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DESTRUCTION OF TUMOR CELLS EXPRESSING LOW TO MEDIUM LEVELS OF TUMOR ASSOCIATED
TARGET ANTIGENS BY TRIFUNCTIONAL BISPECIFIC ANTIBODIES

The present invention refers to the use of trifunctional bispecific antibodies for the
preparation of a pharmaceutical composition for the prophylaxis and treatment of tumor

diseases.

A hitherto unsolved problem in the treatment of tumors by monospecific monoclonal
antibodies during an immune therapy is the insufficient efficiency of tumor cell destruction
with low to medium expression levels of tumor target antigens. One particular example is the
treatment of breast cancer with a low to medium expression level of the target antigen
Her2/neu; another particular example is the treatment of non-Hodgkin's lymphoma and

chronic lymphatic leukemia with low expression of CD 20 tumor antigen.

Metastatic breast cancer is an almost always fatal disease. The median survival time from first
manifestation of metastases ranges from 17 to 20 months. A number of endocrine, cytotoxic
and biological agents have demonstrated palliative efficacy but there is no consensual

standard of care, and treatment often causes substantial adverse effects.

Epidermal growth factor (EGF) family member Her2/neu is overexpressed in tumor
specimens of approximately 25-30% of breast cancer patients and attributed to more

aggressive tumor growth and a worse prognosis.

The family of EGF receptors includes four members EGFR (ERBB1), Her2/neu (ERBB2),
ERBB3 and ERBB4. EGFR and Her2/neu have been intensely pursued as therapeutic targets.
Antibodies targeting the extra cellular domain of EGFR and Her2/neu as well as small
molecular compounds inhibiting intracellular receptor signalling are already in clinical use
and have demonstrated clinical efficacy. However, their anti-tumor effects are often not as
strong as predicted from pre-clinical studies and combination with chemotherapy is

preferable.
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Herceptin® is a well accepted monoclonal antibody widely used for the treatment of breast
cancer; however, Herceptin® can be successfully used only for patients with an expression
level of the target antigen Her2/neu of at least 2+/FISH+ (as verified by the so-called
HercepTest® and a positive FISH-analysis) or 3+ on their tumor cells. Several studies have
shown that a relatively high expression density of the target antigen Her2/neu with an
additional gene amplification of Her2/neu (being reflected by a positive FISH test) is
necessary in order to obtain a statistically significant survival. Pre-clinical in vitro
experiments have also shown that an efficient destruction of tumor cells by Herceptin® is

visible only when tumor cells express a high level of the target antigen Her2/neu.

These limitations are responsible that only about 25-30% of the patients with metastatic breast
cancer which express high levels of Her2/neu on their tumors (scored as 2+/FISH+ or 3+ with

the Dako HercepTest) can be efficiently treated with Herceptin®.

In a study of Perez and co-workers, 35% of breast cancer patients were scored as Her2 1+,
14% as 2+, and 13% as 3+ evaluated with immunohistochemistry (IHC)(Perez EA et al.: Her2
testing in patients with breast cancer: poor correlation between weak positivity by
immunohistochemistry and gene amplification by fluorescence in situ hybridization. Mayo

Clin Proc 2002; 77: 148-154)

Kiewe, P. et al.: "Phase [ trial of the trifunctional anti-Her2 x anti-CD3 antibody
ertumaxomab in metastatic breast cancer"; Journal of Clinical Oncology, vol 23, no. 168, 1
June 2005 (ASCO Abstract 2205-06-01) describe the use of an intact bispecific monoclonal
antibody targeting Her2/neu and CD3. This antibody was used in a phase I trial in treating
metastatic breast cancer. In order to study any side effects caused by this anti-Her2/neu x anti-
CD3 antibody and in order to accelerate recruiting the necessary number of 17 patients,
patients with the HercepTest® score 1+ (25 %), 2+ (12,5 %) and 3+ (62,5 %) were tested. An
antitumor response was seen in 4 out of 15 evaluable patients at this preliminary outcome
analysis. However, none of these patients falling within the HercepTest® score 1+ showed an
antitumor response. No information at all is given concerning the Her2/neu expression status
of these responders. Additionally, at the time of the design of this phase 1 study, only
experimental data were available that ertumaxomab eliminates cell lines (e.g. Sk-Br-3)

expressing high levels (3+ score) of Her2/neu.
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As in all typical phase I trials, the phase I trial of Kiewe et al. was designed to investigate the
safety and tolerability of the trifunctional antibody ertumaxomab. Secondary variables in this
trial were antitumor activity and measurement of different immunological parameters. To
speed up patient recruitment into this study, no restrictions were taken regarding the
expression of Her2/neu on the patients’ tumor cells. This was possible, since the primary
objectives for this study were safety and tolerability while the level of Her2/neu expression on

tumor cells was of no importance at all.

The finding that the trifunctional antibody anti-HER2 x anti-CD3 ertumaxomab seemed to be
effective only in patients overexpressing Her2/neu in accordance with scores 2+ and 3+ was
not surprising at all as also other investigations performed with antibodies like Herceptin®
showed efficiency only for patients expressing Her2/neu at medium (2+/FISH+) to high levels

(3+).

For instance Gatzemeier et al., Anals of Oncology 15:19 — 27, 2004 provided evidence that
antibodies like Herceptin do provide clinical benefit only for patients within 3+ or 2+/FISH+

expression of Her2/neu.

Similarly, Micromet, Inc. published on October 2, 2006 data on 2 phase Il trials with
adecatumumab, an antibody directed against the epithelial cell adhesion molecule EpCAM in
breast and prostate cancer. Only patients expressing high levels of EpCAM on their tumor
tissue showed a significant prolongation of time-to-progression while patients with a low
EpCAM expression showed no significant benefit. It was emphasized that adecatumumab
may offer a treatment option for patients with breast cancers highly overexpressing EpCAM.

It was not found to be useful at all for patients with low overexpression of EpCAM.

Non-Hodgkin’s lymphoma (NHL) and chronic lymphocytic leukemia (CLL) are among the
most prevalent malignancies. NHL is the fifth most common malignant disease in the United
States with an annual incidence rate of 18-20/100,000 individuals. The incidence of NHL
increased annually by 5-10%' until the mid-1990s but has remained constant since then.? CLL
is the most common leukemia in the Western world with an annual incidence of 3-4/100,000

individuals.
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Despite promising results in the treatment of B-cell lymphomas using the anti-CD20
monoclonal antibody Rituximab (especially in combination with chemotherapy), patients

eventually relapse.”*® Therefore, there is a need for further therapeutic options.

Currently, both indolent NHL and CLL are incurable diseases, despite the fact that major
_ improvements in therapy were achieved after the approval of monoclonal antibodies like
Rituximab and alemtuzumab.’® Although antibody monotherapy has not been highly
successful, particulary in CLL the combination of a monoclonal antibody with a standard
chemotherapy regimen significantly improved patients’ outcomes.”® However, patients
eventually relapse,” and new therapeutic strategies are desperately sought. Many new drug
candidates such as fully humanized anti-CD20 antibodies or antibodies targeted against other
antigens (e.g., CD19, CD22, CD23, CD80, or HLA-DR) are currently under intensive

. . . 1
investigation.'®

In addition to the search for new targets, another approach to improving antibody therapy was
the development of bispecific antibodies. Various bispecific formats have been developed and
tested, e.g., full-length antibodies produced in quadroma cells, chemically crosslinked F(ab),

2

fragments, single chain antibodies,'” and diabodies."® Some of these antibodies have been

tested for treatment of human lymphomas. However, despite promising in vitro efficacy, these

molecules showed only limited clinical benefit."*'®

Bispecific antibodies directed against B-cell-specific antigens such as CD19 or CD20 have
been under intensive investigation for the last 10-15 years, but limited clinical data showing

143637 are available thus far. Moreover, the complicated and

only moderate responses
inefficient manufacturing process makes it difficult to produce sufficient amounts of antibody

for clinical use.

Bispecific antibodies (bsAb) are tools for immunological treatment of e.g. malignant cells by
redirecting effector cells against tumor cells. However, bsAbs normally redirect and activate
only a single class of effector cells, i.e., either T-cells, NK-cells, FcyRI", or FcaRI" cells,
thereby limiting their efficacy. All of these prior art antibodies have been described to
efficiently treat tumors only when the tumor-associated antigens are expressed at a medium to

high level on the tumor cell surface.
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Enhancing immunological effector functions of antibodies reflects one approach to improve the
efficacy of antibody-based cancer therapy. Trifunctional bispecific antibodies with improved
effector functions have been described by the present authors, for instance in the publications of
Zeidler, et al. (18), Riesenberg et al. (22), Ruf&Lindhofer (20) or Heiss et al. (21) recognizing not
only tumor cells and T lymphocytes with its two binding arms, but also binding Fcy-receptor
positive accessory cells through their Fc-region. However, also these antibodies had not been
known up to now to be useful in the treatment of tumor cells expressing tumor- associated antigens

like Her2/neu or CD20 at a low level.

The limitations explained above for Her2/neu, EpCAM and CD20 are also valid for other tumor-
associated antigens like e.g. G250, GD3, GD2, proteoglycans, MHC II, EGF-R and CEA.

Summarizing, all experimental data available up to the priority date of the present invention
provided only evidence of significant benefits for patients with a medium to high overexpression of

the tumor antigen.

Therefore, there is a need for improvement of antitumor activity of antibodies which can also kill
e.g. Her2/neu low expressing tumor cells (scored e.g. as 1+ with the Dako HercepTest®) or an
expression of Her2/neu at a medium level of up to 500,000 tumor-associated antigens/tumor cells
and scored as 2+ with the Dako HercepTest® but FISH negative, or CD 20 low expressing tumor
cells or such tumor cells expressing one or more of the above specified tumor-associated antigens at
a level and in a range which covers about 1,000-350,000, particularly 5,000 to 150,000 tumor-
associated antigens/tumor cells, particularly for CD20 and EpCAM.

The present invention relates to antibodies facilitating a cooperation of different classes of immune

cells selected from trifunctional bispecific antibodies having the following properties:

(a) binding to a T cell;

(b)  binding to at least one tumor-associated antigen on a tumor cell, said antigen being selected
from the group consisting of Her2/neu, CD20, EpCAM, G250, GD3, GD2, proteoglycans,
MHC II, EGF-R and CEA,;

(c) binding via their Fc-portion to Fcy--receptor type I and/or III positive cells:

for the preparation of a pharmaceutical composition for the prophylaxis and treatment of tumor
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5‘ diseases wherein said tumor-associated antigen is expressed on said tumor cell
N e in an amount of about 5,000 - about 150,000 tumor-associated antigens/tumor cell for

8 Her2/neu, or
(a e in an amount of about up to 500,000 tumor-associated antigens/tumor cell for Her2/neu in
< s tumor cells tested FISH negative, or
~ e in an amount of about 1,000 to about 350,000 tumor associated antigens/tumor cell for
g CD20, or
S e in an amount of about 1,000 to about 350,000 preferably of up to about 300,000 tumor-
Q associated antigens/tumor cell for EpCAM, G250, proteoglycans, GD2, GD3, MHC II, EGF-
S0 RandCEA.
@\

The present invention further relates to a method for the treatment of humans or animals for the
prophylaxis and/or treatment of tumor diseases by contacting the human’s or animal’s tumor cell
containing body, or parts of the body containing the tumor cells, with a pharmaceutically

effective amount of trifunctional bispecific antibodies having the following properties:

15 (a) binding to a T cell;

(b)  binding to at least one tumor associated antigen on a tumor cell, said antigen
being selected from the group consisting of Her2/neu, CD20, EpCAM, G250,
proteoglycans, GD2, GD3, MHC II, EGF-R and CEA;

(c)  binding via their Fc-portion to Fcy-receptor type I or III positive cells, or a

20 combination thereof;

wherein said tumor-associated antigen is expressed on said tumor cell
. in an amount of about 5,000 - about 150,000 tumor-associated antigens/tumor cell

for Her2/neu, or

. in an amount of about 1,000 to about 150,000 tumor associated antigens/tumor
25 cell for CD20, or
. in an amount of about 1,000 to about 150,000 tumor-associated antigens/tumor

cell for EpCAM, G250, proteoglycans, GD2, GD3, MHC II, EGF-R and CEA.
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In one embodiment of the invention, all recited tumor antigens are expressed on the tumor cell in an

amount of about 5,000 to about 150,000 tumor-associated antigens/tumor cell.

The present invention provides also a method for the treatment of humans or animals for the
prophylaxis and treatment of tumor diseases by contacting the humans’ or animals’ tumor cells
containing bodies or parts of these bodies containing said tumor cells with a pharmaceutically

effective amount of trifunctional bispecific antibodies having the following properties:

@) bindingtoa T cell;

(b)  binding to at least one tumor-associated antigen on a tumor cell, said antigen being selected
from the group consisting of Her2/neu, CD20, EpCAM, G250, GD3, GD2, proteoglycans,
MHC II, EGF-R and CEA;

(c)  binding via their Fc-portion to Fcy-receptor type I and/or III positive cells:

wherein said tumor-associated antigen is expressed on said tumor cell

e in an amount of about 5,000 — about 150,000 tumor-associated antigens/tumor cell for
Her2/neu, or

¢ in an amount of about up to 500,000 tumor-associated antigens/tumor cell for Her2/neu in

tumor cells tested FISH negative, or
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e in an amount of about 1,000 to about 350,000 tumor-associated antigens/tumor
cell for CD20, or

e in an amount of about 1,000 to about 350,000 preferably of up to about
300,000 tumor-associated antigens/tumor cell for EpCAM, G250,
proteoglycans, GD2, GD3, MHC II, EGF-R and CEA.

