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Trifunctional antibody ertumaxomab

Non-immunological effects on Her2 receptor activity
and downstream signaling
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Background: The trifunctional antibody ertumaxomab bivalently targets the human epidermal growth factor receptor
2 (Her2) on epithelial (tumor) cells and the T cell specific CD3 antigen, and its Fc region is selectively recognized by
Fcy type I/l receptor-positive immune cells. As a trifunctional immunoglobulin, ertumaxomab therefore not only
targets Her2 on cancer cells, but also triggers immunological effector mechanisms mediated by T and accessory cells
(e.g., macrophages, dendritic cells, natural killer cells). Whether molecular effects, however, might contribute to the
cellular antitumor efficiency of ertumaxomab are largely unknown.

Results: The K, of ertumaxomab for Her2-binding was determined at 265 nM and the ertumaxomab binding epitope
was found to not overlap with that of the therapeutic anti-Her2 monoclonal antibodies trastuzumab and pertuzumab.
Ertumaxomab caused an increase in Her2 phosphorylation at higher antibody concentrations, but changed neither the
rate of Her2-homodimerization /-phosphorylation nor the activation state of key downstream signaling proteins ana-
lyzed.

Methods: Potential molecular effects of ertumaxomab on Her2-overexpressing BT474 and SK-BR-3 breast cancer cells
were evaluated. The dissociation constant K, of ertumaxomab was calculated from titration curves that were recorded
by flow cytometry. Treatment-induced changes in Her2 homodimerization were determined by flow cytometric fluores-
cence resonance energy transfer measurements on a cell-by-cell basis. Potential activation / deactivation of Her2, ERK1/2,
AKT and STAT3 were analyzed by western blotting, Immunochemistry and immunofluorescent cell staining.

Conclusions: The unique mode of action of ertumaxomab, which relies more on activation of immune-mediated
mechanisms against tumor cells compared with currently available therapeutic antibodies for breast cancer treatment,
suggests that modular or sequential treatment with the trifunctional bivalent antibody might complement the thera-

peutic activity of other anti-Her2/anti-ErbB receptor reagents.

Introduction

The human epidermal growth factor receptor 2 (Her2) repre-
sents a prominent molecular target for trastuzumab therapy
not only in breast cancer, but also in gastric, head and neck
and other malignancies.! Clinical response rates, however,
generally do not exceed a rate of ~30% (10-60%), an obser-
vation that can be reproduced in vitro.? Although molecular
mechanisms causing tumor cell resistance to treatment are
manifold, modular Her2 receptor targeting using different
antibodies (e.g., pertuzumab) or small molecule kinase inhibi-
tors (e.g., lapatinib) has proven to be a successful strategy to
overcome insufficient sensitivity/resistance. Alternate receptor
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targeting can either be applied as a replacement or comple-
menting treatment.

In contrast to the use of low molecular weight kinase inhibi-
tors, antibody-based molecular targeting using anti-Her2-
directed immunoglobulins are thought to not only impair
receptor (and downstream signaling) function, but also to trigger
the immune system by the activation of T cells and Fey-positive
accessory cells (e.g., macrophages, dendritic cells, natural killer
cells) via Fc-region/Fcy-receptor binding, which in turn results
in a complex immune reaction leading to efficient elimination of
tumor-cells by different immunological mechanisms.

Ertumaxomab, a trifunctional bispecific monoclonal anti-
body (mAb) has the capacity to enhance immunological effector
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Antibody titration curves
showed that the 2502A
functions such as antibody dependent cell-mediated cytotox- antibody reached saturating concentrations at

icity (ADCC) and antibody-dependent cellular phagocyto-
sis (ADCP).?> The application of this therapeutic antibody has
been proven to be efficient both in vitro and in Phase 1 clini-
cal studies with Her2-positive metastatic breast cancer patients.
Furthermore, a single agent Phase 2 study with estrogen recep-
tor- or progesterone receptor-positive advanced breast cancer with
low Her2 expression proved clinical benefit upon ertumaxomab
treatment and indicated a strong immunological response.’ The
functional characteristics of ertumaxomab are achieved by two
different antigen binding sites (anti-Her2 and anti-CD3) and the
typical Fc region. The highly homologous mouse and rat derived
IgG2a/IgG2b heavy chains represent two potent and evolution-
ary related effector subclasses. Ertumaxomab has been designed
to induce the formation of tri-cell-complexes consisting of Her2-
positive tumor cells, CD3* T cells, and Fcy-receptor positive
accessory cells (e. g., T cells, mononuclear cells).® A Thl-type
cytokine pattern was observed to efficiently eliminate both Her2
high- and low-expressing tumor cells via cooperation of different
classes of immune cells.*®
of gastric and ovarian cancer, a significant increase in tumor-reac-
tive CD4*/CD8* T lymphocytes by ertumaxomab application/
restimulation indicated a specific anti-tumor and potentially long-

