

A Adhesion to HPMECs (- TNF2) B
-static- Adhesion to HPMECs (+ TNFz)
. 207 e p
2 PrS 5 9% )
8201 & 300 &3
I 1501 320
Sy S€ 200
3 19 S2 150
€
é 1 . : i 'g
< 0+ . . . ] 0
o 1uM 10;M 50,:M o 1AM 10uM  50uM
Kifunensine Kifunensine
C Adnesionto HPMECs (-TNFz) D) Adhesion to HPMECs (+ TNFz) |
-static- -static-
= 250 160 . =
7 . £ 0] 8
2 200 2 | 2
§ 2 § 1201 8.
e 150} e ‘: &
Py
2 00 2w %
E § 4 8
s 50 g 59/ 2
g ol 5 2
0 20
o 1uM  10:M  50M o 1M 10M 50:M
Kifunensine Kitunensine
E Adhesion to HPMECs (- TNFz) F Adhesion to HPMECs (+ TNFz)
" namic-
& 1000 & 350
Q D 300 |
E & 0 g? 250
g% 600 € 200
HE
z !
I Bl
5 o g 0+ . -
2 3
o 10 M oM < ° 10 uM 50 M
Kitunensine Kifunensine

T47D MDA-231 T47D MDA-231 T47D  MDA-231

KDa Cort
100 o o
£
7 fo
ALCAM ICAM-1 BCAM | Bod
48 i
| E
= -ach v @ w
f-actin fi-actin f-actin ST
Adhesion to HPMECs (<TNF2) J Adhesion to HPMECs (+TNF2)
-static- -static-
8
1 o
2.
b
3
5
nc shRNA #2 #3 5 nc shRNA #2 #3
MAN1A1-shRNA MAN1A1-shRNA

K Adnesion to HPMECs (~TNFz) L Adhesion to HPMECs (+TNF2)
jynamic- ~dynamic-

5 3 g 8

a 25 s 1

. ‘ 3.0

FEg < 1

ot 15 <l

S s3]

8 ! 58 2]

:5 05 s 1]

3 0 § o

nc shANA 2 3 < nc shANA w2 w3

MAN1A1-shRNA

MAN1A1-shRNA

Figure 5. Influence of MAN1A1 expression on the adhesion of breast cancer cells to endothelial cells. (A-F) After treatment with different
concentrations of the mannosidase inhibitor kifunensine, tumour cell adhesion to activated (+ TNFz) and not activated (— TNFz) endothelial cells
was analysed under static (MDA-MB-231: A, B; T47D; C, D) and dynamic conditions (MDA-MB-231: (E, F). (G) Western blot analysis showing a mass
shiftin ALCAM, ICAM-1 and BCAM after treatment of T47D and MDA-MB-231 cells with 10 um kifunensine. (H) Western blot analysis (upper panel)
and subsequent quantification (lower panel) of MAN1A1 knockdown in MDA-MB-231 cells, showing MAN1A1 expression in stably transfected
MDA-MB-231 cells with scramble shRNA (nc) and two different MANTA1 specific ShRNA sequences (#2 and #3). (I-L) Tumour cell adhesion to
activated (+ TNFz) and control (— TNF2) endothelial cells in MAN1A1 knockdown MDA-MB-231 cells compared with the nc cells under static (I, J)
and cell flow conditions (K, L). Values are means £ s.d. (n=3). *P<0.05, **P<0.005.

other enzymes such as MAN1A2 or MAN1Cl, MAN1AL1 is the
only member of this group whose expression correlates with
clinical tumour characteristics, pointing to an outstanding role of
this mannosidase. To date, we cannot explain the unexpected
presence of a second MAN1A1 band of ~60kDa in addition to the
expected band of ca. 70kDa in western blot analysis of tumour
tissues. As there are hardly any MAN1A1 western blot studies with
clinical samples, it might have thus far been overlooked. Yet,
regarding the strong correlation between expression values of both
bands and the similar results of statistical analysis (Supplementary
Table S1), we have no doubt that both are functional MAN1A1
protein variants.

Low mannosidase activity in the Golgi results in the accumula-
tion of high-mannose glycans in the cells. In breast cancer tissue
samples, N-glycan profiles of membrane proteins showed marked
increases of high-mannose N-glycans, but also of triantennary
complex glycans, compared with matched normal tissue (Liu et al,
2013). Similarly, in a breast tumour mouse model, N-glycan
profiling of serum proteins showed a significant elevation of high-
mannose glycans in the presence of breast cancer (de Leoz et al,
2011). This indicates that tumour progression might be accom-
panied to some extent by reduced mannosidase activity, which fits
to our data, possibly leading to a higher abundance of high-
mannose structures as compared with normal cells. Yet, regarding
the redundancy of mannosidases and the activity of other
glycosylation enzymes in tumour cells, we cannot equate MAN1A1
expression with a certain glycoform, and additional investigations
including glycan-MS will be necessary to clarify the function of the
specific glycans. In this context, we have observed an association
between MAN1A1 mRNA levels and GNA (Galanthus nivalis)

binding, a lectin with high affinity to «-1-3 and o-1-6-linked high
mannose structures (Supplementary Figure $4).

To date, little is known about the role of the mannosidase
MANIAL in human tumours. In a small study on transcriptional
profiling of glycogenes, MAN1A1 was previously found to be
downregulated in metastatic hepatocellular cancer (HCC) cell lines
and orthotopic xenograft tumours, as compared with non-
metastatic HCC controls (Liu et al, 2014). Our results on breast
cancer samples point to a similar role of this enzyme in metastasis
of this entity. In humans, more than 2000 proteins, including many
adhesion proteins and membrane receptors, harbour amino-acid
motifs suitable for N-glycosylation. Many of these proteins are
involved in metastasis, and correct N-glycosylation might be
crucial for their function. In our cohort, the membrane proteins
ALCAM and CD24, which are known to have a role in breast
cancer progression, were only significantly prognostic in tumour
tissue samples if there was a relatively high MANIAL1 expression.
We assume that tumour cells with normal or high levels of
MANIAL are able to ‘correctly’ glycosylate ALCAM and CD24,
such that these factors are consequently able to fully exert their
function, showing a prognostic impact for breast cancer patients.
In contrast, low levels of MAN1A1 would lead to an aberrant
glycosylation, thereby impairing ALCAM and CD24 function and
their influence on patient survival.

In mouse models, CD24-positive cells display high tumouri-
genic properties and metastatic potential, partly because of CD24’s
capacity to bind to P-selectin (Rostoker et al, 2015). Mannosidase
activity is the prerequisite for formation of complex N-glycans
potentially harbouring selectin-binding structures like Lewis
antigens. This might be the background of the observation that,
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in tumours with low MANIAl expression, CD24 has no
prognostic influence. Taken together, our data indicate that
reduced MAN1A1 expression leading to aberrant N-glycosylation
might have a superior prognostic role compared with adhesion
proteins whose function is dependent on proper glycosylation.