The said contacting of said trifunctional bispecific antibodies with the patients' tumor cells is
either performed by administering the trifunctional bispecific antibodies in any acceptable
dosage form either orally or parenterally as described below into the humans' or animals'

body.

Provided that tumor diseases like leukemias or lymphomas involving cells of the immune
system are to be treated, said contacting can also be performed ex vivo. Reference is made for

instance to US 7,018,632 or US 5,985,276 which are fully incorporated herein by reference.

The autologous tumor cells containing material is incubated with the trifunctional bispecific
antibodies described herein either during a short-term incubation for a period of 10 minutes to
10 hours, preferably up to 5 hours, or in a long-term incubation also for a period of time as
described for the short-term incubation, so that the autologous tumor cells are charged with
their antibodies. Subsequently, blood cells of the patient, preferably mononucleated cells of
the peripheral blood (PBMC) are added, and this mixture is then incubated over a long period,
such as 1 to 14 days. Alternatively, the autologous tumor cells are directly contacted with said
trifunctional bispecific antibodies and with the patients' blood cells, preferably peripheral
blood mononucleated cells. In this way, "priming" of numerous immune cells against the
tumor is achieved already ex vivo. Afterwards, these cells are re-infused into the patient.
Long-term incubation also leads to internalization and degradation of the antibodies. As
described above, the above cited US-patents fully describe these methods; however, no
reasonable expectation of success at all is provided for the expert that it might also be possible
to treat tumor diseases involving tumor cells with an expression of about 5,000 to about
150,000 tumor-associated antigens per tumor cell for the above-indicated tumor-associated
antigens. The methods may be performed in allogeneic or autologous settings without
additional healthy donor PBMCs. Remarkably, the depletion of tumor cells, particularly B-

cells, is not dependent on any pre- or co-activation of the effector cclls with cytokines (e.g.
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IL-2, GM-SCF) which is a typical disadvantage for other bispecific or monospecific

antibodies described in the art.

Preferred embodiments of the invention are indicated in the subclaims as well as in the

following description and the accompanying experimental data, figures and tables.

The present inventors could surprisingly show that trifunctional bispecific antibodies already
described in the art can be efficiently used for targeting particularly selected tumor-associated
target antigens on a tumor cell which are expressed on said tumor cell to an only low to
medium level. Particularly preferred are Her2/neu, EpCAM and CD20 tumor-associated

antigens as target antigens.

The tumor-associated antigens are expressed on the tumor cells in different levels depending
on the type of tumor-associated antigen expressed on said tumor cell and whether or not the

tumor antigen is amplified in case of Her2/neu.

It has been found that patients can be successfully treated with the trifunctional bispecific
antibodies as described herein if their tumors express Her2/neu on a tumor cell in an amount
of about 5000 to about 150,000 tumor-associated antigens per tumor cell in the case of
Her2/neu. These patients will be scored as 1+ in accordance with the DAKO HercepTest®. At
may also be correct to classify the upper limit for 1+ to about 100,000 or 110,000. Most

importantly, the score has to classified as “low expression” contrary to “medium expression”.

It has also been found that patients which express up to 500,000 molecules of Her2/neu
tumor-associated antigens per tumor cell and which are classified as 2+ in accordance with
the DAKO HercepTest® can be successfully treated even if they are classified FISH negative.
Up to now, only those patients could be successfully treated which were scored with a
Her2/neu value of 2+ in accordance with the DAKO HercepTest® expressing up to 500,000
Her2/neu tumor antigens per tumor cell but being FISH positive. FISH negative patients with

a Her2/neu value of 2+ could not be successfully treated.

In patients with tumors expressing CD20, it has been surprisingly found that they can be
successfully treated even if the expression of CD20 is in an amount about 1000 to about

350.000 tumor-associated antigens per tumor cell. Additionally, patients with an expression of
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EpCAM, G250, proteoglycans, GD2, GD3, MHC II, EGF-R and CEA in an amount of about
1000 to about 350,000 tumor-associated antigens per tumor cell can be successfully treated

with the trifunctional bispecific antibodies described herein.

The tumor-associated antigens are expressed on the tumor cells preferably in amount of at
least about 10,000, about 20,000, about 50,000 or about 80,000 tumor-associated
antigens/tumor cell and preferably at a maximum of about 110,000, of about 120,000 or of

about 130,000 tumor-associated antigens/tumor cell in case of Her2/neu.

For patients which are scored with the DAKO HercepTest® with a Her2/neu value of 2+
(medium expression), the preferred expression of tumor-associated antigens on the tumor
cells is in an amount of up to 500,000 or up to 450,000, 400,000, 350,000, or 300,000 and
with the lower limits of about 100,000, of more than about 110,000, with more than about
150,000, of about 200,000 or of about 250,000.

In tumor cells with an expression of CD20 tumor antigen, the number of CD20 molecules per
tumor cell varies in a range of about 1000 to about 350,000, preferably up to about 310,00 or
300,000 dependent on the type of B-cell malignancy and the site in the body. The number of
CD20 molecules per tumor cell can particularly vary from about 5000, about 10,000, about
50,000 to about 100,000, 150,000, 200,000, 250,000 up to 300,000. The situation is similar
for all other tumor antigens indicated in claim 1 being EpCAM, G250, proteoglycans, GD2,
GD3, MHC 11, EGF-R and CEA.

It should be noted that the expression levels of tumor-associated antigens could range
between the lower and upper expression values on different tumor cells originating from a
single defined tumor entity. It has to be understood that all of these figures are mean values

depending on the type of malignancy, the type of patient, the progression of the tumor etc.

It is quite important to note that the tumor-associated target antigens selected by the present
inventors are permanently and stably expressed on the tumor cell with low to medium
expression levels only. While other type of inducible antigens like heat shock proteins and the
MIC molecules MIC A and MIC B, which are both under the control of heat shock promoter
elements, are expressed after induction with increasing levels during lifetime, the expression

rate of tumor-associated antigens like Her2/neu and CD20 is generally constant and stable.
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The tumor-associated antigens selected by the present inventors are associated with or
specific for particular tumors. EpCAM is typically associated with adeno carcinomas,
Her2/neu with mamma carcinomas but also with colon, lung, gastric, pancreas and ovarian
cancer, CD20 with B cell lymphomas like non-Hodgkin's lymphoma or chronic lymphotic
leukemia, G250 with renal carcinomas, proteoglycans, GD3 and GD2 with melanomas, MHC

II with B cell lymphomas and EGF-R and CEA with epithelial tumors.

The trifunctional bispecific antibodies (shortly trAb) used in the present invention are known
per se. Reference is made for instance to US-6,551,592 the content of which is fully
incorporated herein by reference. The same is true for DE-A-196 49 223 and DE-A-197 10
495, which are also included herein by reference together with their corresponding US patent

documents.

The antibodies for use in the invention may be administered orally in any acceptable dosage
form such as capsules, tablets, aqueous suspensions, solutions or the like. The antibodies and
derivatives thereof may also be administered parenterally. That is via the following routes of
administration: subcutaneous, intravenous, intraperitoneal, intramuscular, intra-articular,
intra-synovial, intrasternal, intranasal, topical, intrathecal, intrahepatic, intratumoral,
intralesional, and intracranial injection or infusion techniques. Generally, the antibodies will

be provided as an intravenous injection or infusion.

The antibodies of the invention may be administered alone or with a pharmaceutically
acceptable carrier, including acceptable adjuvants, vehicles, and excipients. All of these are

familiar for those skilled in the art.

The effective dosage will depend on a variety of factors and it is well within the purview of a
skilled physician to adjust the dosage for a given patient according to various parameters such
as body weight, the goal of treatment, the highest tolerated dose, the specific formulation

used, the route of administration, the response of the patient and the like.

The trAbs employed according to the present invention are preferably administered in an
amount of about 5 — about 1000 pg, further preferred about 10 — about 300 pg, about 10 —
about 100 pg or about 10 — about 50 pg, each per infusion. The optimal amounts may be
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determined by the skilled artisan by means of experimentation. Further preferred, the
trifunctional antibody is used in an amount of about 0.05-about 15ug/kg, further preferred
about 0.5-5pg/kg and about 0.5-2pug/kg body weight. The number of administrations can be
selected by the physician in accordance with the patient's need, particularly the severity of the

disease, the patient's response, the dose applied and other various factors known in the art.

Preferably, said trifunctional antibody is selected to be an anti-CD3 X anti-tumor-associated
antigen antibody and/or anti-CD4 X anti-tumor-associated antigen antibody and/or anti-CDS5
X anti-tumor-associated antigen antibody and/or anti-CD6 X anti-tumor-associated antigen
antibody and/or anti-CD8 anti-tumor-associated antigen antibody and/or anti-CD2 X anti-
tumor-associated antigen antibody and/or anti-CD28 X anti-tumor-associated antigen
antibody and/or anti-CD44 X anti-tumor-associated antigen antibody, wherein particularly
preferred an anti-CD3 x anti-tumor-associated antigen antibody is used. Particularly preferred
as the anti-tumor-associated antigen is a Her2/neu, EpCAM or CD20 antigen, further
preferably combined with an anti-CD3 binding arm of the trifunctional antibody.

By using the trifunctional antibodies of the present invention, the Fc-receptor positive cells
are activated by binding of the Fc-portion of the trAb to the Fc-receptor positive cell,,
Thereby, the expression of cytokines and/or co-stimulatory antigens is initiated or increased.
Then, at least a second activation signal required for physiological activation of the T cell is
transferred to said T cell by said co-stimulatory antigens and/or cytokines. This activation is
indicated by up-regulation of activation markers, the killing of tumor cells and by the

proliferation of T cells.

Activation of the Fc receptor-positive cell by the trAb is dependent on the subclass or the
subclass combination of the antibody heavy chain fragments, respectively. As demonstrated
by in vitro experiments, for example, trAbs of the mouse-IgG2a/rat-IgG2b subclass
combination are able to bind to, and simultaneously activate, Fc receptor-positive cells
leading to an up-regulation or new formation (expression), respectively, of co-stimulatory
antigens such as CD40, CD80, or CD86 on the surface of these cells, while bispecific
antibodies of the mouse-IgG1/rat-IgG2b subclass combination are able to bind to Fc receptor-
positive cells ((1) Haagen et al., J. Immunology, 1995, 154: 1852-1860) but obviously are
unable to activate these cells to a comparable extent ((2) Gast et al., Cancer Immunol.

Immunother., 1995, 40: 390). Hence, mouse-1gG2a/ratIgG2b isotype combination in the Fc-
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region of the trAb is particularly preferred. However, this is also true for all other isotype
combinations as recited in the present description so that they can be used in other preferred

embodiments of the invention.

While the trAb simultaneously binds to and activates the T cell with one binding arm (e.g.
' anti-CD3), co-stimulatory signals from the Fc receptor-positive cell bound to the Fc portion of
the trAb may be transferred to the T cell, i.e. only the combination of T cell activation via one
binding arm of the trAb and simultaneous transfer of co-stimulatory signals from the Fc

receptor-positive cell to the T cell leads to an efficient T cell activation.

Another important aspect in the induction of an anti-tumor immunity is the possible
phagocytosis, processing and presentation of tumor components by the accessory cells
(monocytes, macrophages, NK cells or dendritic cells) which have been targeted by the trAb.
By this classical mechanism of antigen presentation both tumor-specific CD4- as well as
CD8-positive cells may be generated. Moreover, tumor-specific CD4 cells play an important

role in the induction of a humoral immune response in the context of T/B cell cooperation.

Trifunctional bispecific antibodies are able to bind to the T cell receptor complex of the T cell
with one binding arm and to said tumor-associated antigens on the tumor cell with the second
binding arm. Thereby, they activate T cells which destroy the tumor cells by releasing
cytokines or by apoptosis-mediating mechanisms. Moreover, there seems to be the possibility
that in the frame of activation by trifunctional antibodies T cells which recognize tumor-
specific antigens via their receptor may be re-activated, whereby leading to a long-lasting
antitumor immunity. Of particular importance in this respect is the intact Fc portion of the
trifunctional bispecific antibody mediating the binding to accessory cells such as
monocytes/macrophages and dendritic cells and causing them to develop cytotoxicity
themselves and/or concomitantly transfer important co-stimulatory signals to the T cell.
Obviously, in this manner a T cell response may be induced against tumor-specific peptides

which have been unknown up to now.

By redirecting possibly anergized tumor-specific T cells to tumor cells by means of trAbs and
simultaneous co-stimulation of such T cells by accessory cells binding to the Fc portion of the
trAb the anergic state of tumor-specific cytotoxic T cells (CTLs) could be abolished. l.e., a

preexisting T cell tolerance existing in the patient against the tumor may be abolished by
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means of trAbs and, thus, a long-lasting anti-tumor immunity may be induced besides the

direct destruction of the tumor cell.

Preferably, the antibodies employed according to the present invention are capable of
reactivating tumor-specific T cells being in a state of anergy. Furthermore, they are capable of
inducing tumor-reactive complement-binding antibodies and therefore to induce a humoral

immune response.

Binding to the T cell preferably takes place via CD3, CD2, CD4, CDS5, CD6, CD8, CD28,
and/or CD44. The Fc receptor-positive cells have at least one Fcy receptor [ or I11.