7 In peritoneal carcinomatosis patients

lasting immunity.®

Combining established target-specific approaches with the
administration of ertumaxomab (e.g., in breast cancer) requires,
however, extended insight into the molecular effects triggered upon
ertumaxomab binding, which have not been studied yet. Thus, we
evaluated the direct affects of ertumaxomab on breast cancer cells
that may contribute to its anticancer efficiency. We determined the
dissociation constant (K, = 265 nM) of ertumaxomab and found
no competition in ertumaxomab/trastuzumab and ertumaxomab/
pertuzumab binding. Although ertumaxomab caused an increase
in Her2 phosphorylation at higher antibody concentrations, this
was not associated with a change in Her2-homodimerization, and
no alteration of MAPK, AKT or STAT3 activation was observed.
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40 pg/ml. Ercumaxomab-saturating antibody concentrations
were reached in the range of 300 to 640 pg/ml. Calculation of
the dissociation constant (K,) shows that the binding affinity of
ertumaxomab (265 nM, Fig. 1A) is lower compared with that of
2502A (21.1 nM, Fig. 1B).

Competition of 2502A with 4D5 and 2C4. Cells were incu-
bated with 2502A and subsequently labeled with fluorescent dye-
conjugated 4D5 (murine counterpart to trastuzumab) or 2C4
(murine counterpart to pertuzumab) antibodies.” Figure 2 shows
that pre-incubation with 2502A did not affect the binding capac-
ity of the labeling antibodies. This is represented by equal fluo-
rescence intensities of untreated (white bars) and 2502A-treated
(gray bars) cells, respectively, that were both labeled with one
of the following antibodies as indicated: Cy3-2C4, Cy5-2C4
Cy3-4D5 or Cy5-4D5. Absolute fluorescence intensity values
varied for Cy3- and Cy5-labeled antibodies due to the different
excitation efficiency achieved by the 488 nm (excites Cy3) and the
635 nm (excites Cy5) laser excitation source of the FACSCalibur
Flow Cytometer. Flow cytometric competition experiments
(Fig. 2) revealed no competition in binding to the Her2 recep-
tor of 2502A and 4D5 or 2502A and 2C4, respectively. This is
a technical prerequisite of the following FRET experiments for
which fluorochrome-conjugated labeling antibodies 4D5 or 2C4
are used.

Flow cytometric FRET analysis of Her2 homodimerization.
Incubation of SK-BR-3 or BT474 cells with ertumaxomab did
not have a significant effect on Her2 homodimerization either at
high (100 pg/ml) or at low (0.01 pg/ml) antibody concentration
(Fig. 3). Incubation with ercumaxomab vehicle solution and con-
trol antibody 2502A, respectively, did not significantly change
energy transfer values in both cell lines. However, pertuzumab-
treated samples showed reduced energy transfer efficiency-values
as previously demonstrated.'

Her2 activation/phosphorylation analyzed by western
blotting. Incubation of SK-BR-3 and BT474 cell samples with
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Figure 2. Flow cytometric analysis of fluorescence intensity of Cy3-(A) or Cy5-labeled (B) 4D5 and 2C4
antibodies after cell incubation with 2502A compared with untreated cells. Error bars reprsent standard

with incubation for 1 min.
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Because available Y1248-Her2 detec-
tion antibodies were found to be 20
non-functional in western blot exper-
iments, we performed immunochem-
ical (IC) and immunofluorescent
(IF) stainings to identify potential
ertumaxomab-caused induction of
Y1248-Her2 phosphorylation (Fig.
5). We used SK-BR-3 breast cancer

cells because this cell line was the

Energy transfer efficiency [%)]

most responsive in terms of ertumax- 5
omab-caused Y877 and Y1221/1222
phosphorylation (see above). In IC
MDA-MB-231

experiments, cells

(Her2 score 0) were used as nega-
tive control and showed no Her2 and

untreated

Tween 20/Citric 100 pg/ml Ertum

0.01 pg/mi 2502A

Ertum

Pertuzumab
acid

anti-phospho-Y1248-Her2  staining

indicative for specific binding of the
antibodies (Fig. 5A).

