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ANTI-DEATH RECEPTOR ANTIBODIES AND METHODS OF USE THEREOF

Field of the invention

The present invention relates to monospecific or bispecific antibodies that specifically bind
antigens of Death Receptors, which are members of the tumor necrosis factor (TNF)
receptor Superfamily (TNFR-SF) with an intracellular death domain. The invention relates in
particular to antibody molecules of the IgG1 isotype having a mutation in the Fc region that
enhances clustering of 1gG molecules after target binding. The invention further relates to a
combination of antibody molecules binding different epitopes on one or more specific
Death Receptors. The invention also relates to pharmaceutical compositions containing

these molecules and the treatment of cancer using these compositions.

Background of the invention

The Death Receptors (DR) are a subset of the TNFR-SF, which are plasma membrane
receptors characterized by a cytoplasmic sequence of “80 amino acids known as the death
domain (DD) (Nagata et al., Cell. 1997 Feb 7;88(3):355-65; Ashkenzai et al., Science. 1998
Aug 28;281(5381):1305-8; Locksley et al., Cell. 2001 Feb 23;104(4):487-501; Wajant Cell
Death Differ. 2015 Nov;22(11):1727-41). The intracellular death-domain of the tumor
necrosis factor (TNF) receptor superfamily (TNFR-SF) are known to activate two main
signalling cascades: a kinase cascade leading to NF-kappaB and JNK activation and a caspase
cascade leading to cell death (Ashkenazi et al., Science. 1998 Aug 28;281(5381):1305-8).
Ligand-mediated activation of death receptors has been shown to trigger apoptosis in a
variety of transformed cell lines. Accordingly, there has been considerable efforts to
develop death receptor-targeting therapeutics for various diseases, including agonistic

antibodies. However, these efforts only resulted in limited clinical efficacy.

Consequently, there is a need for providing improved antibodies binding to death receptors
of the tumor necrosis factor (TNF) receptor Superfamily (TNFR-SF) with an intracellular

death domain, such as improved anti-Death Receptor antibodies for the treatment of
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cancer, of infectious disease, autoimmune disease, cardiovascular anomalies and other

diseases

Summary of the invention

Surprisingly the inventors of the present invention have found that the introduction of a
specific point mutation in the Fc region of antibodies that specifically bind antigens of

Death Receptors, which are members of the TNFR-SF comprising an intracellular death

domain significantly enhances the potency of the antibody in vitro and in vivo by FcyR-
independent clustering after binding of the antibody to the target on the cell surface. Even
more surprisingly the inventors have also found that a combination of two anti-Death
Receptor antibodies with a mutations in the Fc region facilitate antibody clustering
conditional on cell surface antigen binding, resulting in the formation of hetrohexamers and
enhanced potency compared to a combination of the two anti-Death Receptor antibodies

without the mutation.

The object of the present invention is to provide improved anti-Death Receptor antibodies,
such as anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, and anti-
NGFR antibodies , e.g. for use in the treatment of cancer. Such an improved anti-Death
Receptor antibody comprises a mutation in the Fc domain. A further object of the present
invention is to provide an improved composition for the treatment of cancer comprising
one or more anti-Death Receptor antibodies binding to different epitopes on Death
Receptors, such as anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR,
and anti-NGFR antibodies. Such an improved composition as described herein comprises at
least one anti-Death Receptor antibody or the composition comprises two anti-Death
Receptor antibodies binding to different regions on one or more Death Receptors, such as

different epitopes on one or more of the following Death Receptors selected from the

group consisting of: FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR, and NGFR.

The present invention provides an antibody comprising an Fc region of a human
immunoglobulin IgG and an antigen binding region binding to a Death Receptor, such as an

anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR

2
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antibody, wherein the Fc region comprises a mutation at an amino acid corresponding to
position E430, E345 or S440 in human IgG1 according to EU numbering (Edelman et al,,
Proc Natl Acad Sci U S A. 1969 May;63(1):78-85; Kabat et al., Sequences of Proteins of
Immunological Interest, Fifth Edition. 1991 NIH Publication No. 91-3242). Unless

contradicted by the context immunoglobulin 1gG has the same meaning as IgG.

In one aspect the invention provides an antibody comprising an Fc region of a human
immunoglobulin IgG and an antigen binding region binding to a Death Receptor comprising
an intracellular death domain, wherein the Fc region comprises a mutation at an amino acid

corresponding to position E430, E345 or S440 in human IgG1, EU numbering.

That is, the inventors of the present invention in a first aspect of the invention found that
anti-Death Receptor antibodies, such as anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6,
anti-DR3, anti-EDAR, and anti-NGFR antibodies of the invention increase apoptosis of cells
expressing FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR, or NGFR, such as tumor cells compared
to anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR
antibodies without a mutation at an amino acid position corresponding to E430, E345 or
5440 of human IgG1, EU numbering. That is, an anti-FAS, anti-DR4, anti-DR5, anti-TNFR1,
anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibody of the present invention is suitable
for the treatment of FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR, or NGFR positive or expressing
tumors. Thus the antibodies according to the invention are suitable for treatment of tumors
which are positive for or expressing one or more antigens consisting of the following group:

FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR and NGFR.

