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BINDING MOLECULES FOR THE TREATMENT OF CANCER

Sequence Listing

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII

copy, created on April 22, 2021, is named 09-0703-WO-1_SL.txt and is 873,263 bytes in size.

Field of the invention

This invention relates to binding molecules that bind to CD137 (4-1BB, TNFRSF9), a member of
the TNFR family and Fibroblast activation protein (FAP) and their use in medicine,
pharmaceutical compositions containing the same, and methods of using the same as agents for

treatment and/or prevention of cancer.

Background of the invention

Cancer is a group of diseases commonly based on abnormal cell proliferation and the potential for
cancerous cells to invade or spread throughout the body. It is a serious disease and a major cause

of death globally.

Various methods of treatment have been used in an attempt to manage or in some cases treat cancer,
including surgery, chemotherapy, radiation therapy and hormonal therapy. Recent advances in
immunotherapy has changed the treatment landscape for cancer. Still, most patients with locally
advanced or metastatic tumors will succumb to their disease, justifying the substantial need for

novel therapeutic strategies.

Antibody-based biological molecules offer the potential to be powerful therapeutic agents for the
treatment of cancer. Antibodies are designed to recognize and bind to specific proteins on the
surface of cells (their target antigens), and such proteins may be present only on the surface of

specific cancer cells or on immune cells. This binding can provoke a number of different
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biological responses, depending on the function of their target antigen protein and also the structure

of the antibody itself.

For example, some antibodies trigger the immune system to attack and kill cancer cells, either by
attracting immune cells to the cancer cells or by directly influencing the activity of the immune
system itself. A further type of antibody-based therapy binds to cancer cells to stop or reduce cell
division thus slowing or preventing abnormal cell proliferation. Other types of antibodies have
drugs or radioactive particles attached to them and hence deliver these therapeutics to the cancer

cell itself.

FAP is a member of the dipeptidyl peptidase (DPP) family (also referred to as fibroblast activation
protein alpha, prolyl endopeptidase FAP, 170 kDa melanoma membrane-bound gelatinase,
integral membrane serine protease). It is transiently expressed in some fetal mesenchymal tissues,
and rarely in healthy adult tissues where FAP presence is normally restricted to endometrial cells.
FAP is also expressed during diseases associated with activated stroma, including wound healing,
rheumatoid arthritis, osteoarthritis, cirrhosis and pulmonary fibrosis; often induced in activated
fibroblasts after trauma or injury to the tissue. FAP is also expressed in tumour stroma tissue of all
kinds of human epithelial tumours and in malignant cells of various bone and soft tissue sarcomas.
FAP is expressed in more than 90% of human epithelial malignancies, including colorectal,
ovarian, breast, bladder and lung. FAP is preferably found in fibroblasts that occur close to newly
forming or formed blood vessels and form a specific cellular compartment between the tumour

capillary endothelium and the actual malignant epithelial cells and clusters of cells.

Stromal fibroblasts play an important role in the development, growth and metastasis of
carcinomas. The expression profile of FAP suggests that FAP plays a part in tumour invasion into
healthy tissue and in tumour formation and metastasis. FAP inhibitors, i.e. substances that are
capable of reducing or inhibiting the proteolytic activity of FAP, are useful therapeutic agents for
the treatment of all kinds of tumour diseases. FAP inhibitors can preferably be used to treat
tumours of epithelial origin such as breast tumours, non-small-cell lung carcinomas, colorectal

carcinomas and soft tissue carcinomas.
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FAP antibodies are known in the art. For example, Sibrotuzumab, is a humanized murine FAP,
which after humanization bound to human FAP, but demonstrated no detectable binding to murine
FAP and no tumor killing in murine models. (W01993005804, Cheng, et al. Tumors and their
microenvironments: tilling the soil. Commentary re: A. M. Scott et al., A Phase I dose-escalation
study of sibrotuzumab in patients with advanced or metastatic fibroblast activation protein-positive
cancer. Clin. Cancer Res., 9: 1639-1647). At least 15 different antibodies are in commercial pre-
clinical or clinical development that target FAP (See e.g. US8999342 Ludwig Institute for Cancer
Research (mAb/preclinical); W02016110598, US20170369592 Mabimmune Diagnostics/Univ
Zurich (mAb/preclinical); WO02015118030, US10137202, Oncomatryx (mAb-
conjugate/preclinical); W0O1993005804, W0O1999057151, WO02001068708, W02002083171,
WO02007077173, US8568727 Sibrotuzumab, Boehringer Ingelheim (humanized murine
FAP/terminated after PH1 in colorectal))

CD137 (4-1BB, TNFRSF9, CDw137, T-cell antigen 4-1BB homology, T-cell antigen ILA,
CD_antigen CD137) is also a member of the tumor necrosis factor receptor super-family. CD137
is expressed on activated T lymphocytes and upon ligand engagement confers enhanced T-cell
function. Activation of CD137 is dependent on receptor oligomerization. CD137 is expressed on
activated CD4+ and CD8+ T cells, Treg, DC, monocytes, mast cells and eosinophils. CD137
activation plays an important role in CD8+ T cell activation and survival. It sustains and augments,
rather than initiates effector functions and preferentially supports TH1 cytokine production. In
CD4+ T cells, CD137 stimulation initially results in activation and later in activation-induced cell
death, which suggests mechanistically why CD137 agonistic antibodies can have a therapeutic

effect in tumor immunity as well as in autoimmunity.

Further, CD137 is expressed on antigen presenting cells, such as dendritic cells and macrophages,
and stimulation of CD137 on these cell types may induce immune activation that can result in
tumor directed immunity. CD137 plays an essential role in immune surveillance. Deficiency of
CD137 leads to diminished T-cell immune responses in knock out mice, such as cytokine
production and cytotolytic T-cell activity (Kwon, 2002, Narazaki, 2010). In humans, CD137
deficiency is associated with immune dysregulation, impairment of lymphocytic responses and

EBV-associated lymphomagenesis (Somekh, 2019).
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CD137 agonistic antibody has also been shown to activate endothelial cells in the tumor
environment, leading to upregulation of ICAM-1 and VCAM-1 and improved T cell recruitment.
Several studies have demonstrated induction of tumor immunity by treatment with agonistic

CD137 antibodies, with pioneering work dating back to 1997 (Melero, 1997).

More than 25 agents targeting CD137 are currently in pre-clinical or clinical development, but
progress for this target has been slow. Urelumab (BMS-66513), a fully human IgG4 antibody
developed by Bristol-Myers Squibb, was the first CD137 agonist to enter the clinic in 2005. It
showed promising efficacy in melanoma patients in combination with pembrolizumab, but several
trials were halted due to liver toxicity concerns. The future of Urelumab is unclear, it has been
dropped from BMS pipeline, although a number of BMS-sponsored trials remain ongoing. The
other leading CD137 agonist, Pfizer’s Utomilumab (PF-05082566), a fully human IgG2 antibody,
has demonstrated only modest clinical efficacy in various combinations. While Urelumab can
stimulate T-cells in the absence of additional cross-linking, in contrast utomilumab needs FcyR-
mediated crosslinking to initiate agonistic effects (Fisher, 2012). In the latter case, FcyR-mediated
crosslinking is not a predictable process, which has limited the antitumor efficacy of utomilumab.
In April 2018, Pfizer announced it was no longer developing utomilumab as a monotherapy or in
combination with pembrolizumab, although other combination trails may be ongoing. Therefore,
while preliminary data suggested that utomilumab was tolerated, in contrast to urelumab, it
demonstrated only modest tumor effects even in combination with avelumab and rituximab.

Pfizer’s Phase III study was recently curtailed from 500 to 29 patients.

Newer CD137 agents being developed focus activity at the tumor by simultancously targeting a
tumor antigen (e.g. HER2) and this may allow for increased activity without increased toxicity.
CD137/Her?2 bispecific PRS-343 has recently shown promising results in a Phase I trial in heavily
pre-treated cancer patients across multiple tumor types. PRS-343 demonstrated tumor activity, an
increase of tumor-infiltrating CD8+ T-cells and a good safety profile. It is believed that FAP
expression on tumor associated fibroblasts in the stroma is more stable than the expression of
HER?2 on cancer cells and therefore the combination of CD137 with HER?2 as co-localized targets,

may have limited effectiveness.
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Another bispecific CD137/FAP DARPin molecule (MP-0310, from AMGEN/Molecular Partners)
is another such tumor targeting molecule, formatted as a monovalent FAP and monovalent CD137
binder. It is not clear whether this format allows the binding of the natural CD137 ligand in vivo,
or whether the monovalent CD137 engager is capable of cross-linking CD137, thus sufficiently
activating T cells. DARPins (designed ankyrin repeat proteins) are not antibodies, but genetically
engineered antibody mimetic proteins; a new class of non-immunoglobulin proteins that have been
utilized instead of antibodies to target binding in drug discovery and drug development (See e.g.
WO 2002/020565), US20130244940, and Link et al. “Preclinical pharmacology of MP0310: a 4-
1BB/FAP bi-specific DARPin® drug candidate promoting tumor restricted T cell co-stimulation.”
Poster 3572, (https://investors.molecularpartners.com/~/media/Files/M/Molecular-
Partners/documents /201804-mp0310 -pharmacology-poster-3752.pdf).

Additionally, a CD137-L/FAP molecule (RG-7827 from Roche targeting) is a trimerized human
CD137 ligand not an antibody arm binding. It is unknown whether the CD137 ligand allows for
higher order multimerisation of CD137 thought to be necessary for increased agonist activity.
Moreover, RG-7827 is expected to compete with the endogenous CD137 ligand. (See e.g.,
WO02019175125; WO0O2017055398; W02017060144; US20170114141; US20170247467; and J.
Sam, C. Claus, C. Ferrara, S. Lang, V. Nicolini, S. Colombetti, V. Teichgriber, S. Evers, M. Bacac,
P. Umana, C. Klein. (AACR 2018, Poster 5621, FAP-4-1BBL: A novel versatile tumor-stroma
targeted 4-1BB agonist for combination immunotherapy with checkpoint inhibitors, T-cell

bispecific antibodies, and ADCC-mediating antibodies.)

Thus, while systemic administration of agonistic 4-1BB antibodies may have been shown to be
efficacious tumor targeting agents in pre-clinical models, clinical development has not
successfully advanced past phase II trials having been hampered by either significant dose-limiting
hepatotoxicity, or limited clinical efficacy that may be attributable to relatively low potency and/or
dependency on Fcy receptor-mediated hyperclustering. Therefore, while bispecific CD137
molecules and CD137 molecules with various combination partners are currently in development,

safety and clinical efficacy has yet to be demonstrated for this antigen.
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In terms of cancer treatment generally, despite the recent major advances, some difficult to treat
solid tumors do not respond to available therapies; either drugs that are the current standard of care,
or those newer and initially promising drugs that are currently in clinical testing. Even if patients
do respond initially, they often do not experience a long lasting response and seldom result in a
full remission or cure. For example, in the case of non-small cell lung cancer, one such unmet
need, some 40-50% of all NSCLC do not respond to first line therapy, while another 50% who do
respond, do not experience a long lasting response with current 1st line therapies (e.g., including
anti-PD1 immunotherapy). Moreover, less than 30-40% of patients remain progression-free after
12 months. Options for further therapy for patients in 2nd/3rd line who have previously received
anti-PD-L1 treatment are limited and not fully established. Since chemotherapy options such as

docetaxel or platinum based regimen (if not used in 1st line) are of limited benefit.

In view of the available pre-clinical and clinical data, and of the poor outlook for such cancer
patients, there is a clear need to identify more efficacious therapies, particularly those therapies
with improved tolerability for the patient and targeted specificity for tumor types resistant to
presently available therapies. As such, there is a need for new approaches including

immunologically active agents with different modes of actions.

Summary of the invention

The present invention is based on the concept that tumor restricted activation of tumor-specific
TILs represents a promising modality to the treatment of cancer. Embodiments of the invention
are bispecific, bivalent molecules which combine binding sites that binds specifically to Fibroblast
activation protein (FAP) with low affinity binding sites that binds specifically to CD137 (4-1BB,
TNFRSF9) within a single binding molecule. The bispecific molecules of the invention activate,
engage with CD137 on T cells only in the context of the cancer stroma of the tumor

microenvironment where FAP is expressed.

As discussed in more detail below, one advantage of the molecule of the invention is the

improvement of activation of tumor reactive T cells and expansion of existing tumor response to
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the tumor microenvironment leading to tumor regression in patients while improving on safety
relative to conventional CD137 agonists. By making CD137 engagement conditional on the
proximal expression of FAP because of its low affinity, the CD137 activity and recruitment of T
cells only occurs in the FAP+ tumor environment of many cancer types. This low affinity
engagement is an improvement over other CD137 monovalent approaches because the bivalent
molecules of the invention only significantly bind to and activate those tumor residing T-cells in
the presence of FAP, causing them to proliferate and secrete IFNY, thus yielding a better localized
tumor-directed immune response. Ultimately, the targeted activity of the CD137/FAP antibody
will lead to tumor regression in patients with a well tolerated and improved safety profile relative

to conventional CD137 agonists.

Hence, a first aspect of the invention provides an immunoglobulin-like binding molecule having
at least one antigen binding site that binds specifically to Fibroblast activation protein (FAP) and

at least one antigen binding site that binds specifically to CD137 (4-1BB, TNFRSF9).

In a preferred embodiment of the binding molecule of the invention, the molecule is bispecific and

tetravalent; bivalent for CD137 and bivalent for FAP.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site that
binds specifically to CD137 (4-1BB, TNFRSF9) is part of an immunoglobulin (Ig) molecule and
the antigen binding site that binds specifically to Fibroblast activation protein (FAP) comprises

one or more scFv(s) fused to N-terminus of the Fc domain, preferably via a peptide linker.

In a preferred embodiment of the binding molecule of the invention, the one or more scFv(s) have

a VL-VH orientation from N-to C-terminus.

In a preferred embodiment of the binding molecule of the invention, the one or more scFv(s) are

fused to the C- terminus of the heavy chain of the Ig molecule.

In a preferred embodiment of the binding molecule of the invention, the Ig molecule is IgG1KO.
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In a preferred embodiment of the binding molecule of the invention, the one or more scFv(s) is
fused to the Ig molecule by a peptide linker, preferably a peptide linker having a length of. about

4 to 20 amino acids

In a preferred embodiment of the binding molecule of the invention, the antigen binding molecule

that binds specifically to CD137 (4-1BB) is selected from a group comprising:

i) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:290 (CDR1),
SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:12 (CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID
NO.:14 (CDR3); or

ii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:18 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:22 (CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID
NO.:14 (CDR3); or

iii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:32 (CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID
NO.:14 (CDR3); or

iv) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:42 (CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID
NO.:14 (CDR3); or

v) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:52 (CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID
NO.:14 (CDR3); or

vi) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
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amino acid sequences of SEQ ID NO.:62 (CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID
NO.:14 (CDR3); or

vii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID
NO.:74 (CDR3); or

viii) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2)
and SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid sequences of
SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); or

ix) heavy chain CDRs comprising of SEQ ID NO.:308(CDR1), SEQ ID NO.:88 (CDR2) and
SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ
ID NO.:92 (CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); or

x) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and
SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ
ID NO.:93 (CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); or

xi) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:672 (CDR1)
wherein X1 is selected from the group consisting of A or S, SEQ ID NO.:335 (CDR2)
wherein X1 is selected from the group consisting of N or Q, X2 is selected from the group
consisting of D or E, X3 is selected from the group consisting of G or A, and X4 is selected
from the group consisting of T or K, X5 is selected from the group consisting of L or V, X6
is selected from the group consisting of D or E, X7 is selected from the group consisting of
L or V, and X8 is selected from the group consisting of S or G, and SEQ ID NO.:9 (CDR3)
and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:336 (CDR1)
wherein X1 is selected from the group consisting of K or R, X2 is selected from the group
consisting of D or S, X3 is selected from the group consisting of V or I, X4 is selected from
the group consisting of S or T, and X35 is selected from the group consisting of V and L, SEQ
ID NO.:337 (CDR2) wherein X1 is selected from the group consisting of S or A, X2 is
selected from the group consisting of Y or S, X3 is selected from the group consisting of R
or L, X4 is selected from the group consisting of Y and Q, and X5 is selected from the group
consisting of S or T, and SEQ ID NO.:14 (CDR3); or
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xii) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:338 (CDR2)
wherein X1 is selected from the group consisting of Y or I, and SEQ ID NO.:69 (CDR3)
and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:669 (CDR1)
wherein X1 is selected from the group consisting of N or Q, SEQ ID NO.:339 (CDR2)
wherein X1 is selected from the group consisting of L or G, and SEQ ID NO.:74 (CDR3); or

xiii) a CD137 antigen binding molecule which binds an epitope on CD137 in the extracellular
domain CRD3 between amino acids 87-118 (SEQ ID NO.:352) and blocks binding and/or

competes for binding with any of the above antigen binding molecules (i)-(xii); or

xvi) a CD137 antigen binding molecule which binds to an epitope on CD137 in the
extracellular domain CRD2/CRD3 between amino acids 46-117 (SEQ ID NO.:356) and

blocks binding and/or competes for binding with any of the above antigen binding molecules

(1)-(xvi).