IC- and IF-stainings (evaluated by
AxioVision software Ver. 4.6.3 SP1,

Figure 3. Fluorescence resonance energy transfer (FRET) efficiency of ertumaxo-mab-incubated SK-
BR-3 and BT474 cell samples compared with 2502A, vehicle buffer (Tween/Citric acid) and pertuzumab-
incubated samples. Error bars represent standard deviation of the mean (SD).

Carl Zeiss) of Her2 in SK-BR-3 cells
showed that no incubation modality
affected the high expression level of Her2 in this cell line (Fig. 5A
and B). Phosphorylation of Y1248-Her?2 after cell incubation with
0.01 pg/ml ertumaxomab was not changed compared with con-
trol cells (IC experiments); however, an increase in Her2 Y1248-
phosphoylation was shown by trastuzumab-incubation. The
staining intensity seemed to be even higher in 10 wg/ml and 100
pg/ml ertcumaxomab-incubated SK-BR-3 cells. In line, IF-staining
suggested an increase in Y1248-Her2 phosphorylation upon ertu-
maxomab incubation with 100 pg/ml and a faint phosphoryla-
tion upon trastuzumab incubation (Fig. 5B).
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Phosphorylation of intracellular key signaling proteins. The
intracellular Her2 receptor-triggered pathway system is highly
complex." Activation of a Her kinase leads to the phosphoryla-
tion of key tyrosine residues within its COOH-terminal residue
and thereby provides specific docking sites for cytoplasmic pro-
teins. The main signal transmitting pathways are represented by:
(1) Ras/Raf/mitogen-activated protein kinase (MAPK) pathway
(cell proliferation pathway), (2) phosphatidylinositol 3-kinase
(PI3K)/AKT pathway (anti-apoptosis pathway), and (3) signal
transducers and activators of transcription (STAT) pathway. Due
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Figure 4. Western blot detection of pY877-Her2 and pY1221/1222-Her2 in SK-BR-3 (A) and BT474 cells (D). Cells were treated with 10 pg/ml or 0.01 pg/
ml ertumaxomab (Ertum). Control samples were left untreated (ctr) or were treated with 10 pg/ml 2502A (25) or 30 w.g/ml trastuzumab (Trast), respec-
tively. Her2 phosphorylation of Y877 and Y1221/1222 in SK-BR-3 (B and C, respectively) and BT474 (E and F, respectively) cell samples was densitometri-
cally quantified. Values are expressed as Her2 phosphorylation relative to Her2 expression and were normalized to control cells which were set equal
one. Mean values of independent experiments from two different cell lysates are shown.

to their fundamental role in cellular signaling, the key proteins of
these pathways, ERK1/2, AKT and STAT3a/3, were analyzed.
Western blotting detection of phospho-ERK1/2 and phospho-
AKT in SK-BR-3 cells showed a constitutive phosphorylation in
control cells (Fig. 6A) that remained unchanged by ercumax-
omab-, 2502A- or trastuzumab-treatment. In line, in BT474
ERK1/2 and AKT phosphorylation was not reproducibly altered
upon cell treatment in three independent experiments (Fig. 6B).
Although BT474 cells showed a slight activation of STAT3,
the achieved signals in western blotting in SK-BR-3 were below
the detection limit (Fig. 6C). Therefore, neither SK-BR-3 nor
BT474 cells were regarded as showing STAT3 phosphorylation
upon ertumaxomab, 2502A or trastuzumab incubation. Control
experiments with CaSki cells treated with EGF (Fig. 6C) showed
a time dependent phosphorylation of STAT3, which proved that
the detection procedure applied here was suitable for analysis of

the activation of STAT3 by phosphorylation.
Discussion
Trifunctional antibodies like ertumaxomab are potential pow-

erful tools in immune therapies of cancer. Incorporation of two
different antigen-binding sites into one drug that assembles a

www.landesbioscience.com
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multi-cell complex including immunologic effector cells enables a
broadly efficacious anti-cancer therapy.'? As indicated by promis-
ing results derived from preclinical or early clinical studies,”®" the
therapeutic application of trifunctional and bivalent antibodies
such as ercumaxomab (anti-Her2, anti-CD3, Fc-region) or catu-
maxomab (anti-EpCAM, anti-CD3, Fc-region) antibody,? or
bispecific antibody fusion proteins such as MM-111 (anti-Her2,
anti-HER-3 single chain variable fragments) and dual-action
antibodies such as MEHD7945A (anti-EGFR and anti-Her3
by each antigen binding fragment) might be superior to mono-
specific immunogobulins. For example, combining the advan-
tages of targeting two different antigens with one drug might be
more efficient and could significantly contribute to overcoming
resistance.”