In one embodiment of the present invention the anti-FAS, anti-DR4, anti-DR5, anti-TNFR1,
anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibody comprises an Fc region of a human
immunoglobulin 1gG and an antigen binding region binding to a Death Receptor, wherein
the Fc region comprises a mutation corresponding to position E430G or E345K in human
lgG1 according to EU numbering. Thus in one embodiment of the invention the anti-FAS,
anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibody

comprises an Fc region of a human immunoglobulin 1gG and an antigen binding region
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binding to a Death Receptor, wherein the Fc region comprises a mutation at an E430G or

E345K mutation.

In one embodiment of the present invention the anti-FAS, anti-DR4, anti-DR5, anti-TNFR1,
anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibody comprises an Fc region of a human

immunoglobulin IgG, wherein the Fc region comprises an E430G mutation.

In one embodiment of the present invention the anti-FAS, anti-DR4, anti-DR5, anti-TNFR1,
anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibody comprises an Fc region of a human

immunoglobulin IgG, wherein the Fc region comprises an E345K mutation.

In one aspect the invention provides a composition comprising one or more anti-Death
Receptor antibodies selected from the group consisting of: anti-FAS, anti-DR4, anti-DR5,
anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR. In one embodiment the
composition comprises one or more antibodies binding to different epitopes on FAS, DR4,
DR5, TNFR1, DR6, DR3, EDAR and NGFR. In one embodiment the composition comprises at
least a first and a second antibody selected from the group consisting of: anti-FAS, anti-
DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR and anti-NGFR, wherein the first

antibody does not block antigen binding of the second antibody.

In another aspect the invention provides a bispecific antibody comprising one or more
antigen binding regions binding to FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR and NGFR. In one
embodiment a bispecific antibody of the present invention comprises a first and a second
heavy chain, wherein the first heavy chain comprises a F405L mutation and a second heavy
chain comprises a K409R mutation, or vice versa. Thus in one embodiment a bispecific
antibody according to the present invention the bispecific antibody comprises a fist and a
second heavy chain, wherein the first and the second heavy chain comprises a mutation at
an amino acid positon corresponding to E430, E345 or S440 in human I1gG1, EU numbering
and wherein the first heavy chain comprises a F405L mutation and the second heavy chain
comprises a K409R mutation. Thus in one embodiment a bispecific antibody according to

the present invention the bispecific antibody comprises a fist and a second heavy chain,
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wherein the first and the second heavy chain comprises a mutation at an amino acid
positon corresponding to E430, E345 or 5440 in human IgG1, EU numbering and wherein
the first heavy chain comprises a K409R mutation and the second heavy chain comprises a

FAO5L mutation.

In yet another aspect the invention provides a method of treating a disease comprising
administering to an individual in need thereof an effective amount of an antibody or

composition as described herein. In one embodiment of the invention the disease is cancer.

In another aspect of the invention the anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6,
anti-DR3, anti-EDAR, or anti-NGFR antibody, bispecific antibody or composition according
to the present invention is for use as a medicament. In one embodiment the anti-FAS, anti-
DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR, or anti-NGFR antibody, bispecific
antibody or composition is for use in treatment of a disease. In one embodiment the

disease is a cancer or a tumor.

In yet another aspect the invention provides a method of treating an individual having a
cancer comprising administering to said individual an effective amount of said antibody or

composition as described herein.

In another aspect the invention provides a kit of parts comprising an antibody or
composition according to any one of the preceding claims, wherein said antibody or

composition is in one or more containers such as a vial.

In another aspect the invention provides the use of an antibody or a composition as
described herein for the manufacture of a medicament for treatment of a disease. In one
embodiment the invention provides the use of an antibody or a composition as described

herein for the manufacture of a medicament for treatment of cancer.

The antibodies and compositions described herein are directed against or specific for

human FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR. The antibodies and compositions
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described cross-react with rhesus and cynomolgus monkey FAS, DR4, DR5, TNFR1, DR6,
DR3, EDAR or NGFR. In particular, in one embodiment the antibodies and compositions
bind specifically to the extracellular domain of FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or
NGFR. In one particular embodiment the antibodies and compositions bind to the same
Death Receptor from the group consisting of: FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR and
NGFR e.g. at non-overlapping epitopes. That is a first antibody described herein does not
block binding of a second antibody described herein. In one particular embodiment a
composition described herein comprises a first and a second antibody binding to FAS, DR4,
DR5, TNFR1, DR6, DR3, EDAR or NGFR and the first antibody does not block binding of the
second antibody to FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR.