Extensive research has been carried out on the role of protein
glycosylation in leucocyte trafficking (Huo and Xia, 2009;
Sperandio et al, 2009). Moreover, some studies have explored
how modulation of N-glycans in endothelial cells serves, especially
during inflammation, as a mechanism to control leucocyte-
endothelial adhesion (Chacko et al, 2011; Scott et al, 2013). Here,
the presence of high-mannose structures on cell adhesion
molecules, such as ICAM-1, as a consequence of mannosidase
inhibition leads to increased monocyte rolling and adhesion. In
this context, it is reasonable to assume that tumour cells might use
a similar mechanism to augment adhesion to vascular walls,
thereby promoting extravasation and subsequent colonisation of
distant tissue. Indeed, in the present study we show for the first
time an increased adhesion of two breast cancer cell lines on
endothelial cells after treatment with the mannosidase inhibitor
kifunensine (under static and dynamic conditions). The observa-
tion that treatment of the endothelial cells with TNFx does not
strongly increase this effect suggests that this adhesion is
independent of selectins, as these are upregulated by TNFx
stimulation.

Kifunensine is a potent inhibitor of mannosidase I enzymes,
including endoplasmic reticulum o-1,2-mannosidase I (MAN1B1)
and Golgi class I mannosidases A (MAN1A1), IB (MAN1A2) and
IC (MANICI1) with Ki values of 130 and 23nM, respectively
(Elbein et al, 1990). It has been described to cause a shift in the
structure of N-glycans from complex chains to high-mannose
structures. This effect could be corroborated in our breast cancer
cell lines, where lower molecular mass bands could be detected in
western blots for ALCAM, ICAM-1 and BCAM after treatment
with kifunensine. For ICAM-1, this lower MW isoform has been
previously described to contain high-mannose N-glycans in
endothelial cells (Scott et al, 2013).

Similar to mannosidase inhibition by kifunensine, specific
knockdown of MANIAL in the cell line MDA-MB-231 led to
enhanced adhesion to activated endothelial cells in static adhesion
assays, whereas no impact on adhesion could be observed in
experiments under flow conditions. This weaker effect of MAN1A1
knockdown compared with kifunensine inhibition might be
attributed to some extent to the residual endogenous MAN1A1
enzyme activity present in the transfected cells, which could be
sufficient to conduct at least partial N-glycan trimming, but
certainly also to the presence of other active mannosidase class I
family members, which can partially compensate the reduced
MANIALI activity.

Nevertheless, a compensatory upregulation of other mannosi-
dases in response to MAN1A1 deregulation can be excluded. We
did not observe any significant correlation between MANIAL,
MANI1BI, MAN1A2, MANICI, EDEMI1, EDEM2 and EDEM3
transcriptional levels in tumour tissue samples, indicating the lack
of a compensatory regulation of other GH47 mannosidases in
tumours with reduced MAN1A1 levels. Similarly, no compensatory
upregulation of MANI1B1, MAN1A2 or MANICI could be
observed in MANIAl knockdown MDA-MB-231 cells
(Supplementary Figure S1).

In contrast to cell proliferation and apoptotic potential, which
were not influenced by MANIAIL expression, we found a
slowdown of cell migration after MAN1A1 knockdown in breast
cancer cells, suggesting that an increase in high-mannose and a
decrease in complex N-glycans might reduce cell motility. These
results correspond well to those obtained in studies on the
N-acetylglucosaminyl-transferase V. (MGATS5), which is involved
in the synthesis of complex branched N-glycans: knockdown of

MGATS5 expression in fibrosarcoma cells resulted in decreased
levels of complex glycans, increased cell-cell contacts due to altered
glycosylation of cadherins and decreased migration and invasion.
Conversely, MGATS5 overexpression in different cancer cells led to
high cellular motility and invasion because of its influence on
N-glycosylation of integrins or laminins (Oliveira-Ferrer et al,
2017). Yet, reduced cell motility in MAN1A1 knockdown cells does
not correspond to the characteristics of low-MAN1A1 tumours
in vivo, suggesting a minor impact of this feature on tumour cell
aggressiveness.

In conclusion, the results of our present study corroborate a
tumour-suppressive role of the Golgi mannosidase MAN1A1 in
breast cancer, where MAN1A1 expression levels significantly affect
recurrence-free and overall survival. MAN1A1-mediated glycosy-
lation influences tumour cell adhesion of breast cancer cells to lung
endothelial cells, and strongly affects the prognostic impact of well-
characterised adhesion proteins such as ALCAM and CD24. Thus,
the understanding of glycan alterations may provide new options
for therapeutic intervention.
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Supplementary Figure S1: Correlations between mRNA levels of the GH47 mannosidases. Using microarray
data from 219 tumour tissue samples, transcriptional levels of MAN1A1 were statistically correlated with those
of MAN1A2, MAN1B1, MAN1C1, EDEM1, EDEM2 and EDEMS3. Pearson correlation showed no significant
association between mMmRNA levels of these factors (A). No compensatory up-regulation of other a-
mannosidases could be observed in MDA-MD-231 cells with reduced MAN1A1 expression. MAN1A1-knock-
down in MDA-MD-231 cells leads to a weak down-regulation of the a-mannosidases MAN1A2 and MAN1C,
whereas for MAN1B1, no consistent results in both clones were obtained (B). Primer sequences used for gRT-
PCR are given in (C).
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Supplementary Figure S2: Inhibition of a-mannosidase | alters glycosylation pattern in subcellular fractions
of T47D and MDA-MB-231 cells. Breast cancer cells T47D (A) and MDA-MB-231 (B) were treated with 10 pM
kifunensine for 48h and cytosolic-soluble, membranous and nuclear protein fractions were separated
simultaneously. Compared to whole cell lysates, a dominant mass shift for the adhesion molecules ALCAM,
ICAM-1 and BCAM was observed in the cell membrane fraction. B-actin, a-Tubulin and lamin A/C are cell-

compartment-specific marker proteins and were used as loading controls.
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Supplementary Figure S3: Scratch migration assay of stably transfected MDA-MB-231 cells. Using ImageJ
Wound Healing Tool, gap closure was quantified and represented as the percentage of cleared area
remaining at 10, 24, 30 and 48 hours after the initial scratch. Representative results from one of three
independent experiments are shown. Values are means + S.E. (n=8). **P<0.005 related to nc shRNA values.
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Supplementary Figure S4: Association between MAN1A1 mRNA levels and GNA binding. A, The intensity of
GNA-binding on breast cancer tumour tissue samples (n=12) included in a tissue microarray (TMA) was
correlated with the corresponding MAN1A1 mRNA levels. Tumours showing weak or no GNA binding were
characterised by higher MAN1A1 mRNA levels, whereas a strong GNA staining corresponds to tumours with
lower MAN1AL1 levels (Pearson correlation coefficient: -0.466; p=0.126). B and C, Representative figures
showing GNA binding in tumours with high (B) and low (C) MAN1A1 mRNA expression.
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Supplementary Table 51:
Comparison of the two MAN1AL bands obtained in western blot analysis