In a preferred embodiment of the immunoglobulin-like binding molecule of the invention, the
antigen binding site that binds specifically to CD137 (4-1BB) is part of an immunoglobulin
molecule comprising a variable heavy chain region and variable light chain region, wherein the

VH and VL regions are selected from a group comprising:

i) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:10 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:15; or

ii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:20 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:25; or

iii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:30 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:35; or

10
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iv) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:40 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:45; or

v) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:50 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:55; or

vi) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:60 and a
variable light chain comprising the amino acid sequence of SEQ ID NO.:65; or
vii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:70 and a
variable light chain comprising the amino acid sequence of SEQ ID NO.:75; or
viii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:80 and a
variable light chain comprising the amino acid sequence of SEQ ID NO.:85; or
ix) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:90 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:95; or

x) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:100 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:105; or

(xi) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:10 which
differs in amino acid sequence from the CDRH1 SEQ ID NO.:672 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from the group
consisting of A or S, and/or differs in amino acid sequence from the CDRH2 SEQ ID
NO.:335 by an amino acid substitution of not more than four amino acids wherein X1 is
selected from the group consisting of N or Q, X2 is selected from the group consisting of D
or E, X3 is selected from the group consisting of G or A, and X4 is selected from the group
consisting of T or K, X5 is selected from the group consisting of L or V, X6 is selected from
the group consisting of D or E, X7 is selected from the group consisting of L or V, and X8
is selected from the group consisting of S or G, and a variable light chain comprising the
amino acid sequence of SEQ ID NO.:15 which differs in amino sequence from the CDRL1
SEQ ID NO.:336 by an amino acid substitution of not more than four amino acids wherein

X1 is selected from the group consisting of K or R, X2 is selected from the group consisting

11
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of D or S, X3 is selected from the group consisting of V or I, X4 is selected from the group
consisting of S or T, and X5 is selected from the group consisting of V and L, and/or which
differs in amino acid sequence from the CDRL2 SEQ ID NO.:337 by an amino acid
substitution of not more than five amino acids wherein X1 is selected from the group
consisting of S or A, X2 is selected from the group consisting of Y or S, X3 is selected from
the group consisting of R or L, X4 is selected from the group consisting of Y and Q, and X5

is selected from the group consisting of S or T; or

xii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:70 which
differs in amino acid sequence from the CDRH2 SEQ ID NO.:338 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from the group
consisting of Y or I, and a variable light chain comprising the amino acid sequence of SEQ
ID NO.:75 which differs in amino acid sequence from the CDRL1 SEQ ID NO.:669 by an
amino acid substitution of not more than one amino acids wherein X1 is selected from the
group consisting of N or Q, and which differs in amino acid sequence from the CDRL2 SEQ
ID NO.:339 by an amino acid substitution of not more than one amino acids wherein X1 is

selected from the group consisting of L or G; or

xiii) a variable heavy chain region VH comprising an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence select from
the group consisting of SEQ ID NO.:10, SEQ ID NO.:20, SEQ ID NO.:30, SEQ ID NO.:40,
SEQ ID NO.:50, and SEQ ID NO.:60 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
the amino acid sequence select from the group consisting of SEQ ID NO.:15, SEQ ID NO.:25,
SEQ ID NO.:35, SEQ ID NO.:45, SEQ ID NO.:55, SEQ ID NO.:65; or

xiv) a variable heavy chain region VH comprising an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence select from
the group consisting of SEQ ID NO.:70, SEQ ID NO.:80, SEQ ID NO.:90, and SEQ ID
NO.:100, 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 the amino acid sequence select

12
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from the group consisting of SEQ ID NO.:75, SEQ ID NO.:85, SEQ ID NO.:95, and SEQ
ID NO.:105; or

(xv) aCD137 antigen binding molecule which binds an epitope on CD137 in the extracellular
domain CRD3 between amino acids 87-118 (SEQ ID NO.:352) and blocks binding and/or

competes for binding with any of the above antigen binding molecules (i)-(xiv); or

(xvi) a CD137 antigen binding molecule which binds to an epitope on CD137 in the
extracellular domain CRD2/CRD3 between amino acids 46-117 (SEQ ID NO.:356) and
blocks binding and/or competes for binding with any of the above antigen binding molecules

(1)-(xiv).

In a preferred embodiment of the binding molecule of the invention, the antigen binding site that
binds specifically to Fibroblast Activation Protein (FAP) is selected from a group of scFvs

comprising:

1) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ
ID NO.:113 (CDR3); or

ii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ
ID NO.:113 (CDR3); or

iii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ
ID NO.:113 (CDR3); or

13
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iv) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:328 (CDR1),
SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139 (CDR2) and SEQ
ID NO.:140 (CDR3); or

v) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:333 (CDR1),
SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139 (CDR2) and SEQ
ID NO.:140 (CDR3); or

vi) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:341 (CDR2) wherein X1 is selected from D or E, and SEQ ID NO.:109 (CDR3)
and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:691 (CDR1)
wherein X1 is selected from the group consisting of N, R, or S, and X2 is selected from is

selected from N or S, and SEQ ID NO:112 (CDR2), and SEQ ID NO.:113 (CDR3); or

vii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:694 (CDR1)
wherein X1 is selected from the group consisting of S or N, SEQ ID NO.:342 (CDR2)
wherein X1 is selected from the group consisting of D or E, and SEQ ID NO.:343 (CDR3)
wherein X1 is selected from N or E, and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:138 (CDR1), and SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140
(CDR3); or

In a preferred embodiment of the binding molecule of the invention, the antigen binding site that
binds specifically to Fibroblast activation protein (FAP) is selected from a group of scFvs

comprising:

1) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:106 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:110; or
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ii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:115 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:119; or

iii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:124 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:128; or

iv) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:133 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:137; or

v) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:142 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:146; or

vi) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:106 which
differs in amino acid sequence from the CDRH2 SEQ ID NO.:341 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from D or E, and a
variable light chain comprising the amino acid sequence of SEQ ID NO.:110 which differs
in amino acid sequence from the CDRL1 SEQ ID NO.:691 by an amino acid substitution of
not more than two amino acids wherein X1 is selected from the group consisting of N, R, or

S, and X2 is selected from is selected from N or S,; or

vii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:133 which
differs in amino acid sequence from the CDRH1 SEQ ID NO.:694 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from the group
consisting of S or N, and/or which differs in amino acid sequence from the CDRH2 SEQ ID
NO.:342 by an amino acid substitution of not more than one amino acids wherein X1 selected
from the group consisting of D or E, and/or which differs in amino acid sequence from the
CDRH3 SEQ ID NO.:343 by an amino acid substitution of not more than one amino acids
wherein X1 is selected from the group consisting of N or E, and a variable light chain

comprising the amino acid sequence of SEQ ID NO.:137; or

15



WO 2021/236658 PCT/US2021/032990

viii) a variable heavy chain region VH comprising an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence select from
the group consisting of SEQ ID NO.:106, SEQ ID NO.:115, and SEQ ID NO.:124, 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 the amino acid sequence select from the group
consisting of SEQ ID NO.:110, SEQ ID NO.:119, and SEQ ID NO.:128; or

viv) a variable heavy chain region VH comprising an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence select from
the group consisting of SEQ ID NO.:133 and SEQ ID NO.:142, 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 the amino acid sequence select from the group consisting of SEQ

ID NO.:137 and SEQ ID NO.:146.

A preferred embodiment of the immunoglobulin-like binding molecule of the invention, comprises
a first antigen binding site that binds specifically to CD137 (4-1BB) and a second antigen binding
site that binds specifically to Fibroblast Activation Protein (FAP) selected from a group

comprising:

1) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:290 (CDR1), SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:12
(CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.112 (CDR2) and SEQ ID NO.:113 (CDR3); or

ii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid

sequences of SEQ ID NO.:290 (CDR1), SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9
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(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:12
(CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

iii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:290 (CDR1), SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:12
(CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

iv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:290 (CDR1), SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:12
(CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.139 (CDR2) and SEQ ID NO.:140 (CDR3); or

v) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:290 (CDR1), SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:12
(CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences

of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
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light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(vi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDRI1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.: 9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:22
(CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(vii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.:

9 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:22
(CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(viii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:22
(CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(ix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid

sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.: 9
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(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:22
(CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(x) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDRI1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.: 9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:22
(CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:32
(CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:32
(CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences

of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
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light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xiii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:32
(CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xiv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:32
(CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:32
(CDR1), SEQ ID NO.:33 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333(CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xvi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid

sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9
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(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:42
(CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xvii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:42
(CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xviii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:42
(CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:42
(CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences

of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
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light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139(CDR2) and SEQ ID NO.:140 (CDR3); or

(xx) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:42
(CDR1), SEQ ID NO.:43 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xxi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:

9 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:52
(CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:111 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:52
(CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or
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(xxiii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:52
(CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

{(xxiv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:

9 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:52
(CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xxv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:52
(CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xxvi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:62
(CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID NO.:14 (CDR3); and
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(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:111 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxvii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:62
(CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxviii) (a) aCD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:62
(CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:62
(CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135(CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or
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(xxx) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:62
(CDR1), SEQ ID NO.:63 (CDR2) and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

{(xxxi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxxii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxxiii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and
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(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxxiv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xxxv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xxxvi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or
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(xxxvii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino
acid sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxxviii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino
acid sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xxxix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(x1) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69
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(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:72
(CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xli) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xlii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xliii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences

of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
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light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xliv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xlv) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(xlvi) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xlvii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid

sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
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(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xlviii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ
ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3); or

(xlix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and
light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(1) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3) and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences

of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and
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light chain CDRs comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ
ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3); or

(1i) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:672 (CDR1) where X1 is A or S, SEQ ID NO.:335 (CDR2)
wherein X1 is selected from the group consisting of N or Q, X2 is selected from the group
consisting of D or E, X3 is selected from the group consisting of G or A, and X4 is selected
from the group consisting of T or K, X5 is selected from the group consisting of L or V,
X6 is selected from the group consisting of D or E, X7 is selected from the group consisting
of L or V, and X8 is selected from the group consisting of S or G, and SEQ ID NO.:9
(CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID NO.:336
(CDR1) wherein X1 is selected from the group consisting of K or R, X2 is selected from
the group consisting of D or S, X3 is selected from the group consisting of V or I, X4 is
selected from the group consisting of S or T, and X5 is selected from the group consisting
of Vand L, SEQ ID NO.:337 (CDR2) wherein X1 is selected from the group consisting of
S or A, X2 is selected from the group consisting of Y or S, X3 is selected from the group
consisting of R or L, X4 is selected from the group consisting of Y and Q, and X5 is selected
from the group consisting of S or T, and SEQ ID NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:341 (CDR2) wherein X1 is selected from D or
E, and SEQ ID NO.:109 (CDR3) and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:691 (CDR1) wherein X1 is selected from the group consisting
of N, R, or S, and X2 is selected from is selected from N or S, SEQ ID NO.:112 (CDR2),
and SEQ ID NO.:113 (CDR3); or

(lii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:672 (CDR1) wherein X1 is selected from the group consisting
of A or S, SEQ ID NO.:335 (CDR2) wherein X1 is selected from the group consisting of
N or Q, X2 is selected from the group consisting of D or E, X3 is selected from the group
consisting of G or A, and X4 is selected from the group consisting of T or K, X5 is selected
from the group consisting of L or V, X6 is selected from the group consisting of D or E,

X7 is selected from the group consisting of L or V, and X8 is selected from the group
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consisting of S or G, and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:336 (CDR1) wherein X1 is selected from the group
consisting of K or R, X2 is selected from the group consisting of D or S, X3 is selected
from the group consisting of V or I, X4 is selected from the group consisting of S or T, and
X5 is selected from the group consisting of V and L, SEQ ID NO.:337 (CDR2) wherein
X1 is selected from the group consisting of S or A, X2 is selected from the group consisting
of Y or S, X3 is selected from the group consisting of R or L, X4 is selected from the group
consisting of Y and Q, and X5 is selected from the group consisting of S or T, and SEQ ID
NO.:14 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:694 (CDR1) wherein X1 is selected from the group consisting of S or N,
SEQ ID NO.:342 (CDR2) wherein X1 is selected from the group consisting of D or E, and
SEQ ID NO.:343 (CDR3) wherein X1 is selected from N or E, and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139
(CDR2), and SEQ ID NO.:140 (CDR3); or

(liii) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:338 (CDR2) wherein X1 is selected
from the group consisting of Y or I, and SEQ ID NO.:69 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:669 (CDR1) wherein X1 is selected
from the group consisting of N or Q, SEQ ID NO.:339 (CDR2)wherein X1 is selected from
the group consisting of L or G, and SEQ ID NO.:74 (CDR3) and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:319 (CDR1), SEQ ID NO.:341 (CDR2) wherein X1 is selected from D or
E, and SEQ ID NO.:109 (CDR3) and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:691 (CDR1) wherein X1 is selected from the group consisting
of N, R, or S, and X2 is selected from is selected from N or S, SEQ ID NO.:112 (CDR2),
and SEQ ID NO.:113 (CDR3); or

(lix) (a) a CD137 binding site comprising heavy chain CDRs comprising the amino acid
sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:338 (CDR2) wherein X1 is selected
from the group consisting of Y or I, and SEQ ID NO.:69 (CDR3) and light chain CDRs
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comprising the amino acid sequences of SEQ ID NO.: 669 (CDR1) wherein X1 is selected
from the group consisting of N or Q, SEQ ID NO.:339 (CDR2) wherein X1 is selected
from the group consisting of L or G, and SEQ ID NO.:74 (CDR3); and

(b) a FAP binding site comprising heavy chain CDRs comprising the amino acid sequences
of SEQ ID NO.:694 (CDR1) wherein X1 is selected from the group consisting of S or N,
SEQ ID NO.:342 (CDR2) wherein X1 is selected from the group consisting of D or E, and
SEQ ID NO.:343 (CDR3) wherein X1 is selected from N or E and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139
(CDR2), and SEQ ID NO.:140 (CDR3).

A further aspect of the invention provides an immunoglobulin-like binding molecule comprising

(i) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:151, and a light chain comprising the amino acid sequence of

SEQ ID NO.:152; or

(ii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:153, and a light chain comprising the amino acid sequence of

SEQ ID NO.:154; or

(iii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:155, and a light chain comprising the amino acid sequence of

SEQ ID NO.:156; or

(iv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:157, and a light chain comprising the amino acid sequence of

SEQ ID NO.:158; or

(v) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:159, and a light chain comprising the amino acid sequence

of SEQ ID NO.:160; or
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(vi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:164, and a light chain comprising the amino acid

sequence of SEQ ID NO.: 165; or

(vii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:169, and a light chain comprising the amino acid

sequence of SEQ ID NO.: 170; or

(viii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:174, and a light chain comprising the amino acid

sequence of SEQ ID NO.:175; or

(ix) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:179, and a light chain comprising the amino acid

sequence of SEQ ID NO.:180; or

(x) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the amino
acid sequence of SEQ ID NO.:184, and a light chain comprising the amino acid sequence

of SEQ ID NO.:185; or

(xi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:189, and a light chain comprising the amino acid

sequence of SEQ ID NO.:190; or

(xii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:194, and a light chain comprising the amino acid

sequence of SEQ ID NO.:195; or

(xiii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:199, and a light chain comprising the amino acid

sequence of SEQ ID NO.:200; or
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(xiv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:204, and a light chain comprising the amino acid

sequence of SEQ ID NO.:205; or

(xv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:209, and a light chain comprising the amino acid

sequence of SEQ ID NO.:210; or

{(xvi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:214, and a light chain comprising the amino acid

sequence of SEQ ID NO.:215; or

(xvii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:219, and a light chain comprising the amino acid

sequence of SEQ ID NO.:221; or

(xviii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:224; and a light chain comprising the amino acid

sequence of SEQ ID NO.:225; or

(xix) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:229; and a light chain comprising the amino acid

sequence of SEQ ID NO.:230; or

(xx) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:234; and a light chain comprising the amino acid

sequence of SEQ ID NO.:235; or
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(xvii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:239; and a light chain comprising the amino acid

sequence of SEQ ID NO.:240; or

(xviii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:244; and a light chain comprising the amino acid

sequence of SEQ ID NO.:245; or

(xix) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:249; and a light chain comprising the amino acid

sequence of SEQ ID NO.:250; or

(xx) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:254; and a light chain comprising the amino acid

sequence of SEQ ID NO.:255; or

(xxi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:259; and a light chain comprising the amino acid
sequence of SEQ ID NO.:260; or(xxii) an immunoglobulin heavy chain fused to a scFv at
its C-terminus comprising the amino acid sequence of SEQ ID NO.:264; and a light chain
comprising the amino acid sequence of SEQ ID NO.:265; or

(xxiii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:269; and a light chain comprising the amino acid

sequence of SEQ ID NO.:270; or

(xxiv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:274; and a light chain comprising the amino acid
sequence of SEQ ID NO.:275; or

(xxv) (a) a first polypeptide comprising an immunoglobulin heavy chain fused to a scFv at

its C-terminus comprising the amino acid sequence of SEQ ID NO.:151, wherein the
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variable heavy chain portion specifically binding to CD137 differs in amino acid sequence
from the CDRH1 SEQ ID NO.:672 by an amino acid substitution of not more than one amino
acid wherein X1 is selected from the group consisting of A or S, and/or which differs from
the CDRH2 SEQ ID NO.:335 by an amino acid substitution of not more than four amino
acids wherein X1 is selected from the group consisting of N or Q, X2 is selected from the
group consisting of D or E, X3 is selected from the group consisting of G or A, and X4 is
selected from the group consisting of T or K, X5 is selected from the group consisting of L
or V, X6 is selected from the group consisting of D or E, X7 is selected from the group
consisting of L or V, and X8 is selected from the group consisting of S or G, wherein said
scFvis a FAP binding scFv comprises a heavy chain domain (VH) and a light chain domain,
wherein said FAP VH differs in amino acid sequence from the CDRH2 SEQ ID NO.:341 by
an amino acid substitution of not more than one amino acid wherein X1 is selected from D
or E, and said FAP VL differs in amino acid sequence from the CDRL1 SEQ ID NO.:691 by
an amino acid substitution of not more than two amino acids wherein X1 is selected from the
group consisting of N, R, or S, and X2 is selected from is selected from N or S, and
(b) a second polypeptide comprising a light chain domain (VL) which specifically
binds to CD137 comprising the amino acid sequence of SEQ ID NO.:152; which differs
in amino sequence from the CDRL1 SEQ ID NO.:336 by an amino acid substitution of
not more than four amino acids wherein X1 is selected from the group consisting of K or
R, X2 is selected from the group consisting of D or S, X3 is selected from the group
consisting of V or I, X4 is selected from the group consisting of S or T, and X5 is selected
from the group consisting of V and L, and/or which differs in amino acid sequence from
the CDRL2 SEQ ID NO.:337 by an amino acid substitution of not more than five amino
acids wherein X1 is selected from the group consisting of S or A, X2 is selected from the
group consisting of Y or S, X3 is selected from the group consisting of R or L, X4 is
selected from the group consisting of Y and Q, and X5 is selected from the group

consisting of S or T; or

(xxvi) (a) a first polypeptide comprising an immunoglobulin heavy chain fused to a scFv
at its C-terminus comprising the amino acid sequence of SEQ ID NO.:155, wherein

the variable heavy chain portion specifically binding to CD137 differs in amino

37



WO 2021/236658 PCT/US2021/032990

acid sequence from the CDRH1 SEQ ID NO.:672 by an amino acid substitution of
not more than one amino acid wherein X1 is selected from the group consisting of
A or S, and/or which differs from the CDRH2 SEQ ID NO.:335 by an amino acid
substitution of not more than four amino acids wherein X1 is selected from the
group consisting of N or Q, X2 is selected from the group consisting of D or E, X3
is selected from the group consisting of G or A, and X4 is selected from the group
consisting of T or K, X5 is selected from the group consisting of L or V, X6 is
selected from the group consisting of D or E, X7 is selected from the group
consisting of L or V, and X8 is selected from the group consisting of S or G, and
wherein said scFv is a FAP binding scFv comprising a heavy chain domain (VH)
and a light chain domain (VL), wherein said FAP VH differs in amino acid
sequence from the CDRH1 SEQ ID NO.:694 by an amino acid substitution of not
more than one amino acids wherein X1 is selected from the group consisting of S
or N, and/or which differs in amino acid sequence from the CDRH2 SEQ ID
NO.:342 by an amino acid substitution of not more than one amino acids wherein
X1 selected from the group consisting of D or E, and/or which differs in amino acid
sequence from the CDRH3 SEQ ID NO.:343 by an amino acid substitution of not
more than one amino acids wherein X1 is selected from the group consisting of N
or E; and