Antibodies which may be employed according to the present invention are able to bind to
monocytes, macrophages, dendritic cells, "natural killer" cells (NK cells) and/or activated

neutrophils being Fcy receptor I and/or I1I-positive cells.

The antibodies which may be employed according to the invention lead to the initiation or
increase of the expression of CD40, CD80, CD86, ICAM-1, and/or LFA-3 being co-
stimulatory antigens, or/and secretion of cytokines by the Fc receptor-positive cell.
Preferably, the cytokines are IL-1, IL-2, IL-4, IL-6, IL-8, IL-12, IFN-y and/or TNF-a.
Preferably, binding to the T cell takes place via the T cell receptor complex of the T cell.

Preferably, the trifunctional bispecific antibody is a heterologous intact rat/mouse bispecific

antibody.

By means, of the trAbs which may be used according to the present invention, T cells are
activated and redirected against the tumor cells. Preferred useful heterologous trifunctional

bispecific antibodies are selected from one or more of the following combinations of isotypes:

rat-IgG2b/mouse-1gG2a,
rat-1IgG2b/mouse-1gG2b,
rat-IgG2b/mouse-1gG3;

rat-IgG2b/human-IgGl,
rat-1IgG2b/human-IgG2,
rat-IgG2b/human-IgG3[oriental allotype G3m(st) = binding to protein A],
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rat-IgG2b/human-1gG4;

rat-1gG2b/rat-1gG2c;

mouse-IgG2a/human-IgG3[caucasian allotypes G3m(b+g) = no binding to protein A,

in the following indicated as *]

mouse-1gG2a/mouse-[ VH-CH1,VL-CL]-human-1gG1-[hinge]-
human-IgG3*-[CH2-CH3]

mouse-lgG2a/rat-[VH-CHI1,VL-CL]-human-IgG1-[hinge]-human- [gG3*-[CH2-CH3]

mouse-1gG2a/human-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-1gG3*-[CH2-
CH3]

mouse-[VH-CH1,VL-CL]-human-IgG1l/rat-[VH-CH1,VL-CL]-
human-IgG1-[hinge]-human-IgG3*-[CH2-CH3]
mouse-[VH-CH1,VL-CL]-human-IgG4/rat-[ VH-CH1,VL-CL]-human-IgG4-[hinge]-
human-IgG4[N-terminal region of CH2]-human- IgG3*[C-terminal region of CH2: >
aa position 251]-human- IgG3*[CH3]
rat-1gG2b/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge-CH2-CH3]

rat-IgG2b/mouse-[VH-CH1,VL-CL]-human-IgG2-[hinge-CH2-CH3]

rat-IgG2b/mouse-[ VH-CH1,VL-CL]-human-IgG3-[hinge-CH2-CH3, oriental
allotype]

rat-IgG2b/mouse-[VH-CH1,VL-CL]-human-1gG4-[hinge-CH2-CH3]

human-IgG1/human-[VH-CH1,VL-CL]-human-IgG1-[hinge]-
human-I1gG3*-[CH2-CH3]
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human-IgG1/rat-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG4[N-terminal
region of CH2]-human-IgG3*[C-terminal region of CH2 : > aa position 251]-human-
1gG3*[CH3]

human-IgG1/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-1gG4[N-terminal
region of CH2]-human-IgG3*[C-terminal region of CH2 : > aa position 251]-human-
1gG3*[CH3]

human-IgGl/rat-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG2[N-terminal
region of CH2]-human-IgG3*[C-terminal region of CH2 : > aa position 251]-human-
IgG3*[CH3]
human-IgG1l/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG2[N-terminal
region of CH2]-human-IgG3*[C-terminal region of CH2 : > aa position 251]-human-
1gG3*[CH3]

human-IgG1/rat-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-1gG3*-[CH2-CH3]

human-IgG1/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG3*-[CH2-
CH3]

human-I1gG2/human-[VH-CH1,VL-CL]-human-IgG2-[hinge]-human-1gG3*-[CH2-
CH3]

human-IgG4/human-[VH-CH1,VL-CL]-human-1gG4-[hinge]-human-IgG3*-[CH2-
CH3]

human-IgG4/human-[VH-CH1,VL-CL]-human-IgG4-[hinge]-human-IgG4[N-
terminal region of CH2]-human-IgG3*[C-terminal region of CH2 : > aa position 251]-
human-IgG3*[CH3]

mouse-IgG2b/rat-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG3*-[CH2-CH3]

mouse-1gG2b/human-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG3*-[CH2-
CH3]
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mouse-1gG2b/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG3*-[CH2-
CH3]

mouse-[ VH-CH1,VL-CL]-human-IgG4/rat-[ VH-CH1,VL-CL]-human-IgG4-[hinge]-
human-IgG4-[CH2]-human-IgG3*-[CH3]

human-IgG1l/rat-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG4-[CH2]-human-
1gG3*-[CH3]

human-IgG1/mouse-[VH-CH1,VL-CL]-human-IgG1-[hinge]-human-IgG4-[CH2]-
human-IgG3*-[CH3]
human-IgG4/human-[VH-CH1,VL-CL]-human-IgG4-[hinge]-human-1gG4-[CH2]-
human-I1gG3*-[CH3]

Preferably, the antibodies useful according to the present invention are monoclonal, chimeric,
recombinant, synthetic, semi-synthetic, or chemically modified intact antibodies having for

example Fv, Fab, scFv, or F(ab), fragments.

Preferably, antibodies or derivatives or fragments thereof of human origin are used, or those
modified to be suitable for the use in humans (so-called "humanized antibodies") (see for
example Shalaby et al., J. Exp. Med. 175 (1992), 217; Mocikat et al., Transplantation 57
(1994), 405).

The preparation of the different types of antibodies and antibody fragments mentioned above
is well-known to the skilled artisan. The preparation of monoclonal antibodies, preferably of
mammalian origin, e.g. of human, rat, mouse, rabbit, or goat, can be performed using
conventional methods as those described for example in Kéhler und Milstein (Nature 256
(1975), 495), in Harlow and Lane (Antibodies, A Laboratory Manual (1988), Cold Spring
Harbor) or in Galfré (Meth. Enzymol. 73 (1981), 3) or in DE 195 31 346.

It is further possible to prepare the antibodies described by means of recombinant DNA
technology according to techniques known to the skilled artisan (see Kurucz et al., J.
Immunol. 154 (1995), 4576; Hollinger et al., Proc. Natl. Acad. Sci. USA 90 (1993), 6444).
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The preparation of antibodies having two different specificities, so-called bispecific
antibodies, can be performed on the one hand using recombinant DNA technology but on the
other hand also by the so-called hybrid hybridoma fusion technique (see for example Milstein
et al., Nature 305 (1983), 537). This technique includes the fusion of hybridoma cell lines
each producing antibodies with one of the desired specificities and identifying and isolating

recombinant cell lines producing antibodies with both specificities.

The problem underlying the present invention is solved using the trifunctional bispecific
antibodies as defined in claim 1. In the following, the preparation of antibodies showing two
specificities is described in more detail. Trifunctional bispecific antibodies falling under the
present invention belong to the prior art, and references describing such methods of

preparation are incorporated herein by reference in their entirety.

Trifunctional bispecific antibodies are composed of two antibody semi-molecules (each
having a H and a L immunoglobulin chain) each representing a specificity, and having a Fc
portion like normal antibodies which performs the well-known effector functions. They are
preferably prepared using the quadroma technology. This method of preparation is
exemplified in DE-A-44 19 399. For complete disclosure this document is incorporated by
reference in its entirety also with respect to a definition of bispecific antibodies. It should be
understood that also other methods of preparation are useful if they lead to the trifunctional
bispecific antibodies according to the above definition which are required according to the

present invention.

The binding of the trAb to Fcy-RI shows two essential advantages with regard to an optimal

anti-tumor effectivity:

(1)  Fey-Rl-positive cells have the ability to eliminate tumor cells by ADCC and, thus, are
able to contribute synergistically to the anti-tumor effect of the cytotoxic T cells directed to

the tumor cell by the trAbs.

) FeyRI-positive cells (such as monocytes/macrophages/dendritic cells) are able to
provide important co-stimulatory signals similar to antigen presentation to the T cell and,

thereby, preventing T cell anergy. Furthermore, even T cells having a T cell receptor which
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recognizes tumor-specific peptides (presented via MHC antigens on the tumor cell) can be
stimulated as a desired by-product due to the trAb-mediated interaction of the T cell with
accessory cell and tumor cell. In this constellation, the co-stimuli necessary for correct
activation of the T cell would be provided by the accessory cell (such as the monocyte). Thus,
besides the direct T cell receptor-independent trAb-mediated tumor destruction the antibody
of the present invention should also be able to activate and generate tumor-specific T cells
which after degradation of the trAb continue to patrol in the patient. This means, that similar
to gene-therapeutical approaches (e.g. by incorporation of co-stimulatory antigens such as B-7
into the tumor cell) the tumor tolerance in the patient may be abolished by trifunctional

bispecific antibodies.

The following experimental data show that trAbs as described herein can be surprisingly
highly efficiently used for the destruction of tumor cells with only a low to medium
expression level of the target antigens, particularly preferred of Her2/neu and CD20 target
antigens. The reason for the high efficiency is to be found in the mode of action of said
trifunctional antibodies as described before. The mode of action is significantly different from
monospecific antibodies. Trifunctional antibodies as used in the present invention are able to
target and simultaneously activate different types of immune cells by their anti-T cell binding
arm and their Fc-portion. Typical examples of these immune cells are T lymphocytes and
accessory cells with Fey-receptor types 1 (CD64) and III (CD16). While the first binding arm
binds to the target antigen on the tumor cell like Her2/neu or CD20, the second binding arm

binds to e.g. CD3 on T lymphocytes (figure 4).

Methods on how to quantify the expression level of a tumor antigen are known in the art. E.g.
immunocytochemical methods like e.g. ELISA tests, quantitative flow cytometry, tissue
staining methods and cytospin analysis. A typical example for a quantitative determination
method for the expression of tumor-associated target antigens on a tumor cell is an
immunohistochemical method like the HercepTest® developed by DAKO, Glostrup, Denmark
allowing the quantitative determination of the expression level of Her2/neu on tumor tissues.
Reference is made to the HercepTest® as described by DAKO for the DAKO Cytomation
Autostainer Code no. K5207, first edition, to be identified by the publication no. 111 781-001
and K5207/EFG/AOS/13.10.04 which is fully incorporated herein by reference. An
evaluation system is provided for Her2/neu comprising four steps 0, 1+, 2+, 3+ referring to an

approximate number of expressed target antigens on the surface of a tumor cell. In accordance
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with this system, cells with an expression of less than 20,000 Her2/neu molecules on the
target cell surface are classified as negative; cells with an expression of more than about
20,000 and up to about 100,000-110,000 (up to a maximum of 150,000) molecules are
classified as 1+ (low expression), cells with an expression of up to about 500,000 molecules
as 2+ (medium expression), and cells with an expression of between about 2.000,000 to
10.000,000 molecules are classified as 3+ (high expression). In accordance with the present
invention, it has been found that trifunctional bispecific antibodies directed against Her2/neu
can be used for the treatment of patients having tumor cells classified as Her2/neu 1+ and 2+

(if the latter is additionally tested FISH negative) in accordance with the HercepTest”.

The so-called FISH test is well known in the art. "FISH" means ‘“Fluorescent In Situ
Hybridization” and is a cytogenetic technique which can be used to detect and localize the
presence or absence of specific DNA sequences on chromosomes. The method itself is well-
established and known in the art. Reference is made for instance to Laudadio J, Quigley DI,
Tubbs R, Wolff DJ. HER2 testing: a review of detection methodologies and their clinical

performance which is fully incorporated herein by reference.

A FISH negative test result means that the Her2/neu gene is not amplified; the number of
Her2/neu genes is within the normal physiological range. However, in 15 to 20 % of all
mammary carcinomas, the Her2/neu gene is amplified. A detection of this amplification has
been established to be crucial for the therapy of breast cancer. In cases where the Her2/neu
gene is amplified, the FISH analysis will be positive and in those cases for instance a therapy
with Herceptin might be successful. On the other hand, patients overexpressing Her2/neu but
being FISH negative cannot be effectively treated with antibodies like Herceptin. Hence, it
has to be considered as an important progress in the therapy of breast cancer that also patients
with an expression of Her2/neu of up to 500,000 but being FISH negative can be successfully
treated by the trifunctional bispecific antibodies as described herein.Various groups
investigated also the expression of CD20 on B-cell malignancies. Ginaldi et al.,
(J.Clin.Pathol., 51:364, 1998) assessed CD20 expression on different B-cell- malignancies by
using the Quantum Simply Cellular microbeads kit (Sigma, St. Louis, Missouri,USA). They
found e.g. for B-CLL mean values of 65,000 CD20 molecules/leukemic cell and 123,000
CD20 molecules/cell for mantel cell lymphoma. In the case of hairy cell leukemia this

investigation determined a mean value of 312,000 CD20 molecules/cell.
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Huh et al., (Am J Clin Pathol 116:437, 2001) further investigated the different expression of
CD20 at different sites as e.g. peripheral blood and bone marrow for B-cell malignancies with
a comparable method. Here, the number of CD20 molecules per cell is lowest in B-CLL
(mean 4,067; range 222-46,395), higher in follicular lymphoma (mean 22,240; range 3,689-
39,643), mantel cell lymphoma (mean 29,770; range 2,785 -97,727) and highest in hairy cell
leukemia (mean 31,563; range 1,607-72,540) in bone marrow specimens. In contrast, in
peripheral blood the number of CD20 molecules/cell was generally higher for e.g. B-CLL

where the mean number was 9,051 ranging from 563-31,507.

