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Bispecific antigen binding molecule for a costimulatory TNF receptor

FIELD OF THE INVENTION

The invention relates to novel bispecific antigen binding molecules, comprising (a) at least

one moiety capable of specific binding to OX40, and (b) at least one moiety capable of specific

binding to tenascin C (TnC). The invention further relates to methods of producing these

molecules and to methods of using the same.

BACKGROUND

Several members of the tumor necrosis factor receptor (TNFR) family function after initial

T cell activation to sustain T cell responses and thus have pivotal roles in the organization and

function of the immune system. CD27, 4-1BB (CD137), OX40 (CD134), HVEM, CD30, and

GITR can have costimulatory effects on T cells, meaning that they sustain T-cell responses after

initial T cell activation (Watts T.H. (2005) Annu. Rev. Immunol. 23, 23-68). The effects of these

costimulatory TNFR family members can often be functionally, temporally, or spatially

segregated from those of CD28 and from each other. The sequential and transient regulation of T

cell activation/survival signals by different costimulators may function to allow longevity of the

response while maintaining tight control of T cell survival. Depending on the disease condition,

stimulation via costimulatory TNF family members can exacerbate or ameliorate disease.

Despite these complexities, stimulation or blockade of TNFR family costimulators shows

promise for several therapeutic applications, including cancer, infectious disease, transplantation,

and autoimmunity.

Among several costimulatory molecules, the tumor necrosis factor (TNF) receptor family

member OX40 (CD 134) plays a key role in the survival and homeostasis of effector and memory

T cells (Croft M. et al. (2009), Immunological Reviews 229, 173-191). OX40 (CD134) is

expressed in several types of cells and regulates immune responses against infections, tumors

and self-antigens and its expression has been demonstrated on the surface of T-cells, NKT-cells

and NK-cells as well as neutrophils (Baumann R. et al. (2004), Eur. J . Immunol. 34, 2268-2275)

and shown to be strictly inducible or strongly upregulated in response to various stimulatory

signals. Functional activity of the molecule has been demonstrated in every OX40-expressing

cell type suggesting complex regulation of OX40-mediated activity in vivo. Combined with T-

cell receptor triggering, OX40 engagement on T-cells by its natural ligand or agonistic

antibodies leads to synergistic activation of the PI3K and NFKB signalling pathways (Song J . et

al. (2008) J . Immunology 180(1 1), 7240-7248). In turn, this results in enhanced proliferation,



increased cytokine receptor and cytokine production and better survival of activated T-cells. In

addition to its co-stimulatory activity in effector CD4+ or CD8+ T-cells, OX40 triggering has

been recently shown to inhibit the development and immunosuppressive function of T regulatory

cells. This effect is likely to be responsible, at least in part, for the enhancing activity of OX40

on anti-tumor or anti-microbial immune responses. Given that OX40 engagement can expand T-

cell populations, promote cytokine secretion, and support T-cell memory, agonists including

antibodies and soluble forms of the ligand OX40L have been used successfully in a variety of

preclinical tumor models (Weinberg et al. (2000), J . Immunol. 164, 2160-2169).

The available pre-clinical and clinical data clearly demonstrate that there is a high clinical

need for effective agonists of costimulatory TNFR family members such as OX40 and 4- IBB

that are able to induce and enhance effective endogenous immune responses to cancer. However,

almost never are the effects limited to a single cell type or acting via a single mechanism and

studies designed to elucidate inter- and intracellular signaling mechanisms have revealed

increasing levels of complexity. Thus, there is a need of "targeted" agonists that preferably act

on a single cell type. The antigen binding molecules of the invention combine a moiety capable

of preferred binding to tumor-specific or tumor-associated targets with a moiety capable of

agonistic binding to costimulatory TNF receptors. The antigen binding molecules of this

invention may be able to trigger TNF receptors not only effectively, but also very selectively at

the desired site thereby reducing undesirable side effects.

Tenascins are a highly conserved family of large multimeric extracellular matrix (ECM)

glycoproteins, which is found in vertebrates. Four tenascin paralogues have been identified in

mammals, termed Tenascin-C (TnC), tenascin-R, tenascin-X and tenascin-W. Tenascin family

proteins have a common primary structure, comprising N-terminal heptad repeats, epidermal

growth factor (EGF)-like repeats, fibronectin type III domain repeats and a C-terminal

fibrinogen-like globular domain. Via an N-terminal oligomerization domain, individual subunits

assemble into trimers or, as is the case for Tenascin-C, even hexamers.

Mammalian TnC monomers typically have 14.5 EGF-like repeats and 8 fibronectin type III

domain repeats that are shared by all TnC iso forms. However, up to 9 additional fibronectin type

III domain repeats (domains A l to D) can be independently included or excluded by alternative

splicing, giving rise to a large number of TnC isoforms (see e.g., Hsia and Schwarzbauer, J Biol

Chem 280, 26641-26644 (2005)).

TnC is transiently expressed in the developing embryo, but virtually absent from adult

tissues. It reappears, however, in tissues undergoing remodeling processes, including certain

pathological conditions such as wound healing, inflammation and cancer (reviewed in Chiquet-

Ehrismann & Chiquet, J Pathol 200, 488-499 (2003)).



Importantly, TnC is highly expressed in the majority of malignant solid tumors, including

tumors of the brain, breast, colon, lung, skin and other organs (reviewed in Orend and Chiquet-

Ehrismann, Cancer Letters 244, 143-163 (2006)), where it may be expressed by transformed

epithelial cells as well as stromal cells in the tumor microenvironment (Yoshida et al., J Pathol

182, 421-428 (1997), Hanamura et al, Int J Cancer 73, 10-15 (1997)). In particular, the "large

isoform" of TnC, containing the alternatively spliced domains A l to D, is expressed in invasive

carcinomas while being nearly undetectable in healthy adult tissues (Borsi et al, Int J Cancer 52,

688-692 (1992), Carnemolla et al, Eur J Biochem 205, 561-567 (1992)).

Its expression pattern makes TnC, in particular its alternatively spliced domains, a

promising antigen for tumor targeting applications, and accordingly a number of antibodies

against several domains of the protein have been developed (see e.g., Brack et al, Clin Cancer

Res 12, 3200-3208 (2006) or EP 1 817 345, describing antibodies against the A l domain of TnC;

Silacci et al, Prot Eng Des Sel 19, 471-478 (2006), or EP 1 173 766, describing antibodies

against the C domain of TnC; Wang et al., Hybridoma 29, 13-16 (2010), describing an antibody

against the D domain of TnC; or Balza et al, FEBS 332, 39-43 (1993), describing several

antibodies against different domains of human tenascin). Recently, also antibodies recognizing a

specific epitope in the A2 domain of human TnC has been described (WO 2009/089998 and WO

2012/020038).

SUMMARY OF THE INVENTION

The present invention provides a bispecific antigen binding molecule, comprising

(a) at least one moiety capable of specific binding to OX40 comprising an antibody light chain

variable region (VL) and an antibody heavy chain variable region (VH), and

(b) at least one moiety capable of specific binding to tenascin C (TnC) comprising an antibody

light chain variable region (VL) and an antibody heavy chain variable region (VH).

The novel bispecific antigen binding molecules of the present invention are able to trigger

OX40 very selectively at the site where TnC is expressed, due to their binding capability towards

a TnC. Side effects may therefore be drastically reduced.

In some embodiments, the bispecific antigen binding molecule additionally comprises

(c) a Fc region composed of a first and a second subunit capable of stable association.

In some embodiments, the moiety capable of specific binding to OX40 binds to a

polypeptide comprising, or consisting of, the amino acid sequence of SEQ ID NO:l.

In some embodiments, the moiety capable of specific binding to TnC binds to a

polypeptide comprising, or consisting of, the amino acid sequence of SEQ ID NO:39.



In some embodiments, the moiety capable of specific binding to OX40 comprises a heavy

chain variable domain (VH) comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:2 and SEQ ID NO:3,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:4 and SEQ ID NO:5, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID

NO: 11 and SEQ ID NO: 12,

and a light chain variable domain (VL) comprising

(iv) a CDR-L1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:13, SEQ ID NO:14 and SEQ ID NO:15,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:16, SEQ ID NO:1 and SEQ ID NO:18, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23 and SEQ ID

NO:24.

In some embodiments, the moiety capable of specific binding to OX40 comprises a heavy

chain variable region (VH) comprising an amino acid sequence that is at least about 95%, 96%,

97% , 98%o, 99%o or 100% identical to an amino acid sequence selected from the group consisting

of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID

NO:35 and SEQ ID NO:37 and a light chain variable region (VL) comprising an amino acid

sequence that is at least about 95%>, 96%>, 97%>, 98%>, 99%> or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO: 28, SEQ ID NO:30,

SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 and SEQ ID NO:38.

In some embodiments, the moiety capable of specific binding to OX40 comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:25 and a VL comprising the

amino acid sequence of SEQ ID NO:26,

(ii) a VH comprising the amino acid sequence of SEQ ID NO:27 and a VL comprising the

amino acid sequence of SEQ ID NO:28,

(iii) a VH comprising the amino acid sequence of SEQ ID NO:29 and a VL comprising the

amino acid sequence of SEQ ID NO:30,

(iv) a VH comprising the amino acid sequence of SEQ ID NO:31 and a VL comprising the

amino acid sequence of SEQ ID NO:32,



(v) a VH comprising the amino acid sequence of SEQ ID NO:33 and a VL comprising the

amino acid sequence of SEQ ID NO:34,

(vi) a VH comprising the amino acid sequence of SEQ ID NO:35 and a VL comprising the

amino acid sequence of SEQ ID NO:36, or

(vii) a VH comprising the amino acid sequence of SEQ ID NO:37 and a VL comprising the

amino acid sequence of SEQ ID NO:38.

In some embodiments, the moiety capable of specific binding to TnC comprises a VH

comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:40 and SEQ ID NO:41,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:42 and SEQ ID NO:43, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:44 and SEQ ID NO:45,

and a VL comprising

(iv) a CDR-Ll comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:46 and SEQ ID NO:47,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:48 and SEQ ID NO:49, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:50 and SEQ ID NO:51.

In some embodiments, the moiety capable of specific binding to TnC comprises a VH

comprising an amino acid sequence that is at least about 95%, 96%>, 97%, 98%, 99% or 100%

identical to an amino acid sequence selected from the group consisting of SEQ ID NO:52 and

SEQ ID NO:54 and a VL comprising an amino acid sequence that is at least about 95%, 96%,

97% , 98%o, 99% or 100% identical to an amino acid sequence selected from the group consisting

of SEQ ID NO:53 and SEQ ID NO:55.

In some embodiments, the moiety capable of specific binding to TnC comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising the

amino acid sequence of SEQ ID NO:53, or

(ii) a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising the

amino acid sequence of SEQ ID NO:55.

In some embodiments, the bispecific antigen binding molecule of comprises



(i) at least one moiety capable of specific binding to OX40, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the

amino acid sequence of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID NO:29, SEQ ID NO:31,

SEQ ID NO:33, SEQ ID NO:35 or SEQ ID NO:37 and a VL comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO: 28, SEQ ID

NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 or SEQ ID NO:38 and

(ii) at least one moiety capable of specific binding to TnC, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:52 or SEQ ID NO:54

and a VL comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99%

or 100% identical to an amino acid sequence selected from the group consisting of SEQ ID

NO:53 or SEQ ID NO:55.

In some embodiments, the bispecific antigen binding molecule of comprises

(a) at least one moiety capable of specific binding to OX40, comprising a VH comprising the

amino acid sequence of SEQ ID NO: 27 and a VL comprising the amino acid sequence of SEQ

ID NO: 28 and

(b) at least one moiety capable of specific binding to TnC, comprising

(i) a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising the

amino acid sequence of SEQ ID NO:53, or

(ii) a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising the

amino acid sequence of SEQ ID NO:55.

In some embodiments, the Fc region is an IgG, particularly an IgGl Fc region or an IgG4

Fc region.

In some embodiments, the Fc region comprises one or more amino acid substitution that

reduces the binding affinity of the antibody to an Fc receptor and/or effector function.

In some embodiments, the Fc region is of human IgGlh subclass with the amino acid

mutations L234A, L235A and P329G (numbering according to Kabat EU index).

In some embodiments, the Fc region comprises a modification promoting the association

of the first and second subunit of the Fc region.



In some embodiments, the first subunit of the Fc region comprises knobs and the second

subunit of the Fc region comprises holes according to the knobs into holes method.

In some embodiments, the first subunit of the Fc region comprises the amino acid

substitutions S354C and T366W (numbering according to Kabat EU index) and the second

subunit of the Fc region comprises the amino acid substitutions Y349C, T366S and Y407V

(numbering according to Kabat EU index).

In some embodiments, the bispecific antigen binding molecule comprises

(a) at least two Fab fragments capable of specific binding to OX40 connected to a Fc

region, and

(b) at least one moiety capable of specific binding to TnC comprising an antibody light

chain variable region (VL) and an antibody heavy chain variable region (VH), connected to the

C-terminus of the Fc region.

In some embodiments, the bispecific antigen binding molecule comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments

capable of specific binding to OX40, and a Fc region, and

(b) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is

connected to the C-terminus of one of the two heavy chains of (a), and wherein the VL is

connected to the C-terminus of the other of the two heavy chains of (a).

In some embodiments, the bispecific antigen binding molecule comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments

capable of specific binding to OX40, and a Fc region, and

(b) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).

In some embodiments, the bispecific antigen binding molecule comprises

(al) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40 and a Fc region subunit,

(a2) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(b) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is

connected to the C-terminus of one of the two heavy chains of (al), and wherein the VL is

connected to the C-terminus of the other of the two heavy chains of (al).



In some embodiments, the bispecific antigen binding molecule comprises

(al) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40, and a Fc region subunit,

(a2) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40,

(b) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (al), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (al).

In some embodiments, the two Fab fragments capable of specific binding to TnC are

crossover Fab fragments each comprising a VL-CHl chain and a VH-CL chain, and wherein one

of the VL-CHl chains is connected to the C-terminus of one of the two heavy chains of (al), and

the other of the VL-CHl chains is connected to the C-terminus of the other of the two heavy

chains of (al).

In some embodiments, the bispecific antigen binding molecule comprises four Fab

fragments capable of specific binding to OX40.

In some embodiments, each of the two heavy chains of (a) comprises two VH domains and

two CHI domains of a Fab fragment capable of specific binding to OX40.

In some embodiments, one or more of the Fab fragments capable of specific binding to

OX40 comprises

a CL domain comprising an arginine (R) at amino acid at position 123 (EU numbering)

and a lysine (K) at amino acid at position 124 (EU numbering), and

a CHI domain comprising a glutamic acid (E) at amino acid at position 147 (EU

numbering) and a glutamic acid (E) at amino acid at position 213 (EU numbering).

The present invention also provides a bispecific antigen binding molecule comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:213,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:214.

The present invention also provides a bispecific antigen binding molecule comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:215,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:216.

The present invention also provides a bispecific antigen binding molecule comprising

a first heavy chain comprising the amino acid sequence of SEQ ID NO:222,



a second heavy chain comprising the amino acid sequence of SEQ ID NO:223, and

four light chains, each comprising the amino acid sequence of SEQ ID NO:212.

The present invention also provides a bispecific antigen binding molecule comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:225,

four light chains, each comprising the amino acid sequence of SEQ ID NO:224, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:226.

The present invention also provides a polynucleotide encoding the bispecific antigen

binding molecule of the present invention.

The present invention also provides an expression vector comprising the polynucleotide of

the present invention.

The present invention also provides an host cell comprising the polynucleotide or the

expression vector of the present invention.

The present invention also provides a method of producing a bispecific antigen binding

molecule, comprising culturing the host cell of the present invention under conditions suitable

for the expression of the bispecific antigen binding molecule, and isolating the bispecific antigen

binding molecule.

The present invention also provides a pharmaceutical composition comprising the

bispecific antigen binding molecule of the present invention and at least one pharmaceutically

acceptable excipient.

The present invention also provides the bispecific antigen binding molecule of the present

invention, or the pharmaceutical composition of the present invention, for use as a medicament.

The present invention also provides the bispecific antigen binding molecule of the present

invention, or the pharmaceutical composition of the present invention, for use

(i) in stimulating T cell response,

(ii) in supporting survival of activated T cells,

(iii) in the treatment of infections,

(iv) in the treatment of cancer,

(v) in delaying progression of cancer, or

(vi) in prolonging the survival of a patient suffering from cancer.

The present invention also provides the bispecific antigen binding molecule of the present

invention, or the pharmaceutical composition of the present invention, for use in the treatment of

cancer.



The present invention also provides the use of the bispecific antigen binding molecule of

the present invention, or the pharmaceutical composition of the present invention, in the

manufacture of a medicament for the treatment of cancer.

The present invention also provides a method of treating an individual having cancer

comprising administering to the individual an effective amount of the bispecific antigen binding

molecule of the present invention, or the pharmaceutical composition of the present invention.

The present invention also provides the bispecific antigen binding molecule of the present

invention, or the pharmaceutical composition of the present invention, for use in up-regulating or

prolonging cytotoxic T cell activity.

The present invention also provides the use of the bispecific antigen binding molecule of

the present invention, or the pharmaceutical composition of the present invention, in the

manufacture of a medicament for up-regulating or prolonging cytotoxic T cell activity.

The present invention also provides a method of up-regulating or prolonging cytotoxic T

cell activity in an individual having cancer, comprising administering to the individual an

effective amount of the bispecific antigen binding molecule of the present invention, or the

pharmaceutical composition of the present invention.

In some embodiments in accordance with various aspects of the present invention the

individual is a mammal, particularly a human.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the monomeric form of Fc-linked human OX40 antigen ECD that was

used for the preparation of anti-OX40 antibodies.

Figure 2 shows a schematic representation of the bispecific, bivalent anti-OX40, bivalent

anti-TnC huIgGl P329GLALA 2+2 construct.

Figure 3A shows a schematic representation of the bispecific, tetravalent anti-OX40,

monovalent anti-TnC huIgGl P329GLALA kih 4+1 construct, and Figure 3B shows a schematic

representation of the bispecific, tetravalent anti-OX40, bivalent anti-TnC huIgGl P329GLALA

4+2 construct. Charged residues are depicted as stars.

Figure 4A shows a schematic representation of the set up of the surface plasmon

resonance assays for simultaneous binding of human OX40 and human TnC by the bispecific

anti-OX40, anti-TnC antigen binding molecules. Figures 4B to 4E show the binding of the

bispecific anti-OX40, anti-TnC antigen binding molecules to recombinant OX40 Fc (kih)



receptor and human TnC protein, as assessed by surface plasmon resonance. Figure 4B shows

binding of '2+2' molecules comprising anti-OX40 clone 49B4 and anti-TnC clone 11C7, Figure

4C shows binding of '2+2' molecules comprising anti-OX40 clone 49B4 and anti-TnC clone

18D4, Figure 4D shows binding of '4+1' molecules comprising anti-OX40 clone 49B4 and anti-

TnC clone 18D4, and Figure 4E shows binding of '4+2' molecules comprising anti-OX40 clone

49B4 and anti-TnC clone 18D4.

Figure 5 shows a schematic representation of the set up of the surface plasmon resonance

assays for analysis of binding of human TnC, murine TnC and cynomolgus TnC by the

bispecific anti-OX40, anti-TnC antigen binding molecules.

Figures 6A to 6D show the binding of the bispecific, bivalent anti-OX40, bivalent anti-

TnC antigen binding molecules (i.e. 2+2 format) to resting and activated human CD4+ and

CD8+ T cells. Figure 6A shows binding to activated CD4+ T cells, Figure 6B shows binding to

resting CD4+ T cells, Figure 6C shows binding to activated CD8+ T cells, and Figure 6D

shows binding to resting CD8+ T cells. Binding is shown as the median of fluorescence intensity

(MFI) of FITC conjugated anti-human IgG F(ab')2-fragment-specific goat IgG F(ab )2 fragment,

which is used as secondary detection antibody. MFI was measured by flow cytometry and

baseline corrected by subtracting the MFI of the blank control. The x-axis shows the

concentration of the antigen binding molecules. All of the antigen binding molecules comprising

an OX40-binding domain bind to activated, OX40 expressing human CD4+ T cells, and to a

lower extent to activated human CD8+ T cells. OX40 is not expressed on resting human PBMCs

(Figure 6B and 6D). After activation, OX40 is up-regulated on CD4+ and CD8+ T cells (Figure

6A and 6C). OX40 expression on human CD8+ T cells is lower than on CD4+ T cells.

Figures 7A to 7D show the binding of the bispecific, tetravalent anti-OX40, monovalent or

bivalent anti-TnC antigen binding molecules (i.e. 4+2 or 4+1 format) to resting and activated

human CD4+ and CD8+ T cells. Figure 7A shows binding to activated CD4+ T cells, Figure 7B

shows binding to resting CD4+ T cells, Figure 7C shows binding to activated CD8+ T cells, and

Figure 7D shows binding to resting CD8+ T cells. Binding is shown as the median of

fluorescence intensity (MFI) of FITC conjugated anti-human IgG F(ab ')2 -fragment-specific goat

IgG F(ab")2 fragment, which is used as secondary detection antibody. MFI was measured by

flow cytometry and baseline corrected by subtracting the MFI of the blank control. The x-axis

shows the concentration of the antigen binding molecules. All of the antigen binding molecules

comprising an OX40-binding domain bind to activated, OX40 expressing human CD4+ T cells.

OX40 is not expressed on resting human PBMCs (Figure 7B and 7D). After activation, OX40 is

up-regulated on CD4+ and CD8+ T cells (Figure 7A and 7C). OX40 expression on human

CD8+ T cells is lower than on CD4+ T cells.



Figure 8 shows expression of human FAP and human TnC on WM226-4, U87-MG and

CT26huTnC cells, as determined by flow cytometry. WM266-4 cells are shown to express FAP

but not TnC. U87-MG cells are shown to express FAP and TnC. CT26huTnC cells are shown to

express TnC.

Figures 9A to 9C show show the binding of the bispecific, bivalent anti-OX40, bivalent

anti-TnC antigen binding molecules (i.e. 2+2 format) to WM266-4, U87-MG and CT26huTnC

cells. Figure 9A shows binding to WM266-4 cells, which do not express TnC. Figure 9B shows

binding to U87-MG cells, which express TnC. Figure 9C shows binding to CT26huTnC cells,

which express TnC. Binding is shown as the median of fluorescence intensity (MFI) of

Fluorescein isothiocyanate (FITC)-labeled anti-human IgG antibody or Phycoerythrin (PE)-

labeled anti-human IgG antibody secondary detection antibody, as measured by flow cytometry.

The x-axis shows the concentration of antigen binding molecules.

Figures 10A to IOC show the binding of the bispecific, tetravalent anti-OX40, monovalent

or bivalent anti-TnC antigen binding molecules (i.e. 4+2 or 4+1 format) to WM266-4, U87-MG

and CT26huTnC cells. Figure 10A shows binding to WM266-4 cells, do not express TnC.

Figure 10B shows binding to U87-MG cells, which express TnC. Figure IOC shows binding to

CT26huTnC cells, which express TnC. Binding is shown as the median of fluorescence intensity

(MFI) of Fluorescein isothiocyanate (FITC)-labeled anti-human IgG antibody or Phycoerythrin

(PE)-labeled anti-human IgG antibody secondary detection antibody, as measured by flow

cytometry. The x-axis shows the concentration of the antigen binding molecules.

Figures 11A to 11D show activation of NFKB by the bispecific, bivalent anti-OX40,

bivalent anti-TnC antigen binding molecules (i.e. 2+2 format), in the presence or absence of

crosslinking. Figure 11A shows NFKB activation in OX40+ HeLa reporter cells by antigen

binding molecules in the absence of crosslinking. Figure 11B shows NFKB activation in OX40+

HeLa reporter cells by antigen binding molecules in the presence of crosslinking by anti-human

Fc specific secondary antibody. Figure 11C shows NFKB activation in OX40+ HeLa reporter

cells by antigen binding molecules in the presence of crosslinking by U87-MG cells. NF-KB-

mediated luciferase activity was characterized by plotting the units of released light (URL),

measured during 0.5 s, versus the concentration of the antigen binding molecule (in nM). URLs

are emitted due to luciferase-mediated oxidation of luciferin to oxyluciferin. The values were

baseline-corrected by subtracting the URLs for a 'blank control' condition. Figure 11D shows

the data of Figures 11A to 11C represented as area under the curve (AUC).

Figures 12A to 12C show activation of NFKB by the bispecific, tetravalent anti-OX40,

monovalent or bivalent anti-TnC antigen binding molecules (i.e. 4+2 or 4+1 format), and

bispecific, bivalent anti-OX40, bivalent anti-TnC (i.e. 2+2 format), in the presence or absence of



crosslinking by U87-MG cells. Figure 11A shows NFKB activation in OX40 HeLa reporter

cells by antigen binding molecules in the absence of crosslinking. Figure 11B shows NFKB

activation in OX40+ HeLa reporter cells by antigen binding molecules in the presence of

crosslinking by by U87-MG cells. NF-KB-mediated luciferase activity was characterized by

plotting the units of released light (URL), measured during 0.5 s, versus the concentration of the

antigen binding molecule (in nM). URLs are emitted due to luciferase-mediated oxidation of

luciferin to oxyluciferin. The values were baseline-corrected by subtracting the URLs for a

'blank control' condition. Figure 12C shows the data of Figures 12A and 12B represented as

area under the curve (AUC).

Figures 13A to 13C show activation of NFKB by the bispecific, tetravalent anti-OX40,

monovalent or bivalent anti-TnC antigen binding molecules (i.e. 4+2 or 4+1 format), and

bispecific, bivalent anti-OX40, bivalent anti-TnC (i.e. 2+2 format), in the presence or absence of

crosslinking by CT26huTnC cells. Figure 13A shows NFKB activation in OX40+ HeLa reporter

cells by antigen binding molecules in the absence of crosslinking. Figure 13B shows NFKB

activation in OX40+ HeLa reporter cells by antigen binding molecules in the presence of

crosslinking by by CT26huTnC cells. NF-KB-mediated luciferase activity was characterized by

plotting the units of released light (URL), measured during 0.5 s, versus the concentration of the

antigen binding molecule (in nM). URLs are emitted due to luciferase-mediated oxidation of

luciferin to oxyluciferin. The values were baseline-corrected by subtracting the URLs for a

'blank control' condition. Figure 13C shows the data of Figures 13A and 13B represented as

area under the curve (AUC).

Figures 14A to 14D show rescue of suboptimal TCR restimulation of preactivated CD4 T

cells with plate-immobilized the bispecific, tetravalent anti-OX40, monovalent or bivalent anti-

TnC antigen binding molecules (i.e. 4+2 or 4+1 format), and bispecific, bivalent anti-OX40,

bivalent anti-TnC (i.e. 2+2 format), in the presence of crosslinking by U87-MG cells. Figure

14A shows the CD4+ event count, Figure 14B shows the CD8+ event count, Figure 14C shows

the mean fluorescence intensity (MFI) for CD 127 expressed on CD4+ T cells, and Figure 14D

shows the MFI for CD127 expressed on CD8+ T cells. Values were baseline-corrected to values

for samples containing only the anti-human CD3.

Figures 15A to 15D show rescue of suboptimal TCR restimulation of preactivated CD4 T

cells with plate-immobilized the bispecific, tetravalent anti-OX40, monovalent or bivalent anti-

TnC antigen binding molecules (i.e. 4+2 or 4+1 format), and bispecific, bivalent anti-OX40,

bivalent anti-TnC (i.e. 2+2 format), in the presence of crosslinking by U87-MG cells. Figure

15A shows the percentage of CD4+CD25+ T cells, Figure 15B shows the percentage of

CD8+CD25+ T cells, Figure 15C shows the mean fluorescence intensity (MFI) for CD25



expressed on CD4+ T cells, and Figure 15D shows the MFI for CD25 expressed on CD8+ T

cells. Values were baseline-corrected to values for samples containing only the anti-human CD3.

Figures 16A to 16D show rescue of suboptimal TCR restimulation of preactivated CD4 T

cells with plate-immobilized the bispecific, tetravalent anti-OX40, monovalent or bivalent anti-

TnC antigen binding molecules (i.e. 4+2 or 4+1 format), and bispecific, bivalent anti-OX40,

bivalent anti-TnC (i.e. 2+2 format), in the presence of crosslinking by CT26huTnC cells. Figure

16A shows the percentage of vital, CFSE labelled CD4+ T cells, Figure 16B shows the

percentage of vital, CFSE labelled CD8+ T cells, Figure 16C shows the mean fluorescence

intensity (MFI) for CD127 expressed on CD4+ T cells, and Figure 16D shows the MFI for

CD 127 expressed on CD8+ T cells. Values were baseline-corrected to values for samples

containing only the anti-human CD3.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

Unless defined otherwise, technical and scientific terms used herein have the same

meaning as generally used in the art to which this invention belongs. For purposes of interpreting

this specification, the following definitions will apply and whenever appropriate, terms used in

the singular will also include the plural and vice versa.

As used herein, the term "antigen binding molecule" refers in its broadest sense to a

molecule that specifically binds an antigenic determinant. Examples of antigen binding

molecules are antibodies, antibody fragments and scaffold antigen binding proteins.

As used herein, the term "moiety capable of specific binding to tenascin C (TnC)" or

"antigen binding domain capable of specific binding to tenascin C (TnC)" refers to a polypeptide

molecule that specifically binds to TnC. In a particular aspect, the antigen binding moiety is able

to direct the entity to which it is attached to a target site, for example to a specific type of tumor

cell or tumor stroma bearing TnC. Moieties capable of specific binding to a TnC include

antibodies and fragments thereof as further defined herein. In addition, moieties capable of

specific binding to TnC include scaffold antigen binding proteins as further defined herein, e.g.

binding domains which are based on designed repeat proteins or designed repeat domains (see

e.g. WO 2002/020565).

In relation to an antibody or fragment thereof, the term "moiety capable of specific binding

to tenascin C (TnC)" or "antigen binding domain capable of specific binding to tenascin C

(TnC)" refers to the part of the molecule that comprises the area which specifically binds to and

is complementary to part or all of TnC. A moiety capable of specific binding to TnC may be



provided, for example, by one or more antibody variable domains (also called antibody variable

regions). Particularly, a moiety capable of specific binding to TnC comprises an antibody light

chain variable region (VL) and an antibody heavy chain variable region (VH). In some

embodiments, the "moiety capable of specific binding to tenascin C (TnC)" may be a scFv, a Fab

fragment or a cross-Fab fragment, in particular a Fab fragment or a cross-Fab fragment.

The term "moiety capable of specific binding to OX40" or "antigen binding domain

capable of specific binding to tenascin OX40" refers to a polypeptide molecule that specifically

binds to OX40. In one aspect, the antigen binding moiety is able to activate signaling through

OX40. Moieties capable of specific binding to OX40 include antibodies and fragments thereof as

further defined herein. In addition, moieties capable of specific binding to OX40 include scaffold

antigen binding proteins as further defined herein, e.g. binding domains which are based on

designed repeat proteins or designed repeat domains (see e.g. WO 2002/020565). Particularly, a

moiety capable of specific binding to OX40 comprises an antibody light chain variable region

(VL) and an antibody heavy chain variable region (VH). In a particular aspect, the "moiety

capable of specific binding to OX40" may be a Fab fragment, a cross-Fab fragment or a scFv, in

particular a Fab fragment or cross-Fab fragment.

The term "antibody" herein is used in the broadest sense and encompasses various

antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies,

monospecific and multispecific antibodies (e.g., bispecific antibodies), and antibody fragments

so long as they exhibit the desired antigen-binding activity.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a

population of substantially homogeneous antibodies, i.e., the individual antibodies comprising

the population are identical and/or bind the same epitope, except for possible variant antibodies,

e.g. containing naturally occurring mutations or arising during production of a monoclonal

antibody preparation, such variants generally being present in minor amounts. In contrast to

polyclonal antibody preparations, which typically include different antibodies directed against

different determinants (epitopes), each monoclonal antibody of a monoclonal antibody

preparation is directed against a single determinant on an antigen.

The term "monospecific" antibody as used herein denotes an antibody that has one or

more binding sites each of which bind to the same epitope of the same antigen. The term

"bispecific" means that the antigen binding molecule is able to specifically bind to at least two

distinct antigenic determinants. A bispecific antigen binding molecule comprises at least two

antigen binding sites, each of which is specific for a different antigenic determinant. In certain

embodiments the bispecific antigen binding molecule is capable of simultaneously binding two

antigenic determinants, particularly two antigenic determinants expressed on two distinct cells.



For example, the antigen binding molecules of the present invention are bispecific, comprising a

moiety capable of specific binding to OX40, and a moiety capable of specific binding to TnC.

The term "valent" as used within the current application denotes the presence of a

specified number of binding sites in an antigen binding molecule. As such, the terms "bivalent",

"tetravalent", and "hexavalent" denote the presence of two binding sites, four binding sites, and

six binding sites, respectively, in an antigen binding molecule. Valency of an antigen binding

molecule may also be expressed in relation to the number of binding sites for a given antigenic

determinant. For example, in some embodiments the antigen binding molecules of the present

invention are tetravalent with respect to OX40, and bivalent with respect to TnC (i.e. 4+2).

The terms "full length antibody", "intact antibody", and "whole antibody" are used herein

interchangeably to refer to an antibody having a structure substantially similar to a native

antibody structure. "Native antibodies" refer to naturally occurring immunoglobulin molecules

with varying structures. For example, native IgG-class antibodies are heterotetrameric

glycoproteins of about 150,000 daltons, composed of two light chains and two heavy chains that

are disulfide-bonded. From N- to C-terminus, each heavy chain has a variable region (VH), also

called a variable heavy domain or a heavy chain variable domain, followed by three constant

domains (CHI, CH2, and CH3), also called a heavy chain constant region. Similarly, fromN- to

C-terminus, each light chain has a variable region (VL), also called a variable light domain or a

light chain variable domain, followed by a light chain constant domain (CL), also called a light

chain constant region. The heavy chain of an antibody may be assigned to one of five types,

called a (IgA), δ (IgD), ε (IgE), γ (IgG), or µ (IgM), some of which may be further divided into

subtypes, e.g. γ ΐ (IgGl), γ2 (IgG2), γ3 (IgG3), γ4 (IgG4), a l (IgAl) and a2 (IgA2). The light

chain of an antibody may be assigned to one of two types, called kappa (κ) and lambda (λ), based

on the amino acid sequence of its constant domain.

An "antibody fragment" refers to a molecule other than an intact antibody that comprises

a portion of an intact antibody that binds the antigen to which the intact antibody binds.

Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab'-SH, F(ab')2;

diabodies, triabodies, tetrabodies, cross-Fab fragments; linear antibodies; single-chain antibody

molecules (e.g. scFv); and single domain antibodies. For a review of certain antibody fragments,

see Hudson et al, Nat Med 9, 129-134 (2003). For a review of scFv fragments, see e.g.

Pluckthun, in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore

eds., Springer-Verlag, New York, pp. 269-315 (1994); see also WO 93/16185; and U.S. Patent

Nos. 5,571,894 and 5,587,458. For discussion of Fab and F(ab')2 fragments comprising salvage

receptor binding epitope residues and having increased in vivo half-life, see U.S. Patent No.

5,869,046. Diabodies are antibody fragments with two antigen-binding sites that may be bivalent

or bispecific, see, for example, EP 404,097; WO 1993/01 161; Hudson et al, Nat Med 9, 129-134



(2003); and Hollinger et al, Proc Natl Acad Sci USA 90, 6444-6448 (1993). Triabodies and

tetrabodies are also described in Hudson et al, Nat Med 9, 129-134 (2003). Single-domain

antibodies are antibody fragments comprising all or a portion of the heavy chain variable domain

or all or a portion of the light chain variable domain of an antibody. In certain embodiments, a

single-domain antibody is a human single-domain antibody (Domantis, Inc., Waltham, MA; see

e.g. U.S. Patent No. 6,248,516 Bl). Antibody fragments can be made by various techniques,

including but not limited to proteolytic digestion of an intact antibody as well as production by

recombinant host cells (e.g. E. coli or phage), as described herein.

Papain digestion of intact antibodies produces two identical antigen-binding fragments,

called "Fab" fragments containing each the heavy- and light-chain variable domains and also the

constant domain of the light chain and the first constant domain (CHI) of the heavy chain. As

used herein, Thus, the term "Fab fragment" refers to an antibody fragment comprising a light

chain fragment comprising a VL and a constant domain of a light chain (CL), and a VH and a

first constant domain (CHI) of a heavy chain. Fab' fragments differ from Fab fragments by the

addition of a few residues at the carboxy terminus of the heavy chain CHI domain including one

or more cysteins from the antibody hinge region. Fab'-SH are Fab' fragments wherein the

cysteine residue(s) of the constant domains bear a free thiol group. Pepsin treatment yields an

F(ab')2 fragment that has two antigen-combining sites (two Fab fragments) and a part of the Fc

region. According to the present invention, the term "Fab fragment" also includes "cross-Fab

fragments" or "crossover Fab fragments" as defined below.

The term "cross-Fab fragment" or "xFab fragment" or "crossover Fab fragment" refers to

a Fab fragment, wherein either the variable regions or the constant regions of the heavy and light

chain are exchanged. Two different chain compositions of a cross-Fab molecule are possible and

comprised in the bispecific antibodies of the invention: On the one hand, the variable regions of

the Fab heavy and light chain are exchanged, i.e. the crossover Fab molecule comprises a peptide

chain composed of the light chain variable region (VL) and the heavy chain constant region

(CHI), and a peptide chain composed of the heavy chain variable region (VH) and the light

chain constant region (CL). This crossover Fab molecule is also referred to as CrossFab (VLVH).

On the other hand, when the constant regions of the Fab heavy and light chain are exchanged, the

crossover Fab molecule comprises a peptide chain composed of the heavy chain variable region

(VH) and the light chain constant region (CL), and a peptide chain composed of the light chain

variable region (VL) and the heavy chain constant region (CHI). This crossover Fab molecule is

also referred to as CrossFab (CLCHI).

A "single chain Fab fragment" or "scFab" is a polypeptide consisting of an antibody heavy

chain variable domain (VH), an antibody constant domain 1 (CHI), an antibody light chain

variable domain (VL), an antibody light chain constant domain (CL) and a linker, wherein said



antibody domains and said linker have one of the following orders in N -terminal to C-terminal

direction: a) VH-CH1 -linker-VL-CL, b) VL-CL-linker-VH-CHl, c) VH-CL-linker-VL-CHl or

d) VL-CH1 -linker-VH-CL; and wherein said linker is a polypeptide of at least 30 amino acids,

preferably between 32 and 50 amino acids. Said single chain Fab fragments are stabilized via the

natural disulfide bond between the CL domain and the CHI domain. In addition, these single

chain Fab molecules might be further stabilized by generation of interchain disulfide bonds via

insertion of cysteine residues (e.g. position 44 in the variable heavy chain and position 100 in the

variable light chain according to Kabat numbering).

A "crossover single chain Fab fragment" or "x-scFab" is a is a polypeptide consisting of

an antibody heavy chain variable domain (VH), an antibody constant domain 1 (CHI), an

antibody light chain variable domain (VL), an antibody light chain constant domain (CL) and a

linker, wherein said antibody domains and said linker have one of the following orders in N -

terminal to C-terminal direction: a) VH-CL-linker-VL-CHl and b) VL-CH1 -linker-VH-CL;

wherein VH and VL form together an antigen-binding site which binds specifically to an antigen

and wherein said linker is a polypeptide of at least 30 amino acids. In addition, these x-scFab

molecules might be further stabilized by generation of interchain disulfide bonds via insertion of

cysteine residues (e.g. position 44 in the variable heavy chain and position 100 in the variable

light chain according to Kabat numbering).

A "single-chain variable fragment (scFv)" is a fusion protein of the variable regions of

the heavy (VH) and light chains (VL) of an antibody, connected with a short linker peptide of ten

to about 25 amino acids. The linker is usually rich in glycine for flexibility, as well as serine or

threonine for solubility, and can either connect the N -terminus of the V H with the C-terminus of

the V L, or vice versa. This protein retains the specificity of the original antibody, despite removal

of the constant regions and the introduction of the linker. scFv antibodies are, e.g. described in

Houston, J.S., Methods in Enzymol. 203 (1991) 46-96). In addition, antibody fragments

comprise single chain polypeptides having the characteristics of a VH, namely being able to

assemble together with a VL, or of a VL, namely being able to assemble together with a VH to a

functional antigen binding site and thereby providing the antigen binding property of full length

antibodies.

"Scaffold antigen binding proteins" are known in the art, for example, fibronectin and

designed ankyrin repeat proteins (DARPins) have been used as alternative scaffolds for antigen-

binding domains, see, e.g., Gebauer and Skerra, Engineered protein scaffolds as next-generation

antibody therapeutics. Curr Opin Chem Biol 13:245-255 (2009) and Stumpp et al., Darpins: A

new generation of protein therapeutics. Drug Discovery Today 13: 695-701 (2008). In one aspect

of the invention, a scaffold antigen binding protein is selected from the group consisting of

CTLA-4 (Evibody), Lipocalins (Anticalin), a Protein A-derived molecule such as Z-domain of



Protein A (Affibody), an A-domain (Avimer/Maxibody), a serum transferrin (trans-body); a

designed ankyrin repeat protein (DARPin), a variable domain of antibody light chain or heavy

chain (single-domain antibody, sdAb), a variable domain of antibody heavy chain (nanobody,

aVH), V NAR fragments, a fibronectin (AdNectin), a C-type lectin domain (Tetranectin); a

variable domain of a new antigen receptor beta- lactamase (VNAR fragments), a human gamma-

crystallin or ubiquitin (Affilin molecules); a kunitz type domain of human protease inhibitors,

microbodies such as the proteins from the knottin family, peptide aptamers and fibronectin

(adnectin). CTLA-4 (Cytotoxic T Lymphocyte-associated Antigen 4) is a CD28-family receptor

expressed on mainly CD4+ T-cells. Its extracellular domain has a variable domain- like Ig fold.

Loops corresponding to CDRs of antibodies can be substituted with heterologous sequence to

confer different binding properties. CTLA-4 molecules engineered to have different binding

specificities are also known as Evibodies (e.g. US7166697B1). Evibodies are around the same

size as the isolated variable region of an antibody (e.g. a domain antibody). For further details

see Journal of Immunological Methods 248 (1-2), 31-45 (2001). Lipocalins are a family of

extracellular proteins which transport small hydrophobic molecules such as steroids, bilins,

retinoids and lipids. They have a rigid beta-sheet secondary structure with a number of loops at

the open end of the conical structure which can be engineered to bind to different target antigens.

Anticalins are between 160-180 amino acids in size, and are derived from lipocalins. For further

details see Biochim Biophys Acta 1482: 337-350 (2000), US7250297B1 and US20070224633.

An affibody is a scaffold derived from Protein A of Staphylococcus aureus which can be

engineered to bind to antigen. The domain consists of a three-helical bundle of approximately 58

amino acids. Libraries have been generated by randomization of surface residues. For further

details see Protein Eng. Des. Sel. 2004, 17, 455-462 and EP 1641818A1. Avimers are

multidomain proteins derived from the A-domain scaffold family. The native domains of

approximately 35 amino acids adopt a defined disulfide bonded structure. Diversity is generated

by shuffling of the natural variation exhibited by the family of A-domains. For further details see

Nature Biotechnology 23(12), 1556 - 1561 (2005) and Expert Opinion on Investigational Drugs

16(6), 909-917 (June 2007). A transferrin is a monomeric serum transport glycoprotein.

Transferrins can be engineered to bind different target antigens by insertion of peptide sequences

in a permissive surface loop. Examples of engineered transferrin scaffolds include the Trans-

body. For further details see J . Biol. Chem 274, 24066-24073 (1999). Designed Ankyrin Repeat

Proteins (DARPins) are derived from Ankyrin which is a family of proteins that mediate

attachment of integral membrane proteins to the cytoskeleton. A single ankyrin repeat is a 33

residue motif consisting of two alpha-helices and a beta-turn. They can be engineered to bind

different target antigens by randomizing residues in the first alpha-helix and a beta-turn of each

repeat. Their binding interface can be increased by increasing the number of modules (a method

of affinity maturation). For further details see J . Mol. Biol. 332, 489-503 (2003), PNAS 100(4),

1700-1705 (2003) and J . Mol. Biol. 369, 1015-1028 (2007) and US20040132028Al. A single-



domain antibody is an antibody fragment consisting of a single monomeric variable antibody

domain. The first single domains were derived from the variable domain of the antibody heavy

chain from camelids (nanobodies or V HH fragments). Furthermore, the term single-domain

antibody includes an autonomous human heavy chain variable domain (aVH) or V NAR fragments

derived from sharks. Fibronectin is a scaffold which can be engineered to bind to antigen.

Adnectins consists of a backbone of the natural amino acid sequence of the 10th domain of the

15 repeating units of human fibronectin type III (FN3). Three loops at one end of the .beta.-

sandwich can be engineered to enable an Adnectin to specifically recognize a therapeutic target

of interest. For further details see Protein Eng. Des. Sel. 18, 435- 444 (2005), US20080 139791,

WO2005056764 and US68 184 18B 1. Peptide aptamers are combinatorial recognition molecules

that consist of a constant scaffold protein, typically thioredoxin (TrxA) which contains a

constrained variable peptide loop inserted at the active site. For further details see Expert Opin.

Biol. Ther. 5, 783-797 (2005). Microbodies are derived from naturally occurring microproteins

of 25-50 amino acids in length which contain 3-4 cysteine bridges - examples of microproteins

include KalataBI and conotoxin and knottins. The microproteins have a loop which can

beengineered to include upto 25 amino acids without affecting the overall fold of the

microprotein. For further details of engineered knottin domains, see WO2008098796.

An "antigen binding molecule that binds to the same epitope" as a reference molecule

refers to an antigen binding molecule that blocks binding of the reference molecule to its antigen

in a competition assay by 50% or more, and conversely, the reference molecule blocks binding

of the antigen binding molecule to its antigen in a competition assay by 50% or more.

The term "antigen binding domain" or "antigen-binding site" refers to the part of an

antigen binding molecule that comprises the area which specifically binds to and is

complementary to part or all of an antigen. Where an antigen is large, an antigen binding

molecule may only bind to a particular part of the antigen, which part is termed an epitope. An

antigen binding domain may be provided by, for example, one or more variable domains (also

called variable regions). Preferably, an antigen binding domain comprises an antibody light

chain variable region (VL) and an antibody heavy chain variable region (VH).

As used herein, the term "antigenic determinant" is synonymous with "antigen" and

"epitope," and refers to a site (e.g. a contiguous stretch of amino acids or a conformational

configuration made up of different regions of non-contiguous amino acids) on a polypeptide

macromolecule to which an antigen binding moiety binds, forming an antigen binding moiety-

antigen complex. Useful antigenic determinants can be found, for example, on the surfaces of

tumor cells, on the surfaces of virus-infected cells, on the surfaces of other diseased cells, on the

surface of immune cells, free in blood serum, and/or in the extracellular matrix (ECM). The

proteins useful as antigens herein can be any native form the proteins from any vertebrate source,



including mammals such as primates (e.g. humans) and rodents (e.g. mice and rats), unless

otherwise indicated. In a particular embodiment the antigen is a human protein. Where reference

is made to a specific protein herein, the term encompasses the "full-length", unprocessed protein

as well as any form of the protein that results from processing in the cell. The term also

encompasses naturally occurring variants of the protein, e.g. splice variants or allelic variants.

By "specific binding" is meant that the binding is selective for the antigen and can be

discriminated from unwanted or non-specific interactions. The ability of an antigen binding

molecule to bind to a specific antigen can be measured either through an enzyme-linked

immunosorbent assay (ELISA) or other techniques familiar to one of skill in the art, e.g. Surface

Plasmon Resonance (SPR) technique (analyzed on a BIAcore instrument) (Liljeblad et al., Glyco

J 17, 323-329 (2000)), and traditional binding assays (Heeley, Endocr Res 28, 217-229 (2002)).

In one embodiment, the extent of binding of an antigen binding molecule to an unrelated protein

is less than about 10% of the binding of the antigen binding molecule to the antigen as measured,

e.g. by SPR. In certain embodiments, an molecule that binds to the antigen has a dissociation

constant (Kd) of < 1 µΜ , < 100 nM, < 10 nM, < 1 nM, < 0.1 nM, < 0.01 nM, or < 0.001 nM (e.g.

10 8 M or less, e.g. from 10 8 M to 10 13 M, e.g. from 10 9 M to 10 13 M).

"Affinity" or "binding affinity" refers to the strength of the sum total of non-covalent

interactions between a single binding site of a molecule (e.g. an antibody) and its binding partner

(e.g. an antigen). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic

binding affinity which reflects a 1:1 interaction between members of a binding pair (e.g.

antibody and antigen). The affinity of a molecule X for its partner Y can generally be represented

by the dissociation constant (Kd), which is the ratio of dissociation and association rate constants

(koff and kon, respectively). Thus, equivalent affinities may comprise different rate constants, as

long as the ratio of the rate constants remains the same. Affinity can be measured by common

methods known in the art, including those described herein. A particular method for measuring

affinity is Surface Plasmon Resonance (SPR).

An "affinity matured" antibody refers to an antibody with one or more alterations in one

or more hypervariable regions (HVRs), compared to a parent antibody which does not possess

such alterations, such alterations resulting in an improvement in the affinity of the antibody for

antigen.

The term "tenascin C (TnC)" refers to any native TnC from any vertebrate source,

including mammals such as primates (e.g. humans) non-human primates (e.g. cynomolgus

monkeys) and rodents (e.g. mice and rats), unless otherwise indicated. The term encompasses

"full-length," unprocessed TnC as well as any form of TnC that results from processing in the

cell. The term also encompasses naturally occurring variants of TnC, e.g., splice variants or



allelic variants. In one embodiment, the antigen binding molecule of the invention is capable of

specific binding to human, mouse and/or cynomolgus TnC. The amino acid sequence of human

TnC is shown in UniProt (www.uniprot.org) accession no. P24821 (version 196, SEQ ID

NO:39), orNCBI (www.ncbi.nlm.nih.gov/) RefSeq NP 002151.2. The nulceotide and amino

acid sequences of C-terminally Avi- and His-tagged human TnC are shown in SEQ ID NOs 167

and 170, respectively. The amino acid sequence of mouse TnC is shown in UniProt

(www.uniprot.org) accession no. Q80YX1 (version 125, SEQ ID NO:63), or NCBI

(www.ncbi.nlm.nih.gov/) RefSeq NP 035737.2. The nulceotide and amino acid sequences of C-

terminally Avi- and His-tagged mouse TnC are shown in SEQ ID NOs 168 and 171,

respectively. The nulceotide and amino acid sequences of C-terminally Avi- and His-tagged

cynomolgus TnC are shown in SEQ ID NOs 169 and 172, respectively.

In certain embodiments, the antigen binding molecule of the present invention comprises a

moieity capable of specific binding to at least one of the domains of TnC selected from the group

consisting of Al, A2, A3, A4, B, AD1, AD2, C and D. In some embodiments, a moieity capable

of specific binding to TnC binds to the A l and A4 domains of TnC. In some embodiments, a

moieity capable of specific binding to TnC binds to the C domain of TnC.

The term "Fibroblast activation protein (FAP)", also known as Prolyl endopeptidase

FAP or Seprase (EC 3.4.21), refers to any native FAP from any vertebrate source, including

mammals such as primates (e.g. humans) non-human primates (e.g. cynomolgus monkeys) and

rodents (e.g. mice and rats), unless otherwise indicated. The amino acid sequence of human FAP

is shown in UniProt (www.uniprot.org) accession no. Q12884 (version 149, SEQ ID NO:81), or

NCBI (www.ncbi.nlm.nih.gov/) RefSeq NP 00445 1.2.

The term "variable region" or "variable domain" refers to the domain of an antibody

heavy or light chain that is involved in binding the antigen binding molecule to antigen. The

variable domains of the heavy chain and light chain (VH and VL, respectively) of a native

antibody generally have similar structures, with each domain comprising four conserved

framework regions (FRs) and three hypervariable regions (HVRs). See, e.g., Kindt et al, Kuby

Immunology, 6th ed., W.H. Freeman and Co., page 9 1 (2007). A single VH or VL may be

sufficient to confer antigen-binding specificity.