Patients benefic from dual Her2 antibody-targeting with
trastuzumab plus pertuzumab (in addition to chemotherapy),'*'®
which is mainly due to a more effective inhibition of Her2-
dependent cellular signaling compared with treatment with
either antibody alone.'®” Although both antibodies verifiably
have the capacity to elicit antibody-dependent cell-mediated
cytotoxicity (ADCC),? their (complementary) effect has been
mainly attributed to cellular effects,” e. g., prevention of Her2
cleavage (trastuzumab)? and inhibition of HER2 homo-'° and
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Figure 5. IC (A) and IF (B) staining of Her2 and pY1248-Her2 in SK-BR-3 (Her2 Score 3+) upon treatment with different concentrations of ertumaxomab
and trastuzumab as reference. MDA-MB-231 (Her2 Score 0, negative control) cells were used in IC as negative control to guarantee antibody specificity

heterodimerization (pertuzumab).?»* Compared with this, ertu-
maxomab and its parental monospecifc antibody 2502A (anti-
Her2) seem to not affect the degree of Her2 homodimerization,
a phenomenon that indicates a distinct, and therefore a potential
complementary, mechanism of action for the bivalent antibody.
In the case of trastuzumab and pertuzumab, it has been shown,
however, that the biological activity of an anti-Her2 antibody is
connected to specific antibody binding epitopes.’®** The com-
petition assay we performed in this study revealed that the Her2
epitope recognized by ertumaxomab is distinct from those of
trastuzumab (humanized form of 4D5, binding to domain IV) %
and pertuzumab (humanized form of 2C4, binding to domain
I1),% respectively. The data suggest that the ertumaxomab bind-
ing epitope is far from the Her2/Her2 interaction region of the
extracellular receptor domain. In line with other data,® we there-
fore suggest domain III as the binding epitope of ertumaxomab
on the Her2 ectodomain. Hence, a modular or sequential addi-
tion of ertumaxomab to trastuzumab- or pertuzumab-based
treatment regimes appears reasonable and promising since com-
plementing treatment strategy may enhance antitumor efficiency
by combining different modes of action.*®”

We found ertumaxomab to induce Her2 phosphorylation at
Y877, Y1221/1222 and Y1248. Based on analyses addressing the
mechanisms of action of trastuzumab, we previously suggested
that an initial induction of Her2 receptor phosphorylation at dis-
tinct tyrosine residues does not contradict an anti-proliferative
outcome,”” which is in agreement with observations by others.?**
Hence the phosphorylation events detected in this study upon
ertumaxomab and trastuzumab treatment are likely to activate
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anti-proliferative or pro-apoptotic signaling cascades rather than
to lower the intensity of pro-proliferative signaling. This hypoth-
esis is stressed by the induction of apoptosis upon binding of E3
ubiquitin-ligase c-Cbl to pY1112-Her2 and subsequent Her2 pro-
tein degradation.”® Moreover, an inhibition of cell proliferation
has been attributed to an association of Csk homologous kinase
(CHK) to pY1248-Her2.>! Overall, different tyrosine phosphor-
ylation sites positively or negatively modulate the transforming
capacity of Her2.>* The Y877 residue, for instance, is located in
the activation loop of the Her2 kinase domain. Although the role
of Y877-Her2-phosphorylation is the subject of debate, 3% the
Her2 kinase domain has been suggested to be catalytically active
only if it is phosphorylated at this regulatory residue. Xu et al.”
reported that autophosphorylation of Y1248 was decreased after
mutation of Y877 to phenylalanine and that Y1248 might occur
as a result of Y877 phosphorylation. Our data showed, for higher
antibody concentrations, concomitant ertumaxomab-caused
Y877 and Y1248 phosphorylation in SK-BR-3, and therefore also
supports a model of sequential tyrosine residue phosphorylation.