Band in WB ca. 70 kDa ca. 60 kDa

Correlation with MAN1A1 mRNA levels (Pearson tests)
Affymetrix 208116_s_at 0.495° 0.495°
Affymetrix 221760_at 0.439° 0.447°

Correlations with dlinicopathological parameters at surgery (Chi-square tesl'_s]II

nodal invelvernent (N0 vs. N1) 0.002 0.002
Stage pT1ws. pT2 vs. pT3-4 0.054 0.563
Grading (G1-2 vs. G3) 0.047 0.023
ER status (neg. vs. pos.) 0.123 0.304
PR status (neg. vs. pos.) 0.031 0.665

Correlations with localization of metastasis at relapse

Bone metastasis (n=23) 0.043 0.180
Lung metastasis (n=21) 0.097 0.011
Visceral meastasis (n=24) 0.666 0.141
Brain metastasis (n=11) 0.043 0.150

Kaplan-Meier analysis
Disease-free survival 0.007 0.006
Overall survival 0.054 0.093

a: Pearson coefficients are given. All p-values were <0.001.
b: p-values are given (for statistical tests see materials and
methods). Inverse correlations are indicated by italics.

Supplementary Table S1: Comparison of the two MAN1Al bands obtained in western blot analysis.
Correlations of MAN1A1l protein expression (70 kDa-band and ca. 60 kDa-bands) with MAN1A1 mRNA
expression, clinical and histological parameters (Chi-square tests) and recurrence-free and overall survival
(log-rank test).

Legler et al.:
Supplementary Table 52:
Uni- and multivariate Cox regression analysis of the influence of MAN1AL expression on
DFS (A) and OAS (B) in breast cancer patients.
A: Disease-free survival

Exp HR 51 [95%) p=
Univariate:
MANLAL (70 kDz) continuous data 10.006 0.995 [0.992-0.998) 0.002
MANLAL (70 kDa) quartiles 10,540 0.651  [0.503-0.843) 0.001
Multivariate:
MAN1AL (70 kDa) quartiles 2.384 078  [0.579-1.067) 0123
Stage pT1vs. pT2 vs. pT3/2 0.024 0958  (0.557-1.649) 0877
Nodal status NO vs. N1 2322 1686 [0.861-3.300) 0.128
Grading G1/2 vs. G3 2.730 1778 [0.898-3.518) 0.038
ER status ER-negative vs. Positive 0.087 0.839 (0.443-1.825) 0.7628
B: Overall survival

Exp HR 51 [95%) p=
Univariate:
MAN1AL (70 kD] continuous data 5.168 0.996 (0.993-0.993) 0.023
MAN1AL (70 kDa) quartiles 5445 0711  (0.534-0.347) 0.020
Multivariate:
MANLAL (70 kDa) quartiles 0.345 0.838 [0.626-1.287) 0.557
Stage pT1vs. pT2 vs. pT3/4 0011 1035 (0.543-1.373) 0316
Nodal status NO vs. N1 2.858 1534 (0.900-4.153) 0.081
Grading G1/2 vs. G3 4867 2506 [1.108-5.663) 0.027
ER status ER-negative vs. positive 0.1%2 0.845 [0.358-1.795) 0.661

Supplementary Table S2: Uni- and multivariate Cox regression analysis of the influence of MAN1A1l
expression on DFS (A) and OAS (B) in breast cancer patients. In univariate analyses, the continuous MAN1A1
expression data and quartiles with low, moderate, strong and very strong MAN1AL expression were studied.

In multivariate analyses, nodal involvement, stage, grading and oestrogen receptor status were included.
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2 Zusammenfassende Darstellung der Arbeit

2.1 Einleitung

Das Mammakarzinom ist weltweit die haufigste Krebserkrankung der Frau (Rojas
und Stuckey 2016). Allein in Deutschland erkranken jahrlich circa 70.000 Frauen
und fast 700 Manner an Brustkrebs, Stand 2014 (Kaatsch und Spix 2017). Dank
erheblicher Fortschritte in der Friherkennung und zielgerichteten Therapie des
Mammakarzinoms konnte das Gesamtiiberleben der Erkrankung innerhalb der
letzten Jahrzehnte zunehmend gesteigert werden (Barnes et al. 2016).
Nichtsdestotrotz gilt das metastasierte Mammakarzinom - im Gegensatz zum frih
erkannten und lokalen Mammakarzinom - weiterhin als chronische und inkurable
Erkrankung (Harbeck und Gnant 2017). Es ist zudem die Ursache fur die meisten
krankheitsbedingten Todesfalle und stellt somit eine grofRe Herausforderung fur
bestehende und zukinftige Therapiekonzepte dar (Scully et al. 2012). Die
Manifestation einer Metastasierung kann auch viele Jahre nach der Erstdiagnose
auftreten (Weigelt et al. 2005). Das Mammakarzinom metastasiert einerseits
lymphogen in lokoregionare Lymphknoten und andererseits hamatogen bevorzugt
in das Skelettsystem, die Lunge, die Leber und das Gehirn (Weyerstahl und
Gunthner-Biller 2013).

Die genauen biochemischen Vorgange, die wahrend der Tumormetastasierung
stattfinden, sind immer noch nicht vollstandig verstanden. Damit Tumorzellen in
der Lage sind, Absiedlungen in anderen Organen zu bilden, muissen
physiologische Barrieren im Rahmen eines mehrstufigen Prozesses Uberwunden
werden (s. Abbildung 1). Hierzu zahlt zunachst die Loslosung der Tumorzellen aus
dem lokalen Tumorverband, gefolgt von der Invasion der extrazellularen Matrix im
Sinne der EMT (epithelial- mesenchymale Transition). Als ndchstes kommt es zur
Intravasation, bei der die Tumorzellen Anschluss an das Lymph- und
Blutgefal3system erhalten und als zirkulierende Tumorzellen in den Koérperkreislauf
gelangen. Im letzten Schritt missen sie an Endothelzellen adhéarieren um
schliel3lich nach der Extravasation ins Zielorgan zu gelangen und dort einen
Sekundartumor bilden zu kénnen (Oliveira-Ferrer et al. 2017; Sokeland und
Schumacher 2019; Wirtz et al. 2011).
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Primartumor Vaskularisierung Invasion der EZM Intravasation

Zirkulierende Adhésion Wachstum eines

Tumorzellen (CTC's) an Endothelzellen Extravasation Sekundartumors

r:.:t(;m_} _»_»

Abbildung 1: Schematische Darstellung der Metastasierungskaskade.