The term "hypervariable region" or "HVR," as used herein refers to each of the regions

of an antibody variable domain which are hypervariable in sequence and/or form structurally

defined loops ("hypervariable loops"). Generally, native four-chain antibodies comprise six

HVRs; three in the VH (HI, H2, H3), and three in the VL (LI, L2, L3). HVRs generally

comprise amino acid residues from the hypervariable loops and/or from the "complementarity

determining regions" (CDRs), the latter being of highest sequence variability and/or involved in



antigen recognition. Exemplary hypervariable loops occur at amino acid residues 26-32 (LI), 50-

52 (L2), 91-96 (L3), 26-32 (HI), 53-55 (H2), and 96-101 (H3). (Chothia and Lesk, J. Mol. Biol.

196:901-917 (1987).) Exemplary CDRs (CDR-L1, CDR-L2, CDR-L3, CDR-H1, CDR-H2, and

CDR-H3) occur at amino acid residues 24-34 of LI, 50-56 of L2, 89-97 of L3, 31-35B of HI,

50-65 of H2, and 95-102 of H3. (Kabat et al., Sequences of Proteins of Immunological Interest,

5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991).)

Hypervariable regions (HVRs) are also referred to as complementarity determining regions

(CDRs), and these terms are used herein interchangeably in reference to portions of the variable

region that form the antigen binding regions. This particular region has been described by Kabat

et al, U.S. Dept. of Health and Human Services, "Sequences of Proteins of Immunological

Interest" (1983) and by Chothia et al, J. Mol. Biol. 196:901-917 (1987), where the definitions

include overlapping or subsets of amino acid residues when compared against each other.

Nevertheless, application of either definition to refer to a CDR of an antibody or variants thereof

is intended to be within the scope of the term as defined and used herein. The appropriate amino

acid residues which encompass the CDRs as defined by each of the above cited references are set

forth below in Table A as a comparison. The exact residue numbers which encompass a

particular CDR will vary depending on the sequence and size of the CDR. Those skilled in the

art can routinely determine which residues comprise a particular CDR given the variable region

amino acid sequence of the antibody.

TABLE A. CDR Definitions 1

1Numbering of all CDR definitions in Table A is according to the numbering

conventions set forth by Kabat et al. (see below).

"AbM" with a lowercase "b" as used in Table A refers to the CDRs as

defined by Oxford Molecular's "AbM" antibody modeling software.

Kabat et al. also defined a numbering system for variable region sequences that is

applicable to any antibody. One of ordinary skill in the art can unambiguously assign this system

of "Kabat numbering" to any variable region sequence, without reliance on any experimental

data beyond the sequence itself. As used herein, "Kabat numbering" refers to the numbering

system set forth by Kabat et al, U.S. Dept. of Health and Human Services, "Sequence of



Proteins of Immunological Interest" (1983). Unless otherwise specified, references to the

numbering of specific amino acid residue positions in an antibody variable region are according

to the Kabat numbering system.

With the exception of CDR1 in VH, CDRs generally comprise the amino acid residues

that form the hypervariable loops. CDRs also comprise "specificity determining residues," or

"SDRs," which are residues that contact antigen. SDRs are contained within regions of the CDRs

called abbreviated-CDRs, or a-CDRs. Exemplary a-CDRs (a-CDR-Ll, a-CDR-L2, a-CDR-L3, a-

CDR-H1, a-CDR-H2, and a-CDR-H3) occur at amino acid residues 31-34 of LI, 50-55 of L2,

89-96 of L3, 31-35B of HI, 50-58 of H2, and 95-102 of H3. (See Almagro and Fransson, Front.

Biosci. 13:161 9-1 633 (2008).) Unless otherwise indicated, HVR residues and other residues in

the variable domain (e.g., FR residues) are numbered herein according to Kabat et al., supra.

"Framework" or "FR" refers to variable domain residues other than hypervariable region

(HVR) residues. The FR of a variable domain generally consists of four FR domains: FR1, FR2,

FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the following

sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

The term "chimeric" antibody refers to an antibody in which a portion of the heavy and/or

light chain is derived from a particular source or species, while the remainder of the heavy and/or

light chain is derived from a different source or species.

The "class" of an antibody refers to the type of constant domain or constant region

possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, IgG, and

IgM, and several of these may be further divided into subclasses (isotypes), e.g. IgGi, IgG2, IgG ,

IgG4, IgAi, and IgA2. The heavy chain constant domains that correspond to the different classes

of immunoglobulins are called α, δ, ε, γ , and µ respectively.

A "humanized" antibody refers to a chimeric antibody comprising amino acid residues

from non-human HVRs and amino acid residues from human FRs. In certain embodiments, a

humanized antibody will comprise substantially all of at least one, and typically two, variable

domains, in which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a non-

human antibody, and all or substantially all of the FRs correspond to those of a human antibody.

A humanized antibody optionally may comprise at least a portion of an antibody constant region

derived from a human antibody. A "humanized form" of an antibody, e.g., a non-human

antibody, refers to an antibody that has undergone humanization. Other forms of "humanized

antibodies" encompassed by the present invention are those in which the constant region has

been additionally modified or changed from that of the original antibody to generate the

properties according to the invention, especially in regard to Clq binding and/or Fc receptor

(FcR) binding.



A "human" antibody is one which possesses an amino acid sequence which corresponds to

that of an antibody produced by a human or a human cell or derived from a non-human source

that utilizes human antibody repertoires or other human antibody-encoding sequences. This

definition of a human antibody specifically excludes a humanized antibody comprising non-

human antigen-binding residues.

The term "Fc domain" or "Fc region" herein is used to define a C-terminal region of an

antibody heavy chain that contains at least a portion of the constant region. The term includes

native sequence Fc regions and variant Fc regions. An IgG Fc region comprises an IgG CH2 and

an IgG CH3 domain. The "CH2 domain" of a human IgG Fc region usually extends from an

amino acid residue at about position 23 1 to an amino acid residue at about position 340. In one

embodiment, a carbohydrate chain is attached to the CH2 domain. The CH2 domain herein may

be a native sequence CH2 domain or variant CH2 domain. The "CH3 domain" comprises the

stretch of residues C-terminal to a CH2 domain in an Fc region (i.e. from an amino acid residue

at about position 341 to an amino acid residue at about position 447 of an IgG). The CH3 region

herein may be a native sequence CH3 domain or a variant CH3 domain (e.g. a CH3 domain with

an introduced "protuberance" ("knob") in one chain thereof and a corresponding introduced

"cavity" ("hole") in the other chain thereof; see US Patent No. 5,821,333, expressly incorporated

herein by reference). Such variant CH3 domains may be used to promote heterodimerization of

two non-identical antibody heavy chains as herein described. In one embodiment, a human IgG

heavy chain Fc region extends from Cys226, or from Pro230, to the carboxyl-terminus of the

heavy chain. However, the C-terminal lysine (Lys447) of the Fc region may or may not be

present. Unless otherwise specified herein, numbering of amino acid residues in the Fc region or

constant region is according to the EU numbering system, also called the EU index, as described

in Kabat et al, Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,

National Institutes of Health, Bethesda, MD, 1991.

The "knob-into-hole" technology is described e.g. in US 5,731,168; US 7,695,936;

Ridgway et al, Prot Eng 9, 617-621 (1996) and Carter, J Immunol Meth 248, 7-15 (2001).

Generally, the method involves introducing a protuberance ("knob") at the interface of a first

polypeptide and a corresponding cavity ("hole") in the interface of a second polypeptide, such

that the protuberance can be positioned in the cavity so as to promote heterodimer formation and

hinder homodimer formation. Protuberances are constructed by replacing small amino acid side

chains from the interface of the first polypeptide with larger side chains (e.g. tyrosine or

tryptophan). Compensatory cavities of identical or similar size to the protuberances are created

in the interface of the second polypeptide by replacing large amino acid side chains with smaller

ones (e.g. alanine or threonine). The protuberance and cavity can be made by altering the nucleic

acid encoding the polypeptides, e.g. by site-specific mutagenesis, or by peptide synthesis. In a

specific embodiment a knob modification comprises the amino acid substitution T366W in one



of the two subunits of the Fc domain, and the hole modification comprises the amino acid

substitutions T366S, L368A and Y407V in the other one of the two subunits of the Fc domain. In

a further specific embodiment, the subunit of the Fc domain comprising the knob modification

additionally comprises the amino acid substitution S354C, and the subunit of the Fc domain

comprising the hole modification additionally comprises the amino acid substitution Y349C.

Introduction of these two cysteine residues results in the formation of a disulfide bridge between

the two subunits of the Fc region, thus further stabilizing the dimer (Carter, J Immunol Methods

248, 7-15 (2001)).

A "region equivalent to the Fc region of an immunoglobulin" is intended to include

naturally occurring allelic variants of the Fc region of an immunoglobulin as well as variants

having alterations which produce substitutions, additions, or deletions but which do not decrease

substantially the ability of the immunoglobulin to mediate effector functions (such as antibody-

dependent cellular cytotoxicity). For example, one or more amino acids can be deleted from the

N-terminus or C-terminus of the Fc region of an immunoglobulin without substantial loss of

biological function. Such variants can be selected according to general rules known in the art so

as to have minimal effect on activity (see, e.g., Bowie, J . U. et al, Science 247:1306-10 (1990)).

The term "effector functions" refers to those biological activities attributable to the Fc

region of an antibody, which vary with the antibody isotype. Examples of antibody effector

functions include: Clq binding and complement dependent cytotoxicity (CDC), Fc receptor

binding, antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-dependent cellular

phagocytosis (ADCP), cytokine secretion, immune complex-mediated antigen uptake by antigen

presenting cells, down regulation of cell surface receptors (e.g. B cell receptor), and B cell

activation.

Fc receptor binding dependent effector functions can be mediated by the interaction of the

Fc-region of an antibody with Fc receptors (FcRs), which are specialized cell surface receptors

on hematopoietic cells. Fc receptors belong to the immunoglobulin superfamily, and have been

shown to mediate both the removal of antibody-coated pathogens by phagocytosis of immune

complexes, and the lysis of erythrocytes and various other cellular targets (e.g. tumor cells)

coated with the corresponding antibody, via antibody dependent cell mediated cytotoxicity

(ADCC) (see e.g. Van de Winkel, J.G. anderson, C.L., J . Leukoc. Biol. 49 (1991) 5 11-524).

FcRs are defined by their specificity for immunoglobulin isotypes: Fc receptors for IgG

antibodies are referred to as FcyR. Fc receptor binding is described e.g. in Ravetch, J.V. and

Kinet, J.P., Annu. Rev. Immunol. 9 (1991) 457-492; Capel, P.J., et al, Immunomethods 4 (1994)

25-34; de Haas, M., et al, J . Lab. Clin. Med. 126 (1995) 330-341; and Gessner, J.E., et al, Ann.

Hematol. 76 (1998) 231-248.



Cross-linking of receptors for the Fc-region of IgG antibodies (FcyR) triggers a wide

variety of effector functions including phagocytosis, antibody-dependent cellular cytotoxicity,

and release of inflammatory mediators, as well as immune complex clearance and regulation of

antibody production. In humans, three classes of FcyR have been characterized, which are:

- FcyRI (CD64) binds monomeric IgG with high affinity and is expressed on macrophages,

monocytes, neutrophils and eosinophils. Modification in the Fc-region IgG at least at one of the

amino acid residues E233-G236, P238, D265, N297, A327 and P329 (numbering according to

EU index of Kabat) reduce binding to FcyRI. IgG2 residues at positions 233-236, substituted

into IgGl and IgG4, reduced binding to FcyRI by 10 -fold and eliminated the human monocyte

response to antibody-sensitized red blood cells (Armour, K.L., et al, Eur. J . Immunol. 29 (1999)

2613-2624).

-FcyRII (CD32) binds complexed IgG with medium to low affinity and is widely

expressed. This receptor can be divided into two sub-types, FcyRIIA and FcyRIIB. FcyRIIA is

found on many cells involved in killing (e.g. macrophages, monocytes, neutrophils) and seems

able to activate the killing process. FcyRIIB seems to play a role in inhibitory processes and is

found on B cells, macrophages and on mast cells and eosinophils. On B-cells it seems to function

to suppress further immunoglobulin production and isotype switching to, for example, the IgE

class. On macrophages, FcyRIIB acts to inhibit phagocytosis as mediated through FcyRIIA. On

eosinophils and mast cells the B-form may help to suppress activation of these cells through IgE

binding to its separate receptor. Reduced binding for FcyRIIA is found e.g. for antibodies

comprising an IgG Fc-region with mutations at least at one of the amino acid residues E233-

G236, P238, D265, N297, A327, P329, D270, Q295, A327, R292, and K414 (numbering

according to EU index of Kabat).

- FcyRIII (CD 16) binds IgG with medium to low affinity and exists as two types. FcyRIIIA

is found on NK cells, macrophages, eosinophils and some monocytes and T cells and mediates

ADCC. Fc γ RIIIB is highly expressed on neutrophils. Reduced binding to FcyRIIIA is found

e.g. for antibodies comprising an IgG Fc-region with mutation at least at one of the amino acid

residues E233-G236, P238, D265, N297, A327, P329, D270, Q295, A327, S239, E269, E293,

Y296, V303, A327, K338 and D376 (numbering according to EU index of Kabat).

Mapping of the binding sites on human IgGl for Fc receptors, the above mentioned

mutation sites and methods for measuring binding to FcyRI and FcyRIIA are described in

Shields, R.L., et al. J . Biol. Chem. 276 (2001) 6591-6604.

The term "ADCC" or "antibody-dependent cellular cytotoxicity" is a function mediated by

Fc receptor binding and refers to lysis of target cells by an antibody as reported herein in the

presence of effector cells. The capacity of the antibody to induce the initial steps mediating

ADCC is investigated by measuring their binding to Fey receptors expressing cells, such as cells,



recombinantly expressing FcyRI and/or FcyRIIA or NK cells (expressing essentially FcyRIIIA).

In particular, binding to FcyR on NK cells is measured.

An "activating Fc receptor" is an Fc receptor that following engagement by an Fc region

of an antibody elicits signaling events that stimulate the receptor-bearing cell to perform effector

functions. Activating Fc receptors include FcyRIIIa (CD 16a), FcyRI (CD64), FcyRIIa (CD32),

and FcaRI (CD89). A particular activating Fc receptor is human FcyRIIIa (see UniProt accession

no. P08637, version 141).

The "Tumor Necrosis factor receptor superfamily" or "TNF receptor superfamily"

currently consists of 27 receptors. It is a group of cytokine receptors characterized by the ability

to bind tumor necrosis factors (TNFs) via an extracellular cysteine-rich domain (CRD). These

pseudorepeats are defined by intrachain disulphides generated by highly conserved cysteine

residues within the receptor chains.With the exception of nerve growth factor (NGF), all TNFs

are homologous to the archetypal TNF-alpha. In their active form, the majority of TNF receptors

form trimeric complexes in the plasma membrame. Accordingly, most TNF receptors contain

transmembrane domains (TMDs). Several of these receptors also contain intracellular death

domains (DDs) that recruit caspase-interacting proteins following ligand binding to initiate the

extrinsic pathway of caspase activation. Other TNF superfamily receptors that lack death

domains bind TNF receptor-associated factors and activate intracellular signaling pathways that

can lead to proliferation or differentiation. These receptors can also initiate apoptosis, but they

do so via indirect mechanisms. In addition to regulating apoptosis, several TNF superfamily

receptors are involved in regulating immune cell functions such as B cell homeostasis and

activation, natural killer cell activation, and T cell co-stimulation. Several others regulate cell

type-specific responses such as hair follicle development and osteoclast development. Members

of the TNF receptor superfamily include the following: Tumor necrosis factor receptor 1 ( 1A)

(TNFRSF1A, CD120a), Tumor necrosis factor receptor 2 (IB) (TNFRSF1B, CD120b),

Lymphotoxin beta receptor (LTBR, CD 18), OX40 (TNFRSF4, CD 134), CD40 (Bp50), Fas

receptor (Apo-1, CD95, FAS), Decoy receptor 3 (TR6, M68, TNFRSF6B), CD27 (S152, Tp55),

CD30 (Ki-1, TNFRSF8), 4-1BB (CD137, TNFRSF9), DR4 (TRAILR1, Apo-2, CD261,

TNFRSF10A), DR5 (TRAILR2, CD262, TNFRSF10B), Decoy Receptor 1 (TRAILR3, CD263,

TNFRSF10C), Decoy Receptor 2 (TRAILR4, CD264, TNFRSF10D), RANK (CD265,

TNFRSF1 1A), Osteoprotegerin (OCIF, TR1, TNFRSF1 IB), TWEAK receptor (Fnl4, CD266,

TNFRSF12A), TACI (CD267, TNFRSF13B), BAFF receptor (CD268, TNFRSF13C),

Herpesvirus entry mediator (HVEM, TR2, CD270, TNFRSF14), Nerve growth factor receptor

(p75NTR, CD271, NGFR), B-cell maturation antigen (CD269, TNFRSF17), Glucocorticoid-

induced TNFR-related (GITR, AITR, CD357, TNFRSF18), TROY (TNFRSF19), DR6 (CD358,

TNFRSF21), DR3 (Apo-3, TRAMP, WS-1, TNFRSF25) and Ectodysplasin A2 receptor

(XEDAR, EDA2R).



Several members of the tumor necrosis factor receptor (TNFR) family function after initial

T cell activation to sustain T cell responses. The term "costimulatory TNF receptor family

member" or "costimulatory TNF family receptor" refers to a subgroup of TNF receptor family

members, which are able to costimulate proliferation and cytokine production of T-cells. The

term refers to any native TNF family receptor from any vertebrate source, including mammals

such as primates (e.g. humans), non-human primates (e.g. cynomolgus monkeys) and rodents

(e.g. mice and rats), unless otherwise indicated. In specific embodiments of the invention,

costimulatory TNF receptor family members are selected from the group consisting of OX40

(CD134), 4-lBB (CD137), CD27, HVEM (CD270), CD30, and GITR, all of which can have

costimulatory effects on T cells. More particularly, the antigen binding molecule of the present

invention comprises at least moiety capable of specific binding to the costimulatory TNF

receptor family member OX40.

Further information, in particular sequences, of the TNF receptor family members may be

obtained from publically accessible databases such as Uniprot (www.uniprot.org). For instance,

the human costimulatory TNF receptors have the following amino acid sequences: human OX40

(UniProt accession no. P43489, SEQ ID NO:56), human 4-lBB (UniProt accession no. Q0701 1,

SEQ ID NO:57), human CD27 (UniProt accession no. P26842, SEQ ID NO:58), human HVEM

(UniProt accession no. Q92956, SEQ ID NO:59), human CD30 (UniProt accession no. P28908,

SEQ ID NO:60), and human GITR (UniProt accession no. Q9Y5U5, SEQ ID NO:61).

The term "OX40", as used herein, refers to any native OX40 from any vertebrate source,

including mammals such as primates (e.g. humans) and rodents (e.g., mice and rats), unless

otherwise indicated. The term encompasses "full-length," unprocessed OX40 as well as any form

of OX40 that results from processing in the cell. The term also encompasses naturally occurring

variants of OX40, e.g., splice variants or allelic variants. The amino acid sequence of an

exemplary human OX40 is shown in SEQ ID NO: 56 (Uniprot P43489, version 112) and the

amino acid sequence of an exemplary murine OX40 is shown in SEQ ID NO: 62 (Uniprot

P47741, version 101).

The terms "anti-OX40 antibody", "anti-OX40", "OX40 antibody and "an antibody that

specifically binds to OX40" refer to an antibody that is capable of binding OX40 with sufficient

affinity such that the antibody is useful as a diagnostic and/or therapeutic agent in targeting

OX40. In one embodiment, the extent of binding of an anti-OX40 antibody to an unrelated, non-

OX40 protein is less than about 10% of the binding of the antibody to OX40 as measured, e.g.,

by a radioimmunoassay (RIA) or flow cytometry (FACS). In certain embodiments, an antibody

that binds to OX40 has a dissociation constant ( KD) of < ΙµΜ , < 100 nM, < 10 nM, < 1 nM,

< 0.1 nM, < 0.01 nM, or < 0.001 nM (e.g. 10 M or less, e.g. from 10 M to 10 1 M, e.g., from

10 M to 10 10 M).



The terms terms "anti-TnC antibody" and "an antibody that binds to TnC" refer to an

antibody that is capable of binding Tenascin-C (TnC) with sufficient affinity such that the

antibody is useful as a diagnostic and/or therapeutic agent in targeting TnC. In one embodiment,

the extent of binding of an anti-TnC antibody to an unrelated, non-TnC protein is less than about

10% of the binding of the antibody to TnC as measured, e.g., by a radioimmunoassay (RIA). In

certain embodiments, an antibody that binds to TnC has a dissociation constant (KD) of < 1µΜ ,

< 100 nM, < 10 nM, < 5 nM, < 2 nM, < 1 nM, < 0.1 nM, < 0.01 nM, or < 0.001 nM (e.g., 10-8 M

or less, e.g., from 10-8 M to 10-13 M, e.g., from 10-9 M to 10-13 M, e.g., from l OnM to 0.1 nM,

e.g., from 5 nM to 0.1 nM, e.g., from 2 nM to 0.1 nM). In certain embodiments, an anti-TnC

antibody binds to an epitope of TnC that is conserved among TnC from different species. In

certain embodiments, an antibody that binds to an epitope of TnC is specific for at least one of

the domains selected from the group consisting of Al, A2, A3, A4, B, AD1, AD2, C and D. In

certain embodiments an antibody specific for the TnC A l and TnC A4 domains is provided. In

certain embodiments an antibody specific for the TnC C domain is provided.

The term "peptide linker" refers to a peptide comprising one or more amino acids,

typically about 2 to 20 amino acids. Peptide linkers are known in the art or are described herein.

Suitable, non-immunogenic linker peptides are, for example, (G4S) , (SG4) or G4(SG4) peptide

linkers, wherein "n" is generally a number between 1 and 10, typically between 2 and 4, in

particular 2, i.e. the peptides selected from the group consisting of GGGGS (SEQ ID NO: 64)

GGGGSGGGGS (SEQ ID NO:65), SGGGGSGGGG (SEQ ID NO:66) and

GGGGSGGGGSGGGG (SEQ ID NO:68), but also include the sequences GSPGSSSSGS (SEQ

ID NO:70), (G4S)3 (SEQ ID NO:67), (G4S)4 (SEQ ID NO:69), GSGSGSGS (SEQ ID NO:71),

GSGSGNGS (SEQ ID NO:72), GGSGSGSG (SEQ ID NO:73), GGSGSG (SEQ ID NO:74),

GGSG (SEQ ID NO:75), GGSGNGSG (SEQ ID NO:76), GGNGSGSG (SEQ ID NO:77) and

GGNGSG (SEQ ID NO:78). Peptide linkers of particular interest are (G4S) (SEQ ID NO:64),

(G4S)2 or GGGGSGGGGS (SEQ ID NO:65) and GSPGSSSSGS (SEQ ID NO:70).

The term "amino acid" as used within this application denotes the group of naturally

occurring carboxy a-amino acids comprising alanine (three letter code: ala, one letter code: A),

arginine (arg, R), asparagine (asn, N), aspartic acid (asp, D), cysteine (cys, C), glutamine (gin,

Q), glutamic acid (glu, E), glycine (gly, G), histidine (his, H), isoleucine (ile, I), leucine (leu, L),

lysine (lys, K), methionine (met, M), phenylalanine (phe, F), proline (pro, P), serine (ser, S),

threonine (thr, T), tryptophan (trp, W), tyrosine (tyr, Y), and valine (val, V).

By "fused" or "connected" is meant that the components (e.g. a heavy chain of an

antibody and a Fab fragment) are linked by peptide bonds, either directly or via one or more

peptide linkers.



"Percent (%) amino acid sequence identity" with respect to a reference polypeptide

(protein) sequence is defined as the percentage of amino acid residues in a candidate sequence

that are identical with the amino acid residues in the reference polypeptide sequence, after

aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent

sequence identity, and not considering any conservative substitutions as part of the sequence

identity. Alignment for purposes of determining percent amino acid sequence identity can be

achieved in various ways that are within the skill in the art, for instance, using publicly available

computer software such as BLAST, BLAST-2, ALIGN. SAWI or Megalign (DNASTAR)

software. Those skilled in the art can determine appropriate parameters for aligning sequences,

including any algorithms needed to achieve maximal alignment over the full length of the

sequences being compared. For purposes herein, however, % amino acid sequence identity

values are generated using the sequence comparison computer program ALIGN-2. The ALIGN-

2 sequence comparison computer program was authored by Genentech, Inc., and the source code

has been filed with user documentation in the U.S. Copyright Office, Washington D.C., 20559,

where it is registered under U.S. Copyright Registration No. TXU5 10087. The ALIGN-2

program is publicly available from Genentech, Inc., South San Francisco, California, or may be

compiled from the source code. The ALIGN-2 program should be compiled for use on a UNIX

operating system, including digital UNIX V4.0D. All sequence comparison parameters are set by

the ALIGN-2 program and do not vary. In situations where ALIGN-2 is employed for amino

acid sequence comparisons, the % amino acid sequence identity of a given amino acid sequence

A to, with, or against a given amino acid sequence B (which can alternatively be phrased as a

given amino acid sequence A that has or comprises a certain % amino acid sequence identity to,

with, or against a given amino acid sequence B) is calculated as follows:

100 times the fraction X/Y

where X is the number of amino acid residues scored as identical matches by the sequence

alignment program ALIGN-2 in that program's alignment of A and B, and where Y is the total

number of amino acid residues in B. It will be appreciated that where the length of amino acid

sequence A is not equal to the length of amino acid sequence B, the % amino acid sequence

identity of A to B will not equal the % amino acid sequence identity of B to A. Unless

specifically stated otherwise, all % amino acid sequence identity values used herein are obtained

as described in the immediately preceding paragraph using the ALIGN-2 computer program.

In certain embodiments, amino acid sequence variants of the antigen binding molecules

provided herein are contemplated. For example, it may be desirable to improve the binding

affinity and/or other biological properties of the antigen binding molecules. Amino acid

sequence variants of the antigen binding molecules may be prepared by introducing appropriate

modifications into the nucleotide sequence encoding the molecules, or by peptide synthesis.



Such modifications include, for example, deletions from, and/or insertions into and/or

substitutions of residues within the amino acid sequences of the antibody. Any combination of

deletion, insertion, and substitution can be made to arrive at the final construct, provided that the

final construct possesses the desired characteristics, e.g., antigen-binding. Sites of interest for

substitutional mutagenesis include the HVRs and Framework (FRs). Conservative substitutions

are provided in Table B under the heading "Preferred Substitutions" and further described below

in reference to amino acid side chain classes (1) to (6). Amino acid substitutions may be

introduced into the molecule of interest and the products screened for a desired activity, e.g.,

retained/improved antigen binding, decreased immunogenicity, or improved ADCC or CDC.

TABLE B

Original Residue Exemplary Substitutions Preferred
Substitutions

Ala (A) Val; Leu; e Val

Arg (R) Lys; Gin; Asn Lys

Asn (N) Gin; His; Asp, Lys; Arg Gin

Asp (D) Glu; Asn Glu

Cys (C) Ser; Ala Ser

Gin (Q) Asn; Glu Asn

Glu (E) Asp; Gin Asp

Gly (G) Ala Ala

His (H) Asn; Gin; Lys; Arg Arg

e (I) Leu; Val; Met; Ala; Phe; Norleucine Leu

Leu (L) Norleucine; e; Val; Met; Ala; Phe He

Lys (K) Arg; Gin; Asn Arg

Met (M) Leu; Phe; e Leu

Phe (F) Trp; Leu; Val; He; Ala; Tyr Tyr

Pro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Val; Ser Ser

Trp (W) Tyr; Phe Tyr

Tyr (Y) Trp; Phe; Thr; Ser Phe

Val (V) e; Leu; Met; Phe; Ala; Norleucine Leu



Amino acids may be grouped according to common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, e;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these classes

for another class.

The term "amino acid sequence variants" includes substantial variants wherein there

are amino acid substitutions in one or more hypervariable region residues of a parent antigen

binding molecule (e.g. a humanized or human antibody). Generally, the resulting variant(s)

selected for further study will have modifications (e.g., improvements) in certain biological

properties (e.g., increased affinity, reduced immunogenicity) relative to the parent antigen

binding molecule and/or will have substantially retained certain biological properties of the

parent antigen binding molecule. An exemplary substitutional variant is an affinity matured

antibody, which may be conveniently generated, e.g., using phage display-based affinity

maturation techniques such as those described herein. Briefly, one or more HVR residues are

mutated and the variant antigen binding molecules displayed on phage and screened for a

particular biological activity (e.g. binding affinity). In certain embodiments, substitutions,

insertions, or deletions may occur within one or more HVRs so long as such alterations do not

substantially reduce the ability of the antigen binding molecule to bind antigen. For example,

conservative alterations (e.g., conservative substitutions as provided herein) that do not

substantially reduce binding affinity may be made in HVRs. A useful method for identification

of residues or regions of an antibody that may be targeted for mutagenesis is called "alanine

scanning mutagenesis" as described by Cunningham and Wells (1989) Science, 244:1081-1085.

In this method, a residue or group of target residues (e.g., charged residues such as Arg, Asp,

His, Lys, and Glu) are identified and replaced by a neutral or negatively charged amino acid

(e.g., alanine or polyalanine) to determine whether the interaction of the antibody with antigen is

affected. Further substitutions may be introduced at the amino acid locations demonstrating

functional sensitivity to the initial substitutions. Alternatively, or additionally, a crystal structure

of an antigen-antigen binding molecule complex to identify contact points between the antibody

and antigen. Such contact residues and neighboring residues may be targeted or eliminated as

candidates for substitution. Variants may be screened to determine whether they contain the

desired properties.



Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging

in length from one residue to polypeptides containing a hundred or more residues, as well as

intrasequence insertions of single or multiple amino acid residues. Examples of terminal

insertions include bispecific antigen binding molecules of the invention with an N-terminal

methionyl residue. Other insertional variants of the molecule include the fusion to the N- or C-

terminus to a polypeptide which increases the serum half-life of the bispecific antigen binding

molecules.

In certain embodiments, the bispecific antigen binding molecules provided herein are

altered to increase or decrease the extent to which the antibody is glycosylated. Glycosylation

variants of the molecules may be conveniently obtained by altering the amino acid sequence

such that one or more glycosylation sites is created or removed. Where the bispecific antigen

binding molecule comprises an Fc region, the carbohydrate attached thereto may be altered.

Native antibodies produced by mammalian cells typically comprise a branched, biantennary

oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2 domain of the

Fc region. See, e.g., Wright et al. TIBTECH 15:26-32 (1997). The oligosaccharide may include

various carbohydrates, e.g., mannose, N-acetyl glucosamine (GlcNAc), galactose, and sialic

acid, as well as a fucose attached to a GlcNAc in the "stem" of the biantennary oligosaccharide

structure. In some embodiments, modifications of the oligosaccharide in the antigen binding

molecule may be made in order to create variants with certain improved properties. In one

aspect, variants of bispecific antigen binding molecules or antibodies of the invention are

provided having a carbohydrate structure that lacks fucose attached (directly or indirectly) to an

Fc region. Such fucosylation variants may have improved ADCC function, see e.g. US Patent

Publication Nos. US 2003/0157108 (Presta, L.) or US 2004/0093621 (Kyowa Hakko Kogyo Co.,

Ltd). In another aspect, variants of the bispecific antigen binding molecules or antibodies of the

invention are provided with bisected oligosaccharides, e.g., in which a biantennary

oligosaccharide attached to the Fc region is bisected by GlcNAc. Such variants may have

reduced fucosylation and/or improved ADCC function., see for example WO 2003/01 1878

(Jean-Mairet et al); US Patent No. 6,602,684 (Umana et al); and US 2005/0123546 (Umana et

al.). Variants with at least one galactose residue in the oligosaccharide attached to the Fc region

are also provided. Such antibody variants may have improved CDC function and are described,

e.g., in WO 1997/30087 (Patel et al); WO 1998/58964 (Raju, S.); and WO 1999/22764 (Raju,

S.).

In certain aspects, it may be desirable to create cysteine engineered variants of the

bispecific antigen binding molecules of the invention, e.g., "thioMAbs," in which one or more

residues of the molecule are substituted with cysteine residues. In particular aspects, the

substituted residues occur at accessible sites of the molecule. By substituting those residues with

cysteine, reactive thiol groups are thereby positioned at accessible sites of the antibody and may



be used to conjugate the antibody to other moieties, such as drug moieties or linker-drug

moieties, to create an immunoconjugate. In certain aspects, any one or more of the following

residues may be substituted with cysteine: V205 (Kabat numbering) of the light chain; A l 18 (EU

numbering) of the heavy chain; and S400 (EU numbering) of the heavy chain Fc region.

Cysteine engineered antigen binding molecules may be generated as described, e.g., in U.S.

Patent No. 7,521,541.

The term "polynucleotide" refers to an isolated nucleic acid molecule or construct, e.g.

messenger RNA (mRNA), virally-derived RNA, or plasmid DNA (pDNA). A polynucleotide

may comprise a conventional phosphodiester bond or a non-conventional bond (e.g. an amide

bond, such as found in peptide nucleic acids (PNA). The term "nucleic acid molecule" refers to

any one or more nucleic acid segments, e.g. DNA or RNA fragments, present in a polynucleotide.

By "isolated" nucleic acid molecule or polynucleotide is intended a nucleic acid molecule,

DNA or RNA, which has been removed from its native environment. For example, a

recombinant polynucleotide encoding a polypeptide contained in a vector is considered isolated

for the purposes of the present invention. Further examples of an isolated polynucleotide include

recombinant polynucleotides maintained in heterologous host cells or purified (partially or

substantially) polynucleotides in solution. An isolated polynucleotide includes a polynucleotide

molecule contained in cells that ordinarily contain the polynucleotide molecule, but the

polynucleotide molecule is present extrachromosomally or at a chromosomal location that is

different from its natural chromosomal location. Isolated RNA molecules include in vivo or in

vitro RNA transcripts of the present invention, as well as positive and negative strand forms, and

double-stranded forms. Isolated polynucleotides or nucleic acids according to the present

invention further include such molecules produced synthetically. In addition, a polynucleotide or

a nucleic acid may be or may include a regulatory element such as a promoter, ribosome binding

site, or a transcription terminator.

By a nucleic acid or polynucleotide having a nucleotide sequence at least, for example,

95% "identical" to a reference nucleotide sequence of the present invention, it is intended that the

nucleotide sequence of the polynucleotide is identical to the reference sequence except that the

polynucleotide sequence may include up to five point mutations per each 100 nucleotides of the

reference nucleotide sequence. In other words, to obtain a polynucleotide having a nucleotide

sequence at least 95% identical to a reference nucleotide sequence, up to 5% of the nucleotides

in the reference sequence may be deleted or substituted with another nucleotide, or a number of

nucleotides up to 5% of the total nucleotides in the reference sequence may be inserted into the

reference sequence. These alterations of the reference sequence may occur at the 5' or 3'

terminal positions of the reference nucleotide sequence or anywhere between those terminal

positions, interspersed either individually among residues in the reference sequence or in one or



more contiguous groups within the reference sequence. As a practical matter, whether any

particular polynucleotide sequence is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%

identical to a nucleotide sequence of the present invention can be determined conventionally

using known computer programs, such as the ones discussed above for polypeptides (e.g.

ALIGN-2).

The term "expression cassette" refers to a polynucleotide generated recombinantly or

synthetically, with a series of specified nucleic acid elements that permit transcription of a

particular nucleic acid in a target cell. The recombinant expression cassette can be incorporated

into a plasmid, chromosome, mitochondrial DNA, plastid DNA, virus, or nucleic acid fragment.

Typically, the recombinant expression cassette portion of an expression vector includes, among

other sequences, a nucleic acid sequence to be transcribed and a promoter. In certain

embodiments, the expression cassette of the invention comprises polynucleotide sequences that

encode bispecific antigen binding molecules of the invention or fragments thereof.

The term "vector" or "expression vector" is synonymous with "expression construct" and

refers to a DNA molecule that is used to introduce and direct the expression of a specific gene to

which it is operably associated in a target cell. The term includes the vector as a self-replicating

nucleic acid structure as well as the vector incorporated into the genome of a host cell into which

it has been introduced. The expression vector of the present invention comprises an expression

cassette. Expression vectors allow transcription of large amounts of stable mRNA. Once the

expression vector is inside the target cell, the ribonucleic acid molecule or protein that is

encoded by the gene is produced by the cellular transcription and/or translation machinery. In

one embodiment, the expression vector of the invention comprises an expression cassette that

comprises polynucleotide sequences that encode bispecific antigen binding molecules of the

invention or fragments thereof.

The terms "host cell", "host cell line," and "host cell culture" are used interchangeably and

refer to cells into which exogenous nucleic acid has been introduced, including the progeny of

such cells. Host cells include "transformants" and "transformed cells," which include the primary

transformed cell and progeny derived therefrom without regard to the number of passages.

Progeny may not be completely identical in nucleic acid content to a parent cell, but may contain

mutations. Mutant progeny that have the same function or biological activity as screened or

selected for in the originally transformed cell are included herein. A host cell is any type of

cellular system that can be used to generate the bispecific antigen binding molecules of the

present invention. Host cells include cultured cells, e.g. mammalian cultured cells, such as CHO

cells, BHK cells, NS0 cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER

cells, PER.C6 cells or hybridoma cells, yeast cells, insect cells, and plant cells, to name only a



few, but also cells comprised within a transgenic animal, transgenic plant or cultured plant or

animal tissue.

An "effective amount" of an agent refers to the amount that is necessary to result in a

physiological change in the cell or tissue to which it is administered.

A "therapeutically effective amount" of an agent, e.g. a pharmaceutical composition,

refers to an amount effective, at dosages and for periods of time necessary, to achieve the desired

therapeutic or prophylactic result. A therapeutically effective amount of an agent for example

eliminates, decreases, delays, minimizes or prevents adverse effects of a disease.

An "individual" or "subject" is a mammal. Mammals include, but are not limited to,

domesticated animals (e.g. cows, sheep, cats, dogs, and horses), primates (e.g. humans and non-

human primates such as monkeys), rabbits, and rodents (e.g. mice and rats). Particularly, the

individual or subject is a human.

The term "pharmaceutical composition" refers to a preparation which is in such form as

to permit the biological activity of an active ingredient contained therein to be effective, and

which contains no additional components which are unacceptably toxic to a subject to which the

formulation would be administered.

A "pharmaceutically acceptable excipient" refers to an ingredient in a pharmaceutical

composition, other than an active ingredient, which is nontoxic to a subject. A pharmaceutically

acceptable excipient includes, but is not limited to, a buffer, a stabilizer, or a preservative.

The term "package insert" is used to refer to instructions customarily included in

commercial packages of therapeutic products, that contain information about the indications,

usage, dosage, administration, combination therapy, contraindications and/or warnings

concerning the use of such therapeutic products.

As used herein, "treatment" (and grammatical variations thereof such as "treat" or

"treating") refers to clinical intervention in an attempt to alter the natural course of the individual

being treated, and can be performed either for prophylaxis or during the course of clinical

pathology. Desirable effects of treatment include, but are not limited to, preventing occurrence or

recurrence of disease, alleviation of symptoms, diminishment of any direct or indirect

pathological consequences of the disease, preventing metastasis, decreasing the rate of disease

progression, amelioration or palliation of the disease state, and remission or improved prognosis.

In some embodiments, the molecules of the invention are used to delay development of a disease

or to slow the progression of a disease.



The term "cancer" as used herein refers to proliferative diseases, such as lymphomas,

lymphocytic leukemias, lung cancer, non-small cell lung (NSCL) cancer, bronchioloalviolar cell

lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous

or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,

stomach cancer, gastric cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the

fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,

carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small intestine,

cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland,

cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis,

prostate cancer, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,

carcinoma of the renal pelvis, mesothelioma, hepatocellular cancer, biliary cancer, neoplasms of

the central nervous system (CNS), spinal axis tumors, brain stem glioma, glioblastoma

multiforme, astrocytomas, schwanomas, ependymonas, medulloblastomas, meningiomas,

squamous cell carcinomas, pituitary adenoma and Ewings sarcoma, including refractory versions

of any of the above cancers, or a combination of one or more of the above cancers.

Bispecific antigen binding molecules of the invention

The invention provides novel bispecific antigen binding molecules with particularly

advantageous properties such as producibility, stability, binding affinity, biological activity,

targeting efficiency and reduced toxicity.

The present invention provides a bispecific antigen binding molecule, comprising

(a) at least one moiety capable of specific binding to OX40 comprising an antibody light chain

variable region (VL) and an antibody heavy chain variable region (VH), and

(b) at least one moiety capable of specific binding to tenascin C (TnC) comprising an antibody

light chain variable region (VL) and an antibody heavy chain variable region (VH).

In some embodiments, the bispecific antigen binding molecule additionally comprises (c) a

Fc region composed of a first and a second subunit capable of stable association.

In a particular aspects, these bispecific antigen binding molecules are characterized by

agonistic binding to OX40.

Bispecific antigen binding molecules binding to OX40

In one aspect, the invention provides bispecific antigen binding molecules, wherein the

moiety capable of specific binding to OX40 binds to a polypeptide comprising, or consisting of,

the amino acid sequence of SEQ ID NO: 1.



In one aspect, provided is a bispecific antigen binding molecule, comprising at least one

moiety capable of specific binding to OX40, wherein said moiety comprises a VH comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:2 and SEQ ID NO:3,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:4 and SEQ ID NO:5, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID

NO: 11 and SEQ ID NO: 12,

and a VL comprising

(iv) a CDR-L1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:13, SEQ ID NO:14 and SEQ ID NO:15,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:16, SEQ ID NO:1 and SEQ ID NO:18, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23 and SEQ ID

NO:24.

In particular, provided is a bispecific antigen binding molecule, comprising at least one

moiety capable of specific binding to OX40, wherein said moiety comprises

(a) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:2,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:4, CDR-H3 comprising the amino

acid sequence of SEQ ID NO:6 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 13, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 16

and CDR-L3 comprising the amino acid sequence of SEQ ID NO: 19,

(b) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:2,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:4, CDR-H3 comprising the amino

acid sequence of SEQ ID NO: and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 13, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 16

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:20,

(c) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:2,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:4, CDR-H3 comprising the amino

acid sequence of SEQ ID NO:8 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 13, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 16

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:21,

(d) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:2,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:4, CDR-H3 comprising the amino



acid sequence of SEQ ID NO:9 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 13, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 16

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:22,

(e) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:3,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:5, CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 10 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 14, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 17

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:23,

(f) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:3,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:5, CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 11 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 14, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 17

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:23, or

(g) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:3,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:5, CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 12 and a VL comprising CDR-L1 comprising the amino acid

sequence of SEQ ID NO: 15, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 18

and CDR-L3 comprising the amino acid sequence of SEQ ID NO:24.

In one aspect, the invention provides a bispecific antigen binding molecule, comprising at

least one moiety capable of specific binding to OX40, wherein said moiety comprises a VH

comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:2, CDR-H2

comprising the amino acid sequence of SEQ ID NO:4, CDR-H3 comprising the amino acid

sequence of SEQ ID NO:7 and a VL comprising CDR-L1 comprising the amino acid sequence

of SEQ ID NO: 13, CDR-L2 comprising the amino acid sequence of SEQ ID NO: 16 and CDR-

L3 comprising the amino acid sequence of SEQ ID NO:20.

In another aspect, the invention provides a bispecific antigen binding molecule, wherein

the moiety capable of specific binding to OX40 comprises a VH comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID NO:29,

SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35 and SEQ ID NO:37 and a VL comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO: 28,

SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 and SEQ ID NO:38.



Particularly, provided is a bispecific antigen binding molecule, wherein the moiety capable

of specific binding to OX40 comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:25 and a VL comprising the

amino acid sequence of SEQ ID NO:26,

(ii) a VH comprising the amino acid sequence of SEQ ID NO:27 and a VL comprising the

amino acid sequence of SEQ ID NO:28,

(iii) a VH comprising the amino acid sequence of SEQ ID NO:29 and a VL comprising the

amino acid sequence of SEQ ID NO:30,

(iv) a VH comprising the amino acid sequence of SEQ ID NO:31 and a VL comprising the

amino acid sequence of SEQ ID NO:32,

(v) a VH comprising the amino acid sequence of SEQ ID NO:33 and a VL comprising the

amino acid sequence of SEQ ID NO:34,

(vi) a VH comprising the amino acid sequence of SEQ ID NO:35 and a VL comprising the

amino acid sequence of SEQ ID NO:36, or

(vii) a VH comprising the amino acid sequence of SEQ ID NO:37 and a VL comprising the

amino acid sequence of SEQ ID NO:38.

In a particular aspect, provided is a bispecific antigen binding molecule, wherein the

moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:27 and a VL comprising the amino acid sequence of SEQ ID NO:28.

Bispecific antigen binding molecules binding to TnC

In one aspect, the invention provides bispecific antigen binding molecules, wherein the

moiety capable of specific binding to tenascin C (TnC) binds to a polypeptide comprising, or

consisting of, the amino acid sequence of SEQ ID NO:39.

In one aspect, provided is a bispecific antigen binding molecule, comprising at least one

moiety capable of specific binding to TnC, wherein said moiety comprises a VH comprising

(i) a CDR-Hl comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:40 and SEQ ID NO:41,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:42 and SEQ ID NO:43, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:44 and SEQ ID NO:45,

and a VL comprising



(iv) a CDR-Ll comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:46 and SEQ ID NO:47,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:48 and SEQ ID NO:49, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:50 and SEQ ID NO:51.

In particular, provided is a bispecific antigen binding molecule, comprising at least one

moiety capable of specific binding to TnC, wherein said moiety comprises

(a) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:40,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:42, CDR-H3 comprising the

amino acid sequence of SEQ ID NO:44 and a VL comprising CDR-Ll comprising the amino

acid sequence of SEQ ID NO:46, CDR-L2 comprising the amino acid sequence of SEQ ID

NO:48 and CDR-L3 comprising the amino acid sequence of SEQ ID NO:50, or

(b) a VH comprising CDR-H1 comprising the amino acid sequence of SEQ ID NO:41,

CDR-H2 comprising the amino acid sequence of SEQ ID NO:43, CDR-H3 comprising the

amino acid sequence of SEQ ID NO:45 and a VL comprising CDR-Ll comprising the amino

acid sequence of SEQ ID NO:47, CDR-L2 comprising the amino acid sequence of SEQ ID

NO:49 and CDR-L3 comprising the amino acid sequence of SEQ ID NO:51.

In particular, provided is a bispecific antigen binding molecule, comprising at least one

moiety capable of specific binding to TnC, wherein said moiety comprises a VH comprising

CDR-H1 comprising the amino acid sequence of SEQ ID NO:40, CDR-H2 comprising the

amino acid sequence of SEQ ID NO:42, CDR-H3 comprising the amino acid sequence of SEQ

ID NO:44 and a VL comprising CDR-Ll comprising the amino acid sequence of SEQ ID NO:46,

CDR-L2 comprising the amino acid sequence of SEQ ID NO:48 and CDR-L3 comprising the

amino acid sequence of SEQ ID NO:50.

In another aspect, the invention provides a bispecific antigen binding molecule, wherein

the moiety capable of specific binding to TnC comprises a VH comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:52 and SEQ ID NO:54 and a VL

comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%

identical to an amino acid sequence selected from the group consisting of SEQ ID NO:53 and

SEQ ID NO:55.

Particularly, provided is a bispecific antigen binding molecule, wherein the moiety capable

of specific binding to TnC comprises



(i) a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising the

amino acid sequence of SEQ ID NO:53, or

(ii) a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising the

amino acid sequence of SEQ ID NO:55.

In a particular aspect, provided is a bispecific antigen binding molecule, wherein the

moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53.

Bispecific antigen binding molecules binding to OX40 and TnC

In a further aspect, provided is a bispecific antigen binding molecule, wherein

(i) the moiety capable of specific binding to OX40 comprises a VH comprising an amino acid

sequence that is at least about 95%, 96%>, 97%, 98%>, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID

NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35 or SEQ ID NO:37 and a VL

comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%

identical to the amino acid sequence of SEQ ID NO:26, SEQ ID NO: 28, SEQ ID NO:30, SEQ

ID NO:32, SEQ ID NO:34, SEQ ID NO:36 or SEQ ID NO:38 and

(ii) the moiety capable of specific binding to TnC comprises a VH comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:52 or SEQ ID NO:54 and a VL

comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%

identical to an amino acid sequence selected from the group consisting of SEQ ID NO:53 or

SEQ ID NO:55.

In a particular aspect, provided is a bispecific antigen binding molecule, wherein

(a) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:25 and a VL comprising the amino acid sequence of SEQ ID NO:26

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(b) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:25 and a VL comprising the amino acid sequence of SEQ ID NO:26

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,

(c) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:27 and a VL comprising the amino acid sequence of SEQ ID NO:28



and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(d) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:27 and a VL comprising the amino acid sequence of SEQ ID NO:28

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,

(e) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:29 and a VL comprising the amino acid sequence of SEQ ID NO:30

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(f) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:29 and a VL comprising the amino acid sequence of SEQ ID NO:30

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,

(g) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:3 1 and a VL comprising the amino acid sequence of SEQ ID NO:32

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(h) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:3 1 and a VL comprising the amino acid sequence of SEQ ID NO:32

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,

(i) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:33 and a VL comprising the amino acid sequence of SEQ ID NO:34

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(j) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:33 and a VL comprising the amino acid sequence of SEQ ID NO:34

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,

(k) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:35 and a VL comprising the amino acid sequence of SEQ ID NO:36

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

(1) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:35 and a VL comprising the amino acid sequence of SEQ ID NO:36

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55,



(m) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:37 and a VL comprising the amino acid sequence of SEQ ID NO:38

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

or

(n) the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:37 and a VL comprising the amino acid sequence of SEQ ID NO:38

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55.

In a particular aspect, the invention provides a bispecific antigen binding molecule,

wherein

the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:27 and a VL comprising the amino acid sequence of SEQ ID NO:28

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:52 and a VL comprising the amino acid sequence of SEQ ID NO:53,

or

the moiety capable of specific binding to OX40 comprises a VH comprising the amino acid

sequence of SEQ ID NO:27 and a VL comprising the amino acid sequence of SEQ ID NO:28

and the moiety capable of specific binding to TnC comprises a VH comprising the amino acid

sequence of SEQ ID NO:54 and a VL comprising the amino acid sequence of SEQ ID NO:55.

Bispecific, bivalent antigen binding molecules (2+2 format)

In one aspect, the invention relates to a bispecific antigen binding molecule, comprising

(a) two moieties capable of specific binding to OX40 comprising an antibody light chain variable

region (VL) and an antibody heavy chain variable region (VH),

(b) two moieties capable of specific binding to TnC comprising an antibody light chain variable

region (VL) and an antibody heavy chain variable region (VH), and

(c) a Fc region composed of a first and a second subunit capable of stable association.

In one aspect, the bispecific antigen binding molecule is bivalent both for OX40 and for

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments

capable of specific binding to OX40, and a Fc region, and



(b) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40, and a Fc region subunit,

(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40,

(c) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).

In some embodiments, the two Fab fragments capable of specific binding to TnC are

crossover Fab fragments each comprising a VL-CHl chain and a VH-CL chain, and wherein one

of the VL-CHl chains is connected to the C-terminus of one of the two heavy chains of (a), and

the other of the VL-CHl chains is connected to the C-terminus of the other of the two heavy

chains of (a).

In some embodiments in accordance with various aspects of the present invention, Fab

fragments capable of specific binding to TnC are connected to the C-terminus of the heavy

chains of (a) via a peptide linker. In some embodiments in accordance with various aspects of the

present invention, the VL-CHl chain of a crossover Fab fragment capable of specific binding to

TnC is connected to the C-terminus of one of the two heavy chains of (a) via a peptide linker. In

particular embodiments, the peptide linker is (G4S)4 (SEQ ID NO:69).

In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising

(a) two heavy chains, each comprising the amino acid sequence of SEQ ID NO:213, a first light

chain comprising the amino acid sequence of SEQ ID NO:212, and a second light chain

comprising the amino acid sequence of SEQ ID NO:214, or

(b) two heavy chains, each comprising the amino acid sequence of SEQ ID NO:215, a first light

chain comprising the amino acid sequence of SEQ ID NO:212, and a second light chain

comprising the amino acid sequence of SEQ ID NO:216.

In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:213,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and



two light chains, each comprising the amino acid sequence of SEQ ID NO:214.

In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:215,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:216.

Bispecific antigen binding molecules having bivalent or tetravalent binding to OX40,

and monovalent binding to TnC (2+1 and 4+1 formats)

In one aspect, the bispecific antigen binding molecule is bivalent for OX40 and

monovalent for TnC.