Intracellular signaling, however, was only observed at higher
ertumaxomab concentrations (> 10 pg/ml) that largely exceed
the clinical dose range. The observed lack of significant changes
in the activation of intracellular signaling proteins ERK1/2, AKT
and STAT3. are not limiting factors for ertumaxomab’s anti-
tumor activity, which mainly relies on activation of immune-
mediated mechanisms against tumor cells. This is based on
the particular mode of action of a trifunctional antibody that
induces simultaneous recruitment and activation of T cells and
accessory cells, leading to the destruction of targeted tumor cells
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by different killer mechanisms.® Hence, it can be concluded that
cytotoxic effects on target cells caused by ertumaxomab treat-
ment occur dose dependently and, if ertumaxomab is applied at
lower concentrations, have to be attributed to the Fc part or the
anti-CD3 arm of the trifuncional antibody.

Compared with the ertumaxomab parental antibody 2502A
(K, = 21.1 nM), the binding affinity of ertumaxomab (K, = 265
nM) was significantly lower. This is most probably due to the
availability of only one Her2 binding arm in the ercumaxomab
antibody compared with two Her2 binding arms in the paren-
tal 2502A molecule, a phenomenon that has been previously
described.*® It is worth noting that low affinity antibodies, e.
g., monospecific anti-Her2 antibodies with K, in the order of
270 nM, have been shown in vivo to more effectively penetrate
tumors and to be internalized and catabolized at a lower rate.’”
This can result in more effective antitumor activity’” compared
with that of high affinity antibodies, e.g., trastuzumab or the
4D5 antibody (parental trastuzumab) with K, of 0.1 nM* or
1.04 nM,* respectively.

Effective anti-tumor activity by ertumaxomab treatment
can, however, only evolve in the presence of a functional
immune system. Hematotoxicity caused by chemotherapeu-
tics and radiation therapy is often observed during antican-
cer treatment. Ertumaxomab was demonstrated to retain its
potency for an effective anti-tumor activity in in vitro cytox-
icity assays using patient immune effector cells after conven-
tional therapy.*

In this study, we described for the first time molecular effects
of ertumaxomab at higher antibody concentrations on its tar-
get, Her2. Furthermore, we provided experimental evidence of
differences in the effects of ertumaxomab compared with those
observed by using trastuzumab. Due to its different and par-
ticular mechanism of action, patients with low Her2 expressing
tumors* and with Her2 overexpression but trastuzumab-refrac-
tory disease may benefit from ertumaxomab.® The unique char-
acteristics of trifunctional antibodies would justify a clinical
application, particularly in cancer patients with resistance to
current standard treatment schemes or minimal residual disease

at high risk for tumor recurrence.*"%?

Materials and Methods

Cells and cell culture. The human breast cancer cell lines BT474,
SK-BR-3 and MDA-MB-231 and the human epidermoid cervical
carcinoma cell line CaSki were obtained from the American Type
Culture Collection (ATCC) and grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 5% (v/v) fetal calf
serum (FCS) (both PAA Laboratories). Routine cell culture was
performed as described.*?

Cell treatment with growth factors and therapeutic drugs.
Cells were incubated with different ertumaxomab (anti-Her2 x
anti-CD3) concentrationsasindicated orincubated with 10 pg/ml
parental antibody 2502A (anti-Her2), (provided by Fresenius
Biotech, TRION), 30 pg/ml trastuzumab (Herceptin®, Roche
Diagnostics) or with 0.031 pg/ml human epidermal growth fac-
tor (EGF; ImmunoTools, 11343407) as indicated. Due to an
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Figure 6. Western blot detection of ERK1/2- and AKT phosphorylation
in SK-BR-3 (A) and BT474 (B). (C) pY705-STAT3 detection in BT474 cells,
SK-BR-3 and CaSki positive control cells (0.031 pwg/ml EGF). SK-BR-3 and
BT474 cells were treated with 10 g/ml or 0.01 pg/ml ertumaxomab
(Ertum). Control samples were left untreated (ctr) or were treated with
10 wg/ml 2502A (25) or 30 p.g/ml trastuzumab (Trast), respectively.

increasing probability of unspecific binding or “sticking” of the
antibody to the cell membrane with increasing antibody con-
centration, a lower concentration (100 pg/ml and 10 pg/ml)
than the saturating concentration (approximately 350 g/ml,
data not shown) was used for FRET studies and the analysis
of protein phosphorylation. The concentration of 0.01 ug/ml
was chosen to represent a concentration that mediates efficient
tumor cell killing in vitro® and to reflect a clinically-relevant
concentration.® Because treatment of Her2-positive SK-BR-3
cells with = 0.05 pg/ml ercumaxomab revealed 100% cytotox-
icity,* we decided to test non-immunological effects on tumor
cells upon ertumaxomab treatment within a concentration range
of 0.01-100 pg/ml.