Quelle verandert nach Wirtz D, Konstantopoulos K, Searson PC (2011) The physics of cancer: the role
of physical interactions and mechanical forces in metastasis. Nat Rev Cancer 11(7):512-22.

Thematischer Hintergrund dieser Arbeit sind Veranderungen in der Glykosylierung
von Proteinen und deren Einfluss auf die Tumormetastasierung. Die
Glykosylierung ist eine co- und posttranslationale Modifikation, die im
endoplasmatischen Retikulum und Golgi- Apparat stattfindet und bei der durch
enzymatische Reaktionen Zuckermolekile n- oder o-glykosidisch an Proteine
gebunden werden (Munkley und Elliott 2016). Rund 50% aller Proteine des
menschlichen Organismus sind glykosyliert (Apweiler et al. 1999). Glykoproteine
sind haufig sezernierte Proteine oder Bestandteile der Zellmembran und haben
vielfaltige Funktionen (Hauser 2016). Fast alle bekannten Tumormarker sind
Glykoproteine (Munkley und Elliott 2016), ebenso wie viele Rezeptoren (z.B.
Human epidermal growth factor receptor 2 (HERZ2)) und Adhasionsmolekile
(Oliveira-Ferrer et al. 2017). Die Glykosylierung hat dabei nicht nur einen Einfluss
auf die Funktionalitat von Proteinen sondern spielt auch bei intrazellularen
Prozessen, wie bei der Proteinfaltung und -qualitatskontrolle eine mafgebliche
Rolle (Moremen et al. 2012). Einige typische Veranderungen von Glykoproteinen
und den an der Synthese beteiligten Glykosylierungsenzymen konnten bereits mit
essentiellen Aspekten der Tumorprogression und -metastasierung in Verbindung
gebracht werden (Munkley und Elliott 2016). Ein bekanntes Beispiel hierfir ist eine
verstarkte Sialylierung des Lewis Antigen X, die bei den meisten Tumorentitaten
mit einer schlechteren Prognose assoziiert ist (Liang et al. 2016). Neben der

Sialylierung sind auch die Fucosylierung, sowie eine verstarkte Verzweigung von
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komplexen Glykanen bereits in diesem Zusammenhang beschrieben worden
(Christiansen et al. 2014).

Eine Untersuchung zur prognostischen Relevanz von Glykosylierungsenzymen
beim Mammakarzinom, die 2014 vom gyné&kologischen Forschungslabor des
Universitatsklinikum Hamburg-Eppendorf durchgefuhrt wurde, ist die Grundlage
dieser Arbeit (Milde-Langosch et al. 2014). Mithilfe einer Mikroarrayanalyse
wurden die MRNA- Expressionslevel von unterschiedlichen
Glykosylierungsenzymen an zwei unabhéngigen Patientenkohorten ermittelt und
mit den Uberlebensdaten der einzelnen Kohorten korreliert. Es konnten acht Gene
identifiziert werden, die in beiden Kohorten eine signifikante prognostische
Bedeutung zeigten (Milde-Langosch et al. 2014). Hierzu zahlte unter anderem die
Mannosidase MAN1A1, die - bei hoher Expression - mit einem langeren rezidiv-
freien Uberleben und Gesamtiiberleben assoziiert war.

Eine Western-Blot-Analyse, die im Anschluss an 105 Tumorproben einer
Subkohorte durchgefiihrt wurde, ergab zudem einen Zusammenhang zwischen
niedrigen MAN1A1 Proteinexpressionen und einem positiven Lymphknotenbefall,
einer verstarkten Metastasierungsneigung - insbesondere ins Gehirn - sowie

einem hdheren Grading der Tumore (Legler et al. 2018).

Die MAN1A1 z&hlt neben der MAN1A2, MAN1B1 und MAN1C1 zu der Gruppe der
alpha-1,2 Mannosidasen, die wiederum zu der Familie der Glykosylhydrolasen
(GH47) gehoéren und Mannosen, in alpha-1,2 Stellung spalten. Sie alle sind
Transmembranproteine vom Typ I, haben eine ahnliche katalytische Einheit und
sind Schlisselenzyme in der N-Glykosylierung. Trotz der als teilweise
Uberlappend beschriebenen Funktionen (Moremen und Nairn 2014), konnte
jedoch nur fur die MAN1A1 eine signifikante prognostische Rolle nachgewiesen
werden (Milde-Langosch et al. 2014).

Die MAN1Al ist im Golgi-Apparat lokalisiert und zusammen mit den
Mannosidasen MAN1A2 und MAN1C1 fur die Abspaltung von bis zu vier
Mannoseresten von der Oligosaccharidkette (MangoGICNAC,Asn) des
entstehenden Glykoproteins verantwortlich (Stanley et al. 2015). Dieses
sogenannte ,Mannose-Trimming“ und die Entstehung von Man;GIcNAc,Asn ist die

Voraussetzung daftir, dass Glykosyltransferasen und Glukosidasen weitere
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Modifikationen an dem Glykoprotein vornehmen kdnnen (Stanley et al. 2015).
Werden die alpha-1,2-Mannosidasen durch spezifische Inhibitoren, wie Kifunensin
oder 1-Deoxymannojirimycin inhibiert (Moremen und Nairn 2014), verbleiben die
Glykane in der sogenannten ,High-Mannose“-Form (Elbein et al. 1990) und es

kommt zu einer Akkumulation von Man;_gGIcNAc,Asn (Stanley et al. 2015).

Es werden drei unterschiedliche Formen der N-Glykane unterschieden (s.
Abbildung 2). Wahrend die ,High-Mannose®- oder auch ,Oligo-Mannose“-Glykane
lediglich Mannosen als terminale Saccharide prasentieren, enthalten hybride N-
Glykane 3-5 Mannosereste und eine weitere gemischte Oligosaccharidkette.
Komplexe N-Glykane hingegen enthalten nur 3 Mannosereste und 2-4 Antennen

mit jeweils unterschiedlichen Oligosaccharidketten (Stanley et al. 2015).

N-Acetyl-Glucosamin
Mannose
Galaktose

Sialinsaure

AoOonm

Asn Asn Asn

High-Mannose Komplex Hybrid

Abbildung 2: Die drei Subtypen der N-Glykane.