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two Fab fragments capable of specific binding to OX40 connected to a Fc region, and

(b) a moiety capable of specific binding to TnC comprising an antibody light chain variable

region (VL) and an antibody heavy chain variable region (VH) connected to the C-terminus of

the Fc region.

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments capable

of specific binding to OX40, and a Fc region, and

(b) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is connected to

the C-terminus of one of the two heavy chains of (a), and wherein the VL is connected to the C-

terminus of the other of the two heavy chains of (a).

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab fragment

capable of specific binding to OX40 and a Fc region subunit,

(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment capable

of specific binding to OX40, and

(c) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is connected to

the C-terminus of one of the two heavy chains of (a), and wherein the VL is connected to the C-

terminus of the other of the two heavy chains of (a).

In another aspect, the bispecific antigen binding molecule of the invention comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab fragment

capable of specific binding to OX40 and a Fc region subunit,



(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment capable

of specific binding to OX40, and

(c) a Fab fragment capable specific binding to TnC, wherein the VHCH1 chain or the VLCL

chain of the Fab fragment is connected to the C-terminus of one of the two heavy chains of (a).

Bispecific antigen binding molecules having tetravalent binding to OX40, and

monovalent binding to TnC (4+1 format)

In one aspect, the bispecific antigen binding molecule is tetravalent for OX40 and

monovalent for TnC.

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) four Fab fragments capable of specific binding to OX40 connected to a Fc region, and

(b) a moiety capable of specific binding to TnC comprising an antibody light chain variable

region (VL) and an antibody heavy chain variable region (VH) connected to the C-terminus of

the Fc region.

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two light chains and two heavy chains of an antibody comprising four Fab fragments capable

of specific binding to OX40, and a Fc region, and

(b) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is connected to

the C-terminus of one of the two heavy chains of (a), and wherein the VL is connected to the C-

terminus of the other of the two heavy chains of (a).

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two heavy chains, each heavy chain comprising two VH domains and two CHI domains of a

Fab fragment capable of specific binding to OX40 and a Fc region subunit,

(b) four light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(c) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is connected to

the C-terminus of one of the two heavy chains of (a), and wherein the VL is connected to the C-

terminus of the other of the two heavy chains of (a).

In some embodiments in accordance with various aspects of the present invention, the VH

of a moiety capable specific binding to TnC is connected to the C-terminus of one of the two

heavy chains of (a) via a peptide linker. In some embodiments in accordance with various

aspects of the present invention, the VL of a moiety capable specific binding to TnC is connected

to the C-terminus of one of the two heavy chains of (a) via a peptide linker. In particular

embodiments, the peptide linker is (G4S)4 (SEQ ID NO:69).



In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising a first heavy chain comprising the amino acid sequence of SEQ ID NO:222, a second

heavy chain comprising the amino acid sequence of SEQ ID NO:223, and a light chain

comprising the amino acid sequence of SEQ ID NO:212.

In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising

a first heavy chain comprising the amino acid sequence of SEQ ID NO:222,

a second heavy chain comprising the amino acid sequence of SEQ ID NO:223, and

four light chains, each comprising the amino acid sequence of SEQ ID NO:212.

In one aspect, the bispecific antigen binding molecule of the invention comprises a first

and a second heavy chain and four light chains that form a first, a second, a third, a forth, and a

fifth antigen binding moiety, wherein the first, the second, the third, and the fourth antigen

binding moiety each are capable of specific binding to OX40 and the fifth antigen binding

moiety is capable of specific binding to TnC, wherein

(i) the first polypeptide chain comprises in amino (N)-terminal to carboxyl (C)-terminal direction,

VH(OX40), CHI, VH(OX40), CHI, CH2, CH3 (Fc knob) and VH(TnC),

(ii) the second polypeptide chain comprises in N-terminal to C-terminal direction, VH(OX40),

CHI, VH(OX40), CHI, CH2, CH3(Fc hole) and VL(TnC), and

(iii) four light chains comprise in N-terminal to C-terminal direction VL(Ox40) and CL.

In another aspect, the bispecific antigen binding molecule of the invention comprises a first

and a second heavy chain and four light chains that form a first, a second, a third, a forth, and a

fifth antigen binding moiety, wherein the first, the second, the third, and the fourth antigen

binding moiety each are capable of specific binding to OX40 and the fifth antigen binding

moiety is capable of specific binding to TnC, wherein

(i) the first polypeptide chain comprises in amino (N)-terminal to carboxyl (C)-terminal direction,

VH(OX40), CHI, VH(OX40), CHI, CH2, CH3 (Fc knob) and VL(TnC),

(ii) the second polypeptide chain comprises in N-terminal to C-terminal direction, VH(OX40),

CHI, VH(OX40), CHI, CH2, CH3(Fc hole) and VH(TnC), and

(iii) the four light chains comprise in N-terminal to C-terminal direction VL(Ox40) and CL.

Bispecific antigen binding molecules having tetravalent binding to OX40, and

bivalent binding to TnC (4+2 format)

In one aspect, the bispecific antigen binding molecule is tetravalent for OX40 and bivalent

for TnC.



In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) four Fab fragments capable of specific binding to OX40 connected to a Fc region, and

(b) two moieties capable of specific binding to TnC comprising an antibody light chain variable

region (VL) and an antibody heavy chain variable region (VH) connected to the C-terminus of

the Fc region.

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) four light chains and two heavy chains of an antibody comprising four Fab fragments capable

of specific binding to OX40, and a Fc region, and

(b) two Fab fragments capable of specific binding to TnC, wherein one of the Fab fragments is

connected to the C-terminus of one of the two heavy chains of (a), and the other of the Fab

fragments is connected to the C-terminus of the other of the two heavy chains of (a).

In one aspect, the bispecific antigen binding molecule of the invention comprises

(a) two heavy chains, each heavy chain comprising two VH domains and two CHI domains of a

Fab fragment capable of specific binding to OX40 and a Fc region subunit,

(b) four light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(c) two Fab fragments capable of specific binding to TnC, wherein one of the Fab fragments is

connected to the C-terminus of one of the two heavy chains of (a), and the other of the Fab

fragments is connected to the C-terminus of the other of the two heavy chains of (a).

In some embodiments, the two Fab fragments capable of specific binding to TnC are

crossover Fab fragments each comprising a VL-CHl chain and a VH-CL chain, and wherein one

of the VL-CHl chains is connected to the C-terminus of one of the two heavy chains of (a), and

the other of the VL-CHl chains is connected to the C-terminus of the other of the two heavy

chains of (a).

In some embodiments in accordance with various aspects of the present invention, Fab

fragments capable of specific binding to TnC are connected to the C-terminus of the heavy

chains of (a) via a peptide linker. In some embodiments in accordance with various aspects of the

present invention, the VL-CHl chain of a crossover Fab fragment capable of specific binding to

TnC is connected to the C-terminus of one of the two heavy chains of (a) via a peptide linker. In

particular embodiments, the peptide linker is (G4S)4 (SEQ ID NO:69).

In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising two heavy chains, each comprising the amino acid sequence of SEQ ID NO:225, a

first light chain comprising the amino acid sequence of SEQ ID NO:224, and a second light

chain comprising the amino acid sequence of SEQ ID NO:226.



In a particular aspect, the invention provides a bispecific antigen binding molecule

comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:225,

four light chains, each comprising the amino acid sequence of SEQ ID NO:224, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:226.

In one aspect, the bispecific antigen binding molecule of the invention comprises a first

and a second heavy chain and six light chains that form a first, a second, a third, a forth, a fifth,

and a sixth antigen binding moiety, wherein the first, the second, the third, and the fourth antigen

binding moiety each are capable of specific binding to OX40, and wherein the fifth and the sixth

antigen binding moiety each are capable of specific binding to TnC, wherein

(i) the first and the second polypeptide chains comprise in amino (N)-terminal to carboxyl (C)-

terminal direction, VH(OX40), CHI*, VH(OX40), CHI*, CH2, CH3, VL(TnC) and CHI,

(ii) four light chains comprise in N-terminal to C-terminal direction VL(OX40) and CL*, and

(iii) two light chains comprise in N-terminal to C-terminal direction VH(TnC) and CL and

wherein CHI * and CL* comprise amino acid mutations to allow better pairing.

Fc region modifications reducing Fc receptor binding and/or effector function

In embodiments in accordance with various aspects of the present invention, the bispecific

antigen binding molecules further comprise a Fc region composed of a first and a second subunit

capable of stable association.

In certain aspects, one or more amino acid modifications may be introduced into the Fc

region of an antibody provided herein, thereby generating an Fc region variant. The Fc region

variant may comprise a human Fc region sequence (e.g., a human IgGl, IgG2, IgG3 or IgG4 Fc

region) comprising an amino acid modification (e.g. a substitution) at one or more amino acid

positions.

The Fc region confers favorable pharmacokinetic properties to the bispecific antibodies of

the invention, including a long serum half-life which contributes to good accumulation in the

target tissue and a favorable tissue-blood distribution ratio. At the same time it may, however,

lead to undesirable targeting of the bispecific antibodies of the invention to cells expressing Fc

receptors rather than to the preferred antigen-bearing cells. Accordingly, in particular

embodiments the Fc region of the bispecific antibodies of the invention exhibits reduced binding

affinity to an Fc receptor and/or reduced effector function, as compared to a native IgG Fc region,

in particular an IgGl Fc region or an IgG4 Fc region. More particularly, the Fc region is an IgGl

Fc region.



In one such aspect the Fc region (or the bispecific antigen binding molecule of the

invention comprising said Fc region) exhibits less than 50%, preferably less than 20%, more

preferably less than 10% and most preferably less than 5% of the binding affinity to an Fc

receptor, as compared to a native IgGl Fc region (or the bispecific antigen binding molecule of

the invention comprising a native IgGl Fc region), and/or less than 50%, preferably less than

20%, more preferably less than 10% and most preferably less than 5% of the effector function, as

compared to a native IgGl Fc region (or the bispecific antigen binding molecule of the invention

comprising a native IgGl Fc region). In one aspect, the Fc region (or the bispecific antigen

binding molecule of the invention comprising said Fc region) does not substantially bind to an Fc

receptor and/or induce effector function. In a particular aspect the Fc receptor is an Fey receptor.

In one aspect, the Fc receptor is a human Fc receptor. In one aspect, the Fc receptor is an

activating Fc receptor. In a specific aspect, the Fc receptor is an activating human Fey receptor,

more specifically human FcyRIIIa, FcyRI or FcyRIIa, most specifically human FcyRIIIa. In one

aspect, the Fc receptor is an inhibitory Fc receptor. In a specific aspect, the Fc receptor is an

inhibitory human Fey receptor, more specifically human FcyRIIB. In one aspect the effector

function is one or more of CDC, ADCC, ADCP, and cytokine secretion. In a particular aspect,

the effector function is ADCC. In one aspect, the Fc region domain exhibits substantially similar

binding affinity to neonatal Fc receptor (FcRn), as compared to a native IgGl Fc region.

Substantially similar binding to FcRn is achieved when the Fc region (or the bispecific antigen

binding molecule of the invention comprising said Fc region) exhibits greater than about 70%,

particularly greater than about 80%, more particularly greater than about 90% of the binding

affinity of a native IgGl Fc region (or the bispecific antigen binding molecule of the invention

comprising a native IgGl Fc region) to FcRn.

In a particular aspect, the Fc region is engineered to have reduced binding affinity to an Fc

receptor and/or reduced effector function, as compared to a non-engineered Fc region. In a

particular aspect, the Fc region of the bispecific antigen binding molecule of the invention

comprises one or more amino acid mutation that reduces the binding affinity of the Fc region to

an Fc receptor and/or effector function. Typically, the same one or more amino acid mutation is

present in each of the two subunits of the Fc region. In one aspect, the amino acid mutation

reduces the binding affinity of the Fc region to an Fc receptor. In another aspect, the amino acid

mutation reduces the binding affinity of the Fc region to an Fc receptor by at least 2-fold, at least

5-fold, or at least 10-fold. In one aspect, the bispecific antigen binding molecule of the invention

comprising an engineered Fc region exhibits less than 20%, particularly less than 10%, more

particularly less than 5% of the binding affinity to an Fc receptor as compared to bispecific

antibodies of the invention comprising a non-engineered Fc region. In a particular aspect, the Fc

receptor is an Fey receptor. In other aspects, the Fc receptor is a human Fc receptor. In one

aspect, the Fc receptor is an inhibitory Fc receptor. In a specific aspect, the Fc receptor is an



inhibitory human Fey receptor, more specifically human FcyRIIB. In some aspects the Fc

receptor is an activating Fc receptor. In a specific aspect, the Fc receptor is an activating human

Fey receptor, more specifically human FcyRIIIa, FcyRI or FcyRIIa, most specifically human

FcyRIIIa. Preferably, binding to each of these receptors is reduced. In some aspects, binding

affinity to a complement component, specifically binding affinity to Clq, is also reduced. In one

aspect, binding affinity to neonatal Fc receptor (FcRn) is not reduced. Substantially similar

binding to FcRn, i.e. preservation of the binding affinity of the Fc region to said receptor, is

achieved when the Fc region (or the bispecific antigen binding molecule of the invention

comprising said Fc region) exhibits greater than about 70% of the binding affinity of a non-

engineered form of the Fc region (or the bispecific antigen binding molecule of the invention

comprising said non-engineered form of the Fc region) to FcRn. The Fc region, or the bispecific

antigen binding molecule of the invention comprising said Fc region, may exhibit greater than

about 80% and even greater than about 90% of such affinity. In certain embodiments the Fc

region of the bispecific antigen binding molecule of the invention is engineered to have reduced

effector function, as compared to a non-engineered Fc region. The reduced effector function can

include, but is not limited to, one or more of the following: reduced complement dependent

cytotoxicity (CDC), reduced antibody-dependent cell-mediated cytotoxicity (ADCC), reduced

antibody-dependent cellular phagocytosis (ADCP), reduced cytokine secretion, reduced immune

complex-mediated antigen uptake by antigen-presenting cells, reduced binding to NK cells,

reduced binding to macrophages, reduced binding to monocytes, reduced binding to

polymorphonuclear cells, reduced direct signaling inducing apoptosis, reduced dendritic cell

maturation, or reduced T cell priming.

Antibodies with reduced effector function include those with substitution of one or more of

Fc region residues 238, 265, 269, 270, 297, 327 and 329 (U.S. Patent No. 6,737,056). Such Fc

mutants include Fc mutants with substitutions at two or more of amino acid positions 265, 269,

270, 297 and 327, including the so-called "DANA" Fc mutant with substitution of residues 265

and 297 to alanine (US Patent No. 7,332,581). Certain antibody variants with improved or

diminished binding to FcRs are described (e.g. U.S. Patent No. 6,737,056; WO 2004/056312,

and Shields, R.L. et al, J . Biol. Chem. 276 (2001) 6591-6604).

In one aspect of the invention, the Fc region comprises an amino acid substitution at a

position of E233, L234, L235, N297, P331 and P329. In some aspects, the Fc region comprises

the amino acid substitutions L234A and L235A ("LALA"). In one such embodiment, the Fc

region is an IgGl Fc region, particularly a human IgGl Fc region. In one aspect, the Fc region

comprises an amino acid substitution at position P329. In a more specific aspect, the amino acid

substitution is P329A or P329G, particularly P329G. In one embodiment the Fc region comprises

an amino acid substitution at position P329 and a further amino acid substitution selected from

the group consisting of E233P, L234A, L235A, L235E, N297A, N297D or P331S. In more



particular embodiments the Fc region comprises the amino acid mutations L234A, L235A and

P329G ("P329G LALA"). The "P329G LALA" combination of amino acid substitutions almost

completely abolishes Fey receptor binding of a human IgGl Fc region, as described in PCT

Patent Application No. WO 2012/130831 Al. Said document also describes methods of

preparing such mutant Fc regions and methods for determining its properties such as Fc receptor

binding or effector functions.such antibody is an IgGl with mutations L234A and L235A or with

mutations L234A, L235A and P329G (numbering according to EU index of Kabat et al , Kabat

et al, Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National

Institutes of Health, Bethesda, MD, 1991).

In one aspect, the Fc region is an IgG4 Fc region. In a more specific embodiment, the Fc

region is an IgG4 Fc region comprising an amino acid substitution at position S228 (Kabat

numbering), particularly the amino acid substitution S228P. In a more specific embodiment, the

Fc region is an IgG4 Fc region comprising amino acid substitutions L235E and S228P and

P329G. This amino acid substitution reduces in vivo Fab arm exchange of IgG4 antibodies (see

Stubenrauch et al, Drug Metabolism and Disposition 38, 84-91 (2010)).

Antibodies with increased half lives and improved binding to the neonatal Fc receptor

(FcRn), which is responsible for the transfer of maternal IgGs to the fetus (Guyer, R.L. et al, J .

Immunol. 117 (1976) 587-593, and Kim, J.K. et al, J . Immunol. 24 (1994) 2429-2434), are

described in US 2005/0014934. Those antibodies comprise an Fc region with one or more

substitutions therein which improve binding of the Fc region to FcRn. Such Fc variants include

those with substitutions at one or more of Fc region residues: 238, 256, 265, 272, 286, 303, 305,

307, 3 11, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, e.g., substitution of

Fc region residue 434 (US Patent No. 7,371,826). See also Duncan, A.R. and Winter, G., Nature

322 (1988) 738-740; US 5,648,260; US 5,624,821; and WO 94/29351 concerning other

examples of Fc region variants.

Binding to Fc receptors can be easily determined e.g. by ELISA, or by Surface Plasmon

Resonance (SPR) using standard instrumentation such as a BIAcore instrument (GE Healthcare),

and Fc receptors such as may be obtained by recombinant expression. A suitable such binding

assay is described herein. Alternatively, binding affinity of Fc regions or cell activating

bispecific antigen binding molecules comprising an Fc region for Fc receptors may be evaluated

using cell lines known to express particular Fc receptors, such as human NK cells expressing

Fcyllla receptor. Effector function of an Fc region, or bispecific antibodies of the invention

comprising an Fc region, can be measured by methods known in the art. A suitable assay for

measuring ADCC is described herein. Other examples of in vitro assays to assess ADCC activity

of a molecule of interest are described in U.S. Patent No. 5,500,362; Hellstrom et al. Proc Natl

Acad Sci USA 83, 7059-7063 (1986) and Hellstrom et al, Proc Natl Acad Sci USA 82, 1499-



1502 (1985); U.S. Patent No. 5,821,337; Bruggemann et al, J Exp Med 166, 1351-1361 (1987).

Alternatively, non-radioactive assays methods may be employed (see, for example, ACTI™ non

radioactive cytotoxicity assay for flow cytometry (CellTechnology, Inc. Mountain View, CA);

and CytoTox 96® non-radioactive cytotoxicity assay (Promega, Madison, WI)). Useful effector

cells for such assays include peripheral blood mononuclear cells (PBMC) and Natural Killer (NK)

cells. Alternatively, or additionally, ADCC activity of the molecule of interest may be assessed

in vivo, e.g. in a animal model such as that disclosed in Clynes et al, Proc Natl Acad Sci USA 95,

652-656 (1998).

The following section describes preferred aspects of the bispecific antigen binding

molecules of the invention comprising Fc region modifications reducing Fc receptor binding

and/or effector function. In one aspect, the invention relates to the bispecific antigen binding

molecule (a) at least one moiety capable of specific binding to OX40, (b) at least one moiety

capable of specific binding to TnC, and (c) a Fc region composed of a first and a second subunit

capable of stable association, wherein the Fc region comprises one or more amino acid

substitution that reduces the binding affinity of the antibody to an Fc receptor, in particular

towards Fey receptor. In another aspect, the invention relates to the bispecific antigen binding

molecule comprising (a) at least one moiety capable of specific binding to OX40, (b) at least one

moiety capable of specific binding to TnC, and (c) a Fc region composed of a first and a second

subunit capable of stable association, wherein the Fc region comprises one or more amino acid

substitution that reduces effector function. In particular aspect, the Fc region is of human IgGl

subclass with the amino acid mutations L234A, L235A and P329G (numbering according to

Kabat EU index).

Fc region modifications promoting heterodimerization

The bispecific antigen binding molecules of the invention comprise different antigen-

binding sites, fused to one or the other of the two subunits of the Fc region, thus the two subunits

of the Fc region may be comprised in two non-identical polypeptide chains. Recombinant co-

expression of these polypeptides and subsequent dimerization leads to several possible

combinations of the two polypeptides. To improve the yield and purity of the bispecific

antibodies of the invention in recombinant production, it will thus be advantageous to introduce

in the Fc region of the bispecific antigen binding molecules of the invention a modification

promoting the association of the desired polypeptides.

Accordingly, in particular aspects the invention relates to the bispecific antigen binding

molecule comprising (a) at least one moiety capable of specific binding to OX40, (b) at least one

moiety capable of specific binding to TnC, and (c) a Fc region composed of a first and a second

subunit capable of stable association, wherein the Fc region comprises a modification promoting



the association of the first and second subunit of the Fc region. The site of most extensive

protein-protein interaction between the two subunits of a human IgG Fc region is in the CH3

domain of the Fc region. Thus, in one aspect said modification is in the CH3 domain of the Fc

region.

In a specific aspect said modification is a so-called "knob-into-hole" modification,

comprising a "knob" modification in one of the two subunits of the Fc region and a "hole"

modification in the other one of the two subunits of the Fc region. Thus, the invention relates to

the bispecific antigen binding molecule comprising (a) at least one moiety capable of specific

binding to OX40, (b) at least one moiety capable of specific binding to TnC, and (c) a Fc region

composed of a first and a second subunit capable of stable association, wherein the first subunit

of the Fc region comprises knobs and the second subunit of the Fc region comprises holes

according to the knobs into holes method. In a particular aspect, the first subunit of the Fc region

comprises the amino acid substitutions S354C and T366W (EU numbering) and the second

subunit of the Fc region comprises the amino acid substitutions Y349C, T366S and Y407V

(numbering according to Kabat EU index).

The knob-into-hole technology is described e.g. in US 5,731,168; US 7,695,936; Ridgway

et al, Prot Eng 9, 617-621 (1996) and Carter, J Immunol Meth 248, 7-15 (2001). Generally, the

method involves introducing a protuberance ("knob") at the interface of a first polypeptide and a

corresponding cavity ("hole") in the interface of a second polypeptide, such that the

protuberance can be positioned in the cavity so as to promote heterodimer formation and hinder

homodimer formation. Protuberances are constructed by replacing small amino acid side chains

from the interface of the first polypeptide with larger side chains (e.g. tyrosine or tryptophan).

Compensatory cavities of identical or similar size to the protuberances are created in the

interface of the second polypeptide by replacing large amino acid side chains with smaller ones

(e.g. alanine or threonine).

Accordingly, in one aspect, in the CH3 domain of the first subunit of the Fc region of the

bispecific antigen binding molecules of the invention an amino acid residue is replaced with an

amino acid residue having a larger side chain volume, thereby generating a protuberance within

the CH3 domain of the first subunit which is positionable in a cavity within the CH3 domain of

the second subunit, and in the CH3 domain of the second subunit of the Fc region an amino acid

residue is replaced with an amino acid residue having a smaller side chain volume, thereby

generating a cavity within the CH3 domain of the second subunit within which the protuberance

within the CH3 domain of the first subunit is positionable. The protuberance and cavity can be

made by altering the nucleic acid encoding the polypeptides, e.g. by site-specific mutagenesis, or

by peptide synthesis. In a specific aspect, in the CH3 domain of the first subunit of the Fc region

the threonine residue at position 366 is replaced with a tryptophan residue (T366W), and in the



CH3 domain of the second subunit of the Fc region the tyrosine residue at position 407 is

replaced with a valine residue (Y407V). In one aspect, in the second subunit of the Fc region

additionally the threonine residue at position 366 is replaced with a serine residue (T366S) and

the leucine residue at position 368 is replaced with an alanine residue (L368A).

In yet a further aspect, in the first subunit of the Fc region additionally the serine residue at

position 354 is replaced with a cysteine residue (S354C), and in the second subunit of the Fc

region additionally the tyrosine residue at position 349 is replaced by a cysteine residue (Y349C).

Introduction of these two cysteine residues results in formation of a disulfide bridge between the

two subunits of the Fc region, further stabilizing the dimer (Carter (2001), J Immunol Methods

248, 7-15). In a particular aspect, the first subunit of the Fc region comprises the amino acid

substitutions S354C and T366W (EU numbering) and the second subunit of the Fc region

comprises the amino acid substitutions Y349C, T366S and Y407V (numbering according to

Kabat EU index).

In an alternative aspect, a modification promoting association of the first and the second

subunit of the Fc region comprises a modification mediating electrostatic steering effects, e.g. as

described in PCT publication WO 2009/089004. Generally, this method involves replacement of

one or more amino acid residues at the interface of the two Fc region subunits by charged amino

acid residues so that homodimer formation becomes electrostatically unfavorable but

heterodimerization electrostatically favorable.

The C-terminus of the heavy chain of the bispecific antibody as reported herein can be a

complete C-terminus ending with the amino acid residues PGK. The C-terminus of the heavy

chain can be a shortened C-terminus in which one or two of the C terminal amino acid residues

have been removed. In one preferred aspect, the C-terminus of the heavy chain is a shortened C-

terminus ending PG. In one aspect of all aspects as reported herein, a bispecific antibody

comprising a heavy chain including a C-terminal CH3 domain as specified herein, comprises the

C-terminal glycine-lysine dipeptide (G446 and K447, numbering according to Kabat EU index).

In one embodiment of all aspects as reported herein, a bispecific antibody comprising a heavy

chain including a C-terminal CH3 domain, as specified herein, comprises a C-terminal glycine

residue (G446, numbering according to Kabat EU index).

Modifications in the Fab domains

In one aspect, the invention relates to a bispecific antigen binding molecule comprising (a)

a first Fab fragment capable of specific binding to OX40, (b) a second Fab fragment capable of

specific binding to TnC, and (c) a Fc region composed of a first and a second subunit capable of

stable association, wherein in one of the Fab fragments either the variable domains VH and VL



or the constant domains CHI and CL are exchanged. The bispecific antibodies are prepared

according to the Crossmab technology.

Multispecific antibodies with a domain replacement/exchange in one binding arm

(CrossMabVH-VL or CrossMabCH-CL) are described in detail in WO2009/080252 and

Schaefer, W. et al, PNAS, 108 (201 1) 11187-1 191. They clearly reduce the byproducts caused

by the mismatch of a light chain against a first antigen with the wrong heavy chain against the

second antigen (compared to approaches without such domain exchange).

In one aspect, the invention relates to a bispecific antigen binding molecule comprising (a)

a first Fab fragment capable of specific binding to OX40, (b) a second Fab fragment capable of

specific binding to TnC, and (c) a Fc region composed of a first and a second subunit capable of

stable association, wherein in one of the Fab fragments the constant domains CL and CHI are

replaced by each other so that the CHI domain is part of the light chain and the CL domain is

part of the heavy chain. More particularly, in the second Fab fragment capable of specific

binding to TnC the constant domains CL and CHI are replaced by each other so that the CHI

domain is part of the light chain and the CL domain is part of the heavy chain.

In a particular aspect, the invention relates a bispecific antigen binding molecule

comprising (a) a first Fab fragment capable of specific binding to OX40, (b) a second Fab

fragment capable of specific binding to TnC, wherein the constant domains CL and CHI are

replaced by each other so that the CHI domain is part of the light chain and the CL domain is

part of the heavy chain. Such a molecule is called a monvalent bispecific antigen binding

molecule.

In another aspect, the invention relates to a bispecific antigen binding molecule,

comprising (a) two light chains and two heavy chains of an antibody comprising two Fab

fragments capable of specific binding to OX40 and the Fc region, and (b) two additional Fab

fragments capable of specific binding to TnC, wherein said additional Fab fragments are each

connected via a peptide linker to the C-terminus of the heavy chains of (a). In a particular aspect,

the additional Fab fragments are Fab fragments, wherein the variable domains VL and VH are

replaced by each other so that the VH is part of the light chain and the VL is part of the heavy

chain.

Thus, in a particular aspect, the invention comprises a bispecific, antigen binding molecule,

comprising (a) two light chains and two heavy chains of an antibody comprising two Fab

fragments capable of specific binding to OX40 and the Fc region, and (b) two additional Fab

fragments capable of specific binding to TnC, wherein said two additional Fab fragments

capable of specific binding to a TnC are crossover Fab fragments wherein the variable domains



VL and VH are replaced by each other and the VL-CH chains are each connected via a peptide

linker to the C-terminus of the heavy chains of (a).

In another aspect, and to further improve correct pairing, the bispecific antigen binding

molecule comprising (a) a first Fab fragment capable of specific binding to OX40, (b) a second

Fab fragment capable of specific binding to TnC, and (c) a Fc region composed of a first and a

second subunit capable of stable association, can contain different charged amino acid

substitutions (so-called "charged residues"). These modifications are introduced in the crossed or

non-crossed CHI and CL domains. In a particular aspect, the invention relates to a bispecific

antigen binding molecule, wherein in one of CL domains the amino acid at position 123 (EU

numbering) has been replaced by arginine (R) and the amino acid at position 124 (EU numbering)

has been substituted by lysine (K) and wherein in one of the CHI domains the amino acids at

position 147 (EU numbering) and at position 213 (EU numbering) have been substituted by

glutamic acid (E).

More particularly, the invention relates to a bispecific antigen binding molecule

comprising a Fab, wherein in the CL domain the amino acid at position 123 (EU numbering) has

been replaced by arginine (R) and the amino acid at position 124 (EU numbering) has been

substituted by lysine (K), and wherein in the CHI domain the amino acids at position 147 (EU

numbering) and at position 213 (EU numbering) have been substituted by glutamic acid (E).

Accordingly, in some embodiments one or more of the Fab fragments (e.g. Fab fragments

capable of specific binding to OX40) of the bispecific antigen binding molecule of the present

invention comprise a CL domain comprising an arginine (R) at amino acid at position 123 (EU

numbering) and a lysine (K) at amino acid at position 124 (EU numbering), and a CHI domain

comprising a glutamic acid (E) at amino acid at position 147 (EU numbering) and a glutamic

acid (E) at amino acid at position 213 (EU numbering).

Polynucleotides

The invention further provides isolated polynucleotides encoding a bispecific antigen

binding molecule of the invention as described herein, or a fragment thereof.

The isolated polynucleotides encoding bispecific antigen binding molecules of the

invention may be expressed as a single polynucleotide that encodes the entire antigen binding

molecule or as multiple (e.g., two or more) polynucleotides that are co-expressed. Polypeptides

encoded by polynucleotides that are co-expressed may associate through, e.g., disulfide bonds or

other means to form a functional antigen binding molecule. For example, the light chain portion

of a moiety capable of specific binding to TnC may be encoded by a separate polynucleotide

from the heavy chain portion of the capable of specific binding to TnC. When co-expressed, the



heavy chain polypeptides will associate with the light chain polypeptides to form the moiety

capable of specific binding to TnC. Similarly, the light chain portion of a moiety capable of

specific binding to OX40 may be encoded by a separate polynucleotide from the heavy chain

portion of the capable of specific binding to OX40. When co-expressed, the heavy chain

polypeptides will associate with the light chain polypeptides to form the moiety capable of

specific binding to OX40.

In certain embodiments the polynucleotide or nucleic acid is DNA. In other embodiments,

a polynucleotide of the present invention is RNA, for example, in the form of messenger RNA

(mRNA). RNA of the present invention may be single stranded or double stranded.

According to another aspect of the invention, there is provided an isolated polynucleotide

encoding a bispecific antigen binding molecule as defined herein before or a fusion polypeptide

as described herein before. The invention further provides a vector, particularly an expression

vector, comprising the isolated polynucleotide of the invention and a host cell comprising the

isolated polynucleotide or the vector of the invention. In some embodiments the host cell is a

eukaryotic cell, particularly a mammalian cell.

In another aspect, provided is a method for producing the bispecific antigen binding

molecule of the invention, comprising the steps of (i) culturing the host cell of the invention

under conditions suitable for expression of said antigen binding molecule, and (ii) isolating said

bispecific antigen binding molecule. The invention also encompasses a bispecific antigen

binding molecule produced by the method of the invention.

Recombinant Methods

Bispecific antigen binding molecules of the invention may be obtained, for example, by

solid-state peptide synthesis (e.g. Merrifield solid phase synthesis) or recombinant production.

For recombinant production one or more polynucleotide encoding the antigen binding molecule

or polypeptide fragments thereof, e.g., as described above, is isolated and inserted into one or

more vectors for further cloning and/or expression in a host cell. Such polynucleotide may be

readily isolated and sequenced using conventional procedures. In one aspect of the invention, a

vector, preferably an expression vector, comprising one or more of the polynucleotides of the

invention is provided. Methods which are well known to those skilled in the art can be used to

construct expression vectors containing the coding sequence of the bispecific antigen binding

molecule (fragment) along with appropriate transcriptional/translational control signals. These

methods include in vitro recombinant DNA techniques, synthetic techniques and in vivo

recombination/genetic recombination. See, for example, the techniques described in Maniatis et

al, MOLECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Laboratory,

N.Y. (1989); and Ausubel et al, CURRENT PROTOCOLS IN MOLECULAR BIOLOGY,



Greene Publishing Associates and Wiley Interscience, N.Y. (1989). The expression vector can be

part of a plasmid, virus, or may be a nucleic acid fragment. The expression vector includes an

expression cassette into which the polynucleotide encoding the bispecific antigen binding

molecule or polypeptide fragments thereof (i.e. the coding region) is cloned in operable

association with a promoter and/or other transcription or translation control elements. As used

herein, a "coding region" is a portion of nucleic acid which consists of codons translated into

amino acids. Although a "stop codon" (TAG, TGA, or TAA) is not translated into an amino acid,

it may be considered to be part of a coding region, if present, but any flanking sequences, for

example promoters, ribosome binding sites, transcriptional terminators, introns, 5' and 3'

untranslated regions, and the like, are not part of a coding region. Two or more coding regions

can be present in a single polynucleotide construct, e.g. on a single vector, or in separate

polynucleotide constructs, e.g. on separate (different) vectors. Furthermore, any vector may

contain a single coding region, or may comprise two or more coding regions, e.g. a vector of the

present invention may encode one or more polypeptides, which are post- or co-translationally

separated into the final proteins via proteolytic cleavage. In addition, a vector, polynucleotide, or

nucleic acid of the invention may encode heterologous coding regions, either fused or unfused to

a polynucleotide encoding the bispecific antigen binding molecule of the invention or

polypeptide fragments thereof, or variants or derivatives thereof. Heterologous coding regions

include without limitation specialized elements or motifs, such as a secretory signal peptide or a

heterologous functional domain. An operable association is when a coding region for a gene

product, e.g. a polypeptide, is associated with one or more regulatory sequences in such a way as

to place expression of the gene product under the influence or control of the regulatory

sequence(s). Two DNA fragments (such as a polypeptide coding region and a promoter

associated therewith) are "operably associated" if induction of promoter function results in the

transcription of m NA encoding the desired gene product and if the nature of the linkage

between the two DNA fragments does not interfere with the ability of the expression regulatory

sequences to direct the expression of the gene product or interfere with the ability of the DNA

template to be transcribed. Thus, a promoter region would be operably associated with a nucleic

acid encoding a polypeptide if the promoter was capable of effecting transcription of that nucleic

acid. The promoter may be a cell-specific promoter that directs substantial transcription of the

DNA only in predetermined cells. Other transcription control elements, besides a promoter, for

example enhancers, operators, repressors, and transcription termination signals, can be operably

associated with the polynucleotide to direct cell-specific transcription.

Suitable promoters and other transcription control regions are disclosed herein. A variety

of transcription control regions are known to those skilled in the art. These include, without

limitation, transcription control regions, which function in vertebrate cells, such as, but not

limited to, promoter and enhancer segments from cytomegaloviruses (e.g. the immediate early



promoter, in conjunction with intron-A), simian virus 40 (e.g. the early promoter), and

retroviruses (such as, e.g. Rous sarcoma virus). Other transcription control regions include those

derived from vertebrate genes such as actin, heat shock protein, bovine growth hormone and

rabbit a-globin, as well as other sequences capable of controlling gene expression in eukaryotic

cells. Additional suitable transcription control regions include tissue-specific promoters and

enhancers as well as inducible promoters (e.g. promoters inducible tetracyclins). Similarly, a

variety of translation control elements are known to those of ordinary skill in the art. These

include, but are not limited to ribosome binding sites, translation initiation and termination

codons, and elements derived from viral systems (particularly an internal ribosome entry site, or

IRES, also referred to as a CITE sequence). The expression cassette may also include other

features such as an origin of replication, and/or chromosome integration elements such as

retroviral long terminal repeats (LTRs), or adeno-associated viral (AAV) inverted terminal

repeats (ITRs).

Polynucleotide and nucleic acid coding regions of the present invention may be associated

with additional coding regions which encode secretory or signal peptides, which direct the

secretion of a polypeptide encoded by a polynucleotide of the present invention. For example, if

secretion of the bispecific antigen binding molecule or polypeptide fragments thereof is desired,

DNA encoding a signal sequence may be placed upstream of the nucleic acid encoding a

bispecific antigen binding molecule of the invention or polypeptide fragments thereof.

According to the signal hypothesis, proteins secreted by mammalian cells have a signal peptide

or secretory leader sequence which is cleaved from the mature protein once export of the

growing protein chain across the rough endoplasmic reticulum has been initiated. Those of

ordinary skill in the art are aware that polypeptides secreted by vertebrate cells generally have a

signal peptide fused to the N-terminus of the polypeptide, which is cleaved from the translated

polypeptide to produce a secreted or "mature" form of the polypeptide. In certain embodiments,

the native signal peptide, e.g. an immunoglobulin heavy chain or light chain signal peptide is

used, or a functional derivative of that sequence that retains the ability to direct the secretion of

the polypeptide that is operably associated with it. Alternatively, a heterologous mammalian

signal peptide, or a functional derivative thereof, may be used. For example, the wild-type leader

sequence may be substituted with the leader sequence of human tissue plasminogen activator

(TPA) or mouse β-glucuronidase.

DNA encoding a short protein sequence that could be used to facilitate later purification

(e.g. a histidine tag) or assist in labeling the fusion protein may be included within or at the ends

of the polynucleotide encoding a bispecific antigen binding molecule of the invention or

polypeptide fragments thereof.



In a further aspect of the invention, a host cell comprising one or more polynucleotides of

the invention is provided. In certain embodiments a host cell comprising one or more vectors of

the invention is provided. The polynucleotides and vectors may incorporate any of the features,

singly or in combination, described herein in relation to polynucleotides and vectors,

respectively. In one aspect, a host cell comprises (e.g. has been transformed or transfected with)

a vector comprising a polynucleotide that encodes (part of) a bispecific antigen binding molecule

of the invention. As used herein, the term "host cell" refers to any kind of cellular system which

can be engineered to generate the fusion proteins of the invention or fragments thereof. Host

cells suitable for replicating and for supporting expression of antigen binding molecules are well

known in the art. Such cells may be transfected or transduced as appropriate with the particular

expression vector and large quantities of vector containing cells can be grown for seeding large

scale fermenters to obtain sufficient quantities of the antigen binding molecule for clinical

applications. Suitable host cells include prokaryotic microorganisms, such as E. coli, or various

eukaryotic cells, such as Chinese hamster ovary cells (CHO), human embryonic kidney (HEK)

cells, insect cells, or the like. For example, polypeptides may be produced in bacteria in

particular when glycosylation is not needed. After expression, the polypeptide may be isolated

from the bacterial cell paste in a soluble fraction and can be further purified. In addition to

prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or

expression hosts for polypeptide-encoding vectors, including fungi and yeast strains whose

glycosylation pathways have been "humanized", resulting in the production of a polypeptide

with a partially or fully human glycosylation pattern. See Gerngross, Nat Biotech 22, 1409-1414

(2004), and Li et al, Nat Biotech 24, 210-215 (2006).

Suitable host cells for the expression of (glycosylated) polypeptides are also derived from

multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells include

plant and insect cells. Numerous baculoviral strains have been identified which may be used in

conjunction with insect cells, particularly for transfection of Spodoptera frugiperda cells. Plant

cell cultures can also be utilized as hosts. See e.g. US Patent Nos. 5,959,177, 6,040,498,

6,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™ technology for producing

antibodies in transgenic plants). Vertebrate cells may also be used as hosts. For example,

mammalian cell lines that are adapted to grow in suspension may be useful. Other examples of

useful mammalian host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7);

human embryonic kidney line (293 or 293T cells as described, e.g., in Graham et al., J Gen Virol

36, 59 (1977)), baby hamster kidney cells (BHK), mouse Sertoli cells (TM4 cells as described,

e.g., in Mather, Biol Reprod 23, 243-251 (1980)), monkey kidney cells (CV1), African green

monkey kidney cells (VERO-76), human cervical carcinoma cells (HELA), canine kidney cells

(MDCK), buffalo rat liver cells (BRL 3A), human lung cells (W138), human liver cells (Hep

G2), mouse mammary tumor cells (MMT 060562), TRI cells (as described, e.g., in Mather et al,



Annals N.Y. Acad Sci 383, 44-68 (1982)), MRC 5 cells, and FS4 cells. Other useful mammalian

host cell lines include Chinese hamster ovary (CHO) cells, including dhfr- CHO cells (Urlaub et

al, Proc Natl Acad Sci USA 77, 4216 (1980)); and myeloma cell lines such as YO, NSO, P3X63

and Sp2/0. For a review of certain mammalian host cell lines suitable for protein production, see,

e.g., Yazaki and Wu, Methods in Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press,

Totowa, NJ), pp. 255-268 (2003). Host cells include cultured cells, e.g., mammalian cultured

cells, yeast cells, insect cells, bacterial cells and plant cells, to name only a few, but also cells

comprised within a transgenic animal, transgenic plant or cultured plant or animal tissue. In one

embodiment, the host cell is a eukaryotic cell, preferably a mammalian cell, such as a Chinese

Hamster Ovary (CHO) cell, a human embryonic kidney (HEK) cell or a lymphoid cell (e.g., Y0,

NSO, Sp20 cell). Standard technologies are known in the art to express foreign genes in these

systems. Cells expressing a polypeptide comprising either the heavy or the light chain of an

antigen binding domain, may be engineered so as to also express the other of the

immunoglobulin chains such that the expressed product is an antigen binding domain that has

both a heavy and a light chain.

In another aspect, provided is a method for producing the bispecific antigen binding

molecule of the invention, comprising the steps of (i) culturing the host cell of the invention

under conditions suitable for expression of said antigen binding molecule, and (ii) isolating said

bispecific antigen binding molecule form the host cell or host cell culture medium.

The components of the bispecific antigen binding molecule are genetically fused to each

other. Bispecific antigen binding molecules can be designed such that its components are fused

directly to each other or indirectly through a linker sequence. The composition and length of the

linker may be determined in accordance with methods well known in the art and may be tested

for efficacy. Examples of linker sequences between different components of bispecific antigen

binding molecules are found in the sequences provided herein. Additional sequences may also be

included to incorporate a cleavage site to separate the individual components of the fusion if

desired, for example an endopeptidase recognition sequence.

In certain embodiments the moieties capable of specific binding to TnC (e.g. Fab

fragments or scFv) forming part of the antigen binding molecule comprise at least an

immunoglobulin variable region capable of binding to TnC. Simialrly, in certain embodiments,

the moieties capable of specific binding to OX40 (e.g. Fab fragments or scFv) forming part of

the antigen binding molecule comprise at least an immunoglobulin variable region capable of

binding to OX40. Variable regions can form part of and be derived from naturally or non-

naturally occurring antibodies and fragments thereof. Methods to produce polyclonal antibodies

and monoclonal antibodies are well known in the art (see e.g. Harlow and Lane, "Antibodies, a

laboratory manual", Cold Spring Harbor Laboratory, 1988). Non-naturally occurring antibodies



can be constructed using solid phase-peptide synthesis, can be produced recombinantly (e.g. as

described in U.S. patent No. 4,186,567) or can be obtained, for example, by screening

combinatorial libraries comprising variable heavy chains and variable light chains (see e.g. U.S.

Patent. No. 5,969,108 to McCafferty).

Any animal species of immunoglobulin can be used in the invention. Non-limiting

immunoglobulins useful in the present invention can be of murine, primate, or human origin. If

the fusion protein is intended for human use, a chimeric form of immunoglobulin may be used

wherein the constant regions of the immunoglobulin are from a human. A humanized or fully

human form of the immunoglobulin can also be prepared in accordance with methods well

known in the art (see e . g . U.S. Patent No. 5,565,332 to Winter). Humanization may be achieved

by various methods including, but not limited to (a) grafting the non-human (e.g., donor antibody)

CDRs onto human (e.g. recipient antibody) framework and constant regions with or without

retention of critical framework residues (e.g. those that are important for retaining good antigen

binding affinity or antibody functions), (b) grafting only the non-human specificity-determining

regions (SDRs or a-CDRs; the residues critical for the antibody-antigen interaction) onto human

framework and constant regions, or (c) transplanting the entire non-human variable domains, but

"cloaking" them with a human-like section by replacement of surface residues. Humanized

antibodies and methods of making them are reviewed, e.g., in Almagro and Fransson, Front

Biosci 13, 1619-1633 (2008), and are further described, e.g., in Riechmann et al, Nature 332,

323-329 (1988); Queen et al, Proc Natl Acad Sci USA 86, 10029-10033 (1989); US Patent Nos.

5,821,337, 7,527,791, 6,982,321, and 7,087,409; Jones et al, Nature 321, 522-525 (1986);

Morrison et al, Proc Natl Acad Sci 81, 6851-6855 (1984); Morrison and Oi, Adv Immunol 44,

65-92 (1988); Verhoeyen et al, Science 239, 1534-1536 (1988); Padlan, Molec Immun 31(3),

169-217 (1994); Kashmiri et al, Methods 36, 25-34 (2005) (describing SDR (a-CDR) grafting);

Padlan, Mol Immunol 28, 489-498 (1991) (describing "resurfacing"); DaU'Acqua et al, Methods

36, 43-60 (2005) (describing "FR shuffling"); and Osbourn et al, Methods 36, 61-68 (2005) and

Klimka et al, Br J Cancer 83, 252-260 (2000) (describing the "guided selection" approach to FR

shuffling). Particular immunoglobulins according to the invention are human immunoglobulins.

Human antibodies and human variable regions can be produced using various techniques known

in the art. Human antibodies are described generally in van Dijk and van de Winkel, Curr Opin

Pharmacol 5, 368-74 (2001) and Lonberg, Curr Opin Immunol 20, 450-459 (2008). Human

variable regions can form part of and be derived from human monoclonal antibodies made by the

hybridoma method (see e.g. Monoclonal Antibody Production Techniques and Applications, pp.

51-63 (Marcel Dekker, Inc., New York, 1987)). Human antibodies and human variable regions

may also be prepared by administering an immunogen to a transgenic animal that has been

modified to produce intact human antibodies or intact antibodies with human variable regions in

response to antigenic challenge (see e.g. Lonberg, Nat Biotech 23, 1117-1 125 (2005). Human



antibodies and human variable regions may also be generated by isolating Fv clone variable

region sequences selected from human-derived phage display libraries (see e.g., Hoogenboom et

al. in Methods in Molecular Biology 178, 1-37 (O'Brien et al, ed., Human Press, Totowa, NJ,

2001); and McCafferty et al, Nature 348, 552-554; Clackson et al, Nature 352, 624-628 (1991)).

Phage typically display antibody fragments, either as single-chain Fv (scFv) fragments or as Fab

fragments.

In certain aspects, the moieties capable of specific binding to the relevant target (e.g. Fab

fragments or scFv) comprised in the antigen binding molecules of the present invention are

engineered to have enhanced binding affinity according to, for example, the methods disclosed in

PCT publication WO 2012/020006 (see Examples relating to affinity maturation) or U.S. Pat.

Appl. Publ. No. 2004/0132066. The ability of the antigen binding molecules of the invention to

bind to a specific antigenic determinant can be measured either through an enzyme-linked

immunosorbent assay (ELISA) or other techniques familiar to one of skill in the art, e.g. surface

plasmon resonance technique (Liljeblad, et al, Glyco J 17, 323-329 (2000)), and traditional

binding assays (Heeley, Endocr Res 28, 217-229 (2002)). Competition assays may be used to

identify an antigen binding molecule that competes with a reference antibody for binding to a

particular antigen. In certain embodiments, such a competing antigen binding molecule binds to

the same epitope (e.g. a linear or a conformational epitope) that is bound by the reference antigen

binding molecule. Detailed exemplary methods for mapping an epitope to which an antigen

binding molecule binds are provided in Morris (1996) "Epitope Mapping Protocols", in Methods

in Molecular Biology vol. 66 (Humana Press, Totowa, NJ). In an exemplary competition assay,

immobilized antigen is incubated in a solution comprising a first labeled antigen binding

molecule that binds to the antigen and a second unlabeled antigen binding molecule that is being

tested for its ability to compete with the first antigen binding molecule for binding to the antigen.

The second antigen binding molecule may be present in a hybridoma supernatant. As a control,

immobilized antigen is incubated in a solution comprising the first labeled antigen binding

molecule but not the second unlabeled antigen binding molecule. After incubation under

conditions permissive for binding of the first antibody to the antigen, excess unbound antibody is

removed, and the amount of label associated with immobilized antigen is measured. If the

amount of label associated with immobilized antigen is substantially reduced in the test sample

relative to the control sample, then that indicates that the second antigen binding molecule is

competing with the first antigen binding molecule for binding to the antigen. See Harlow and

Lane (1988) Antibodies: A Laboratory Manual ch.14 (Cold Spring Harbor Laboratory, Cold

Spring Harbor, NY).

Bispecific antigen binding molecules of the invention prepared as described herein may be

purified by art-known techniques such as high performance liquid chromatography, ion

exchange chromatography, gel electrophoresis, affinity chromatography, size exclusion



chromatography, and the like. The actual conditions used to purify a particular protein will

depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity etc., and will be

apparent to those having skill in the art. For affinity chromatography purification an antibody,

ligand, receptor or antigen can be used to which the bispecific antigen binding molecule binds.

For example, for affinity chromatography purification of fusion proteins of the invention, a

matrix with protein A or protein G may be used. Sequential Protein A or G affinity

chromatography and size exclusion chromatography can be used to isolate an antigen binding

molecule essentially as described in the Examples. The purity of the bispecific antigen binding

molecule or fragments thereof can be determined by any of a variety of well-known analytical

methods including gel electrophoresis, high pressure liquid chromatography, and the like. For

example, the bispecific antigen binding molecule expressed as described in the Examples were

shown to be intact and properly assembled as demonstrated by reducing and non-reducing SDS-

PAGE.

The invention also encompasses a bispecific antigen binding molecule produced by the

methods of the invention.

Assays

The bispecific antigen binding molecules provided herein may be identified, screened for,

or characterized for their physical/chemical properties and/or biological activities by various

assays known in the art.

1. Affinity assays

The affinity of the bispecific antigen binding molecule provided herein for OX40 or TnC

can be determined in accordance with the methods set forth in the Examples by surface plasmon

resonance (SPR), using standard instrumentation such as a BIAcore instrument (GE Healthcare),

and receptors or target proteins such as may be obtained by recombinant expression. A specific

illustrative and exemplary embodiment for measuring binding affinity is described in Example

4.2. According to one aspect, KD is measured by surface plasmon resonance using a BIACORE®

T200 machine (GE Healthcare) at 25 °C.

2. Binding assays and other assays

Binding of the bispecific antigen binding molecule provided herein to the corresponding

OX40 and/or TnC expressing cells may be evaluated using cell lines expressing the particular

receptor or target antigen, for example by flow cytometry (FACS). In one aspect, fresh

peripheral blood mononuclear cells (PBMCs) expressing OX40 are used in the binding assay.

These cells are used directly after isolation (naive PMBCs) or after stimulation (activated



PMBCs). In another aspect, activated mouse splenocytes (expressing OX40) can be used to

demonstrate binding of the bispecific antigen binding molecule of the invention to the

corresponding OX40 expressing cells.

In a further aspect, cancer cell lines expressing TnC were used to demonstrate the binding

of the antigen binding molecules to TnC.

In another aspect, competition assays may be used to identify an antigen binding molecule

that competes with a specific antibody or antigen binding molecule for binding to TnC or OX40,

respectively. In certain embodiments, such a competing antigen binding molecule binds to the

same epitope (e.g., a linear or a conformational epitope) that is bound by a specific anti-TnC

antibody or a specific anti-OX40 antibody. Detailed exemplary methods for mapping an epitope

to which an antibody binds are provided in Morris (1996) "Epitope Mapping Protocols," in

Methods in Molecular Biology vol. 66 (Humana Press, Totowa, NJ).