(b) a second polypeptide comprising a light chain which specifically binds to
CD137 comprising the amino acid sequence of SEQ ID NO.:156; which differs in
amino sequence from the CDRL1 SEQ ID NO.:336 by an amino acid substitution
of not more than four amino acids wherein X1 is selected from the group consisting
of K or R, X2 is selected from the group consisting of D or S, X3 is selected from
the group consisting of V or I, X4 is selected from the group consisting of S or T,
and X5 is selected from the group consisting of V and L, and/or which differs in
amino acid sequence from the CDRL2 SEQ ID NO.:337 by an amino acid
substitution of not more than five amino acids wherein X1 is selected from the
group consisting of S or A, X2 is selected from the group consisting of S or Y, X3
is selected from the group consisting of S or Y, and, X4 is selected from the group

consisting of Y or Q, and X5 is selected from the group consisting of S or T; or
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(xxvii) (a) a first polypeptide comprising an immunoglobulin heavy chain fused to a scFv
at its C-terminuscomprising the amino acid sequence of SEQ ID NO.:153, wherein
the variable heavy chain portion specifically binding to CD137 differs in amino
acid sequence from the CDRH2 SEQ ID NO.:338 by an amino acid substitution of
not more than one amino acids wherein X1 is selected from the group consisting of
Y or I, and wherein said scFV is a FAP binding scFv comprising a heavy chain
domain (VH) and a light chain domain, wherein said FAP VH differs in amino acid
sequence from the CDRH2 SEQ ID NO.:341 by an amino acid substitution of not
more than one amino acid wherein X1 is selected from D or E, and said FAP VL
differs in amino acid sequence from the CDRL1 SEQ ID NO.:691 by an amino acid
substitution of not more than two amino acids wherein X1 is selected from the
group consisting of N, R, or S, and X2 is selected from is selected from N or S, and

(b) a second polypeptide comprising a light chain which specifically binds to CD137
comprising the amino acid sequence of SEQ ID NO.:154; which differs in amino
acid sequence from the CDRL1 SEQ ID NO:669 by an amino acid substitution
of not more than one amino acid wherein X1 is selected from the group consisting
of N or Q, and/or from the CDRL2 SEQ ID NO.:339 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from the

group consisting of L or G; or

(xxviii) (a) a first polypeptide comprising an immunoglobulin heavy chain fused to
a scFv at its C-terminus comprising the amino acid sequence of SEQ ID NO.:153,
wherein the variable heavy chain portion specifically binding to CD137 differs in
amino acid sequence from the CDRH2 SEQ ID NO.:338 by an amino acid
substitution of not more than one amino acids wherein X1 is selected from the group
consisting of Y or I, and wherein said a scFv is a FAP binding scFv comprising a
heavy chain domain (VH) and a light chain domain (VL), wherein said FAP VH
differs in amino acid sequence from the CDRH2 SEQ ID NO.:341 by an amino
acid substitution of not more than one amino acids wherein X1 selected from the

group consisting of D or E, , and said FAP VL differs in amino acid sequence from
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the CDRL1 SEQ ID NO.:691 by an amino acid substitution of not more than two

amino acids wherein X1 is selected from the group consisting of N, R, or S, and X2

is selected from is selected from N or S; and

(b) a second polypeptide comprising a light chain which specifically binds to CD137

comprising the amino acid sequence of SEQ ID NO.:154; which differs in amino acid

sequence from the CDRL1 SEQ ID NO.:669 by an amino acid substitution of not

more than one amino acid wherein X1 is selected from the group consisting of N or

Q, and /or the CDRL2 SEQ ID NO.:339 by an amino acid substitution of not more

than one amino acids wherein X1 is selected from the group consisting of L or G.

Thus, in a further aspect, the invention provides a bispecific antigen binding molecule, wherein

1) each of the polypeptides capable of specific binding to CD137 comprise

()

(b)

a heavy chain variable region VH comprising an amino acid sequence that is at
least about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
sequence select from the group consisting of SEQ ID NO.:10, SEQ ID NO.:20,
SEQ ID NO.:30, SEQ ID NO.:40, SEQ ID NO.:50, and SEQ ID NO.:60 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 the amino acid sequence
select from the group consisting of SEQ ID NO.:15,, SEQ ID NO.:25, SEQ ID
NO.:35, SEQ ID NO.:45, SEQ ID NO.:55, SEQ ID NO.:65; or

a variable heavy chain region VH comprising an amino acid sequence that is at
least about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
sequence select from the group consisting of SEQ ID NO.:70, SEQ ID NO.:80,
SEQ ID NO.:90, and SEQ ID NO.:100, 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 the amino acid sequence select from the group
consisting of SEQ ID NO.:75, SEQ ID NO.:85, SEQ ID NO.:95, and SEQ ID
NO.:105; and

(ii) each of the polypeptides capable of specific binding to FAP comprise

()

a variable heavy chain region VH comprising an amino acid sequence that is at

least about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
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sequence select from the group consisting of SEQ ID NO.:106, SEQ ID NO.:115,
and SEQ ID NO.:124, 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 the amino acid sequence select from the group consisting of SEQ ID NO.:110,
SEQ ID NO.:119, and SEQ ID NO.:128; or

(b) a variable heavy chain region VH comprising an amino acid sequence that is at
least about 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
sequence select from the group consisting of SEQ ID NO.:133 and SEQ ID
NO.:142, 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 the amino
acid sequence select from the group consisting of SEQ ID NO.:137 and SEQ ID
NO.:146.

A further aspect of the invention provides a nucleic acid molecule or nucleic acid molecules
encoding an immunoglobulin-like binding molecule of the invention or an expression vector or
expression vectors containing such a nucleic acid molecule. 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. 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; typically multiple expression vectors encoding different portions
(e.g., heavy chain and light chains are encoded in different expression vectors) of the

immunoglobulin-like binding molecule of the invention are transfected into the same host cell at
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the same time. 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 or vectors of the invention comprises an expression cassette or
cassettes that comprises polynucleotide sequences that encode bispecific antigen binding

molecules of the invention or fragments thereof.

A further aspect of the invention provides a host cell containing a nucleic acid molecule of the
invention in functional association with an expression control sequence. 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, or hybridoma cells, yeast cells,
insect cells, and plant cells, to name only a few, but also cells comprised within a transgenic animal

or animal tissue.

A further aspect of the invention provides a method of production of a binding molecule of the

invention, as described herein before comprising the steps of
(a) cultivating the host cell of the invention under conditions allowing expression of
the molecule; and,

(b) recovering the molecule.

A further aspect of the invention provides an immunoglobulin-like binding molecule of the

invention, for use in medicine.
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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. A further aspect of the invention provides
an immunoglobulin-like binding molecule of the invention, for use in the therapy of cancer,
preferably colorectal cancer (CRC) (e.g, colorectal adenocarcinoma), gastric cancer (GC) (e.g.,
gastric adenocarcinoma), pancreatic cancer (PAC) (e.g., pancreatic adenocarcinoma), and lung
cancer (LC) (e.g., lung squamous cell carcinoma, lung adenocarcinoma).

A further aspect of the invention provides a pharmaceutical composition, comprising an
immunoglobulin-like binding molecule according to any one of the embodiments of the invention
together with a pharmaceutically acceptable carrier and optionally one or more further active
ingredients, e.g. a chemotherapeutic agent, radiation and/or other agents for use in cancer

immunotherapy.

In one aspect, provided is a bispecific, immunoglobulin-like binding molecule according to any
one of the embodiments as described or a pharmaceutical composition comprising said
immunoglobulin-like binding molecule of the invention, for use in stimulation of a T cell response;
supporting survival and/or recruitment of activated T cells; preventing suppression and/or anergy
of immune cells; treatment of infections, treatment of cancer; delaying the progression of cancer;

and/or prolonging the survival of a patient suffering from cancer.
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A further aspect of the invention provides a method of treatment of cancer comprising
administering an effective amount of an immunoglobulin-like binding molecule of the invention

to a patient in need thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG 1A-B: A. Schematic representation of the Doppelmab immunoglobulin-like binding
molecule of the invention. B. Schematic of the mode of action of CD137/FAP binding molecules
in tumor stroma, where CD137 agonist activity would be restricted to microenvironments

expressing FAP+ stromal cells.

FIG 2A-B: A. Binding of anti-human CD137 antibodies to surface expressed cynomolgus
CD137: Representative clones CD137 #B13, B17, B19, B20, B21, B27, B28, B30, and B31
expressed as mean fluorescent intensity over increasing Ab concentration (nM); B. Binding of
anti-human CD137 antibodies to surface expressed human CD137 Representative clones
CD137 #B13, B17, B19, B20, B21, B27, B28, B30, B31 expressed as mean fluorescent intensity

over increasing Ab concentration (nM).

FIG 3A-D: Cross-linking-dependent activity of CD137 molecules A. ECsp Graph of Anti-
CD137 Purified Chimeric IgG Agonistic Activation with (CL+) and without secondary antibody
(CL-) crosslinking. Representative clones CD137#A16, A17, A18, A19, A20, A21, A49, A51,
AS50, AS53, A54, and AS7. B. Bar graphs of Anti-CD137 Purified Chimeric IgG Agonistic
Activation with (+) and without (-) secondary antibody. (C) Activity in the Jurkat NFkB assay
measured as RLU demonstrating agonist activity only with secondary antibody cross-linking.
Positive controls are Urelumab chimeric IgG1-KO, and Utomilumab as IgG1-KO. Representative
anti-CD137 clones include #B2, B5, B7, B9, B10, B12, B13, B17, B19, B27, B30, B31, A1, A13,
A2, A25, A3, A30, A39, A4, A47, B3, B4, B21, A12, A16, Al17, A19, A26, A27, A41, Ad4, A45,
A46, A49, A57, A8, A34, and A3S. C. Activity in the Jurkat NFkB assay measured as RLU

demonstrating agonist activity only without secondary antibody cross-linking.
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FIG 4A-B: A. A schematic diagram of 2D-assay in which bound CD137 Fab fragments are
incubated in the presence of biotinylated huCD137 antigen, and the bound biotinylated antigen is
detected with strep-avidin labeled flurochrome. B. ELISA titrations of graft Fab versus chimeric
B21 Fab. Different graft preps were evaluated in ELISA binding and chimeric Fab demonstrated

better binding compared to graft Fab. 2H11 a non-related Fab was kept as negative control.

FIG 5: ELISA of the top framework optimized Fabs of CD137 clones. Fabs identified on the
basis of binding in ELISA assays were evaluated for binding with respect to chimeric CD137 B21
clone Fab. Binding analysis of Fabs to human CD137 for 22 candidate molecules from the VK/VH
combination library are shown; including B21. V55, V49, V51, V69, V47, V61, V72, V48, V56,
V75, V54, V50, V71, V53, V70, V63, V74, V52, V62, and V61, arranged in comparison to the

parent B21 parent molecule.

FIG 6A-B: A. Binding analysis of anti-CD137 candidates post mutational modification of
VK-CDRs. Each bar represents the location of an amino acid modification within the variable
light chain. B. Binding analysis of anti-CD137 candidates post mutational modification of
VH-CDRs. Each bar represents the location of an amino acid modification within the variable

heavy chain and the corresponding OD.

FIG 7. ELISA results comparing binding of anti-CD137 Fabs incorporating combinations
of the Vk and VH amino acid modifications. Fabs that were identified on the basis of binding
primary ELISA assays were then evaluated for binding with respect to chimeric B21-chimeric
Parent Fab. Binding analysis of Fabs to human CD137 is shown for 15 positive binders from the
VK/VH combination library, including V68, V73, V74, V14, V18, V64, V15, V17, V16, V67,
V75,V66, V62, V71, and V72 arranged in comparison to the parent

B21 chimeric Fab parent.

FIG 8A-B. A. Cross-linking-dependent activity of optimized anti-CD137 candidates post Vk
and VH optimization. A and B: Agonistic Activation without (A) and with (B) secondary
antibody crosslinking measured by NFkB-activity in Jurkat assay expressed as RLU.
Representative clones CD137 B21.V1-V.40, and A49.V41-V .48 as compared to parental clones.
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FIG 9. Epitope mapping data of anti-CD137 binding candidates. CD137 antibodies were able
to bind to a full-length human CD137-expressing Jurkat cell line, but binding was lost when the
diverse human CRDs (huCD137) were systematically replaced by the mouse ones (mCRDI,
mCRD2, mCRD3, and mCRD4). Each CD137 clone variant is labeled on the left hand panel.
Epitope binding is graphically depicted as a gradient scale (as shown on the right hand side) where

“black” = + binding and “white” = no binding.

FIG 10A-B. Effect of CD137 binding molecules in interfering the activation of human CD137-
Jurkat cells induced by CD137Ligand-expressing cells. (A) Various CD137 binding molecules
differentially impact the activation of Jurkat cells expressing human CD137 in presence of 293
cells expressing human CD137Ligand. While BMSAB, PfizerAb and the Roche split-trimeric-4-
1BBL (71-248)/FAP(28H1) molecule (“construct 2.11’; see W02017/194438) interfere with the
activation of Jurkat cells induced by CD137Ligand, CD137 B21 Variant allows the binding of
CD137Ligand and a productive T cell activation induced by CD137Ligand. (B) Broader dose
titration of CD137 B21 variant and construct 2.11 molecule in the assay system described in (A).
CD137 B21 Variant, when tested up to 100nM, does not block the functional interaction between
human CD137 and human CD137Ligand.

FIG 11A-C. A. Serum titers from different OminChicken® derived anti-human FAP antibodies
demonstrating showing cross reactivity to human, mouse and cyno FAPas measured by Elisa. B.
MFTI of binding of anti-FAP antibodies to stable cell lines expressing human FAP (HT1080-FAP)
as compared to wild type HT1080 wild type (WT) cells. Representative clones # D6, E11, G3,
H12, H3, A9, C12, C3, C8, D2, E1, E11.2, and H9. C. MFI of binding of anti-FAP antibodies to
stable cell lines expressing murine FAP (B16-FAP) as compared to wild type B16 wild-type cells.
Representative clones # D6, E11, G3, H12, H3, A9, C12, C3, C8, D2, E1, E11.2, and H9.

FIG 12 A-C. The effect of the bispecific CD137 (4-1BB, TNFRSF9)/ Fibroblast Activation

Protein (FAP) molecules on cell activation. A. FAP+ HT1080 cells and FAP-ve HT1080 cells

were incubated for 24 hours with the CD137/FAP bispecific molecule; as compared to B.
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Urelumab, a monovalent CD137 (4-1BB, TNFRSF9) antibody alone; or C. Utomilumab, a
monovalent CD137 (4-1BB, TNFRSF9) antibody alone.

FIG 13A-D A. CD137 B21 variants co-cultured with HT1080-FAP expressing cells. NF-kB
dependent induction of a luciferase reporter gene in Jurkat-CD137 cells when co-cultured with
HT1080-FAP (A,C) or HT1080-wild type cells (B,D). Levels of reporter gene activity correlate to
representative clone variants including: B21.V16 (CD137#2)/ FAP#5, B21.V22 (CD137 #3)/FAP
#3, B21.V37 (CD137#6)/FAP #3, B21.V16 (CD137 #2)/FAP #2, B21.V22 (CD137 #4)/ FAP#3,
B21.V25 (CD135#5)/ FAP#3, B21.V22 (CD137#4)/ FAP#2, B21.V25 (CD137#5)/ FAP#2,
B21.V22 CDI137#3/ FAP#2, B21.V25 (CD137 #4)/ FAP#5, B21.V22 (CD137 #3)/ FAP#5,
B21.V37 (CD137 #6)/ FAP#2, B21.V29 (CD137#5)/ FAP#5, and B21.V37 (CD137#6)/ FAP#5.
B. CD137 B21 variants as shown in (A) with HT1080-wild type cells. C. CD137 A49 variants
co-cultured with HT1080-FAP expressing cells. Representative clone variants include: A49.V48
(CD137#7)/ FAP#3, A49.V47 (CD137 #9)/FAP #3, A49.V43 (CD137#8)/FAP #3, A49.V48
(CD137 #7)/FAP #5, A49.V48 (CD137 #7)/FAP #2, A49.V47 (CD137 #9)/ FAP#5, A49.V47
(CD135#9)/ FAP#2, A49.V43 (CD137#8)/ FAP#2, and A49.V43 (CD137#8)/ FAP#5. D. CD137
A49 variants as shown in (C) with HT1080-wild type cells.

FIG 14A-H. IFN-y production in presence of PBMC, CD137/FAP variants: A. Anti-CD3
stimulated PBMCs co-cultured with FAP expressing HT1080 cells produce increased IFN-y via
CD137 co-stimulation. Representative clone variants include B21.V16 (CD137#2)/ FAP#5,
B21.V16 (CD137 #2)/FAP #2, B21.V16 (CD137 #2)/FAP #3; B. Representative clone variants
include B21.V22 (CD137 #3)/ FAP #5, B21.V22 CD137 #3/ FAP #2, B21.V22 (CD137 #3)/FAP
#3; C. Representative clone variants include B21.V25 (CD137 #4)/ FAP#5, B21.V22 (CD137#4)/
FAP#2, B21.V22 (CD137 #4)/ FAP#3; D. Representative variants B21.V29 (CD137#5)/ FAP#5,
B21.V25 (CD137#5)/ FAP#2, B21.V25 (CD135#5)/ FAP#3; E. Representative variants B21.V37
(CD137#6)/ FAP#5, B21.V37 (CDI137 #6)/ FAP#2, B21.V37 (CDI137#6)/FAP #3; F.
Representative variants A49.V43 (CD137#8)/ FAP#5, A49.V43 (CD137#8)/ FAP#2, A49.V43
(CD137#8)/FAP #3; G. Representative variants A49.V47 (CD137 #9)/ FAP#5, A49.V47
(CD135#9)/ FAP#2, A49.V47 (CD137 #9)/FAP #3; H. Representative variants A49.V48 (CD137
#7)/FAP #5, A49.V48 (CD137 #7)/FAP #2, A49.V48 (CD137#7)/ FAP#3.
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FIG 15A-B. IFN-y secretion of individual donor PBMC's incubated with increasing concentrations
of an exemplary CD137 B21/FAP bispecific molecule in the presence of HT1080 wild type (A) or
HT1080-FAP expressing cells (B).

FIG 16A-B. A. FAP Enzyme Assay: Exemplary molecules of the invention, CD137-B21/FAP-
C3 and murine CD137 B21/FAP-A11, do not interfere with the enzymatic activity of the FAP

protein. B. Talabostat mesylate inhibition assay: Positive control for FAP inhibition.

FIG 17. Schematic representation of dosing schedule of the molecules in the subcutaneous

syngeneic MC38 colorectal cancer model in CD137 KI HuGEMM™ mice.

FIG 18A-D. In vivo efficacy of human CD137 B21/FAP C3 and murine CD137 B21/FAP- A11
montherapy in subcutaneous syngeneic MC38 colorectal cancer model in CD137 KI
HuGEMM mice. (A) Average tumor growth curve post-treatment with human CD137 B21/FAP
C3; (B) Individual tumor growth curve post-treatment with human CD137 B21/FAP C3; (C)
Average tumor growth curve post-treatment with murine CD137 B21/FAP All; and (D)
Individual tumor growth curve post-treatment with murine CD137 B21/FAP All.

FIG 19A-B. Recruitment of TILs by CD137/FAP meolecules: Human CD137 B21/FAP C3 and
murine CD137 B21/FAP- A11 binding molecules of the invention are able to induce increases of
CD3+ (A) or CD8+ (B) T cell infiltrates into the tumor microenvironment when compared with

the control group.