Taken together, in the case of B-cell malignances the number of CD20 molecules/cell varied
from about 1000 up to 300,000 dependent on the type of B-cell malignancy and the site in the
body and up to a maximum of about 350,000.

In the following examples and with reference to the enclosed figures and tables, the invention
is described in more detail. The first example illustrates the present invention with respect to
the trifunctional antibody available under the trademark Rexomun® (INN-name
ertumaxomab) and the tumor-associated antigen Her2/neu targeted by Rexomun®. The
second example is directed to a trifunctional bispecific antibody named Bi20 (also known as
FBTAOS) that binds to a T cell via CD3 and recognizes CD20 as tumor antigen. These
examples provide convincing evidence that the invention can be used with respect to all other
tumor-associated antigens as specified in claim 1 and throughout the specification. All these
tumor-associated antigens may be present on the surface of the tumor cell in such a low
number so that they can hardly be treated by conventionally used antibody-based immune

therapy.

The figures and tables of the present description are explained as follows in connection with

examples 1 and 2.

Figure 1: A-F Her2/neu expressing profiles of cell lines Lox, HCT-8 and SKBR3 with

different anti Her2 antibodies measured by flow cytometry.

Figure 2a: Killing of Her2+3 SKBR-3 cells: Dotplot analysis with the Micrometastasis

Detection System; * number corresponding to table 3
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Figure 2b: Killing of Her2+1 HCT-8 cells: Dotplot analysis with the Micrometastasis

Detection System; * numbers corresponding to table 3

Figure 2c: Killing of negative Her2 Lox cells: Dotplot analysis with the Micrometastasis

Detection System; * numbers corresponding to Table 3

Figure 2d: Killing of Her2+1 HCT-8 cells;Dotplot results of donor 2 as an example for the

MDS workflow; * numbers corresponding to table 3

Figure 3:Cytokine secretion in clonogenic assay supernatants after 24 h measured with the

Cytokine Bead Array system (CBA)

Figure 4: The postulated tri-cell-complex. The trifunctional antibody is able to accelerate the
recognition and destruction of tumor cells by different immunological mechanisms. Bei der
Auflistung der Zytokine im Bild sollte man noch IFN-y aufnehmen

Note: ADCC, Antibody dependent cellular cytotoxicity; DC, Dendritic cell; NK, Natural
killer cell; DC-CK1, Dendritic cell cytokine 1; IL, Interleukin; LFA, Leukocyte function
associated antigen; TNF-a, Tumor necrosis factor a; CD, Cluster of differentiation (adapted

from Ruf&Lindhofer, 2001)

Figure 5. Purification of Bi20. (A) Cationic exchange chromatography (CIEX). Parental
mouse antibodies (Peak 1) were separated from trifunctional antibodies (Peak 2) on a
HR10/10 high performance SP-Sepharose column. (B) Isoelectric focusing (IEF) of Bi20
trifunctional antibody purification. Parental rat antibodies (26116) were removed after protein
A affinity chromatography (AC Bi20), and parental mouse antibodies (TPA10) were
separated from trifunctional antibodies by CIEX (CIEX P1 Bi20). Purified Bi20 was found in
Peak 2 of the cationic exchange chromatography (CIEX P2 Bi20).

Figure 6. Bi20 specifically binds to effector cells. 190 ng Bi20 was incubated with 5 x 10°
target cells, and binding was measured by FACS analysis. Ramos cells (A) were used as
target cells for the CD20 arm, and THP-1 cells (B) were used for the Fc part. For competition
assays, cells were pre-incubated with Rituximab (Rit) at the indicated excess of antibody for

30 minutes.
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Figure 7. Bi20 mediates efficient B-cell depletion in the presence of effector cells. (A) 1 x
10%ml PBMCs and 2 x 10%ml tumor cells (Raji, Mecl) were incubated with 50 ng/ml of
Bi20, catumaxomab (Catum), rituximab, or parental antibodies TPA10 and 26116. B-cell
elimination was determined on day 3 by trypan blue exclusion counting and FACS analysis of
monocytes, B cells, and T cells. The absolute B-cell number in the assays without antibody
(neg) was set as 100%. (B) 1 x 10%/ml PBMCs and 2 x 10°/ml Raji cells were incubated with
increasing amounts (0.5-250 ng/ml) of Bi20. The absolute B-cell count was determined on
days 1, 2, and 3 by trypan blue exclusion and FACS analysis, and the percentage of B-cell

depletion was calculated.

Figure 8. Bi20 mediates activation of T cells. (A) 1 x 10%ml PBMCs and 2 x 10%/ml Raji
tumor cells were incubated with 50 ng/ml of Bi20, catumaxomab (Catum), rituximab, or
parental antibodies TPA10 and 26116 for 3 days. MFI of CD25 expression on CD4" and CD8”
cells was determined by FACS analysis. (B) PBMC and Raji cells were incubated with
increasing amounts (0.5-250 ng/ml) of Bi20. MFI of CD25 expression on CD4" T cells was

measured on days 1, 2, and 3.

Figure 9. Bi20 induces proliferation of T cells. 1 x 10%ml PBMCs and 2 x 10°/ml Raji cells
were incubated with Bi20, catumaxomab (Catum), rituximab, or parental antibodies TPA10
and 26116 at a concentration of 50 ng/ml for 3 days. T-cell number was determined by trypan

blue exclusion counting and FACS analysis with anti-CD5/4 and anti-CD5/8 antibodies.

Figure 10. Bi20-mediated activation of monocytes. (A) 1 x 10%ml PBMCs and 2 x 10°/m|
Raji tumor cells were incubated with 50 ng/ml of Bi20, catumaxomab (Catum), or rituximab
for 1 day. MFI of CD25 expression by CD14™ monocytes was determined by FACS analysis.
(B) 1 x 10%ml PBMCs and 1 x 10°/ml THP-1 cells were incubated with 50 ng/ml of Bi20,
catumaxomab (Catum), rituximab (Rit), TPA10, or 26116 for 1 day. Activation of CD33"
THP-1 cells was determined via CD25 or CD40 expression.

Figure 11. Bi20 induces depletion of CLL B cells in the presence of healthy donor
effector cells. (A) 1 x 10/ml PBMCs and 2 x 10°/ml CLL tumor cells were incubated with 5,
50, or 250 ng/ml Bi20, 250 ng/ml catumaxomab (Catum), or 250 ng/ml Rituximab (Rit) for 3
days. B-cell elimination was determined on day 3 by trypan blue exclusion counting and

FACS analysis of monocytes, B cells, and T cells. The absolute B-cell number in the assays
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without antibody (neg) was set as 100%. MV: mean value of CLL-1 to CLL-9. (B) Overview
of CD20 expression in CLL patient samples (1-14), cell lines (Raji, Mec-1), and one healthy

donor (PBMC). MFI = mean fluorescence intensity.

Figure 12. Dose response curve of TRBs08-mediated lysis of three different tumour cell
lines with A) high (murine melanoma cell line B78-D14; 813.000 molecules per cell; Becker
et al., J. Clin. Invest. 98(12): 2801-04, 1996) - in presence of PBMC effector cells of two
different donors, respectively - and B) medium (human melanoma cell line SK-MEL-28;
334.000 molecules per cell) as well as B) low (human melanoma cell line Mel 375; 125.000
molecules per cell) surface expression of the target antigen GD2 gangliosides. The two latter
experiments were performed with PBMCs obtained from one donor. The murine monoclonal

anti-GD2 antibody Me361 (IgG2a) represents one of the parental antibodies of TRBs08.

Table 1: Characteristics of used antibodies and their corresponding detection antibodies
* TRION Pharma, Munich, $ Roche, # Micromet, Munich

Table 2: Used cell lines and their Her2/neu score

*: according to Ross et al, Molecular and Cellular Proteomics 3:379-398, 2004

Table 3: Clonogenic assay samples

Ab = Antibody, pg = micrograms, ng = nanograms

Table 4. Bi20 mediates cytokine secretion. 1 x 10%ml PBMCs and 2 x 10°/ml tumor cells
(Raji, Ramos, Mecl, Granta, DOHH-2) were incubated with 50 ng/ml Bi20, catumaxomab
(Catum), rituximab, or parental antibodies TPA10 and 26116 for 3 days. Supernatants were

harvested, and cytokine secretion was measured with a CBA assay and FACS analysis.

Table 5. Bi20 mediates elimination of CLL B cells in vitro in an autologous setting.
Percentages of B and T cells, CD20 expression (MFI) on B cells, and E:T ratio were
determined immediately after CLL PBMC preparation and before incubation. CLL cells
were incubated with the indicated amounts of Bi20 or rituximab on days 0, 3, 6, and 9.

B-cell elimination was determined as shown between day 3 and 10 depending on the patient



6978859

23A

sample. B-cell elimination is indicated as % B cells depleted. T-cell activation: CD25
expression on CD4" and CD8" T cells is at least five-fold (++) up-regulated. Effector/target

ratio (E:T) was defined as the number of monocytes, NK cells, and T cells versus the

29 Nov 2010

number of B cells. B-cell elimination < 10% was rated as negative (neg).

Example 1

Example 1 is directed to the characterization of an Her2/neu binding trifunctional bispecific
antibody with respect to its ability to be used for the treatment of patients with the score 1+

in the HercepTest®.

2007216472
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Methods
Cell lines and antibodies

Rexomun® (produced by Trion Pharma, Munich) is a trifunctional antibody which targets
with one binding arm the tumor-associated antigen Her2/neu and binds with the other arm the
CD3 molecule on T cells. Furthermore Rexomun® binds FcyRI and FeyRII positive cells (e.g.
macrophages, NK cells, dendritic cells) with its potent Fc region consisting of mouse IgG2a
and rat I1gG2b isotypes. Monoclonal antibody 2502A (Trion Pharma, Munich) is specific for
Her2/neu and is one of the parental antibodies which are included in Rexomun®. 26116 (Trion
Pharma, Munich) is specific for CD3 and is the other parental antibody which is included in
Rexomun®. 520C9 (ATCC HB-8696) is another monoclonal antibody recognizing the
Her2/neu receptor. Trastuzumab is a humanized anti Her2 monoclonal antibody developed
from the murine anti Her2/neu antibody Mab 4D5 (58). Table 1 shows the characteristics of

the used antibodies and their corresponding detection antibodies.

SKBR3 (ATCC H TB-30) is a breast cancer cell line with a strong overexpression of
Her2/neu (HercepTest® score +3) detected by IHC (58. HCT-8 (ATCC CCL-244) is a colon

carcinoma cell line and Lox is a melanoma cell line (table 2).
Her2/neu scoring

Her2/neu status of HCT-8 cells was assessed by IHC using the HercepTest® kit (DAKO,
Glostrup, Denmark) and was performed by the Institute of Pathology, LMU Munich

according to the manufacturer’s manual.
FACS analysis

FACS analysis was performed with 5x10° target cells (SKBR3, HCT-8 or Lox). Cells were
incubated with 100 ng monoclonal antibodies or 100 ng of the trifunctional antibody
Rexomun® for 45 min at 4°C. Samples were then washed with phosphate buffered saline
(PBS) without Mg®* and Ca>* (PAN Biotec, Aidenbach) and incubated with the corresponding
detection antibodies (Dianova, Hamburg) (Table 1) for 45 min at 4°C. After another washing
step with PBS, cells were resuspended in PBS containing 0.01 pg/ml ethidiumbromide
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(Sigma, Munich). Amount of the antibody binding was analysed by mean fluorescence
intensity in an overlay histogram. A sample with the anti human detection antibody alone or a
sample incubated with 26116 (anti CD3) and its corresponding detection antibody (isotype
control) served as negative controls. All FACS analysis was carried out on a FACSCalibur

(Becton Dickinson, Heidelberg) and was analysed with Cell Quest Pro or WinMDI 2.8.

Clonogenic assay

Antibody-meditated tumor elimination was investigated with a long-term clonogenic assay
with unstimulated effector cells. Therefore, 10° PBMC were spiked with 5% target cells
(SKBR3, HCT-8 or Lox) and seeded in 24 well plates (Greiner). Antibodies were added in
different concentrations and combinations which are shown in Table 3. Samples of target cells
alone and samples consisting of a mixture of target and effector cells without addition of any
antibodies served as controls. Samples were incubated at 37°C / 5% CO, and were fed every 3
days with RPMI 1640, L-Glutamine and 10% FCS. After 8 days of incubation, cells were
harvested from the 24 well plates , washed with PBS w/o Mg2+/Ca2+ and counted in a
Neubauer Cell Chamber with dead cell exclusion via trypan blue. Living cells were then
spinned down on cytospin slides (Menzel) with a concentration of 2,5 x 10° cells per slide.
Cytospins samples were dried overnight, followed by immunocytochemistry. Experiments

were repeated 3 times with PBMC from 3 different donors.