3. Activity assays

In one aspect, assays are provided for identifying bispecific antigen binding molecules that

bind to TnC and to OX40 having biological activity. Biological activity may include, e.g.,

agonistic signalling through OX40 on cells expressing OX40. Bispecific antigen binding

molecules identified by the assays as having such biological activity in vitro are also provided.

In particular, a reporter cell assay detecting NF-κΒ activation in Hela cells expressing human

OX40 and co-cultured with TnC-expressing tumor cells is provided (see e.g. Example 5.1).

In certain aspects, bispecific antigen binding molecules of the invention are tested for such

biological activity. Assays for detecting the biological activity of the molecules of the invention

are those described in Example 5 . Furthermore, assays for detecting cell lysis (e.g. by

measurement of LDH release), induced apoptosis kinetics (e.g. by measurement of Caspase 3/7

activity) or apoptosis (e.g. using the TUNEL assay) are well known in the art. In addition the

biological activity of such complexes can be assessed by evaluating their effects on survival,

proliferation and lymphokine secretion of various lymphocyte subsets such as NK cells, NKT-

cells or γδ T-cells or assessing their capacity to modulate phenotype and function of antigen

presenting cells such as dendritic cells, monocytes/macrophages or B-cells.

Pharmaceutical Compositions, Formulations and Routes of Administation

In a further aspect, the invention provides pharmaceutical compositions comprising any of

the bispecific antigen binding molecules provided herein, e.g., for use in any of the below

therapeutic methods. In one embodiment, a pharmaceutical composition comprises a bispecific

antigen binding molecule and at least one pharmaceutically acceptable excipient. In another



embodiment, a pharmaceutical composition comprises any of the bispecific antigen binding

molecules provided herein and at least one additional therapeutic agent, e.g., as described below.

Pharmaceutical compositions of the present invention comprise a therapeutically effective

amount of one or more bispecific antigen binding molecule dissolved or dispersed in a

pharmaceutically acceptable excipient. The phrases "pharmaceutical or pharmacologically

acceptable" refers to molecular entities and compositions that are generally non-toxic to

recipients at the dosages and concentrations employed, i.e. do not produce an adverse, allergic or

other untoward reaction when administered to an animal, such as, for example, a human, as

appropriate. The preparation of a pharmaceutical composition that contains at least one bispecific

antigen binding molecule and optionally an additional active ingredient will be known to those

of skill in the art in light of the present disclosure, as exemplified by Remington's

Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, incorporated herein by

reference. In particular, the compositions are lyophilized formulations or aqueous solutions. As

used herein, "pharmaceutically acceptable excipient" includes any and all solvents, buffers,

dispersion media, coatings, surfactants, antioxidants, preservatives (e.g. antibacterial agents,

antifungal agents), isotonic agents, salts, stabilizers and combinations thereof, as would be

known to one of ordinary skill in the art.

Parenteral compositions include those designed for administration by injection, e.g.

subcutaneous, intradermal, intralesional, intravenous, intraarterial intramuscular, intrathecal or

intraperitoneal injection. For injection, the bispecific antigen binding molecules of the invention

may be formulated in aqueous solutions, preferably in physiologically compatible buffers such as

Hanks' solution, Ringer's solution, or physiological saline buffer. The solution may contain

formulatory agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the

fusion proteins may be in powder form for constitution with a suitable vehicle, e.g., sterile

pyrogen-free water, before use. Sterile injectable solutions are prepared by incorporating the

fusion proteins or bispecific antigen binding molecules of the invention in the required amount in

the appropriate solvent with various of the other ingredients enumerated below, as required.

Sterility may be readily accomplished, e.g., by filtration through sterile filtration membranes.

Generally, dispersions are prepared by incorporating the various sterilized active ingredients into

a sterile vehicle which contains the basic dispersion medium and/or the other ingredients. In the

case of sterile powders for the preparation of sterile injectable solutions, suspensions or emulsion,

the preferred methods of preparation are vacuum-drying or freeze-drying techniques which yield

a powder of the active ingredient plus any additional desired ingredient from a previously sterile-

filtered liquid medium thereof. The liquid medium should be suitably buffered if necessary and

the liquid diluent first rendered isotonic prior to injection with sufficient saline or glucose. The

composition must be stable under the conditions of manufacture and storage, and preserved

against the contaminating action of microorganisms, such as bacteria and fungi. It will be



appreciated that endotoxin contamination should be kept minimally at a safe level, for example,

less that 0.5 ng/mg protein. Suitable pharmaceutically acceptable excipients include, but are not

limited to: buffers such as phosphate, citrate, and other organic acids; antioxidants including

ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium

chloride; hexamethonium chloride; benzalkonium chloride; benzethonium chloride; phenol,

butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;

cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)

polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,

histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including

glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,

trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein

complexes); and/or non-ionic surfactants such as polyethylene glycol (PEG). Aqueous injection

suspensions may contain compounds which increase the viscosity of the suspension, such as

sodium carboxymethyl cellulose, sorbitol, dextran, or the like. Optionally, the suspension may

also contain suitable stabilizers or agents which increase the solubility of the compounds to

allow for the preparation of highly concentrated solutions. Additionally, suspensions of the

active compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic

solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as

ethyl cleats or triglycerides, or liposomes.

Active ingredients may be entrapped in microcapsules prepared, for example, by

coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose

or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal

drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-

particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's

Pharmaceutical Sciences (18th Ed. Mack Printing Company, 1990). Sustained-release

preparations may be prepared. Suitable examples of sustained-release preparations include

semipermeable matrices of solid hydrophobic polymers containing the polypeptide, which

matrices are in the form of shaped articles, e.g. films, or microcapsules. In particular

embodiments, prolonged absorption of an injectable composition can be brought about by the

use in the compositions of agents delaying absorption, such as, for example, aluminum

monostearate, gelatin or combinations thereof.

Exemplary pharmaceutically acceptable excipients herein further include insterstitial drug

dispersion agents such as soluble neutral-active hyaluronidase glycoproteins (sHASEGP), for

example, human soluble PH-20 hyaluronidase glycoproteins, such as rHuPH20 (HYLENEX®,

Baxter International, Inc.). Certain exemplary sHASEGPs and methods of use, including

rHuPH20, are described in US Patent Publication Nos. 2005/0260186 and 2006/0104968. In one



aspect, a sHASEGP is combined with one or more additional glycosaminoglycanases such as

chondroitinases.

Exemplary lyophilized antibody formulations are described in US Patent No. 6,267,958.

Aqueous antibody formulations include those described in US Patent No. 6,171,586 and

WO2006/044908, the latter formulations including a histidine-acetate buffer.

In addition to the compositions described previously, the bispecific antigen binding

molecules may also be formulated as a depot preparation. Such long acting formulations may be

administered by implantation (for example subcutaneously or intramuscularly) or by

intramuscular injection. Thus, for example, the bispecific antigen binding molecules may be

formulated with suitable polymeric or hydrophobic materials (for example as emulsion in a

pharmaceutically acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for

example, as a sparingly soluble salt.

Pharmaceutical compositions comprising the bispecific antigen binding molecules of the

invention may be manufactured by means of conventional mixing, dissolving, emulsifying,

encapsulating, entrapping or lyophilizing processes. Pharmaceutical compositions may be

formulated in conventional manner using one or more physiologically acceptable carriers,

diluents, excipients or auxiliaries which facilitate processing of the proteins into preparations that

can be used pharmaceutically. Proper formulation is dependent upon the route of administration

chosen.

The bispecific antigen binding molecules may be formulated into a composition in a free

acid or base, neutral or salt form. Pharmaceutically acceptable salts are salts that substantially

retain the biological activity of the free acid or base. These include the acid addition salts, e.g.

those formed with the free amino groups of a proteinaceous composition, or which are formed

with inorganic acids such as for example, hydrochloric or phosphoric acids, or such organic

acids as acetic, oxalic, tartaric or mandelic acid. Salts formed with the free carboxyl groups can

also be derived from inorganic bases such as for example, sodium, potassium, ammonium,

calcium or ferric hydroxides; or such organic bases as isopropylamine, trimethylamine, histidine

or procaine. Pharmaceutical salts tend to be more soluble in aqueous and other protic solvents

than are the corresponding free base forms.

The pharmaceutical compositions may also contain more than one active ingredients as

necessary for the particular indication being treated, preferably those with complementary

activities that do not adversely affect each other. Such active ingredients are suitably present in

combination in amounts that are effective for the purpose intended. In one aspect, the

pharmaceutical composition comprises a bispecific antigen binding molecule and another active

anti-cancer agent.



The formulations to be used for in vivo administration are generally sterile. Sterility may

be readily accomplished, e.g., by filtration through sterile filtration membranes.

Therapeutic methods and compositions

Any of the bispecific antigen binding molecules provided herein may be used in

therapeutic methods. For use in therapeutic methods, the antigen binding molecules of the

invention can be formulated, dosed, and administered in a fashion consistent with good medical

practice. Factors for consideration in this context include the particular disorder being treated,

the particular mammal being treated, the clinical condition of the individual patient, the cause of

the disorder, the site of delivery of the agent, the method of administration, the scheduling of

administration, and other factors known to medical practitioners.

In one aspect, the bispecific antigen binding molecules of the invention are provided for

use as a medicament. In further aspects, the bispecific antigen binding molecules of the invention

are provided for use in treating a disease, in particular for use in the treatment of cancer. In

certain embodiments, the bispecific antigen binding molecules of the invention are provided for

use in a method of treatment. In one embodiment, the invention provides a bispecific antigen

binding molecule as described herein for use in the treatment of a disease in an individual in

need thereof. In certain embodiments, the invention provides a bispecific antigen binding

molecule for use in a method of treating an individual having a disease comprising administering

to the individual a therapeutically effective amount of the bispecific antigen binding molecule. In

certain embodiments the disease to be treated is cancer. In certain embodiments the disease to be

treated is a proliferative disorder, particularly cancer. Examples of cancers include bladder

cancer, brain cancer, head and neck cancer, pancreatic cancer, lung cancer, breast cancer, ovarian

cancer, uterine cancer, cervical cancer, endometrial cancer, esophageal cancer, colon cancer,

colorectal cancer, rectal cancer, gastric cancer, prostate cancer, blood cancer, skin cancer,

squamous cell carcinoma, bone cancer, and kidney cancer. Other cell proliferation disorders that

can be treated using a bispecific antigen binding molecule of the present invention include, but

are not limited to neoplasms located in the: abdomen, bone, breast, digestive system, liver,

pancreas, peritoneum, endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary, thymus,

thyroid), eye, head and neck, nervous system (central and peripheral), lymphatic system, pelvic,

skin, soft tissue, spleen, thoracic region, and urogenital system. Also included are pre-cancerous

conditions or lesions and cancer metastases. In certain embodiments the cancer is chosen from

the group consisting of renal cell cancer, skin cancer, lung cancer, colorectal cancer, breast

cancer, brain cancer, head and neck cancer. The subject, patient, or "individual" in need of

treatment is typically a mammal, more specifically a human.



Also encompassed by the invention is the bispecific antigen binding molecule of the

invention, or the pharmaceutical composition of the invention, for use in up-regulating or

prolonging cytotoxic T cell activity.

In a further aspect, the invention provides for the use of a bispecific antigen binding

molecule of the invention in the manufacture or preparation of a medicament for the treatment of

a disease in an individual in need thereof. In one aspect, the medicament is for use in a method of

treating a disease comprising administering to an individual having the disease a therapeutically

effective amount of the medicament. In certain embodiments the disease to be treated is a

proliferative disorder, particularly cancer. Examples of cancers include bladder cancer, brain

cancer, head and neck cancer, pancreatic cancer, lung cancer, breast cancer, ovarian cancer,

uterine cancer, cervical cancer, endometrial cancer, esophageal cancer, colon cancer, colorectal

cancer, rectal cancer, gastric cancer, prostate cancer, blood cancer, skin cancer, squamous cell

carcinoma, bone cancer, and kidney cancer. Other cell proliferation disorders that can be treated

using a bispecific antigen binding molecule of the present invention include, but are not limited

to neoplasms located in the: abdomen, bone, breast, digestive system, liver, pancreas, peritoneum,

endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary, thymus, thyroid), eye, head and

neck, nervous system (central and peripheral), lymphatic system, pelvic, skin, soft tissue, spleen,

thoracic region, and urogenital system. Also included are pre-cancerous conditions or lesions and

cancer metastases. In certain embodiments the cancer is chosen from the group consisting of

renal cell cancer, skin cancer, lung cancer, colorectal cancer, breast cancer, brain cancer, head

and neck cancer. A skilled artisan readily recognizes that in many cases the bispecific antigen

binding molecule may not provide a cure but may only provide partial benefit. In some

embodiments, a physiological change having some benefit is also considered therapeutically

beneficial. Thus, in some embodiments, an amount of bispecific antigen binding molecule that

provides a physiological change is considered an "effective amount" or a "therapeutically

effective amount". In any of the above embodiments the individual is preferably a mammal,

particularly a human.

In a further aspect, the invention provides a method for treating a disease in an individual,

comprising administering to said individual a therapeutically effective amount of a bispecific

antigen binding molecule of the invention. In one embodiment a composition is administered to

said individual, comprising a fusion protein of the invention in a pharmaceutically acceptable

form. In certain embodiments the disease to be treated is a proliferative disorder. In a particular

embodiment the disease is cancer. In certain embodiments the method further comprises

administering to the individual a therapeutically effective amount of at least one additional

therapeutic agent, e.g. an anti-cancer agent if the disease to be treated is cancer. An "individual"

according to any of the above embodiments may be a mammal, preferably a human.



For the prevention or treatment of disease, the appropriate dosage of a bispecific antigen

binding molecule of the invention (when used alone or in combination with one or more other

additional therapeutic agents) will depend on the type of disease to be treated, the route of

administration, the body weight of the patient, the type of fusion protein, the severity and course

of the disease, whether the fusion protein is administered for preventive or therapeutic purposes,

previous or concurrent therapeutic interventions, the patient's clinical history and response to the

fusion protein, and the discretion of the attending physician. The practitioner responsible for

administration will, in any event, determine the concentration of active ingredient(s) in a

composition and appropriate dose(s) for the individual subject. Various dosing schedules

including but not limited to single or multiple administrations over various time-points, bolus

administration, and pulse infusion are contemplated herein.

The bispecific antigen binding molecule is suitably administered to the patient at one time

or over a series of treatments. Depending on the type and severity of the disease, about 1 µg/kg

to 15 mg/kg (e.g. 0.1 mg/kg - 10 mg/kg) of the antigen binding molecule can be an initial

candidate dosage for administration to the patient, whether, for example, by one or more separate

administrations, or by continuous infusion. One typical daily dosage might range from about 1

µg/kg to 100 mg/kg or more, depending on the factors mentioned above. For repeated

administrations over several days or longer, depending on the condition, the treatment would

generally be sustained until a desired suppression of disease symptoms occurs. One exemplary

dosage of the fusion protein would be in the range from about 0.005 mg/kg to about 10 mg/kg. In

other examples, a dose may also comprise from about 1 µg/kg body weight, about 5 µg/kg body

weight, about 10 µg/kg body weight, about 50 µg/kg body weight, about 100 µg/kg body weight,

about 200 µg/kg body weight, about 350 µg/kg body weight, about 500 µg/kg body weight,

about 1 mg/kg body weight, about 5 mg/kg body weight, about 10 mg/kg body weight, about 50

mg/kg body weight, about 100 mg/kg body weight, about 200 mg/kg body weight, about 350

mg/kg body weight, about 500 mg/kg body weight, to about 1000 mg/kg body weight or more

per administration, and any range derivable therein. In examples of a derivable range from the

numbers listed herein, a range of about 5 mg/kg body weight to about 100 mg/kg body weight,

about 5 µg/kg body weight to about 500 mg/kg body weight etc., can be administered, based on

the numbers described above. Thus, one or more doses of about 0.5 mg/kg, 2.0 mg/kg, 5.0 mg/kg

or 10 mg/kg (or any combination thereof) may be administered to the patient. Such doses may be

administered intermittently, e.g. every week or every three weeks (e.g. such that the patient

receives from about two to about twenty, or e.g. about six doses of the bispecific antigen binding

molecule). An initial higher loading dose, followed by one or more lower doses may be

administered. However, other dosage regimens may be useful. The progress of this therapy is

easily monitored by conventional techniques and assays.



The bispecific antigen binding molecule of the invention will generally be used in an

amount effective to achieve the intended purpose. For use to treat or prevent a disease condition,

the bispecific antigen binding molecules of the invention, or pharmaceutical compositions

thereof, are administered or applied in a therapeutically effective amount. Determination of a

therapeutically effective amount is well within the capabilities of those skilled in the art,

especially in light of the detailed disclosure provided herein.

For systemic administration, a therapeutically effective dose can be estimated initially from

in vitro assays, such as cell culture assays. A dose can then be formulated in animal models to

achieve a circulating concentration range that includes the IC50 as determined in cell culture.

Such information can be used to more accurately determine useful doses in humans.

Initial dosages can also be estimated from in vivo data, e.g., animal models, using

techniques that are well known in the art. One having ordinary skill in the art could readily

optimize administration to humans based on animal data.

Dosage amount and interval may be adjusted individually to provide plasma levels of the

bispecific antigen binding molecules which are sufficient to maintain therapeutic effect. Usual

patient dosages for administration by injection range from about 0.1 to 50 mg/kg/day, typically

from about 0.5 to 1 mg/kg/day. Therapeutically effective plasma levels may be achieved by

administering multiple doses each day. Levels in plasma may be measured, for example, by

HPLC.

In cases of local administration or selective uptake, the effective local concentration of the

bispecific antigen binding molecules may not be related to plasma concentration. One skilled in

the art will be able to optimize therapeutically effective local dosages without undue

experimentation.

A therapeutically effective dose of the bispecific antigen binding molecules described

herein will generally provide therapeutic benefit without causing substantial toxicity. Toxicity

and therapeutic efficacy of a fusion protein can be determined by standard pharmaceutical

procedures in cell culture or experimental animals. Cell culture assays and animal studies can be

used to determine the LD 0 (the dose lethal to 50% of a population) and the ED 0 (the dose

therapeutically effective in 50% of a population). The dose ratio between toxic and therapeutic

effects is the therapeutic index, which can be expressed as the ratio LD 50/ED 50 . Bispecific

antigen binding molecules that exhibit large therapeutic indices are preferred. In one

embodiment, the bispecific antigen binding molecule according to the present invention exhibits

a high therapeutic index. The data obtained from cell culture assays and animal studies can be

used in formulating a range of dosages suitable for use in humans. The dosage lies preferably

within a range of circulating concentrations that include the ED50 with little or no toxicity. The



dosage may vary within this range depending upon a variety of factors, e.g., the dosage form

employed, the route of administration utilized, the condition of the subject, and the like. The

exact formulation, route of administration and dosage can be chosen by the individual physician

in view of the patient's condition (see, e.g., Fingl et al, 1975, in: The Pharmacological Basis of

Therapeutics, Ch. 1, p . 1, incorporated herein by reference in its entirety).

The attending physician for patients treated with the bispecific antigen binding molecules

of the invention will know how and when to terminate, interrupt, or adjust administration due to

toxicity, organ dysfunction, and the like. Conversely, the attending physician would also know to

adjust treatment to higher levels if the clinical response were not adequate (precluding toxicity).

The magnitude of an administered dose in the management of the disorder of interest will vary

with the severity of the condition to be treated, with the route of administration, and the like. The

severity of the condition may, for example, be evaluated, in part, by standard prognostic

evaluation methods. Further, the dose and perhaps dose frequency will also vary according to the

age, body weight, and response of the individual patient.

Other agents and treatments

The bispecific antigen binding molecules of the invention may be administered in

combination with one or more other agents in therapy. For instance, a fusion protein of the

invention may be co-administered with at least one additional therapeutic agent. The term

"therapeutic agent" encompasses any agent that can be administered for treating a symptom or

disease in an individual in need of such treatment. Such additional therapeutic agent may

comprise any active ingredients suitable for the particular indication being treated, preferably

those with complementary activities that do not adversely affect each other. In certain

embodiments, an additional therapeutic agent is another anti-cancer agent.

Such other agents are suitably present in combination in amounts that are effective for the

purpose intended. The effective amount of such other agents depends on the amount of fusion

protein used, the type of disorder or treatment, and other factors discussed above. The bispecific

antigen binding molecules are generally used in the same dosages and with administration routes

as described herein, or about from 1 to 99% of the dosages described herein, or in any dosage

and by any route that is empirically/clinically determined to be appropriate.

Such combination therapies noted above encompass combined administration (where two

or more therapeutic agents are included in the same or separate compositions), and separate

administration, in which case, administration of the bispecific antigen binding molecule of the

invention can occur prior to, simultaneously, and/or following, administration of the additional

therapeutic agent and/or adjuvant.



Articles of Manufacture

In another aspect of the invention, an article of manufacture containing materials useful for

the treatment, prevention and/or diagnosis of the disorders described above is provided. The

article of manufacture comprises a container and a label or package insert on or associated with

the container. Suitable containers include, for example, bottles, vials, syringes, IV solution bags,

etc. The containers may be formed from a variety of materials such as glass or plastic. The

container holds a composition which is by itself or combined with another composition effective

for treating, preventing and/or diagnosing the condition and may have a sterile access port (for

example the container may be an intravenous solution bag or a vial having a stopper that is

pierceable by a hypodermic injection needle). At least one active agent in the composition is a

bispecific antigen binding molecule of the invention.

The label or package insert indicates that the composition is used for treating the condition

of choice. Moreover, the article of manufacture may comprise (a) a first container with a

composition contained therein, wherein the composition comprises a bispecific antigen binding

molecule of the invention; and (b) a second container with a composition contained therein,

wherein the composition comprises a further cytotoxic or otherwise therapeutic agent. The article

of manufacture in this embodiment of the invention may further comprise a package insert

indicating that the compositions can be used to treat a particular condition.

Alternatively, or additionally, the article of manufacture may further comprise a second (or

third) container comprising a pharmaceutically-acceptable buffer, such as bacteriostatic water for

injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution. It may

further include other materials desirable from a commercial and user standpoint, including other

buffers, diluents, filters, needles, and syringes.



Table C. Se uences



SEQ Name Sequence
NO:

28 OX40(49B4) VL DIOMTOSPSTLSASVGDRVTITCRASOSISSWLA
WYOOKPGKAPKLLIYDASSLESGVPSRFSGSGS
GTEFTLTISSLOPDDFATYYCOOYSSOPYTFGO
GTKVEIK

29 0X40(1 G4) VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY
AISWVROAPGOGLEWMGGIIPIFGTANYAOKF
QGRVTITADKSTSTAYMELSSLRSEDTAVYYC
AREYGSMDYWGOGTTVTVSS

30 0X40(1 G4) VL DIOMTOSPSTLSASVGDRVTITCRASOSISSWLA
WYOOKPGKAPKLLIYDASSLESGVPSRFSGSGS
GTEFTLTISSLOPDDFATYYCOOYISYSMLTFG
QGTKVEIK

3 1 OX40(20B7) VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY
AISWVROAPGOGLEWMGGIIPIFGTANYAOKF
QGRVTITADKSTSTAYMELSSLRSEDTAVYYC
ARVNYPYSYWGDFDYWGOGTTVTVSS

32 OX40(20B7) VL DIOMTOSPSTLSASVGDRVTITCRASOSISSWLA
WYOOKPGKAPKLLIYDASSLESGVPSRFSGSGS
GTEFTLTISSLOPDDFATYYCOOYOAFSLTFGO
GTKVEIK

33 OX40(CLC-563) VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYA
MSWVROAPGKGLEWVSAISGSGGSTYYADSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
ALDVGAFDYWGOGALVTVSS

34 OX40(CLC-563) VL EIVLTOSPGTLSLSPGERATLSCRASOSVSSSYL
AWYOOKPGOAPRLLIYGASSRATGIPDRFSGSG
SGTDFTLTISRLEPEDFAVYYCOOYGSSPLTFG
QGTKVEIK

35 OX40(CLC-564) VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYA
MSWVROAPGKGLEWVSAISGSGGSTYYADSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AFDVGPFDYWGOGTLVTVSS

36 OX40(CLC-564) VL EIVLTOSPGTLSLSPGERATLSCRASOSVSSSYL
AWYOOKPGOAPRLLIYGASSRATGIPDRFSGSG
SGTDFTLTISRLEPEDFAVYYCOOYGSSPLTFG
QGTKVEIK

37 0X40(1 7A9) VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYA
MSWVROAPGKGLEWVSAISGSGGSTYYADSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
ARVFYRGGVSMDYWGOGTLVTVSS

38 0X40(1 7A9) VL SSELTODPAVSVALGOTVRITCOGDSLRSYYAS
WYOOKPGOAPVLVIYGKNNRPSGIPDRFSGSSS
GNTASLTITGAOAEDEADYYCNSRVMPHNRVF
GGGTKLTV

39 human TnC UniprotNo. P24821
40 TnC(18D4) CDR-H1 SYAIS
4 1 TnC(l lC7) CDR-H1 GFTFSSYAMS



SEQ Name Sequence
NO:

42 TnC(18D4) CDR-H2 GIIPIFGTANYAQKFQG
43 TnC(l lC7) CDR-H2 AISGSGGSTYYADSVKG
44 TnC(18D4) CDR-H3 GNFYGGLDY
45 TnC(l lC7) CDR-H3 TSPRVPLDY
46 TnC(18D4) CDR-L1 RASQSISSWLA
47 TnC(l lC7) CDR-L1 QGDSLRSYYAS
48 TnC(18D4) CDR-L2 DASSLES
49 TnC(l lC7) CDR-L2 GKNNRPS
50 TnC(18D4) CDR-L3 QQNKKFPSGT
5 1 TnC(l lC7) CDR-L3 NSINSTRNEV
52 TnC(18D4) VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY

AISWVROAPGOGLEWMGGIIPIFGTANYAOKF
OGRVTITADKSTSTAYMELSSLRSEDTAVYYC
AKGNFYGGLDYWGOGTTVTVSS

53 TnC(18D4) VL DIOMTOSPSTLSASVGDRVTITCRASOSISSWLA
WYOOKPGKAPKLLIYDASSLESGVPSRFSGSGS
GTEFTLTISSLOPDDFATYYCOONKKFPSGTFG
QGTKVEIK

54 TnC(l lC7) VH EVOLLESGGGLVOPGGSLRLSCAASGFTFSSYA
MSWVROAPGKGLEWVSAISGSGGSTYYADSV
KGRFTISKDNSKNTLYLQMNSLRAEDTAVYYC
AKTSPRVPLDYWGOGTLVTVSS

55 TnC(l lC7) VL SSELTODPAVSVALGOTVRVTCOGDSLRSYYA
SWYOOKPGOAPVLVIYGKNNRPSGIPDRFSGSS
SGNTASLTITGAOAEDEADYYCNSINSTRNEVF
GGGTKLTVL

56 human OX40 UniProt no. P43489
57 human 4- IBB UniProt no. Q0701 1
58 human CD27 UniProt no. P26842
59 human HVEM UniProt no. Q92956
60 human CD30 UniProt no. P28908
6 1 human GITR UniProt no. Q9Y5U5
62 murine OX40 UniProt no. P47741
63 mouse TnC UniprotNo. Q80YX1
64 Petpide linker G4S GGGGS
65 Peptide linker (G4S)2 GGGGSGGGGS
66 Peptide linker (SG4)2 SGGGGSGGGG
67 Peptide linker (G4S)3 GGGGSGGGGSGGGGS
68 Peptide linker G4(SG4)2 GGGGSGGGGSGGGG
69 Peptide linker (G4S)4 GGGGSGGGGSGGGGSGGGGS
70 Peptide linker GSPGSSSSGS
7 1 Peptide linker GSGSGSGS
72 Peptide linker GSGSGNGS
73 Peptide linker GGSGSGSG
74 Peptide linker GGSGSG
75 Peptide linker GGSG
76 Peptide linker GGSGNGSG



SEQ Name Sequence
NO:

77 Peptide linker GGNGSGSG
78 Peptide linker GGNGSG

cynomolgus OX40 ECD aa 29-214
79

murine OX40 ECD aa 10-21 1
80
8 1 human FAP UniProt no. Q 12884

nucleotide sequence see Table 2
82 Fc hole chain

nucleotide sequence see Table 2
human OX40 antigen Fc knob

83 chain
nucleotide sequence see Table 2
cynomolgus OX40 antigen Fc

84 knob chain
nucleotide sequence murine see Table 2

85 OX40 antigen Fc knob chain
Fc hole chain see Table 2

86
human OX40 antigen Fc knob see Table 2

87 chain
cynomolgus OX40 antigen Fc see Table 2

88 knob chain
murine OX40 antigen Fc knob see Table 2

89 chain
nucleotide sequence of library see Table 3

90 DP88-4
nucleotide sequence of see Table 4

9 1 Fab light chain Vkl 5
Fab light chain Vkl 5 see Table 492
nucleotide sequence of see Table 4

93 Fab heavy chain VH1 69
Fab heavy chain VH1 69 see Table 4

94
LMB3 see Table 5

95
Vkl_5_L3r_S see Table 5

96
Vkl_5_L3r_SY see Table 5

97
Vkl_5_L3r_SPY see Table 5

98
RJH31 see Table 5

99
RJH32 see Table 5

100
DP88-v4-4 see Table 5

101

DP88-v4-6 see Table 5
102

DP88-v4-8 see Table 5
103







SEQ Name Sequence
NO:

Nucleotide sequence see Table 13
0X40(1 G4) heavy chain in
P329GLALA human IgGl

148 format
0X40(1 G4) light chain in see Table 13
P329GLALA human IgGl

149 format
0X40(1 G4) heavy chain in see Table 13
P329GLALA human IgGl

150 format
Nucleotide sequence see Table 13
OX40(20B7) light chain in
P329GLALA human IgGl

151 format
Nucleotide sequence see Table 13
OX40(20B7) heavy chain in
P329GLALA human IgGl

152 format
OX40(20B7) light chain in see Table 13
P329GLALA human IgGl

153 format
OX40(20B7) heavy chain in see Table 13
P329GLALA human IgGl

154 format
Nucleotide sequence see Table 13
OX40(CLC-563) light chain
in P329GLALA human IgGl

155 format
Nucleotide sequence see Table 13
OX40(CLC-563) heavy chain
in P329GLALA human IgGl

156 format
OX40(CLC-563) light chain see Table 13
in P329GLALA human IgGl

157 format
OX40(CLC-563) heavy chain see Table 13
in P329GLALA human IgGl

158 format
Nucleotide sequence see Table 13
OX40(CLC-564) light chain
in P329GLALA human IgGl

159 format
Nucleotide sequence see Table 13
OX40(CLC-564) heavy chain
in P329GLALA human IgGl

160 format

161 OX40(CLC-564) light chain see Table 13











Aspects of the Invention

The following numbered paragraphs (paras) describe aspects of the present invention:

1. A bispecific antigen binding molecule, comprising

(a) at least one moiety capable of specific binding to OX40, and

(b) at least one moiety capable of specific binding to tenascin C (TnC).

2 . The bispecific antigen binding molecule of para 1, additionally comprising

(c) a Fc region composed of a first and a second subunit capable of stable association.

3 . The bispecific antigen binding molecule of para 1 or para 2, wherein the moiety capable of

specific binding to OX40 binds to a polypeptide comprising, or consisting of, the amino acid

sequence of SEQ ID NO:l.

4 . The bispecific antigen binding molecule of any one of paras 1 to 3, wherein the moiety

capable of specific binding to TnC binds to a polypeptide comprising, or consisting of, the amino

acid sequence of SEQ ID NO:39.

5 . The bispecific antigen binding molecule of any one of paras 1 to 4, wherein the moiety

capable of specific binding to OX40 comprises a VH comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:2 and SEQ ID NO:3,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:4 and SEQ ID NO:5, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO: 9, SEQ ID NO:10, SEQ ID

NO: 11 and SEQ ID NO: 12,

and a VL comprising

(iv) a CDR-Ll comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:13, SEQ ID NO:14 and SEQ ID NO:15,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:16, SEQ ID NO:17 and SEQ ID NO:18, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23 and SEQ ID

NO:24.

6 . The bispecific antigen binding molecule of any one of paras 1 to 5, wherein the moiety

capable of specific binding to OX40 comprises a VH comprising an amino acid sequence that is



at least about 95%, 96%>, 97%, 98%>, 99% or 100% identical to an amino acid sequence selected

from the group consisting of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID NO:29, SEQ ID NO:31,

SEQ ID NO:33, SEQ ID NO:35 and SEQ ID NO:37 and a VL comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO: 28, SEQ ID NO:30,

SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 and SEQ ID NO:38.

7 . The bispecific antigen binding molecule of any one of paras 1 to 6, wherein the moiety

capable of specific binding to OX40 comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:25 and a VL comprising the

amino acid sequence of SEQ ID NO:26,

(ii) a VH comprising the amino acid sequence of SEQ ID NO:27 and a VL comprising the

amino acid sequence of SEQ ID NO:28,

(iii) a VH comprising the amino acid sequence of SEQ ID NO:29 and a VL comprising the

amino acid sequence of SEQ ID NO:30,

(iv) a VH comprising the amino acid sequence of SEQ ID NO:31 and a VL comprising the

amino acid sequence of SEQ ID NO:32,

(v) a VH comprising the amino acid sequence of SEQ ID NO:33 and a VL comprising the

amino acid sequence of SEQ ID NO:34,

(vi) a VH comprising the amino acid sequence of SEQ ID NO:35 and a VL comprising the

amino acid sequence of SEQ ID NO:36, or

(vii) a VH comprising the amino acid sequence of SEQ ID NO:37 and a VL comprising the

amino acid sequence of SEQ ID NO:38.

8. The bispecific antigen binding molecule of any one of paras 1 to 7, wherein the moiety

capable of specific binding to TnC comprises a VH comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:40 and SEQ ID NO:41,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:42 and SEQ ID NO:43, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:44 and SEQ ID NO:45,

and a VL comprising

(iv) a CDR-L1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:46 and SEQ ID NO:47,



(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:48 and SEQ ID NO:49, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:50 and SEQ ID NO:51.

9 . The bispecific antigen binding molecule of any one of paras 1 to 8, wherein the moiety

capable of specific binding to TnC comprises a VH comprising an amino acid sequence that is at

least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected

from the group consisting of SEQ ID NO:52 and SEQ ID NO:54 and a VL comprising an amino

acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino

acid sequence selected from the group consisting of SEQ ID NO:53 and SEQ ID NO:55.

10. The bispecific antigen binding molecule of any one of paras 1 to 9, wherein the moiety

capable of specific binding to TnC comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising the

amino acid sequence of SEQ ID NO:53, or

(ii) a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising the

amino acid sequence of SEQ ID NO:55.

11. The bispecific antigen binding molecule of any one of paras 1 to 10, comprising

(i) at least one moiety capable of specific binding to OX40, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:25, SEQ ID NO: 27,

SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35 or SEQ ID NO:37 and a VL

comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%

identical to an amino acid sequence selected from the group consisting of SEQ ID NO:26, SEQ

ID NO: 28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 or SEQ ID

NO:38 and

(ii) at least one moiety capable of specific binding to TnC, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:52 or SEQ ID NO:54

and a VL comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99%

or 100% identical to an amino acid sequence selected from the group consisting of SEQ ID

NO:53 or SEQ ID NO:55.

12. The bispecific antigen binding molecule of any one of paras 1 to 11, comprising



(i) at least one moiety capable of specific binding to OX40, comprising a VH comprising the

amino acid sequence of SEQ ID NO: 27 and a VL comprising the amino acid sequence of SEQ

ID NO: 28 and

(ii) at least one moiety capable of specific binding to TnC, comprising

· a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising

the amino acid sequence of SEQ ID NO:53, or

• a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising

the amino acid sequence of SEQ ID NO:55.

13. The bispecific antigen binding molecule of any one of paras 2 to 12, wherein the Fc region is

an IgG, particularly an IgGl Fc region or an IgG4 Fc region.

14. The bispecific antigen binding molecule of any one of paras 2 to 13, wherein the Fc region

comprises one or more amino acid substitution that reduces the binding affinity of the antibody

to an Fc receptor and/or effector function.

15. The bispecific antigen binding molecule of any one of paras 2 to 14, wherein the Fc region is

of human IgGl subclass with the amino acid mutations L234A, L235A and P329G (numbering

according to Kabat EU index).

16. The bispecific antigen binding molecule of any one of paras 2 to 15, wherein the Fc region

comprises a modification promoting the association of the first and second subunit of the Fc

region.

17. The bispecific antigen binding molecule of any one of paras 2 to 16, wherein the first subunit

of the Fc region comprises knobs and the second subunit of the Fc region comprises holes

according to the knobs into holes method.

18. The bispecific antibody of any one of paras 2 to 17, wherein the first subunit of the Fc region

comprises the amino acid substitutions S354C and T366W (numbering according to Kabat EU

index) and the second subunit of the Fc region comprises the amino acid substitutions Y349C,

T366S and Y407V (numbering according to Kabat EU index).

19. The bispecific antigen binding molecule of any one of paras 1 to 18, wherein the bispecific

antigen binding molecule comprises

(a) at least two Fab fragments capable of specific binding to OX40 connected to a Fc

region, and



(b) at least one moiety capable of specific binding to TnC connected to the C-terminus of

the Fc region.

20. The bispecific antigen binding molecule of any one of paras 1 to 19, wherein the bispecific

antigen binding molecule comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments

capable of specific binding to OX40, and a Fc region, and

(b) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is

connected to the C-terminus of one of the two heavy chains of (a), and wherein the VL is

connected to the C-terminus of the other of the two heavy chains of (a).

2 1. The bispecific antigen binding molecule of any one of paras 1 to 20, wherein the bispecific

antigen binding molecule comprises

(a) two light chains and two heavy chains of an antibody comprising two Fab fragments

capable of specific binding to OX40, and a Fc region, and

(b) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).

22. The bispecific antigen binding molecule of any one of paras 1 to 21, wherein the bispecific

antigen binding molecule comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40 and a Fc region subunit,

(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(c) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is

connected to the C-terminus of one of the two heavy chains of (a), and wherein the VL is

connected to the C-terminus of the other of the two heavy chains of (a).

23. The bispecific antigen binding molecule of any one of paras 1 to 19 or para 21, wherein the

bispecific antigen binding molecule comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40, and a Fc region subunit,

(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40,

(c) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).



24. The bispecific antigen binding molecule of para 2 1 or para 23, wherein the two Fab

fragments capable of specific binding to TnC are crossover Fab fragments each comprising a

VL-CHl chain and a VH-CL chain, and wherein one of the VL-CHl chains is connected to the

C-terminus of one of the two heavy chains of (a), and the other of the VL-CHl chains is

connected to the C-terminus of the other of the two heavy chains of (a).

25. The bispecific antigen binding molecule of any one of paras 1 to 24, wherein the bispecific

antigen binding molecule comprises four Fab fragments capable of specific binding to OX40.

26. The bispecific antigen binding molecule of any one of paras 20 to 25, wherein each of the

two heavy chains of (a) comprises two VH domains and two CHI domains of a Fab fragment

capable of specific binding to OX40.

27. The bispecific antigen binding molecule of any one of paras 19 to 26, one or more of the Fab

fragments capable of specific binding to OX40 comprises

a CL domain comprising an arginine (R) at amino acid at position 123 (EU numbering)

and a lysine (K) at amino acid at position 124 (EU numbering), and

a CHI domain comprising a glutamic acid (E) at amino acid at position 147 (EU

numbering) and a glutamic acid (E) at amino acid at position 213 (EU numbering).

28. A bispecific antigen binding molecule, comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:213,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:214.

29. A bispecific antigen binding molecule, comprising

two heavy chains, each comprising the amino acid sequence of SEQ ID NO:215,

two light chains, each comprising the amino acid sequence of SEQ ID NO:212, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:216.

30. A bispecific antigen binding molecule, comprising

a first heavy chain comprising the amino acid sequence of SEQ ID NO:222,

a second heavy chain comprising the amino acid sequence of SEQ ID NO:223, and

four light chains, each comprising the amino acid sequence of SEQ ID NO:212.

31. A bispecific antigen binding molecule comprising



two heavy chains, each comprising the amino acid sequence of SEQ ID NO:225,

four light chains, each comprising the amino acid sequence of SEQ ID NO:224, and

two light chains, each comprising the amino acid sequence of SEQ ID NO:226.

32. A polynucleotide encoding the bispecific antigen binding molecule of any one of paras 1 to

31.

33. An expression vector comprising the polynucleotide of para 32.

34. A host cell comprising the polynucleotide of para 32 or the expression vector of para 33.

35. A method of producing a bispecific antigen binding molecule, comprising culturing the host

cell of para 34 under conditions suitable for the expression of the bispecific antigen binding

molecule, and isolating the bispecific antigen binding molecule.

36. A pharmaceutical composition comprising the bispecific antigen binding molecule of any

one of paras 1 to 31 and at least one pharmaceutically acceptable excipient.

37. The bispecific antigen binding molecule of any one of paras 1 to 31, or the pharmaceutical

composition of para 36, for use as a medicament.

38. The bispecific antigen binding molecule of any one of paras 1 to 31, or the pharmaceutical

composition of para 36, for use

(i) in stimulating T cell response,

(ii) in supporting survival of activated T cells,

(iii) in the treatment of infections,

(iv) in the treatment of cancer,

(v) in delaying progression of cancer, or

(vi) in prolonging the survival of a patient suffering from cancer.

39. The bispecific antigen binding molecule of any one of paras 1 to 31, or the pharmaceutical

composition of para 36, for use in the treatment of cancer.

40. Use of the bispecific antigen binding molecule of any one of paras 1 to 31, or the

pharmaceutical composition of para 36, in the manufacture of a medicament for the treatment of

cancer.



41. A method of treating an individual having cancer comprising administering to the individual

an effective amount of the bispecific antigen binding molecule of any one of paras 1 to 31, or the

pharmaceutical composition of para 36.

42. The bispecific antigen binding molecule of any one of paras 1 to 31, or the pharmaceutical

composition of para 36, for use in up-regulating or prolonging cytotoxic T cell activity.

43. Use of the bispecific antigen binding molecule of any one of paras 1 to 31, or the

pharmaceutical composition of para 36, in the manufacture of a medicament for up-regulating or

prolonging cytotoxic T cell activity.

44. A method of up-regulating or prolonging cytotoxic T cell activity in an individual having

cancer, comprising administering to the individual an effective amount of the bispecific antigen

binding molecule of any one of paras 1 to 3 1, or the pharmaceutical composition of para 36.

EXAMPLES

The following are examples of methods and compositions of the invention. It is understood

that various other embodiments may be practiced, given the general description provided above.

Recombinant DNA techniques

Standard methods were used to manipulate DNA as described in Sambrook et al,

Molecular cloning: A laboratory manual; Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York, 1989. The molecular biological reagents were used according to the

manufacturer's instructions. General information regarding the nucleotide sequences of human

immunoglobulin light and heavy chains is given in: Kabat, E.A. et al., (1991) Sequences of

Proteins of Immunological Interest, Fifth Ed., NIH Publication No 91-3242.

DNA sequencing

DNA sequences were determined by double strand sequencing.

Gene synthesis

Desired gene segments were either generated by PCR using appropriate templates or were

synthesized by Geneart AG (Regensburg, Germany) from synthetic oligonucleotides and PCR

products by automated gene synthesis. In cases where no exact gene sequence was available,

oligonucleotide primers were designed based on sequences from closest homologues and the

genes were isolated by RT-PCR from RNA originating from the appropriate tissue. The gene



segments flanked by singular restriction endonuclease cleavage sites were cloned into standard

cloning / sequencing vectors. The plasmid DNA was purified from transformed bacteria and

concentration determined by UV spectroscopy. The DNA sequence of the subcloned gene

fragments was confirmed by DNA sequencing. Gene segments were designed with suitable

restriction sites to allow sub-cloning into the respective expression vectors. All constructs were

designed with a 5'-end DNA sequence coding for a leader peptide which targets proteins for

secretion in eukaryotic cells.

Protein purification

Proteins were purified from filtered cell culture supernatants referring to standard protocols.

In brief, antibodies were applied to a Protein A Sepharose column (GE healthcare) and washed

with PBS. Elution of antibodies was achieved at pH 2.8 followed by immediate neutralization of

the sample. Aggregated protein was separated from monomeric antibodies by size exclusion

chromatography (Superdex 200, GE Healthcare) in PBS or in 20 mM Histidine, 150 mM NaCl

pH 6.0. Monomeric antibody fractions were pooled, concentrated (if required) using e.g., a

MILLIPORE Amicon Ultra (30 MWCO) centrifugal concentrator, frozen and stored at -20°C or

-80°C. Part of the samples were provided for subsequent protein analytics and analytical

characterization e.g. by SDS-PAGE, size exclusion chromatography (SEC) or mass spectrometry.

SDS-PAGE

The NuPAGE® Pre-Cast gel system (Invitrogen) was used according to the manufacturer's

instruction. In particular, 10% or 4-12% NuPAGE® Novex® Bis-TRIS Pre-Cast gels (pH 6.4)

and a NuPAGE® MES (reduced gels, with NuPAGE® Antioxidant running buffer additive) or

MOPS (non-reduced gels) running buffer was used.

Analytical size exclusion chromatography

Size exclusion chromatography (SEC) for the determination of the aggregation and

oligomeric state of antibodies was performed by HPLC chromatography. Briefly, Protein A

purified antibodies were applied to a Tosoh TSKgel G3000SW column in 300 mM NaCl, 50 mM

KH2PO4/K2HPO 4, pH 7.5 on an Agilent HPLC 1100 system or to a Superdex 200 column (GE

Healthcare) in 2 x PBS on a Dionex HPLC-System. The eluted protein was quantified by UV

absorbance and integration of peak areas. BioRad Gel Filtration Standard 151-1901 served as a

standard.



Example 1

Generation of OX40 antibodies

1.1 Preparation, purification and characterization of antigens and screening tools for the

generation of novel OX40 binders by Phage Display

DNA sequences encoding the ectodomains of human, mouse or cynomolgus OX40

(Table 1) were subcloned in frame with the human IgGl heavy chain CH2 and CH3 domains on

the knob (Merchant et al, Nat Biotechnol (1998) 16, 677-681). An AcTEV protease cleavage

site was introduced between an antigen ectodomain and the Fc of human IgGl . An Avi tag for

directed biotinylation was introduced at the C-terminus of the antigen-Fc knob. Combination of

the antigen-Fc knob chain containing the S354C/T366W mutations, with a Fc hole chain

containing the Y349C/T366S/L368A/Y407V mutations allows generation of a heterodimer

which includes a single copy of the OX40 ectodomain containing chain, thus creating a

monomeric form of Fc-linked antigen (Figure 1). Table 1 shows the amino acid sequences of

the various OX40 ectodomains. Table 2 the cDNA and amino acid sequences of monomeric

antigen Fc(kih) fusion molecules as depicted in Figure 1.

Table 1. Amino acid numbering of antigen ectodomains (ECD) and their

SEQ ID NO: Construct Origin ECD
Synthetized according to

1 human OX40 ECD aa 29-214
P43489

Isolated from cynomolgus
79 cynomolgus OX40 ECD aa 29-214

blood
Synthetized according to

80 murine OX40 ECD aa 10-21 1
P47741



Table 2. cDNA and amino acid sequences of monomeric antigen Fc(kih) fusion molecules

(produced by combination of one Fc hole chain with one antigen Fc knob chain)

SEQ ID NO: Antigen Sequence

GACAAAACTCACACATGCCCACCGTGCCCAGCACCTG
AACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCC
AAAACCCAAGGACACCCTCATGATCTCCCGGACCCCT
GAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAA
GACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGC
GTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAG
GAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTC
CTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGG

Nucleotide AGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAG
82 sequence CCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGC

Fc hole chain AGCCCCGAGAACCACAGGTGTGCACCCTGCCCCCATC
CCGGGATGAGCTGACCAAGAACCAGGTCAGCCTCTC
GTGCGCAGTCAAAGGCTTCTATCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAAC
TACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT
CCTTCTTCCTCGTGAGCAAGCTCACCGTGGACAAGAG
CAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAG
AGCCTCTCCCTGTCTCCGGGTAAA

CTGCACTGCGTGGGCGACACCTACCCCAGCAACGACC
GGTGCTGCCACGAGTGCAGACCCGGCAACGGCATGG
TGTCCCGGTGCAGCCGGTCCCAGAACACCGTGTGCAG
ACCTTGCGGCCCTGGCTTCTACAACGACGTGGTGTCC
AGCAAGCCCTGCAAGCCTTGTACCTGGTGCAACCTGC
GGAGCGGCAGCGAGCGGAAGCAGCTGTGTACCGCCA
CCCAGGATACCGTGTGCCGGTGTAGAGCCGGCACCC
AGCCCCTGGACAGCTACAAACCCGGCGTGGACTGCG
CCCCTTGCCCTCCTGGCCACTTCAGCCCTGGCGACAA
CCAGGCCTGCAAGCCTTGGACCAACTGCACCCTGGCC
GGCAAGCACACCCTGCAGCCCGCCAGCAATAGCAGC

Nucleotide GACGCCATCTGCGAGGACCGGGATCCTCCTGCCACCC
sequence AGCCTCAGGAAACCCAGGGCCCTCCCGCCAGACCCA

83 human OX40 TCACCGTGCAGCCTACAGAGGCCTGGCCCAGAACCA
antigen Fc GCCAGGGGCCTAGCACCAGACCCGTGGAAGTGCCTG
knob chain GCGGCAGAGCCGTCGACGAACAGTTATATTTTCAGGG

CGGCTCACCCAAATCTGCAGACAAAACTCACACATGC
CCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGT
CAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCT
CATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTG
GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTC
AACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACG
TACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGG
ACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCT
CCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCA
TCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG
TGTACACCCTGCCCCCATGCCGGGATGAGCTGACCAA



GAACCAGGTCAGCCTGTGGTGCCTGGTCAAAGGCTTC
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCA
AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGA
ACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCA
CAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCG
GGTAAATCCGGAGGCCTGAACGACATCTTCGAGGCC
CAGAAGATTGAATGGCACGAG

CTCCACTGTGTCGGGGACACCTACCCCAGCAACGACC
GGTGCTGTCAGGAGTGCAGGCCAGGCAACGGGATGG
TGAGCCGCTGCAACCGCTCCCAGAACACGGTGTGCCG
TCCGTGCGGGCCCGGCTTCTACAACGACGTGGTCAGC
GCCAAGCCCTGCAAGGCCTGCACATGGTGCAACCTCA
GAAGTGGGAGTGAGCGGAAACAGCCGTGCACGGCCA
CACAGGACACAGTCTGCCGCTGCCGGGCGGGCACCC
AGCCCCTGGACAGCTACAAGCCTGGAGTTGACTGTGC
CCCCTGCCCTCCAGGGCACTTCTCCCCGGGCGACAAC
CAGGCCTGCAAGCCCTGGACCAACTGCACCTTGGCCG
GGAAGCACACCCTGCAGCCAGCCAGCAATAGCTCGG
ACGCCATCTGTGAGGACAGGGACCCCCCACCCACAC
AGCCCCAGGAGACCCAGGGCCCCCCGGCCAGGCCCA
CCACTGTCCAGCCCACTGAAGCCTGGCCCAGAACCTC
ACAGAGACCCTCCACCCGGCCCGTGGAGGTCCCCAG

Nucleotide GGGCCCTGCGGTCGACGAACAGTTATATTTTCAGGGC
GGCTCACCCAAATCTGCAGACAAAACTCACACATGCC

sequence CACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTC
84 cynomolgus AGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTC

ATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGG
OX40 antigen TGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCA
Fc knob chain ACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCA

AGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGT
ACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGA
CTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTC
CAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCAT
CTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGT
GTACACCCTGCCCCCATGCCGGGATGAGCTGACCAAG
AACCAGGTCAGCCTGTGGTGCCTGGTCAAAGGCTTCT
ATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATG
GGCAGCCGGAGAACAACTACAAGACCACGCCTCCCG
TGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAA
GCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCAC
AACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGG
GTAAATCCGGAGGCCTGAACGACATCTTCGAGGCCC
AGAAGATTGAATGGCACGAG

GTGACCGCCAGACGGCTGAACTGCGTGAAGCACACC
Nucleotide TACCCCAGCGGCCACAAGTGCTGCAGAGAGTGCCAG

85 sequence CCCGGCCACGGCATGGTGTCCAGATGCGACCACACA
CGGGACACCCTGTGCCACCCTTGCGAGACAGGCTTCTmurine OX40
ACAACGAGGCCGTGAACTACGATACCTGCAAGCAGT

antigen Fc GCACCCAGTGCAACCACAGAAGCGGCAGCGAGCTGA



AGCAGAACTGCACCCCCACCCAGGATACCGTGTGCAknob chain
GATGCAGACCCGGCACCCAGCCCAGACAGGACAGCG
GCTACAAGCTGGGCGTGGACTGCGTGCCCTGCCCTCC
TGGCCACTTCAGCCCCGGCAACAACCAGGCCTGCAA
GCCCTGGACCAACTGCACCCTGAGCGGCAAGCAGAC
CAGACACCCCGCCAGCGACAGCCTGGATGCCGTGTG
CGAGGACAGAAGCCTGCTGGCCACCCTGCTGTGGGA
GACACAGCGGCCCACCTTCAGACCCACCACCGTGCA
GAGCACCACCGTGTGGCCCAGAACCAGCGAGCTGCC
CAGTCCTCCTACCCTCGTGACACCTGAGGGCCCCGTC
GACGAACAGTTATATTTTCAGGGCGGCTCACCCAAAT
CTGCAGACAAAACTCACACATGCCCACCGTGCCCAGC
ACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTC
CCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGA
CCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCA
CGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGA
CGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCG
GGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAG
CGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTC
CCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAA
GGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCC
CCATGCCGGGATGAGCTGACCAAGAACCAGGTCAGC
CTGTGGTGCCTGGTCAAAGGCTTCTATCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGA
ACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGAC
AAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGC
TCCGTGATGCATGAGGCTCTGCACAACCACTACACGC
AGAAGAGCCTCTCCCTGTCTCCGGGTAAATCCGGAGG
CCTGAACGACATCTTCGAGGCCCAGAAGATTGAATG
GCACGAG

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIE

86 Fc hole chain KTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

LHCVGDTYPSNDRCCHECRPGNGMVSRCSRSQNTVCRP
CGPGFYNDWSSKPCKPCTWCNLRSGSERKQLCTATQD
TVCRCRAGTQPLDSYKPGVDCAPCPPGHFSPGDNQACK
PWTnCTLAGKHTLQPASNSSDAICEDRDPPATQPQETQG

human OX40 PPARPITVQPTEAWPRTSQGPSTRPVEVPGGRAVDEQLY
FQGGSPKSADKTHTCPPCPAPELLGGPSVFLFPPKPKDTL

87 antigen Fc MISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAK
knob chain TKPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKVSN

KALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVS
LWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQK
SLSLSPGKSGGLNDIFEAQKIEWHE



LHCVGDTYPSNDRCCQECRPGNGMVSRCNRSQNTVCR
PCGPGFYNDWSAKPCKACTWCNLRSGSERKQPCTATQ
DTVCRCRAGTQPLDSYKPGVDCAPCPPGHFSPGDNQAC
KPWTnCTLAGKHTLQPASNSSDAICEDRDPPPTQPQETQ

cynomolgus GPPARPTTVQPTEAWPRTSQRPSTRPVEVPRGPAVDEQL
YFQGGSPKSADKTHTCPPCPAPELLGGPSVFLFPPKPKD

88 OX40 antigen TLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHN
Fc knob chain AKTKPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKV

SNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQ
VSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGKSGGLNDIFEAQKIEWHE

VTARRLNCVKHTYPSGHKCCRECQPGHGMVSRCDHTR
DTLCHPCETGFYNEAVNYDTCKQCTQCNHRSGSELKQ
NCTPTQDTVCRCRPGTQPRQDSGYKLGVDCVPCPPGHF
SPGNNQACKPWTnCTLSGKQTRHPASDSLDAVCEDRSL

murine OX40 LATLLWETQRPTFRPTTVQSTTVWPRTSELPSPPTLVTPE
GPVDEQLYFQGGSPKSADKTHTCPPCPAPELLGGPSVFL

89 antigen Fc FPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVD
knob chain GVEVHNAKTKPREEQYNSTYRWSVLTVLHQDWLNGK

EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRD
ELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGKSGGLNDIFEAQKIEWHE

All OX40-Fc-fusion encoding sequences were cloned into a plasmid vector driving

expression of the insert from an MPSV promoter and containing a synthetic polyA signal

sequence located at the 3' end of the CDS. In addition, the vector contained an EBV OriP

sequence for episomal maintenance of the plasmid.