The antibodies and compositions of the present invention can generally be used to
modulate the activity of a Death Receptor such as FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR
or NGFR. In one embodiment the antibody or composition may trigger, activate and/or

increase or enhance the signalling that is mediated by a Death Receptor such as FAS, DR4,
DR5, TNFR1, DR6, DR3, EDAR or NGFR. In one embodiment the antibody or composition
may have an agonistic effect on a Death Receptor such as FAS, DR4, DR5, TNFR1, DR6, DR3,
EDAR or NGFR and in particular trigger or increase the biological mechanisms, responses
and effects associated with FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR, their signalling
and/or the pathway in which FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR is involved.
That is antibodies or compositions of the present invention may induce apoptosis or cell
death in cells or tissues expressing FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR, such as

cancer cells or tumor cells.

In one embodiment the antibodies or compositions described herein induce, trigger,
increase or enhance apoptosis, cell death or growth arrest in cells or tissues expressing FAS,
DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR, such as cancer cells or tumor cells. In one
embodiment the antibodies or compositions described herein are capable of binding to
FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR on a cell surface, and in particular of
binding to FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR in such a way that the signalling
mediated by FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR is induced, triggered,

increased or enhanced. In one embodiment the antibodies or compositions described
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herein may be such that they are capable of binding to a FAS, DR4, DR5, TNFR1, DR6, DR3,
EDAR or NGFR in such a way that apoptosis or cell death is induced in cancer cells or tumor

cells expressing FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR.

In one embodiment the antibodies or compositions of the present inventioninduce, trigger,
increase or enhance apoptosis or cell death in cancer cells or tumor cells expressing FAS,
DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR. The increased or enhanced apoptosis or cell
death may be measured by an increase or enhanced level of phosphatidylserine exposure
on cells exposed to or treated with one or more anti-FAS, anti-DR4, anti-DR5, anti-TNFR1,
anti-DR6, anti-DR3, anti-EDAR, and anti-NGFR antibodies of the invention. Alternatively, the
increase or enhanced apoptosis or cell death may be measured by measuring activation of
caspase 3 or caspase 7 in cells that have been exposed to or treated with one or more anti-
DR5 antibodies of the invention. Alternatively, the increase or enhanced apoptosis or cell
death may be measured by a loss of viability in cell cultures that have been exposed to or
treated with one or more anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-
EDAR, and anti-NGFR antibodies of the invention, compared to untreated cell cultures.
Induction of caspase-mediated apoptosis may be assessed by demonstrating inhibition of
the loss of viability after exposure to DR5 antibody by a caspase-inhibitor, for example

/VAD.

Brief description of the drawings

Figure 1 shows an amino acid alignment of the four different human IgG1 Fc allotypes
identified thus far. The Fc sequence of the IgG1m(f) (SEQ ID NO 1), IlgG1m(z) (SEQ ID NO 2),
lgG1Im(a) (SEQ ID NO 3), 1IgG1Im(x) (SEQ ID NO 4).

Figure 2 shows binding of DR5 antibodies with and without hexamerization-enhancing
mutation E430G or E345K to DR5-positive COLO 205 cells. Variants of the human-mouse
chimeric antibodies (A) IlgG1-DR5-01, (B) IgG1-DR5-05 and (C) and bispecific antibody 1gG1-
DR5-01-K409R x 1gG1-DR5-05-F405L (BsAb DR5-01-K409R x DR5-05-F405L) were tested in

FACS analysis for binding to COLO 205 cells. Binding is expressed as Geometric mean of
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fluorescence intensity. Anti-gp120 antibody lgG1-b12 was used as negative control. Error

bars indicate the standard deviation.

Figure 3 shows a binding ELISA of DR4 antibodies to coated sTRAIL-R1. Graphs represent
binding of the antibody lgG1-DR4-T1014G03-K409R with and without the E430G

hexamerization-enhancing mutation to coated sTRAIL-R1.

Figure 4 shows a viability assays with variants of different DR5 antibodies. Introduction of
the E345K (C-D), E430G (A-B, E-J) or E345R/E430G/S440Y (RGY) (E,J) hexamerization-
enhancing mutations resulted in enhanced killing for the different DR5 antibodies on COLO
205 (A-E) and HCT116 (F-J) colon cancer cells. Error bars indicate standard deviation. Data
are presented as Luminescence (RLU=relative luminescence units) or as % Viable cells
calculated from the luminescence relative to samples incubated without antibody (no kill)

and samples incubated with Staurosporine (maximal kill).

Figure 5 shows a viability assay with variants of DR4 antibody lgG1-DR4-T1014G03.
Introduction of the E430G hexamerization-enhancing mutation resulted in enhanced killing

of BxPC-3 human pancreatic cancer cells. Error bars indicate standard deviation.

Figure 6 shows a viability assay with variants of FAS antibody IgG1-FAS-E09. Introduction of
the hexamerization-enhancing triple mutation E345R/E430G/S440Y (RGY) resulted in dose-

dependent killing of Jurkat human T lymphocytes.