Immunocytochemistry

Unspecific binding properties on the cytospin slides were saturated with 10% human sera.
SKBR3 and HCT-8 cells were stained with 1.5 pg/slide anti Cytokeratine 8, 18, 19 antibody
(A45B-B3, mouse IgG1, Micromet, Munich), Lox cells were stained with 1.5ug/slide anti
EGFR antibody (mouse 1gG2a, kindly provided by Dr. Htun, Munich). The anti-mouse IgG1
Alexa Fluor 477 (FITC) antibody (Molecular probes, Eugene) for cytokeratine staining or the
anti-mouse 1gG2a Alexa Fluor 477 (FITC) antibody (Molecular probes, Eugene) for EGFR
staining were used at 1.5 pg/slide as detection antibodies. Cytospin slides were analysed in a
Micrometastasis detection system (MDS, Applied Imaging) with a computerized image

analysis counting FITC labelled cells.

Colon carcinoma cell line HCT-8 shows a +1 Her2/neu expression
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The level of Her2/neu expression was investigated on different cell lines, in order to find a

cell line that has a +1 expression of Her2/neu.

Therefore, FACS analysis with the monoclonal Her2/neu antibodies 2502A, 520C9,
Trastuzumab and the trifunctional antibody Rexomun® was performed. The monoclonal anti
CD3 antibody 26116 served as mock control. Figure 1 A-F shows the binding profiles of the
used antibodies on SKBR3, HCT-8 or Lox cells. As controls served flow cytometry samples
with the different detection antibodies only (Figure 1A), isotype control was 26116 (anti CD3)

with its corresponding detection antibody (Figure 1B).

The melanoma cell line Lox - as expected - showed no expression for the Her2/neu receptor
(Figure 1 C-F), whereas SKBR3 cells were stained heavily against Her2/neu with the
monoclonal antibodies 520C9 (Figure 1C), 2502A (Figure 1D) and Trastuzumab (Figure 1E).
Rexomun® stained SKBR3 cells to a lower extent, probably because of its one arm binding
nature (Figure 1F). HCT-8 cells compared to SKBR3 cells have a significantly weaker
expression of the Her2/neu receptor with all used Her2 antibodies (Figure 1 C-F), justifying
further evaluation of these cells. Her2/neu expression of HCT-8 cells was in addition analysed
with the DAKO HercepTest™ . The test was performed by the Institute of Pathology (TU
Munich). The colon carcinoma cell line HCT-8 showed a +1 expression of Her2/neu in the
performed DAKO test, confirming the results of the FACS analysis. Table 2 shows a
summary of used cell lines, their Her2/neu score and the methods applied for determination of

Her2/neu expression.

Rexomun® is able to kill Her2/neu +3 and Her2/neu +1 cell lines in vitro

Rexomun® ‘s ability to simultaneously recruit and activate different types of immune cells to
the tumor site leaded to the hypothesis, that Rexomun®™ might also be able to eliminate

Her2/neu (1+) low expressing tumor cells.

Therefore, a long-term cytotoxicity assay (clonogenic assay) was established. PBMC of 3
healthy donors were co-incubated either with the Her2/neu +3 expressing cell line SKBR-3,

the Her2/neu-negative Lox cell line or the Her2/neu +1 expressing HCT-8 cell line for 8 days.
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Different antibody concentrations of Trastuzumab (100 pg/ml — 1ug /ml) or Rexomun® (100
ng/ml — 1 ng/ml) were added as shown in Table 3. Tumor cell killing was evaluated after 8
days by harvesting the cells, transferring them on cytospin slides and staining the cells with
anti CK 8, 18, 19 antibody (SKBR-3 and HCT-8) or anti EGFR-antibody (Lox) and the
corresponding Alexa-Fluor FITC antibodies. The stained cytospin slides were then evaluated
by a computerized image analysis using the SLIDE SCAN programm on the Micrometastasis

Detection System (MDS, Applied Imaging, UK).

In this study the trifunctional antibody Rexomun® (anti Her2/neu x anti CD3) was compared
to the humanized anti Her2/neu monoclonal antibody Trastuzumab® in its ability to inhibit

tumor cell growth of a low Her2/neu expressing tumor cell line HCT-8 (HercepTest score:

+1).

Her2/neu expression on the cell lines SKBR3 (+ 3 Hercep score), HCT-8 (+1 Hercep score)
and Lox (Her2/neu negative) were measured by FACS analysis, whereas HCT-8 cells were
also tested via HercepTest®. FACS analysis with various antibodies against Her2/neu showed
strong Her2 expression on SKBR3 cells, a weaker expression on HCT-8 cells and no
Her2/neu expression on Lox cells. These results correspond with the +1 HercepTest® score of
the HCT-8 cells. Mean fluorescence values of the trifunctional antibody Rexomun® were
slightly lower than the values of the monoclonal antibodies because of the monovalent
binding of Rexomun® compared to the bivalent binding of the monoclonal antibodies (Figure

1: A-F).

To test the ability of Rexomun® and Trastuzumab® to inhibit growth of the low Her2/neu
expressing cell line HCT-8, clonogenic assays were performed. After eight days of culture
cells were harvested from the culture dishes, were spinned on cytospin slides and stained for
tumor cells. All control samples (12,500 tumor cells / 24 well plate) without added antibodies
(Figure 2a-c, sample Al, B1, C1) showed tumor cell growth for the cell lines SKBR3, HCT-8
and Lox after cytospin staining in the MDS. The slide with 250 000 PBMC without spiked
tumor cells or added antibodies showed - as expected - no tumor cells at all (Figure 2a-c,
sample A2, B2, C2). Tumor growth was also clearly visible in the allogeneic controls where
PBMC were mixed either with 5% of SKBR3, HCT-8 or Lox cells without addition of any
antibody (Figure 2a-c, sample A3, B3, C3).
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Tumor cell growth of the Her2 +3 cell line SKBR-3 was inhibited as expected by addition of
100 pg, 50 pg, 10 pg and lug Trastuzumab® (Figure 2a, samples A4-A8). Furthermore,
Rexomun® was also able to inhibit tumor growth by addition of only 100 ng, 50 ng, 10 ng or
Ing. As shown in samples A9-A12 (Figure 2a) tumor cells growth was inhibited more

efficient than with Trastuzumab®.

Tumor cell growth of the Her2/neu negative cell line Lox was neither inhibited by addition of
various amounts of Trastuzumab® nor Rexomun® indicating the specificity of the tumor cell

elimination driven by the presence of the Her2/neu receptor (Figure 2c, sample C4-C12).

Remarkably, the growth of the colon carconima cell line HCT-8 (Her2/neu score +1) was not
inhibited by various amounts (100 pug — 1pg) of Trastuzumab® (Figure 2b, sample B4-B8)
which corresponds to previous findings with the Her2/neu +1 mamma carcinoma cell line
MCF-7 (5). Since MCF-7cells (ATCC HTB-22) show growth inhibition to TNF-a these cells
could not be used in the clonogenic assays, as rexomun® like the trifunctional antibody
removab® (anti EpCAM x anti CD3) triggers TNF-a secretion, because of its activation
properties (59). Rexomun® however, was able to destroy the +1 Her2/neu cell line HCT-8 in
concentrations as low as 100 ng, 50 ng and 10 ng / well (Figure 2b sample B9-B11). 1 ng of
Rexomun® did not succeed to inhibit tumor cell growth of HCT-8 cells (Figure 2b, sample
B12). Figure 2d shows the original MDS data plots for clonogenic assays of donor 2 using
HCT-8 cells as target.

®is a therapeutic option not only for mamma carcinoma patients

In conclusion, Rexomun
having +3 or +2 overexpression/gene amplification, but also for patients with low Her2/neu

expression levels.

Example 2

Here we describe the production and functional characterization of Bi20, a new trifunctional
bispecific antibody directed against human CD3 and human CD20, particularly its ability to

be used in the treatment of patients expressing the tumor antigen CD20 at only low levels.

CD20 is a 35-kDa non-glycosylated phosphoprotein that has been proposed to act as a

calcium channel, playing a role in B-cell differentiation.’* However, its exact function is still
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unknown as CD20-deficient mice show normal B-cell development and are also

1.5 CD20 was chosen as a target for directed immunotherapy for several

phenotypically norma
reasons: (i) it is expressed exclusively on normal and malignant B cells but not on
hematological precursor cells or cells in other human tissues,?® (ii) it is expressed on most B-
cell lymphoma cells,”” and (iii) it is not shed or secreted upon antibody binding.?**’
Furthermore, the suitability of CD20 as a target for tumor therapy has been clinically
validated by the successful use of Rituximab, especially in combination with conventional

chemotherapy.

In our present investigations we analyzed the in vitro properties of Bi20 in detail,
demonstrating that this trAb efficiently kills human B-cell tumor cells as well as cells derived
from CLL patients that express only low levels of CD20. No preactivation of effector cells
was necessary for tumor cell elimination, which was accompanied by a typical Thl cytokine
pattern and strong activation of T cells and monocytes. As an important prerequisite for
clinical application, Bi20 can be purified easily and produced in sufficient amounts.
Therefore, this trAb might offer new treatment options for thus far incurable NHL and CLL

patients.

Materials and methods

Antibodies and reagents

The mouse cell line TPA10 producing a CD20-specific monoclonal IgG2a antibody was fused
with 26116, a rat cell line, secreting a CD3-specific IgG2b antibody, resulting in the quadroma
cell line TPBsO5 producing Bi20 (FBTAO0S5). Catumaxomab (Removab®) was used as a
trifunctional control antibody, consisting of the 26116-derived CD3-specific arm and an anti-
EpCAM specificity. Rituximab (Mabthera®), a chimeric anti-CD20 antibody, was obtained
from Roche (Basel, Switzerland). The anti-CD20 antibody and corresponding isotype were
obtained from Beckman Coulter Immunotech (Krefeld, Germany). All other antibodies used
for FACS analysis were purchased from BD Biosciences (Heidelberg, Germany). Propidium

iodide was obtained from Sigma Chemicals (Deisenhofen, Germany).
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Cell lines and PBMC preparation

The CLL cell line Mecl was kindly provided by Dr. Michael Hallek (GSF, Munich,
Germany). The Burkitt’s lymphoma (BL) cell line Ramos was obtained from ATCC (USA).
The BL cell line Raji, the NHL cell lines DOHH-2 and Granta, and the AML cell line THP-1
were purchased from the DSMZ (Braunschweig, Germany). Cells were grown in RPMI-1640
media (PAN-Biotech, Aidenbach, Germany) supplemented with 10% heat-inactivated FCS,
nonessential amino acids, sodium pyruvate, and L-glutamate (PAN-Biotech). Human
peripheral blood mononuclear cells (PBMCs) were isolated from heparinized blood of healthy
donors by density gradient centrifugation using PANCOLL (PAN-Biotech). Peripheral blood
samples from CLL patients were obtained after informed consent. The diagnosis of CLL was
based on standard clinical and laboratory criteria. After purification, CLL cells were either
immediately used or cryo-conserved for later use. CLL cells were cultivated in IMDM (PAN
Biotech) supplemented with 10% FCS. For assays in the autologous setting, only freshly

prepared CLL cells were used.

Generation and purification of Bi20

Bi20 was produced using the quadroma technology.30 Supernatants of quadroma cells were
tested for trAb binding to target cells by FACS analysis. TrAb-producing cells were
subcloned several times to increase antibody production stability, and a master cell bank was
established. TrAbs were purified from the quadroma cell culture supernatant by protein A
affinity and ion exchange chromatography as described®' using an AKTA purifier 100

(Amersham Biosciences, Uppsala, Sweden).

Isoelectric focusing

Antibody samples were spotted onto a pH 7-11 IsoGel-Agarose-IEF (Cambrex Bio Science,
Rockland, USA) and separated for 75 min at 1500 V, 50 mA, and 25 W. Antibody isoforms
were visualized by staining with Coomassie brilliant blue (Sigma-Aldrich Inc., Missouri,

USA), and gels were scanned for analysis.

FACS analysis

Binding of antibodies to target cells, activation of effector cells, relative CD20 expression and

cell subtype composition were analyzed by flow cytometry using a FACScalibur (BD
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Biosciences, Heidelberg, Germany) equipped with a 488-nm argon laser. Data were analyzed
using Cellquest Software (BD Biosciences).

To analyze antibody binding, 5 x 10° cells (Ramos, Jurkat, or THP-1) were incubated with
Bi20 at the indicated concentrations for 30 minutes at 4 °C, washed with PBS supplemented
with 2% heat-inactivated FCS, and incubated with a FITC-labeled mouse anti-rat 1gG
detection antibody (Ramos) or a FITC-labeled rat anti-mouse antibody (Jurkat, THP-1) for 30
minutes at 4 °C.

To characterize the activation properties of Bi20, 1 x 10%m] PBMCs and 2 x 10°/ml human
tumor cells were incubated with the indicated concentrations of antibodies for 1, 2, and 3 days
at 37 °C in RPMI medium. Cells were harvested, washed, and incubated for 30 minutes at 4
°C with FITC- or PE-labeled detection antibodies directed against CD25 and CD69.

Cell subtype composition was determined by staining 3 x 10° PBMCs with the following anti-
CD antibody mixtures (FITC/PE/APC): 14/19/5, 4/8/5, 4/8/25, 45/3/5, and 16/56/5.