For preparation of the biotinylated monomeric antigen/Fc fusion molecules, exponentially

growing suspension HEK293 EBNA cells were co-transfected with three vectors encoding the

two components of fusion protein (knob and hole chains) as well as BirA, an enzyme necessary

for the biotinylation reaction. The corresponding vectors were used at a 2 : 1 : 0.05 ratio

("antigen ECD-AcTEV- Fc knob" : "Fc hole" : "BirA").

For protein production in 500 ml shake flasks, 400 million HEK293 EBNA cells were

seeded 24 hours before transfection. For transfection cells were centrifuged for 5 minutes at 210

g, and supernatant was replaced by pre-warmed CD CHO medium. Expression vectors were

resuspended in 20 mL of CD CHO medium containing 200 µg of vector DNA. After addition of

540 of polyethylenimine (PEI), the solution was vortexed for 15 seconds and incubated for 10

minutes at room temperature. Afterwards, cells were mixed with the DNA/PEI solution,

transferred to a 500 mL shake flask and incubated for 3 hours at 37 °C in an incubator with a 5%

C0 2 atmosphere. After the incubation, 160 mL of F17 medium was added and cells were



cultured for 24 hours. One day after transfection, 1 mM valproic acid and 7% Feed were added

to the culture. After 7 days of culturing, the cell supernatant was collected by spinning down

cells for 15 min at 210 g . The solution was sterile filtered (0.22 µιη filter), supplemented with

sodium azide to a final concentration of 0.01 % (w/v), and kept at 4 °C.

Secreted proteins were purified from cell culture supernatants by affinity chromatography

using Protein A, followed by size exclusion chromatography. For affinity chromatography, the

supernatant was loaded on a HiTrap ProteinA HP column (CV = 5 mL, GE Healthcare)

equilibrated with 40 mL 20 mM sodium phosphate, 20 mM sodium citrate pH 7.5. Unbound

protein was removed by washing with at least 10 column volumes of a buffer containing 20 mM

sodium phosphate, 20 mM sodium citrate and 0.5 M sodium chloride (pH 7.5). The bound

protein was eluted using a linear pH-gradient of sodium chloride (from 0 to 500 mM) created

over 20 column volumes of 20 mM sodium citrate, 0.01% (v/v) Tween-20, pH 3.0 . The column

was then washed with 10 column volumes of a solution containing 20 mM sodium citrate, 500

mM sodium chloride and 0.01% (v/v) Tween-20, pH 3.0.

The pH of the collected fractions was adjusted by adding 1/40 (v/v) of 2M Tris, pH8.0.

The protein was concentrated and filtered prior to loading on a HiLoad Superdex 200 column

(GE Healthcare) equilibrated with 2 mM MOPS, 150 mM sodium chloride, 0.02% (w/v) sodium

azide solution of pH 7.4.

1.2 Selection of OX40-specific 8H9, 20B7, 49B4, 1G4, CLC-563, CLC-564 and 17A9

antibodies from generic Fab and common light chain libraries

Anti-OX40 antibodies were selected from three different generic phage display libraries:

DP88-4 (clones 20B7, 8H9 1G4 and 49B4), the common light chain library Vk3_20/VH3_23

(clones CLC-563 and CLC-564) and lambda-DP47 (clone 17A9).

The DP88-4 library was constructed on the basis of human germline genes using the V-

domain pairing Vkl_5 (kappa light chain) and VH1 69 (heavy chain) comprising randomized

sequence space in CDR3 of the light chain (L3, 3 different lengths) and CDR3 of the heavy

chain (H3, 3 different lengths). Library generation was performed by assembly of 3 PCR-

amplified fragments applying splicing by overlapping extension (SOE) PCR. Fragment 1

comprises the 5' end of the antibody gene including randomized L3, fragment 2 is a central

constant fragment spanning from L3 to H3 whereas fragment 3 comprises randomized H3 and

the 3' portion of the antibody gene. The following primer combinations were used to generate

these library fragments for DP88-4 library: fragment 1 (forward primer LMB3 combined with

reverse primers Vkl_5_L3r_S or Vkl_5_L3r_SY or Vkl_5_L3r_SPY), fragment 2 (forward

primer RJH31 combined with reverse primer RJH32) and fragment 3 (forward primers DP88-v4-

4 or DP88-v4-6 or DP88-v4-8 combined with reverse primer fdseqlong), respectively. PCR



parameters for production of library fragments were 5 min initial denaturation at 94 °C, 25

cycles of 1 min 94 °C, 1 min 58 °C, 1 min 72 °C and terminal elongation for 10 min at 72 °C.

For assembly PCR, using equimolar ratios of the gel-purified single fragments as template,

parameters were 3 min initial denaturation at 94 °C and 5 cycles of 30 s 94 °C, 1 min 58 °C, 2

min 72 °C. At this stage, outer primers (LMB3 and fdseqlong) were added and additional 20

cycles were performed prior to a terminal elongation for 10 min at 72 °C. After assembly of

sufficient amounts of full length randomized Fab constructs, they were digested Ncol / Nhel and

ligated into similarly treated acceptor phagemid vector. Purified ligations were used for ~60

transformations into electrocompetent E. coli TGI. Phagemid particles displaying the Fab library

were rescued and purified by PEG/NaCl purification to be used for selections. These library

construction steps were repeated three times to obtain a final library size of 4.4 x 109.

Percentages of functional clones, as determined by C-terminal tag detection in dot blot, were

92.6% for the light chain and 93.7% for the heavy chain, respectively.

The common light chain library Vk3_20/VH3_23 was constructed on the basis of human

germline genes using the V-domain pairing Vk3_20 (kappa light chain) and VH3 23 (heavy

chain) comprising a constant non-randomized common light chain Vk3_20 and randomized

sequence space in CDR3 of the heavy chain (H3, 3 different lengths). Library generation was

performed by assembly of 2 PCR-amplified fragments applying splicing by overlapping

extension (SOE) PCR. Fragment 1 is a constant fragment spanning from L3 to H3 whereas

fragment 2 comprises randomized H3 and the 3' portion of the antibody gene. The following

primer combinations were used to generate these library fragments for the Vk3_20/VH3_23

common light chain library: fragment 1 (forward primer MS64 combined with reverse primer

DP47CDR3_ba (mod.)) and fragment 2 (forward primers DP47-v4-4, DP47-v4-6, DP47-v4-8

combined with reverse primer fdseqlong), respectively. PCR parameters for production of library

fragments were 5 min initial denaturation at 94 °C, 25 cycles of 1 min 94 °C, 1 min 58 °C, 1 min

72 °C and terminal elongation for 10 min at 72 °C. For assembly PCR, using equimolar ratios of

the gel-purified single fragments as template, parameters were 3 min initial denaturation at 94 °C

and 5 cycles of 30 s 94 °C, 1 min 58 °C, 2 min 72 °C. At this stage, outer primers (MS64 and

fdseqlong) were added and additional 18 cycles were performed prior to a terminal elongation

for 10 min at 72 °C. After assembly of sufficient amounts of full length randomized VH

constructs, they were digested Muni / Notl and ligated into similarly treated acceptor phagemid

vector. Purified ligations were used for ~60 transformations into electrocompetent E. coli TGI.

Phagemid particles displaying the Fab library were rescued and purified by PEG/NaCl

purification to be used for selections. A final library size of 3.75 109 was obtained.

Percentages of functional clones, as determined by C-terminal tag detection in dot blot, were

98.9% for the light chain and 89.5% for the heavy chain, respectively.



The lambda-DP47 library was constructed on the basis of human germline genes using the

following V-domain pairings: V13 19 lambda light chain with VH3 23 heavy chain. The library

was randomized in CDR3 of the light chain (L3) and CDR3 of the heavy chain (H3) and was

assembled from 3 fragments by "splicing by overlapping extension" (SOE) PCR. Fragment 1

comprises the 5' end of the antibody gene including randomized L3, fragment 2 is a central

constant fragment spanning from the end of L3 to the beginning of H3 whereas fragment 3

comprises randomized H3 and the 3' portion of the Fab fragment. The following primer

combinations were used to generate library fragments for library: fragment 1 (LMB3 -

Vl_3_19_L3r_V / Vl_3_19_L3r_HV / Vl_3_19_L3r_HLV), fragment 2 (RJH80 -

DP47CDR3_ba (mod)) and fragment 3 (DP47-v4-4 / DP47-v4-6 / DP47-v4-8 - fdseqlong). PCR

parameters for production of library fragments were 5 min initial denaturation at 94 °C, 25

cycles of 60 sec at 94 °C, 60 sec at 55 °C, 60 sec at 72 °C and terminal elongation for 10 min at

72 °C. For assembly PCR, using equimolar ratios of the 3 fragments as template, parameters

were 3 min initial denaturation at 94 °C and 5 cycles of 60 sec at 94 °C, 60 sec at 55°C, 120 sec

at 72 °C. At this stage, outer primers were added and additional 20 cycles were performed prior

to a terminal elongation for 10 min at 72 °C. After assembly of sufficient amounts of full length

randomized Fab fragments, they were digested with Ncol / Nhel alongside with similarly treated

acceptor phagemid vector. 15ug of Fab library insert were ligated with 13.3ug of phagemid

vector. Purified ligations were used for 60 transformations resulting in 1.5 109 transformants.

Phagemid particles displaying the Fab library were rescued and purified by PEG/NaCl

purification to be used for selections.

Human OX40 (CD 134) as antigen for the phage display selections was transiently

expressed as N-terminal monomeric Fc-fusion in HEK EBNA cells and in vivo site-specifically

biotinylated via co-expression of BirA biotin ligase at the avi-tag recognition sequence located a

the C-terminus of the Fc portion carrying the receptor chain (Fc knob chain).

Selection rounds (biopanning) were performed in solution according to the following

pattern:

1. Pre-clearing of ~ 1012 phagemid particles on maxisorp plates coated with lOug/ml of an

unrelated human IgG to deplete the libraries of antibodies recognizing the Fc-portion of the

antigen,

2 . incubation of the non-binding phagemid particles with ΙΟΟηΜ biotinylated human OX40 for

0.5 h in the presence of ΙΟΟηΜ unrelated non-biotinylated Fc knob-into-hole construct for

further depletion of Fc-binders in a total volume of 1 ml,

3 . capture of biotinylated hu OX40 and attached specifically binding phage by transfer to 4 wells

of a neutravidin pre-coated microtiter plate for 10 min (in rounds 1 & 3),

4 . washing of respective wells using 5x PBS/Tween20 and 5x PBS,

5 . elution of phage particles by addition of 250ul lOOmM TEA (triethylamine) per well for 10



min and neutralization by addition of 500ul 1M Tris/HCl pH 7.4 to the pooled eluates from 4

wells,

6 . post-clearing of neutralized eluates by incubation on neutravidin pre-coated microtiter plate

with lOOnM biotin-captured Fc knob-into-hole construct for final removal of Fc-binders,

7 . re-infection of log-phase E. coli TGI cells with the supernatant of eluted phage particles,

infection with helperphage VCSM13, incubation on a shaker at 30°C over night and subsequent

PEG/NaCl precipitation of phagemid particles to be used in the next selection round.

Selections were carried out over 3 or 4 rounds using constant antigen concentrations of 100

nM. In order to increase the likelihood for binders that are cross-reactive not only to cynomolgus

OX40 but also murine OX40, in some selection rounds the murine target was used instead of the

human OX40. In rounds 2 and 4, in order to avoid enrichment of binders to neutravidin, capture

of antigen : phage complexes was performed by addition of 5.4 x 107 streptavidin-coated

magnetic beads. Specific binders were identified by ELISA as follows: lOOul of 25nM

biotinylated human OX40 and lOug/ml of human IgG were coated on neutravidin plates and

maxisorp plates, respectively. Fab-containing bacterial supernatants were added and binding

Fabs were detected via their Flag-tags using an anti-Flag/HRP secondary antibody. Clones

exhibiting signals on human OX40 and being negative on human IgG were short-listed for

further analyses and were also tested in a similar fashion against cynomolgus and murine OX40.

They were bacterially expressed in a 0.5 liter culture volume, affinity purified and further

characterized by SPR-analysis using BioRad's ProteOn XPR36 biosensor.

Table 3 shows the sequence of generic phage-displayed antibody library (DP88-4), Table

4 provides cDNA and amino acid sequences of library DP88-4 germline template and Table 5

shows the Primer sequences used for generation of DP88-4 germline template.



Table 3. Sequence of generic phage-displayed antibody library (DP88-4)

SEQ
ID Description Sequence

NO:

TGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTCG
nucleotide CGGCCCAGCCGGCCATGGCCGACATCCAGATGACCCAGTCTCCT
sequence TCCACCCTGTCTGCATCTGTAGGAGACCGTGTCACCATCACTTGC
of CGTGCCAGTCAGAGTATTAGTAGCTGGTTGGCCTGGTATCAGCA

GAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGATGCCTCCA
GTTTGGAAAGTGGGGTCCCATCACGTTTCAGCGGCAGTGGATCC

pRJH33 GGGACAGAATTCACTCTCACCATCAGCAGCTTGCAGCCTGATGA
library TTTTGCAACTTATTACTGCCAACAGTATAATAGTTATTCTACGTT
template TGGCCAGGGCACCAAAGTCGAGATCAAGCGTACGGTGGCTGCA

DP88-4 CCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCT

library; GGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGA

complete GAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGG
GTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGFab coding
CACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACT

region ACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGG
comprising CCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTG
PelB leader GAGCCGCAGAACAAAAACTCATCTCAGAAGAGGATCTGAATGG
sequence + AGCCGCAGACTACAAGGACGACGACGACAAGGGTGCCGCATAA

90 Vkl_5 TAAGGCGCGCCAATTCTATTTCAAGGAGACAGTCATATGAAATA
kappa V- CCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCA
domain + GCCGGCGATGGCCCAGGTGCAATTGGTGCAGTCTGGGGCTGAGG

CL TGAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCC

constant GGAGGCACATTCAGCAGCTACGCTATAAGCTGGGTGCGACAGGC

domain for CCCTGGACAAGGGCTCGAGTGGATGGGAGGGATCATCCCTATCT
TTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGGGTCACClight chain
ATTACTGCAGACAAATCCACGAGCACAGCCTACATGGAGCTGAG

and PelB + CAGCCTGAGATCTGAGGACACCGCCGTGTATTACTGTGCGAGAC
VH1 69 TATCCCCAGGCGGTTACTATGTTATGGATGCCTGGGGCCAAGGG
V-domain ACCACCGTGACCGTCTCCTCAGCTAGCACCAAAGGCCCATCGGT
+ CH1 CTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAG
constant CGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTG
domain for ACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACAC
heavy CTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAG

chain CGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACA

including TCTGCAACGTGAATCACAAGCCCAGCAACACCAAAGTGGACAA

tags GAAAGTTGAGCCCAAATCTTGTGACGCGGCCGCAAGCACTAGTG
CCCATCACCATCACCATCACGCCGCGGCA



Table 4. cDNA and amino acid sequences of library DP88-4 germline template

SEQ ID
Description Sequence

NO:

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGC
ATCTGTAGGAGACCGTGTCACCATCACTTGCCGTGCCA
GTCAGAGTATTAGTAGCTGGTTGGCCTGGTATCAGCAG
AAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGATGC
CTCCAGTTTGGAAAGTGGGGTCCCATCACGTTTCAGCG
GCAGTGGATCCGGGACAGAATTCACTCTCACCATCAGC
AGCTTGCAGCCTGATGATTTTGCAACTTATTACTGCCA
ACAGTATAATAGTTATTCTACGTTTGGCCAGGGCACCA

nucleotide AAGTCGAGATCAAGCGTACGGTGGCTGCACCATCTGTC
sequence of TTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGG

9 1
Fab light chain AACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCC

CAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCC
Vkl_5 CTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGC

AGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCAC
CCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAA
GTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTC
GCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTGGA
GCCGCAGAACAAAAACTCATCTCAGAAGAGGATCTGA
ATGGAGCCGCAGACTACAAGGACGACGACGACAAGGG
TGCCGCA

DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKP
GKAPKLLIYDASSLESGVPSRFSGSGSGTEFTLTISSLQPDD
FATYYCQQYNSYSTFGQGTKVEIKRTVAAPSVFIFPPSDE

Fab light chain
92 QLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQE

Vkl_5 SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG
LSSPVTKSFNRGECGAAEQKLISEEDLNGAADYKDDDDK
GAA

CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGA
AGCCTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCC
GGAGGCACATTCAGCAGCTACGCTATAAGCTGGGTGC
GACAGGCCCCTGGACAAGGGCTCGAGTGGATGGGAGG
GATCATCCCTATCTTTGGTACAGCAAACTACGCACAGA
AGTTCCAGGGCAGGGTCACCATTACTGCAGACAAATCC
ACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGAT

nucleotide CTGAGGACACCGCCGTGTATTACTGTGCGAGACTATCC
sequence of CCAGGCGGTTACTATGTTATGGATGCCTGGGGCCAAGG

93
Fab heavy chain GACCACCGTGACCGTCTCCTCAGCTAGCACCAAAGGCC

CATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACC
VH1 69 TCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGG

ACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCA
GGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGT
CCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGG
TGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTAC
ATCTGCAACGTGAATCACAAGCCCAGCAACACCAAAG
TGGACAAGAAAGTTGAGCCCAAATCTTGTGACGCGGC
CGCAAGCACTAGTGCCCATCACCATCACCATCACGCCG



CGGCA

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQ
APGQGLEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTA
YMELSSLRSEDTAVYYCARLSPGGYYVMDAWGQGTTVT

Fab heavy chain
94 VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPV

VH1 69 TVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLG
TQTYICNVNHKPSNTKVDKKVEPKSCDAAASTSAHHHH
HHAAA

Table 5. Primer sequences used for generation of DP88-4 library

SEQ
Primer name Primer sequence 5' - 3'

ID NO:

95 LMB3 CAGGAAACAGCTATGACCATGATTAC

CTCGACTTTGGTGCCCTGGCCAAACGTS2L4A7M
CG^ArJATMCTGTTGGCAGTAATAAGTTGCAAAATC
AT

96 Vkl_5_L3r_S
underlined: 60% original base and 40% randomization as M.

bolded and italic: 60% original base and 40% randomization
as

CTCGACTTTGGTGCCCTGGCCAAACGTMHR S R A
CG^ArJATMCTGTTGGCAGTAATAAGTTGCAAAATC
AT

97 Vkl_5_L3r_SY
underlined: 60% original base and 40% randomization as M.

bolded and italic: 60% original base and 40% randomization
as

CTCGACTTTGGTGCCCTGGCCAAACGTMH H MSSSG R
Ar^CG^ArrATMCTGTTGGCAGTAATAAGTTGCAAA
ATCAT

98 Vkl_5_L3r_SPY
underlined: 60% original base and 40% randomization as M.

bolded and italic: 60% original base and 40% randomization
as

99 RJH31 ACGTTTGGCCAGGGCACCAAAGTCGAG



SEQ
Primer name Primer sequence 5' - 3'

ID NO:

100 RJH32 TCTCGCACAGTAATACACGGCGGTGTCC

GGACACCGCCGTGTATTACTGTGCGAGA- 1-2-2-3-4-
GAC-TAC-
TGGGGCCAAGGGACCACCGTGACCGTCTCC

101 DP88-v4-4
1 : G/D = 20%, E/V/S = 10%, A/P/R/L/T/Y=5%; 2 :
G/Y/S=15%, A/D/T/R/P/L/V/N/W/F/I/E = 4,6%; 3 : G/A/Y =
20%, P/W/S/D/T = 8%; 4 : F = 46%, L/M = 15%, G/I/Y =
8%.

GGACACCGCCGTGTATTACTGTGCGAGA- 1-2-2-2-2-3-
4-GAC-TAC-
TGGGGCCAAGGGACCACCGTGACCGTCTCC

102 DP88-v4-6
1 : G/D = 20%, E/V/S = 10%, A/P/R/L/T/Y=5%; 2 :
G/Y/S=15%, A/D/T/R/P/L/V/N/W/F/I/E = 4,6%; 3 : G/A/Y =
20%, P/W/S/D/T = 8%; 4 : F = 46%, L/M = 15%, G/I/Y =
8%.

GGACACCGCCGTGTATTACTGTGCGAGA- 1-2-2-2-2-2-
2-3-4-GAC-TAC-
TGGGGCCAAGGGACCACCGTGACCGTCTCC

103 DP88-v4-8
1 : G/D = 20%, E/V/S = 10%, A/P/R/L/T/Y=5%; 2 :
G/Y/S=15%, A/D/T/R/P/L/V/N/W/F/I/E = 4,6%; 3 : G/A/Y =
20%, P/W/S/D/T = 8%; 4 : F = 46%, L/M = 15%, G/I/Y =
8%.

104 fdseqlong GACGTTAGTAAATGAATTTTCTGTATGAGG

Table 6 shows the sequence of generic phage-displayed antibody common light chain

library (Vk3_20/VH3_23). Table 7 provides cDNA and amino acid sequences of common light

chain library (Vk3_20/VH3_23) germline template and Table 8 shows the Primer sequences

used for generation of common light chain library (Vk3_20/VH3_23).
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Table 6. Sequence of generic phage- displayed antibody common light chain library

(Vk3_20/VH3_23) template used for PCR

SEQ
ID Description Sequence

NO:

ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTC
GCGGCCCAGCCGGCCATGGCCGAAATCGTGTTAACGCAGTCTCC

pRJHl l O AGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCTT
library GCAGGGCCAGTCAGAGTGTTAGCAGCAGCTACTTAGCCTGGTAC
template of CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGAGC
common ATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCAGTG
light chain GATCCGGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCT
library GAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACC
Vk3_20/V GCTGACGTTCGGCCAGGGGACCAAAGTGGAAATCAAACGTACG

H3 23; GTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAG

complete TTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTC
TATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCFab coding
TCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAG

region CAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGC
comprising AAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCA
PelB leader CCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGG
sequence + GGAGAGTGTGGAGCCGCACATCACCATCACCATCACGGAGCCG
Vk3_20 CAGACTACAAGGACGACGACGACAAGGGTGCCGCATAATAAGG

105 kappa V- CGCGCCAATTCTATTTCAAGGAGACAGTCATATGAAATACCTGC
domain + TGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGCCGG
CL CGATGGCCGAGGTGCAATTGCTGGAGTCTGGGGGAGGCTTGGTA

constant CAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATT

domain for CACCTTTAGCAGTTATGCCATGAGCTGGGTCCGCCAGGCTCCAG
GGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTlight chain
AGCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTC

and PelB + CAGAGACAATTCCAAGAACACGCTGTATCTGCAGATGAACAGCC
VH3 23 TGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAACCGTTT
V-domain CCGTATTTTGACTACTGGGGCCAAGGAACCCTGGTCACCGTCTC
+ CH1 GAGTGCTAGCACCAAAGGCCCATCGGTCTTCCCCCTGGCACCCT
constant CCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTG
domain for GTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTC
heavy AGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTAC
chain AGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCC

including TCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCA

tags CAAGCCCAGCAACACCAAAGTGGACAAGAAAGTTGAGCCCAAA
TCTTGTGACGCGGCCGCAGAACAAAAACTCATCTCAGAAGAGGA
TCTGAATGCCGCGGCA



Table 7. cDNA and amino acid sequences of common light chain library (Vk3_20/VH3_23)

germline template

SEQ ID
Description Sequence

NO:

GAAATCGTGTTAACGCAGTCTCCAGGCACCCTGTCTTTGT
CTCCAGGGGAAAGAGCCACCCTCTCTTGCAGGGCCAGTC
AGAGTGTTAGCAGCAGCTACTTAGCCTGGTACCAGCAGA
AACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGAGCATC
CAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCAG
TGGATCCGGGACAGACTTCACTCTCACCATCAGCAGACTG
GAGCCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATG

nucleotide GTAGCTCACCGCTGACGTTCGGCCAGGGGACCAAAGTGG
AAATCAAACGTACGGTGGCTGCACCATCTGTCTTCATCTT

sequence of
106 CCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCT

Fab light chain GTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCA

Vk3_20 AAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTA
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACA
GCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAG
CAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCA
CCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCA
ACAGGGGAGAGTGTGGAGCCGCACATCACCATCACCATC
ACGGAGCCGCAGACTACAAGGACGACGACGACAAGGGT
GCCGCA

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPG
QAPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAV

Fab light chain YYCQQYGSSPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKS
107

Vk3_20 GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF
NRGECGAAHHHHHHGAADYKDDDDKGAA

GAGGTGCAATTGCTGGAGTCTGGGGGAGGCTTGGTACAG
CCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGAT
TCACCTTTAGCAGTTATGCCATGAGCTGGGTCCGCCAGGC
TCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGG
TAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGGG
CCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTG

nucleotide TATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCC
GTATATTACTGTGCGAAACCGTTTCCGTATTTTGACTACT

sequence of
108 GGGGCCAAGGAACCCTGGTCACCGTCTCGAGTGCTAGCA

Fab heavy chain CCAAAGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAA

VH3 23 GAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGT
CAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAA
CTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCT
GTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGG
TGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACAT
CTGCAACGTGAATCACAAGCCCAGCAACACCAAAGTGGA
CAAGAAAGTTGAGCCCAAATCTTGTGACGCGGCCGCAGA
ACAAAAACTCATCTCAGAAGAGGATCTGAATGCCGCGGC



A

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAP
GKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQ

Fab heavy chain MNSLRAEDTAVYYCAKPFPYFDYWGQGTLVTVSSASTKGP
109

VH3 23 (DP47) SVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS
NTKVDKKVEPKSCDAAAEQKLISEEDLNAAA

Table 8. Primer sequences used for generation of common light chain library (Vk3_20/VH3_23)

1 : G/D = 20%, E/V/S = 10%, A/P/R/L/T/Y=5%; 2 : G/Y/S=15%, A/D/T/R/P/L/V/N/W/F/I/E =
4,6%; 3 : G/A/Y = 20%, P/W/S/D/T = 8%; 4 : F = 46%, L/M = 15%, G/I/Y = 8%; 5 : K=70%, R
=30%.

Table 9 shows the sequence of generic phage-displayed lambda-DP47 library

(VB_19/VH3_23) template used for PCRs. Table 10 provides cDNA and amino acid sequences

of lambda-DP47 library (V13_19/VH3_23) germline template and Table 11 shows the Primer

sequences used for generation of lambda-DP47 library (V13_19/VH3_23).



Table 9: Sequence of generic phage- displayed lambda-DP47 library (V13_19/VH3_23)

template used for PCRs

SEQ
ID Description Sequence

NO:

ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTATTACTC
GCGGCCCAGCCGGCCATGGCCTCGTCTGAGCTGACTCAGGACCC

pRJH53 TGCTGTGTCTGTGGCCTTGGGACAGACAGTCAGGATCACATGCC
library AAGGAGACAGCCTCAGAAGTTATTATGCAAGCTGGTACCAGCAG
template of AAGCCAGGACAGGCCCCTGTACTTGTCATCTATGGTAAAAACAA
lambda- CCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCAG
DP47 GAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGAT
library GAGGCTGACTATTACTGTAACTCCCGTGATAGTAGCGGTAATCA

V13_19/V TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGACAAC

H3 23; CCAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCAGCGAG

complete GAATTGCAGGCCAACAAGGCCACCCTGGTCTGCCTGATCAGCGA
CTTCTACCCAGGCGCCGTGACCGTGGCCTGGAAGGCCGACAGCAFab coding
GCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCA

region GAGCAACAACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACC
comprising CCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCAGGTGA
PelB leader CCCACGAGGGCAGCACCGTGGAGAAAACCGTGGCCCCCACCGA
sequence + GTGCAGCGGAGCCGCAGAACAAAAACTCATCTCAGAAGAGGAT
V13 19 CTGAATGGAGCCGCAGACTACAAGGACGACGACGACAAGGGTG

116 lambda V- CCGCATAATAAGGCGCGCCAATTCTATTTCAAGGAGACAGTCAT
domain + ATGAAATACCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTC
CL GCTGCCCAGCCGGCGATGGCCGAGGTGCAATTGCTGGAGTCTGG

constant GGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTCTCCTGTG

domain for CAGCCTCCGGATTCACCTTTAGCAGTTATGCCATGAGCTGGGTCC
GCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTlight chain
GGTAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGGGCCG

and PelB + GTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGC
VH3 23 AGATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGT
V-domain GCGAAACCGTTTCCGTATTTTGACTACTGGGGCCAAGGAACCCT
+ CHI GGTCACCGTCTCGAGTGCTAGCACCAAAGGCCCATCGGTCTTCC
constant CCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCC
domain for CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGT
heavy GTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCC
chain CGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTG

including GTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTG

tags CAACGTGAATCACAAGCCCAGCAACACCAAAGTGGACAAGAAA
GTTGAGCCCAAATCTTGTGACGCGGCCGCAAGCACTAGTGCCCA
TCACCATCACCATCACGCCGCGGCA



Table 10. cDNA and amino acid sequences of lambda-DP47 library (V13_19/VH3_23) germline

template

SEQ ID
Description Sequence

NO:

TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCT
TGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCC
TCAGAAGTTATTATGCAAGCTGGTACCAGCAGAAGCCAG
GACAGGCCCCTGTACTTGTCATCTATGGTAAAAACAACCG
GCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCA
GGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCG
GAAGATGAGGCTGACTATTACTGTAACTCCCGTGATAGTA

nucleotide GCGGTAATCATGTGGTATTCGGCGGAGGGACCAAGCTGA
CCGTCCTAGGACAACCCAAGGCTGCCCCCAGCGTGACCCT

sequence of
117 GTTCCCCCCCAGCAGCGAGGAATTGCAGGCCAACAAGGC

Fab light chain CACCCTGGTCTGCCTGATCAGCGACTTCTACCCAGGCGCC

V13 19 GTGACCGTGGCCTGGAAGGCCGACAGCAGCCCCGTGAAG
GCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCC
GAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCAGGTG
ACCCACGAGGGCAGCACCGTGGAGAAAACCGTGGCCCCC
ACCGAGTGCAGCGGAGCCGCAGAACAAAAACTCATCTCA
GAAGAGGATCTGAATGGAGCCGCAGACTACAAGGACGAC
GACGACAAGGGTGCCGCA

SSELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQ
APVLVIYGK RPSGIPDRFSGSSSGNTASLTITGAQAEDEAD

Fab light chain YYCNSRDSSGNHWFGGGTKLTVLGQPKAAPS VTLFPPSSEE
118

V13 19 LQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV
APTECSGAAEQKLISEEDLNGAADYKDDDDKGAA

nucleotide

sequence of
108 see Table 7

Fab heavy chain

VH3 23

Fab heavy chain
109 see Table 7

VH3 23 (DP47)



Table 11. Primer sequences used for generation of lambda-DP47 library (V13_19/VH3_23)

Additional primers used for construction of the lambda-DP47 library, i.e. DP47CDR3_ba (mod.),
DP47-v4-4, DP47-v4-6, DP47-v4-8 and fdseqlong, are identical to the primers used for the
construction of the common light chain library (Vk3_20/VH3_23) and have already been listed
in Table 8 .

Clones 8H9, 20B7, 49B4, 1G4, CLC-563, CLC-564 and 17A9 were identified as human

OX40-specific binders through the procedure described above. The cDNA sequences of their

variable regions are shown in Table 12 below, the corresponding amino acid sequences can be

found in Table C.



Table 12. Variable region base pair sequences for phage-derived anti-OX40 antibodies.

Underlined are the complementarity determining regions (CDRs).

SEQ ID
Clone Sequence

NO:

TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACA
GACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAGTTATTAT
GCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCA

125 (VL) TCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCTC
TGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCT
CAGGCGGAAGATGAGGCTGACTATTACTGTAACTCCCGTGTTATGC
CTCATAATCGCGTATTCGGCGGAGGGACCAAGCTGACCGTC

8H9 GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGG
GGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTTAGCAGT
TATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACATACTACGCAGA

126 (VH)
CTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAAC
ACGCTGTATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCCG
TATATTACTGTGCGCGTGTTTTCTACCGTGGTGGTGTTTCTATGGAC
TACTGGGGCCAAGGAACCCTGGTCACCGTCTCGAGT

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGG
AGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATTAGTAGC
TGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCC

127 (VL) TGATCTATGATGCCTCCAGTTTGGAAAGTGGGGTCCCATCACGTTTC
AGCGGCAGTGGATCCGGGACAGAATTCACTCTCACCATCAGCAGCT
TGCAGCCTGATGATTTTGCAACTTATTACTGCCAACAGTATAGTTCG
CAGCCGTATACGTTTGGCCAGGGCACCAAAGTCGAGATCAAG

49B4 CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGT
CCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATTCAGCAG
CTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTCGAG
TGGATGGGAGGGATCATCCCTATCTTTGGTACAGCAAACTACGCAC

128 (VH) AGAAGTTCCAGGGCAGGGTCACCATTACTGCAGACAAATCCACGAG
CACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACCGCC
GTGTATTACTGTGCGAGAGAATACTACCGTGGTCCGTACGACTACT
GGGGCCAAGGGACCACCGTGACCGTCTCCTCA

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGG
AGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATTAGTAGC
TGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCC

1G4 129 (VL) TGATCTATGATGCCTCCAGTTTGGAAAGTGGGGTCCCATCACGTTTC
AGCGGCAGTGGATCCGGGACAGAATTCACTCTCACCATCAGCAGCT
TGCAGCCTGATGATTTTGCAACTTATTACTGCCAACAGTATATTTCG
TATTCCATGTTGACGTTTGGCCAGGGCACCAAAGTCGAGATCAAG



CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGT
CCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATTCAGCAG
CTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTCGAG
TGGATGGGAGGGATCATCCCTATCTTTGGTACAGCAAACTACGCAC

130 (VH)
AGAAGTTCCAGGGCAGGGTCACCATTACTGCAGACAAATCCACGAG
CACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACCGCC
GTGTATTACTGTGCGAGAGAATACGGTTCTATGGACTACTGGGGCC
AAGGGACCACCGTGACCGTCTCCTCA

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGG
AGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATTAGTAGC
TGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCC

131 (VL) TGATCTATGATGCCTCCAGTTTGGAAAGTGGGGTCCCATCACGTTTC
AGCGGCAGTGGATCCGGGACAGAATTCACTCTCACCATCAGCAGCT
TGCAGCCTGATGATTTTGCAACTTATTACTGCCAACAGTATCAGGCT
TTTTCGCTTACGTTTGGCCAGGGCACCAAAGTCGAGATCAAG

20B7 CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGT
CCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATTCAGCAG
CTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTCGAG
TGGATGGGAGGGATCATCCCTATCTTTGGTACAGCAAACTACGCAC

132 (VH) AGAAGTTCCAGGGCAGGGTCACCATTACTGCAGACAAATCCACGAG
CACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACCGCC
GTGTATTACTGTGCGAGAGTTAACTACCCGTACTCTTACTGGGGTGA
CTTCGACTACTGGGGCCAAGGGACCACCGTGACCGTCTCCTCA

GAGATCGTGCTGACCCAGAGCCCCGGCACACTCTCCCTGTCTCCTG
GGGAAAGGGCCACCCTTTCATGCAGAGCCAGCCAGTCCGTCTCTAG
TAGCTACCTGGCATGGTATCAGCAGAAGCCAGGACAAGCCCCCCGC
CTCCTGATTTACGGCGCTTCCTCTCGGGCAACTGGTATCCCTGACAG

133 (VL) GTTCTCAGGGAGCGGAAGCGGAACAGATTTTACCTTGACTATTTCT
AGACTGGAGCCAGAGGACTTCGCCGTGTATTACTGTCAGCAGTACG
GTAGTAGCCCCCTCACCTTTGGCCAGGGGACAAAAGTCGAAATCAA
GCLC-

563 GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGG
GGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTTAGCAGT
TATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACATACTACGCAGA

134 (VH)
CTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAAC
ACGCTGTATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCCG
TATATTACTGTGCGCTTGACGTTGGTGCTTTCGACTACTGGGGCCAA
GGAGCCCTGGTCACCGTCTCGAGT

GAGATCGTGCTGACCCAGAGCCCCGGCACACTCTCCCTGTCTCCTG
GGGAAAGGGCCACCCTTTCATGCAGAGCCAGCCAGTCCGTCTCTAG
TAGCTACCTGGCATGGTATCAGCAGAAGCCAGGACAAGCCCCCCGC

CLC- CTCCTGATTTACGGCGCTTCCTCTCGGGCAACTGGTATCCCTGACAG
135 (VL)

564 GTTCTCAGGGAGCGGAAGCGGAACAGATTTTACCTTGACTATTTCT
AGACTGGAGCCAGAGGACTTCGCCGTGTATTACTGTCAGCAGTACG
GTAGTAGCCCCCTCACCTTTGGCCAGGGGACAAAAGTCGAAATCAA
G



GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGG
GGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTTAGCAGT
TATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACATACTACGCAGA

136 (VH)
CTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAAC
ACGCTGTATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCCG
TATATTACTGTGCGTTCGACGTTGGTCCGTTCGACTACTGGGGCCAA
GGAACCCTGGTCACCGTCTCGAGT

TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACA
GACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAGTTATTAT
GCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCA

137 (VL) TCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCTC
TGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCT
CAGGCGGAAGATGAGGCTGACTATTACTGTAACTCCCGTGTTATGC
CTCATAATCGCGTATTCGGCGGAGGGACCAAGCTGACCGTC

17A9 GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGG
GGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTTAGCAGT
TATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACATACTACGCAGA

138 (VH) CTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAAC
ACGCTGTATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCCG
TATATTACTGTGCGCGTGTTTTCTACCGTGGTGGTGTTTCTATGGAC
TACTGGGGCCAAGGAACCCTGGTCACCGTCTCGAGT

1.3 Preparation, purification and characterization of anti-OX40 IgGl P329G LALA

antibodies

The variable regions of heavy and light chain DNA sequences of selected anti-OX40

binders were subcloned in frame with either the constant heavy chain or the constant light chain

of human IgGl. The Pro329Gly, Leu234Ala and Leu235Ala mutations have been introduced in

the constant region of the knob and hole heavy chains to abrogate binding to Fc gamma receptors

according to the method described in International Patent Appl. Publ. No. WO 2012/130831 Al.

The cDNA and amino acid sequences of the anti-OX40 clones are shown in Table 13. All

anti-Ox40-Fc-fusion encoding sequences were cloned into a plasmid vector, which drives

expression of the insert from an MPSV promoter and contains a synthetic polyA signal sequence

located at the 3' end of the CDS. In addition, the vector contains an EBV OriP sequence for

episomal maintenance of the plasmid.

Table 13. Sequences of anti-OX40 clones in P329GLALA human IgGl format

Clone SEQ ID No. Sequence
139 GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGT

8B9 (nucleotide AGGAGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATT
sequence light AGTAGCTGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCC



chain) CCTAAGCTCCTGATCTATGATGCCTCCAGTTTGGAAAGTGGGG
TCCCATCACGTTTCAGCGGCAGTGGATCCGGGACAGAATTCAC
TCTCACCATCAGCAGCTTGCAGCCTGATGATTTTGCAACTTATT
ACTGCCAACAGTATTTGACGTATTCGCGGTTTACGTTTGGCCAG
GGCACCAAAGTCGAGATCAAGCGTACGGTGGCTGCACCATCTG
TCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACT
GCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGC
CAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAA
CTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCAC
CTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTAC
GAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGC
CTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATT
CAGCAGCTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAA
GGGCTCGAGTGGATGGGAGGGATCATCCCTATCTTTGGTACAG
CAAACTACGCACAGAAGTTCCAGGGCAGGGTCACCATTACTGC
AGACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCT
GAGATCTGAGGACACCGCCGTGTATTACTGTGCGAGAGAATAC
GGTTGGATGGACTACTGGGGCCAAGGGACCACCGTGACCGTCT
CCTCAGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACC
CTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGC
CTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGA
ACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGT
CCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACC
GTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG

140 TGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTG
(nucleotide AGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCC

sequence heavy AGCACCTGAAGCTGCAGGGGGACCGTCAGTCTTCCTCTTCCCC
chain) CCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGG

TCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGT
CAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGT
GTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATG
GCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCGGCG
CCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCC
GAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCT
GACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCG
ACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAG
CAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGT
CTCCGGGTAAA
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPK
LLIYDASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYL

141
TYSRFTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLN

(Light chain) NFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
KADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQG
LEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLRSED

142
TAVYYCAREYGWMDYWGQGTTVTVSSASTKGPSVFPLAPSSKST

(Heavy chain) SGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTH



TCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDW
LNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGT
AGGAGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATT
AGTAGCTGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCTATGATGCCTCCAGTTTGGAAAGTGGGG
TCCCATCACGTTTCAGCGGCAGTGGATCCGGGACAGAATTCAC

143 TCTCACCATCAGCAGCTTGCAGCCTGATGATTTTGCAACTTATT
ACTGCCAACAGTATAGTTCGCAGCCGTATACGTTTGGCCAGGG(nucleotide
CACCAAAGTCGAGATCAAGCGTACGGTGGCTGCACCATCTGTC

sequence light TTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGC
chain) CTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCA

AAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTC
CCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTA
CAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTG
AGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATT
CAGCAGCTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAA
GGGCTCGAGTGGATGGGAGGGATCATCCCTATCTTTGGTACAG
CAAACTACGCACAGAAGTTCCAGGGCAGGGTCACCATTACTGC
AGACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCT
GAGATCTGAGGACACCGCCGTGTATTACTGTGCGAGAGAATAC
TACCGTGGTCCGTACGACTACTGGGGCCAAGGGACCACCGTGA
CCGTCTCCTCAGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTG
GCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGG
GCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTC
GTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCG
GCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGT
GACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGC

144 AACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAA
(nucleotide GTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGT

sequence heavy GCCCAGCACCTGAAGCTGCAGGGGGACCGTCAGTCTTCCTCTT
chain) CCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCT

GAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCT
GAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATA
ATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGT
ACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCT
GAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCT
CGGCGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCA
GCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAT
GAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGG
GCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGA
CTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACA
AGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGAT
GCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC
CTGTCTCCGGGTAAA

145 DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPK
(Light chain) LLIYDASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYS



SQPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQG
LEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLRSED
TAVYYCAREYYRGPYDYWGQGTTVTVSSASTKGPSVFPLAPSSK
STSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
LYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKT

146
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHE

(Heavy chain) DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQD
WLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
K
GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGT
AGGAGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATT
AGTAGCTGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCTATGATGCCTCCAGTTTGGAAAGTGGGG
TCCCATCACGTTTCAGCGGCAGTGGATCCGGGACAGAATTCAC
TCTCACCATCAGCAGCTTGCAGCCTGATGATTTTGCAACTTATT147
ACTGCCAACAGTATATTTCGTATTCCATGTTGACGTTTGGCCAG

(nucleotide
GGCACCAAAGTCGAGATCAAGCGTACGGTGGCTGCACCATCTG

sequence light TCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACT
chain) GCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGC

CAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAA
CTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCAC
CTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTAC
GAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGC
CTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATT
CAGCAGCTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAA
GGGCTCGAGTGGATGGGAGGGATCATCCCTATCTTTGGTACAG
CAAACTACGCACAGAAGTTCCAGGGCAGGGTCACCATTACTGC

G4 AGACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCT
GAGATCTGAGGACACCGCCGTGTATTACTGTGCGAGAGAATAC
GGTTCTATGGACTACTGGGGCCAAGGGACCACCGTGACCGTCT
CCTCAGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACC
CTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGC
CTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGA148
ACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGT

(nucleotide
CCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACC

sequence heavy GTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG
chain) TGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTG

AGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCC
AGCACCTGAAGCTGCAGGGGGACCGTCAGTCTTCCTCTTCCCC
CCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGG
TCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGT
CAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGT
GTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATG
GCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCGGCG
CCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCC
GAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCT



GACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCG
ACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAG
CAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGT
CTCCGGGTAAA
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPK
LLIYDASSLESGVPSPvFSGSGSGTEFTLTISSLQPDDFATYYCQQYIS

149
YSMLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNN

(Light chain) FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLS SPVTKSFNRGEC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQG
LEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLRSED
TAVYYCAREYGSMDYWGQGTTVTVSSASTKGPSVFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

150 YSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTH
(Heavy chain) TCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHED

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDW
LNGKEYKCKVSNKALGAPIEKTI SKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGT
AGGAGACCGTGTCACCATCACTTGCCGTGCCAGTCAGAGTATT
AGTAGCTGGTTGGCCTGGTATCAGCAGAAACCAGGGAAAGCC
CCTAAGCTCCTGATCTATGATGCCTCCAGTTTGGAAAGTGGGG
TCCCATCACGTTTCAGCGGCAGTGGATCCGGGACAGAATTCAC
TCTCACCATCAGCAGCTTGCAGCCTGATGATTTTGCAACTTATT151
ACTGCCAACAGTATCAGGCTTTTTCGCTTACGTTTGGCCAGGGC(nucleotide
ACCAAAGTCGAGATCAAGCGTACGGTGGCTGCACCATCTGTCT

sequence light TCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGC
chain) CTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCA

AAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTC
CCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTA
CAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTG
AGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG

B7 GGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAGGCACATT
CAGCAGCTACGCTATAAGCTGGGTGCGACAGGCCCCTGGACAA
GGGCTCGAGTGGATGGGAGGGATCATCCCTATCTTTGGTACAG
CAAACTACGCACAGAAGTTCCAGGGCAGGGTCACCATTACTGC
AGACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCT

152 GAGATCTGAGGACACCGCCGTGTATTACTGTGCGAGAGTTAAC
TACCCGTACTCTTACTGGGGTGACTTCGACTACTGGGGCCAAG(nucleotide
GGACCACCGTGACCGTCTCCTCAGCTAGCACCAAGGGCCCATC

sequence heavy GGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGC
chain) ACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAAC

CGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGT
GCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCC
TCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCA
GACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAG
GTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACA
CATGCCCACCGTGCCCAGCACCTGAAGCTGCAGGGGGACCGTC



AGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCT
CCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCA
CGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTG
GAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTAC
AACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACC
AGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCA
ACAAAGCCCTCGGCGCCCCCATCGAGAAAACCATCTCCAAAGC
CAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCC
ATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGC
CTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGG
AGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTC
CCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTC
ACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCA
TGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGA
AGAGCCTCTCCCTGTCTCCGGGTAAA
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPK
LLIYDASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYQ

153
AFSLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNN

(Light chain) FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQG
LEWMGGIIPIFGTANYAQKFQGRVTITADKSTSTAYMELSSLRSED
TAVYYCARVNYPYSYWGDFDYWGQGTTVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAV
LQSSGLYSLSSWTVP SSSLGTQTYICNVNHKPSNTKVDKKVEPKS154
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWD

(Heavy chain) VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTV
LHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
SRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS
LSPGK
GAGATCGTGCTGACCCAGAGCCCCGGCACACTCTCCCTGTCTC
CTGGGGAAAGGGCCACCCTTTCATGCAGAGCCAGCCAGTCCGT
CTCTAGTAGCTACCTGGCATGGTATCAGCAGAAGCCAGGACAA
GCCCCCCGCCTCCTGATTTACGGCGCTTCCTCTCGGGCAACTGG
TATCCCTGACAGGTTCTCAGGGAGCGGAAGCGGAACAGATTTT
ACCTTGACTATTTCTAGACTGGAGCCAGAGGACTTCGCCGTGT

155 ATTACTGTCAGCAGTACGGTAGTAGCCCCCTCACCTTTGGCCA
(nucleotide GGGGACAAAAGTCGAAATCAAGCGTACGGTGGCTGCACCATC

sequence light TGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAA
chain) CTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAG

GCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTCLC-
AACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGC

563 ACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACT
ACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGG
GCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT
GT
GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTG

156 GGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTT
AGCAGTTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGG(nucleotide
GGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCAC

sequence heavy ATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGA
chain) GACAATTCCAAGAACACGCTGTATCTGCAGATGAACAGCCTGA

GAGCCGAGGACACGGCCGTATATTACTGTGCGCTTGACGTTGG



TGCTTTCGACTACTGGGGCCAAGGAGCCCTGGTCACCGTCTCG
AGTGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCT
CCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCT
GGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCC
TACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGT
GCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTG
AATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAG
CCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAG
CACCTGAAGCTGCAGGGGGACCGTCAGTCTTCCTCTTCCCCCC
AAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTC
ACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTC
AAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCA
AGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTG
TGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGG
CAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCGGCGC
CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCG
AGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTG
ACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCT
ATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGC
AGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATG
AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTC
TCCGGGTAAA
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPR
LLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYG

157
SSPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNF

(Light chain) YPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCALDVGAFDYWGQGALVTVSSASTKGPSVFPLAPSSKS
TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

158 YSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTH
(Heavy chain) TCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHED

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDW
LNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GAGATCGTGCTGACCCAGAGCCCCGGCACACTCTCCCTGTCTC
CTGGGGAAAGGGCCACCCTTTCATGCAGAGCCAGCCAGTCCGT
CTCTAGTAGCTACCTGGCATGGTATCAGCAGAAGCCAGGACAA
GCCCCCCGCCTCCTGATTTACGGCGCTTCCTCTCGGGCAACTGG
TATCCCTGACAGGTTCTCAGGGAGCGGAAGCGGAACAGATTTT

159 ACCTTGACTATTTCTAGACTGGAGCCAGAGGACTTCGCCGTGT
CLC- (nucleotide ATTACTGTCAGCAGTACGGTAGTAGCCCCCTCACCTTTGGCCA
564 sequence light GGGGACAAAAGTCGAAATCAAGCGTACGGTGGCTGCACCATC

chain) TGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAA
CTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAG
GCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGT
AACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGC
ACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACT
ACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGG



GCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT
GT
GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTG
GGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTT
AGCAGTTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGG
GGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCAC
ATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGA
GACAATTCCAAGAACACGCTGTATCTGCAGATGAACAGCCTGA
GAGCCGAGGACACGGCCGTATATTACTGTGCGTTCGACGTTGG
TCCGTTCGACTACTGGGGCCAAGGAACCCTGGTCACCGTCTCG
AGTGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCT
CCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCT
GGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCC
TACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGT
GCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTG

160 AATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAG
(nucleotide CCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAG

sequence heavy CACCTGAAGCTGCAGGGGGACCGTCAGTCTTCCTCTTCCCCCC
chain) AAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTC

ACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTC
AAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCA
AGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTG
TGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGG
CAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCGGCGC
CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCG
AGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTG
ACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCT
ATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGC
AGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATG
AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTC
TCCGGGTAAA
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPR
LLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYG

161
SSPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNF

(Light chain) YPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAFDVGPFDYWGQGTLVTVSSASTKGPSVFPLAPSSKST
SGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

162 YSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTH
(Heavy chain) TCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHED

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDW
LNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

163 TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGG
ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAG

(nucleotide
TTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCT

sequence light GTACTTGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCC
chain) CAGACCGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTT



GACCATCACTGGGGCTCAGGCGGAAGATGAGGCTGACTATTAC
TGTAACTCCCGTGTTATGCCTCATAATCGCGTATTCGGCGGAG
GGACCAAGCTGACCGTCCTAGGTCAACCCAAGGCTGCCCCCAG
CGTGACCCTGTTCCCCCCCAGCAGCGAGGAACTGCAGGCCAAC
AAGGCCACCCTGGTCTGCCTGATCAGCGACTTCTACCCAGGCG
CCGTGACCGTGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGG
CCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAACAACA
AGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTG
GAAGAGCCACAGGTCCTACAGCTGCCAGGTGACCCACGAGGG
CAGCACCGTGGAGAAAACCGTGGCCCCCACCGAGTGCAGC
GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTG
GGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGATTCACCTTT
AGCAGTTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGG
GGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCAC
ATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGA
GACAATTCCAAGAACACGCTGTATCTGCAGATGAACAGCCTGA
GAGCCGAGGACACGGCCGTATATTACTGTGCGCGTGTTTTCTA
CCGTGGTGGTGTTTCTATGGACTACTGGGGCCAAGGAACCCTG
GTCACCGTCTCGAGTGCTAGCACCAAGGGCCCATCGGTCTTCC
CCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGC
CCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACG
GTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCT
TCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGC
GTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACA

164 TCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACA
(nucleotide AGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCC

sequence heavy ACCGTGCCCAGCACCTGAAGCTGCAGGGGGACCGTCAGTCTTC
chain) CTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGA

CCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGA
CCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTG
CATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGC
ACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT
GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAG
CCCTCGGCGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGG
GCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG
GATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCA
AAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
TGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTG
GACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGG
ACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGT
GATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGTCTCCGGGTAAA
SSELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPV
LVIYGKNNRPSGIPDRFSGSSSGNTASLTITGAQAEDEADYYCNSR

165
VMPHNRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVC

(Light chain) LISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLS
LTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARVFYRGGVSMDYWGQGTLVTVSSASTKGPSVFPLAP

166
SSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

(Heavy chain) SSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVLTVLH



The anti-Ox40 antibodies were produced by co-transfecting HEK293-EBNA cells with the

mammalian expression vectors using polyethylenimine. The cells were transfected with the

corresponding expression vectors in a 1:1 ratio ("vector heavy chain" : "vector light chain" ) .