Quelle: verandert nach Stanley P, Taniguchi N, Aebi M (2015) N-Glycans. In: Essentials of Glycobiology.
Cold Spring Harbor (NY), 99.

Die Relevanz von High-Mannose-Glykanen beim Mammakarzinom wurde bereits
in mehreren Publikationen beschrieben. In einer Studie, die N-glykosylierte
Membranproteine von Mammakarzinom-Tumorproben mit gesundem Gewebe
verglich, konnte gezeigt werden, dass der Anteil an High-Mannose-Glykanen in
den Tumorproben signifikant erh6ht ist (Liu et al. 2013). In einer weiteren Studie
am Mausmodell konnte ebenfalls ein starker Zusammenhang zwischen der
Expression einer High-Mannose-Glykoform mit insgesamt 9 Mannoseresten und
der Entwicklung eines Mammakarzinoms festgestellt werden (de Leoz et al. 2011).
In einer Untersuchung, die die relative Verteilung von Glykanklassen in

unterschiedlichen Zelllinien verglich, zeigte sich ein deutlich héherer Anteil von
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High-Mannose-Glykanen bei den invasiven Mammakarzinomzelllinien (Hs-578T,
ZR-75-1, MCF-7, and MCF-7/HER2) als bei der benignen Zelllinie MCF-10A. Auch
zwischen einzelnen Tumorentitdten ergaben sich deutliche Unterschiede. Die
Ovarialkarzinomzelllinie ES-2 wies beispielsweise deutlich weniger High-
Mannose-Glykane auf als die untersuchten Mammakarzinomzelllinien (Hua et al.
2014).

Uber die Rolle der MAN1A1 im Zusammenhang mit Tumorprogression hingegen
ist bisher nur wenig bekannt. In einer Studie zum hepatozellularen Karzinom
(HCC) konnte beim Vergleich von metastasierenden zu nicht-metastasierenden
HCC-Zelllinien ebenfalls eine Herunterregulation der MAN1A1 beobachtet werden
(Liu et al. 2014).

2.2 Zielsetzung der Arbeit

Im Rahmen dieser Promotion sollte in vitro analysiert werden, welchen Einfluss die
Aktivitat der Mannosidase MAN1A1 auf den Tumorphanotyp hat. Ausgehend von
der Hypothese, dass eine verminderte Mannosidaseaktivitat mit einem
aggressiveren Tumorphanotyp einhergeht, sollten insbesondere die adhasiven
Eigenschaften von Mammakarzinomzellen untersucht werden, die im Rahmen der
Metastasierung entscheidend sind. Mithilfe etablierter Adh&asionsassays sollte das
Adhasionsverhalten der Tumorzellen untereinander, an Komponenten der
extrazellularen Matrix und an Endothelzellen untersucht werden, um auf diese
Weise Ruckschlisse auf die Zellaggregation, das Invasions-, Migrations- und

Extravasationsverhalten der Zellen ziehen zu kénnen.

2.3 Methodik

Die  MAN1Al-Proteinexpressionen wurden im Vorfeld mittels Western-Blot-
Analysen an verschiedenen etablierten Mammakarzinomzelllinien getestet. Die
triple-negativen Zelllinien MDA-MB-231 und T47D exprimierten vergleichsweise
viel MAN1A1, sodass sie fur die nachfolgenden Versuche ausgewahlt wurden (s.
Figure 4). Die MAN1A1 wurde einerseits auf Proteinebene in ihrer enzymatischen
Aktivitat durch den Einsatz des Alkaloides Kifunensin inhibiert. Die Zellen wurden

hierzu, wie in der Publikation beschrieben, jeweils mit unterschiedlichen
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Kifunensin-Konzentrationen (1pM, 10uM und 50uM) in serumreduzierten Medium
fur 48h inkubiert, bevor sie fur die Versuche verwendet wurden.

Zudem erfolgte eine stabile Transfektion durch RNA-Interferenz, bei der die
MAN1A1 auf Gen-Ebene herunterreguliert wurde. Mittels Real Time Quantitative
PCR (RT-gPCR) und Western- Blot-Analysen wurde der Knock-Down sowohl auf
MRNA- als auch auf Proteinebene regelmafig kontrolliert.

Beide soeben beschriebenen Ansatze wurden jeweils im Vergleich zum Wildtyp
bzw. zur Negativkontrolle fur die Adhasionsassays verwendet. Zusatzlich zu
denen in der Publikation beschriebenen statischen und dynamischen
Adhéasionsversuchen an pulmonalen Endothelzellen (kurz HPMEC, englisch fur
human pulmonary microvascular endothelial cells) wurde das Adhasionsverhalten
der mit Kifunensin behandelten Zellen an Komponenten der extrazellularen Matrix
(Kollagene, Laminin, Vitronektin und Fibronektin) untersucht. Auf3erdem wurde die
Ausbildung von multizellularen Tumorspharoiden analysiert. Die beiden zuletzt
genannten Versuche werden daher kurz methodisch beschrieben.

Zur weiteren Analyse der beteiligten Adhasionsmolekile erfolgte aul3erdem eine
Western-Blot-Analyse, bei der die Expression von ALCAM, ICAM-1 und BCAM im
Wildtyp und nach Kifunensinbehandlung (10uM) bestimmt wurde.

2.3.1 Adhasionsassay an Komponenten der extrazellularen Matrix

Die Tumorzellen MDA-MB-231 wurden, wie in der Publikation beschrieben, tber
48h mit Kifunensin in drei verschiedenen Konzentrationen in serumreduzierten
Medium inkubiert. Eine 96- Well-Platte wurde Uber Nacht mit jeweils 50 pl
Kollagen 1 (0,02 ug/ pl), Kollagen 1V (0,02 pg/ ul), Vitronektin (0,02 pg/ ul), Laminin
(0,1 pg/ pl) und Fibronektin (0,2 pg/ ul) beschichtet und unter dem Abzug
getrocknet. Am nachsten Tag wurden die Zellen bei 70-80 % Konfluenz mit
Accutase® geldst, gezahlt und auf 100.000 Zellen/ 100 pl eingestellt. Nach
zweimaligem Spullen der Wells mit phosphatgepufferter Salzlosung (kurz PBS,
englisch fur phosphate-buffered saline) wurden jeweils 100.000 Zellen der
einzelnen Ansatze auf 3 Wells jedes Matrixproteins gegeben und fur 30 Minuten
inkubiert. Nach Ablauf der Zeit wurden die Wells dreimal mit PBS gewaschen, um
die nicht-adharenten Tumorzellen zu entfernen. Im Anschluss wurden die Zellen

mittels 4% Paraformaldehyd fur 30 Minuten fixiert, bevor eine Farbung der Zellen

22



mit 0,1% Kristallviolett fir weitere 15 Minuten erfolgte. Die Wells wurden danach
mit destilliertem Wasser gespult und schlielich mit 5% Triton®-X-100 behandelt.
Die Auswertung erfolgte photometrisch bei einer Wellenlange von 570nm am Elisa
Reader (Tecan infinite 200Pro). Die Versuche wurden mindestens dreimal

unabhéngig voneinander durchgefuhrt.