B-cell depletion assays

Bi20-mediated B-cell depletion was determined using a bioassay. PBMCs (1 x 10%ml)
obtained from healthy donors were supplemented with 2 x 10> /m] of the indicated tumor cells
(Raji, Ramos, Mecl, DOHH-2, or Granta) or CLL patient cells (effector-to-target ratio 5:1)
and incubated in the presence of the different antibodies at the indicated concentrations in 1
ml total volume. At days 1, 2, and 3 cells were collected and washed, and the percentage of
viable B cells was analyzed by FACS analysis using a PE-conjugated anti-CD19 detection
antibody. The total number of viable cells was determined by trypan blue exclusion counting,
To examine antibody-mediated B-cell depletion in autologous CLL samples, PBMCs isolated
from CLL patients were plated at a density of 2 x 10° cells/ml, and antibodies were added at
the indicated concentrations on days 0, 3, and 6. FACS measurement and trypan blue

exclusion counting were performed at the indicated time points.

Measurement of cytokines

Bi20-induced cytokine release was determined under the same conditions used for the B-cell
depletion experiments. Tumor B-cell lines and PBMCs from healthy donors were incubated
with 50 ng/ml of the indicated antibodies. After 3 days the supernatants were collected.
Cytokines were measured with the human Th1/Th2 cytometric bead array (CBA, BD

Biosciences, Heidelberg, Germany), which allows simultaneous analysis of IFN-y, TNF-a,
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IL-2, IL-4, IL-6, and IL-10. Data acquisition and analysis were performed according to the

manufacturer’s protocol.

Results

Generation and purification of Bi20

The trAb Bi20 was produced in quadroma cells and captured by protein A affinity
chromatography. Parental rat antibodies do not bind to protein A and thus are absent from the
eluate. Then, impurities such as parental mouse antibodies were removed by cationic
exchange chromatography (CIEX) (Figure 5A). Mouse antibodies eluted at 148 mM NaCl
(Figure SA, Peak 1), whereas trAbs eluted at 320 mM NaCl. Isoelectric focusing of purified
trAbs showed a distinct banding pattern with a pl range of ~8.65-8.15. TrAbs were found only

in peak 2 of the CIEX separation. No contaminating parental antibodies were detected.

Binding specificities of Bi20

To demonstrate the trifunctional nature of Bi20, we examined its binding to specific target
cells. We used the CD20" Burkitt’s lymphoma cell line Ramos to confirm the functionality of
the CD20-binding arm, the CD3" T-cell line Jurkat for the CD3-binding arm, and the
monocyte cell line THP-1 to verify Fcy-RI binding (Figure 6). To confirm binding of Bi20 to
CD20, competitive binding assays with Rituximab were performed. Bi20 binding on Ramos
cells could be completely blocked by pre-incubation of the cells with a 21-fold excess of
Rituximab (Figure 6A). Similarly, binding of Bi20 to THP-1 cells could be competed away by
Rituximab (Figure 6B). Binding of Bi20 to CD3 on Jurkat cells was comparable to Bi20
binding to CD20 on Ramos cells (data not shown). Because the CD3-binding arm of Bi20 is
identical to the corresponding arms in the well-characterized trAbs catumaxomab and
ertumaxomab, no further analysis of the specificity of the CD3-binding arm was performed.
In summary, these data confirm the trivalent binding mode of Bi20 and the specificity of

binding.

Bi20 mediates B-cell elimination

To study the effects of Bi20 on B-cell killing, we developed a FACS-based bioassay. Freshly
prepared PBMCs without any pre- or costimulation were mixed with tumor B-cells at a ratio

of 5:1 and 50 ng/ml of the indicated antibodies and incubated for 3 days. Cells were collected,
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and the composition of the subpopulations was determined by FACS analysis. Trypan blue
exclusion counting was performed to obtain absolute cell numbers. -

Using the CD20" Burkitt’s lymphoma cell line Raji as the target cell, effective B-cell
elimination was observed with 50 ng/ml Bi20 (Figure 7). As controls, we used the trAb
catumaxomab (anti-EpCAM x anti-CD3),which does not bind to B cells (data not shown), and
the parental antibodies 26116 (anti-CD3) and TPA10 (anti-CD20). Catumaxomab (Catum) and
the combination of the parental antibodies induced some B-cell depletion, probably due to the
release of cytokines such as IFN-y and TNF-o (Table 4), indicating that the antitumor activity
of Bi20 is indeed caused by its trifunctional design. Under these experimental conditions (low
antibody concentration and E:T ratio), Rituximab mediated only a minor reduction in B-cell
numbers. Comparable data were obtained with the CLL cell line Mec1, which has 2.5-times

lower CD20 expression than Raji cells (MFI 179 versus 428, data not shown).

These results encouraged us to analyze Bi20-mediated B-cell depletion in more detail. Time-
kinetic analyses showed depletion of Raji cells after only 24 h (Figure 7B), when at least 35%
of the B cells were eliminated at antibody concentrations as low as 0.5 ng/ml. At Bi20
concentrations of 250 ng/ml and 50 ng/ml, complete B-cell depletion was observed on day 2
and day 3, respectively. Comparable results were found with Mec1 cells (data not shown).

Furthermore, we investigated whether B-cell lines representing other lymphoma entities could
be effectively killed. Efficient B-cell depletion was detected when DOHH-2 (follicular
lymphoma), Granta (mantle cell lymphoma), or Ramos (Burkitt’s lymphoma) were used as

target cells (data not shown).

Bi20 mediates activation of T cells independent of concurrent B-cell binding

In contrast to previously described bispecific anti-lymphoma antibodies that display B-cell
cytotoxicity only after pre-stimulation with, e.g., anti-CD28 antibodies,*? no pre-activation of
T cells or monocytes was necessary for efficient B-cell lysis induced by Bi20. Therefore, we
asked whether effector cells could be activated upon Bi20 binding. PBMCs and Raji cells
were incubated with the indicated antibodies, and up-regulation of the activation marker
CD25 on CD4" and CD8" T cells was measured by flow cytometry (Figure 8A). Both Bi20
and catumaxomab induced a significant up-regulation of CD25 on CD4" and CD8" T cells,
indicating that the simultaneous binding of the trAb to CD3 and CD20 is not necessary for T-

cell activation. Up-regulation of CD25 was also observed with a combination of the parental
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antibodies 26116 (anti-CD3) and TPA10 (anti-CD20). As expected, Rituximab did not induce
any T-cell activation (Figure 8A).

As shown in Figure 8B, T-cell activation depended on incubation time and antibody
concentration, with maximal CD25 expression observed at day 2 for the highest Bi20
concentration (250 ng/ml). Other activation markers such as CD69 were also up-regulated,

although to a lower extent and for a shorter time period (data not shown).

Bi20 induces T-cell proliferation

In addition to T-cell activation, we determined the increases in CD4" and CD8  T-cell
numbers induced by the different antibodies (Figure 9). Incubation with Bi20 resulted in the
preferential proliferation of T cells of the CD8" subset compared to the CD4" subset (145%
versus 85% expansion of T cells), changing the CD4":CD8" ratio from 1.8:1 to 1.3:1.
Catumaxomab and the parental antibodies also induced T-cell proliferation but to a lower
extent than Bi20. As expected, Rituximab did not stimulate T-cell proliferation. Notably, no

stimulating agent other than the antibodies was necessary to induce proliferation.

Monocyte activation is dependent on concurrent T-cell binding but independent of
simultaneous B-cell binding

Next, we addressed the question of whether Fcy-RI/III" cells such as monocytes/macrophages
could also be activated by Bi20. PBMCs and Raji cells were incubated in the presence of
different antibodies, and the activation of CD14" cells was measured. As illustrated in Figure
6A, both trAbs Bi20 and catumaxomab induced up-regulation of CD25 on CDI14"
monocytes/macrophages, indicating that simultaneous B-cell binding is not necessary for
monocyte  activation. In  contrast, Rituximab, which binds B cells and
monocytes/macrophages but not T cells via its Fc region, did not induce activation of CD14"
accessory cells. From these results we concluded that T-cell engagement is necessary for

activation of accessory cells.

We confirmed this result using a slightly different system in the absence of malignant B cells.
PBMCs and THP-1 cells were incubated in the presence of different antibodies, and the
activation of CD33" THP-1 cells was monitored via CD25 and CD40 expression (Figure
10B). All antibodies that simultaneously bind THP-1 cells and T cells (Bi20, TPBsO1, 26116)

activated THP-1 cells. In contrast, no activation was observed when antibodies were used that
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bind THP-1 and B cells but not T cells (TPA10, Rituximab). THP-1 cells in the absence of
PBMCs were not activated by any of the antibodies (data not shown), indicating that
concurrent binding of T cells and monocytes is an absolute prerequisite for monocyte

activation in our experimental setting.

Bi20 induces a Thi-like cytokine profile

Since cytokine release is one of the immunological reactions that occurs after the therapeutic
use of monoclonal antibodies,”® we studied the cytokine profile induced by Bi20. PBMCs
were incubated with different tumor cells (Raji, Ramos, DOHH-2, Granta, or Mec 1) and 50
ng/ml of antibodies. After 3 days, supernatants were collected and analyzed for the amounts
of IFN-y, TNF-a, IL-2, IL-4, 11-6, and IL-10 (Table 4).

Bi20 induced high levels of IL-6, which also was detected after incubation with the other
antibodies at significantly lower levels. TNF-a was detected after Bi20 or catumaxomab
treatment but not after incubation with Rituximab or the parental antibodies. A strong increase
in IL-2 expression could be detected only after incubation with Bi20, confirming earlier
investigations with trAbs showing that IL-2 was released only when all three binding partners
(tumor cells, T cells, and accessory cells) are present.'® IL-4, a marker of the Th2 lineage, was
only marginally secreted, whereas IFN-y, a Thl-specific cytokine, was strongly produced.
Interestingly, IL-10, which can act as an inhibitory cytokine, was also released, suggesting an
immunological counter-reaction. Similar results were obtained with all cell lines (Raji,

Ramos, Mecl, DOHH-2, Granta; Table 4).

Bi20 mediates elimination of B cells derived from CLL patients

We next investigated whether Bi20-mediated B-cell depletion could be confirmed by using
cells derived from CLL patients. Cells from nine different donors were incubated with
PBMCs from healthy donors and Bi20 (5, 50, or 250 ng/ml) or control antibodies as
illustrated in Figure 11. Increasing concentrations of Bi20 led to improved elimination (up to
99%) of CLL B cells. Rituximab also induced significant B-cell depletion, but even at a
concentration of 250 ng/ml, nearly half of the B cells were viable. This shows that, at least in
our experimental setting, the trAb Bi20 is much more potent than Rituximab with respect to

the elimination of primary tumor cells from CLL patients. In this case, unspecific B-cell
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depletion mediated by catumaxomab was substantially decreased compared to the previous

experiments with B-cell lines (Figures 7 and 11).

Remarkably, even when CLL B cells expressing very low levels of CD20 were tested (CLL 2,
3, and 4; Figure 11A and B), nearly all B cells were eliminated by Bi20 (99%, 93%, and 98%,
respectively). In contrast, Rituximab showed less or no efficacy using cells from the same

patient group (76%, 79%, and 1%, respectively).

Next, we addressed the crucial question of whether Bi20 is able to induce killing of CLL B
cells in an autologous setting without the addition of effector cells from healthy donors.
Therefore, we incubated PBMCs derived from CLL patients with Bi20 and control antibodies.
Due to the unfavorable E:T ratio and the known T-cell anergy in CLL, cells were incubated
for at least 6 days (except for patient CLL 10), and antibodies were added every third day.
Analyses of B-cell depletion and T-cell activation were performed between days 6 and 10,

except in the case of patient CLL 10 (day 3).

As summarized in Table 2, efficient B-cell depletion (>85%) was detected in three of seven
patient samples analyzed. In one sample (patient CLL 13), 65% tumor B-cell depletion was
observed. Interestingly, B-cell depletion was observed even at very low CD20 expression
levels (patients CLL 11, 12, and 13, Figure 11B), confirming the results obtained in the
allogeneic setting (Figure 11A and B). Control experiments with Rituximab, at the same

concentrations, showed no or a very low reduction in CLL B cells.

Efficient B-cell depletion seems to depend on the effector-to-target ratio (E:T). Patient
samples with the best responses (CLL 10, 11, and 12) also had the highest percentages of
effector cells. In particular, the sample with the most favorable E:T ratio (3.5:1; derived from

patient CLL 10) displayed efficient B-cell elimination after only 3 days.

CLL T cells are known to be anergic, notably the CD4 subset.”* Surprisingly, when we
analyzed activation of the CD4" and CD8" T-cell subsets by CD25 up-regulation at the end of
the incubation period, we found that in five of six patient samples efficient activation of both
the CD4" and CDS8" subsets had occurred (Table 2). No activation was seen when samples
were treated with Rituximab (data not shown). These results show that, at least in vitro, Bi20

could overcome T-cell anergy in CLL samples, even in the presence of tumor cells.
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Despite promising results in the treatment of B-cell lymphomas using the anti-CD20
monoclonal antibody Rituximab (especially in combination with chemotherapy), patients
eventually relapse.””> Therefore, there is a need for further therapeutic options. One
improvement might be the use of bispecific antibodies, which redirect effector cells such as T

cells to the tumor cells.