For production in 500 mL shake flasks, 400 million HEK293 EBNA cells were seeded 24

hours before transfection. For transfection cells were centrifuged for 5 minutes at 210 x g, and

the supernatant was replaced by pre-warmed CD CHO medium. Expression vectors (200 µg of

total DNA) were mixed in 20 mL CD CHO medium. After addition of 540 PEI, the solution

was vortexed for 15 seconds and incubated for 10 minutes at room temperature. Afterwards,

cells were mixed with the DNA/PEI solution, transferred to a 500 mL shake flask and incubated

for 3 hours at 37°C in an incubator with a 5% C0 2 atmosphere. After the incubation, 160 mL of

F17 medium was added and cells were cultured for 24 hours. One day after transfection 1 mM

valproic acid and 7% Feed with supplements were added. After culturing for 7 days, the

supernatant was collected by centrifugation for 15 minutes at 210 x g . The solution was sterile

filtered (0.22 µιη filter), supplemented with sodium azide to a final concentration of 0.01 %

(w/v), and kept at 4°C.

Purification of antibody molecules from cell culture supernatants was carried out by

affinity chromatography using Protein A as described above for purification of antigen Fc

fusions.

The protein was concentrated and filtered prior to loading on a HiLoad Superdex 200

column (GE Healthcare) equilibrated with 20mM Histidine, 140mM NaCl solution of pH 6.0.

The protein concentration of purified antibodies was determined by measuring the OD at

280 nm, using the molar extinction coefficient calculated on the basis of the amino acid sequence.

Purity and molecular weight of the antibodies were analyzed by CE-SDS in the presence and

absence of a reducing agent (Invitrogen, USA) using a LabChipGXII (Caliper). The aggregate

content of antibody samples was analyzed using a TSKgel G3000 SW XL analytical size-

exclusion column (Tosoh) equilibrated in a 25 mM K2HP0 4, 125 mM NaCl, 200mM L-Arginine

Monohydrocloride, 0.02 % (w/v) NaN3, pH 6.7 running buffer at 25°C.

Table 14 summarizes the yield and final content of the anti-OX40 P329G LALA IgGl

antibodies.



Table 14: Biochemical analysis of anti-OX40 P329G LALA IgGl clones

Example 2

Generation of Tenascin C (TnC) antibodies

2.1 Preparation, purification and characterization of antigens and screening tools for the

generation of novel TnC binders by Phage Display

The constructs of Table 15 and Table 16 were fused to the C-term of GST, and

expressed in E.coli BL21(DE3). For site-specific biotinylation, the Avi-tag was added to the C-

term of the tenascin sequence, and the BirA biotin ligase was coexpressed on a separate plasmid

(Avidity, Colorado, USA). Growth medium was 2YT with 100 µg/ml ampicillin and 20 µg/ml

chloramphenicol. Biotin was added to a final concentration of 50 µΜ . Protein Expression was

induced with 1 mM IPTG at 22 °C overnight. Cells were harvested by centrifugation, and cell-

lysis was performed by sonication in the presence of B-PER reagent (pierce 78260), and 1 mg/ml

lysozyme (Sigma L6876). Lysate was centrifuged and cleared lysate was loaded on Glutathione

Sepharose columns (GE Healthcare; Product No 17-0756-01). After washing, the TnC molecules

were cleaved from the GST via Thrombin (Sigma Aldrich; Product No 10602400001) over night

at 4°C. Elution was performed in 50 mM Tris buffer pH 8.0; 200mM NaCl, 5 mM MgC12, 1 mM



DTT and 10% glycerol. The final purification step was on a gelfiltration column (Superdex 75

16/60; GE Healthcare). Samples were flash frozen in liquid nitrogen until processing.

Table 15: Sequences of TnC antigens used for cross-species affinity determination

Antigen Sequence SEQ ID NO

ATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCT
TGTGCAACCCACTCGACTTCTTTTGGAATATCTTGAAG
AAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGG
TGATAAATGGCGAAACAAAAAGTTTGAATTGGGTTTG
GAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTT
AAATTAACACAGTCTATGGCCATCATACGTTATATAGC
TGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAG
CGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGA
TATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAG
ACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTA
CCTGAAATGCTGAAAATGTTCGAAGATCGTTTATGTCA
TAAAACATATTTAAATGGTGATCATGTAACCCATCCTG
ACTTCATGTTGTATGACGCTCTTGATGTTGTTTTATACA
TGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTT
TGTTTTAAAAAACGTATTGAAGCTATCCCACAAATTGA
TAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTT
TGCAGGGCTGGCAAGCCACGTTTGGTGGTGGCGACCAT
CCTCCAAAATCGGATGGTTCAACTAGTGGTTCTGGTCA
TCACCATCACCATCACTCCGCGGGTCTGGTGCCACGCG
GTAGTACTGCAATTGGTATGAAAGAAACCGCTGCTGCT
AAATTCGAACGCCAGCACATGGACAGCCCAGATCTGGhuTnC GTACCGGTGGTGGCTCCGGTATTGAGGGACGCGGGTCC
ATGGGATATCGGGGATCCGAGCTGGACACCCCCAAGG 167
ACCTGCAGGTGTCCGAGACAGCCGAGACAAGCCTGAC
CCTGCTGTGGAAAACCCCCCTGGCCAAGTTCGACCGGT
ACAGACTGAACTACAGCCTGCCCACTGGACAGTGGGT
CGGCGTGCAGCTGCCCCGGAACACCACCTCCTACGTGC
TGCGGGGCCTGGAACCCGGCCAGGAATACAACGTCCT
GCTGACGGCCGAGAAGGGCCGGCACAAGAGCAAGCCC
GCCAGAGTGAAGGCCAGCACCGAGCAGGCCCCCGAGC
TGGAAAACCTGACCGTGACCGAAGTGGGCTGGGACGG
CCTGCGGCTGAACTGGACCGCGGCTGACCAGGCCTATG
AGCACTTTATCATTCAGGTGCAGGAGGCCAACAAGGT
GGAGGCAGCTCGGAACCTCACCGTGCCTGGCAGCCTTC
GGGCTGTGGACATACCGGGCCTCAAGGCTGCTACGCCT
TATACAGTCTCCATCTATGGGGTGATCCAGGGCTATAG
AACACCAGTGCTCTCTGCTGAGGCCTCCACAGGCGAAA
CACCGAACCTGGGCGAAGTGGTGGTGGCGGAAGTGGG
TTGGGATGCGCTGAAACTGAACTGGACCGCGCCGGAA
GGCGCGTATGAATATTTTTTCATCCAGGTGCAGGAAGC
GGATACCGTTGAAGCGGCGCAGAACCTGACCGTTCCG
GGCGGTCTGCGTAGCACCGATCTGCCGGGCCTGAAAG
CGGCGACCCATTATACCATTACCATCCGTGGGGTGACC
CAGGACTTCTCTACCACCCCTCTGAGCGTGGAGGTGCT



GACCGAGGAGGTACCCGACATGGGCAACCTGACCGTG
ACCGAGGTGTCCTGGGACGCCCTGCGGCTGAACTGGA
CCACCCCCGACGGCACCTACGACCAGTTCACAATCCAG
GTGCAGGAAGCCGACCAGGTGGAAGAAGCACATAATC
TGACCGTTCCGGGTAGCCTGCGTAGCATGGAAATTCCG
GGTCTGCGTGCAGGCACCCCGTATACCGTTACCCTGCA
TGGTGAAGTTCGTGGTCATAGCACCCGTCCGCTGGCAG
TTGAAGTTGTTACCGAAGATCTGCCGCAGCTGGGTGAT
CTGGCAGTTAGCGAAGTTGGTTGGGATGGTCTGCGTCT
GAATTGGACCGCAGCAGATAATGCATATGAACATTTTG
TGATCCAGGTGCAAGAGGTGAATAAAGTTGAAGCAGC
CCAGAATCTGACCCTGCCTGGTTCACTGCGTGCAGTTG
ATATTCCGGGACTCGAGGCAGCAACCCCGTATCGTGTT
AGCATTTATGGTGTTATTCGCGGTTATCGTACACCGGT
TCTGAGCGCAGAAGCAAGCACCGCAAAAGAACCGGAA
ATTGGTAATCTGAACGTGAGCGATATTACACCGGAATC

AAACCTTTACCATCGAGATCATCGATAGCAATCGTCTG
CTGGAAACCGTGGAATATAATATTAGCGGTGCAGAAC
GTACCGCACATATTAGCGGTCTGCCTCCGAGCACCGAT
TTTATTGTTTATCTGAGCGGTCTGGCACCGAGCATTCGT
ACCAAAACCATTAGCGCAACCGCAACCACCGAAGCAC
TGCCGCTGCTGGAAAATCTGACCATTAGCGATATTAAC
CCGTATGGTTTTACCGTTTCATGGATGGCAAGCGAAAA
TGCATTTGATAGCTTTCTGGTTACAGTTGTGGATAGCG
GTAAACTGCTGGACCCGCAAGAATTTACCCTGAGCGGC
ACCCAGCGCAAACTGGAACTGCGTGGTCTGATTACCGG
TATTGGTTATGAAGTTATGGTGAGCGGTTTTACCCAGG
GTCATCAGACCAAACCGCTGCGTGCAGAAATTGTTACC

TATCACCGAGAATTCGGCAACCGTTAGCTGGCGTGCAC
CGACCGCACAGGTTGAAAGCTTTCGTATTACCTATGTT
CCGATTACCGGTGGCACCCCGAGCATGGTTACAGTTGA
TGGCACCAAAACCCAGACCCGTCTGGTTAAACTGATTC
CGGGTGTTGAATATCTGGTTAGCATTATTGCCATGAAA
GGCTTTGAAGAAAGCGAACCGGTTAGCGGTAGCTTTAC
CACAGCTAGCGGCCTGAACGACATCTTCGAGGCTCAG
AAAATCGAATGGCACGAAGGTACCCATCACCATCACC
ACCACTAA

TATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCC
TTGTGCAACCCACTCGACTTCTTTTGGAATATCTTGAA
GAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAG
GTGATAAATGGCGAAACAAAAAGTTTGAATTGGGTTT
GGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGT
TAAATTAACACAGTCTATGGCCATCATACGTTATATAGmuTnC CTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGA
GCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGG 168
ATATTAGATACGGTGTTTCGAGAATTGCATATAGTAAA
GACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCT
ACCTGAAATGCTGAAAATGTTCGAAGATCGTTTATGTC
ATAAAACATATTTAAATGGTGATCATGTAACCCATCCT
GACTTCATGTTGTATGACGCTCTTGATGTTGTTTTATAC
ATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGT



TTGTTTTAAAAAACGTATTGAAGCTATCCCACAAATTG
ATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCT
TTGCAGGGCTGGCAAGCCACGTTTGGTGGTGGCGACCA
TCCTCCAAAATCGGATGGTTCAACTAGTGGTTCTGGTC
ATCACCATCACCATCACTCCGCGGGTCTGGTGCCACGC
GGTAGTACTGCAATTGGTATGAAAGAAACCGCTGCTGC
TAAATTCGAACGCCAGCACATGGACAGCCCAGATCTG
GGTACCGGTGGTGGCTCCGGTATTGAGGGACGCGGGT
CCATGGGATATCGGGGATCCGAGCTGGACACCCCCAA
GGACCTGCAGGTGTCCGAGACAGCCGAGACAAGCCTG
ACCCTGCTGTGGAAAACCCCCCTGGCCAAGTTCGACCG
GTACAGACTGAACTACAGCCTGCCCACTGGACAGTGG
GTCGGCGTGCAGCTGCCCCGGAACACCACCTCCTACGT
GCTGCGGGGCCTGGAACCCGGCCAGGAATACAACGTC
CTGCTGACGGCCGAGAAGGGCCGGCACAAGAGCAAGC
CCGCCAGAGTGAAGGCCAGCACCGAGGAAGTGCCCAG
CCTGGAAAACCTGACCGTGACCGAGGCCGGCTGGGAC
GGCCTGCGGCTGAACTGGACCGCCGACGACCTGGCCT
ACGAGTACTTCGTGATCCAGGTGCAGGAAGCCAACAA
CGTCGAGACAGCCCACAACTTCACCGTGCCCGGCAACC
TGAGAGCCGCCGACATCCCCGGCCTGAAGGTGGCCAC
ATCCTACCGGGTGTCCATCTACGGCGTGGCCAGGGGCT
ACCGGACCCCCGTGCTGTCCGCCGAGACAAGCACCGG
CACCACGCCGAACCTGGGCGAAGTGACCGTGGCGGAA
GTGGGTTGGGATGCGCTGACCCTGAATTGGACCGCACC
GGAAGGCGCGTATAAAAACTTTTTCATCCAGGTGCTGG
AAGCGGATACCACCCAGACCGTGCAGAACCTGACCGT
GCCGGGTGGTCTGCGTAGCGTAGATCTGCCTGGTCTGA
AAGCAGCAACCCGCTATTACATTACCCTGCGTGGTGTT
ACCCAGGATTTTGGCACCGCACCGCTGAGCGTTGAAGT
TCTGACCGAGGATCTGCCGCAGCTGGGTGGTCTGAGCG
TTACCGAAGTTAGTTGGGATGGTCTGACCCTGAATTGG
ACCACCGATGATCTGGCATATAAACATTTTGTGGTGCA
GGTTCAAGAGGCCAATAATGTTGAAGCAGCACAGAAT
CTGACCGTTCCGGGTAGCCTGCGTGCAGTTGATATTCC
GGGACTGAAAGCCGATACCCCGTATCGTGTTAGCATTT
ATGGTGTTATTCAGGGTTATCGTACCCCGATGCTGAGC
ACCGATGTTAGCACAGCACGTGAACCGGAAATTGGTA
ATCTGAATGTTAGTGATGTGACCCCGAAATCATTTAAT

TACCATTGAAATTATTGATAGCAATCGCCTGCTGCAGA
CCGCAGAACATAACATTAGCGGTGCAGAACGTACCGC
ACATATTAGCGGTCTGCCTCCGAGCACCGATTTTATTG
TTTATCTGAGCGGTATTGCACCGAGCATTCGTACCAAA
ACCATTAGCACCACCGCAACCACCGAAGCACTGACCG

ACCGAAAATAGCGCCACCGTTTCATGGCGTGCACCGAC
CGCACAGGTTGAAAGCTTTCGTATTACCTATGTTCCGA
TTACCGGTGGCACCCCGAGCATGGTTACCGTTGATGGC
ACCAAAACCCAGACCCGTCTGGTTAAACTGATTCCGGG
TGTTGAATATCTGGTTAGCATTATTGCCATGAAAGGCT
TTGAAGAAAGCGAACCGGTTAGCGGTAGCTTTACCAC
AGCTAGCGGCCTGAACGACATCTTCGAGGCTCAGAAA
ATCGAATGGCACGAAGGTACCCATCACCATCACCACC



ACTAA

ATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCT
TGTGCAACCCACTCGACTTCTTTTGGAATATCTTGAAG
AAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGG
TGATAAATGGCGAAACAAAAAGTTTGAATTGGGTTTG
GAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTT
AAATTAACACAGTCTATGGCCATCATACGTTATATAGC
TGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAG
CGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGA
TATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAG
ACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTA
CCTGAAATGCTGAAAATGTTCGAAGATCGTTTATGTCA
TAAAACATATTTAAATGGTGATCATGTAACCCATCCTG
ACTTCATGTTGTATGACGCTCTTGATGTTGTTTTATACA
TGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTT
TGTTTTAAAAAACGTATTGAAGCTATCCCACAAATTGA
TAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTT
TGCAGGGCTGGCAAGCCACGTTTGGTGGTGGCGACCAT
CCTCCAAAATCGGATGGTTCAACTAGTGGTTCTGGTCA
TCACCATCACCATCACTCCGCGGGTCTGGTGCCACGCG
GTAGTACTGCAATTGGTATGAAAGAAACCGCTGCTGCT
AAATTCGAACGCCAGCACATGGACAGCCCAGATCTGG
GTACCGGTGGTGGCTCCGGTATTGAGGGACGCGGGTCC
ATGGGATATCGGGGATCCGAACTGGATACCCCGAAAG
ATCTGCGTGTTAGCGAAACCGCAGAAACCAGCCTGAC
CCTGTTTTGGAAAACACCGCTGGCAAAATTTGATCGTT

cynoTnC ATCGTCTGAATTATAGCCTGCCGACCGGTCAGTGGGTT
GGTGTTCAGCTGCCTCGTAATACCACCAGTTATGTTCT 169

GCGTGGTCTGGAACCGGGTCAAGAATATAACGTTCTGC
TGACCGCAGAAAAAGGTCGTCATAAAAGCAAACCGGC
ACGTGTTAAAGCAAGCACCGAACAGGCACCGGAACTG
GAAAATCTGACCGTTACCGAAGTTGGCTGGGATGGCCT
GCGCCTGAACTGGACGGCTGCGGACCAGGCCTACGAA
CACTTCGTTATCCAGGTGCAAGAAGCCAACAAAGTAG
AAGCCGCTCAGAATCTGACGGTTCCGGGAAATCTGCGT
GCAGTTGATATTCCGGGTCTGAAAGCAGCAACCCCGTA
TACCGTTAGCATTTATGGTGTTATTCAGGGTTATCGTAC
ACCGGTTCTGAGTGCCGAAGCCAGCACCGGTGAAACC
CCGAATCTGGGTGAAGTTATGGTTAGCGAAGTGGGCTG
GGATGCACTGAAACTGAATTGGACAGTTCCGGAAGGT
GCCTATGAATACTTTTTCATTCAGGTTCAAGAAGCGGA
TACCGTTGAAGCCGCTCAGAATCATACCGTTCCGGGTG
GTCTGCGTAGCACCGATCTGCCTGGCCTGAAAGCCGCT
ACCCATTACACCATTACCATTCGTGGTGTTACCCAGGA
TTTTAGCACCACACCGCTGAGCGTTGAAGTTCTGACAG
AAGAACTGCCGCAGCTGGGTGATCTGGCAGTTAGCGA
AGTTGGTTGGGATGGTCTGCGTCTGAATTGGACCGCAG
CAGATCAGGCATATGAACATTTTGTTATCCAGGTGCAA
GAAGTGAACAAAGTTGAAGCAGCACAGAATCTGACCG
TTCCGGGTAGCCTGCGTGCAGTTGATATTCCGGGTCTG
AAAGCAGCAACCCCGTATACCGTTAGCATTTATGGTGT
TATTCGCGGTTATCGTACACCGGTTCTGAGCGCAGAAG
CAAGCACCGCAAAAGAACCGGAAATTGGTAATCTGAA



CGTGAGCGATATTACACCGGAAAGTTTTAGCCTGAGCT

GAGATCATCGATAGCAATCGTCTGCTGGAAATCGTGGA
ATATAACATTAGCGGTGCAGAACGTACCGCACATATTA
GCGGTCTGCCTCCGAGCACCGATTTTATTGTTTATCTGA
GCGGTCTGGCACCGAGCTTTCGTACCAAAACCATTAGC
GCAACCGCAACCACCGAAGCACTGACCGCAATGGGTA

AGCGCCACCGTTTCATGGCGTGCACCGACCGCACAGGT
TGAAAGCTTTCGTATTACCTATGTTCCGATTACCGGTG
GCACCCCGAGCATGGTTACCGTGGATGGCACCAAAAC
CCAGACCCGTCTGGTTAAACTGGTTCCGGGTGTTGAAT
ATCTGGTGAATATCATTGCCATGAAAGGCTTTGAAGAA
AGCGAACCGGTTAGCGGTAGCTTTACCACCGCTAGCGG
CCTGAACGACATCTTCGAGGCTCAGAAAATCGAATGG
CACGAAGGTACCCATCACCATCACCACCACTAA

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGD
KWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKH
NMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLK
VDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYD
ALDWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSK
YIAWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSA
GLVPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIE
GRGSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKF
DRYRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYN
VLLTAEKGRHKSKPARVKASTEQAPELENLTVTEVGWD
GLRLNWTAADQAYEHFIIQVQEANKVEAARNLTVPGSLR
AVDIPGLKAATPYTVSIYGVIQGYRTPVLSAEASTGETPN

huTnC LGEVWAEVGWDALKLNWTAPEGAYEYFFIQVQEADTV
EAAQNLTVPGGLRSTDLPGLKAATHYTITIRGVTQDFSTT 170
PLSVEVLTEEVPDMGNLTVTEVSWDALRLNWTTPDGTY
DQFTIQVQEADQVEEAHNLTVPGSLRSMEIPGLRAGTPYT
VTLHGEVRGHSTRPLAVEWTEDLPQLGDLAVSEVGWD
GLRLNWTAADNAYEHFVIQVQEVNKVEAAQNLTLPGSL
RAVDIPGLEAATPYRVSIYGVIRGYRTPVLSAEASTAKEPE
IGNLNVSDITPESFNLSWMATDGIFETFTIEIIDSNRLLETV
EYNISGAERTAHISGLPPSTDFIVYLSGLAPSIRTKTISATA
TTEALPLLENLTISDINPYGFTVSWMASENAFDSFLVTW
DSGKLLDPQEFTLSGTQRKLELRGLITGIGYEVMVSGFTQ
GHQTKPLRAEIVTEAMGSPKEVIFSDITENSATVSWRAPT
AQVESFRITYVPITGGTPSMVTVDGTKTQTRLVKLIPGVE
YLVSIIAMKGFEESEPVSGSFTTASGLNDIFEAQKIEWHEG
THHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGD
KWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKH
NMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLK

muTnC VDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYD
ALDWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSK 171
YIAWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSA
GLVPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIE
GRGSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKF
DRYRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYN



VLLTAEKGRHKSKPARVKASTEEVPSLENLTVTEAGWDG
LRLNWTADDLAYEYFVIQVQEANNVETAHNFTVPGNLR
AADIPGLKVATSYRVSIYGVARGYRTPVLSAETSTGTTPN
LGEVTVAEVGWDALTLNWTAPEGAYKNFFIQVLEADTT
QTVQNLTVPGGLRSVDLPGLKAATRYYITLRGVTQDFGT
APLSVEVLTEDLPQLGGLSVTEVSWDGLTLNWTTDDLAY
KHFWQVQEANNVEAAQNLTVPGSLRAVDIPGLKADTP
YRVSIYGVIQGYRTPMLSTDVSTAREPEIGNLNVSDVTPK
SFNLSWTATDGIFDMFTIEIIDSNRLLQTAEHNISGAERTA
HISGLPPSTDFIVYLSGIAPSIRTKTISTTATTEALTAMGSPK
EVIFSDITENSATVSWRAPTAQVESFRITYVPITGGTPSMV
TVDGTKTQTRLVKLIPGVEYLVSIIAMKGFEESEPVSGSFT
TASGLNDIFEAQKIEWHEGTHHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGD
KWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKH
NMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLK
VDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYD
ALDWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSK
YIAWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSA
GLVPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIE
GRGSMGYRGSELDTPKDLRVSETAETSLTLFWKTPLAKF
DRYRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYN
VLLTAEKGRHKSKPARVKASTEQAPELENLTVTEVGWD

cynoTnC GLRLNWTAADQAYEHFVIQVQEANKVEAAQNLTVPGNL
RAVDIPGLKAATPYTVSIYGVIQGYRTPVLSAEASTGETP 172
NLGEVMVSEVGWDALKLNWTVPEGAYEYFFIQVQEADT
VEAAQNHTVPGGLRSTDLPGLKAATHYTITIRGVTQDFST
TPLSVEVLTEELPQLGDLAVSEVGWDGLRLNWTAADQA
YEHFVIQVQEVNKVEAAQNLTVPGSLRAVDIPGLKAATP
YTVSIYGVIRGYRTPVLSAEASTAKEPEIGNLNVSDITPESF
SLSWTATDGIFETFTIEIIDSNRLLEIVEYNISGAERTAHISG
LPPSTDFIVYLSGLAPSFRTKTISATATTEALTAMGSPKEVI
FSDITENSATVSWRAPTAQVESFRITYVPITGGTPSMVTVD
GTKTQTRLVKLVPGVEYLVNIIAMKGFEESEPVSGSFTTA
SGLNDIFEAQKIEWHEGTHHHHHH

Table 16: Sequences of TnC antigens used for affinity determination

Antigen
SEQ ID

pETR # Protein Sequence
NO:

batch ID

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
GST huTnC WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN

MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVfn5 A1234 BC
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL

fn6 B DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI 173
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL
VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKFDR
YRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYNVLL



TAEKGRHKSKPARVKASTEQAPELENLTVTEVGWDGLRL
NWTAADQAYEHFIIQVQEANKVEAARNLTVPGSLRAVDI
PGLKAATPYTVSIYGVIQGYRTPVLSAEASTGETPNLGEV
WAEVGWDALKLNWTAPEGAYEYFFIQVQEADTVEAAQ
NLTVPGGLRSTDLPGLKAATHYTITIRGVTQDFSTTPLSVE
VLTEEVPDMGNLTVTEVSWDALRLNWTTPDGTYDQFTIQ
VQEADQVEEAHNLTVPGSLRSMEIPGLRAGTPYTVTLHGE
VRGHSTRPLAVEWTEDLPQLGDLAVSEVGWDGLRLNW
TAADNAYEHFVIQVQEVNKVEAAQNLTLPGSLRAVDIPG
LEAATPYRVSIYGVIRGYRTPVLSAEASTAKEPEIGNLNVS
DITPESFNLSWMATDGIFETFTIEIIDSNRLLETVEYNISGAE
RTAHISGLPPSTDFIVYLSGLAPSIRTKTISATATTEALPLLE
NLTISDINPYGFTVSWMASENAFDSFLVTVVDSGKLLDPQ
EFTLSGTQRKLELRGLITGIGYEVMVSGFTQGHQTKPLRA
EIVTEAMGSPKEVIFSDITENSATVSWRAPTAQVESFRITY
VPITGGTPSMVTVDGTKTQTRLVKLIPGVEYLVSIIAMKGF
EESEPVSGSFTTASGLNDIFEAQKIEWHEGTHHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN
MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKV
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL
VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKFDR

GST YRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYNVLL
huTnCfnS mu TAEKGRHKSKPARVKASTEEVPSLENLTVTEAGWDGLRL

NWTADDLAYEYFVIQVQEANNVETAHNFTVPGNLRAADI
A124 BC hu PGLKVATSYRVSIYGVARGYRTPVLSAETSTGTTPNLGEV

174TVAEVGWDALTLNWTAPEGAYKNFFIQVLEADTTQTVQfn6 B
NLTVPGGLRSVDLPGLKAATRYYITLRGVTQDFGTAPLSV
EVLTEDLPQLGGLSVTEVSWDGLTLNWTTDDLAYKHFW
QVQEANNVEAAQNLTVPGSLRAVDIPGLKADTPYRVSIY
GVIQGYRTPMLSTDVSTAREPEIGNLNVSDVTPKSFNLSW
TATDGIFDMFTIEIIDSNRLLQTAEHNISGAERTAHISGLPPS
TDFIVYLSGIAPSIRTKTISTTATTEALPLLENLTISDTNPYG
FTVSWTASENAFDSFLVTWDSGKLLDPQEFTLSGTQRKL
ELRGLITGIGYEVLVSGFTQGHQTKPLRAETITAMGSPKEV
IFSDITENSATVSWRAPTAQVESFRITYVPITGGTPSMVTV
DGTKTQTRLVKLIPGVEYLVSIIAMKGFEESEPVSGSFTTA
SGLNDIFEAQKIEWHEGTHHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN
MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKV

GST TnC hu DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL

fn5 B-C fn6 B DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL 175
VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKFDR
YRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYNVLL
TAEKGRHKSKPARVKASTAKEPEIGNLNVSDITPESFNLS
WMATDGIFETFTIEIIDSNRLLETVEYNISGAERTAHISGLP



PSTDFIVYLSGLAPSIRTKTISATATTEALPLLENLTISDINP
YGFTVSWMASENAFDSFLVTWDSGKLLDPQEFTLSGTQ
RKLELRGLITGIGYEVMVSGFTQGHQTKPLRAEIVTAMGS
PKEVIFSDITENSATVSWRAPTAQVESFRITYVPITGGTPSM
VTVDGTKTQTRLVKLIPGVEYLVSIIAMKGFEESEPVSGSF
TTASGLNDIFEAQKIEWHEGTHHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN
MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKV
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL

GST huTnC VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSELDTPKDLQVSETAETSLTLLWKTPLAKFDR

fn5 A1234 fn6 YRLNYSLPTGQWVGVQLPRNTTSYVLRGLEPGQEYNVLL

B TAEKGRHKSKPARVKASTEQAPELENLTVTEVGWDGLRL
NWTAADQAYEHFIIQVQEANKVEAARNLTVPGSLRAVDI

176PGLKAATPYTVSIYGVIQGYRTPVLSAEASTGETPNLGEV
WAEVGWDALKLNWTAPEGAYEYFFIQVQEADTVEAAQ
NLTVPGGLRSTDLPGLKAATHYTITIRGVTQDFSTTPLSVE
VLTEEVPDMGNLTVTEVSWDALRLNWTTPDGTYDQFTIQ
VQEADQVEEAHNLTVPGSLRSMEIPGLRAGTPYTVTLHGE
VRGHSTRPLAVEWTEDLPQLGDLAVSEVGWDGLRLNW
TAADNAYEHFVIQVQEVNKVEAAQNLTLPGSLRAVDIPG
LEAATPYRVSIYGVIRGYRTPVLSAEASTAKEAMGSPKEVI
FSDITENSATVSWRAPTAQVESFRITYVPITGGTPSMVTVD
GTKTQTRLVKLIPGVEYLVSIIAMKGFEESEPVSGSFTTAS
GLNDIFEAQKIEWHEGTHHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN

huTnC A4 B MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKV
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL 177
VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSEDLPQLGDLAVSEVGWDGLRLNWTAADNA
YEHFVIQVQEVNKVEAAQNLTLPGSLRAVDIPGLEAATPY
RVSIYGVIRGYRTPVLSAEASTASGLNDIFEAQKIEWHEGT
HHHHHH

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDK
WRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHN

huTnC Al B MLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKV
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DWLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYI
AWPLQGWQATFGGGDHPPKSDGSTSGSGHHHHHHSAGL 178
VPRGSTAIGMKETAAAKFERQHMDSPDLGTGGGSGIEGR
GSMGYRGSEQAPELENLTVTEVGWDGLRLNWTAADQAY
EHFIIQVQEANKVEAARNLTVPGSLRAVDIPGLKAATPYT
VSIYGVIQGYRTPVLSAEASTASGLNDIFEAQKIEWHEGTH
HHHHH



2.2 Selection of TnC-specific antibodies 18D4 and 11C7 from generic Fab libraries

Anti-TnC antibodies were selected from two different generic phage display libraries:

DP88-4 (clone 18D4) and lambda-DP47 (clone 11C7).

Library construction

The DP88-4 library was constructed on the basis of human germline genes using the V-

domain pairing Vkl_5 (kappa light chain) and VH1 69 (heavy chain) comprising randomized

sequence space in CDR3 of the light chain (L3, 3 different lengths) and CDR3 of the heavy

chain (H3, 3 different lengths). Library generation was performed by assembly of 3 PCR-

amplified fragments applying splicing by overlapping extension (SOE) PCR. Fragment 1

comprises the 5' end of the antibody gene including randomized L3, fragment 2 is a central

constant fragment spanning from L3 to H3 whereas fragment 3 comprises randomized H3 and

the 3' portion of the antibody gene. The following primer combinations were used to generate

these library fragments for DP88-4 library: fragment 1 (forward primer LMB3 combined with

reverse primers Vkl_5_L3r_S or Vkl_5_L3r_SY or Vkl_5_L3r_SPY), fragment 2 (forward

primer RJH3 1 combined with reverse primer RJH32) and fragment 3 (forward primers DP88-v4-

4 or DP88-v4-6 or DP88-v4-8 combined with reverse primer fdseqlong), respectively. PCR

parameters for production of library fragments were 5 min initial denaturation at 94 °C, 25

cycles of 1 min 94 °C, 1 min 58 °C, 1 min 72 °C and terminal elongation for 10 min at 72 °C.

For assembly PCR, using equimolar ratios of the gel-purified single fragments as template,

parameters were 3 min initial denaturation at 94 °C and 5 cycles of 30 s 94 °C, 1 min 58 °C, 2

min 72 °C. At this stage, outer primers (LMB3 and fdseqlong) were added and additional 20

cycles were performed prior to a terminal elongation for 10 min at 72 °C. After assembly of

sufficient amounts of full length randomized Fab constructs, they were digested Ncol / Nhel and

ligated into similarly treated acceptor phagemid vector. Purified ligations were used for ~60

transformations into electrocompetent E. coli TGI. Phagemid particles displaying the Fab library

were rescued and purified by PEG/NaCl purification to be used for selections. These library

construction steps were repeated three times to obtain a final library size of 4.4 x 109.

Percentages of functional clones, as determined by C-terminal tag detection in dot blot, were

92.6% for the light chain and 93.7% for the heavy chain, respectively.

The lambda-DP47 library was constructed on the basis of human germline genes using

the following V-domain pairings: V13 19 lambda light chain with VH3 23 heavy chain. The

library was randomized in CDR3 of the light chain (L3) and CDR3 of the heavy chain (H3) and

was assembled from 3 fragments by "splicing by overlapping extension" (SOE) PCR. Fragment

1 comprises the 5' end of the antibody gene including randomized L3, fragment 2 is a central



constant fragment spanning from the end of L3 to the beginning of H3 whereas fragment 3

comprises randomized H3 and the 3' portion of the Fab fragment. The following primer

combinations were used to generate library fragments for library: fragment 1 (LMB3 -

Vl_3_19_L3r_V / Vl_3_19_L3r_HV / Vl_3_19_L3r_HLV), fragment 2 (RJH80 -

DP47CDR3_ba (mod)) and fragment 3 (DP47-v4-4 / DP47-v4-6 / DP47-v4-8 - fdseqlong). PCR

parameters for production of library fragments were 5 min initial denaturation at 94 °C, 25

cycles of 60 sec 94 °C, 60 sec 55 °C, 60 sec 72 °C and terminal elongation for 10 min at 72 °C.

For assembly PCR, using equimolar ratios of the 3 fragments as template, parameters were 3 min

initial denaturation at 94 °C and 5 cycles of 60 s 94 °C, 60 sec 55 °C, 120 sec 72 °C. At this

stage, outer primers were added and additional 20 cycles were performed prior to a terminal

elongation for 10 min at 72 °C. After assembly of sufficient amounts of full length randomized

Fab fragments, they were digested with Ncol / Nhel alongside with similarly treated acceptor

phagemid vector. 15 µg of Fab library insert were ligated with 13.3 µg of phagemid vector.

Purified ligations were used for 60 transformations resulting in 1.5 109 transformants.

Phagemid particles displaying the Fab library were rescued and purified by PEG/NaCl

purification to be used for selections.

Phage display selections & ELISA screening

Human GST-fused TnC fn5 A1234 BC fn6 as antigen for the phage display selections

was expressed in E. coli and in vivo site-specifically biotinylated via co-expression of BirA

biotin ligase at the avi-tag recognition sequence located at the C-terminus of the fusion protein

(production of antigens according to Example 2.1, sequences derived from Table 14). This

antigen comprises the human TnC extra splice domains Al, A2, A3, A4, B, and C, located

between the two fibronectin type III domains 5 and 6 . The phage display selections aimed at

selecting binders to any of these extra splice domains and determine the domain specificity in a

subsequent step by surface plasmon resonance using additional antigen constructs comprising

fewer extra splice domains.

Selection rounds (biopanning) were performed in solution according to the following

pattern: 1. Pre-clearing of ~ 10 12 phagemid particles with an unrelated GST-fusion protein that

also carried an avi-tag and His6-tag similar to the TnC target antigen to deplete the libraries of

antibodies recognizing the three different tags, 2 . incubation of the pre-cleared phagemid

particles in the supernatant with 100 nM biotinylated human GST-fused TnC fn5 A1234 BC fn6

for 0.5 hours in the presence of an unrelated non-biotinylated GST-fusion protein for further

depletion of tag-binders in a total volume of 1 ml, 3 . capture of biotinylated human GST-fused

TnC fn5 A1234 BC fn6 and attached specifically binding phage by transfer to 4 wells of a

neutravidin pre-coated microtiter plate for 10 minutes (in rounds 1 & 3), 4 . washing of respective

wells using 5x PBS/Tween20 and 5x PBS, 5 . elution of phage particles by addition of 250 µΐ



lOOmM TEA (triethylamine) per well for 10 minutes and neutralization by addition of 500 µΐ 1

M Tris/HCl pH 7.4 to the pooled eluates from 4 wells, 6 . re-infection of log-phase E. coli TGI

cells with the supernatant of eluted phage particles, infection with helperphage VCSM13,

incubation on a shaker at 30°C over night and subsequent PEG/NaCl precipitation of phagemid

particles to be used in the next selection round. Selections were carried out over 3 rounds using

constant antigen concentrations of 100 nM. In round 2, in order to avoid enrichment of binders to

neutravidin, capture of antigen : phage complexes was performed by addition of 5.4 x 107

streptavidin-coated magnetic beads. Specific binders were identified by ELISA after rounds 2

and 3 as follows: 100 µΐ of 100 nM biotinylated human GST-fused TnC fn5 A1234 BC fn6 were

coated on neutravidin plates. Fab-containing bacterial supernatants were added and binding Fabs

were detected via their Flag-tags using an anti-Flag/HRP secondary antibody. Clones exhibiting

signals on human GST-fused TnC fh5 A1234 BC fn6 and being negative on an unrelated GST-

fusion protein carrying the same tags as the target, were short- listed for further analyses. They

were bacterially expressed in a 0.5 liter culture volume, affinity purified and further

characterized by SPR-analysis using BioRad's ProteOn XPR36 biosensor to test cross-reactivity

to murine TnC and to determine which extra splice domains the antibodies recognize.

SPR-analysis using BioRad's ProteOn XPR36 biosensor

Affinities (KD) of selected clones were measured by surface plasmon resonance (SPR)

using a ProteOn XPR36 instrument (Biorad) at 25 °C with biotinylated human and murine TnC

antigens immobilized on NLC chips by neutravidin capture. Immobilization of antigens (ligand):

Recombinant antigens were diluted with PBST (10 mM phosphate, 150 mM sodium chloride pH

7.4, 0.005% Tween 20) to 10 µg/ml, then injected at 30 µΐ/minute in vertical orientation.

Injection of analytes: For One-shot kinetics' measurements, injection direction was changed to

horizontal orientation, two-fold dilution series of purified Fab were injected simultaneously

along separate channels 1-5, with association times of 200 s, and dissociation times of 240 s,

respectively. Buffer (PBST) was injected along the sixth channel to provide an "in-line" blank

for referencing. Association rate constants (ko ) and dissociation rate constants (k0ff) were

calculated using a simple one-to-one Langmuir binding model in ProteOn Manager v3.1

software by simultaneously fitting the association and dissociation sensorgrams. The equilibrium

dissociation constant (KD) was calculated as the ratio k0ff/ko . Table 15 lists the equilibrium

dissociation constants (KD) of the two selected clones 18D4 and 11C7 for several TnC antigens

differing in species and composition of the extra splice domains.



Table 17: Equilibrium dissociation constants (K ) for clones 18D4 and 11C7

Table 3 shows the sequence of generic phage-displayed DP88-4 library (Vkl_5/VH1_69),

Table 4 provides cDNA and amino acid sequences of library DP88-4 germline template and

Table 5 shows the Primer sequences used for generation of DP88-4 germline template.

Table 9 shows the sequence of generic phage-displayed lambda-DP47 library

(V13_19/VH3_23) template used for PCRs. Table 10 provides cDNA and amino acid sequences

of lambda-DP47 library (V13_19/VH3_23) germline template and Table 11 shows the Primer

sequences used for generation of lambda-DP47 library (V13_19/VH3_23).

2.3 Cloning of variable antibody domains into expression vectors

The variable regions of heavy and light chain DNA sequences of the selected anti-TnC

binders (Table 18 to Table 23) were subcloned in frame with either the constant heavy chain or

the constant light chain of human IgGl. The antibodies were prepared either as wild type human

IgGl backbone, or as variants containing Pro329Gly, Leu234Ala and Leu235Ala mutations,

which have been introduced to abrogate binding to Fc gamma receptors according to the method

described in International Patent Appl. Publ. No. WO 2012/130831 Al.

The CDR sequences of the anti-TnC binder are shown in Table 20 to Table 23.

The base pair and amino acid sequences of the anti-TnC IgGs are shown in Table 24 and Table

25. The base pair and amino acid sequences of the anti-TnC P319GLALA IgGs are shown in

Table 26 and Table 27. All antibody-encoding sequences were cloned into an expression vector,

which drives transcription of the insert with a chimeric MPSV promoter and contains a synthetic

polyA signal sequence located at the 3' end of the CDS. In addition, the vector contains an EBV

OriP sequence for episomal maintenance of the plasmid.

LCDR3 of clone 11C7 (NSINSTRNEV (SEQ ID NO:51)), as selected by phage display,

contains a potential N-glycosylation site, i.e. NST, which can potentially be removed by amino



acid substitutions to facilitate production of a homogeneous product. At the same time, binding

to the target should be retained. N (position 1) could preferentially be substituted by Q, S or T.

Alternatively, S (position 2) could be replaced by P. Alternatively, T (position 3) could be

substituted preferentially by G or N or by any other proteinogenic amino acid except for S or C.

Whichever substitution(s) would be the best, can be determined empirically by those skilled in

the art.