2.3.2 Multizellulare Tumorsphéaroide

Eine 96-Well-Platte wurde mit je 50 pl einer 2%igen Agaroselosung (SeaKem
GTG Agarose) beschichtet. Bei 70-80% Konfluenz wurden die Zellen geldst und
gezahlt. Es wurden jeweils 5000 Zellen der einzelnen Ansétze pro Well ausgesat.
Die folgende Inkubation der Zellen erfolgte ebenfalls unter Kifunensinbehandlung,
die aquivalent zu den bereits beschriebenen Versuchen durchgefiihrt wurde. Die
Zellen wurden am ersten, zweiten, dritten, fiinften und zehnten Tag unter dem
Mikroskop (Axiovert 40 C, Carl Zeiss AG, Leica DFC320, Wetzlar, Germany)
fotografiert. Die Flachen der Zellen wurden mithilfe der Software ,Zen Blue
Edition“ von Carl Zeiss berechnet. Es wurde die relative Flachenveranderung seit

Tag 1 ermittelt und verglichen.

2.4 Ergebnisse und Diskussion

2.4.1 Adhasion an Endothelzellen (HPMEC)

Die vorliegende Arbeit zeigt, dass eine Kifunensinbehandlung der Zelllinie MDA-
MB-231 sowohl unter statischen als auch unter dynamischen Bedingungen zu
einer dosis-abhangigen Zunahme der Adhasion flihrt (s. Figure 5A,B,E,F). Dieser
Effekt konnte auch im statischen Adh&sionsassay mit der Zelllinie T47D
nachgewiesen werden. Die Vorbehandlung der Endothelzellen mit dem
Tumornekrosefaktor-a (TNF-a) fuhrte zu keiner wesentlichen Verstarkung des
Adhasionsverhaltens. Fur die MAN1Al-Knock-Down-Zellen konnte unter
statischen Bedingungen ein ahnlicher, aber deutlich schwacherer Trend
beobachtet werden. Unter dynamischen Bedingungen konnten keinerlei
signifikante Unterschiede zwischen den MAN1A1-Knock-Down-Klonen #2 und #3
und der Negativkontrolle festgestellt werden (s. Figure 51,J,K,L).
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Die Adh&sion von metastasierenden Tumorzellen an Endothelzellen ist ein
wichtiger Schritt wahrend der Extravasation (Wirtz et al. 2011) und erfolgt &hnlich
wie bei Leukozyten, die bei Verletzungen oder Entziindungen aus dem Blutgefafd
in die Umgebung austreten (Kobayashi et al. 2007). Selektine, Integrine,
Cadherine, CD44 und Ig-Immunglobuline spielen hierbei eine wichtige Rolle
(Reymond et al. 2013). Cytokine, wie TNF-a, fihren in vivo dazu, dass
Endothelzellen verstarkt E-Selektin exprimieren (Reymond et al. 2013). Beim
sogenannten ,Rolling“ der Leukozyten entstehen schwache Bindungen zwischen
E-Selektin und den entsprechenden Liganden der Leukozyten (CD44, sLex oder
sLea). Die Zellen werden abgebremst und ,rollen“ Giber die Endothelzellen, bevor
sie schliel3lich adhérieren (Huo und Xia 2009). Aufgrund des geringen Effektes der
TNF-a-Behandlung - insbesondere in den durchgefiihrten Durchflussversuchen -
scheint das beobachtete Bindungsverhalten in unseren Versuchen zumindest
grof3tenteils selektinunabhangig zu sein. Neben dem E-Selektin haben andere
Adhéasionsmolekiile wie ICAM-1 (intercellular adhesion molecule 1), VCAM-1
(vascular cell adhesion molecule 1), LICAM (L1 cell adhesion molecule) und
Integrine vor allem bei der stabilen Bindung der Zellen einen hohen Stellenwert
(Dippel et al. 2013; Kobayashi et al. 2007; Reymond et al. 2013).

Der Einfluss der N-Glykosylierung auf die Adhasionsmolekiile der Endothelzellen
wurde bereits untersucht. Eine Studie, die Endothelzellen der Nabelschnur mit
dem alpha-Mannosidase-Inhibitor Deoxymannojirimycin behandelte, konnte eine
signifikant starkere Adhasion von aktivierten Monozyten nachweisen. Anhand von
monoklonalen Antikdrpern wurde eine Beteiligung von ICAM-1 und B2-Integrin
detektiert (Sriramarao et al. 1993). Scott et al. konnten eine High-Mannose-
Glykoform des Adhasionsmolekills ICAM-1 an Endothelzellen identifizieren, die
ebenfalls mit einer verstarkten Adhésion von Monozyten einhergeht. Diese High-
Mannose- Form stellte sich im Western-Blot aufgrund der geringeren
MolekulgroRe als Bande bei ~75kDa dar (Scott et al. 2013). Auch in unseren
Untersuchungen konnte nach Kifunensinbehandlung der MDA-MB-231 und T47D
die Bande fir ICAM-1 bei ~75kDa nachgewiesen werden. Ein ahnlicher Effekt
zeigte sich auch fur die anderen n-glykosylierten Adhasionsmolekile BCAM und
ALCAM. Dieser Massenshift konnte auf eine erh6hte Anzahl an High-Mannose-
Glykanen hindeuten. Denkbar ware aul3erdem, dass die High-Mannose-Form des

ICAM-1 auch eine Rolle in der Tumoradhasion an Endothelzellen spielt.
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Die Frage, warum die Adh&sion an Endothelzellen bei den Knock-Down-Zellen im
Vergleich zu den mit Kifunensin behandelten Zellen weniger stark ausgepragt war,
konnte noch nicht abschlielRend geklart werden. Ein Grund ist sicherlich die bereits
beschriebene tberlappende Funktion der alpha-1,2 Mannosidasen (Moremen und
Nairn 2014). Es konnte zwar keine signifikante kompensatorische Hochregulation
der fir die MAN1A2, MAN1B1 und MAN1C1 kodierenden Gene nachgewiesen
werden (s. Supplement S1, B) jedoch ist nicht auszuschlieRen, dass die anderen
0.g. Enzyme den Funktionsverlust der MAN1Al zumindest teilweise
kompensieren. Zudem ist davon auszugehen, dass trotz Knock-Down eine
gewisse Restaktivitat der MAN1Al bestand. Im Unterschied hierzu ist Kifunensin
ein potenter Inhibitor aller alpha-1,2 Mannosidasen (Elbein et al. 1990) und damit
maoglicherweise auch Grund fir ein starkeres Adhasionsverhalten der Zellen in
Verbindung mit einem hoheren Anteill an High-Mannose-Glykoproteinen.
Weiterfuhrende Analysen der exprimierten Glykanstrukturen der Tumorzellen

waren an der Stelle notwendig, um diese Frage sicher beantworten zu kbnnen.