Bispecific antibodies directed against B-cell-specific antigens such as CD19 or CD20 have
been under intensive investigation for the last 10-15 years, but limited clinical data showing

143637 are available thus far. Moreover, the complicated and

only moderate responses
inefficient manufacturing process makes it difficult to produce sufficient amounts of antibody
for clinical use. Here we describe the generation and production of Bi20, a new trifunctional
bispecific antibody directed against CD20 and CD3. Particularly, the use of the isotype
combination mouse IgG2a and rat IgG2b but also of the other trifunctional bispecific
antibodies described herein enables the high-yield production of correctly paired bispecific
antibodies due to species-restricted heavy/light chain pairing.’® These trAbs are characterized
by simultaneous binding of tumor cells, T cells, and FcyRI/IlI*-accessory cells, thus

. . . 7
enhancing tumor cell eradication.'”'®

Bi20 was shown to be very efficient in B-cell elimination in vitro without the need for any
costimulation. B-cell depletion assays demonstrated that even at an antibody concentration as
low as 0.5 ng/ml, nearly 70% of Raji tumor B cells could be eliminated after 24 hours, with
complete tumor cell eradication after 3 days. Using B-cell lines representative of other NHL
entities (Mec1, Granta, or DOHH-2), similar results were obtained, indicating that tumor cell

elimination is not restricted to certain subgroups of this malignant disease.

Furthermore, B cells derived from CLL patients also were efficiently killed (Figure 11A and
B, Table 5), despite the increased apoptosis resistance and low CD20 expression levels that
are characteristic of CLL B cells.?”***° Again, no pre- or coactivation of T cells was
necessary for efficient CLL B-cell elimination, in contrast to other bispecific antibodies that
have been described. For example, the bispecific mouse antibody Bis20 (mouse 1gG1 CD20 x
mouse 1gG2b CD3) induced nearly 60% B-cell depletion at the same E:T ratio used in our
experiments but with a 10-fold higher antibody concentration, pre-activated T cells, and a

shorter incubation time.*’ In another study using an anti-CD20 x anti-CD3 diabody, lysis of
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tumor cells (Raji) could only be achieved when PBLs were pre-stimulated with IL-2. Even at
a diabody concentration of 1000 ng/ml and an E:T ratio of 20:1, only about 35% of cells were
lysed.*' Furthermore, Cochlovius and colleagues showed for an anti-CD3 x anti-CD19
diabody that pre-activated PBLs and T-cell costimulation via CD28 are necessary for efficient

B-cell lysis at antibody concentrations of 1-2.5 pg/ml.*>*

Bi20 induced efficient tumor cell killing in four of seven patient samples, even in an
autologous setting without addition of healthy donor PBMCs. Remarkably, in contrast to
Rituximab, Bi20-mediated B-cell depletion is even effective in the presence of very low
CD20 expression levels by the CLL tumor cells, which holds true for the autologous as well
as the allogeneic setting (Table 5 and Figure 11). This finding is in accordance with clinical
data of CLL studies in which Rituximab shows only limited efficacy as a monotherapy,

possibly due to low CD20 expression by the CLL tumor cells.>**

In contrast to several other bispecific antibodies,**** Bi20 efficiently activated both CD4" and
CD8" T-cell subsets, even in the absence of any costimulatory molecules such as anti-CD28
antibodies or IL-2. Consequently, we detected high levels of INF-y, which is known to be
released by stimulated T cells and which is an indicator of a Thl-type response.*® T-cell

activation was also accompanied by proliferation of both T-cell subsets.

T-cell activation was not only observed using healthy donor T cells but also with T cells from
B-CLL patients (Table 5). These T cells are often characterized by anergy, probably due to
low CD28 and T-cell receptor expression.*”* In our experiments, activation of the CD4™ and
CD8" T-cell subsets was detected even in those samples in which no substantial CLL B-cell
depletion was observed. The limited B-cell depletion in some samples (CLL-2, -4, -14) might
be due to the short incubation period that is restricted by the limited viability of B-CLL cells
in vitro. A comparable B-cell depletion based on coactivator-independent T-cell activation
was recently described with a single chain CD19 x CD3 bispecific antibody, further
confirming the potency of the bispecific antibody format.***® Thus, our results indicate that
Bi20 might have the potential to overcome CLL T-cell anergy not only in vitro but also in

vivo.

In addition to T cells, Bi20 also binds to and activates Fcy-RI" cells. Activation is dependent

on concomitant binding of Bi20 to T cells because binding of tumor target cells and Fcy-RI’
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cells is not sufficient for activation, as shown with the parental antibody TPA10 (Figure 10A
and B). The importance of the Fc region of trAbs is supported by our recent observation that
in an immunocompetent mouse B-cell lymphoma model, the induction of long-lasting
antitumor immunity was dependent on a functional Fc part of the trAb. In these experiments,
the use of a F(ab), fragment of a trAb significantly diminished survival of these mice.? This
result is consistent with a recent publication®' showing that a diabody combination of anti-
CD 19 x anti-FcyRIII and anti-CD19 x anti-CD3 showed higher antitumor activity compared
to a single diabody in vitro and in a mouse model, although in both cases additional
costimulation of T cells via an anti-CD28 antibody was necessary. These results indicate that
simultaneous binding and activation of T cells and FcyR" effector cells as mediated by Bi20

allows more efficient tumor cell killing than binding to tumor cells and T cells alone.

Taken together, our results show that trAb Bi20 is a potent inducer of tumor B-cell depletion
that is not dependent on any pre- or coactivation, even when CD20 expression by the tumor
cells is very low. The simultaneous activation of T cells and accessory immune cells and
their redirection to the tumor cells overcomes the T-cell anergy described for CLL, not only
in vitro but also in vivo. Therefore, the trifunctional bispecific antibodies described herein
offer new therapeutic options to treat previously incurable non-Hodgkin's lymphoma and
CLL also in patients wherein the expression of CD20 is as low as described in the present

description.

Example 3

Background

Melanoma, the most aggressive form of skin cancer, accounts for approximately 4% of skin
cancer cases but causes about 79% of skin cancer-related deaths. Thus, melanoma of the skin
is responsible for 160.000 new cases and 48.000 deaths worldwide each year. There are
currently no effective treatments for stage IV melanoma, with an average survival time of 6-
9 months and a 2% 5-year-survival achieved by treatment regimes like chemotherapy. The
novel trifunctional antibody TRBs08 (anti-GD2/GD?3 x anti-CD3) offers promising treatment

perspectives for those melanoma patients. It has been shown that the parental anti-GD2/GD3
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monoclonal antibody Me361 recognizes 60% of primary and 96% of metastatic melanoma
cells, therefore it is evident that a trifunctional antibody with a homologous anti-GD2/GD3
antigen binding site would offer promising treatment opportunities for nearly all advanced
melanoma patients (Thurin et al, Cancer Res. 47: 1229, 1987). As the ganglioside target
antigens GD2 and GD3 are also frequently expressed on tumours of neuroectodermal origin
such as glioma (80% GD2 expression frequency among glioma patients; Longee ef al, Acta
Neuropathologica 82: 1432, 1991), neuroblastoma (nearly 100% GD2 expression
frequency), sarcoma (93% GD2 and 88 % GD3 expression frequency; Chang et al, Cancer
70: 633, 1992) and small cell lung cancer (SCLC) (60% GD3 expression frequency;
Brezicka et al, Lung Cancer 28: 29; 2000), a trifunctional anti-GD2/GD3 antibody that binds
to these malignant tumours additionally opens up novel therapeutic options for patients

suffering from such cancer diseases.

The anti-GD2/GD3 antibody TRBs07 (similar to the current quadroma cell clone TRBs08)
has been already characterised (Ruf et al.. Int. J. Cancer 108: 725, 2004). By using
peripheral blood mononuclear cells (PBMC) and the human SK-MEL-23 melanoma cells
displaying GD2 gangliosides a significant tumour cell reduction was already determined in
vitro at TRBs07 antibody concentrations below 10 ng/ml (Ruf et al, Int. J. Cancer 108: 725,
2004). Interestingly, only in the presence of SK-MEL-23 melanoma cells this trifunctional
antibody considerably increased the stimulation of inflammatory cytokine release by PBMC

(e.g. IFN-y, TNF-a, I.L-2, IL-6).

Description of the cytotoxicity bioassay

XTT cytotoxicity bioassay was performed as described previously (Ruf et al.; Brit. J. Cancer
97(3):315-21, 2007). For evaluation of the influence of target antigen expression on anti-
GD2 x anti-CD3 TRBs08-mediated tumor cell lysis human PBMC effector cells of the same
donor were incubated with high (murine melanoma cell line B78-D14, a H-2%restricted B16
transfectant stably expressing two central human transferases for the last ganglioside
biosynthesis steps that in turn leads to human like expression of GD2 and GD3 on the cell
surface; Becker et al., J Exp. Med. 183: 2361, 1996), low (human melanoma cell line SK-
MEL-28) and very low (human melanoma cell line Mel 375) GD2 expressing tumor cell
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lines in the presence of indicated amounts of the trifunctional antibody TRBs08. The number
of GD2 molecules per cell was determined before by fluorescence staining applying DAKO
QIFIKIT (DAKO Cytomation, Hamburg, Germany). Assays were performed in duplicates
and five parameter curve fitting of dose response curves was executed by Prism Software

version 5.02 (Graph Pad Software, San Diego, CA).

The results of this assay are shown in Figure 12.

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment, or any form of suggestion, that this prior art forms part of the common
general knowledge in Australia or any other jurisdiction or that this prior art could
reasonably be expected to be ascertained, understood and regarded as relevant by a person

skilled in the art.
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Antibody Antibod Soecifity . Detection antibody
ntibody type ecifity for sotype
name oP peciiity R (FITCO)
) ) mouse 1gG2a x anti rat IgG H+L
Rexomun * trifunctional | Her2/neu x CD3
rat [gG2b FITC
Trastuzumab anti human IgGl—
monoclonal Her2/neu human IgGl
$ FITC
anti mouse IgGl1
520C9 monoclonal Her2/neu mouse IgG1
FITC
Alexa Fluor 477 anti
EGFR-1 monoclonal EGFRI mouse 1gG2a
mouse IgG2a
Alexa Fluor 477 anti
A45-B-B3 # monoclonal CK 8,18, 19 mouse [gGl
mouse IgG1 ‘J

Table 1: Characteristics of used antibodies and their corresponding detection antibodies
* TRION Pharma, Munich, $ Roche, # Micromet, Munich

Number of molecules
Cell line Origin Her2/neu score Method
on cell surface*
SKBR3 Breast 1.000.000-20.000.000 +3 HercepTest, FACS
HCT-8 Colon 80.000-110.000 +1 HercepTest, FACS
Lox Melanoma <20.000 negative FACS, Cytospin

Table 2: Used cell lines and their Her2/neu score
*: according to Ross et al., Molecular and Cellular Proteomics 3:379-398, 2004



PCT/EP2007/051483

swerdoueu = Ju ‘swrerdorotur = i ‘Apoquuy = qy

sojdures Aesse oruagouo[) :¢3qe ],

WO 2007/093630

46

Jui/Su| - 1D | [w/duj - ad | [w/gu] - v
[w/Bu gl - 11D | [w/3uQ - I1d | [w/3uof - IV
X0
- T+ONdAd| €D [w/3u og - 01D | [w/3u g - o1d | [w/sugg - (1184
8-1D
- H+OWdd £d Tw/3u 001 60 | [w/Bu o] 6d | [w/Suoo] 6V
LD
- S+OWdd £V - /3 | 80 - [ur/3r | sd - [u/3r | 8V
- X0] 1D - w/31 o1 LD - Tw/31 o1 Lg - w/3r o1 LV
- 8-LOH 1d - [w/31 oz e) - [w/31 oz od - [w/3r og 9V
- 2 |84 - [u/3r og 50 - w3t og sd - Jw/31 og SV
- ONdd | 20‘7dTvV - w31 001 149) - Tw/31 001 vd - [w/31 Q0 vy
qVv Nicke) UnwIoxal | qewinznjsea], unuIoxal | qewnznjseay Onuwoxad | qewnznjser],
sajdures [onyuo)) (0 Z13H) X071 + DINAd (1+ ¢13H) 8-LOH + DNdd (€+ T19H) €ADIS + DINdd




WO 2007/093630 PCT/EP2007/051483
47

Table 4: Bi20 mediates cytokine secretion

INFy IL-6 TNFa IL-10 IL4 IL-2

Raiji neg 8047 821 420 81 16 1299
Bi20 143631 7503 1261 2012 101 11559
Catum 157624 3505 741 433 16 10

Rituximab 24148 3702 411 680 13 748
201I6/TPA10 | 61910 5050 112 555 10 8
Mec1 neg 13086 1108 486 641 20 1257
Bi20 48005 5773 1347 301 70 3457
Catum 131770 2862 17588 1222 12 10
Rituximab 32225 3666 205 268 17 700
26116/ TPA10 | 43051 2393 428 652 19 8

Ramos [neg 6336 214 264 114 46 112
Bi20 67806 4524 1033 3298 22 1256
Catum 97615 2408 762 1156 53 10
Rituximab 13413 1570 188 148 24 73
DOHH-2 |neg 68 117 14 30 5 17
Bi20 110308 4314 402 1543 22 13
Catum 116321 2980 168 578 6 20
Rituximab 242 440 16 24 10 22
Granta |neg 8303 355 391 157 16 228
Bi20 92807 6968 2479 1652 39 3939

Catum 184430 3364 1518 444 19 6
Rituximab 16258 3486 154 106 12 74




PCT/EP2007/051483

WO 2007/093630

48

+H 0 0 9 | 05T | TSI | TH 601 89L |PITID
- 01 §9 of | 00S | €¥1 | 1I¢ 96T 98 | EITID
pu 0 00T 6 | 00§ | LTT | W Tt 96 | TWTID
+H 9¢ 68 9 | 00S | T'TI | €I 61¢ 9 | TIITID
++ pu 88 € | 00T | TSE | 0T %5 T | 0TTID
+ L € 9 | 00S | TCI S1 b'e 06 b T1D
+ 91 81 9 | 0ST | 9I1 0F 9y €68 | TTID
uofeAndE (x| 0Td [ut/Su N | (%) (%)
-L (o) wopordopeo-g | Aep | [qv] | 1A | 07D | SO L | smeo g | judped

3unyies snoJojoyne ue Ur 04714 uz S[[9O g T JO UOHBUIWID SIBIPIUI )71 S AqBL




2005146563

03 Dec 2012

2007216472

15

20

25

49

The claims defining the invention are as follows:

1. A method for the treatment of humans or animals for the prophylaxis and/or treatment of
tumor diseases by contacting the human’s or animal’s tumor cell containing body, or parts of the
body containing the tumor cells, with a pharmaceutically effective amount of trifunctional

bispecific antibodies having the following properties:

(a) bindingto a T cell;

(b)  binding to at least one tumor associated antigen on a tumor cell, said antigen being
selected from the group consisting of Her2/neu, CD20, EpCAM, G250, proteoglycans,
GD2, GD3, MHC II, EGF-R and CEA,;

(c)  binding via their Fc-portion to Fcy-receptor type I or III positive cells, or a combination
thereof;

wherein said tumor-associated antigen is expressed on said tumor cell

. in an amount of about 5,000 - about 150,000 tumor-associated antigens/tumor cell for

Her2/neu, or

. in an amount of about 1,000 to about 150,000 tumor associated antigens/tumor cell for
CD20, or
. in an amount of about 1,000 to about 150,000 tumor-associated antigens/tumor cell for

EpCAM, G250, proteoglycans, GD2, GD3, MHC II, EGF-R and CEA.