FIG 20A-E. Combination treatment PD-1 and CD137/FAP A. Schematic representation of
mouse model and dosing schedule of CD137/FAP and PD-1. B. Binding molecules of the
invention are able to induce reductions of the tumor volume in combination with a PD-1 antagonist
mAb when compared with the control group and the effect is dose dependent. (B), (D) show the
combination therapy with mouse PD-1 antibody and human CD137 B21/FAP C3; or (C), (E) show
the combination therapy with the mouse PD-1 and murine CD137 B21/FAP Al1. Both led to a
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strong and statistically significant (p < 0.0001) inhibition of tumor growth as demonstrated by a

decrease in tumor volume.

FIG 21A-G. Binding molecules of the invention are able to induce both CD4 and CD8 T cell
infiltration when combined with a PD-1 agonist as compared with the control groups. (A)
Viable tumor area measured post-treatment with vehicle alone, anti-PD-1 alone, huCD137
B21/FAP-C3 alone, or huCD137 B21/FAP-C3 + PD-1 combination. (B) CD4+ cell density
measured in the tumor viable area post-treatment with vehicle alone, anti-PD-1 alone, huCD137
B21 /FAP-C3 alone, or huCD137 B21/FAP-C3 + PD-1 combination. (C) CD8+ cell density
measured in the tumor viable area post-treatment with vehicle alone, anti-PD-1 alone, huCD137
B21 /FAP-C3 alone, or huCD137 B21/FAP-C3 + PD-1 combination. (D) Tumor viable area is
plotted as a function of CD8+ T cell density with treatment with vehicle alone. (E) Tumor viable
area is plotted as a function of CD8+ T cell density with treatment with anti-PD-1 alone. (F) Tumor
viable area plotted as a function of CD8+ T cell density with treatment with huCD137-B21/FAP-
C3 alone. (G) Tumor viable area plotted as a function of CD8+ T cell density with treatment with
huCD137-B21/FAP-C3 in combination with anti-PD-1. The data also demonstrates that the

increase in CD8+ T cell infiltration is positively correlated with loss of tumor viable area.
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DETAILED DESCRIPTION OF THE INVENTION

CD137 is widely expressed throughout the hematopoietic and non-hematopoetic compartments:
activated T-cells, T regulatory cells, NK cells, dendritic cells, activated monocytes, neutrophils,
eosinophils, mast-cells, activated B cells, Reed Sternberg cells and blood vessel walls (on the
endothelial layer and vascular smooth muscle cells), etc. As shown in preclinical studies, severe
hepatotoxicity including death has been reported in the clinical trials of Urelumab, a potent
monospecific CD137 agonistic antibody. Both high CD137 affinity and hyperclustering via

FcyR on liver-resident T-cells is thought to contribute to Urelumab-mediated hepatotoxicity.

The CD137/FAP molecules of the invention are engineered to have lower CD137 binding
affinity, a LALA mutation for reduced FcyR binding and the requirement of simultaneous
binding to CD137 and tumor-stroma specific FAP for activity. The FAP (Fibroblast activation
protein) is an anchor target. FAP is only expressed on activated fibroblast cells which are
located within the tumour stroma. Hence a FAP bispecific molecule will only function to
promote T cell activation and killing of cancer cells which are in close physical contact with an
activated fibroblast. Tumor cells that are not in direct contact with an activated fibroblast will
not be affected by this treatment and will continue to proliferate. Hence there are clear
advantages with using FAP as an anchor target to mediate CD137 receptor-induced activation

and T cell infiltration only at the tumor site.

Inventors have found co-localized expression of CD137 and FAP in tumors. Inventors
investigate prevalence of co-localized expression in a large subset of colorectal cancer (CRC),
gastric cancer (GC), and pancreatic cancer (PAC). A high prevalence was shown consistently
for the expression of CD137 (88-100%) as well as for FAP (87-100%) in CRC. In GC, CD137
was also demonstrated in 56-90% of all cases, with significantly higher frequency in intestinal
types compared to diffuse types, while FAP has been shown to be constitutively expressed at
high levels in primary and metastatic gastric carcinomas. In PAC, CD137 expression could be

shown in 50-82% of all cases and FAP in 81%.

Therefore, CD137 and FAP show co-localized expression in a variety of tumors, with little or
no co-expression in non-cancerous cells. Notably, FAP was not detectable in normal liver tissue

or hepatocytes with reported sensitivity to CD137 activation.
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Terms not specifically defined herein should be given the meanings that would be given to them
by one of skill in the art in light of the disclosure and the context. As used in the specification,
however, unless specified to the contrary, the following terms have the meaning indicated and

the following conventions are adhered to.

The first aspect of the invention provides an immunoglobulin-like binding molecule having at
least one antigen binding site that binds specifically to CD137 (4-1BB, TNFRSF9) wherein the
antigen binding site that binds specifically to CD137 (4-1BB Ligand Receptor) is part of an
immunoglobulin (Ig) molecule and at least one antigen binding site that binds specifically to
Fibroblast activation protein (FAP) wherein the antigen binding site that bind specifically to
Fibroblast Activation Protein (FAP) comprises a scFv. Each protein and their associated genes

are known in the art and are well represented in biological databases.

“Human CD137 (4-1BB, TNFRSF9)” is defined as the protein provided in NCBI: NP_001552
and Uniprot: Q07011, (SEQ ID NO. 1) and the nucleic acid sequence encoding that protein.
The amino acids defining the various CRD regions of the extracellular domain (ECD) are as
defined in Table 1 below. The amino acid sequence of the human —Fc- His protein tagged for
human CD137 and cyno CD137 used as the immunogens in the immunization campaign are
included in Table 1 corresponding to SEQ ID NOs: 335 and 343. “Cynomolgus CD137 (4-
1BB, TNFRSF9)” is defined as the protein provided in Uniprot accession no. FoW5G6 (SEQ
ID NO.: 2) and the nucleic acid sequence encoding that protein. “Murine CD137 (4-1BB,
TNFRSF9)” is defined as the protein provided in Uniprot accession P20334 (SEQ ID NO.:3)

and the nucleic acid sequence encoding that protein.
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“Human Fibroblast Activation Protein (FAP)” is defined as the protein provided in NCBI:
NP_004451 and Uniprot: Q12884 (SEQ ID NO.:4), and the nucleic acid sequence encoding
that protein. The term "Fibroblast activation protein (FAP)", is also known as Prolyl
endopeptidase FAP or Seprase (EC 3.4.21). In one embodiment, the antigen binding molecule
of the invention is capable of specific binding to human, mouse and/or cynomolgus FAP. The
extracellular domain (ECD) of human FAP extends from amino acid position 26 to 760. The
amino acid sequence of mouse FAP is shown in UniProt accession no. P97321 (SEQ ID NO.:4),
or NCBI RefSeq NP_032012.1. The extracellular domain (ECD) of mouse FAP extends from
amino acid position 26 to 761. Preferably, an anti-FAP binding molecule of the invention binds

to the extracellular domain of FAP.

The present invention relates to binding molecules that have binding specificities for at least
two different sites. In relation to the present invention, the immunoglobulin-like binding
molecules are derived from antibodies. Techniques for making binding molecules include, but
are not limited to, recombinant co-expression of two invnunoglobulin heavy chain- light chain
pairs having different specificities (see Milstein and Cuello, Nature 305: 537 (1983)), WO
93/08829, and Traunecker et al., EMBO 1. 10: 3655 (1991)), and "knob-in-hele" engineering
{see, e.g., US 5,731,16&}. Immunoglobulin-like binding molecules of the invention may also be
made by engineering electrostatic steering effects for making antibody Fe-heterodimeric
molecules (WO 2009/082004 A 1); cross- Hinking two or more antibodies or fragments (see, e.g.,
US Patent No. 4,676,980, and Brennan et al., Science, 229: 81 (1985)); using leucine zippers
1o produce bi-specific antibodies (see, e.g., Kostelny et al.,, Tmununol,, 148(5): 1547-1553
{(1992)); using "diabody" technology for making bispecific antibody fragments (see, e.g.,
Hollinger et al.,, PNAS. USA, 90:6444- 6448 (1993)); and using single-chain Fv {(sFv} dimers
{see, e.g. Gruber et al., §. Immunol., 152:5368 (1994}}; and preparing trispecific antibodies as

described, e.g., in Tutt et al. I Immunol. 147: 68 (1991).

As used herein the term “antigen binding site” comprises a heavy chain variable domain (V)
and a light chain variable domain (VL) derived from an antibody. 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
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regions. In such case, each variable domain of VH and VL comprises three complementary
determining regions (CDRs) which make up the hypervariable regions or loops. Generally,
native four-chain antibodies comprise six hypervariable regions, three in VH (H1, H2, H3) and
three in VL (L1, L2, L3). A single VH or VL domain may be sufficient to confer antigen-
binding specificity. In one aspect, an antigen-binding site according to the present invention or
certain portions of the protein is generally derived from an antibody. The generalized structure

of antibodies or immunoglobulin molecules is well known to those of skill in the art.

The term “antigen binding molecule” or “antigen binding polypeptide” refers in its broadest
sense to a molecule that specifically binds an antigenic determinant. Examples of antigen

binding molecules or polypeptides are antibodies and antibody fragments.

“Antibodies” or “immunoglobulin molecules” (also known as immunoglobulins, abbreviated
Ig) are gamma globulin proteins that can be found in blood or other bodily fluids of vertebrates,
and are used by the immune system to identify and neutralize foreign objects, such as bacteria
and viruses. They are typically made of basic structural units - each with two large heavy chains
and two small light chains - to form, for example, monomers with one unit, dimers with two
units or pentamers with five units. Antibodies can bind, by non-covalent interaction, to other
molecules or structures known as antigens. This binding is specific in the sense that an antibody
will only bind to a specific structure with high affinity. The unique part of the antigen
recognized by an antibody is called an epitope, or antigenic determinant. The part of the
antibody binding to the epitope is sometimes called paratope and resides in the so-called
variable domain, or variable region (Fv) of the antibody. The variable domain comprises three
so-called complementary-determining region (CDRs) spaced apart by framework regions (FRs).
“Immunoglobulin-like binding molecules” have similar antigen binding features to
immunoglobulin molecules and use the same functional strategy of an antibody molecule, i.e.
they are capable of specifically binding to an antigen and has at least one antigen binding region.
However, immunoglobulin-like molecules are not confined to those structures and sequences

found in nature.

The term “bispecific” means that the antigen-binding molecule is able to specifically bind to at
least two distinct antigenic determinants. The term “valent” refers to the presence of a specified
number of biding sites specific for one distinct antigenic determinant in an antigen binding
molecule for one distinct antigenic determinant. As such, the term “bivalent” denotes the
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presence of two biding sites specific for a certain antigenic determinant, respectively, in an
antigen-binding molecule. In particular aspects of the invention, the bispecific antigen binding
molecules are also bivalent for each antigenic determinant, meaning in that context they have

two binding sites specific for CD137 and two binding sites specific for FAP.

The terms "complementarity determining region," and "CDR," are known in the art to refer to
non-contiguous sequences of amino acids within antibody variable regions, which confer
antigen specificity and binding affinity. In general, there are three (3) CDRs in each heavy chain
variable region (CDR-H1, CDR-H2, CDR-H3) and three (3) CDRs in each light chain variable
region (CDR-L1, CDR-L2, CDR-L3).

The amino acid sequence boundaries of a given CDR can be determined using any of a number
of known schemes, including those described by Kabat et al. (1991), "Sequences of Proteins of
Immunological Interest," 5th Ed. Public Health Service, National Institutes of Health, Bethesda,
Md. ("Kabat" numbering scheme), Al-Lazikani et al., (1997) IMB 273, 927-948 ("Chothia"
numbering scheme), MacCallum et al., J. Mol. Biol. 262:732-745 (1996), "Antibody-antigen
interactions: Contact analysis and binding site topography," J. Mol. Biol. 262, 732-745."
(Contact" numbering scheme), Lefranc M P et al., "IMGT unique numbering for
immunoglobulin and T cell receptor variable domains and Ig superfamily V-like domains," Dev
Comp Immunol, 2003 January; 27(1):55-77 ("IMGT" or "CCG" numbering scheme), and
Honegger A and Pltickthun A, "Yet another numbering scheme for immunoglobulin variable

domains: an automatic modeling and analysis tool," J Mol Biol, 2001 Jun. 8; 309(3):657-70,

The boundaries of a given CDR may vary depending on the naming convention. The amino
acid positions assigned to CDRs and FRs can be defined for example according to the
numbering system, wherein the specific amino acids of the variable regions of the antibodies
of the invention are numbered in sequence starting with the N-terminus as amino acid “1” of
the molecule and ending with the C-terminus of the molecule, and wherein the boundaries of
the CDRs are defined by the amino acid numbering below:

Table 2A: CD137 #1-6 VH/VL CDRs 1-3

VH HCDRI H CDR2 H CDR3
KABAT 3135 50-66 199-108
CHOTHIA 2632 52-57 100-107
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P e o T
IMGT 433 5158 97-108

VL LCDRI L CDR2 LCDR3
KABAT 24-34 50-56 89-97
e o P a— e
o T O o
wmer 23 50-52 8997
Table 2B: CD137 #7-10 VH/VL CDRs 1-3

VH HCDR1 H CDR2 H CDR3
KABAT 31-35 50-65 98-107
s e i from:
o L P e
S o o e

VL LCDRI L CDR2 LCDR3
KABAT 24-39 55.61 94-102
CHOTHIA 2439 ssol 94-102
cce 239 ssel 04102
IMGT 27-37 55-57 94-102
Table 2C: FAP #1-3 VH/VL CDRs 1-3
"""""""" VH  HCDRI HCDR2 = HCDR3
e TR oo . |
S S e T om—
ccG 26-35 50-65 98-106
MGT 26335 157 96-106

VL LCDRI L CDR2 LCDR3
KABAT 2434 50-56 89-98
S Seva— S o
e S e e
MG 273 s0s2 80-98

59

PCT/US2021/032990



10

15

20

WO 2021/236658 PCT/US2021/032990

Table 2D: FAP #4-5 VH/VL CDRs 1-3

VH . HCDRI | HCDR2 | HCDR3
 KABAT 3236 51-67 100-109
o | o ._53_58 _________ | P
CG 12736 51-67 100-109
élfMGT 27-34 52-59 98-109

VL . LCDRI | LCDR2 LCDR3

KABAT 2434 50-56 89-99
P o i e
o e T P
o o o o

For example, according to the Kabat convention for CD137 #1-6 the VH CDRs are positioned
as follows: residues 31-35 (CDR1), 50-66 (CDR2), and 99-108 (CDR3). Also, according to the
Kabat numbering system for CD137 #1-6, the VL CDRs are positioned as follows: residues 24-
34 (CDR1), 50-56 (CDR?2), and 89-97 (CDR3). According to the Kabat convention for CD137
VH #7-10 the VH CDRs are positioned as follows: residues 31-35 (CDR1), 50-65 (CDR2), and
98-107 (CDR3). Also, according to the Kabat numbering system for CD137 #7-10, VL CDRs
are positioned as follows: residues 24-39 (CDR1), 55-61 (CDR2), and 94-102 (CDR3).

Within the context of this invention, reference to CDRs is based on the definition of the Kabat
convention, however, the present disclosure is not limited to FRs and CDRs as defined by any

one numbering system, but includes all numbering systems, including those discussed above.

Thus, unless otherwise specified, the terms "CDR" and "complementary determining region”
of a given antibody or region thereof, such as a variable region, as well as individual CDRs
(e.g., "CDR-H1, CDR-H2) and framework regions (FRs) of the antibody or region thereof,
should be understood to encompass respective region (e.g., the complementary determining
region) as defined by any of the known schemes described herein above. In some instances, the
scheme for identification of a particular CDR or CDRs is specified, such as the CDR as defined
by the Kabat, Chothia, CCG, IMGT, or other methods known in the art. In other cases, the
particular amino acid sequence of a CDR is given. The alternative naming conventions for each

of the CDR regions of the invention are in Tables 3A-H below:
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TABLE 3A. CD137 #1-#10 VH/VL CDRS according to the KABAT Nomenclature:

CD137 (#1)
KABAT SEQ SEQ ID NO: Amino Acid #
HCDR1 | DFYMA SEQ ID N0:290 31-35
HCDR2 | NINYDG SSTYYLDSLKS | SEQ ID NO:8 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:9 99-108
LCDRI | KASQDVSTAVA SEQ ID NO:12 24-34
LCDR2 | SASYRYT SEQ ID NO:13 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
CD137 #2
HCDR1 | DFYMS SEQ ID NO:295 31-35
HCDR2 | NINYEG SSKYYVESVKG | SEQ ID NO:18 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:9 99-108
LCDRl | KASQDISSAVA SEQ ID NO:22 24-34
LCDR2 | SASSRYT SEQ ID NO:23 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
CD137 #3
HCDR1 | DFYMS SEQ ID NO:295 31-35
HCDR2 | NINYEASSKYYVDSLKG | SEQ ID NO:28 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO: 9 99-108
LCDRI |RASQSVSSALA SEQ ID NO:32 24-34
LCDR2 | AASYRQS SEQ ID NO:33 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
CD137 #4
HCDR1 | DFYMS SEQ ID NO:295 31-35
HCDR2 | NIQYEGSSKYYVESLKG SEQ ID NO:38 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:9 99-108
LCDR1 | RASQSISTAVA SEQ ID NO:42 24-34
LCDR2 | AASYLYS SEQ ID NO:43 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
CD137#5
HCDR1 | DFYMS SEQ ID NO:295 31-35
HCDR2 | NIQYEG SSKYYVESLKG | SEQ ID NO:48 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:9 99-108
LCDRI | RASQSISTALA SEQ ID NO:52 24-34
LCDR2 | AASYRYS SEQ ID NO:53 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
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CD137 #6
HCDR1 | DFYMS SEQ ID NO:295 31-35
HCDR2 | NIN YEGSSKYYV ESV KG | SEQ ID NO:58 50-66
HCDR3 EGDEGWYFD V SEQ ID NO:9 99-108
LCDRI1 RASQSISTALA SEQ ID NO:62 24-34
LCDR2 AASYRYS SEQ ID NO:63 50-56
LCDR3 QQHYSNPWT SEQ ID NO:14 89-97
KABAT CONSENSUS (#1-6)
X S
HCDRI | DFYMX, X1=A or § ;%?6172 31-35
XI=N,Q X2-D.E:X3=G.A: | gpopp
HCDR2 | NIX| YX: XaSSXaYYXsXeSXKX; | X4=T, Ki X5=L, V;X6=D,B; | yorass 50-66
X7=L,V;X8=S,G
HCDR3 | EGDEGWYFDV ;%?QID 99-108
LCDRI | XiASQ XoXs SX4AXsA § ETKSRX);i:\? LS X3=V.L ;%%13% 24.34
LCDR2 | Xi AS XaX5X4Xs Q;? 6\ ;ngYT B=RL; ;%%132 50-56
LCDR3 | QQHYSNPWT ;%?&D 89-97
anti-CD137 (#7)
HCDR1 |[SYYWS SEQ ID NO:308 31-35
HCDR2 | YIYYSGSTNYNPSLKS SEQ ID NO:68 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:69 98-107
LCDR1 RSSQSLLYSNGYNHLD SEQ ID NO:72 24-39
LCDR2 LGSNRAS SEQ ID NO:73 55-61
LCDR3 MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 #8
HCDR1 |[SYYWS SEQ ID NO:308 31-35
HCDR2 | YIYYSGSTNINPSLKS SEQ ID NO:78 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:69 98-107
LCDR1 RSSQSLLYSNGYNHLD SEQ ID NO:72 24-39
LCDR2 | LGSNRAS SEQ ID NO:73 55-61
LCDR3 MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 #9
HCDR1 |[SYYWS SEQ ID NO:308 31-35
HCDR2 | YIYYSGSTNINPSLKS SEQ ID NO:88 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:69 98-107
LCDR1 RSSQSLLYSQGYNHLD SEQ ID NO:92 24-39
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LCDR2 | GGSNRAS SEQ ID NO:93 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 #10
HCDRI |[SYYWS SEQ ID NO:308 31-35
HCDR2 | YIYYSGSTQYNPSLKS SEQ ID NO:98 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:69 98-107
LCDRI | RSSQSLLYSQGYNHLD SEQ ID NO:92 24-39
LCDR2 | GGSNRAS SEQ ID NO:93 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
KABAT CONSENSUS (#7-10)
X SEQ ID NO:
HCDRI1 SYYWS SEQ ID NO:308 31-35
HCDR2 YIYYSGSTX, XoNPSLKS X1=N,Q; X2=Y,I SEQ ID NO:338 50-65
HCDR3 DQSGGGSFQH SEQ ID NO:69 98-107
LCDR1 RSSQSLLYSXiGYNHLD X1=N,Q SEQ ID NO:669 24-39
LCDR2 XiGSNRAS X1=L,G SEQ ID NO:339 55-61
LCDRI1 MQALQTPPT SEQ ID NO:74 94-102