Figure 7 shows that introduction of a hexamerization-enhancing mutation resulted in
enhanced induction of killing by the antibody combination 1gG1-DR5-01-K409R + IgG1-DR5-
05-F405 (A and C) and the BsAb DR5-01-K409R x DR5-05-F405 (B and D) on both COLO 205

(A-B) and HCT116 (C-D-E) colon cancer cells. Error bars indicate standard deviation.

Figure 8 shows the potency of the combination of the antibody combination IgG1-hDR5-01-
G56T-E430G + 1lgG1-hDR5-05-E430G compared to the combination without E430G mutation
as measured in a viability assay on BxPC-3 pancreatic (A) and HCT15 colon cancer cells (B).

Graphs represent mean values of duplicate samples +/- standard deviation.
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Figure 9 shows a viability assay with repulsing and complementary variants of 1gG1-hDR5-
01-G56T-E430G and I1gG1-hDR5-05-E430G. Introduction of the same repulsing mutation
(K439E or S440K) in both antibodies resulted in diminished induction of killing of BxPC-3
pancreatic (A) and HCT-15 colon cancer cells (B). By combining the two mutations (K439E
and S440K) in both antibodies, repulsion was neutralized and killing restored. Error bars

indicate standard deviation.

Figure 10 shows the involvement of Fc interactions in the capacity of the antibody
combination IlgG1-hDR5-01-G56T-E430G + IgG1-hDR5-05-E430G with hexamerization-
enhancing mutation to induce receptor clustering on the cell surface and induction of
apoptosis. Induction of apoptosis is inhibited by the Fc-binding peptide DCAWHLGELVWCT

as shown in a 3-days viability assay on BxPC-3 human cancer cells.

Figure 11 shows that the combination of IgG1-DR5-01-K409R-E430G + IgG1-DR5-05-F405L-
E430G reduced the viability of different human cancer cell lines, as determined in a 3-days
viability assay. Graphs show the mean +/- standard deviation from duplicate samples. *
p<0.05, ** p<0.01, *** p<0.001, **** p<0.001 (One-way ANOVA with Tukey’s multiple
comparisons test). 01 is IgG1-DR5-01-K409R, 05 is IgG1-DR5-05-F405L, 01-E430G is IgG1-
DR5-01-K409R-E430G, 05-E430G is IgG1-DR5-05-F4051L-E430G.

Figure 12 shows that introduction of a hexamerization-enhancing mutation results in
enhanced induction of killing of HCT 116 colon cancer cells by the antibody combination
1gG1-DR5-05-F405L-E345K + 1gG1-CONA-K409R-E430G and BsAb CONA-K409R-E430G x
DR5-05-F405L-E345K as determined in a 3-days viability assay. Error bars indicate standard

deviation. RLU: Relative Luminescence Units.

Figure 13 shows the efficacy of the antibody combination IgG1-DR5-01-K409R-E430G +
lgG1-DR5-05-F405L-E430G and BsAb DR5-01-K409R-E430G x DR5-05-F405L-E430G in the
presence or absence of secondary Fc crosslinking by anti-human IgG F(ab’)2 and in
comparison to DR5 antibodies lgG1-DR5-CONA and 1gG1-DR5-chTRA8-F405L in a 3-days
viability assay on adherent COLO 205 (A) colorectal and PANC-1 (B) and BxPC-3 (C)
pancreatic cancer cells. The non-target binding antibody lgG1-b12 was included as a

negative control. Graphs show the mean +/- standard deviation from duplicate samples.
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Figure 14 shows caspase-dependent programmed cell death by the combination of
humanized 1gG1-hDR5-01-E430G + 1gG1-hDR5-05-E430G (01-E430G + 05-E430G) antibodies

as measured in a viability assay on PANC-1 (A and B) and BxPC-3 (C) pancreatic cancer cells.

/VAD, Z-VAD-FMK.

Figure 15 shows that cell death induction upon binding of DR5 antibody combinations on
COLO 205 colon cancer cells. COLO 205 cells were incubated with antibody sample for 5
hours (A-C) and 24 hours (D-E). Different stages of cell death induction were analyzed by
Annexin V/Pl double staining and Active caspase-3 staining. Error bars indicate the standard
deviation of 2 duplicate samples. 01 is 1gG1-DR5-01-K409R, 05 is 1gG1-DR5-05-F405L, 01-
E430G is IgG1-DR5-01-K409R-E430G, 05-E430G is IgG1-DR5-05-F405L-E430G, 01x05 is BsAb
DR5-01-K409R x DR5-05-F405L, 01-E430G x 05-E430G is BsAb DR5-01-K409R-E430G x DR5-

05-F405L-E4300G.