Non-treated samples served as controls. Control samples
containing Tween-20 and citric acid were prepared for FRET
measurements and served as reference for ertumaxomab- and
2502A-treated samples.

Titration of ertumaxomab and 2502A and calculation of K .
Cell culture and cell harvesting was performed as described.?”
0.5 million Her2-overexpressing SK-BR-3 cells were added per
tube, washed twice in 1 ml PBS supplemented with 0.2% (w/v)
BSA and centrifuged at 130 g at 4°C for 5 min. The superna-
tant was discharged and cells were resuspended in the prediluted
primary ertumaxomab or 2502A antibody solutions. After an
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incubation step of 30 min at 4°C, cells were washed twice in
PBS/0.2% BSA, centrifuged (130 g, 5 min, 4°C) and labeled
with a polyclonal rabbit anti-mouse immunoglobulins/FITC
(Dako, F0232, dilution 1:20) for 45 min at 4°C in the dark. After
two washing steps in PBS/0.2% BSA, cells were resuspended in
500 pl PBS/0.2% BSA and analyzed on a FACSCalibur Flow
Cytometer (BD Biosciences).

The calculation of K, values was performed online at www.
colby.edu/chemistry/PChem/scripts/Isficpl.heml

curve fitting. The background corrected fluorescent values of

by nonlinear

antibody titration curves were inserted into the online matrix
and the fitting function y = ax/(b+x) was selected [a = maximum
fluorescence in detection channel = maxFL2, b = K, x = anti-
body concentration = c(Ab), y = background corrected fluores-
cence in detection channel = FL2(corr)]. Antibody concentrations
were converted from the unit pg/ml in wmol/ml (1 g antibody =
6.67 pmol; molecular weight ~150 kDa) and added to the online
matrix. Finally, curve fitting and calculation of K, was performed
automatically by the software.

Competition of 2502A with 4D5 and 2C4. The binding
capacity of anti-Her2 antibodies 4D5 and 2C4 after pretreat-
ment with 2502A was determined and compared with untreated
cells (due to the higher binding affinity of 2502A, this antibody
and not ertumaxomab was used to determine the relative binding
epitope of 2502A compared with 4D5 and 2C4). Three million
SK-BR-3 cells were harvested and washed as described above. 1.5
million cells were transferred to an additional tube and incubated
with 40 pg/ml 2502A in PBS/2% (w/v) BSA in a total volume of
120 pl Cells without 2502A were incubated in 120 pl PBS/2%
BSA. After 30 min on ice, cells were washed twice in PBS/0.2%
BSA as described above and each sample was divided into three
tubes (without 2502A: sample no. 1-3; with 2502A: sample no
4-6). Samples 2 and 5 were labeled with Cy3- or Cy5-conjugated
2C4 antibody, and samples 3 and 6 were labeled with Cy3- and
Cy5-conjugated 4D5 antibody. The labeling concentrations were
40 pg/ml for each antibody in a volume of 40 pl. Unlabeled cells
(samples 1 and 4) were incubated in 40 wl PBS/2% BSA and
served for determination of background fluorescence. Cells were
incubated for 30 min in the dark, washed twice, resuspended in
500 .l PBS/0.2% BSA and analyzed on a FACSCalibur Flow
Cytometer. The results were confirmed by applying two differ-
ently labeled antibody sets, conjugated either to Cy3 or Cy5.

Flow cytometric fluorescence resonance energy transfer. Five
samples were run for each experimental setup: (1) unlabeled cells,
(2) donor-dye labeled cells, (3) acceptor-dye labeled cells and (4)
donor- and acceptor-dye labeled cells labeled with Cy3-/Cy5-4D5
or (5) with Cy3-/Cy5-2C4 (gift from Jdnos Széllosi, University
of Debrecen, Hungary). Single-stained samples served as con-
trol measurements that allow determination of spectral overspill
of donor and acceptor-dye, respectively, and dye cross-excitation
by two laser illumination. The procedure for analysis of Her2
homodimerization is described in detail elsewhere.'** Antibody
treatment was performed under cell culture conditions for 45
min. Negative control cells remained untreated or were treated
with ertumaxomab vehicle. For samples 2 and 3, final antibody
concentrations of 40 pg/ml were used for labeling. The labeling
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volume was 40 pl. In double labeled samples, donor and acceptor
dye-labeled antibodies were mixed to a final concentration of 30
pg/ml for the donor dye and 60 pg/ml for the acceptor dye conju-
gated antibody and added to the cell pellet in a total volume of 40
pl. Antibody dilutions were prepared in PBS/2% BSA.