2.4.2 Adhasion an Komponenten der extrazellularen Matrix (EZM)

Die Untersuchung der Zelladhasion an Komponenten der extrazellularen Matrix
ermoglicht Ruckschlisse auf das Migrationsverhalten von metastasierenden
Zellen. Eine Kifunensinbehandlung der Tumorzelllinie MDA-MB-231 erbrachte
keine signifikanten Unterschiede bezuglich des Adhasionsverhaltens an Kollagen
1, Kollagen 4 und Vitronektin (s. Abbildung 6). Lediglich die mit 50uM Kifunensin
behandelten Tumorzellen zeigten ein signifikant vermindertes Adhasionsverhalten
an Laminin (p= 0,0016) und Fibronektin (p= 0,0030).
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Abbildung 3: Adhasion der MDA-MB-231 an Komponenten der EZM
nach Behandlung mit Kifunensin in unterschiedlichen Konzentrationen.

Mittelwerte + SD (n=3) (*p<0,05, **p<0,005), Quelle: eigene Darstellung.
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Die Adhasion an Komponenten der EZM erfolgt hauptsachlich tGber Integrine, die
als Zelladh&sionsmolekile sowohl an bestimmte Zellmatrixbestandteile binden als
auch wichtige Zellfunktionen, wie beispielsweise die Proliferation und Migration
Uber Veranderungen im Zytoskelett regulieren (Ramovs et al. 2017). Insbesondere
in metastasierenden Tumorzellen liegt haufig eine Uberexpression von Integrinen
vor. Da Integrine auch Glykoproteine sind, hat auch hier die Glykosylierung einen
Einfluss auf die Konformation und die Aktivitdt dieser Transmembranproteine
(Janik et al. 2010).

Das Integrin a5B1 ist eines der am genauesten analysierten Integrine und Ligand
fur Fibronektin (Janik et al. 2010). Die Bindungsstarke zwischen diesen beiden
Molekilen ist abhangig von der Starke der Glykosylierung (Isaji et al. 2004).
Fibroblasten, die mit 1-Deoxymannojirimycin behandelt wurden, zeigten eine
signifikant schwéchere Adhésion an Fibronektin als die unbehandelten Zellen
(Akiyama et al. 1989). Sowohl die alpha- als auch die beta-Untereinheit wurden
durch die Behandlung mit dem Inhibitor und der folglich veranderten
Glykosylierung in ihrer Funktion beeintrachtigt (Akiyama et al. 1989). In einem
ahnlichen Versuch konnte gezeigt werden, dass der Verlust der Bindungsaffinitat
des a5B1 Integrins an Fibronektin mit einer erhéhten Anzahl von High-Mannose-
Glykanen einhergeht (Zhang et al. 2004). Es liegt also nahe, dass auch in unseren
Untersuchungen die veranderte N-Glykosylierung mit konsekutiver Erh6hung des
High-Mannose-Anteils zu einer beeintrachtigten Funktion des a5B1 Integrins
gefuhrt haben kdnnte.

Die verminderte Adhasion an Laminin konnte ebenfalls auf einen
glykosylierungsabhangigen Funktionsverlust der entsprechenden Liganden, wie
z.B. Integrin a3B1, a6B1, a7B1 and a6B4 zurlckzuflhren sein. Keratinozyten,
deren beta-Untereinheit des Integrins a6B4 nicht N-glykosyliert wurde, zeigten
eine reduzierte Adhasion an Laminin und ein deutlich vermindertes
Migrationsverhalten (Kariya und Gu 2011).

Da das Integrin a6B4 auch in der Wundheilung eine wichtige Rolle spielt (Kariya
und Gu 2011), konnte auf diese Weise auch die beobachtete verlangsamte
Zellmotilitat der MAN1A1-Knock-Down-Zellen erklart werden. Obwohl diese
Ergebnisse nicht unbedingt auf einen aggressiveren Phanotyp schliel3en lassen,
konnte auch hier der Effekt der verdnderten N-Glykosylierung nachgewiesen

werden.
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2.4.3 Zell-Aggregation

Die Sphéaroidbildung ist aufgrund der Dreidimensionalitat der Zellkultur eine
Moglichkeit, den in vivo Verhaltnissen eines Tumors noch naher zu kommen.
Multizellulare  Tumorsphéaroide werden haufig in  Untersuchungen zu
Medikamentenwirkungen und -resistenzen verwendet, haben aber auch im
Bereich der Tumorforschung einen hohen Stellenwert, da Ruckschlisse auf die
interzellularen Prozesse, die bei der Migration entscheidend sind, gezogen werden
konnen (Nath und Devi 2016). Nicht alle Zelllinien kdnnen Sphéroide ausbilden
(Friedrich et al. 2009). Auch die Zelllinie MDA-MB-231 bildet nur unter bestimmten
experimentellen Bedingungen kompakte Tumorsphéaroide (Froehlich et al. 2016).
Weder eine Kifunensinbehandlung der Tumorzellen, noch der MAN1A1-Knock-
Down durch die stabile Transfektion zeigten einen signifikanten Einfluss auf die
Grolle oder Kompaktheit der Tumorzellaggregate (s. Abbildung 4). Die
interzellulare Adhésion, fur die haufig E-Cadherine bei epithelialen Tumoren
verantwortlich sind (Byers et al. 1995), scheint also durch die MAN1Al nicht

beeinflusst zu werden.
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Abbildung 4: Tumorspharoid-Bildung der MDA-MB-231

a) MDA-MB-231 mit unterschiedlichen Kifunensinbehandlungen nach 1,5 und 10 Tagen
b) MDA-MB-231 shRNA und Negativkontrolle nach 1,5 und 10 Tagen
c) Mikroskopische Ansicht, 5000 Zellen/ Well, Maf3stab: 1000uM, Quelle: eigene Darstellung.
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2.5 Fazit

Im Rahmen dieser Arbeit konnte demonstriert werden, dass die Mannosidase
MAN1Al1 einen Einfluss auf die adhédsiven Eigenschaften der
Mammakarzinomzelllinien MDA-MB-231 und T47D hat. Sowohl eine enzymatische
Inhibition der MAN1A1 durch Kifunensin, als auch ein Knock-Down der MAN1A1
fuhrten zu einer verstarkten statischen Adhé&sion an Endothelzellen. Auf diese
Weise konnte die erh6hte hdmatogene Metastasierungsneigung bei Tumoren mit
erniedrigter MAN21A1-Expression erklart werden. Die Ergebnisse stimmen
aul3erdem mit den klinischen Daten, die eine signifikante Korrelation von niedrigen
MANZ1A1-Expressionen mit einem kurzeren rezidiv-freien und Gesamtiberleben
bei Brustkrebspatientinnen ergaben, Uberein. Die vermutete Tumorsuppressor-
Funktion der MAN1A1 konnte somit in vitro bestatigt werden.