TABLE 3B: CD137 #1-10 VH/VL CDRS according to the CHOTHIA Nomenclature:

CD137 #1
CHOTHIA SEQ SEQ ID NO: Amino Acid #
HCDRI | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | NYDGSS SEQ ID NO:292 52-57
HCDR3 | GDEGWYFD SEQ ID NO:675 100-107
LCDRI | KASQDVSTAVA SEQ ID NO:12 24-34
LCDR2 | SASYRYT SEQ ID NO:13 50-56
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#2)
HCDRI | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | NYEGSS SEQ ID NO:296 52-57
HCDR3 | GDEGWYFD SEQ ID NO:675 100-107
LCDRI | KASQDISSAVA SEQ ID NO:22 24-34
LCDR2 | SASSRYT SEQ ID NO:23 50-56
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#3)
HCDRI | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | NYEASS SEQ ID NO:299 52-57
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HCDR3 | GDEGWYFD SEQ ID NO:675 100-107
LCDR1 | RASQSVSSALA SEQ ID NO:32 24-34
LCDR2 | AASYRQS SEQ ID NO:33 50-56
LCDR3 | QQHYSNPWT SEQID NO:14 89-97
CD137 (#4)
HCDRI1 | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | QYEGSS SEQ ID NO:302 52-57
HCDR3 | GD EGWYFD SEQ ID NO:675 100-107
LCDR1 | RASQSISTAVA SEQ ID NO:42 24-34
LCDR2 | AASYLYS SEQ ID NO:43 50-56
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#5)
HCDR1 | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | QYEGSS SEQ ID NO:302 52-57
HCDR3 | GDEGWYFD SEQ ID NO:675 100-107
LCDRI1 | RASQSISTALA SEQ ID NO:52 24-34
LCDR2 | AASYRYS SEQ ID NO:53 50-56
LCDR3 | QQHYSNPWT SEQID NO:14 89-97
CD137 (#6)
HCDRI1 | GFTFSDF SEQ ID NO:291 26-32
HCDR2 | NYEGSS SEQ ID NO:296 52-57
HCDR3 | GDEGWYFD SEQ ID NO:675 100-107
LCDRI1 | RASQSISTALA SEQ ID NO:62 24-34
LCDR2 | AASYRYS SEQ ID NO:63 50-56
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CHOTHIA CONSESUS (#1-6)
‘ X SEQ ID NO:
HCDR1 | GFTESDF SEQ ID NO:291 26-32
HCDR2 | X; YX2X3SS {:1: N, Q; X2=D, E; X3=G, | SEQ ID NO:673 52-57
HCDR3 | QSGGGSFQ SEQ ID NO:682 100-107
LCDRL | X/ASO X:X; SKAXsA 51)(:45%% X)?S:EVSL X3=V, | SEQIDNO:336 24-34
LCDR2 | X1 AS XoXs XuXs iﬂ):( 452, ?f 52;(2}5);3 =R, | SEQID NO:337 50-56
LCDR3 | QQHYSNPWT SEQ ID NO: 14 89-97
anti-CD137 (#7)
HCDRI | GGSISSY | SEQ ID NO:309 26-32
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HCDR2 | YYSGS SEQID NO:310 52-56
HCDR3 | QSGGGSFQ SEQID NO:682 99-106
LCDRI1 | RSSQSLLYSNGYNHLD | SEQ ID NO:72 24-39
LCDR2 | LGSNRAS SEQ ID NO:73 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

anti-CD137 (#8)
HCDRI1 | GGSISSY SEQID NO:309 26-32
HCDR2 | YYSGS SEQ ID NO:310 52-56
HCDR3 | QSGGGSFQ SEQID NO:682 99-106
LCDRI1 | RSSQSLLYSNGYNHLD | SEQ ID NO:72 24-39
LCDR2 | LGSNRAS SEQID NO:73 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

anti-CD137 (#9)
HCDRI1 | GGSISSY SEQ ID NO:309 26-32
HCDR2 | YYSGS SEQID NO:310 52-56
HCDR3 | QSGGGSFQ SEQID NO:682 99-106
LCDRI1 | RSSQSLLYSQGYNHLD | SEQ ID NO:92 24-39
LCDR2 | GGSNRAS SEQID NO:93 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

anti-CD137 (#10)
HCDR1 | GGSISSY SEQID NO:309 26-32
HCDR2 | YYSGS SEQ ID NO:310 52-56
HCDR3 | QSGGGSFQ SEQID NO:682 99-106
LCDRI1 | RSSQSLLYSQGYNHLD | SEQ ID NO:92 24-39
LCDR2 | GGSNRAS SEQID NO:93 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

CHOTHIA CONSESUS (#7-10)
X SEQ ID NO:

HCDR1 | GGSISSY SEQ ID NO:309 26-32
HCDR2 | YYSGS SEQ ID NO:310 52-56
HCDR3 | QSGGGSFQ SEQ ID NO:682 99-106
LCDR1 | RSSQSLLYSX,GYNHLD X1=N, Q SEQ ID NO:669 24-39
LCDR2 | X,GSNRAS X1=L,G SEQ ID NO:339 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

TABLE 3C: CD137 #1-10 VH/VL CDRS according to the CCG Nomenclature:
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CDI37 (#1)
CCG SEQ SEQIDNO: | AMine
HCDRI | GFTFSDFYMA SEQ ID NO:7 26-35
HCDR2 | NINYDGSSTYYLDSLKS | SEQ ID NO:8 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:9 99-108
LCDRI | KASQDVSTAVA SEQ ID NO:12 2434
LCDR?2 | SASYRYT SEQID NO:13 50-56
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#2)
HCDR1 | GFTFSDFYMS SEQ ID NO:17 26-35
HCDR2 | NINYEGSSKYYVESVKG SEQ ID NO:18 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:19 99-108
LCDRI | KASQDISSAVA SEQ ID NO:22 2434
LCDR2 | SASSRYT SEQ ID NO:23 50-56
LCDR3 | QQHYSNPWT SEQID NO: 24 89-97
CD137 #3)
HCDRI | GFTFSDFYMS SEQ ID NO:27 26:35
HCDR2 | NINYEASSKYYVDSLKG | SEQ ID NO:28 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:29 99-108
LCDRI | RASQSVSSALA SEQ ID NO:32 2434
LCDR2 | AASYRQS SEQ ID NO:33 50-56
LCDR3 | QQHYSNPWT SEQIDNO:34 | 89-97
CD137 (#4)
HCDR1 | GFTFSDFYMS SEQ ID NO:37 26-35
HCDR2 | NIQYEGSSKYYVESLKG SEQ ID NO:38 50-66
HCDR3 | EGDEGWYFDV SEQ ID NO:39 99-108
LCDRI | RASQSISTAVA SEQ ID NO:42 2434
LCDR2 | AASYLYS SEQ ID NO:43 50-56
LCDR3 | QQHYSNPWT SEQIDNO: 44 | 89-97
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CD137 (#5)

HCDR1 | GFTFSDFYMS SEQ ID NO:47 26-35

HCDR2 | NIQYEGSSKYYVESLKG SEQ ID NO:48 50-66

HCDR3 | EGDEGWYFDV SEQ ID NO:49 99-108

LCDRI1 | RASQSISTALA SEQ ID NO:52 24-34

LCDR2 | AASYRYS SEQ ID NO:53 50-56

LCDR3 | QQHYSNPWT SEQID NO: 54 89-97

CD137 (#6)

HCDR1 | GFTFSDFYMS SEQ ID NO:57 26-35

HCDR2 | NINYEGSSKYYVESVKG SEQ ID NO:58 50-66

HCDR3 | EGDEGWYFDV SEQ ID NO:59 99-108

LCDRI1 | RASQSISTALA SEQ ID NO:62 24-34

LCDR2 | AASYRYS SEQ ID NO:63 50-56

LCDR3 | QQHYSNPWT SEQ ID NO: 64 89-97

CCG CONSENSUS (#1-#6)
X SEQ ID NO:

HCDR1 | GTFSDFYMX, X1=Aor ;%9314?; 26-35
X1=N, Q, X2=D, E;

HCDR2 | NIX; YX5 X3SSX4YYX5XeSXKXs ))g:(]i ‘;‘,;; ))(%f’ KE 15\1%93132 50-66
X7=L,V;X8=S,G

HCDR3 | EGDEGWYFD V SEQ ID NO:9 99-108
X1=K, R, X2=D, S,

LCDR1 | X,ASQ XoXs SX.AX:A X3 =V, I; X4=T, S; 13\1%93132 24-34
X5=V,L :
X1=§, A; X2=S,Y;

LCDR2 | X; AS XoXs XuXs X3 =R, L: X4=Y, Q; 15\1%93133 50-56
X5=8,T :

LCDR3 | QQHYSNPWT Ii%?liD 89-97

anti-CD137 (#7)
HCDRI1 | GGSISSYYWS SEQ ID NO:67 26-35
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HCDR2 | YIYYSGSTNYNPSLKS SEQ ID NO:68 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:69 98-107
LCDRI | RSSQSLLYSNGYNHLD SEQ ID NO:72 24-39
LCDR2 | LGSNRAS SEQ ID NO:73 55-61
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

anti-CD137 (#8)
HCDRI1 | GGSISSYYWS SEQ ID NO:77 26-35
HCDR2 | YIYYSGSTNINPSLKS SEQ ID NO:78 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:79 98-107
LCDRI | RSSQSLLYSNGYNHLD | SEQ ID NO: 82 24-39
LCDR2 | LGSNRAS SEQ ID NO: 83 55-61
LCDR3 | MQALQTPPT SEQ ID NO:84 94-102

anti-CD137 (#9)
HCDRI1 | GGSISSYYWS SEQ ID NO:87 26-35
HCDR2 | YIY YSG STNINP SLKS | SEQ ID NO:88 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:89 98-107
LCDRI | RSSQSLLYSQGYNHLD | SEQ ID NO:92 24-39
LCDR2 | GGSNRAS SEQ ID NO:93 55-61
LCDR3 | MQALQTPPT SEQ ID NO:94 94-102

anti-CD137 (#10)
HCDR1 | GGSISSYYWS SEQ ID NO:97 26-35
HCDR2 | YIYYSGSTQYNPSLKS SEQ ID NO:98 50-65
HCDR3 | DQSGGGSFQH SEQ ID NO:99 98-107
LCDR! | RSSQSLLYSQGYNHLD SEQIDNO: 102 | 24-39
LCDR2 | GGSNRAS SEQID NO: 103 | 55-61
LCDR3 | MQALQTPPT SEQIDNO:104 | 94-102

CCG CONSENSUS (#7-10)
X SEQ ID NO:

HCDRI1 GGSISSYYWS SEQ ID NO:67 26-35
HCDR2 YIYYSGSTX XoNPSLKS X1=N,Q; X2=Y,I SEQ ID NO:338 50-65
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HCDR3 DQSGGGSFQH SEQ ID NO:69 98-107
LCDRI1 RSSQSLLYSXGYNHLD X1=N,Q SEQ ID NO:669 24-39
LCDR2 X1GSNRAS X1=L,G SEQ ID NO:339 55-61
LCDR3 MQALQTPPT SEQ ID NO:74 94-102

TABLE 3D: CD137 #1-10 VH/VL CDRS according to the IMGT Nomenclature:

CD137 (#1)
IMGT SEQ SEQ ID NO: Amino Acid #

HCDRI1 | GFTFSDFY SEQ ID NO:286 26-33
HCDR2 [ INYDGSST SEQ ID NO:287 51-58
HCDR3 | AREGDEGWYFDYV | SEQ ID NO:676 97-108
LCDRI1 | QDVSTA SEQ ID NO:288 27-32
LCDR2 | SAS SEQ ID NO:678 50-52
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97

CD137 (#2)
HCDRI1 | GFTFSDFY SEQ ID NO:286 26-33
HCDR2 | IN YEG SSK SEQ ID NO:293 51-58
HCDR3 | AREGDEGWYFDYV | SEQ ID NO:676 97-108
LCDR1 | QDISSA SEQ ID NO: 294 27-32
LCDR2 [ SAS SEQ ID NO:678 50-52
LCDR3 [ QQHYSNPWT SEQ ID NO:14 89-97

CD137 (#3)
HCDRI1 | GFTFSDFY SEQ ID NO:286 26-33
HCDR2 | INYEASSK SEQ ID NO:297 51-58
HCDR3 | AREGDEGWYFDYV | SEQ ID NO:676 97-108
LCDRI [ QSVSSA SEQ ID NO:298 27-32
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LCDR2 | AAS SEQ ID NO:679 50-52
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97

CD137 (#4)
HCDR1 | GFTFSDFY SEQ ID NO:286 26-33
HCDR2 | IQYEGSSK SEQ ID NO:300 51-58
HCDR3 | AREGDEGWYFDYV | SEQ ID NO:676 97-108
LCDR1 | QSISTA SEQ ID NO:301 27-32
LCDR2 | AAS SEQ ID NO:679 50-52
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#5)
HCDR1 | GFTEFSDFY SEQ ID NO:286 26-33
HCDR2 | IQYEGSSK SEQ ID NO:300 51-58
HCDR3 | AREGDEGWYFDV | SEQ ID NO:676 97-108
LCDRI1 | QSISTA SEQ ID NO:301 27-32
LCDR2 | AAS SEQ ID NO:679 50-52
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
CD137 (#6)
HCDR1 | GFTFSDFY SEQ ID NO:286 26-33
HCDR2 | INYEGSSK SEQ ID NO:293 51-58
HCDR3 | AREGDEGWYFDYV | SEQ ID NO:676 97-108
LCDR1 | QSISTA SEQ ID NO:301 27-32
LCDR2 | AAS SEQ ID NO:679 50-52
LCDR3 | QQHYSNPWT SEQ ID NO:14 89-97
IMGT CONSENSUS (#1-6)
IMGT SEQ X SEQ ID NO:
HCDR1 | GFTFSDFY SEQ ID NO:286
HCDR2 | IX1YX2X3SSX4 Q‘ZTNI? X2=D. E; X3=G, A; SEQ ID NO:674*
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HCDR3 | AREGDEGWYFDV SEQ ID NO:676
LCDR1 [ QX1X2SX3A X1=D, $; X2 =V, [; X3=T, S SEQ ID NO:677
LCDR2 | X1AS X1=S,A SEQ ID NO:680
LCDR3 | QQHYSNPWT SEQ ID NO:14

anti-CD137 (#7)
HCDRI1 [ GGSISSYY SEQ ID NO:304 26-33
HCDR2 [ IYYSGST SEQ ID NO:305 51-57
HCDR3 [ ARDQSGGGSFQH | SEQ ID NO:683 96-107
LCDRI1 | QSLLYSNGYNH SEQ ID NO:306 27-37
LCDR2 [ LGS SEQ ID NO:685 55-57
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 (#8)
HCDRI1 [ GGSISSYY SEQ ID NO:304 26-33
HCDR2 [ IYYSGST SEQ ID NO:305 51-57
HCDR3 [ ARDQSGGGSFQH | SEQ ID NO:683 96-107
LCDRI [ QSLLYSNGYNH SEQ ID NO:306 27-37
LCDR2 | LGS SEQ ID NO:685 55-57
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 (#9)
HCDRI | GGSISSYY SEQ ID NO:304 26-33
HCDR2 [ IYYSGST SEQ ID NO:305 51-57
HCDR3 [ ARDQSGGGSFQH | SEQ ID NO:683 96-107
LCDR1 [ QSLLYSQGYNH SEQ ID NO:313 27-37
LCDR2 [ GGS SEQ ID NO:686 55-57
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
anti-CD137 (#10)
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HCDRI | GGSISSYY SEQ ID NO:304 26-33
HCDR2 | IYYSGST SEQ ID NO:305 51-57
HCDR3 | ARDQSGGGSFQH | SEQ ID NO:683 96-107
LCDRI | QSLLYSQGYNH SEQ ID NO:313 27-37
LCDR2 | GGS SEQ ID NO:686 55-57
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102
IMGT CONSENSUS (#7-10)

IMGT SEQ X SEQ ID NO:
HCDRI1 | GGSISSYY SEQ ID NO:304 26-33
HCDR2 | IYYSGST SEQ ID NO:305 51-57
HCDR3 | ARDQSGGGSFQH SEQ ID NO:683 96-107
LCDRI | QSLLYSXiGYNH |X1=N,Q SEQ ID NO:684 27-37
LCDR2 | XiGS X1=L,G SEQ ID NO:687 55-57
LCDR3 | MQALQTPPT SEQ ID NO:74 94-102

TABLE 3E. FAP #1-5 VH/VL CDRS according to the KABAT Nomenclature:

FAP (#1)
KABAT SEQ SEQ ID NO: Amino Acid #

HCDR1 | NFAMT SEQ ID NO:319 31-35
HCDR2 | GIRGSGTTYYADSVKG SEQ ID NO:108 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDRI1 | RASQPINNYLA SEQID NO:111 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98