Figure 16 shows the kinetics of Caspase-3/7 activation upon binding of antibody

combination 1gG1-DR5-01-K409R-E430G + IgG1-DR5-05-F405L-E430G (A) and BsAb DR5-01-
K409R-E430G x DR5-05-F405L-E430G (B) on COLO 205 colon cancer cells. COLO 205 cells
were incubated with antibody for 1, 2, 5 and 24 hours. Caspase-3/7 activation was analyzed

in a homogenous luminescence assay. AU, arbitrary units. Error bars indicate the standard

deviation of duplicate samples.

Figure 17 shows the potency of the antibody combination IgG1-hDR5-01-K409R-E430G +
lgG1-hDR5-05-F405L-E430G and of the antibody combination IgG1-hDR5-01-E430G + IgG1-
hDR5-05-E430G as measured in a viability assay on BxPC-3 pancreatic cancer cells. Graphs

represent mean values of duplicate samples +/- standard deviation.

Figure 18 shows the efficacy of different ratios of 1gG1-DR5-01-K409R-E430G and lIgG1-DR5-
05-F405L-E430G (DR5-01-E430G:DR5-05-E430G) on adherent BxPC-3 human cancer cells as

determined in a 3-days viability assay.
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Figure 19 shows the efficacy of different ratios of 1gG1-hDR5-01-G56T- E430G and lgG1-
hDR5-05-E430G (DR5-01-E430G:DR5-05-E430G) on adherent BxPC-3 (A) and HCT-15 (B)

human cancer cells as determined in a 3-days viability assay.

Figure 20 shows the evaluation of the in vivo efficacy of the chimeric lgG1-DR5-05-F405L
with and without the hexamerization-enhancing mutation E430G in a subcutaneous
xenograft model with COLO 205 human colon cancer cells. Tumor development (mean &
SEM) in mice treated with the indicated antibodies (5 mg/kg) is shown in time (A). In (B) the
percentage of mice with tumor sizes smaller than 750 mm3 is shown in a Kaplan-Meier

plot.

Figure 21 shows a viability assay on Jurkat human T lymphocytes with variants of FAS
antibody lgG1-FAS-E09. In the presence of the Fc-Fc repulsing mutation K439E or S440K,
killing by IgG1-FAS-E09 variants with hexamerization-enhancing mutations E345R/E430G/
S440Y (RGY) or E345R/E430G/Y4361 (RGI) was inhibited. RGEY: E345R/E430G/K439E/S440Y;
RGIK: E345R/E430G/Y4361/S440K.

Figure 22 shows a viability assays with DR5 antibodies IgG1-DR5-CONA and IgG1-DR5-
CONA-E430G on attached COLO 205 human colon cancer cells. Introduction of the
hexamerization-enhancing mutation E430G resulted in induction of killing. Data are
presented as % viable cells calculated from the luminescence relative to samples incubated
without antibody (no kill) and samples incubated with Staurosporine (maximal kill). Error

bars indicate standard deviation.

Figure 23 shows a viability assay with DR5 antibodies on COLO 205 human colon cancer
cells. Introduction of the hexamerization-enhancing mutation S440Y resulted in induction of
killing by the single antibodies IgG1-hDR5-01-G56T and IgG1-hDR5-05 (A) and increased
efficacy of the antibody combination 1gG1-hDR5-01-G56T + IgG1-hDR5-05 (B). Data are
presented as % viable cells calculated from the luminescence relative to samples incubated
without antibody (no kill) and samples incubated with Staurosporine (maximal kill). Error

bars indicate standard deviation.

11



CA 03007031 2018-05-31

WO 2017/093447 PCT/EP2016/079517

10

15

20

29

30

Figure 24A shows crossblock ELISA between IgG1-DR5-CONA-K409R and 1gG1-DR5-chTRAS-
FA05L. (B) Introduction of the E430G hexamerization-enhancing mutation resulted in
enhanced induction of killing of BxPC-3 human pancreatic cancer cells by the combination
of the non-crossblocking antibodies IgG1-DR5-CONA-E430G + IgG1-DR5-chTRA8-E430G as

determined in a 3-days viability assay. Error bars indicate standard deviation.

Figure 25 shows the evaluation of the in vivo efficacy of the anti-DR5 antibody
concentration IgG1-hDR5-01-G56T + IgG1-hDR5-05 with and without the hexamerization-
enhancing mutation E430G in a subcutaneous xenograft model with HCT15 human colon
cancer cells. Tumor development (mean & SEM) in mice treated with the 0.5 mg/kg
antibodies is shown in time (A) and at day 21 after start treatment (B). **P < 0.0011 (Mann
Whitney test). In (C) the percentage of mice with tumor sizes smaller than 750 mm3 is

shown in a Kaplan-Meier plot.

Figure 26 shows evaluation of the in vivo efficacy of the antibodies 1gG1-hDR5-01-G56T-
E430G and IgG1-hDR5-05-E430G, both as single agents and as a combination in comparison
to the parental antibodies without the E430G mutation in a subcutaneous xenograft model
with COLO 205 human colon cancer cells. (A) Tumor size (mean & SEM) in mice treated with
the indicated antibodies (0.5 mg/kg) as shown in time. (B) Kaplan-Meier plot of tumor

progression, with a cutoff set at a tumor volume >500 mm”.