2. A method according to claim 1, wherein said tumor associated antigen is Her2/neu or
CD20.
3. A method according to claim 1 or 2, wherein said tumor antigens are expressed on the

tumor cells in amount of at least about 5,000, 20,000, 50,000 or 80,000 tumor antigens/tumor

cell and at a maximum of about 150,000, 110,000 or 100,000 tumor antigens/tumor cell.

4. A method according to any one of the preceding claims, wherein said trifunctional
antibody is selected from the group consisting of an anti-CD3 X anti-tumor-associated antigen
antibody, anti-CD4 X anti-tumor-associated antigen antibody, anti-CD 5 X anti-tumor-
associated antigen antibody, anti-CD6 X anti-tumor-associated antigen antibody, anti-CD8 anti-
tumor-associated antigen antibody, anti-CD2 X anti-tumor-associated antigen antibody, anti-

CD28 X anti-tumor-associated antigen antibody, anti-CD44 X anti-tumor-associated antigen




2005146563

50

@\
S antibody or a combination thereof.
@\
8 5. A method according to any one of the preceding claims, wherein said trifunctional
(a antibody is selected from a heterologous bispecific antibody.
-

6. A method according to claim 5, wherein said antibody is a heterologous rat/mouse
Q 5 bispecific antibody.
q—
\O
a 7. A method according to any one of the preceding claims, wherein said trifunctional
S antibody is selected from at least one member of the following group of isotype combinations in
8 its Fc-region:

rat-IgG2b/mouse-1gG2a,
(0 rat-IgG2b/mouse-IgG2b,
rat-IgG2b/human-IgGl,
rat-IgG2b/human-IgG2.

8. A method according to any one of the preceding claims, wherein said trifunctional

antibody is administered in an amount of 0.05-15 pg/kg body weight.

s 9. A method according to any one of the preceding claims wherein said trifunctional

bispecific antibody is an anti-Her2/neu x anti-CD3 antibody binding to Fcy-type I/I1I-receptors.

10. A method according to claim 9, wherein said antibody has the isotype combination rat-

IgGb/mouse-IgG2a.

11. A method according to any one of the preceding claims wherein said Her2/neu antigen is

20 expressed in an amount of about 5,000-150,000.

12. A method according to claim 11, wherein said Her-2/neu antigen is expressed in an

amount of about 20,000-100,000 on breast tumor cells.

13. A method according to any one of the preceding claims wherein said tumor disease is a
cancer classified with a Her2/neu value of 1+ in accordance with the Dako HercepTest®, or

25 classified FISH negative in cases with a Her2/neu value of 2+ in accordance with the Dako
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Hercep Test®.
14. A method according to claim 13 wherein the cancer is a breast cancer.

15. A method according to any one of the preceding claims wherein said trifunctional

bispecific antibody is an anti-CD20 x anti-CD3 antibody binding to Fcy-type I/IlI-receptors.

5 16. A method according to claim 15, wherein said antibody has the isotype combination rat-

IgG2b/mouse-IgG2a.

2007216472 03 Dec 2012

17.  Use of a pharmaceutically effective amount of trifunctional bispecific antibodies having

the following properties:

(a) bindingtoaT cell;
[0 (b) binding to at least one tumor associated antigen on a tumor cell, said antigen being
selected from the group consisting of Her2/neu, CD20, EpCAM, G250, proteoglycans,
GD2, GD3, MHC II, EGF-R and CEA,;
(c)  binding via their Fc-portion to Fcy-receptor type I or III positive cells, or a combination
thereof;
I5 wherein said tumor-associated antigen is expressed on said tumor cell
. in an amount of about 5,000 - about 150,000 tumor-associated antigens/tumor cell for

Her2/neu, or

. in an amount of about 1,000 to about 150,000 tumor associated antigens/tumor cell for
CD20, or
20 - in an amount of about 1,000 to about 150,000 tumor-associated antigens/tumor cell for

EpCAM, G250, proteoglycans, GD2, GD3, MHC II, EGF-R and CEA
for manufacture of a medicament for contacting a human’s or animal’s tumor cell containing
body, or parts of the body containing the tumor cells, for the prophylaxis and/or treatment of

tumor diseases.

25 18. A method according to claim 1 or use according to claim 17, substantially as hereinbefore

described.




2007216472 29 Nov 2010

1/21

. . B) 26116 (anti CD3) C) 520C9 (anti
Antibody | A) No antibody (control) (isotype control) " Her2/neu)
S d Anti mouse IgG1 FITC; Anti
econdary se IgG2a FITC; Anti rat . .
Antibody H4L FITC: Anti human 1£G1 Anti rat H+L FITC | Anti mouse IgG1 FITC
FITC
g 8 g
] 2 2
& £
Histogram 38_ 33.

100 10! 12 10? 04

100 10! 102 107 ot

FL1 Height R1-Heign
Lox Lox
HCT-8 HCT-8
SKBR3 SKBR3
. . F) rexomun
Antibody D)lifr(-)zz /,:e(:)n u E) Tra;;i:;;l:;:;) (anti (antiHer2/neu x
antiCD3)
S:co.n dary Anti mouse IgG2a FITC | Anti human IgG1 FITC Anti rat H+L FITC
ntibody
8 g g
g g 8
Histogram gs- ‘gg. §8_
] # *
@ ol nu‘fw e 1ot e mjﬁw W T mlﬁw W
I Lox Lox Lox
HCT-8 HCT-8 HCT-8
SKBR3 SKBR3 SKBR3

Figure 1: A-F Her2/neu expressing profiles of cell lines Lox, HCT-8 and SKBR3 with

different anti Her2 antibodies measured by flow cytometry.
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Her2 +3 (SKBR-3)
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A1l A2 A3 A4 A5 A6 A8 A9 A10 A1 A12
samples

* Her2 +3 donor 1 donor 2 donor3 | Mean Value
Al |SKBR-3 2470 14939 5920 7776
A2 |PBMC 0 0 0 0
A3 | PBMC + SKBR3 12452 1682 0 4711
A4 | PBMC+SKBR3+100 pg Trastuzumab 57 0 n.d. 29
A5 |PBMC+SKBR3+50 pg Trastuzumab 286 6 n.d. 146
A6 | PBMC+SKBR3+20 pg Trastuzumab 23 18 n.d. 21
A7 |PBMC+SKBR3+10 pg Trastuzumab 149 22 0 57
A8 [PBMC+SKBR3+1 pg Trastuzumab 19 10 0 10
A9 |PBMC+SKBR3+100 ng rexomun 0 0 0 0
A10 | PBMC+SKBR3+50 ng rexomun 0 15 n.d. 8
All | PBMC+SKBR3+10 ng rexomun 0 0 n.d. 0
A12 | PBMC+SKBR3+1 ng rexomun 75 0 0 25

Figure 2a: Killing of Her2+3 SKBR-3 cells: Dotplot analysis with the Micrometastasis
Detection System; * number corresponding to table 3
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Her2 +1 (HCT-8)
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B1 B2 B3 B4 B5 B6 B7 B8 BS  B10 B11  B12
samples

* Her2 +1 donor 1 donor 2 donor 3 | Mean Value
Bl |[HCT-8 12134 14460 8020 11538
B2 [PBMC 0 0 0 0
B3 [PBMC + HCT-8 8094 14031 5929 9351
B4 | PBMC+HCT8+100 pg Trastuzumab 14115 5640 n.d. 9878
BS |PBMC+HCT8+50 pg Trastuzumab 12765 13530 n.d. 13148
B6 |PBMC+HCT8+20 pg Trastuzumab 16473 14020 n.d. 15247
B7 |PBMC+HCT8+10 pug Trastuzumab 18589 13676 179 10815
B8 [PBMC+HCT8+1 pg Trastuzumab 20353 14325 3667 12782
B9 [PBMC+HCT8+100 ng rexomun 198 13 0 70
B10 [ PBMC+HCT8+50 ng rexomun 63 16 n.d. 40
Bl1l |PBMC+HCT8+10 ng rexomun 257 1778 n.d. 1018
B12 | PBMC+HCT8+1 ng rexomun 15199 12941 1542 9894

Figure 2b: Killing of Her2+1 HCT-8 cells: Dotplot analysis with the Micrometastasis
Detection System; * numbers corresponding to table 3
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€ “eoco
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c1 c2 c3 ca cs cé c7 cs cs cw0 c1n  cn2

samples

* Her2 0 donor 1 donor2 | donor 3 | Mean Value
Cl |Lox 10334 10334 852 7173
C2 |PBMC 0 0 0 0
C3 |PBMC + Lox 4387 23096 2740 10074
C4 | PBMC+Lox+100 pg Trastuzumab 6611 17992 nd. 12302
CS5 |PBMC+Lox+50 pg Trastuzumab 9758 19623 n.d. 14691
C6 |PBMC+Lox+20 pg Trastuzumab 11730 25364 nd. 18547
C7 | PBMC+Lox+10 pg Trastuzumab 4745 20176 4287 9736
C8 | PBMC+Lox+1 pg Trastuzumab 3267 28197 6980 12815
C9 | PBMC+Lox+100 ng rexomun 8712 2488 332 3844
C10 | PBMC+Lox+50 ng rexomun 7859 11978 nd. 9919
Cl11 [PBMC+Lox+10 ng rexomun 4202 3469 n.d. 3836
C12 | PBMC+Lox+1 ng rexomun 5674 22853 7313 11947

Figure 2c: Killing of negative Her2 Lox cells:

Detection System; * numbers corresponding to Table 3

Dotplot analysis with the Micrometastasis
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Dotplot
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count
PBMC + HCT-8
B1 HCT-8 14460 B7 +10 pug 13676
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Figure 2d: Killing of Her2 1+ HCT-8 cells;Dotplot results of donor 2 as an example for the

MDS workflow; * numbers corresponding to table 3
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pg/ml |pg/ml |pg/ml |pg/ml |pg/ml |pg/ml

IFN-g {TNF-a [IL-10 |IL-6 |[IL-4 IL-2
Supernatant from (1:50) [(1:50) {(1:1) |(1:50) |(1:1) (1:1)
PBMC 0 0 19 553 0 2
PBMC + HCT-8 773 261 1545| 22102 10 0
PBMC + HCT-8 + 50ug Trastuzumab 0 269| 1981 | 27466 5 0
PBMC + HCT-8 + 100 ng
Trastuzumab 1617 571 1703 ] 32259 0 1
PBMC + HCT-8 + 100 ng rexomun 52479 4499 4135 40740 121 703
PBMC + HCT-8 + 1 ng rexomun 0 433| 1780 23694 71 2

Figure 3: Cytokine secretion in clongenic assay supernatants after 24 h measured with the

Cytokine Bead Array system (CBA)
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Tumor Cell T-Cell

Activation

/1CD28/CD2

IL-1, IL-2,
ADCC IL-12, IL-6,
. CD40/B7.1-2/LFA-3 TNFa,
Phagocytosis DC-CK1

(Macrophages, DC's, NK's)

Figure 4: The postulated tri-cell-complex. The trifunctional antibody is able to accelerate the
recognition and destruction of tumour cells by different immunological mechanisms.

Note: ADCC, Antibody dependent cellular cytotoxicity; DC, Dendritic cell; NK, Natural
killer cell; DC-CKI1, Dendritic cell cytokine 1; IL, Interleukin; LFA, Leukocyte function
associated antigen; TNF-a, Tumor necrosis factor a; CD, Cluster of differentiation (adapted
from Ruf&Lindhofer, 2001)
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Exemplary embodiment - low vs. high GD2 expression:

A

* Killing of GD2 high expressing cells
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Figure 12