FAP (#2)
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HCDR1 | NFAMT SEQ ID NO:319 31-35
HCDR2 | GIRGSGTTYYAESVKG SEQ ID NO:117 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR1 | RASQPIRSYLA SEQ ID NO:120 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP (#3)
HCDR1 | NFAMT SEQ ID NO:319 31-35
HCDR2 | GIRGSGTTYYAESVKG SEQ ID NO:126 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR1 | RASQPISSYLA SEQ ID NO:129 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP #1 -3 KABAT CONSENSUS SEQ
KABAT SEQ X SEQ ID NO: Amino Acid #
HCDR1 | NFAMT SEQID NO:319 31-35
HCDR2 | GIRGSGTTYYAX;SVKG | X1=D, E SEQ ID NO:341 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR1 | RASQPIXiX>YLA X1=N,RS;X2=N, S SEQ ID NO:691 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP (#4)
HCDR1 | NYDMG SEQ ID NO:328 32-36
HCDR2 | GIRGRGGSTYYADSVKG | SEQ ID NO:135 51-67
HCDR3 | ENNRHSFFEY SEQ ID NO:136 100-109
LCDR1 | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
FAP (#5)
HCDR1 | SYDMG SEQ ID NO:333 32-36
HCDR2 | GIRGRGGSTYYAESVKG | SEQ ID NO:144 51-67
HCDR3 | ENERHSFFEY SEQ ID NO:145 100-109
LCDR1 | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
FAP # 4 -5 KABAT CONSENSUS SEQ
KABAT SEQ X SEQ ID NO: Amino Acid #
HCDRI | X;YDMG XI=N, S SEQ ID NO:694 32-36
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HCDR2 | GIRGRGGSTYYAX ;SVKG X=D,E SEQ ID NO:342 51-67
HCDR3 | ENX;RHSFFEY X=N, E SEQ ID NO:343 100-109
LCDRI1 | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
TABLE 3F. FAP #1-5 VH/VL CDRS according to the CHOTHIA Nomenclature:
FAP (#1)
CHOTHIA SEQ SEQ ID NO: Amino Acid #
HCDRI1 | GFSMSNF SEQ ID NO:320 26-32
HCDR2 | RGSGT SEQ ID NO:321 52-56
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR1 | RASQPINNYLA SEQ ID NO:111 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP (#2)
HCDRI1 | GFSMSNF SEQ ID NO:320 26-32
HCDR2 | RGSGT SEQ ID NO:321 52-56
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDRI1 | RASQPIRSYLA SEQ ID NO:120 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP (#3)
HCDRI1 | GFSMSNF SEQ ID NO:320 26-32
HCDR2 | RGSGT SEQ ID NO:321 52-56
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDRI1 | RASQPISSYLA SEQ ID NO:129 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP #1 - 3 CHOTHIA CONSENSUS SEQ
Amino
CHOTHIA SEQ X SEQ ID NO: Acid #
HCDRI1 | GFSMSNF SEQ ID NO:320 26-32
HCDR2 | RGSGT SEQ ID NO:321 52-56
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
_ v SEQ ID
LCDRI RASQPIX;X>YLA X1=N,RS; X2=N, S NO-691* 24-34
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LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98
FAP #4
HCDRI | GFTFSNY SEQ ID NO:329 27-33
HCDR2 | RGRGGS SEQ ID NO:330 53-58
HCDR3 | ENNRHSFFEY SEQ ID NO:136 100-109
LCDRI | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
FAP #5
HCDRI | GFTFSSY SEQ ID NO:334 27-33
HCDR2 | RGRGGS SEQ ID NO: 330 53-58
HCDR3 | ENERHSFFEY SEQ ID NO:145 100-109
LCDRI | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
FAP #4 - 5 CHOTHIA CONSENSUS SEQ
CHOTHIA SEQ X SEQ ID NO:

HCDRI | GFTFSX:Y X1=N, S SEQ ID NO:695 27-33

RGRGGS SEQ ID NO:330 53-58
HCDR2
HCDR3 | ENX1RHSFFEY X=N, E SEQ ID NO:343 100-109
LCDR1 | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99

TABLE 3G. FAP #1-5 VH/VL CDRS according to the CCG Nomenclature:

FAP #1
CCG SEQ SEQ ID NO: Amino Acid #

HCDR1 | GFSMSNFAMT SEQ ID NO:107 26-35
HCDR2 | GIRGSGTTYYADSVKG SEQ ID NO:108 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR1 | RASQPINNYLA SEQ ID NO:111 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98

FAP (#2)
HCDR1 | GFSMSNFAMT SEQ ID NO:116 26-35
HCDR2 | GIRGSGTTYYAESVKG SEQ ID NO:117 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:118 98-106
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LCDRI |RASQPIRSYLA SEQ ID NO:120 24-34
LCDR2 | SASNRAT SEQ ID NO:121 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:122 89-98

FAP #3
HCDR1 | GFSMSNFAMT SEQ ID NO:125 26-35
HCDR2 | GIRGSGTTYYAESVKG | SEQ ID NO:126 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:118 98-106
LCDR! | RASQPISSYLA SEQ ID NO:129 24-34
LCDR2 | SASNRAT SEQ ID NO:130 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:131 89-98

FAP #1-3 CCG CONSENSUS SEQ
CCG SEQ X SEQ ID NO: Amino Acid #

HCDR1 | GFSMSNFAMT SEQ ID NO:107 26-35
HCDR2 | GIRGSGTTYYAX;SVKG |X1=D,E SEQ ID NO:341 50-65
HCDR3 | TWGTEYFDY SEQ ID NO:109 98-106
LCDR! | RASQPIX;X»YLA gﬂ:N, RS;X2=N, SEQ ID NO:691 24-34
LCDR2 | SASNRAT SEQ ID NO:112 50-56
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98

FAP #4
HCDR! | GFTFSNYDMG SEQ ID NO:134 27-36
HCDR2 | GIRGRGGSTYYADSVKG | SEQ ID NO:135 51-67
HCDR3 | ENNRHSFFEY SEQ ID NO:136 100-109
LCDR! | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99

FAP #5
HCDR! | GFTFSSYDMG SEQ ID NO:143 27-36
HCDR2 | GIRGRGGSTYYAESVKG | SEQ ID NO:144 51-67
HCDR3 | ENERHSFFEY SEQ ID NO:145 100-109
LCDR! | RASQSVGHYLA SEQ ID NO:147 24-34
LCDR2 | DASNRAI SEQ ID NO:148 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:149 89-99

FAP #4-5 CCG CONSENSUS SEQ
CCG SEQ X SEQIDNo; | AmineAdd

HCDRI | GFTFSX:YDMG X1=N, S SEQ ID NO:340 27-35
HCDR2 | GIRGRGGSTYYAX;SVKG | X=D, E SEQ ID NO:342 51-67
HCDR3 | ENX;RHSFFEY X=N, E SEQ ID NO:343 100-109
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LCDR1 | RASQSVGHYLA SEQ ID NO:138 24-34
LCDR2 | DASNRAI SEQ ID NO:139 50-56
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
TABLE 3H. FAP #1-5 VH/VL CDRS according to the IMGT Nomenclature:
FAP #1
IMGT SEQ SEQ ID NO: Amino Acid #

HCDR1 | GFSMSNFA SEQ ID NO:315 26-33
HCDR2 | IRGSGTT SEQ ID NO:316 51-57
HCDR3 | AKTWGTEYFDY SEQ ID NO:689 96-106
LCDR1 | QPINNY SEQ ID NO:317 27-32
LCDR2 | SAS SEQ ID NO:693 50-52
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98

FAP #2
HCDR1 | GFSMSNFA SEQ ID NO:315 26-33
HCDR2 | IRGSGTT SEQ ID NO:316 51-57
HCDR3 | AKTWGTEYFDY SEQ ID NO:689 96-106
LCDRI | QPIRSY SEQ ID NO:670 27-32
LCDR2 | SAS SEQ ID NO:693 50-52
LCDR3 | QQYYDWPPYT SEQID NO:113 89-98

FAP #3
HCDR1 | GFSMSNFA SEQ ID NO:315 26-33
HCDR2 | IRGSGTT SEQID NO:316 51-57
HCDR3 | AKTWGTEYFDY SEQ ID NO:689 96-106
LCDRI | QPISSY SEQ ID NO:323 27-32
LCDR2 | SAS SEQ ID NO:693 50-52
LCDR3 | QQYYDWPPYT SEQ ID NO:113 89-98

FAP #1 -3 IMGT CONSENSUS SEQ
IMGT SEQ X SEQIDNO; | Amine Acid

HCDRI1 | GFSMSNFA SEQ ID NO:315 26-33
HCDR2 | IRGSGTT SEQ ID NO:316 51-57
HCDR3 | AKTWGTEYFDY SEQ ID NO:689 96-106
LCDRI1 | QPIX1XoY X1=N,R S; X2 =N, S | SEQ ID NO:692 27-32
LCDR2 | SAS SEQ ID NO:693 50-52
LCDR3 | QQYYDWPPYT SEQID NO:113 89-98

FAP #4
HCDR1 | GFTESNYD SEQ ID NO:324 27-34
HCDR2 | IRGRGGST SEQ ID NO:325 52-59
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HCDR3 | AKENNRHSFFEY SEQ ID NO:701 98-109
LCDR1 | QSVGHY SEQ ID NO:326 27-32
LCDR2 | DAS SEQ ID NO:704 50-52
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99
FAP #5
HCDRI | GFTFSSYD SEQ ID NO:331 27-34
HCDR2 | IRGRGGST SEQ ID NO:325 52-59
HCDR3 | AKENERHSFFEY SEQ ID NO:702 98-109
LCDRI | QSVGHY SEQ ID NO:326 27-32
LCDR2 | DAS SEQ ID NO:704 50-52
LCDR3 [ QQYYNDWPPLT SEQ ID NO:140 89-99
FAP #4-5 IMGT CONSENSUS SEQ
CCG SEQ X SEQIDNO; | Amine Add
HCDRI | GFTFSX,YD X1=N, S SEQ ID NO:696 27-34
HCDR2 | IRGRGGST SEQ ID NO:325 52-59
HCDR3 | AKENX:RHSFFEY X=N,E SEQ ID NO: 703 98-109
LCDR1 [ QSVGHY SEQ ID NO:326 27-32
LCDR2 | DAS SEQ ID NO: 704 50-52
LCDR3 | QQYYNDWPPLT SEQ ID NO:140 89-99

Amino acid sequence modification(s) of the antibodies are contemplated. For example, it may
be desirable to improve the binding affinity and/or other biological properties of an antibody.
The term “amino acid sequence variants” includes substantial variants wherein there are amino
acid subst6itutions 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 in certain biological properties that are suitable for the
intended function. These modifications, can include, but are not limited to “improvements” in
certain biological properties such as increased affinity or reduced immunogenicity relative to
the parent antigen binding molecule and/or will have substantially retained certain biological
properties of the parent antigen biding molecule. Amino acid sequence variants may be
prepared by introducing appropriate nucleotide changes into the nucleic acid encoding the
antibody variant, 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 variants. Any combination of deletion, insertion, and substitution is made to

arrive at the final construct, provided that the final construct possesses the desired
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characteristics. The amino acid changes also may alter post-translational processing of the

antibody variants, such as changing the number or position of glycosylation sites.

For example, 1, 2, 3, 4, 5, or 6 amino acids may be inserted, substituted or deleted in each of
the CDRs (of course, dependent on their length), while 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, or 25 amino acids may be inserted, substituted or deleted in each of
the FRs. Preferably, amino acid sequence insertions into the antibody construct include amino-
and/or carboxyl-terminal fusions ranging in length from 1, 2, 3, 4, 5, 6,7, 8, 9 or 10 residues to
polypeptides containing a hundred or more residues, as well as intra-sequence insertions of
single or multiple amino acid residues. Additionally, amino acid sequence deletions from the
antibody construct at the amino and/or carboxy terminal regions, ranging in length from 1, 2, 3,
4,5, 6,7, 8,9 or 10 residues are contemplated to maximize and/or otherwise modify
characteristics desired in the antibody construct in addition to its ability to bind the target

antigen.

The sites of greatest interest for substitutional mutagenesis include (but are not limited to) the
CDRs of the heavy and/or light chain, in particular the hypervariable regions, but FR alterations
in the heavy and/or light chain are also contemplated. The substitutions are preferably
conservative substitutions as described herein. Preferably, 1, 2, 3,4, 5,6, 7, 8, 9, or 10 amino
acids may be substituted in a CDR, while 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 25 amino acids may be substituted in the framework regions (FRs), depending on
the length of the CDR or FR. For example, if a CDR sequence encompasses 6 amino acids, it
is envisaged that one, two or three of these amino acids are substituted. Similarly, if a CDR
sequence encompasses 15 amino acids it is envisaged that one, two, three, four, five or six of

these amino acids are substituted.

Generally, if amino acids are substituted in one or more or all of the CDRs of the heavy and/or
light chain, it is preferred that the then-obtained “substituted” sequence is at least 60% or 65%,
more preferably 70% or 75%, even more preferably 80% or 85%, and particularly preferably
90% or 95% identical to the “original” CDR sequence. This means that it is dependent of the
length of the CDR to which degree it is identical to the “substituted” sequence. For example, a
CDR having 5 amino acids is preferably 80% identical to its substituted sequence in order to

have at least one amino acid substituted. Accordingly, the CDRs of the antibody construct may
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have different degrees of identity to their substituted sequences, e.g., CDRL1 may have 80%,
while CDRL3 may have 90%.

The "Fc part” of an antibody is not involved directly in binding of an antibody to an antigen,

@

but exhibit various effector functions. A "Fc part of an antibody” is a term well known to the
skilled artisan and defined on the basis of papain cleavage of antibodies. Depending on the
amino acid sequence of the constant region of their heavy chains, antibodies or
immunoglobuling are divided in the classes: IgA, IgD, Igh, 1gG and Ighl. According to the
heavy chain constant regions the different classes of immunoglobulins are called @, 8, &, v, and
u respectively. Several of these may be further divided into subclasses {(isotypes), e.g. 1g(Gl,
1g(2, 1gG3, and Ig(G4, IgAl, and IgAZ. The Fe part of an antibody is directly involved in ADCC
{antibody dependent cell-mediated cytotoxicity) and CDC  (complement-dependent
cytotoxicity) based on complement activation, Clg binding and Fc receptor binding.
Complement activation (CDC} is initiated by binding of complement factor Clg to the Fe pat
of most IgG antibody subclasses. While the influence of an antibody on the complement system
is dependent on certain conditions, binding to Clyg is caused by defined binding sites in the Fc
part. Such hinding sites are known in the state of the art and described e.g. by Boakle et al,,
Nature 282 (1975) 742-743, Lukas et al., I. Immunol. 127 (1981) 2555-2560, Brunhouse and
Cebra, Mol. Immunol. 16 (1979) 907-917, Burton et al., Natore 288 (1980} 338-344,
Thoramesen et al., Mol. Immunol. 37 (2000) 995-1004, Idusogie et al, J. Immunol. 164 (2000)
4178-4184, Hezarch et al., J. Virology 75 (2001) 12161- 12168, Morgan et al., Immunclogy 86
(1995)319-324, EP 0307434, Soch binding sites are e.g. 1.234, 1.235, D270, N297, E318, K324,
K322, P331 and P329 (mumbenng according to FU index of Kabat). Most crucial among these
restdues in mediating Clg and Fegamma receptor binding in IgG1 are L.234 and 1.235 (Hezareh
etal, J. Virology 75 (2001) 12161 12168). Antibodies of subclass IgGl and 1g(G3 vsually show
complement activation and Clg and C3 binding, whereas 1g(G2 and IgG4 do not activate the

complement system and do not bind Clg and C3.

In an embodiment of the invention, binding to complement product Clq or Fc gamma receptor
by the binding molecule in this invention is ablated by utilization of the IgG1 constant region
with directed L to A mutagenesis at positions 234 and 233 {corresponding to amino acids 117

and 118 of human fgGt SEQ ID NO.:283, and human [gG1KO SEQ D NO.:284).

80



10

15

20

25

30

WO 2021/236658 PCT/US2021/032990

The art has further developed antibodies and made them versatile tools in medicine and
technology. Thus, in the context of the present invention the terms “antibody molecule” or
“antibody” (used synonymously herein) do not only include antibodies as they may be found
in nature, comprising e.g. two light chains and two or heavy chains, or just two heavy chains as
in camelid species, but furthermore encompasses all molecules comprising at least one paratope
with binding specificity to an antigen and structural similarity to a variable domain of an

immunoglobulin.

Thus, an antibody may comprise a monoclonal antibody, a human antibody, a humanized
antibody, a chimeric antibody, a fragment of an antibody, in particular a Fv, Fab, Fab’, or
F(ab’)2 fragment, a single chain antibody, in particular a single chain variable fragment (scFv),

a Small Modular Immunopharmaceutical (SMIP), a domain antibody, a nanobody, a diabody.

Monoclonal antibodies (mAb) are monospecific antibodies that are identical in amino acid
sequence. They may be produced by hybridoma technology from a hybrid cell line (called
hybridoma) representing a clone of a fusion of a specific antibody-producing B cell with a
myeloma (B cell cancer) cell (Kohler G, Milstein C. Continuous cultures of fused cells secreting
antibody of predefined specificity. Nature 1975; 256:495-7.). Alternatively, monoclonal
antibodies may be produced by recombinant expression in host cells (Norderhaug L, Olafsen T,
Michaelsen TE, Sandlie I. (May 1997). "Versatile vectors for transient and stable expression of
recombinant antibody molecules in mammalian cells." J Immunol Methods 204 (1): 77-87; see

also below).

For application in man, it is often desirable to reduce immunogenicity of antibodies originally
derived from other species, like mouse. This can be done by construction of chimeric antibodies,
or by a process called “humanization”. In this context, a “chimeric antibody” is understood to
be antibody comprising a sequence part (e.g. a variable domain) derived from one species (e.g.
mouse) fused to a sequence part (e.g. the constant domains) derived from a different species
(e.g. human). A “humanized antibody” is an antibody comprising a variable domain originally
derived from a non-human species, wherein certain amino acids have been mutated to make the
overall sequence of that variable domain more closely resemble to a sequence of a human
variable domain. Methods of chimerisation and humanization of antibodies are well-known in

the art (Billetta R, Lobuglio AF. “Chimeric antibodies”. Int Rev Immunol. 1993;10(2-3):165-
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76; Riechmann L, Clark M, Waldmann H, Winter G (1988). "Reshaping human antibodies for
therapy”. Nature: 332:323).

Furthermore, technologies have been developed for creating antibodies based on sequences
derived from the human genome, for example by phage display or use of transgenic animals
(WO 90/05144; D. Marks, H.R. Hoogenboom, T.P. Bonnert, J. McCafferty, A.D. Griffiths and
G. Winter (1991) "By-passing immunisation. Human antibodies from V-gene libraries
displayed on phage." J.Mol.Biol., 222, 581-597; Knappik et al., J. Mol. Biol. 296: 57-86, 2000;
S. Carmen and L. Jermutus, "Concepts in antibody phage display". Briefings in Functional
Genomics and Proteomics 2002 1(2):189-203; Lonberg N, Huszar D. "Human antibodies from
transgenic mice”. Int Rev Immunol. 1995;13(1):65-93.; Briiggemann M, Taussig MJ.
"Production of human antibody repertoires in transgenic mice”. Curr Opin Biotechnol. 1997
Aug;8(4):455-8.). Such antibodies are “human antibodies” in the context of the present

invention.

Antibody can also include fragments of immunoglobulins which retain antigen binding
properties, like Fab, Fab’, or F(ab’)2 fragments. Such fragments may be obtained by
fragmentation of immunoglobulins e.g. by proteolytic digestion, or by recombinant expression
of such fragments. For example, immunoglobulin digestion can be accomplished by means of
routine techniques, e.g. using papain or pepsin (WO 94/29348). Papain digestion of antibodies
typically produces two identical antigen binding fragments, so-called Fab fragments, each with
a single antigen binding site, and a residual Fc fragment. Pepsin treatment yields an F(ab")2. In
Fab molecules, the variable domains are each fused to an immunoglobulin constant domain,
preferably of human origin. Thus, the heavy chain variable domain may be fused to a CH1
domain (a so-called Fd fragment), and the light chain variable domain may be fused to a CL
domain. Fab molecules may be produced by recombinant expression of respective nucleic acids

in host cells, see below.