Detailed description of the invention

In describing the embodiments of the invention specific terminology will be resorted to for
the sake of clarity. However, the invention is not intended to be limited to the specific
terms so selected, and it is understood that each specific term includes all technical

equivalents which operate in a similar manner to accomplish a similar purpose.

As described herein, surprisingly it has been found that antibodies binding to a Death
Receptor such as FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR and comprising a
mutation at an amino acid in the Fc region corresponding to position E430, E345 or S440 In
human IgG1 according to EU numbering, were found to be superior at inducing apoptosis in

cancer cells expressing FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or NGFR compared to anti-
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FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR or anti-NGFR antibodies
without said mutation in one of the above mentioned positions. Furthermore, compositions
comprising two or more anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-
EDAR, and anti-NGFR antibodies of the invention, which bind different epitopes on FAS,
DR4, DR5, TNFR1l, DR6, DR3, EDAR or NGFR, were found superior to compositions
comprising the same anti-FAS, anti-DR4, anti-DR5, anti-TNFR1, anti-DR6, anti-DR3, anti-
EDAR or anti-NGFR antibodies without said mutation. That is compositions with two or
more antibodies of the present invention were superior at inducing apoptosis and/or
inhibiting cell growth of cancer cells expressing FAS, DR4, DR5, TNFR1, DR6, DR3, EDAR or
NGFR compared to compositions comprising the two same anti-FAS, anti-DR4, anti-DRS5,
anti-TNFR1, anti-DR6, anti-DR3, anti-EDAR or anti-NGFR antibodies without said mutation in
the Fc region. It is to be understood that in the context of this invention the same antibody
IS antibodies having the identical antigen binding region. Thus the same antibody has an
identical amino acid sequence as an antibody of the present invention, but does not have
said mutation in the Fc region. By introducing specific mutations in the Fc region,

oligomerization such as hexamerization upon target binding on the cell surface can be
enhanced, while the antibody molecules remain monomeric in solution W02013/004842,

W02014/108198.

Definitions

The term “immunoglobulin® as used herein, refers to a class of structurally related
glycoproteins consisting of two pairs of polypeptide chains, one pair of light (L) low
molecular weight chains and one pair of heavy (H) chains, all four potentially inter-
connected by disulfide bonds. The structure of immunoglobulins has been well
characterized. See for instance Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed.
Raven Press, N.Y. (1989)). Briefly, each heavy chain typically is comprised of a heavy chain
variable region (abbreviated herein as VH) and a heavy chain constant region. The heavy
chain constant region of IgG antibodies typically is comprised of three domains, CH1, CH?2,
and CH3. The heavy chains are inter-connected via disulfide bonds in the so-called “hinge
region”. Each light chain typically is comprised of a light chain variable region (abbreviated
herein as VL) and a light chain constant region. The light chain constant region typically is

comprised of one domain, CL. The VH and VL regions may be further subdivided into
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regions of hypervariability (or hypervariable regions which may be hypervariable in
sequence and/or form of structurally defined loops), also termed complementarity
determining regions (CDRs), interspersed with regions that are more conserved, termed
framework regions (FRs). Each VH and VL is typically composed of three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2,
CDR2, FR3, CDR3, FR4 (see also Chothia and Lesk J. Mol. Biol. 196, 901 917 (1987)). Unless
otherwise stated or contradicted by context, reference to amino acid positions in the
present invention is according to the EU-numbering (Edelman et al., Proc Natl Acad Sci U S
A. 1969 May;63(1):78-85; Kabat et al., Sequences of Proteins of Immunological Interest,
Fifth Edition. 1991 NIH Publication No. 91-3242).

The term “hinge region” as used herein is intended to refer to the hinge region of an
immunoglobulin heavy chain. Thus, for example the hinge region of a human IgG1 antibody

corresponds to amino acids 216-230 according to the EU numbering.

The term “CH2 region” or “CH2 domain” as used herein is intended to refer the CH2 region
of an immunoglobulin heavy chain. Thus, for example the CH2 region of a human IgG1
antibody corresponds to amino acids 231-340 according to the EU numbering. However,

the CH2 region may also be any of the other isotypes or allotypes as described herein.

The term “CH3 region” or “CH3 domain” as used herein is intended to refer to the CH3
region of an immunoglobulin heavy chain. Thus, for example the CH3 region of a human
lgG1 antibody corresponds to amino acids 341-447 according to the EU numbering.
However, the CH3 region may also be any of the other isotypes or allotypes as described
herein.

The term “fragment crystallizable region”, “Fc region”, “Fc fragment” or “Fc domain”, which
may be used interchangeably herein, refers to an antibody region comprising, arranged
from amino-terminus to carboxy-terminus, at least a hinge region, a CH2 domain and a CH3
domain. An Fc region of an IgG1 antibody can, for example, be generated by digestion of an
lgG1 antibody with papain. The Fc region of an antibody may mediate the binding of the

immunoglobulin to host tissues or factors, including various cells of the immune system
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(such as effector cells) and components of the complement system such as Clq, the first

component in the classical pathway of complement activation.