Flow cytometry instrumentation and data analysis. Flow
cytometric measurements were done on a FACSCalibur Flow
Cytometer equipped with a blue (488 nm: excitation of FITC
and Cy3) air-cooled argon ion laser and a red (635 nm: excitation
of Cy5) diode laser. FITC was measured with a 530/30 band-
pass filter, Cy3 with a 585/42 nm bandpass filter and Cy5 with a
661/16 nm bandpass filter. Acceptor-dye emission resulting from
energy transfer (sensitized emission) was detected with a 670
long pass filter upon 635 nm excitation. Sample measurements
and data analysis were performed using CellQuest software (BD
Biosciences) on a Macintosh G3 computer. Data was stored in list
mode format. Energy transfer efficiency (E) was determined on
a cell-by-cell basis as previously described.* Briefly, both donor
quenching and acceptor sensitization were taken into account
with corrections for spectral overspills and crosstalks.”” E values
were calculated by ReFlex software® and are presented as mean
values from approximately normally distributed, unimodal energy
transfer histograms.

Immunoblotting. For preparation of cell lysates for SDS-
PAGE, 1 x 10° cells of BT474 or SK-BR-3 were seeded in T175
tissue culture flasks and incubated with therapeutic as indicated.
Preparation of cell lysates, determination of protein concentra-
tion, SDS-PAGE, western blotting, chemiluminescent detection
and data evaluation was done as previously described.?”

For protein detection the following primary antibodies were
used: rabbit anti-human HER2/ErbB2 polyclonal Ab (2242),
rabbit anti-human phospho-HER2/EtbB2  (Tyr877) poly-
clonal Ab (2241), rabbit anti-human phospho-HER2/ErbB2
(Tyr1221/1222) polyclonal Ab (2249), rabbit anti-human phos-
pho-AKT (Serd73) (clone 193H12) mAb (4058), rabbit anti-
human phospho-p44/42 MAPK (ERK1/2) (Thr202/Tyr204)
(clone 197G2) mAbD (4377), rabbit anti-human phospho-STAT3
(Tyr705) (clone D3A7) mADb (9145), rabbit anti-human B-actin
(clone 13E5) mAb (4970, all from Cell Signaling Technology),
all at a dilution of 1:1,000 in AP-T buffer supplemented with
3% (w/v) BSA at 4°C. After washing blots were incubated with
horseradish peroxidase (HRP)-conjugated secondary antibody
(anti-rabbit IgG, HRP-linked antibody, dilution 1:1,000, Cell
Signaling, 7074S) in AP-T buffer. Amersham ECL-Western
Blotting Detection Reagent was used as chemiluminescence
substrate for detection (GE Healthcare, RPN 2209). Exposure
time to X-ray film [AmershamHyperfilm ECL (18 x 24 cm), GE
Healthcare, 28906837] was adjusted to an optimal signal-to-noise
ratio. Signal intensity on X-ray films was quantified densitometri-
cally with Image Quant V5.2 included in the software package
IQ Solutions V1.31. The software allows bordering each band
by two lines running along the respective lane, to sum up the
optical density in between and to calculate the area of the result-
ing histogram peak. These values were used to calculate the ratio
of phosphorylated vs. total Her2 protein and the obtained data
were normalized to untreated samples that were set equal to one.
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Table 1. Manual staining procedure for fluorescence microscopy

Reagent Volume [pl]  Incubation time [min]
Wash buffer (1:10 diluted) 1000 5
Primary antibody 100 60
Wash buffer (1:10 diluted) 1000 5
Chromeo™ 488 goat 100 45
anti-rabbit or anti-mouse IgG
Wash buffer (1:10 diluted) 1000 5

Finally, the mean values of different experiments from indepen-
dent cell lysates were calculated. For evaluation of phosphoryla-
tion of signaling proteins, the results of the area calculation were
used to normalize treated samples to the control sample.