A number of technologies have been developed for placing variable domains of
immunoglobulins, or molecules derived from such variable domains, in a different molecular
context. These are “immunoglobulin-like” molecules in accordance with the present invention.
In some instances, these immunoglobulin-like molecules can be smaller in size compared to
naturally occurring immunoglobulins, and may, for example, comprise a single amino acid
chain or several amino acid chains. For example, a single-chain variable fragment (scFv) is a
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fusion of the variable regions of the heavy and light chains of immunoglobulins, linked together
with a short linker, usually serine (S) or glycine (G) (WO 88/01649; WO 91/17271; Huston et
al; International Reviews of Immunology, Volume 10, 1993, 195 - 217). “Single domain
antibodies” or “nanobodies” harbour an antigen-binding site in a single Ig-like domain (WO
94/04678; WO 03/050531, Ward et al., Nature. 1989 Oct 12;341 (6242):544-6; Revets et al.,
Expert Opin Biol Ther. 5(1):111-24, 2005). One or more single domain antibodies with binding
specificity for the same or a different antigen may be linked together. Diabodies are bivalent
antibody molecules consisting of two amino acid chains comprising two variable domains (WO
94/13804, Holliger et al., Proc Natl Acad Sci U S A. 1993 Jul 15;90(14):6444-8). Other
examples of antibody-like molecules are immunoglobulin super family antibodies (IgSF;
Srinivasan and Roeske, Current Protein Pept. Sci. 2005, 6(2): 185-96). A different concept leads
to the so-called Small Modular Immunopharmaceutical (SMIP) which comprises a Fv domain
linked to single-chain hinge and effector domains devoid of the constant domain CHI1

(WO 02/056910).

In respect of the present invention, the first aspect of the invention provides a immunoglobulin-
like binding molecule having at least one antigen binding site that binds specifically to CD137
(4-1BB, TNFRSF9) and at least one antigen binding site that binds specifically to Fibroblast
Activation Protein (FAP).

In one aspect, the immunoglobulin-like binding molecule of the present invention binds to the
CD137 (4-1BB, TNFRSF9) or Fibroblast Activation Protein (FAP) target antigens with an
affinity, as determined e.g. by surface plasmon resonance analysis (Malmqvist M., "Surface
plasmon resonance for detection and measurement of antibody-antigen affinity and kinetics.",
Curr Opin Immunol. 1993 Apr;5(2):282-6.), with a KD value ranging from 1 pM to 100 uM,
preferably 1 pM to 1 uM. Antibody affinity can also be measured using kinetic exclusion assay
(KinExA) technology (Darling, R.J., and Brault P-A., “Kinetic exclusion assay technology:
Characterization of Molecular Interactions.” ASSAY and Drug Development Technologies.

2004, Dec 2(6): 647-657).

As used herein, the term "binding" or "specifically binding" refers to the binding of the antibody
and/or immunoglobulin-like molecule to an epitope of the antigen in an in-vitro assay,
preferably in a surface plasmon resonance assay (SPR, BIAcore, GE-Healthcare Uppsala,
Sweden). The affinity of the binding is defined by the terms kon (rate constant for the association
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of the antibody from the antibody/antigen complex), kot (dissociation constant), and KD
(kott/kon). Specific binding commonly refers to the formation of a complex between a receptor
molecule and its ligands. In the context of antibody-antigen binding, high affinity antibodies

typically bind their target antigens at affinities of 10° M or less.

An “antibody that specifically binds to CD137” or “immunoglobulin-like binding molecule that
specifically binds to CD137” or an “antibody that specifically binds to FAP” or an
“immunoglobulin-like binding molecule that specifically binds to FAP” refers to molecules that
are capable of binding with sufficient affinity such that the antibody and/or immunoglobulin-
like binding molecule is useful as a diagnostic and/or therapeutic agent in targeting CD137 or
FAP, respectively. In one embodiment, the extent of binding of an anti CD137 binding
molecule to an unrelated, non-CD137 protein is less than about 10% of the binding of the
antibody and/or immunoglobulin-like binding molecule to CD137 as measured, e.g. by a
radioimmunoassay (RIA) or flow cytometry (FACs). In certain embodiments, an antibody
and/or immunoglobulin-like binding molecule that binds to CD137 has a dissociation constant
(Kd) of < 1uM, < 100 nM, < 10 nM, < 1 nM, < 0.1 nM, < 0.01 nM, < 0.001 nM. Similarly in
one embodiment, the extent of binding of an anti FAP antibody to an unrelated, non- FAP
protein is less than about 10% of the binding of the antibody and/or immunoglobulin-like
binding molecule to FAP as measured, e.g. by a radioimmunoassay (RIA) or flow cytometry
(FACs). In certain embodiments, an antibody and/or immunoglobulin-like binding molecule
that binds to FAP has a dissociation constant (Kd) of < 1uM, < 100 nM, < 10 nM, < 1 nM, <
0.1 nM, <0.01 nM, <0.001 nM (e.g., 10° M or less, from 10°° M to 10> M, e.g. 108 M to 10
10 M),

The binding affinity of an antibody molecule may be enhanced by a process known as affinity
maturation (Marks et al., 1992, Biotechnology 10:779-783; Barbas, et al., 1994, Proc. Nat. Acad.
Sci, USA 91:3809-3813; Shier et al., 1995, Gene 169:147-155). Affinity matured antibodies or
and/or immunoglobulin-like binding molecules are therefore also embraced in the present

invention.
In a further preferred embodiment the antigen binding site that binds specifically to CD137 (4-

1BB, TNFRSHF9) is part of an immunoglobulin (Ig) molecule and the antigen binding site that

binds specifically to Fibroblast Activation Protein (FAP) comprises one or more scFv, scFab,
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Fab or Fv binding elements. Preferably, the antigen binding site that binds specifically to

Fibroblast Activation Protein (FAP) comprises two scFv(s).

A "single chain Fv fragment” (seFv) is a polypeptide comprising an antibody heavy chain
variable domain (VH), a linker, and an antibody light chain variable dowmain (VL), and a,
wherein said antibody domains and said linker have one of the following orders in N-terminal
to C-terminal direction: a) VH--hnker-VL, b} VL -linker-VH,; and wherein said linker is a

polypeptide of 15 and 25 amino acids, preferably 20 amino acids, in length.

In addition, these single chain Fab molecules might be further stabilized by incorporation of
disulfide bonds between the VH and YL domains, within the VH domain, or within the YL
domain, via incorporation of cysteine residues. The term N-termuinus denotes the first amino
acid of the polypeptide chain while the term C ~terminus denotes the last amino acid of the C-
terminus of the polypeptide chain. Hence an embodiment of the invention is wherein the one or

more scFv(s) comprises additional cysteine residues to form disulfide bonds

As demonstrated in the accompanying exaroples, the inventors have shown that a FAP scFv
having a VL-VH orientation from N-to C-terminus can function in the binding molecules of the
invention to induce CD137 cross-linking in target cells. While a FAP scPFv having a VH-VL
orientation from N-to C-terminus can also fonction, the activity may be reduced in this
orientation. Hence a preferred embodiment of the invention is where the order is VL-VH from

N-to C-terminus.

A further preferred embodiment of the invention is wherein the one or more scFv(s) is fused to
the Ig molecule by a peptide linker, preferably a peptide linker having a length of about 4 to 20
amino acids. Preferably the scFv is fused to the C- terminus of the heavy chain of the Ig

molecule. Preferably the Ig molecule is an IgG.

Methods of linking scFv molecules to the C- terminus of the heavy chain of the IgG molecule

are well known in the art. Typically, a small linker sequence of glycine and serine (termed a

GS mini-linker) amino acids is used. The number of amino acids in the linker can vary, from

four (4) (GGGS) (SEQ ID NO.:279), six (6) (GGSGGS) (SEQ ID NO.:280), ten

(10)(GGGGSGGGGS) (SEQ ID NO.:281), twenty (20) (GGGGSGGGGSGGGGSGGGGS)

(SEQ ID NO.:282) or more. In practice, normally the linker is formed by combining the nucleic
85



10

15

20

25

30

WO 2021/236658 PCT/US2021/032990

acid molecule encoding the IgG of interest (which is the present case would include the nucleic
acid encoding the variable domain of the heavy chain for the CD137 (4-1BB, TNFRSF9)
binding site) with the nucleic acid encoding the desired scFv (which is the present case would
include the nucleic acid encoding the variable domain of the heavy chain for the Fibroblast
Activation Protein (FAP) binding site) interspaced by the nucleic acid molecule encoding the
linker sequence. Then as further explained below this complete HC-scFv encoding nucleic acid
molecule is placed within an expression vector and introduced to appropriate host cells such

that the complete IgG heavy chain-scFv single polypeptide is formed.

Preferably the GS linker is GGGGSGGGGSGGGGSGGGGS (SEQ ID NO.:282).

The immunoglobulin-like binding molecule may be fused (as a fusion protein) or otherwise
linked (by covalent or non-covalent bonds) to other molecular entities having a desired impact
on the properties of the antibody molecule. For example, it may be desirable to improve
pharmacokinetic properties of antibody molecules, stability e.g. in body fluids such as blood,
in particular in the case of single chain antibodies or domain antibodies. A number of
technologies have been developed in this regard, in particular to prolong the half-life of such
antibody molecules in the circulation, such as pegylation (WO 98/25971; WO 98/48837; WO
2004081026), fusing or otherwise covalently attaching the antibody molecule to another
antibody molecule having affinity to a serum protein like albumin (WO 2004041865; WO
2004003019), or expression of the antibody molecule as fusion protein with all or part of a

serum protein like albumin or transferrin (WO 2001079258).

Since the Fc region of a naturally occurring antibody interacts with a number of Fc receptors,
which results in a number of important functional capabilities (which are referred to as “effector
functions™). The immunoglobulin-like binding molecule of the invention contains a portion of
the Fc region, that has been engineered to avoid unintended cross-linking by soluble Fc gamma
receptors or complement Clg. In one embodiment, such antibody variant has much lower
affinities to Fcgamma receptors and complement Clq than the parent antibody. Hence an
embodiment of the invention is wherein the Ig molecule comprises a Fc variant having a
reduced affinity to Fc gamma receptors or complement receptors, or both compared to a

wildtype Fc region.
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A further embodiment of the invention is wherein the binding molecule of the invention
comprises an Fc region, or the relevant section thereof, that has been engineered to modify

serum levels (half-life) by optimizing its interaction with the neonatal Fc receptor (FcRn).

Methods of preparing binding sites that bind to specific target antigens are well known in the
art. The skilled person can readily use these methods to devise a binding site have the necessary
specificity for the CD137 (4-1BB, TNFRSF9) or Fibroblast Activation Protein (FAP) target

antigens.

Methods of generating antibodies and antibody fragments are well known in the art. For
example, antibodies may be generated via any one of several methods which employ induction
of in vivo production of antibody molecules, screening of immunoglobulin libraries (Orlandi et
al, 1989. Proc. Natl. Acad. Sci. U.S.A. 86:3833-3837; Winter et al 1991, Nature 349:293-299)
or generation of monoclonal antibody molecules by cell lines in culture. These include, but are
not limited to, the hybridoma technique, the human B-cell hybridoma technique, and the
Epstein-Barr virus (EBV)-hybridoma technique (Kohler et al 1975. Nature 256:4950497;
Kozbor et al 1985. J. Immunol. Methods 81 :31 -42; Cote et al 1983. Proc. Natl. Acad. Sci.
USA 80:2026-2030; Cole et al 1984. Mol. Cell. Biol. 62:109-120).

Using these methods it would be routine for the person skilled in the art to prepare antibodies
having a binding site with the necessary specificity for the CD137 (4-1BB, TNFRSF9) or
Fibroblast Activation Protein (FAP) target antigens. Isolation of the binding domains from
such antibodies is a routine practice and indeed further information on methods that can be used

are provided in the accompanying examples.

The present inventors prepared specific CD137 (4-1BB, TNFRSF9) / Fibroblast Activation
Protein (FAP) immunoglobulin-like binding molecules utilizing the exemplary antigen binding
sites for CD137 and FAP of the invention enumerated below, which are discussed in the

accompanying examples.
As non-limiting examples, bispecific molecules were prepared using exemplary antigen binding
sites specific for CD137 (4-1BB, TNFRSF9), are CD137 #1, CD137 #2, CD137 #3, CD137 #4,

CD137 #5, CD137 #6, CD137 #7, CD137 #8, CD137 #9, and CD137 #10.
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As non-limiting examples, bispecific molecules were prepared using exemplary using
exemplary antigen binding sites specific for Fibroblast Activation Protein (FAP), and termed

these FAP #1, FAP #2, FAP #3, FAP #4, and FAP #5.

The amino acid sequences of the specific antigen binding sites are provided in the description

and the sequence listing.

Provided below are details of preferred embodiments of the invention which comprise specific

binding sites for CD137 (4-1BB, TNFRSF9) or Fibroblast Activation Protein (FAP).

For the avoidance of doubt, each of the specific embodiments listed below for the first aspect
of the invention can each also be considered to be independent aspects of the invention.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:290 (CDR1),
SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprising the
amino acid sequences of SEQ ID NO.:12 (CDR1), SEQID NO.:13 (CDR2) and SEQ ID NO.:14
(CDR3). In this embodiment the antigen binding site specific for CD137 is CD137 #1.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:10 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:15. In this embodiment, the antigen

binding site specific for CD137 is CD137 #1.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain, region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:18 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:22 (CDR1), SEQID NO.:23 (CDR2) and SEQ ID NO.:14
(CDR3). In this embodiment the antigen binding site specific for CD137 is CD137 #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:20 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:25. In this embodiment, the antigen
binding site specific for CD137 is CD137 #2.
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In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID NO.: 9 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:32 (CDR1), SEQ ID NO.33 (CDR2) and
SEQ ID NO.:14 (CDR3). In this embodiment, the antigen binding site specific for CD137 is
CD137 #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:30 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:35. In this embodiment, the antigen

binding site specific for CD137 is CD137 #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:42 (CDR1), SEQID NO.:43 (CDR2) and SEQ ID NO.:14
(CDR3). In this embodiment, the antigen binding site specific for CD137 is CD137 #4.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:40 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:45. In this embodiment, the antigen
binding site specific for CD137 is CD137 #4.
In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.: 9 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:52 (CDR1), SEQ ID NO.:53 (CDR2) and
SEQ ID NO.:14 (CDR3). In this embodiment, the antigen binding site specific for CD137 is
CD137 #5.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:50 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:55. In this embodiment, the antigen
binding site specific for CD137 is CD137 #5.
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In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:62 (CDR1), SEQID NO.:63 (CDR2) and SEQ ID NO.:14
(CDR3). In this embodiment, the antigen binding site specific for CD137 is CD137 #6.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:60 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:65. In this embodiment, the antigen
binding site specific for CD137 is CD137 #6.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308
(CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and
SEQ ID NO.:74 (CDR3). In this embodiment, the antigen binding site specific for CD137 is
CD137 #7.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:70 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:75. In this embodiment, the antigen
binding site specific for CD137 is CD137 #7.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3). In this embodiment, the antigen binding site specific for CD137 is CD137 #8.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:80 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:85. In this embodiment, the antigen
binding site specific for CD137 is CD137 #8.
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In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQ ID NO.:93, (CDR2) and SEQ ID
NO.:74 (CDR3). In this embodiment, the antigen binding site specific for CD137 is CD137 #9.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:90 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:95. In this embodiment, the antigen
binding site specific for CD137 is CD137 #9.In a preferred embodiment of the binding molecule
of the invention, the antigen binding site specific for CD137 comprises a variable heavy chain
region and a variable light chain region, wherein the heavy chain CDRs comprise the amino
acid sequences of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:92
(CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #10.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:100 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:105. In this embodiment, the antigen

binding site specific for CD137 is CD137 #10.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for FAP comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and the light chain CDRs comprise
the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID
NO.:113 (CDR3). In this embodiment, the antigen binding site specific for FAP is FAP #1.
Preferably the antigen binding site specific for FAP comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:106 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:110. In this embodiment, the antigen
binding site specific for FAP is FAP #1.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for FAP comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:319 (CDR1),
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SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and the light chain CDRs comprise
the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID
NO.:113 (CDR3). In this embodiment, the antigen binding site specific for FAP is FAP #2.
Preferably the antigen binding site specific for FAP comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:115 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:119. In this embodiment, the antigen
binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for FAP comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:319
(CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ ID NO.:112 (CDR2)
and SEQ ID NO.:113 (CDR3). In this embodiment, the antigen binding site specific for FAP
is FAP #3.

Preferably the antigen binding site specific for FAP comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:124 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:128. In this embodiment, the antigen
binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for FAP comprises a variable heavy chain region and a variable light chain, region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:328
(CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139 (CDR2)
and SEQ ID NO.:140 (CDR3). In this embodiment, the antigen binding site specific for FAP
is FAP #4.

Preferably the antigen binding site specific for FAP comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:133 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:137. In this embodiment the antigen
binding site specific for FAP is FAP #4.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for FAP comprises a variable heavy chain region and a variable light chain region,
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:333
(CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139 (CDR2)
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and SEQ ID NO.:140 (CDR3). In this embodiment, the antigen binding site specific for FAP
is FAP #5.