The term “Fab fragment” in the context of the present invention, refers to a fragment of an
immunoglobulin molecule, which comprises the variable regions of the heavy chain and
light chain as well as the constant region of the light chain and the CH1 region of the heavy
chain of an immunoglobulin. The “CH1 region” refers e.g. to the region of a human lgG1
antibody corresponding to amino acids 118-215 according to the EU numbering. Thus, the

Fab fragment comprises the binding region of an immunoglobulin.

The term “antibody” (Ab), as used herein refers to an immunoglobulin molecule, a
fragment of an immunoglobulin molecule, or a derivative of either thereof. The antibody of
the present invention comprises an Fc-region of an immunoglobulin and an antigen-binding
region. The Fc region generally contains two CH2-CH3 regions and a connecting region, e.g.
a hinge region. The variable regions of the heavy and light chains of the immunoglobulin
molecule contain a binding domain that interacts with an antigen. The term “antibody” as
used herein, also refers to, unless otherwise specified or contradicted by the context,
polyclonal antibodies, oligoclonal antibodies, monoclonal antibodies (such as human
monoclonal antibodies), antibody mixtures, recombinant polyclonal antibodies, chimeric
antibodies, humanized antibodies and human antibodies. An antibody as generated can

potentially possess any class or isotype.

The term “human antibody”, as used herein, refers to antibodies having variable and
constant regions derived from human germline immunoglobulin sequences. The human
antibodies of the invention may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations, insertions or deletions introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo). However, the
term “human antibody”, as used herein, is not intended to include antibodies in which CDR
sequences derived from the germline of another species, such as a mouse, have been

grafted onto human framework sequences.
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The term “chimeric antibody”, as used herein, refers to an antibody in which both chain
types are chimeric as a result of antibody engineering. A chimeric chain 1s a chain that
contains a foreign variable domain (originating from a non-human species, or synthetic or

engineered from any species including human) linked to a constant region of human origin.

The term “humanized antibody, as used herein, refers to an antibody in which both chain
types are humanized as a result of antibody engineering. A humanized chain is typically a
chain in which the complementarity determining regions (CDR) of the variable domains are
foreign (originating from a species other than human, or synthetic) whereas the remainder
of the chain is of human origin. Humanization assessment is based on the resulting amino
acid sequence, and not on the methodology per se, which allows protocols other than

grafting to be used.

The term "isotype", as used herein, refers to the immunoglobulin class (for instance 1gG1,
1gG2, 18G3, 1gG4, I1gD, IgAl, IgA2, IgE, or IgM) that is encoded by heavy chain constant
region genes. To produce a canonical antibody, each heavy chain isotype is to be combined

with either a kappa (k) or lambda (1) light chain.

The term “allotype”, as used herein, refers to the amino acid variation within one isotype
class in the same species. The predominant allotype of an antibody isotype varies between
ethnicity individuals. The known allotype variations within the IgG1 isotype of the heavy
chain result from 4 amino acid substitutions in the antibody frame as illustrated in Figure 1.
In one embodiment the antibody of the invention is of the IgG1m(f) allotype as defined in
SEQ ID NO 1. In one embodiment of the invention the antibody is of the IgG1m(z) allotype
as defined in SEQ ID NO 2, the IgG1m(a) allotype as defined in SEQ ID NO 3, the IgG1m(x)
allotype as defined in SEQ ID NO 4, or any allotype combination, such as IgG1lm(z,a),
leG1m(z,a,x), IgGIm(f,a) (de lange Exp Clin Immunogenet. 1989;6(1):7-17).

The terms "monoclonal antibody”, “monoclonal Ab”, "monoclonal antibody composition”,
“mAb”, or the like, as used herein refer to a preparation of Ab molecules of single
molecular composition. A monoclonal antibody composition displays a single binding

specificity and affinity for a particular epitope. Accordingly, the term "human monoclonal
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antibody"” refers to Abs displaying a single binding specificity which have variable and
constant regions derived from human germline immunoglobulin sequences. The human
mADbs may be generated by a hybridoma which includes a B cell obtained from a transgenic
or transchromosomal non-human animal, such as a transgenic mouse, having a genome
comprising a human heavy chain transgene repertoire and a human light chain transgene
repertoire, rearranged to produce a functional human antibody and fused to an

immortalized cell. Alternatively, the human mAbs may be generated recombinantly.

The term “antibody mimetics” as used herein, refers to compounds that, like antibodies,
can specifically bind antigens, but that are not structurally related to antibodies. They are

usually artificial peptides, proteins, nucleic acids or small molecules.