Veranderungen auf die Adhasion an Komponenten der extrazellularen Matrix
konnten nur fur Fibrinogen und Laminin nachgewiesen werden. Einen Hinweis auf
eine Veranderung der interzellularen Adhasion ergab sich nicht. Auch das
Proliferations- und Apoptoseverhalten war nicht beeintrachtigt. Die Zellmotilitat
hingegen war erniedrigt. Weiterfihrende Untersuchungen sind an dieser Stelle
notwendig, um die Rolle von High-Mannose-Glykoproteinen besser verstehen und

maoglicherweise als therapeutische Ziele nutzen zu kénnen.
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3 Zusammenfassung der gesamten Arbeit: Deutsch

Die Metastasierung des Mammakarzinoms ist fur die hohe Mortalitat der
Erkrankung verantwortlich. Veranderungen in der Glykosylierung von Proteinen
werden zunehmend mit Tumorentstehung und -progression assoziiert. In einer
vorhergehenden Studie der Arbeitsgruppe zu Glykosylierungsenzymen konnte
gezeigt werden, dass niedrige mRNA Level der alpha- 1,2 Mannosidase MAN1A1
mit einer schlechteren Prognose in zwei unabhangigen Kohorten einherging.
Dieser Effekt konnte auch mittels Western-Blot-Analyse an einer Subgruppe
(n=105) auf Proteinebene bestatigt werden. Niedrige MAN21A1l-Expressionen
korrelierten mit einem kirzeren rezidiv-freien Intervall, der Wahrscheinlichkeit
eines Lymphknotenbefalls und einer Hirnmetastasierung sowie dem Grading des
Tumors. Im Rahmen dieser Arbeit sollte in vitro analysiert werden, ob eine
verminderte  MAN1Al Funktion mit einem aggressiveren Tumorphanotyp
einhergeht. Zelllinien, die vergleichsweise viel MAN1Al exprimierten (MDA MB
231 und T47D) wurden fir die Versuche ausgewahlt. Die Funktion der MAN1A1
wurde auf zwei verschiedene Weisen gehemmt: einerseits erfolgte eine
enzymatische Inhibition mittels Kifunensin und andererseits ein MAN1A1-Knock-
Down mittels spezifischer shRNA- Interferenz. Beide Ansétze fiuhrten zu einer
verstarkten Adhasion der Tumorzellen an der pulmonalen Endothelzelllinie
HPMEC unter statischen Bedingungen. Unter dynamischen Bedingungen zeigte
sich der gleiche Effekt jedoch nur nach Kifunensin-Behandlung. Einen Einfluss auf
die Zell-Aggregation, die Adhasion an Komponenten der extrazellularen Matrix
(ausgenommen Fibronektin und Laminin) sowie das proliferative und apoptotische
Verhalten der Zellen konnte nicht nachgewiesen werden. Mittels Western-Blot-
Analyse konnte ein Massenshift wichtiger N-glykosylierter Adhasionsmolekile
(ALCAM, ICAM-1 und BCAM) nach Kifunensinbehandlung dargestellt werden.
Dieser deutet auf einen hdheren Anteil an High-Mannose-Glykanen hin und
konnte auf diese Weise das veranderte Adhasionsverhalten der Zellen erklaren.
Die in vitro Daten bestatigen die Tumorsuppressorfunktion der MAN1A1 und
machen ihren Einfluss auf die adhasiven Eigenschaften von Tumorzellen deutlich.
Weitere Untersuchungen - insbesondere zu der Rolle von High-Mannose-
Glykanen - sind notwendig und konnten somit zu der Entwicklung neuer

therapeutischer Ansatzpunkte in der Therapie des Mammakarzinoms fuhren.
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4 Zusammenfassung der gesamten Arbeit: Englisch

Breast cancer metastasis is responsible for the majority of disease-related deaths.
Aberrant glycosylation and changes of glycoproteins are associated to malignant
transformation and tumor progression.

A previous study demonstrated that low mMRNA levels of Golgi alpha-mannosidase
MAN1A1 correlated with poor prognosis in two separate cohorts of breast cancer
patients. To validate the prognostic and predictive role of MAN1Al expression on
a protein level a western blot analysis of a subgroup (n=105) was performed.
Patients with low/moderate MAN1A1l expressions showed significantly shorter
disease-free intervals. Moreover, low MAN1A1 expression correlated significantly
with nodal status, grading and brain metastasis formation.

Suggesting a tumor suppressor function for MAN1A1, we further investigated the
effect of MAN1AL inhibition on adhesive and malignant properties of breast cancer
tumor cells in vitro. Therefore, breast cancer cell lines with high levels of MAN1A1,
MDA-MB-231 and T47D, were chosen for subsequent analysis. Inhibition of
MAN1A1 was accomplished in two separate ways, using the inhibitor kifunensine
on the one hand and silencing MAN1A1 on the other hand by specific ShRNA
interference. Both ways led to a significantly increased adhesion of breast cancer
cells to endothelial cells (HPMEC) under static conditions. Under dynamic
conditions the same effect could be observed for cells treated with kifunensine. In
contrast to these results cell-cell-adhesion, cell adhesion to proteins of the
extracellular matrix (ECM) as well as the proliferative and apoptotic potential of the
tumor cells were not influenced by inhibition of MAN1AL.

The adhesion molecules ALCAM, ICAM-1 and BCAM showed a mass shift after
kifunensine treatment, pointing to a high amount of high-mannose glycans as a
reason for changed adhesion.

In conclusion these data corroborate a tumor-suppressive role of the Golgi
mannosidase MAN1Al1 and demonstrate the influence of MAN1Al-dependent
glycosylation on tumor adhesive properties. Further understanding of glycan
alteration - especially of high-mannose-glycans - in this context may provide new

options for therapeutic intervention.
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