Table 18: Variable region base pair sequences for phage-derived anti-TnC antibodies

SEQ ID
Clone Chain Base pair sequence

NO
GACATCCAGATGACCCAGTCTCCATCCACCCTGTCTGCAT
CTGTAGGAGACCGTGTCACCATCACTTGCCGTGCCAGTCA
GAGTATTAGTAGCTGGTTGGCCTGGTATCAGCAGAAACC

VL AGGGAAAGCCCCTAAGCTCCTGATCTATGATGCCTCCAGT
TTGGAAAGTGGGGTCCCATCACGTTTCAGCGGCAGTGGAT 179
CCGGGACAGAATTCACTCTCACCATCAGCAGCTTGCAGCC
TGATGATTTTGCAACTTATTACTGCCAACAGAATAAGAAG
TTTCCTTCGGGGACGTTTGGCCAGGGCACCAAAGTCGAGA
TCAAG

18D4 CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGAAGAAG
CCTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCCTCCGGAG
GCACATTCAGCAGCTACGCTATAAGCTGGGTGCGACAGG

VH CCCCTGGACAAGGGCTCGAGTGGATGGGAGGGATCATCC
CTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGG 180
CAGGGTCACCATTACTGCAGACAAATCCACGAGCACAGC
CTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACCGC
CGTGTATTACTGTGCGAAAGGTAACTTCTACGGTGGTCTG
GACTACTGGGGCCAAGGGACCACCGTGACCGTCTCCTCA
TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCT
TGGGACAGACAGTCAGGGTCACATGCCAAGGAGACAGCC
TCAGAAGTTATTATGCAAGCTGGTACCAGCAGAAGCCAG

VL GACAGGCCCCTGTACTTGTCATCTATGGTAAAAACAACCG
GCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCA 181
GGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCG
GAAGATGAGGCTGACTATTACTGTAACTCCATTAATAGTA
CTCGTAATGAGGTATTCGGCGGAGGGACCAAGCTGACCG
TCCTA

11C7 GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGGTACAG
CCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCCGGAT
TCACCTTTAGCAGTTATGCCATGAGCTGGGTCCGCCAGGC

VH TCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGCGG
TAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGGG 182
CCGGTTCACCATCTCCAAAGACAATTCCAAGAACACGCTG
TATCTGCAGATGAACAGCCTGAGAGCCGAGGACACGGCC
GTATATTACTGTGCGAAAACTTCTCCGCGTGTTCCGCTGG
ACTACTGGGGCCAAGGAACCCTGGTCACCGTCTCGAGT



Table 19: Variable re ion ol e tide se uences for ha e-derived anti-TnC antibodies

Table 20: CDR base pairs sequences of the anti-TnC antibody light chains

Table 21: CDR polypeptides sequences of the anti-TnC antibody light chains

clone SEQ LCDR1 SEQ LCDR2 SEQ LCDR3
ID NO ID NO ID NO

18D4 46 RASQSISSWLA 48 DASSLES 50 QQNKKFPSGT

11C7 47 QGDSLRSYYAS 49 GK RPS 51 NSINSTRNEV



Table 22: CDR base pairs sequences of the anti-TnC antibody heavy chains

Table 24: Base pair sequences of anti-TnC clones in wild type human IgGl format

Clone Chain Base pair sequence SEQ ID NO:

GACATCCAGATGACCCAGTCTCCATCCACCCTGTC
TGCATCTGTAGGAGACCGTGTCACCATCACTTGCC
GTGCCAGTCAGAGTATTAGTAGCTGGTTGGCCTG
GTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTC
CTGATCTATGATGCCTCCAGTTTGGAAAGTGGGGTLight

18D4 CCCATCACGTTTCAGCGGCAGTGGATCCGGGACA 195chain GAATTCACTCTCACCATCAGCAGCTTGCAGCCTGA
TGATTTTGCAACTTATTACTGCCAACAGAATAAGA
AGTTTCCTTCGGGGACGTTTGGCCAGGGCACCAA
AGTCGAGATCAAGCGTACGGTGGCTGCACCATCT
GTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAA



ATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATA
ACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAA
GGTGGATAACGCCCTCCAATCGGGTAACTCCCAG
GAGAGTGTCACAGAGCAGGACAGCAAGGACAGC
ACCTACAGCCTCAGCAGCACCCTGACGCTGAGCA
AAGCAGACTACGAGAAACACAAAGTCTACGCCTG
CGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTC
ACAAAGAGCTTCAACAGGGGAGAGTGT

CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGTGA
AGAAGCCTGGGTCCTCGGTGAAGGTCTCCTGCAA
GGCCTCCGGAGGCACATTCAGCAGCTACGCTATA
AGCTGGGTGCGACAGGCCCCTGGACAAGGGCTCG
AGTGGATGGGAGGGATCATCCCTATCTTTGGTAC
AGCAAACTACGCACAGAAGTTCCAGGGCAGGGTC
ACCATTACTGCAGACAAATCCACGAGCACAGCCT
ACATGGAGCTGAGCAGCCTGAGATCTGAGGACAC
CGCCGTGTATTACTGTGCGAAAGGTAACTTCTACG
GTGGTCTGGACTACTGGGGCCAAGGGACCACCGT
GACCGTCTCCTCAGCTAGCACCAAGGGCCCATCG
GTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTC
TGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAG
GACTACTTCCCCGAACCGGTGACGGTGTCGTGGA
ACTCAGGCGCCCTGACCAGCGGCGTGCACACCTT
CCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCC
TCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATCAC
AAGCCCAGCAACACCAAGGTGGACAAGAAAGTTG

Heavy AGCCCAAATCTTGTGACAAAACTCACACATGCCC
196

chain ACCGTGCCCAGCACCTGAACTCCTGGGGGGACCG
TCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACAC
CCTCATGATCTCCCGGACCCCTGAGGTCACATGCG
TGGTGGTGGACGTGAGCCACGAAGACCCTGAGGT
CAAGTTCAACTGGTACGTGGACGGCGTGGAGGTG
CATAATGCCAAGACAAAGCCGCGGGAGGAGCAGT
ACAACAGCACGTACCGTGTGGTCAGCGTCCTCAC
CGTCCTGCACCAGGACTGGCTGAATGGCAAGGAG
TACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAG
CCCCCATCGAGAAAACCATCTCCAAAGCCAAAGG
GCAGCCCCGAGAACCACAGGTGTACACCCTGCCC
CCATCCCGGGATGAGCTGACCAAGAACCAGGTCA
GCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGC
GACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCT
GGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGC
TCACCGTGGACAAGAGCAGGTGGCAGCAGGGGA
ACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACGCAGAAGAGCCTCTCCCTGT
CTCCGGGTAAA

TCGTCTGAGCTGACTCAGGACCCTGCTGTGTCTGT
Light GGCCTTGGGACAGACAGTCAGGGTCACATGCCAA

C7
chain GGAGACAGCCTCAGAAGTTATTATGCAAGCTGGT 197

ACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGT



CATCTATGGTAAAAACAACCGGCCCTCAGGGATC
CCAGACCGATTCTCTGGCTCCAGCTCAGGAAACA
CAGCTTCCTTGACCATCACTGGGGCTCAGGCGGA
AGATGAGGCTGACTATTACTGTAACTCCATTAATA
GTACTCGTAATGAGGTATTCGGCGGAGGGACCAA
GCTGACCGTCCTAGGTCAACCCAAGGCTGCCCCC
AGCGTGACCCTGTTCCCCCCCAGCAGCGAGGAAC
TGCAGGCCAACAAGGCCACCCTGGTCTGCCTGAT
CAGCGACTTCTACCCAGGCGCCGTGACCGTGGCC
TGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCG
TGGAGACCACCACCCCCAGCAAGCAGAGCAACAA
CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACC
CCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCT
GCCAGGTGACCCACGAGGGCAGCACCGTGGAGAA
AACCGTGGCCCCCACCGAGTGCAGC

GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTTGG
TACAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCA
GCCTCCGGATTCACCTTTAGCAGTTATGCCATGAG
CTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAG
TGGGTCTCAGCTATTAGCGGTAGTGGTGGTAGCA
CATACTACGCAGACTCCGTGAAGGGCCGGTTCAC
CATCTCCAAAGACAATTCCAAGAACACGCTGTAT
CTGCAGATGAACAGCCTGAGAGCCGAGGACACGG
CCGTATATTACTGTGCGAAAACTTCTCCGCGTGTT
CCGCTGGACTACTGGGGCCAAGGAACCCTGGTCA
CCGTCTCGAGTGCTAGCACCAAGGGCCCATCGGT
CTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTG
GGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGA
CTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCC
GGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCA
GCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGG
CACCCAGACCTACATCTGCAACGTGAATCACAAG

Heavy CCCAGCAACACCAAGGTGGACAAGAAAGTTGAGC
198

chain CCAAATCTTGTGACAAAACTCACACATGCCCACC
GTGCCCAGCACCTGAACTCCTGGGGGGACCGTCA
GTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCT
CATGATCTCCCGGACCCCTGAGGTCACATGCGTG
GTGGTGGACGTGAGCCACGAAGACCCTGAGGTCA
AGTTCAACTGGTACGTGGACGGCGTGGAGGTGCA
TAATGCCAAGACAAAGCCGCGGGAGGAGCAGTAC
AACAGCACGTACCGTGTGGTCAGCGTCCTCACCG
TCCTGCACCAGGACTGGCTGAATGGCAAGGAGTA
CAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCC
CCCATCGAGAAAACCATCTCCAAAGCCAAAGGGC
AGCCCCGAGAACCACAGGTGTACACCCTGCCCCC
ATCCCGGGATGAGCTGACCAAGAACCAGGTCAGC
CTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGA
CATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCG
GAGAACAACTACAAGACCACGCCTCCCGTGCTGG
ACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTC
ACCGTGGACAAGAGCAGGTGGCAGCAGGGGAAC
GTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCA



CAACCACTACACGCAGAAGAGCCTCTCCCTGTCTC
CGGGTAAA

Table 25: Polypeptide sequences of anti-TnC clones in wild type human IgGl format

Table 26: Base pair sequences of anti-TnC clones in P329GLALA human IgGl format



Clone Chain Base pair sequence

Light
See Table 24 above 195

chain

CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGT
GAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCT
GCAAGGCCTCCGGAGGCACATTCAGCAGCTAC
GCTATAAGCTGGGTGCGACAGGCCCCTGGACA
AGGGCTCGAGTGGATGGGAGGGATCATCCCTA
TCTTTGGTACAGCAAACTACGCACAGAAGTTC
CAGGGCAGGGTCACCATTACTGCAGACAAATC
CACGAGCACAGCCTACATGGAGCTGAGCAGCC
TGAGATCTGAGGACACCGCCGTGTATTACTGT
GCGAAAGGTAACTTCTACGGTGGTCTGGACTA
CTGGGGCCAAGGGACCACCGTGACCGTCTCCT
CAGCTAGCACCAAGGGCCCATCGGTCTTCCCC
CTGGCACCCTCCTCCAAGAGCACCTCTGGGGG
CACAGCGGCCCTGGGCTGCCTGGTCAAGGACT
ACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTT
CCCGGCTGTCCTACAGTCCTCAGGACTCTACTC
CCTCAGCAGCGTGGTGACCGTGCCCTCCAGCA
GCTTGGGCACCCAGACCTACATCTGCAACGTG

18D4 Heavy AATCACAAGCCCAGCAACACCAAGGTGGACAA
chain GAAAGTTGAGCCCAAATCTTGTGACAAAACTC

203
PGLAL ACACATGCCCACCGTGCCCAGCACCTGAAGCT
A GCAGGGGGACCGTCAGTCTTCCTCTTCCCCCCA

AAACCCAAGGACACCCTCATGATCTCCCGGAC
CCCTGAGGTCACATGCGTGGTGGTGGACGTGA
GCCACGAAGACCCTGAGGTCAAGTTCAACTGG
TACGTGGACGGCGTGGAGGTGCATAATGCCAA
GACAAAGCCGCGGGAGGAGCAGTACAACAGC
ACGTACCGTGTGGTCAGCGTCCTCACCGTCCTG
CACCAGGACTGGCTGAATGGCAAGGAGTACAA
GTGCAAGGTCTCCAACAAAGCCCTCGGCGCCC
CCATCGAGAAAACCATCTCCAAAGCCAAAGGG
CAGCCCCGAGAACCACAGGTGTACACCCTGCC
CCCATCCCGGGATGAGCTGACCAAGAACCAGG
TCAGCCTGACCTGCCTGGTCAAAGGCTTCTATC
CCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCC
TCCCGTGCTGGACTCCGACGGCTCCTTCTTCCT
CTACAGCAAGCTCACCGTGGACAAGAGCAGGT
GGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCA
GAAGAGCCTCTCCCTGTCTCCGGGTAAA

Light
See Table 24 above 197

chain
11C7

Heavy GAGGTGCAATTGTTGGAGTCTGGGGGAGGCTT
204

chain GGTACAGCCTGGGGGGTCCCTGAGACTCTCCT



PGLAL GTGCAGCCTCCGGATTCACCTTTAGCAGTTATG
A CCATGAGCTGGGTCCGCCAGGCTCCAGGGAAG

GGGCTGGAGTGGGTCTCAGCTATTAGCGGTAG
TGGTGGTAGCACATACTACGCAGACTCCGTGA
AGGGCCGGTTCACCATCTCCAAAGACAATTCC
AAGAACACGCTGTATCTGCAGATGAACAGCCT
GAGAGCCGAGGACACGGCCGTATATTACTGTG
CGAAAACTTCTCCGCGTGTTCCGCTGGACTACT
GGGGCCAAGGAACCCTGGTCACCGTCTCGAGT
GCTAGCACCAAGGGCCCATCGGTCTTCCCCCTG
GCACCCTCCTCCAAGAGCACCTCTGGGGGCAC
AGCGGCCCTGGGCTGCCTGGTCAAGGACTACT
TCCCCGAACCGGTGACGGTGTCGTGGAACTCA
GGCGCCCTGACCAGCGGCGTGCACACCTTCCC
GGCTGTCCTACAGTCCTCAGGACTCTACTCCCT
CAGCAGCGTGGTGACCGTGCCCTCCAGCAGCT
TGGGCACCCAGACCTACATCTGCAACGTGAAT
CACAAGCCCAGCAACACCAAGGTGGACAAGA
AAGTTGAGCCCAAATCTTGTGACAAAACTCAC
ACATGCCCACCGTGCCCAGCACCTGAAGCTGC
AGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA
ACCCAAGGACACCCTCATGATCTCCCGGACCC
CTGAGGTCACATGCGTGGTGGTGGACGTGAGC
CACGAAGACCCTGAGGTCAAGTTCAACTGGTA
CGTGGACGGCGTGGAGGTGCATAATGCCAAGA
CAAAGCCGCGGGAGGAGCAGTACAACAGCAC
GTACCGTGTGGTCAGCGTCCTCACCGTCCTGCA
CCAGGACTGGCTGAATGGCAAGGAGTACAAGT
GCAAGGTCTCCAACAAAGCCCTCGGCGCCCCC
ATCGAGAAAACCATCTCCAAAGCCAAAGGGCA
GCCCCGAGAACCACAGGTGTACACCCTGCCCC
CATCCCGGGATGAGCTGACCAAGAACCAGGTC
AGCCTGACCTGCCTGGTCAAAGGCTTCTATCCC
AGCGACATCGCCGTGGAGTGGGAGAGCAATGG
GCAGCCGGAGAACAACTACAAGACCACGCCTC
CCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT
ACAGCAAGCTCACCGTGGACAAGAGCAGGTGG
CAGCAGGGGAACGTCTTCTCATGCTCCGTGAT
GCATGAGGCTCTGCACAACCACTACACGCAGA
AGAGCCTCTCCCTGTCTCCGGGTAAA

Table 27. Polypeptide sequences of anti-TnC clones in P329GLALA human IgGl format.

Clone Chain Polypeptide sequence SEQ ID NO:

Light
See Table 25 above 199

chain

18D4
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAHeavy
ISWVRQAPGQGLEWMGGIIPIFGTANYAQKFQG 205

chain RVTITADKSTSTAYMELSSLRSEDTAVYYCAKG



NFYGGLDYWGQGTTVTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYI
CNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP
EAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRWSVLTVLHQDWLNGKEYKCKVSNKALGA
PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK

Light
See Table 25 above 201

chain

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYA
MSWVRQAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISKDNSKNTLYLQMNSLRAEDTAVYYCAK
TSPRVPLDYWGQGTLVTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT

11C7 SGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYI
Heavy CNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP

206
chain EAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDV

SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRWSVLTVLHQDWLNGKEYKCKVSNKALGA
PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK

Example 3

Generation of bispecific antibodies targeting OX40 and Tenascin C (TnC)

3.1 Generation of bispecific antibodies targeting OX40 and Tenascin C (TnC)

Bispecific agonistic OX40 constructs with bivalent binding for OX40, and bivalent

binding for TnC (i.e. '2+2 'constructs) were prepared.

In this example, the heavy chain (HC) of the construct was comprised of the following

components: VHCH1 of anti-OX40 49B4 Fc (P329G/LALA), followed by a (G4S)4 linker and

VHCH1 of anti-TnC clone 18D4 or 11C7. The Pro329Gly, Leu234Ala and Leu235Ala

mutations have been introduced in the constant region of the heavy chains to abrogate binding to

Fc gamma receptors according to the method described in International Patent Appl. Publ. No.

WO 2012/130831 Al. This heavy chain fusion was co-expressed with the light chain of the anti-

Ox40 49B4 (VLCL) as well as the cross-Fab LC of 18D4 or 11C7 (VLCH1). Crossmab

technology was employed for the TnC binding moiety to reduce the formation of wrongly paired

light chains (see WO 2010/145792 Al). The resulting bispecific, bivalent construct is depicted in



Figure 2 and the sequences for base pair and amino acid can be found respectively in Table 28

and Table 29.

Table 28. Base pair sequences of mature bispecific anti-Ox40, anti-TnC human IgGl
P329GLALA 2+2 format

SEQ ID
Clone Base pair sequence

NO:
GACATCCAGATGACCCAGTCTCCTTCCACCCT
GTCTGCATCTGTAGGAGACCGTGTCACCATC
ACTTGCCGTGCCAGTCAGAGTATTAGTAGCT
GGTTGGCCTGGTATCAGCAGAAACCAGGGAA
AGCCCCTAAGCTCCTGATCTATGATGCCTCCA
GTTTGGAAAGTGGGGTCCCATCACGTTTCAG
CGGCAGTGGATCCGGGACAGAATTCACTCTC

LCI ACCATCAGCAGCTTGCAGCCTGATGATTTTG
CAACTTATTACTGCCAACAGTATAGTTCGCA
GCCGTATACGTTTGGCCAGGGCACCAAAGTC

(pCON323) 207 GAGATCAAGCGTACGGTGGCTGCACCATCTG
TCTTCATCTTCCCGCCATCTGATGAGCAGTTG

49B4 VL/CL AAATCTGGAACTGCCTCTGTTGTGTGCCTGCT
GAATAACTTCTATCCCAGAGAGGCCAAAGTA
CAGTGGAAGGTGGATAACGCCCTCCAATCGG
GTAACTCCCAGGAGAGTGTCACAGAGCAGGA
CAGCAAGGACAGCACCTACAGCCTCAGCAGC
ACCCTGACGCTGAGCAAAGCAGACTACGAGA
AACACAAAGTCTACGCCTGCGAAGTCACCCA
TCAGGGCCTGAGCTCGCCCGTCACAAAGAGC

2+2 TTCAACAGGGGAGAGTGT

(49B4/18 CAGGTGCAATTGGTGCAGTCTGGGGCTGAGG
TGAAGAAGCCTGGGTCCTCGGTGAAGGTCTC

D4) CTGCAAGGCCTCCGGAGGCACATTCAGCAGC
TACGCTATAAGCTGGGTGCGACAGGCCCCTG
GACAAGGGCTCGAGTGGATGGGAGGGATCA
TCCCTATCTTTGGTACAGCAAACTACGCACA

HC GAAGTTCCAGGGCAGGGTCACCATTACTGCA
GACAAATCCACGAGCACAGCCTACATGGAGC
TGAGCAGCCTGAGATCTGAGGACACCGCCGT

pETR14728 GTATTACTGTGCGAGAGAATACTACCGTGGT
CCGTACGACTACTGGGGCCAAGGGACCACCG

49B4 208 TGACCGTCTCCTCAGCTAGCACCAAGGGCCC

VHCHl_Fc_ ATCCGTGTTCCCTCTGGCCCCTTCCAGCAAGT
CTACCTCTGGCGGCACAGCCGCTCTGGGCTG

PG/LALA l CCTCGTGAAGGACTACTTCCCCGAGCCTGTG
8D4VHCL ACAGTGTCCTGGAACTCTGGCGCCCTGACAT

CCGGCGTGCACACCTTTCCAGCTGTGCTGCA
GTCCTCCGGCCTGTACTCCCTGTCCTCCGTCG
TGACAGTGCCCTCCAGCTCTCTGGGCACCCA
GACCTACATCTGCAACGTGAACCACAAGCCC
TCCAACACCAAGGTGGACAAGAAGGTGGAA
CCCAAGTCCTGCGACAAGACCCACACCTGTC
CCCCTTGTCCTGCCCCTGAAGCTGCTGGCGGC



CCTAGCGTGTTCCTGTTCCCCCCAAAGCCCAA
GGACACCCTGATGATCTCCCGGACCCCCGAA
GTGACCTGCGTGGTGGTGGATGTGTCCCACG
AGGACCCTGAAGTGAAGTTCAATTGGTACGT
GGACGGCGTGGAAGTGCACAATGCCAAGAC
CAAGCCTAGAGAGGAACAGTACAACTCCACC
TACCGGGTGGTGTCCGTGCTGACCGTGCTGC
ACCAGGATTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGGGAGC
CCCCATCGAAAAGACCATCTCCAAGGCCAAG
GGCCAGCCTCGCGAGCCTCAGGTGTACACCC
TGCCCCCTAGCAGAGATGAGCTGACCAAGAA
CCAGGTGTCCCTGACCTGTCTCGTGAAAGGC
TTCTACCCCTCCGATATCGCCGTGGAATGGG
AGAGCAACGGCCAGCCCGAGAACAACTACA
AGACCACCCCCCCTGTGCTGGACTCCGACGG
CTCATTCTTCCTGTACTCTAAGCTGACAGTGG
ACAAGTCCCGGTGGCAGCAGGGCAACGTGTT
CTCCTGCTCCGTGATGCACGAGGCCCTGCAC
AACCACTACACCCAGAAGTCCCTGTCCCTGT
CTCCCGGGGGAGGCGGTGGATCTGGCGGAGG
CGGATCCGGTGGTGGCGGTTCCGGGGGCGGT
GGATCGCAGGTGCAATTGGTGCAGTCTGGGG
CTGAGGTGAAGAAGCCTGGGTCCTCGGTGAA
GGTCTCCTGCAAGGCCTCCGGAGGCACATTC
AGCAGCTACGCTATAAGCTGGGTGCGACAGG
CCCCTGGACAAGGGCTCGAGTGGATGGGAGG
GATCATCCCTATCTTTGGTACAGCAAACTAC
GCACAGAAGTTCCAGGGCAGGGTCACCATTA
CTGCAGACAAATCCACGAGCACAGCCTACAT
GGAGCTGAGCAGCCTGAGATCTGAGGACACC
GCCGTGTATTACTGTGCGAAAGGTAACTTCT
ACGGTGGTCTGGACTACTGGGGCCAAGGGAC
CACCGTGACCGTCTCCAGCGCTTCTGTGGCC
GCTCCCTCCGTGTTCATCTTCCCACCTTCCGA
CGAGCAGCTGAAGTCCGGCACTGCCTCTGTC
GTGTGCCTGCTGAACAACTTCTACCCTCGGG
AAGCCAAGGTGCAGTGGAAAGTGGATAACG
CCCTGCAGTCCGGCAACTCCCAGGAATCCGT
GACCGAGCAGGACTCCAAGGACAGCACCTAC
TCCCTGAGCAGCACCCTGACCCTGTCCAAGG
CCGACTACGAGAAGCACAAGGTGTACGCCTG
TGAAGTGACCCACCAGGGCCTGTCCAGCCCC
GTGACCAAGTCCTTCAACCGGGGCGAGTGCT
GA
GACATCCAGATGACCCAGTCTCCATCCACCC

LC2 TGTCTGCATCTGTAGGAGACCGTGTCACCAT
CACTTGCCGTGCCAGTCAGAGTATTAGTAGC

pETR14647 TGGTTGGCCTGGTATCAGCAGAAACCAGGGA
209 AAGCCCCTAAGCTCCTGATCTATGATGCCTCC

18D4 AGTTTGGAAAGTGGGGTCCCATCACGTTTCA
GCGGCAGTGGATCCGGGACAGAATTCACTCT

VLCH1 CACCATCAGCAGCTTGCAGCCTGATGATTTT
GCAACTTATTACTGCCAACAGAATAAGAAGT



TTCCTTCGGGGACGTTTGGCCAGGGCACCAA
AGTCGAGATCAAGAGCTCCGCTAGCACCAAG
GGCCCCTCCGTGTTTCCTCTGGCCCCCAGCAG
CAAGAGCACCTCTGGCGGAACAGCCGCCCTG
GGCTGCCTGGTGAAAGACTACTTCCCCGAGC
CCGTGACCGTGTCCTGGAACTCTGGCGCCCT
GACCAGCGGCGTGCACACCTTTCCAGCCGTG
CTGCAGAGCAGCGGCCTGTACTCCCTGAGCA
GCGTGGTGACAGTGCCCTCCAGCAGCCTGGG
CACCCAGACCTACATCTGCAACGTGAACCAC
AAGCCCAGCAACACCAAAGTGGACAAGAAG
GTGGAACCCAAGAGCTGCGAC

LCI

pCON323 207 See above

49B4VLCL

CAGGTGCAATTGGTGCAGTCTGGGGCTGAGG
TGAAGAAGCCTGGGTCCTCGGTGAAGGTCTC
CTGCAAGGCCTCCGGAGGCACATTCAGCAGC
TACGCTATAAGCTGGGTGCGACAGGCCCCTG
GACAAGGGCTCGAGTGGATGGGAGGGATCA
TCCCTATCTTTGGTACAGCAAACTACGCACA
GAAGTTCCAGGGCAGGGTCACCATTACTGCA
GACAAATCCACGAGCACAGCCTACATGGAGC
TGAGCAGCCTGAGATCTGAGGACACCGCCGT
GTATTACTGTGCGAGAGAATACTACCGTGGT
CCGTACGACTACTGGGGCCAAGGGACCACCG

2+2 TGACCGTCTCCTCAGCTAGCACCAAGGGCCC

HC ATCCGTGTTCCCTCTGGCCCCTTCCAGCAAGT
CTACCTCTGGCGGCACAGCCGCTCTGGGCTG

(49B4/1 1 CCTCGTGAAGGACTACTTCCCCGAGCCTGTG
pETR14727

C7) ACAGTGTCCTGGAACTCTGGCGCCCTGACAT
CCGGCGTGCACACCTTTCCAGCTGTGCTGCA

49B4VHCH1 210 GTCCTCCGGCCTGTACTCCCTGTCCTCCGTCG

_Fc_PG/LAL TGACAGTGCCCTCCAGCTCTCTGGGCACCCA
GACCTACATTTGCAACGTGAACCACAAGCCC

A 11C7VHC TCCAACACCAAGGTGGACAAGAAGGTGGAA

L CCCAAGTCCTGCGACAAGACCCACACCTGTC
CCCCTTGTCCTGCCCCTGAAGCTGCTGGCGGC
CCTAGCGTGTTCCTGTTCCCCCCAAAGCCCAA
GGACACCCTGATGATCTCCCGGACCCCCGAA
GTGACCTGCGTGGTGGTGGATGTGTCCCACG
AGGACCCTGAAGTGAAGTTCAATTGGTACGT
GGACGGCGTGGAAGTGCACAATGCCAAGAC
CAAGCCTAGAGAGGAACAGTACAACTCCACC
TACCGGGTGGTGTCCGTGCTGACCGTGCTGC
ACCAGGATTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGCCCTGGGAGC
CCCCATCGAAAAGACCATCTCCAAGGCCAAG
GGCCAGCCTCGCGAGCCTCAGGTGTACACCC
TGCCCCCTAGCAGAGATGAGCTGACCAAGAA



CCAGGTGTCCCTGACCTGTCTCGTGAAAGGC
TTCTACCCCTCCGATATCGCCGTGGAATGGG
AGAGCAACGGCCAGCCCGAGAACAACTACA
AGACCACCCCCCCTGTGCTGGACTCCGACGG
CTCATTCTTCCTGTACTCTAAGCTGACAGTGG
ACAAGTCCCGGTGGCAGCAGGGCAACGTGTT
CTCCTGCTCCGTGATGCACGAGGCCCTGCAC
AACCACTACACCCAGAAGTCCCTGTCCCTGT
CTCCCGGGGGAGGCGGTGGATCTGGCGGAGG
CGGATCCGGTGGTGGCGGTTCCGGGGGCGGT
GGATCGGAGGTGCAATTGTTGGAGTCTGGGG
GAGGCTTGGTACAGCCTGGGGGGTCCCTGAG
ACTCTCCTGTGCAGCCTCCGGATTCACCTTTA
GCAGTTATGCCATGAGCTGGGTCCGCCAGGC
TCCAGGGAAGGGGCTGGAGTGGGTCTCAGCT
ATTAGCGGTAGTGGTGGTAGCACATACTACG
CAGACTCCGTGAAGGGCCGGTTCACCATCTC
CAAAGACAATTCCAAGAACACGCTGTATCTG
CAGATGAACAGCCTGAGAGCCGAGGACACG
GCCGTATATTACTGTGCGAAAACTTCTCCGC
GTGTTCCGCTGGACTACTGGGGCCAAGGAAC
CCTGGTCACCGTCTCGAGCGCTTCTGTGGCCG
CTCCCTCCGTGTTCATCTTCCCACCTTCCGAC
GAGCAGCTGAAGTCCGGCACTGCCTCTGTCG
TGTGCCTGCTGAACAACTTCTACCCTCGGGA
AGCCAAGGTGCAGTGGAAAGTGGATAACGC
CCTGCAGTCCGGCAACTCCCAGGAATCCGTG
ACCGAGCAGGACTCCAAGGACAGCACCTACT
CCCTGAGCAGCACCCTGACCCTGTCCAAGGC
CGACTACGAGAAGCACAAGGTGTACGCCTGT
GAAGTGACCCACCAGGGCCTGTCCAGCCCCG
TGACCAAGTCCTTCAACCGGGGCGAGTGC
TCGTCTGAGCTGACTCAGGACCCTGCTGTGTC
TGTGGCCTTGGGACAGACAGTCAGGGTCACA
TGCCAAGGAGACAGCCTCAGAAGTTATTATG
CAAGCTGGTACCAGCAGAAGCCAGGACAGG
CCCCTGTACTTGTCATCTATGGTAAAAACAA
CCGGCCCTCAGGGATCCCAGACCGATTCTCT
GGCTCCAGCTCAGGAAACACAGCTTCCTTGA

LC2 CCATCACTGGGGCTCAGGCGGAAGATGAGGC
TGACTATTACTGTAACTCCATTAATAGTACTC
GTAATGAGGTATTCGGCGGAGGGACCAAGCT

pETR14648 2 11 GACCGTCCTAAGCTCCGCTAGCACCAAGGGC
CCCTCCGTGTTTCCTCTGGCCCCCAGCAGCAA

1C7VLCH1 GAGCACCTCTGGCGGAACAGCCGCCCTGGGC
TGCCTGGTGAAAGACTACTTCCCCGAGCCCG
TGACCGTGTCCTGGAACTCTGGCGCCCTGAC
CAGCGGCGTGCACACCTTTCCAGCCGTGCTG
CAGAGCAGCGGCCTGTACTCCCTGAGCAGCG
TGGTGACAGTGCCCTCCAGCAGCCTGGGCAC
CCAGACCTACATCTGCAACGTGAACCACAAG
CCCAGCAACACCAAAGTGGACAAGAAGGTG
GAACCCAAGAGCTGCGACTGAT



Table 29. Amino acid sequence of mature bispecific anti-Ox40, anti-TNC human IgGl
P329GLALA 2+2 format

SEQ ID
Clone Amino acid sequence

NO:
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLA
WYQQKPGKAPKLLIYDASSLESGVPSRFSGSGS

LCI GTEFTLTISSLQPDDFATYYCQQYSSQPYTFGQ
212 GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWC

(pCON323) LLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HQGLSSPVTKSFNRGEC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY
AISWVRQAPGQGLEWMGGIIPIFGTANYAQKF
QGRVTITADKSTSTAYMELSSLRSEDTAVYYC
AREYYRGPYDYWGQGTTVTVSSASTKGPSVFP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL

HC GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEV

pETR14728 TCVWDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRWSVLTVLHQDWLNGKEYKC

2+2 KVSNKALGAPIEKTISKAKGQPREPQVYTLPPS49B4 213(49B4/18 RDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
VHCHl_Fc_

D4) PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ

PG/LALA l QGNVFSCSVMHEALHNHYTQKSLSLSPGGGGG
SGGGGSGGGGSGGGGSQVQLVQSGAEVKKPG

8D4VHCL) SSVKVSCKASGGTFSSYAISWVRQAPGQGLEW
MGGIIPIFGTANYAQKFQGRVTITADKSTSTAY
MELSSLRSEDTAVYYCAKGNFYGGLDYWGQG
TTVTVSSASVAAPSVFIFPPSDEQLKSGTASWC
LLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HQGLSSPVTKSFNRGEC

LC2 DIQMTQSPSTLSASVGDRVTITCRASQSISSWLA
WYQQKPGKAPKLLIYDASSLESGVPSRFSGSGS

pETR14647 GTEFTLTISSLQPDDFATYYCQQNKKFPSGTFG
214 QGTKVEIKSSASTKGPSVFPLAPSSKSTSGGTAA

18D4 LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAV
LQSSGLYSLSSWTVPS SSLGTQTYICNVNHKPS

VLCH1 NTKVDKKVEPKSCD

LC

212 See above
2+2 (pCON323)

9B4/1 1C HC QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY
AISWVRQAPGQGLEWMGGIIPIFGTANYAQKF

7 QGRVTITADKSTSTAYMELSSLRSEDTAVYYC
pETR14727 215 AREYYRGPYDYWGQGTTVTVSSASTKGPSVFP

LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
49B4VHCH1 GALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL



GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT_Fc_PG/LAL
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEV

A 11C7VHC TCVWDVSHEDPEVKFNWYVDGVEVHNAKTK

L PREEQYNSTYRWSVLTVLHQDWLNGKEYKC
KVSNKALGAPIEKTISKAKGQPREPQVYTLPPS
RDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGGGGG
SGGGGSGGGGSGGGGSEVQLLESGGGLVQPGG
SLRLSCAASGFTFSSYAMSWVRQAPGKGLEWV
SAISGSGGSTYYADSVKGRFTISKDNSKNTLYL
QMNSLRAEDTAVYYCAKTSPRVPLDYWGQGT
LVTVSSASVAAPSVFIFPPSDEQLKSGTASWCL
LNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

LC2 SSELTQDPAVSVALGQTVRVTCQGDSLRSYYA
SWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGSS
SGNTASLTITGAQAEDEADYYCNSINSTRNEVF

pETR14648 216 GGGTKLTVLSSASTKGPSVFPLAPSSKSTSGGT
AALGCLVKDYFPEPVTVSWNSGALTSGVHTFP

11C7VLCH1 AVLQSSGLYSLSSWTVPSSSLGTQTYICNVNH
KPSNTKVDKKVEPKSCD

All genes were transiently expressed under control of a chimeric MPSV promoter

consisting of the MPSV core promoter combined with the CMV promoter enhancer fragment.

The expression vector also contains the oriP region for episomal replication in EBNA (Epstein

Barr Virus Nuclear Antigen) containing host cells.

The bispecific anti-OX40, anti-TnC 2+2 constructs were produced by co-transfecting

HEK293-EBNA cells with the mammalian expression vectors using polyethylenimine. The cells

were transfected with the corresponding expression vectors in a 1:1:1 ratio ("vector LC1" :

"vector HC" : "vector LC2").

For a 200 mL production in 500 mL shake flasks, 250 million HEK293 EBNA cells were

seeded 24 hours before transfection in Excell media with supplements. For transfection, the cells

were centrifuged for 5 minutes at 210 x g, and supernatant was replaced by pre-warmed CD-

CHO medium. Expression vectors were mixed in 20 mL CD-CHO medium to a final amount of

200 µg DNA. After addition of 540 PEI ( 1 mg/mL), the solution was vortexed for 15 seconds

and incubated for 10 minutes at room temperature. Afterwards, cells were mixed with the

DNA/PEI solution, transferred to a 500 mL shake flask and incubated for 3 hours at 37°C in an

incubator with a 5% C0 2 atmosphere and shaking at 165 rpm. After the incubation, 160 mL

Excell medium with supplements was added and cells were cultured for 24 hours. At this point

the valproic acid concentration is 1 mM (in the media there's as well 5 g/L PepSoy and 6 mM L-

Glutamine). 24h after transfection the cells are supplement with Feed 7 at 12% final volume (24



mL) and 3 g/L glucose (1.2 mL from 500 g/L stock). After culturing for 7 days, the cell

supernatant was collected by centrifugation for 45 minutes at 2000-3000 x g . The solution was

sterile filtered (0.22 µιη filter), supplemented with sodium azide to a final concentration of 0.01

% (w/v), and stored at 4°C.

Purification of bispecific constructs from cell culture supernatants was carried out by

affinity chromatography using MabSelectSure. The protein was concentrated and filtered prior to

loading on a HiLoad Superdex 200 column (GE Healthcare) equilibrated with 20mM Histidine,

140mM NaCl, 0.01% Tween-20 solution of pH 6.0.

For affinity chromatography, the supernatant was loaded on a ProtA MabSelect Sure

column (CV = 5 mL, GE Healthcare) equilibrated with 30 mL 20 mM Sodium Citrate, 20 mM

Sodium Phosphate, pH 7.5. Unbound protein was removed by washing with 6- 10 column

volumes of a buffer containing 20 mM sodium phosphate, 20 mM sodium citrate and 0.5 M

sodium chloride (pH 7.5). The bound protein was eluted using either a step or a linear pH-

gradient of 15 CVs of sodium chloride (from 0 to 100%) of 20 mM Sodium Citrate, lOOmM

Sodium Chloride, 100 mM Glycine, 0.01% (v/v) Tween-20, pH 3.0. The column was then

washed with 10 column volumes of a solution containing 20 mM Sodium Citrate, lOOmM

Sodium Chloride, 100 mM Glycine, 0.01% (v/v) Tween-20, pH 3.0 followed by a re-

equilibration step.

The pH of the collected fractions was adjusted by adding 1/10 (v/v) of 0.5 M Na2HP04,

pH 8.0. The protein was concentrated and filtered prior to loading on a HiLoad Superdex 200

column (GE Healthcare) equilibrated with 20 mM Histidine, 140 mM NaCl, pH 6.0, 0.01%

Tween20.

The protein concentration of purified bispecific constructs was determined by measuring

the OD at 280 nm, using the molar extinction coefficient calculated on the basis of the amino

acid sequence. Purity and molecular weight of the bispecific constructs were analyzed by CE-

SDS in the presence and absence of a reducing agent (Invitrogen, USA) using a LabChipGXII

(Caliper). The aggregate content of bispecific constructs was analyzed using a TSKgel G3000

SW XL analytical size-exclusion column (Tosoh) equilibrated in a 25 mM K2HP04, 125 mM

NaCl, 200mM L-Arginine Monohydrocloride, 0.02 % (w/v) NaN3, pH 6.7 running buffer at

25°C (Table 30).

Table 30. Biochemical analysis of bispecific anti-OX40, anti-TnC IgGl P329G LALA 2+2
constructs

Yield Monomer CE-SDS CE-SDS
Clone

[mg/1] [%] (non red) (red)



3.2 Generation of bispecific antibodies targeting OX40 and Tenascin C (TnC) (4+1 and 4+2)

Bispecific agonistic OX40 constructs with tetravalent binding for OX40, and monovalent

binding for TnC (i.e. '4+1 ') or bivalent binding for TnC (i.e. '4+2') were prepared. The

crossmab technology was applied for the TnC binding moiety in the 4+2 format to reduce the

formation of wrongly paired light chains (see WO 2010/145792 Al).

For the 4+1 construct, HC1 of the construct was comprised of the following components:

VHCH1 VHCH1 of anti-OX40 49B4_Fc hole (P329G/LALA) followed by a (G4S)4 linker and

VL of anti-TnC clone 18D4. HC2 was comprised of VHCH1 VHCH1 of anti-OX40 49B4

followed by Fc knob (P329G/LALA)_(G4S)4 linker fused to VH of anti-TnC clone 18D4. The

knob into hole technology is described in e.g. in US 5,731,168 and US 7,695,936 and allows the

assembly of the HC1 and HC2. The heavy chain fusion polypeptides were co-expressed with the

light chain of the anti-OX40 clone 49B4 (CLVL).

For the 4+2 constuct, the HC of the construct is comprised of the following components:

VHCH1 VHCH1 of anti-OX40 49B4_Fc (P329G/LALA) followed by a (G4S)4 linker, followed

by a crossed Fab unit (VLCHl) of the TnC binding clone 18D4 fused to the C-terminus of the Fc.

The heavy chain fusion polypeptides were co-expressed with the light chain (LCI) of the anti-

OX40 clone 49B4 (CLVL). The CH and CL of the anti-OX40 Fabs contained charged residues

to prevent the generation of Bence Jones proteins and to further stabilize the correct pairing of

LCl to the HCs.

Specifically, the substiutions E123R and Q124K (residues according to EU numbering)

were made in the CL domain of the OX40(49B4) VLCL light chain (SEQ ID NO:212), resulting



in the light chain sequence SEQ ID NO:224; and the substiutions K147E and K213E (residues

according to EU numbering) were made in the CHI domain of OX40(49B4), resulting in the

heavy chain sequence SEQ ID NO:220,

In this case the introduction of a knob into hole was not necessary as both HCs contain

the same domains. The heavy chain fusion polypeptides and LCI polypeptides were co-

expressed with polypeptide ecoding the VH and CL of the anti-TnC binding clone 18D4.

The Pro329Gly, Leu234Ala and Leu235Ala mutations were introduced in the constant

region of the heavy chains of the 4+1 and 4+2 constructs to abrogate binding to Fc gamma

receptors according to the method described in International Patent Appl. Publ. No. WO

2012/130831 Al.

The resulting bispecific antigen binding molecules with tetravalent binding for OX40 are

depicted in Figure 3, and the sequences for base pair and amino acids can be found respectively

in Table 31 and Table 32.

Table 31. Base pair sequences of mature bispecific, tetravalent anti-OX40, monovalent and
bivalent anti-TnC hulgGI P329GLALA molecules

SEQ
Clone Base pair sequence

ID NO:

LCI

(pCON323) 207 See Table 28 above

49B4 VL/CL

CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGT
GAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCT

49B4/TnC GCAAGGCCTCCGGAGGCACATTCAGCAGCTAC
GCTATAAGCTGGGTGCGACAGGCCCCTGGACA

18D4
HCl AGGGCTCGAGTGGATGGGAGGGATCATCCCTA

P329GLAL TCTTTGGTACAGCAAACTACGCACAGAAGTTC
CAGGGCAGGGTCACCATTACTGCAGACAAATC

A 4+1 pETR15193 CACGAGCACAGCCTACATGGAGCTGAGCAGCC
(ID7745) TGAGATCTGAGGACACCGCCGTGTATTACTGT

49B4VHCH1_ 217 GCGAGAGAATACTACCGTGGTCCGTACGACTA

VHCHl Fc h CTGGGGCCAAGGGACCACCGTGACCGTCTCCT
CAGCTAGCACAAAGGGACCTAGCGTGTTCCCC

ole_PG/LALA CTGGCCCCCAGCAGCAAGTCTACATCTGGCGG

18D4VL AACAGCCGCCCTGGGCTGCCTCGTGAAGGACT
ACTTTCCCGAGCCCGTGACCGTGTCCTGGAAC
TCTGGCGCTCTGACAAGCGGCGTGCACACCTT
TCCAGCCGTGCTGCAGAGCAGCGGCCTGTACT
CTCTGAGCAGCGTCGTGACAGTGCCCAGCAGC
TCTCTGGGCACCCAGACCTACATCTGCAACGT



GAACCACAAGCCCAGCAACACCAAGGTGGAC
AAGAAGGTGGAACCCAAGAGCTGCGACGGCG
GAGGGGGATCTGGCGGCGGAGGATCCCAGGT
GCAATTGGTGCAGTCTGGGGCTGAGGTGAAGA
AGCCTGGGTCCTCGGTGAAGGTCTCCTGCAAG
GCCTCCGGAGGCACATTCAGCAGCTACGCTAT
AAGCTGGGTGCGACAGGCCCCTGGACAAGGG
CTCGAGTGGATGGGAGGGATCATCCCTATCTT
TGGTACAGCAAACTACGCACAGAAGTTCCAGG
GCAGGGTCACCATTACTGCAGACAAATCCACG
AGCACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACCGCCGTGTATTACTGTGCGA
GAGAATACTACCGTGGTCCGTACGACTACTGG
GGCCAAGGGACCACCGTGACCGTCTCCTCAGC
TAGCACCAAGGGCCCATCGGTCTTCCCCCTGG
CACCCTCCTCCAAGAGCACCTCTGGGGGCACA
GCGGCCCTGGGCTGCCTGGTCAAGGACTACTT
CCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCG
GCTGTCCTACAGTCCTCAGGACTCTACTCCCTC
AGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATC
ACAAGCCCAGCAACACCAAGGTGGACAAGAA
AGTTGAGCCCAAATCTTGTGACAAAACTCACA
CATGCCCACCGTGCCCAGCACCTGAAGCTGCA
GGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA
ACCCAAGGACACCCTCATGATCTCCCGGACCC
CTGAGGTCACATGCGTGGTGGTGGACGTGAGC
CACGAAGACCCTGAGGTCAAGTTCAACTGGTA
CGTGGACGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTACAACAGCA
CGTACCGTGTGGTCAGCGTCCTCACCGTCCTG
CACCAGGACTGGCTGAATGGCAAGGAGTACA
AGTGCAAGGTCTCCAACAAAGCCCTCGGCGCC
CCCATCGAGAAAACCATCTCCAAAGCCAAAGG
GCAGCCCCGAGAACCACAGGTGTGCACCCTGC
CCCCATCCCGGGATGAGCTGACCAAGAACCAG
GTCAGCCTCTCGTGCGCAGTCAAAGGCTTCTA
TCCCAGCGACATCGCCGTGGAGTGGGAGAGCA
ATGGGCAGCCGGAGAACAACTACAAGACCAC
GCCTCCCGTGCTGGACTCCGACGGCTCCTTCTT
CCTCGTGAGCAAGCTCACCGTGGACAAGAGCA
GGTGGCAGCAGGGGAACGTCTTCTCATGCTCC
GTGATGCATGAGGCTCTGCACAACCACTACAC
GCAGAAGAGCCTCTCCCTGTCTCCGGGTGGAG
GCGGCGGAAGCGGAGGAGGAGGATCCGGCGG
CGGAGGTTCCGGAGGCGGTGGATCGGACATCC
AGATGACCCAGTCTCCATCCACCCTGTCTGCA
TCTGTAGGAGACCGTGTCACCATCACTTGCCG
TGCCAGTCAGAGTATTAGTAGCTGGTTGGCCT
GGTATCAGCAGAAACCAGGGAAAGCCCCTAA
GCTCCTGATCTATGATGCCTCCAGTTTGGAAA
GTGGGGTCCCATCACGTTTCAGCGGCAGTGGA
TCCGGGACAGAATTCACTCTCACCATCAGCAG



CTTGCAGCCTGATGATTTTGCAACTTATTACTG
CCAACAGAATAAGAAGTTTCCTTCGGGGACGT
TTGGCCAGGGCACCAAAGTCGAGATCAAG
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGT
GAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCT
GCAAGGCCTCCGGAGGCACATTCAGCAGCTAC
GCTATAAGCTGGGTGCGACAGGCCCCTGGACA
AGGGCTCGAGTGGATGGGAGGGATCATCCCTA
TCTTTGGTACAGCAAACTACGCACAGAAGTTC
CAGGGCAGGGTCACCATTACTGCAGACAAATC
CACGAGCACAGCCTACATGGAGCTGAGCAGCC
TGAGATCTGAGGACACCGCCGTGTATTACTGT
GCGAGAGAATACTACCGTGGTCCGTACGACTA
CTGGGGCCAAGGGACCACCGTGACCGTCTCCT
CAGCTAGCACAAAGGGACCTAGCGTGTTCCCC
CTGGCCCCCAGCAGCAAGTCTACATCTGGCGG
AACAGCCGCCCTGGGCTGCCTCGTGAAGGACT
ACTTTCCCGAGCCCGTGACCGTGTCCTGGAAC
TCTGGCGCTCTGACAAGCGGCGTGCACACCTT
TCCAGCCGTGCTGCAGAGCAGCGGCCTGTACT
CTCTGAGCAGCGTCGTGACAGTGCCCAGCAGC
TCTCTGGGCACCCAGACCTACATCTGCAACGT
GAACCACAAGCCCAGCAACACCAAGGTGGAC

HC2 AAGAAGGTGGAACCCAAGAGCTGCGACGGCG
GAGGGGGATCTGGCGGCGGAGGATCCCAGGT
GCAATTGGTGCAGTCTGGGGCTGAGGTGAAGA

pETR15194 AGCCTGGGTCCTCGGTGAAGGTCTCCTGCAAG
GCCTCCGGAGGCACATTCAGCAGCTACGCTAT

49B4VHCH1_ 218 AAGCTGGGTGCGACAGGCCCCTGGACAAGGG
CTCGAGTGGATGGGAGGGATCATCCCTATCTTVHCHl Fc k
TGGTACAGCAAACTACGCACAGAAGTTCCAGG

nob_PG/LAL GCAGGGTCACCATTACTGCAGACAAATCCACG
A 18D4VH AGCACAGCCTACATGGAGCTGAGCAGCCTGAG

ATCTGAGGACACCGCCGTGTATTACTGTGCGA
GAGAATACTACCGTGGTCCGTACGACTACTGG
GGCCAAGGGACCACCGTGACCGTCTCCTCAGC
TAGCACCAAGGGCCCATCGGTCTTCCCCCTGG
CACCCTCCTCCAAGAGCACCTCTGGGGGCACA
GCGGCCCTGGGCTGCCTGGTCAAGGACTACTT
CCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCG
GCTGTCCTACAGTCCTCAGGACTCTACTCCCTC
AGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATC
ACAAGCCCAGCAACACCAAGGTGGACAAGAA
AGTTGAGCCCAAATCTTGTGACAAAACTCACA
CATGCCCACCGTGCCCAGCACCTGAAGCTGCA
GGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA
ACCCAAGGACACCCTCATGATCTCCCGGACCC
CTGAGGTCACATGCGTGGTGGTGGACGTGAGC
CACGAAGACCCTGAGGTCAAGTTCAACTGGTA
CGTGGACGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTACAACAGCA
CGTACCGTGTGGTCAGCGTCCTCACCGTCCTG



CACCAGGACTGGCTGAATGGCAAGGAGTACA
AGTGCAAGGTCTCCAACAAAGCCCTCGGCGCC
CCCATCGAGAAAACCATCTCCAAAGCCAAAGG
GCAGCCCCGAGAACCACAGGTGTACACCCTGC
CCCCCTGCAGAGATGAGCTGACCAAGAACCAG
GTGTCCCTGTGGTGTCTGGTCAAGGGCTTCTAC
CCCAGCGATATCGCCGTGGAGTGGGAGAGCA
ACGGCCAGCCTGAGAACAACTACAAGACCAC
CCCCCCTGTGCTGGACAGCGACGGCAGCTTCT
TCCTGTACTCCAAACTGACCGTGGACAAGAGC
CGGTGGCAGCAGGGCAACGTGTTCAGCTGCAG
CGTGATGCACGAGGCCCTGCACAACCACTACA
CCCAGAAGTCCCTGAGCCTGAGCCCCGGCGGA
GGCGGCGGAAGCGGAGGAGGAGGATCCGGTG
GTGGCGGTTCCGGGGGCGGTGGATCGCAGGTG
CAATTGGTGCAGTCTGGGGCTGAGGTGAAGAA
GCCTGGGTCCTCGGTGAAGGTCTCCTGCAAGG
CCTCCGGAGGCACATTCAGCAGCTACGCTATA
AGCTGGGTGCGACAGGCCCCTGGACAAGGGCT
CGAGTGGATGGGAGGGATCATCCCTATCTTTG
GTACAGCAAACTACGCACAGAAGTTCCAGGGC
AGGGTCACCATTACTGCAGACAAATCCACGAG
CACAGCCTACATGGAGCTGAGCAGCCTGAGAT
CTGAGGACACCGCCGTGTATTACTGTGCGAAA
GGTAACTTCTACGGTGGTCTGGACTACTGGGG
CCAAGGGACCACAGTGACCGTAAGCTCC
GACATCCAGATGACCCAGTCTCCTTCCACCCT
GTCTGCATCTGTAGGAGACCGTGTCACCATCA
CTTGCCGTGCCAGTCAGAGTATTAGTAGCTGG
TTGGCCTGGTATCAGCAGAAACCAGGGAAAGC
CCCTAAGCTCCTGATCTATGATGCCTCCAGTTT
GGAAAGTGGGGTCCCATCACGTTTCAGCGGCA

LCI GTGGATCCGGGACAGAATTCACTCTCACCATC
AGCAGCTTGCAGCCTGATGATTTTGCAACTTA
TTACTGCCAACAGTATAGTTCGCAGCCGTATA

pETR14912 CGTTTGGCCAGGGCACCAAAGTCGAGATCAAG
219 CGTACGGTGGCTGCACCATCTGTCTTCATCTTC

9B4/TnC 49B4 VLCL CCGCCATCTGATCGGAAGTTGAAATCTGGAAC
18D4 TGCCTCTGTTGTGTGCCTGCTGAATAACTTCTA

TCCCAGAGAGGCCAAAGTACAGTGGAAGGTG
329GLAL + charges

GATAACGCCCTCCAATCGGGTAACTCCCAGGA
A 4+2 GAGTGTCACAGAGCAGGACAGCAAGGACAGC

ACCTACAGCCTCAGCAGCACCCTGACGCTGAG(ID8035)
CAAAGCAGACTACGAGAAACACAAAGTCTAC
GCCTGCGAAGTCACCCATCAGGGCCTGAGCTC
GCCCGTCACAAAGAGCTTCAACAGGGGAGAG
TGT

HC CAGGTGCAGCTGGTGCAGTCTGGCGCCGAAGT
GAAGAAACCCGGCAGCAGCGTGAAGGTGTCC
TGCAAGGCTTCCGGCGGCACCTTCAGCAGCTA

pETR15206
220 CGCCATTTCTTGGGTGCGCCAGGCCCCTGGAC

AGGGCCTGGAATGGATGGGCGGCATCATCCCC
49B4VHCH1E ATCTTCGGCACCGCCAACTACGCCCAGAAATT

E 49B4VHCH CCAGGGCAGAGTGACCATCACCGCCGACAAG



lEE_Fc_PG/L AGCACCAGCACCGCCTACATGGAACTGAGCAG
CCTGCGGAGCGAGGACACCGCCGTGTACTACT

ALA 18D4VL GCGCCAGAGAGTACTACAGAGGCCCCTACGAC

CHI TACTGGGGCCAGGGCACAACCGTGACCGTGTC
TAGCGCCAGCACAAAGGGCCCCAGCGTGTTCC
CTCTGGCCCCTAGCAGCAAGAGCACATCTGGC
GGAACAGCCGCCCTGGGCTGCCTGGTGGAAGA
TTACTTCCCCGAGCCCGTGACAGTGTCCTGGA
ACTCTGGCGCCCTGACAAGCGGCGTGCACACC
TTTCCAGCCGTGCTGCAGAGCAGCGGCCTGTA
CTCACTGTCCAGCGTCGTGACTGTGCCCAGCA
GCAGCCTGGGAACCCAGACCTACATCTGCAAC
GTGAACCACAAGCCCAGCAACACCAAGGTGG
ACGAGAAGGTGGAACCCAAGAGCTGCGACGG
CGGAGGCGGATCTGGCGGCGGAGGATCCCAG
GTGCAGCTGGTGCAGAGCGGAGCTGAAGTGA
AAAAGCCTGGCTCCTCCGTGAAAGTGTCTTGT
AAAGCCAGCGGCGGCACATTCTCATCCTACGC
CATCAGCTGGGTGCGGCAGGCTCCAGGCCAGG
GACTGGAATGGATGGGAGGAATTATCCCTATT
TTTGGGACAGCCAATTATGCTCAGAAATTTCA
GGGGCGCGTGACAATTACAGCCGACAAGTCCA
CCTCTACAGCTTATATGGAACTGTCCTCCCTGC
GCTCCGAGGATACAGCTGTGTATTATTGTGCC
CGCGAGTACTACCGGGGACCTTACGATTATTG
GGGACAGGGAACCACAGTGACTGTGTCCTCCG
CTAGCACCAAGGGACCTTCCGTGTTTCCCCTG
GCTCCCAGCTCCAAGTCTACCTCTGGGGGCAC
AGCTGCTCTGGGATGTCTGGTGGAAGATTATT
TTCCTGAACCTGTGACCGTGTCATGGAACAGC
GGAGCCCTGACCTCCGGGGTGCACACATTCCC
TGCTGTGCTGCAGTCCTCCGGCCTGTATAGCCT
GAGCAGCGTCGTGACCGTGCCTTCCAGCTCTC
TGGGCACACAGACATATATCTGTAATGTGAAT
CACAAACCCTCTAATACCAAAGTGGATGAGAA
AGTGGAACCTAAGTCCTGCGACAAGACCCACA
CCTGTCCCCCTTGTCCTGCCCCTGAAGCTGCTG
GCGGCCCATCTGTGTTTCTGTTCCCCCCAAAGC
CCAAGGACACCCTGATGATCAGCCGGACCCCC
GAAGTGACCTGCGTGGTGGTGGATGTGTCCCA
CGAGGACCCAGAAGTGAAGTTCAATTGGTACG
TGGACGGCGTGGAAGTGCACAACGCCAAGAC
CAAGCCGCGGGAAGAACAGTACAACAGCACC
TACCGGGTGGTGTCCGTGCTGACAGTGCTGCA
CCAGGACTGGCTGAACGGCAAAGAGTACAAG
TGCAAGGTGTCCAACAAGGCCCTGGGAGCCCC
CATCGAGAAAACCATCAGCAAGGCCAAGGGC
CAGCCCCGCGAACCTCAGGTGTACACCCTGCC
CCCAAGCAGGGACGAGCTGACCAAGAACCAG
GTGTCCCTGACCTGTCTCGTGAAGGGCTTCTAC
CCCTCCGATATCGCCGTGGAATGGGAGAGCAA
CGGCCAGCCCGAGAACAACTACAAGACCACC
CCCCCTGTGCTGGACAGCGACGGCTCATTCTT
CCTGTACTCCAAGCTGACCGTGGACAAGAGCC