The term “bispecific antibody” refers to antibody having specificities for at least two
different, typically non-overlapping, epitopes. Such epitopes may be on the same or
different targets Examples of different classes of bispecific antibodies comprising an Fc
region include but are not limited to: asymmetric bispecific molecules e.g. lgG-like
molecules with complementary CH3 domains and symmetric bispecific molecules e.g.
recombinant IgG-like dual targeting molecules wherein each antigen-binding region of the

molecule binds at least two different epitopes.

Examples of bispecific molecules include but are not limited to Triomab® (Trion
Pharma/Fresenius Biotech, WQO/2002/020039), Knobs-into-Holes (Genentech,
W09850431), CrossMAbs (Roche, WO 2009/080251, WO 2009/080252, WO 2009/080253),
electrostatically-matched  Fc-heterodimeric  molecules (Amgen, EP1870459 and
WO02009089004; Chugai, US201000155133; Oncomed, WO02010129304), LUZ-Y
(Genentech), DIG-body, PIG-body and TIG-body (Pharmabcine), Strand Exchange
Engineered Domain body (SEEDbody) (EMD Serono, W02007110205), Bispecific 1gG1 and
lgG2 (Pfizer/Rinat, W011143545), Azymetric scaffold (Zymeworks/Merck, W02012058768),
mAb-Fv (Xencor, W02011028952), XmAb (Xencor), Bivalent bispecific antibodies (Roche,
W02009/080254), Bispecific lgG (Eli Lilly), DuoBody molecules (Genmab A/S, WO
2011/131746), DuetMab (Medimmune, US2014/0348839), Biclonics (Merus, WO
2013/157953), Novimmune (kABodies, WO 2012/023053), FcAAdp (Regeneron, WO
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2010/151792), (DT)-lg (GSK/Domantis), Two-in-one Antibody or Dual Action Fabs
(Genentech, Adimab), mAb2 (F-Star, W02008003116), Zybodies™ (Zyngenia), CovX-body
(CovX/Pfizer), FynomAbs (Covagen/Janssen Cilag), DutaMab (Dutalys/Roche), iMab
(Medlmmune), Dual Variable Domain (DVD)-1g'™ (Abbott, US 7,612,18), dual domain double
head antibodies (Unilever; Sanofi Aventis, W020100226923), Ts2Ab (Medimmune/AZ),
BsAb  (Zymogenetics), ¥ HERCULES (Biogen Idec, US007951918), scFv-fusions
(Genentech/Roche, Novartis, Immunomedics, Changzhou Adam Biotech Inc, CN
102250246), TvAb (Roche, W02012025525, W02012025530), ScFv/Fc Fusions, SCORPION
(Emergent BioSolutions/Trubion, Zymogenetics/BMS), Interceptor (Emergent), Dual Affinity
Retargeting Technology (Fc-DART'Y) (MacroGenics, W02008/157379, W02010/080538),
BEAT (Glenmark), Di-Diabody (Imclone/Eli Lilly) and chemically crosslinked mAbs (Karmanos

Cancer Center), and covalently fused mAbs (AIMM therapeutics).

The term “full-length antibody” when used herein, refers to an antibody (e.g., a parent or
variant antibody) which contains all heavy and light chain constant and variable domains
corresponding to those that are normally found in a wild-type antibody of that class or

Isotype.

The term “oligomer” as used herein, refers to a molecule that consists of more than one
but a limited number of monomer units (e.g. antibodies) in contrast to a polymer that, at
least in principle, consists of an unlimited number of monomers. Exemplary oligomers are
dimers, trimers, tetramers, pentamers and hexamers. Greek prefixes are often used to
designate the number of monomer units in the oligomer, for example a tetramer being
composed of four units and a hexamer of six units. Likewise, the term “oligomerization”, as
used herein, is intended to refer to a process that converts molecules to a finite degree of
polymerization. Herein, it is observed, that antibodies and/or other dimeric proteins
comprising target-binding regions according to the invention can form oligomers, such as
hexamers, via non-covalent association of Fc-regions after target binding, e.g., at a cell
surface.

The term “antigen-binding region”, “antigen binding region”, “binding region” or antigen

binding domain, as used herein, refers to a region of an antibody which is capable of
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binding to the antigen. This binding region is typically defined by the VH and VL domains of
the antibody which may be further subdivided into regions of hypervariability (or
hypervariable regions which may be hypervariable in sequence and/or form of structurally
defined loops), also termed complementarity determining regions (CDRs), interspersed with
regions that are more conserved, termed framework regions (FRs). The antigen can be any
molecule, such as a polypeptide, e.g. present on a cell, bacterium, or virion or in solution.
The terms “antigen” and “target” may, unless contradicted by the context, be used

interchangeably in the context of the present invention.

The term “target”, as used herein, refers to a molecule to which the antigen binding region
of the antibody binds. The target includes any antigen towards which the raised antibody is
directed. The term “antigen” and “target” may in relation to an antibody be used
interchangeably and constitute the same meaning and purpose with respect to any aspect
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