Microarray construction. Subconfluent growing cells were
used for generation of cell pellets for antigen staining with IC
or IF. Cells were starved for 24 h, then incubated with Na,VO,
(500 pg/ml, Sigma, S6508) for 1 h and incubated for 10 min with
ertumaxomab or trastuzumab as indicated. Cells were harvested
by incubation with accutase (PAA Laboratories, L11-007) for 10
min according to the manufacturer’s instructions, centrifuged for
3 min at 130 g, washed once in PBS and centrifuged again. Cells
were fixed in 4% formalin (SG Planung) and incubated for 24
h at room temperature. Cells were transferred to a 15 ml tube
and centrifuged for 8 min at 350 g. The cell pellet was mixed
with two drops of Cytoblock Reagent 2 (Shandon Cytoblock
Cell Block Preparation System, Thermo Electron Corporation).
The cells were then transferred into a fresh tube containing
four drops of Cytoblock Reagent 1. The entirely coated cell
pellet was transferred into a Cytoblock Cassette and incubated
in 70% (v/v) ethanol for 6 h until further sample processing.
Dehydration with an ascending alcohol series and embedding
in paraffin was performed automatically with the HyperCenter
Excelsior (ThermoFisher Scientific). The dehydration procedure
consisted of two successive incubation steps each in 70% (entire
incubation time: 1 min, 30 sec) and 96% (entire incubation time:
1 min, 50 sec), followed by three successive steps in 100% etha-
nol (entire incubation time: 2 min 30 sec). Finally, the samples
were transferred to xylene for 1 min 40 sec in two successive
steps and embedded in paraffin at 58°C. Microarrays were pre-
pared as described previously.*® Core cylinders with a diameter of
1.5 mm each were punched from the main area of the donor block
with a thin-walled stainless steel tube and deposited into a recipi-
ent paraffin block. Sections were sliced with a sliding microtome
4 uM thick and mounted on charged slides.

Immunochemistry (IC) and immunofluorescent (IF) stain-
ing. IC slides were dried 30 sec at 72°C and deparaffinated by

washing in fresh xylene for 3 x 7 min at room temperature,

followed by a descending alcohol series (2 min 100% propanol,
2 min 96% ethanol, 2 min 70% ethanol) and a final washing
step in distilled water. Demasking of binding epitopes for the
primary antibody was performed by microwave treatment at
100°C in citrate buffer and incubation of the slides for 30 min
under these conditions. Slides were cooled down by incubation
in an ice bath for 20 min. After washing 5 times in distilled
water, IC staining was performed in accordance with the manu-
facturer’s instructions. The following antibodies were used: rab-
bit anti-human c-erbB-2 oncoprotein polyclonal Ab (dilution:
1:400; A0485), mouse anti-human c-erbB2 /Her2 (phospho-
Y1248-specific) mAb-18 (Clone PN2A), (dilution 1:50; M7269,
both from DAKO), Chromeo™ 488 goat anti-rabbit IgG, (dilu-
tion 1:2,000; 15041), Chromeo™ 488 goat anti-mouse IgG,
(dilution 1:2,000; 15031, both from Active Motif Chromeon).
The staining procedure was performed by an automated IC
slide staining system NexES® IC (software NexES v9.30,
Ventana Medical Systems S.A.). Immunochemically stained
samples were imaged with an Axio Imager Z.1 (Carl Zeiss
Microlmaging) with a Plan-Apochromat lens (63x, numerical
aperture 1.4) and recorded with a CCD (charge-coupled device)
camera AxioCamMRm. Images were recorded and digitally
processed using AxioVision 4.5 software. Corresponding images
were superimposed.

For fluorescence microscopy, slides were pretreated as
described above. For the manual staining procedure (Table
1), cover plates (ThermoFisher Scientific) were used. Slides
were mounted with DAPI containing mounting medium
(Vectashield, H-1200, Vector Laboratories) and imaged with a
Leica DMI6000 B with fixed exposition times for all samples.
Each color (for Chromeo™ 488 and DAPI) was recorded and
digitally processed separately and corresponding images were
superimposed. Equal exposition times to fluorescent excitation
and similar conditions for imaging of each sample allowed quali-
tative evaluation of fluorescent stainings with antibodies, proven
in IC to be specific.

Statistical analysis. The Student’s t-test for independently
acquired samples was applied to calculate mean values + stan-
dard deviation. Each measurement was performed at least in
triplicate (n = 3) unless otherwise stated.
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