GGTGGCAGCAGGGCAACGTGTTCAGCTGCAGC
GTGATGCACGAGGCCCTGCACAACCACTACAC
ACAGAAGTCTCTGAGCCTGAGCCCTGGCGGAG
GGGGAGGATCTGGGGGAGGCGGAAGTGGGGG
AGGGGGTTCCGGAGGCGGTGGATCGGACATCC
AGATGACCCAGTCTCCATCCACCCTGTCTGCA
TCTGTAGGAGACCGTGTCACCATCACTTGCCG
TGCCAGTCAGAGTATTAGTAGCTGGTTGGCCT
GGTATCAGCAGAAACCAGGGAAAGCCCCTAA
GCTCCTGATCTATGATGCCTCCAGTTTGGAAA
GTGGGGTCCCATCACGTTTCAGCGGCAGTGGA
TCCGGGACAGAATTCACTCTCACCATCAGCAG
CTTGCAGCCTGATGATTTTGCAACTTATTACTG
CCAACAGAATAAGAAGTTTCCTTCGGGGACGT
TTGGCCAGGGCACCAAAGTCGAGATCAAGTCT
AGCGCTTCCACCAAGGGCCCCTCAGTGTTCCC
ACTGGCACCATCCAGCAAGTCCACAAGCGGAG
GAACCGCCGCTCTGGGCTGTCTCGTGAAAGAC
TACTTTCCAGAGCCAGTGACCGTGTCCTGGAA
TAGTGGCGCTCTGACTTCTGGCGTGCACACTTT
CCCCGCAGTGCTGCAGAGTTCTGGCCTGTACT
CCCTGAGTAGCGTCGTGACAGTGCCCTCCTCT
AGCCTGGGCACTCAGACTTACATCTGCAATGT
GAATCATAAGCCTTCCAACACAAAAGTGGACA
AAAAAGTGGAACCCAAATCTTGC
CAGGTGCAATTGGTGCAGTCTGGGGCTGAGGT
GAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCT
GCAAGGCCTCCGGAGGCACATTCAGCAGCTAC
GCTATAAGCTGGGTGCGACAGGCCCCTGGACA
AGGGCTCGAGTGGATGGGAGGGATCATCCCTA
TCTTTGGTACAGCAAACTACGCACAGAAGTTC
CAGGGCAGGGTCACCATTACTGCAGACAAATC

LC2 CACGAGCACAGCCTACATGGAGCTGAGCAGCC
TGAGATCTGAGGACACCGCCGTGTATTACTGT

pETR15202 GCGAAAGGTAACTTCTACGGTGGTCTGGACTA
CTGGGGCCAAGGGACCACCGTGACCGTCTCCT

221 CAGCTAGCGTGGCCGCTCCCTCCGTGTTCATCT18D4 VHCL
TCCCACCTTCCGACGAGCAGCTGAAGTCCGGC
ACCGCTTCTGTCGTGTGCCTGCTGAACAACTTC
TACCCCCGCGAGGCCAAGGTGCAGTGGAAGGT
GGACAACGCCCTGCAGTCCGGCAACAGCCAG
GAATCCGTGACCGAGCAGGACTCCAAGGACA
GCACCTACTCCCTGTCCTCCACCCTGACCCTGT
CCAAGGCCGACTACGAGAAGCACAAGGTGTA
CGCCTGCGAAGTGACCCACCAGGGCCTGTCTA
GCCCCGTGACCAAGTCTTTCAACCGGGGCGAG
TGC



Table 32. Amino acid sequences of mature bispecific, tetravalent anti-OX40, monovalent
and bivalent anti-TnC hulgGI P329GLALA molecules

SEQ
Clone Amino acid sequence

ID NO:

LC

49B4 VL/CL 212 See Table 29 above

(pCON323)

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSS
YAISWVRQAPGQGLEWMGGIIPIFGTANYAQ
KFQGRVTITADKSTSTAYMELSSLRSEDTAVY
YCAREYYRGPYDYWGQGTTVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSWTV
PSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DGGGGSGGGGSQVQLVQSGAEVKKPGSSVK

HC1 VSCKASGGTFSSYAISWVRQAPGQGLEWMG
GIIPIFGTANYAQKFQGRVTITADKSTSTAYME

pETR15193 LSSLRSEDTAVYYCAREYYRGPYDYWGQGT
TVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVL49B4VHCH1_ 222
QSSGLYSLSSWTVPSSSLGTQTYICNVNHKPS

49B4/TnC VHCHl Fc h NTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP

18D4 ole_PG/LALA SVFLFPPKPKDTLMISRTPEVTCVWDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTY

P329GLAL 18D4VL RWSVLTVLHQDWLNGKEYKCKVSNKALGA
A 4+1 PIEKTISKAKGQPREPQVCTLPPSRDELTKNQV

SLSCAVKGFYPSDIAVEWESNGQPENNYKTTP
(ID7745) PVLDSDGSFFLVSKLTVDKSRWQQGNVFSCS

VMHEALHNHYTQKSLSLSPGGGGGSGGGGS
GGGGSGGGGSDIQMTQSPSTLSASVGDRVTIT
CRASQSISSWLAWYQQKPGKAPKLLIYDASSL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYY
CQQNKKFPSGTFGQGTKVEIK
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSS
YAISWVRQAPGQGLEWMGGIIPIFGTANYAQ
KFQGRVTITADKSTSTAYMELSSLRSEDTAVY

HC2 YCAREYYRGPYDYWGQGTTVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV

pETR15194 SWNSGALTSGVHTFPAVLQSSGLYSLSSWTV
PSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DGGGGSGGGGSQVQLVQSGAEVKKPGSSVK49B4VHCH1_ 223 VSCKASGGTFSSYAISWVRQAPGQGLEWMG

VHCHl Fc k GIIPIFGTANYAQKFQGRVTITADKSTSTAYME

nob_PG/LAL LSSLRSEDTAVYYCAREYYRGPYDYWGQGT
TVTVSSASTKGPSVFPLAPSSKSTSGGTAALG

A 18D4VH CLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSWTVPSSSLGTQTYICNVNHKPS
NTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVWDVSHED



PEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RWSVLTVLHQDWLNGKEYKCKVSNKALGA
PIEKTISKAKGQPREPQVYTLPPCRDELTKNQ
VSLWCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPGGGGGSGGG
GSGGGGSGGGGSQVQLVQSGAEVKKPGSSV
KVSCKASGGTFSSYAISWVRQAPGQGLEWM
GGIIPIFGTANYAQKFQGRVTITADKSTSTAY
MELSSLRSEDTAVYYCAKGNFYGGLDYWGQ
GTTVTVSS

LCI
DIQMTQSPSTLSASVGDRVTITCRASQSISSWL
AWYQQKPGKAPKLLIYDASSLESGVPSRFSGS

pETR14912 GSGTEFTLTISSLQPDDFATYYCQQYSSQPYTF
224 GQGTKVEIKRTVAAPSVFIFPPSDRKLKSGTAS

49B4 VLCL WCLLNNFYPREAKVQ WKVDNALQSGNSQE
SVTEQDSKDSTYSLSSTLTLSKADYEKHKVY

+ charges ACEVTHQGLSSPVTKSFNRGEC

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSS
YAISWVRQAPGQGLEWMGGIIPIFGTANYAQ
KFQGRVTITADKSTSTAYMELSSLRSEDTAVY
YCAREYYRGPYDYWGQGTTVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVEDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSWTV
PSSSLGTQTYICNVNHKPSNTKVDEKVEPKSC
DGGGGSGGGGSQVQLVQSGAEVKKPGSSVK
VSCKASGGTFSSYAISWVRQAPGQGLEWMG

9B4/TnC HC GIIPIFGTANYAQKFQGRVTITADKSTSTAYME
18D4 LSSLRSEDTAVYYCAREYYRGPYDYWGQGT

pETR15206 TVTVSSASTKGPSVFPLAPSSKSTSGGTAALG329GLAL
CLVEDYFPEPVTVSWNSGALTSGVHTFPAVL

A 4+2 49B4VHCH1E QSSGLYSLSSWTVPSSSLGTQTYICNVNHKPS

(ID8035) 225 NTKVDEKVEPKSCDKTHTCPPCPAPEAAGGP
E 49B4VHCH SVFLFPPKPKDTLMISRTPEVTCVWDVSHED
lEE_Fc_PG/L PEVKFNWYVDGVEVHNAKTKPREEQYNSTY

RWSVLTVLHQDWLNGKEYKCKVSNKALGA
ALA 18D4VL

PIEKTISKAKGQPREPQVYTLPPSRDELTKNQV
CHI SLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGGGGGSGGGGS
GGGGSGGGGSDIQMTQSPSTLSASVGDRVTIT
CRASQSISSWLAWYQQKPGKAPKLLIYDASSL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYY
CQQNKKFPSGTFGQGTKVEIKSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSWTVPS
SSLGTQTYICNVNHKPSNTKVDKKVEPKSC
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSS

LC2 YAISWVRQAPGQGLEWMGGIIPIFGTANYAQ
226 KFQGRVTITADKSTSTAYMELSSLRSEDTAVY

pETR15202 YCAKGNFYGGLDYWGQGTTVTVSSASVAAP
SVFIFPPSDEQLKSGTASWCLLNNFYPREAK



18D4 VHCL VQWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTK
SFNRGEC

All genes were transiently expressed under control of a chimeric MPSV promoter

consisting of the MPSV core promoter combined with the CMV promoter enhancer fragment.

The expression vector also contains the oriP region for episomal replication in EBNA (Epstein

Barr Virus Nuclear Antigen) containing host cells.

The bispecific anti-OX40, anti-TnC constructs were produced by co-transfecting

HEK293-EBNA cells with the mammalian expression vectors using polyethylenimine. The cells

were transfected with the corresponding expression vectors in a 1:1:4 ratio ("vector heavy

chain" : "vector light chain 1 " : "vector light chain2 " for 4+2 ) and 1:1:4 ("vector heavy

chain 1" : "vector heavy chain2 " : "vector light chain " for 4+1 ) .

For a 200 mL production in 500 mL shake flasks, 250 million HEK293 EBNA cells were

seeded 24 hours before transfection in Excell media with supplements. For transfection, the cells

were centrifuged for 5 minutes at 210 x g, and supernatant was replaced by pre-warmed CD-

CHO medium. Expression vectors were mixed in 20 mL CD-CHO medium to a final amount of

200 µg DNA. After addition of 540 PEI ( 1 mg/mL), the solution was vortexed for 15 seconds

and incubated for 10 minutes at room temperature. Afterwards, cells were mixed with the

DNA/PEI solution, transferred to a 500 mL shake flask and incubated for 3 hours at 37°C in an

incubator with a 5% C0 2 atmosphere and shaking at 165 rpm. After the incubation, 160 mL

Excell medium with supplements was added and cells were cultured for 24 hours. At this point

the valproic acid concentration is 1 mM (in the media there's as well 5 g/L PepSoy and 6 mM L-

Glutamine). 24h after transfection the cells are supplement with Feed 7 at 12% final volume (24

mL) and 3 g/L glucose (1.2 mL from 500 g/L stock). After culturing for 7 days, the cell

supernatant was collected by centrifugation for 45 minutes at 2000-3000 x g . The solution was

sterile filtered (0.22 µιη filter), supplemented with sodium azide to a final concentration of 0.01

% (w/v), and kept at 4°C.

For affinity chromatography, the supernatant was loaded on a ProtA MabSelect Sure

column (CV = 5 mL, GE Healthcare) equilibrated with 30 mL 20 mM Sodium Citrate, 20 mM

Sodium Phosphate, pH 7.5. Unbound protein was removed by washing with 6-10 column

volumes of a buffer containing 20 mM sodium phosphate, 20 mM sodium citrate, pH 7.5. The

bound protein was eluted using a step elution with 8 CV of 20 mM Sodium Citrate, lOOmM

Sodium Chloride, 100 mM Glycine, pH 3.0.

The pH of the collected fractions was adjusted by adding 1/10 (v/v) of 0.5 M Na2HP04,

pH8.0. The protein was concentrated and filtered prior to loading on a HiLoad Superdex 200



column (GE Healthcare) equilibrated with 20 mM Histidine, 140 mM NaCl, 0.01% Tween20,pH

6.0,.

The protein concentration of purified bispecific tetravalent 4+1 and 4+2 constructs was

determined by measuring the OD at 280 nm, using the molar extinction coefficient calculated on

the basis of the amino acid sequence. Purity and molecular weight of the bispecific constructs

were analyzed by CE-SDS in the presence and absence of a reducing agent (Invitrogen, USA)

using a LabChipGXII (Caliper). The aggregate content of bispecific constructs was analyzed

using a TSKgel G3000 SW XL analytical size-exclusion column (Tosoh) equilibrated in a 25

mM K2HP04, 125 mM NaCl, 200mM L-Arginine Monohydrocloride, 0.02 % (w/v) NaN3, pH

6.7 running buffer at 25°C.

Table 33. Biochemical analysis of bispecific tetravalent anti-Ox40, anti-TnC IgGl P329G
LALA 4+1 and 4+2 constructs.

3.3 Determination of the aggregation temperature of anti-OX40, anti-TnC 2+2, 4+1

and 4+2 constructs

For direct comparison of all formats the thermal stability was monitored by Static Light

Scattering (SLS) and by measuring the intrinsic protein fluorescence in response to applied

temperature stress. 30 mg of filtered protein sample with a protein concentration of 1 mg/ml was

applied in duplicate to an Optim 2 instrument (Avacta Analytical Ltd). The temperature was

ramped from 25 to 85 °C at 0.1 °C/min, with the radius and total scattering intensity being

collected. For determination of intrinsic protein fluorescence the sample was excited at 266 nm

and emission was collected between 275 nm and 460 nm.



Table 34. Aggregation temperatures for the bispecific, anti-OX40, anti-TnC 2+2, 4+1 and
4+2 constructs

Example 4

Binding of bispecific antibodies targeting OX40 and Tenascin C (TnC)

4.1 Analysis of simultaneous binding to OX40 and TnC by surface plasmon resonance

analysis

The capacity of binding simultaneously human Ox40 Fc(kih) and human TnC was assessed

by surface plasmon resonance (SPR). All SPR experiments were performed on a Biacore T200 at

25°C with HBS-EP as running buffer (0.01 M HEPES pH 7.4, 0 .15 M NaCl, 3 mM EDTA,

0.005% Surfactant P20, Biacore, Freiburg/Germany).

Biotinylated human TnC was directly coupled to a flow cell of a streptavidin (SA) sensor

chip. Immobilization levels up to 1000 resonance units (RU) were used.

The bispecific antibodies targeting OX40 and TnC were passed over the chip surface at a

concentration of 250 nM, at a flow rate of 30 µ / ί for 90 seconds, and dissociation was set

to zero seconds. Human OX40 was injected as second analyte with a flow rate of 30 µ / ί

for 90 seconds at a concentration of 250 nM, and dissociation was monitored for 120 seconds.

Bulk refractive index differences were corrected for by subtracting the response obtained in a

reference flow cell, where no protein was immobilized.

All of the bispecific antigen binding molecules were able to bind simultaneously to human

OX40 and human TnC (Figures 4B to 4E).

4.2 Analysis of binding to human, murine and cynomolgus TnC by surface plasmon

resonance anaylsis

The capacity of the bispecific constructs to bind human, murine and cynomolgus TnC was

analysed by surface plasmon resonance (SPR). All SPR experiments were performed on a

Biacore T200 at 25 °C with HBS-EP as running buffer (0.01 M HEPES pH 7.4, 0.15 M NaCl, 3

mM EDTA, 0.005% Surfactant P20, Biacore, Freiburg/Germany).



Biotinylated human, murine or cynomolgus TnC molecules were immobilised on a SA

chip to reach an immobilization level of 10 resonance units (RU).

Following immobilisation, the bispecific molecules or control molecules were immediately

passed over the chip surface at concentrations ranging from 0.05-50 nM, at a flow rate of 30

µ / ώ ί for 120 seconds and a dissociation phase of 180 seconds. The surface was regenerated

using 10 mM glycine pH2.1. Bulk refractive index differences were corrected for by subtracting

the response obtained in a reference flow cell, where no TnC was immobilized. Affinity/Avidity

was determined under these experimental conditions using the Langmuir 1:1 curve fitting. For

bivalent binding the same 1:1 fitting was used leading to an apparent KD value. For construct

49B4/1 1C7 (2+2), binding to cyno and muTNC was so weak that it was classified as "no

binding".

Table 35. K values for binding of the indicated bispecific antibodies targeting OX40 and
TnC for human, murine and cynomolgus TnC

4.3 Analysis of binding to human Ox40 expressing cells: naive and activated human

peripheral mononuclear blood leukocytes (PBMC)

Buffy coats were obtained from the Zurich blood donation center. To isolate fresh

peripheral blood mononuclear cells (PBMCs) the buffy coat was diluted with an equal volume of

DPBS (Gibco by Life Technologies, Cat. No. 14190 326). 50 mL polypropylene centrifuge tubes

(TPP, Cat.-No. 91050) were supplied with 15 mL Histopaque 1077 (SIGMA Life Science, Cat-

No. 10771, polysucrose and sodium diatrizoate, adjusted to a density of 1.077 g/mL) and the

buffy coat solution was layered above the Histopaque 1077. The tubes were centrifuged for 30

min at 400 x g, at room temperature, with low acceleration and no break. Subsequently the

PBMCs were collected from the interphase, washed three times with DPBS and resuspended in T

cell medium consisting of RPMI 1640 medium (Gibco by Life Technology, Cat. No. 42401-042)



supplemented with 10 % Fetal Bovine Serum (FBS, Gibco by Life Technology, Cat. No. 16000-

044, Lot 941273, gamma-irradiated, mycoplasma-free and heat inactivated at 56 °C for 35 min),

1 % (v/v) GlutaMAX I (GIBCO by Life Technologies, Cat. No. 35050 038), 1 mM Sodium-

Pyruvat (SIGMA, Cat. No. S8636), 1 % (v/v) MEM non-essential amino acids (SIGMA, Cat.-No.

M7145) and 50 µΜ β-Mercaptoethanol (SIGMA, M3148).

PBMCs were used in experiments either directly after isolation (for analysis of binding to

resting human PBMCs), or following stimulation to provide for high expression of human OX40

expression on the cell surface of T cells (for analysis of binding to activated human PBMCs). For

stimulations, naive PBMCs were cultured for four days in T cell medium supplied with 200

U/mL Proleukin (Novartis) and 2 ug/mL PHA-L (Sigma-Aldrich, L2769- 10) in 6-well tissue

culture plate and then 1 day on pre-coated 6-well tissue culture plates [2 ug/mL] anti-human

CD3 (clone OKT3, eBioscience, Ca.No. 16-0037-85) and [2 ug/mL] anti-human CD28 (clone

CD28.2, eBioscience, Cat No. 16-0289-85] in T cell medium supplied with 200 U/mL Proleukin

at 37 °C and 5% C0 2.

For detection of OX40, naive human PBMC and activated human PBMC were mixed. To

enable distinction of naive from activated human PBMC naive cells were labeled prior to the

binding assay using the eFluor670 cell proliferation dye (eBioscience, Cat.-No.65-0840-85).

For labeling, cells were harvested, washed with pre-warmed (37°C) DPBS and adjusted to

a cell density of 1 x 107 cells/mL in DPBS. eFluor670 cell proliferation dye (eBioscience, Cat.-

No. 65-0840-85 ) was added to the suspension of naive human PBMC at a final concentration of

2.5 mM and a final cell density of 0.5 x 107 cells/mL in DPBS. Cells were then incubated for 10

min at room temperature in the dark. To stop the labeling reaction, 4 mL heat inactivated FBS

was added and cells were washed three times with T cell medium. A 2 :1 mixture of 1 x 105

resting eFluor670 labeled human PBMC and 0.5 x 105 unlabeled activated human PBMC were

then added to each well of round-bottomed suspension cell 96-well plates (Greiner bio-one,

cellstar, Cat. No. 650185).

Cells were stained for 120 minutes at 4°C in the dark in 50 µ ν ΙΙ 4°C FACS buffer

containing different amounts ofo the indicated antigen binding molecules. After three washes

with 4°C FACS buffer, cells were stained for 45 minutes at 4°C in the dark in 25 µ /well 4°C

FACS buffer containing a mixture of fluorescently labeled anti-human CD4 (clone RPA-T4,

mouse IgGl k, BioLegend, Cat.-No. 300532), anti-human CD8 (clone RPa-T8, mouse IgGlk,

BioLegend, Cat.-No. 3010441) and Fluorescein isothiocyanate (FITC)-conjugated AffmiPure

anti-human IgG Fcy-fragment-specific goat IgG F(ab")2 fragment (Jackson ImmunoResearch,

Cat.-No. 109-096-098).



Cells were then resuspended in 85 µΙ ΙΙ FACS-buffer containing 0.2 µg/mL DAPI

(Santa Cruz Biotec, Cat. No. Sc-3598) and acquired the same day using 5-laser LSR-Fortessa

(BD Bioscience with DIVA software).

As shown in Figures 6A to 6D and Figures 7A to 7D, none of the antigen binding

molecules specific for OX40 bound to resting human CD4+ T-cells or CD8+ T-cells, which do

not express OX40 at the cell surface. By contrast, all of the bispecific anti-OX40, anti-TnC

molecules displayed binding to activated CD8+ or CD4+ T-cells, which express OX40. Binding

to CD4+ T-cells was much stronger than that to CD8+ T cells. Activated human CD8+ T cells

express OX40 at a much lower level than the level of expression by activated CD4+ T cells.

Expression levels for OX40 are depended on the kinetics and strength of stimulation and

conditions were here optimized for OX40 expression on CD4+ T cells but not for CD8+ T cells.

Thus, only a small amount of OX40 expression was induced on CD8+ T cells.

The bispecific anti-OX40, anti-TnC molecules were found to vary in their strength of

binding. As shown in Table 36 as can be seen in Figure 7A, the 4+2 molecules with tetravalent

binding for OX40 bound more strongly and with higher avidity than the bivalent 2+2 molecules.

The results also suggested that the presence of a TnC-binding moiety did not influence

binding to OX40 binding for the tetravalent OX40 binders (see e.g. Figure 6A and Figure 7A).

4.4 Binding to human TnC-expressing and TnC-negative tumor cells

Binding of the bispecific anti-OX40, anti-TnC molecules to TnC expressed at the cell

surface was analysed using TnC-expressing U87-MG cells (ATCC HTB-14), and CT26 cell line

transfected to stably express human TnC (designated 'CT26huTnC cells). The specificity of

binding was analysed using TnC-negative cell line WM-266-4 (ATCC CRL-1676).

To allow the tumor cells to be distinguished, WM266-4 cells were pre-labeled with PKH-

26 Red Fluorescence Cell linker Kit (Sigma, Cat.-No. PKH26GL). Cells were harvested and

washed three times with RPMI 1640 medium. The cells were then stained for 5 minutes at room

temperature in the dark at a final cell density of 0.5 x 107 cells in freshly prepared PKH26-Red-

stain solution (at a final concentration of 1 nM, in diluent C (provided with the PKH-26 Red

Fluorescence Cell linker Kit)). Excess FBS was added to stop labeling reaction and cell were

washed four times with RPMI 1640 medium supplemented with 10 % (v/v) FBS, 1 % (v/v)

GlutaMAX-I to remove excess dye.

For the detection of binding of antigen binding molecules to the different cell types, 0.5-2

x 105 PkH26 labeled WM266-4 and/or unlabeled U87-MG cells or CT26huTnC cells were added

to wells of round-bottomed suspension cell 96-well plates (Greiner bio-one, cellstar, Cat. No.



650185). Cells were then stained for 60 to 120 minutes at 4°C in the dark in 50 well 4 °C

FACS buffer (DPBS (Gibco by Life Technologies, Cat. No. 14190 326) w/BSA (0.1 % v/w,

Sigma-Aldrich, Cat. No. A9418) containing titrated antigen binding molecules. After three

washes with excess FACS buffer, cells were stained for 30-60 minutes at 4°C in the dark in 25

µ ΙΙ 4°C FACS buffer containing Fluorescein isothiocyanate (FITC)-conjugated AffiniPure

anti-human IgG Fcy-fragment-specific goat IgG F(ab")2 fragment (Jackson ImmunoResearch,

Cat.-No. 109-096-098) or Phycoerythrin (PE)-conjugated AffiniPure anti-human IgG Fcy-

fragment-specific goat IgG F(ab")2 fragment (Jackson ImmunoResearch, Cat.-No. 109-1 16-098)

as indicated. Expression of TnC and FAP on tumor cells was determined using the anti-FAP

antibody (Calbiochem, moIgGl, OP188) or anti-TnC antibody (US Biological, moIgGl, T2550-

20D), and detected using the secondary antibody FITC-labeled anti-mouse IgG antibody (Dako,

Code K0078 (Quifikit)).

For discrimination of live and dead cells two methods were used. Non- fixed cells were

acquired the same day in 85 µ ν ΙΙ FACS-buffer containing 0.2 µg/mL DAPI (Santa Cruz

Biotec, Cat. No. Sc-3598) running a 5-laser LSR-Fortessa (BD Bioscience with DIVA software).

In some cases, however, dead cells were labeled prior to the binding assay with Fixable Viability

Dye eFluor® 660 (eBioscience 65-0864-18) or with Zombie Aqua™ Fixable Viability Kit

(BioLegend 423102) according to manufacturer's instructions to allow for subsequent formalin

fixation of cells and over-night acquisition on a on a MACS Quant Analyzer 10 or on a 5-laser

LSR Fortessa (BD Bioscience with DIVA software). Briefly, cells were washed once with

DPBS (Gibco by Life Technologies, Cat. No. 14190 326) and were incubated for 30 minutes at

dark/ 4°C at a cell concentration of 1 x 106 cell/mL in DPBS containing Viability Dye eFluor®

660 [ lug/mL]. Alternatively, cells were washed once with DPBS and were incubated for 15

minutes at dark 4°C at a cell concentration of 1 x 106 cell/mL in DPBS containing Zombie

Aqua™ Viability Dye [1:800 dilution]. Cells were subsequently washed once with DPBS to

remove excess dye before primary antigen binding molecules were added to the cells and the

cells were incubated as described above. The cells were subsequently fixed for 15 minutes at 4°C

in formalin solution (1-2.5 % (v/v) in DPBS, Sigma HT501320) before measurement.

As shown in Figure 8, TnC expression was detected on U87-MG cells (at a low level), and

at high levels on CT26huTnC cells, but not on WM-266-4 cells. FAP expression was detected on

WM-266-4 and U87-MG cells.

As shown in Figure 9, the bispecific, bivalent anti-OX40 (clone 49B4), bivalent anti-TnC

(clone 11C7 or clone 18D4) antigen binding molecules do not display binding to WM-266-4

cells (Figure 9A). The bivalent anti-OX40, bivalent anti-TnC clone 18D4 antigen binding

molecules displayed binding to TnC on U87-MG cells (Figure 9B), and strong binding to

CT26huTnC cells (Figure 9C; filled triangles).



As shown in Figure 10, the parental bivalent anti-TnC antibody clonel8D4 (Figure 10B;

square with a cross) showed strong binding to TnC on U87-MG cells, and strong binding to

CT26huTnC cells (Figure IOC; square with a cross). Bivalent anti-OX40, bivalent anti-TnC

clone 18D4 and tetravalent anti-OX40, bivalent anti-TnC clone 18D4 molecules were shown to

bind to CT26huTnC cells less strongly than the parental bivalent anti-TnC antibody clone 18D4

(Figure IOC; filled triangle and filled circle vs. square with a cross), suggesting that expression

of the molecule at the C-terminus of the antigen binding molecule decreases binding to TnC.

Stabilization by introduction of charges was able to slightly increase binding to TnC by the N-

terminally-expressed bivalent anti-TnC (Figure IOC; filled circle vs filled triangle). Bivalent

anti-OX40, bivalent anti-TnC clone 18D4 and tetravalent anti-OX40, bivalent anti-TnC clone

18D4 molecules were shown to bind to CT26huTnC cells more stongly than tetravalent anti-

OX40, monovalent anti-TnC clone 18D4 molecules (Figure IOC; filled square vs filled triangle

and filled circle). The anti-TnC antigen binding molecules did not show binding to the TnC-

negative WM-226-4 cells (Figure 10A)

Table 36 shows the EC50 values for binding of the indicated antigen binding molecules to

WM266-4, U87-MG and CT26huTnC cells.

Table 36. EC50 values for binding of aOx40 binder 49B9 in different bispecific human
IgGl P329GLALA formats to cell surface human TnC and human Ox40

n.c. = curve was not to fit, no EC50 calculation possible.

Example 5

Biological Activity of bispecific antigen binding molecules targeting OX40 and TnC

5.1 HeLa cells expressing human OX40 and reporter gene NF-KB-luciferase

Agonstic binding of Ox40 to its ligand induces downstream signaling via activation of

nuclear factor kappa B (NFKB) (A. D. Weinberg et al, J . Leukoc. Biol. 2004, 75(6), 962-972).

The recombinant reporter cell line HeLa_hOX40_NFKB_Lucl expressing human OX40 on its

surface was generated. This cell line harbors a reporter plasmid containing the luciferase gene

under the control of an NFKB-sensitive enhancer segment. Binding and activation of OX40

induces dose-dependent activation of NFKB , which then translocates to the nucleus, where it



binds to the NFKB-sensitive enhancer of the reporter plasmid to increase expression of the

luciferase protein. Luciferase catalyzes luciferin-oxidation resulting in oxyluciferin, which emits

light. This can be detected and quantified using a luminometer. Thus, the

HeLa_hOx40_NFkB_Lucl reporter cells can be used to analyse the ability of anti-OX40

molecules to induce NFKB activation as a measure for bioactivity.

Adherent HeLa_hOx40_NFkB_Lucl cells were harvested using cell dissociation buffer

(Invitrogen, Cat.-No. 13151-014) for 10 minutes at 37 °C. Cells were washed once with DPBS

and were adjusted to a cell density of 1.33 x l 05 in assay media comprising of MEM

(Invitrogen, Cat.-No. 22561-021), 10 % (v/v) heat-inactivated FBS, 1 mM Sodium-Pyruvate and

1% (v/v) non-essential amino acids. Cells were seeded at a density of 0.2 x 105 cells per well in a

sterile, white 96-well flat-bottomed tissue culture plate with lid (greiner bio-one, Cat. No.

655083) and incubated overnight at 37 °C in a 5% C0 2 atmosphere, in an incubator (Hera Cell

150).

The next day, HeLa_hOx40_NFkB_Lucl cells were stimulated for 5-6 hours by adding

assay medium containing various titrated bispecific antigen binding molecules targeting OX40 in

a P329GLALA hulgGI format. To analyse the effect of hyper-crosslinking on bioactivity, 25

µ /well of medium containing secondary antibody anti-human IgG Fey-fragment-specific goat

IgG F(ab")2 fragment (Jackson ImmunoResearch, 109-006-098) was added in a or 1:2 ratio (2

times more secondary antibody than the primary anti-OX40 P329GLALA hulgGI antigen

binding molecule). Hyper-crosslinking of the constructs by cell surface TnC+ cells was tested by

adding 25 µ ν ΙΙ of medium containing TnC+ tumor cells (U87-MG or CT26huTnC cells) in a

4 to 1 ratio (four times as many TnC+ tumor cells as reporter cells per well).

After incubation, assay supernatant was aspirated and plates washed two times with DPBS.

Quantification of light emission was performed using the luciferase 100 assay system and the

reporter lysis buffer (both Promega, Cat.-No. E4550 and Cat-No: E3971) according to

manufacturer's instructions. Briefly, cells were lysed for 10 minutes at -20 °C by addition of 30

uL per well l x lysis buffer. Cells were thawed for 20 minutes at 37 °C before 90 uL luciferase

assay reagent was added per well. Light emission was quantified immediately with a SpectraMax

M5/M5e microplate reader (Molecular Devices, USA) or on a Spark® 10M multimode

microplate reader (Tecan trading AG) using 500ms integration time, without any filter to collect

all wavelengths. Emitted relative light units (RLU) were corrected by basal luminescence of

HeLa_hOx40_NFkB_Lucl cells and were plotted against the logarithmic primary antibody

concentration using Prism4 or 6 (GraphPad Software, USA). Curves were fitted to the data using

the inbuilt sigmoidal dose response.



As shown in Figure 11, all of the bivalent anti-OX40 antigen binding 2+2 molecules

induced limited NFkB activation (Figure 11A). Crosslinking by anti-human Fc specific

secondary antibody strongly enhanced bioactivity independently of the targeting moiety (Figure

11B). TnC-expressing tumor cells increased induction of NFKB-mediated luciferase-activation

when TnC targeted molecules were used (Figures 11C and 11D; filled squares and filled

triangles).

As shown in Figure 12 and Figure 13, all of the anti-OX40 antigen binding molecules

induced limited NFkB activation (Figures 12A and 13A). Crosslinking by U87-MG cells

enhanced bioactivity when TnC-targeted antigen binding molecules were used (Figure 12B). As

expected, all TnC targeted molecules caused a much higher induction of NFkB when crosslinked

with CT26huTnC cell line as compared to crosslinking by U87-MG cells (compare Figure 12B

with Figure 13B).

The area under the curve of the respective plotted dose-response curves was determined as

an indicator of the agonistic capacity of each antigen binding molecule.

As shown in Figure 12C, the tetravalent anti-OX40, bivalent anti-TnC (clone 18D4) 4+2

molecule induced the most NFkB activation in the presence of cross-linking by U87-MG cells

(which express intermediate levels of surface TnC), and only a low level of agonism was

detected by cross-linking by U87-MG cells with the equivalent tetravalent anti-OX40,

monovaent anti-TnC (clone 18D4) 4+1 molecule. This finding is in agreement with the finding

that the 4+2 molecules bind to U87-MG cells to a greater extent than the 4+1 molecules - see

Figure IOC.

However, as shown in Figures 13B and 13C, when CT26huTnC cell line was used, both

the tetravalent anti-OX40, bivalent anti-TnC (clone 18D4) 4+2 molecule and the tetravalent anti-

OX40, monovalent anti-TnC (clone 18D4) 4+1 molecule induced very strong NFkB activation,

and to a similar extent. It is also clear from Figures 13B and 13C that the bivalent anti-OX40,

bivalent anti-TnC (clone 18D4) 2+2 molecule induced a lower level of NFkB activation as

compared to the tetravalent anti-OX40, bivalent anti-TnC (clone 18D4) 4+2 and tetravalent anti-

OX40, monovalent anti-TnC (clone 18D4) 4+1 molecules.

This latter finding suggests that hypercrosslinking by TnC, as well as high valency for

OX40, are important for the agonist function of the OX40 antigen binding molecules.



5.2 OX40 mediated costimulation of suboptimally TCR triggered resting human PBMC

and hypercrosslinking by cell surface TnC

Ligation of OX40 provides a synergistic co-stimulatory signal promoting division and

survival of T-cells following suboptimal T-cell receptor (TCR) stimulation (M. Croft et al.,

Immunol. Rev. 2009, 229(1), 173-191). Additionally, production of several cytokines and

surface expression of T-cell activation markers is increased following ligation of OX40 (I.

Gramaglia et al, J . Immunol. 1998, 161(12), 6510-6517; S. M. Jensen et al., Seminars in

Oncology 2010, 37(5), 524-532).

The bispecific anti-OX40, anti-TnC antigen binding molecules were analysed for their

ability to rescue suboptimal TCR stimulation of resting human PBMC cells. Human PBMC

preparations contain (1) resting, OX40-negative CD4+ and CD8+ T cells and (2) antigen

presenting cells with various Fc-receptor molecules on their cell surface e.g. B cells and

monocytes. Anti-human CD3 antibody of human IgGl isotype binds through its Fc to the Fc-γ

receptor molecules and trigger a prolonged TCR activation on resting OX40-negative CD4+ and

CD8+ T cells. These cells then start to express OX40 within several hours. Functional agonistic

compounds against OX40 can signal via the OX40 receptor present on activated CD8+ and

CD4+ T cells and support TCR-mediated stimulation.

Resting eFluor670- or CFSE-labelled (Cell Trace CFSE proliferation Kit, Thermo Fischer,

C34554) human PBMCs were stimulated for four days with a suboptimal concentration of anti-

CD3 antibody in the presence of irradiated U87-MG or CT26huTnC cells and titrated anti-OX40

antigen binding molecules. The effects on T-cell survival, proliferation and differentiation were

analysed by monitoring total cell counts and eFluor670/CFSE dilution in living cells by flow

cytometry. Additionally, cells were co-stained with fluorescently-labeled antibodies against T-

cell activation marker CD25 and the maturation marker CD 127.

U87-MG or CT26huTnC cells were harvested using cell dissociation buffer (Invitrogen,

Cat.-No. 13151-014) for 10 minutes at 37 °C. Cells were washed once with DPBS. U87-MG or

CT26huTnC cells were cultured at a density of 0.2 x 105 cells per well in T cell media in a sterile

96-well round bottom adhesion tissue culture plate (TPP, Cat. No. 92097) overnight at 37 °C and

5% C0 2 in an incubator (Hera Cell 150). The next day they were irradiated in an xRay irradiator

using a dose of 4500 RAD to prevent later overgrowth of human PBMC by the tumor cell line.

Human PBMCs were isolated by ficoll density centrifugation and were labeled with

eFluor670 as described in Example 4.3. Alternatively the PBMCs were labelled with CFSE, for

labeling cells were harvested, washed with pre-warmed (37°C) DPBS and adjusted to a cell

density of 1 x 107 cells/mL in DPBS. CFSE (Cell Trace CFSE proliferation Kit, Thermo Fischer,

Cat.-No. C34554) was added to the suspension of na ve human PBMC at a final concentration of



0.2 µΜ and a final cell density of 0.5 x 107 cells/mL in DPBS. Cells were then incubated for 10

min at 37°C in the dark. To stop the labeling reaction 4 mL heat inactivated FBS were added and

cells were washed three times with T cell medium. Cells were added to each well at a density of

0.6 x 105 cells per well. Anti-human CD3 antibody (clone V9, human IgGl) at a final

concentration of 10 nM, and the indicated anti-OX40 antigen binding molecules were added at

the indicated concentrations. Cells were activated for four days at 37 °C and 5% C0 2 in an

incubator (Hera Cell 150). Cells were subsequently surface-stained with fluorescent dye-

conjugated antibodies anti-human CD4 (clone RPA-T4, BioLegend, Cat.-No. 300532), CD8

(clone RPa-T8, BioLegend, Cat.-No. 3010441), anti-CD25 (clone M-A251, BioLegend, Cat.-No.

3561 12) and anti-CD127 (clone A019D5, BioLegend, Cat.-No. 351324) for 20 min at 4°C. Cell

pellets were washed once with FACS buffer. Cells were finally resuspended in 85 µ ν ΙΙ

FACS-buffer containing 0.2 µg/mL DAPI (Santa Cruz Biotec, Cat. No. Sc-3598) and acquired

the same day using 5-laser LSR-Fortessa (BD Bioscience with DIVA software).

In some cases, cells were washed once with DPBS and were incubated for 15 minutes at

dark/ 4°C at a cell concentration of 1 x 106 cell/mL in DPBS containing Zombie AquaTM

Viability Dye [ 1 :800 dilution]. Cells were washed once with DPBS to remove excess and surface

staining with with fluorescent dye-conjugated antibodies was performed as described above.

Cells were fixed for 30 minutes/ 4°C in formalin solution ( 1 % (v/v) in DPBS, Sigma HT501320)

before measurement. Plates were finally resuspended in 100 µ ν ΙΙ FACS-buffer and acquired

the same day using 5-laser LSR-Fortessa (BD Bioscience with DIVA software).

The results of the experiments are shown in Figures 14 to 16.

Hyper-crosslinking of the TnC-targeted 4+2 (filled circle) anti-OX40 antigen binding

molecules by culture in the presence of U87-MG cells strongly promoted proliferation and

maturation (Figure 14) and induced an enhanced activated (CD25+) phenotype (Figure 15) in

human CD4+ and CD8+ T cells. Hyper-crosslinking of the TnC targeted 4+2 (filled circle) anti-

OX40 antigen binding molecules by culture in the presence of CT26huTnC cells strongly

promoted proliferation and maturation (Figure 16) in human CD4+ and CD8+ T cells. The

tetravalent anti-OX40, bivalent anti-TnC 4+2 molecules (filled circle) were clearly superior in

their ability to rescue suboptimal TCR stimulation, as compared to bivalent anti-OX40, bivalent

anti-TnC 2+2 molecules (filled triangle) and tetravalent anti-OX40, monovalent anti-TnC 4+1

molecules (filled square).

Tetravalent anti-OX40, monovalent anti-TnC 4+1 molecules (filled square) were shown to

have reduced ability to rescue suboptimal TCR stimulation as compared to bivalent anti-OX40,

bivalent anti-TnC 2+2 molecules (filled triangle). This may be explained by the reduced affinity

of monomeric N-terminally fused anti-TnC (18D4) molecules for TnC as compared to bivalent



molecules. However, only a small degree of crosslinking by cell surface TnC can be expected

fromN terminal fused anti-TnC (18D4) binders due to steric hindrance.

The results suggest that for optimal OX40 agonism in T cells, not only sufficient

oligomerization of the OX40 receptor is required (e.g. through tetravalency for OX40), but also,

cell surface immobilization of OX40 receptor oligomers is necessary.



Claims

1. A bispecific antigen binding molecule, comprising

(a) at least one moiety capable of specific binding to OX40 comprising an antibody light

chain variable region (VL) and an antibody heavy chain variable region (VH), and

2 . The bispecific antigen binding molecule of claim 1, additionally comprising

(c) a Fc region composed of a first and a second subunit capable of stable association.

3 . The bispecific antigen binding molecule of claim 1 or claim 2, wherein the Fc region

comprises one or more amino acid substitution that reduces the binding affinity of the antibody

to an Fc receptor and/or effector function.

4 . The bispecific antigen binding molecule of any one of claims 1 to 3, wherein the moiety

capable of specific binding to OX40 comprises a VH comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:2 and SEQ ID NO:3,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:4 and SEQ ID NO:5, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID

NO: 11 and SEQ ID NO: 12,

and a VL comprising

(iv) a CDR-L1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO: 13, SEQ ID NO: 14 and SEQ ID NO: 15,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:16, SEQ ID NO:1 and SEQ ID NO:18, and

(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23 and SEQ ID

NO:24.

5 . The bispecific antigen binding molecule of any one of claims 1 to 4, wherein the moiety

capable of specific binding to OX40 comprises a VH comprising an amino acid sequence that is

at least about 95%, 96%>, 97%>, 98%>, 99%> or 100% identical to an amino acid sequence selected



fromthe group consisting of SEQ ID NO:25, SEQ ID NO: 27, SEQ ID NO:29, SEQ ID NO:31,

SEQ ID NO:33, SEQ ID NO:35 and SEQ ID NO:37 and a VL comprising an amino acid

sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid

sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO: 28, SEQ ID NO:30,

SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 and SEQ ID NO:38.

6 . The bispecific antigen binding molecule of any one of claims 1 to 5, wherein the moiety

capable of specific binding to OX40 comprises

(i) a VH comprising the amino acid sequence of SEQ ID NO:25 and a VL comprising the

amino acid sequence of SEQ ID NO:26,

(ii) a VH comprising the amino acid sequence of SEQ ID NO:27 and a VL comprising the

amino acid sequence of SEQ ID NO:28,

(iii) a VH comprising the amino acid sequence of SEQ ID NO:29 and a VL comprising the

amino acid sequence of SEQ ID NO:30,

(iv) a VH comprising the amino acid sequence of SEQ ID NO:31 and a VL comprising the

amino acid sequence of SEQ ID NO:32,

(v) a VH comprising the amino acid sequence of SEQ ID NO:33 and a VL comprising the

amino acid sequence of SEQ ID NO:34,

(vi) a VH comprising the amino acid sequence of SEQ ID NO:35 and a VL comprising the

amino acid sequence of SEQ ID NO:36, or

(vii) a VH comprising the amino acid sequence of SEQ ID NO:37 and a VL comprising the

amino acid sequence of SEQ ID NO:38.

7 . The bispecific antigen binding molecule of any one of claims 1 to 6, wherein the moiety

capable of specific binding to TnC comprises a VH comprising

(i) a CDR-H1 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:40 and SEQ ID NO:41,

(ii) a CDR-H2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:42 and SEQ ID NO:43, and

(iii) a CDR-H3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NO:44 and SEQ ID NO:45,

and a VL comprising

(iv) a CDR-Ll comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:46 and SEQ ID NO:47,

(v) a CDR-L2 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:48 and SEQ ID NO:49, and



(vi) a CDR-L3 comprising an amino acid sequence selected from the group consisting of SEQ

ID NO:50 and SEQ ID NO:51.

8. The bispecific antigen binding molecule of any one of claims 1 to 7, wherein the moiety

capable of specific binding to TnC comprises a VH comprising an amino acid sequence that is at

least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected

from the group consisting of SEQ ID NO:52 and SEQ ID NO:54 and a VL comprising an amino

acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an amino

acid sequence selected from the group consisting of SEQ ID NO:53 and SEQ ID NO:55.

9 . The bispecific antigen binding molecule of any one of claims 1 to 8, comprising

(i) at least one moiety capable of specific binding to OX40, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:25, SEQ ID NO: 27,

SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35 or SEQ ID NO:37 and a VL

comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%

identical to an amino acid sequence selected from the group consisting of SEQ ID NO:26, SEQ

ID NO: 28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36 or SEQ ID

NO:38 and

(ii) at least one moiety capable of specific binding to TnC, comprising a VH comprising an

amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence selected from the group consisting of SEQ ID NO:52 or SEQ ID NO:54

and a VL comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99%

or 100% identical to an amino acid sequence selected from the group consisting of SEQ ID

NO:53 or SEQ ID NO:55.

10. The bispecific antigen binding molecule of any one of claims 1 to 9, comprising

(a) at least one moiety capable of specific binding to OX40, comprising a VH comprising the

amino acid sequence of SEQ ID NO: 27 and a VL comprising the amino acid sequence of SEQ

ID NO: 28 and

(b) at least one moiety capable of specific binding to TnC, comprising

(i) a VH comprising the amino acid sequence of SEQ ID NO:52 and a VL comprising the

amino acid sequence of SEQ ID NO:53, or

(ii) a VH comprising the amino acid sequence of SEQ ID NO:54 and a VL comprising

the amino acid sequence of SEQ ID NO:55.



11. The bispecific antigen binding molecule of any one of paras 2 to 10, wherein the Fc region is

an IgG, particularly an IgGl Fc region or an IgG4 Fc region.

12. The bispecific antigen binding molecule of any one of claims 2 to 11, wherein the Fc region

comprises a modification promoting the association of the first and second subunit of the Fc

region.

13. The bispecific antigen binding molecule of any one of claims 1 to 10, wherein the bispecific

antigen binding molecule comprises

(a) at least two Fab fragments capable of specific binding to OX40 connected to a Fc

region, and

(b) at least one moiety capable of specific binding to TnC comprising an antibody light

chain variable region (VL) and an antibody heavy chain variable region (VH), connected to the

C-terminus of the Fc region.

14. The bispecific antigen binding molecule of any one of claims 1 to 13, wherein the bispecific

antigen binding molecule comprises

(a) two heavy chains, each heavy chain comprising a VH and CHI domain of a Fab

fragment capable of specific binding to OX40, and a Fc region subunit,

(b) two light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40,

(c) two Fab fragments capable of specific binding to TnC, wherein one of the Fab

fragments is connected to the C-terminus of one of the two heavy chains of (a), and the other of

the Fab fragments is connected to the C-terminus of the other of the two heavy chains of (a).

15. The bispecific antigen binding molecule of any one of claims 1 to 13, wherein the bispecific

antigen binding molecule comprises four Fab fragments capable of specific binding to OX40.

16. The bispecific antigen binding molecule of any one of claims 1 to 13 or 15, wherein the

bispecific antigen binding molecule comprises (a) two heavy chains, each heavy chain

comprising two VH domains and two CHI domains of a Fab fragment capable of specific

binding to OX40 and a Fc region subunit,

(b) four light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(c) a VH and a VL of a moiety capable specific binding to TnC, wherein the VH is connected to

the C-terminus of one of the two heavy chains of (a), and wherein the VL is connected to the C-

terminus of the other of the two heavy chains of (a).



17. The bispecific antigen binding molecule of any one of claims 1 to 13 or 15, wherein the

bispecific antigen binding molecule comprises

(a) two heavy chains, each heavy chain comprising two VH domains and two CHI domains of a

Fab fragment capable of specific binding to OX40 and a Fc region subunit,

(b) four light chains, each light chain comprising a VL and CL domain of a Fab fragment

capable of specific binding to OX40, and

(c) two Fab fragments capable of specific binding to TnC, wherein one of the Fab fragments is

connected to the C-terminus of one of the two heavy chains of (a), and the other of the Fab

fragments is connected to the C-terminus of the other of the two heavy chains of (a).

18. A bispecific antigen binding molecule, selected from the group consisting of comprising

(i) a bispecific antigen binding molecule comprising two heavy chains, each comprising the

amino acid sequence of SEQ ID NO:213, two light chains, each comprising the amino acid

sequence of SEQ ID NO:212, and two light chains, each comprising the amino acid sequence of

SEQ ID NO:214,

(ii) a bispecific antigen binding molecule comprising two heavy chains, each comprising the

amino acid sequence of SEQ ID NO:215, two light chains, each comprising the amino acid

sequence of SEQ ID NO:212, and two light chains, each comprising the amino acid sequence of

SEQ ID NO:216,

(iii) a bispecific antigen binding molecule comprising a first heavy chain comprising the amino

acid sequence of SEQ ID NO:222, a second heavy chain comprising the amino acid sequence of

SEQ ID NO:223, and four light chains, each comprising the amino acid sequence of SEQ ID

NO:212., and

(iv) a bispecific antigen binding molecule comprising two heavy chains, each comprising the

amino acid sequence of SEQ ID NO:225, four light chains, each comprising the amino acid

sequence of SEQ ID NO:224, and two light chains, each comprising the amino acid sequence of

SEQ ID NO:226.

19. A polynucleotide encoding the bispecific antigen binding molecule of any one of claims 1 to

18.

20. An expression vector comprising the polynucleotide of claim 19.

2 1. A host cell comprising the polynucleotide of para 19 or the expression vector of claim 20.

22. A method of producing a bispecific antigen binding molecule, comprising culturing the host

cell of claim 2 1 under conditions suitable for the expression of the bispecific antigen binding

molecule, and isolating the bispecific antigen binding molecule.



23. A pharmaceutical composition comprising the bispecific antigen binding molecule of any

one of claims 1 to 18 and at least one pharmaceutically acceptable excipient.

24. The bispecific antigen binding molecule of any one of claims 1 to 18, or the pharmaceutical

composition of claim 23, for use as a medicament.

25. The bispecific antigen binding molecule of any one of claims 1 to 18, or the pharmaceutical

composition of claim 23, for use

(i) in stimulating T cell response,

(ii) in supporting survival of activated T cells,

(iii) in the treatment of infections,

(iv) in the treatment of cancer,

(v) in delaying progression of cancer, or

(vi) in prolonging the survival of a patient suffering from cancer.

26. The bispecific antigen binding molecule of any one of claims 1 to 18, or the pharmaceutical

composition of claim 23, for use in the treatment of cancer.

27. Use of the bispecific antigen binding molecule of any one of claims 1 to 18, or the

pharmaceutical composition of claim 23, in the manufacture of a medicament for the treatment

of cancer.

28. A method of treating an individual having cancer comprising administering to the individual

an effective amount of the bispecific antigen binding molecule of any one of claims 1 to 18, or

the pharmaceutical composition of claim 23.
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