Preferably the antigen binding site specific for FAP comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:142 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:146. In this embodiment, the antigen

binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:290 (CDR1),
SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:12 (CDR1), SEQID NO.:13 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:111
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3) In this embodiment, the
antigen binding site specific for CD137 is CD137 #1 and the antigen binding site specific for

FAP is FAP #1.
Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region

comprising the amino acid sequence of SEQ ID NO.:10 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:15 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:106 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:110. In this embodiment, the antigen binding site specific for CD137 is CD137 #1 and the
antigen binding site specific for FAP is FAP #1.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308
(CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs
comprise the amino acid sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and
SEQ ID NO.:74 (CDR3) and the antigen binding site specific for FAPcomprises a variable

heavy chain region and a variable light chain region wherein the heavy chain CDRs comprise
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the amino acid sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:108 (CDR2) and SEQ ID
NO.:109 (CDR3) and has light chain CDRs comprise the amino acid sequences of SEQ ID
NO.:111 (CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this
embodiment the antigen binding site specific for CD137 is CD137 #7 and the antigen binding
site specific for FAP is FAP #1.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:70 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:75 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:106 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:110. In this embodiment the antigen binding site specific for CD137 is CD137 #7 and the
antigen binding site specific for FAP is FAP #1.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:290
(CDR1), SEQID NO.:8 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise
the amino acid sequences of SEQ ID NO.:12 (CDR1), SEQ ID NO.:13 (CDR2) and SEQ ID
NO.:14 (CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain
region and a variable light chain region wherein the heavy chain CDRs comprise the amino
acid sequences of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #1 and the antigen binding site specific for
FAP is FAP #4.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:10 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:15 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:133 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:137. In this embodiment the antigen binding site specific for CD137 is CD137 #1 and the
antigen binding site specific for FAP is FAP # 4.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137comprises a variable heavy chain region and a variable light chain region
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wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:328 (CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #7 and the antigen binding site specific for
FAP is FAP #4.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:70 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:75 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:133 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:137. In this embodiment the antigen binding site specific for CD137 is CD137 #7 and the
antigen binding site specific for FAP is FAP #4.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:18 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:22 (CDR1), SEQ ID NO.:23 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #2 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region

comprising the amino acid sequence of SEQ ID NO.:20 and a variable light chain region
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comprising the amino acid sequence of SEQ ID NO.:25 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #2 and the

antigen binding site specific for FAP is FAP # 5.
In a preferred embodiment of the binding molecule of the invention, the antigen binding site

specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:18 (CDR2) and SEQ ID NO.:19 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:22 (CDR1), SEQID NO.:23 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #2 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:20 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:25 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #2 and the
antigen binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:18 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:22 (CDR1), SEQID NO.:23 (CDR2) and SEQ ID NO.:14
(CDR3), and the antigen binding site specific for FAP comprises a variable heavy chain region

and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
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sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #2 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:30 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:35 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #2 and the
antigen binding site specific for FAP is FAP # 3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:32 (CDR1), SEQID NO.:33 (CDR2) and SEQ ID NO.:14
(CDR3), and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #3 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:30 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:35 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #3 and the
antigen binding site specific for FAP is FAP #5.
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In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:32 (CDR1), SEQID NO.:33 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #3 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:30 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:35 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment, the antigen binding site specific for CD137 is CD137 #3 and the
antigen binding site specific for FAP is FAP # 2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:28 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:32 (CDR1), SEQID NO.:33 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #3 and the antigen binding site specific for
FAP is FAP #3.
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Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:30 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:35. and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #3 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:42 (CDR1), SEQID NO.:43 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #4 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:40 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:45 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #4 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site

specific for CD137 comprises a variable heavy chain region and a variable light chain region

wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),

SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the

amino acid sequences of SEQ ID NO.:42 (CDR1), SEQID NO.:43 (CDR2) and SEQ ID NO.:14
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(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #4 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:40 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:45 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #4 and the
antigen binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:42 (CDR1), SEQID NO.:43 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #4 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region

comprising the amino acid sequence of SEQ ID NO.:40 and a variable light chain region

comprising the amino acid sequence of SEQ ID NO.:45 and the antigen binding site specific

for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ

ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
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NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #4 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:52 (CDR1), SEQID NO.:53 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #5 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:50 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:55 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment, the antigen binding site specific for CD137 is CD137 #5 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:52 (CDR1), SEQID NO.:53 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
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antigen binding site specific for CD137 is CD137 #5 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:50 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:55 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #5 and the
antigen binding site specific for FAP is FAP # 2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:52 (CDR1), SEQ ID NO.:53 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #5 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:50 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:55 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #5 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site

specific for CD137 comprises a variable heavy chain region and a variable light chain region

wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
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SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:62 (CDR1), SEQID NO.:63 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #6 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:60 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:65 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment, the antigen binding site specific for CD137 is CD137 #6 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:62 (CDR1), SEQID NO.:63 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #6 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:60 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:65 and the antigen binding site specific
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for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment, the antigen binding site specific for CD137 is CD137 #6 and the
antigen binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:295 (CDR1),
SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:62 (CDR1), SEQID NO.:63 (CDR2) and SEQ ID NO.:14
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #6 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:60 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:64 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 # 6 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
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(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #8 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:80 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:85 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #8 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #8 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:80 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:85 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #8 and the
antigen binding site specific for FAP is FAP #2.
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In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:78 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:72 (CDR1), SEQID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #8 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:80 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:85 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #8 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment, the
antigen binding site specific for CD137 is CD137 #9 and the antigen binding site specific for
FAP is FAP #5.
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Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:90 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:95 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #9 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #9 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:90 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:95 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #9 and the
antigen binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site

specific for CD137 comprises a variable heavy chain region and a variable light chain region

wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),

SEQ ID NO.:88 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the

amino acid sequences of SEQ ID NO.:92 (CDR1), SEQID NO.:93 (CDR2) and SEQ ID NO.:74
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(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #9 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:90 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:95 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #9 and the
antigen binding site specific for FAP is FAP #3.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:333 (CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:138
(CDR1), SEQ ID NO.:139 (CDR2) and SEQ ID NO.:140 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #10 and the antigen binding site specific for
FAP is FAP #5.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:100 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:105 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ

ID NO.:142 and a variable light chain region comprising the amino acid sequence of SEQ ID
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NO.:146. In this embodiment the antigen binding site specific for CD137 is CD137 #10 and the
antigen binding site specific for FAP is FAP #5.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:120
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
antigen binding site specific for CD137 is CD137 #10 and the antigen binding site specific for
FAP is FAP #2.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:100 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:105 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:115 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:119. In this embodiment the antigen binding site specific for CD137 is CD137 #10 and the
antigen binding site specific for FAP is FAP #2.

In a preferred embodiment of the binding molecule of the invention, the antigen binding site
specific for CD137 comprises a variable heavy chain region and a variable light chain region
wherein the heavy chain CDRs comprise the amino acid sequences of SEQ ID NO.:308 (CDR1),
SEQ ID NO.:98 (CDR2) and SEQ ID NO.:69 (CDR3) and the light chain CDRs comprise the
amino acid sequences of SEQ ID NO.:92 (CDR1), SEQID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3) and the antigen binding site specific for FAP comprises a variable heavy chain region
and a variable light chain region wherein the heavy chain CDRs comprise the amino acid
sequences of SEQ ID NO.:319 (CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109
(CDR3) and the light chain CDRs comprise the amino acid sequences of SEQ ID NO.:129
(CDR1), SEQ ID NO.:112 (CDR2) and SEQ ID NO.:113 (CDR3). In this embodiment the
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antigen binding site specific for CD137 is CD137 #10 and the antigen binding site specific for
FAP is FAP #3.

Preferably the antigen binding site specific for CD137 comprises a variable heavy chain region
comprising the amino acid sequence of SEQ ID NO.:100 and a variable light chain region
comprising the amino acid sequence of SEQ ID NO.:105 and the antigen binding site specific
for FAP comprises a variable heavy chain region comprising the amino acid sequence of SEQ
ID NO.:124 and a variable light chain region comprising the amino acid sequence of SEQ ID
NO.:128. In this embodiment the antigen binding site specific for CD137 is CD137 #10 and the
antigen binding site specific for FAP is FAP #3. Set out above are specific combinations of the
antigen binding sites specific for CD137 and FAP that can be used in the binding molecule of

the invention.

In each of these embodiments, the variable heavy chain containing the antigen binding site
CD137 is fused to a human heavy chain constant region. For example, IgG, IgG2, IgG3, IgG4,
IgA, IgE or IgM. Preferably the heavy chain constant region of human IgG1 is used.

A further embodiment of the invention is wherein the variable light chain containing the antigen
binding site CD137 is fused to the human light chain constant region kappa or lambda.

Preferably the light chain constant region of human kappa is used.

Example sequences for heavy chain constant region of human IgG1 wild type is provided in

SEQ ID NO.: 283, IgG1 KO is provided in SEQ ID NO.:284.

Example sequence for light chain constant region of human kappa provided in SEQ ID NO.:285.

Provided below are binding molecules of the invention. Each of the specific molecules of the
invention comprise modified immunoglobulin molecules in which the immunoglobulin heavy
chain comprises an amino acid sequence of a variable heavy domain which binds specifically
to CD137 and also an scFv which binds specifically to FAP, and an antibody light chain which
comprises the amino acid sequence of a variable light domain which binds specifically to

CD137.
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A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:151 and a light chain comprising the amino acid sequence
of SEQ ID NO.:152. In this aspect the antigen binding site specific for CD137 is CD137 #1
and the antigen binding site specific for FAP is FAP #1.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:153 and a light chain comprising the amino acid sequence
of SEQ ID NO.:154. In this aspect the antigen binding site specific for CD137 is CD137 #7
and the antigen binding site specific for FAP is FAP #1.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:155 and a light chain comprising the amino acid sequence
of SEQ ID NO.:156. In this aspect the antigen binding site specific for CD137 is CD137 #1
and the antigen binding site specific for FAP is FAP #4.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:157 and a light chain comprising the amino acid sequence
of SEQ ID NO.:158. In this aspect the antigen binding site specific for CD137 is CD137 #7and
the antigen binding site specific for FAP is FAP #4.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:159 and a light chain comprising the amino acid sequence
of SEQ ID NO.:160. In this aspect the antigen binding site specific for CD137 is CD137 #2
and the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the

amino acid sequence of SEQ ID NO.:164 and a light chain comprising the amino acid sequence
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of SEQ ID NO.:165. In this aspect the antigen binding site specific for CD137 is CD137 #2
and the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:169 and a light chain comprising the amino acid sequence
of SEQ ID NO.:170. In this aspect the antigen binding site specific for CD137 is CD137 #2and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:174 and a light chain comprising the amino acid sequence
of SEQ ID NO.:175. In this aspect the antigen binding site specific for CD137 is CD137 #3 and
the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:179 and a light chain comprising the amino acid sequence
of SEQ ID NO.:180. In this aspect the antigen binding site specific for CD137 is CD137 #3 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:184 and a light chain comprising the amino acid sequence
of SEQ ID NO.:185. In this aspect the antigen binding site specific for CD137 is CD137 #3 and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:189 and a light chain comprising the amino acid sequence
of SEQ ID NO.:190. In this aspect the antigen binding site specific for CD137 is CD137 #4and
the antigen binding site specific for FAP is FAP #5.
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A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:194 and a light chain comprising the amino acid sequence
of SEQ ID NO.:195. In this aspect the antigen binding site specific for CD137 is CD137 #4 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:199 and a light chain comprising the amino acid sequence
of SEQ ID NO.:200. In this aspect the antigen binding site specific for CD137 is CD137 #4and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:204 and a light chain comprising the amino acid sequence
of SEQ ID NO.:205. In this aspect the antigen binding site specific for CD137 is CD137 #5and
the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:209 and a light chain comprising the amino acid sequence
of SEQ ID NO.:210. In this aspect the antigen binding site specific for CD137 is CD137 #5 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:214 and a light chain comprising the amino acid sequence
of SEQ ID NO.:215. In this aspect the antigen binding site specific for CD137 is CD137 #5 and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule

comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the

amino acid sequence of SEQ ID NO.:219 and a light chain comprising the amino acid sequence
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of SEQ ID NO.:220. In this aspect the antigen binding site specific for CD137 is CD137 #6and
the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:224 and a light chain comprising the amino acid sequence
of SEQ ID NO.:225. In this aspect the antigen binding site specific for CD137 is CD137 #6 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:229 and a light chain comprising the amino acid sequence
of SEQ ID NO.:230. In this aspect the antigen binding site specific for CD137 is CD137 #6 and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:234 and a light chain comprising the amino acid sequence
of SEQ ID NO.:235. In this aspect the antigen binding site specific for CD137 is CD137 #8 and
the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:239 and a light chain comprising the amino acid sequence
of SEQ ID NO.:240. In this aspect the antigen binding site specific for CD137 is CD137 #8 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus a heavy chain
comprising the amino acid sequence of SEQ ID NO.:244 and a light chain comprising the amino
acid sequence of SEQ ID NO.:245. In this aspect the antigen binding site specific for CD137 is
CD137 #8 and the antigen binding site specific for FAP is FAP #3.
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A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:249 and a light chain comprising the amino acid sequence
of SEQ ID NO.:250. In this aspect the antigen binding site specific for CD137 is CD137 #9 and
the antigen binding site specific for FAP is #5.

A further aspect of the invention provides a an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:254 and a light chain comprising the amino acid sequence
of SEQ ID NO.:255. In this aspect the antigen binding site specific for CD137 is CD137 #9 and
the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:259 and a light chain comprising the amino acid sequence
of SEQ ID NO.:260. In this aspect the antigen binding site specific for CD137 is CD137 #9 and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:264 and a light chain comprising the amino acid sequence
of SEQ ID NO.:265. In this aspect the antigen binding site specific for CD137 is CD137 #10and
the antigen binding site specific for FAP is FAP #5.

A further aspect of the invention provides an immunoglobulin-like binding molecule
comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:269 and a light chain comprising the amino acid sequence
of SEQ ID NO.:270. In this aspect the antigen binding site specific for CD137 is CD137 #10
and the antigen binding site specific for FAP is FAP #2.

A further aspect of the invention provides an immunoglobulin-like binding molecule

comprising an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the

amino acid sequence of SEQ ID NO.:274 and a light chain comprising the amino acid sequence
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of SEQ ID NO.:275. In this aspect the antigen binding site specific for CD137 is CD137 #10and
the antigen binding site specific for FAP is FAP #3.

A further aspect of the invention provides nucleic acid molecules that encode the binding

molecule of the invention or an expression vector containing such a nucleic acid molecule.

In some embodiments, the binding molecules of the invention comprise antibody heavy chain
and light chain polypeptides. As can be appreciated by the skilled person, nucleic acid
molecules can be readily prepared which encode the heavy chain polypeptides, light chain

polypeptides, or heavy chain polypeptides and light chain polypeptides.

Nucleic acid molecules coding for the light chain and the heavy chain may be synthesized
chemically and enzymatically by Polymerase Chain Reaction (PCR) using standard methods.
First, suitable oligonucleotides can be synthesized with methods known in the art (e.g. Gait,
1984), which can be used to produce a synthetic gene. Methods to generate synthetic genes
from oligonucleotides are known in the art (e.g. Stemmer et al., 1995; Ye et al., 1992; Hayden

and Mandecki, 1988; Frank et al., 1987).

The nucleic acid molecules of the invention include, but are not limited to, the DNA molecules
encoding the polypeptide sequences shown in the sequence listing. Also, the present invention
also relates to nucleic acid molecules that hybridize to the DNA molecules encoding the
polypeptide sequences shown in the sequence listing under high stringency binding and
washing conditions, as defined in WO 2007/042309. Preferred molecules (from an mRNA
perspective) are those that have at least 75% or 80% (preferably at least 85%, more preferably
at least 90% and most preferably at least 95%) homology or sequence identity with one of the
DNA molecules described herein. By way of example, in view of expressing the antibodies in
eukaryotic cells, the DNA sequences shown in the sequence listing have been designed to match
codon usage in eukaryotic cells. If it is desired to express the antibodies in E. coli, these
sequences can be changed to match E. coli codon usage. Variants of DNA molecules of the

invention can be constructed in several different ways, as described e.g. in WO 2007/042309.

As used herein, the terms "identical" or "percent identity," in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the
same or have a specified percentage of nucleotides or amino acid residues that are the same,
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when compared and aligned for maximum correspondence. To determine the percent identity,
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in the
sequence of a first amino acid or nucleic acid sequence for optimal alignment with a second
amino or nucleic acid sequence). The amino acid residues or nucleotides at corresponding
amino acid positions or nucleotide positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position. The percent
identity between the two sequences is a function of the number of identical positions shared by
the sequences (i.e., % identity=# of identical positions/total # of positions (e.g., overlapping
positions) x100). In some embodiments, the two sequences that are compared are the same
length after gaps are introduced within the sequences, as appropriate (e.g., excluding additional
sequence extending beyond the sequences being compared). For example, when variable region
sequences are compared, the leader and/or constant domain sequences are not considered. For
sequence comparisons between two sequences, a "corresponding” CDR refers to a CDR in the

same location in both sequences (e.g., CDR-H1 of each sequence).

The determination of percent identity or percent similarity between two sequences can be
accomplished using a mathematical algorithm. A preferred, non-limiting example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of Karlin
and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and
Altschul, 1993, Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is incorporated
into the NBLAST and XBLAST programs of Altschul et al., 1990, J. Mol. Biol. 215:403-410.
BLAST nucleotide searches can be performed with the NBLAST program, score=100,
wordlength=12, to obtain nucleotide sequences homologous to a nucleic acid encoding a protein
of interest. BLAST protein searches can be performed with the XBLAST program, score=50,
wordlength=3, to obtain amino acid sequences homologous to a protein of interest. To obtain
gapped alignments for comparison purposes, Gapped BLAST can be utilized as described in
Altschul et al., 1997, Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be used
to perform an iterated search which detects distant relationships between molecules (Id.). When
utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the
respective programs (e.g., XBLAST and NBLAST) can be used. Another preferred, non-
limiting example of a mathematical algorithm utilized for the comparison of sequences is the
algorithm of Myers and Miller, CABIOS (1989). Such an algorithm is incorporated into the
ALIGN program (version 2.0) which is part of the GCG sequence alignment software package.
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When utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. Additional
algorithms for sequence analysis are known in the art and include ADVANCE and ADAM as
described in Torellis and Robotti, 1994, Comput. Appl. Biosci. 10:3-5; and FASTA described
in Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444-8. Within FASTA, ktup is
a control option that sets the sensitivity and speed of the search. If ktup=2, similar regions in
the two sequences being compared are found by looking at pairs of aligned residues; if ktup=1,
single aligned amino acids are examined. ktup can be set to 2 or 1 for protein sequences, or
from 1 to 6 for DNA sequences. The default if ktup is not specified is 2 for proteins and 6 for
DNA. Alternatively, protein sequence alignment may be carried out using the CLUSTAL W
algorithm, as described by Higgins et al., 1996, Methods Enzymol. 266:383-402.

A further aspect of the invention provides a method of production of a binding molecule of any
one of the previous claims, comprising:
() cultivating the host cell of the invention under conditions allowing expression of
the molecule; and,

(b) recovering the molecule.

An embodiment of this aspect of the invention is wherein the method of production further
comprises step (c) further purifying and/or modifying and/or formulating the binding molecule

of the invention.

For producing the binding molecules of the invention, the DNA molecules encoding full-length
light and/or heavy chains or fragments thereof are inserted into an expression vector such that

the sequences are operatively linked to transcriptional and translational control sequences.

For manufacturing the antibodies of the invention, the skilled artisan may choose from a great
variety of expression systems well known in the art, e.g. those reviewed by Kipriyanov and Le

Gall, 2004.

Expression vectors include plasmids, retroviruses, cosmids, EBV-derived episomes, and the
like. The expression vector and expression control sequences are selected to be compatible with
the host cell. The antibody light chain gene and the antibody heavy chain gene can be inserted
into separate vectors. In certain embodiments, both DNA sequences are inserted into the same
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expression vector. Convenient vectors are those that encode a functionally complete human CH
or CL immunoglobulin sequence, with appropriate restriction sites engineered so that any VH
or VL sequence can be easily inserted and expressed, as described above. The constant chain is
usually kappa or lambda for the antibody light chain, for the antibody heavy chain, it can be,
without limitation, any IgG isotype (IgG1, IgG2, IgG3, IgG4) or other immunoglobulins,

including allelic variants.

The recombinant expression vector may also encode a signal peptide that facilitates secretion
of the antibody chain from a host cell. The DNA encoding the antibody chain may be cloned
into the vector such that the signal peptide is linked in-frame to the amino terminus of the
mature antibody chain DNA. The signal peptide may be an immunoglobulin signal peptide or
a heterologous peptide from a non-immunoglobulin protein. Alternatively, the DNA sequence

encoding the antibody chain may already contain a signal peptide sequence.

In addition to the DNA sequences encoding the antibody chains, the recombinant expression
vectors carry regulatory sequences including promoters, enhancers, termination and
polyadenylation signals and other expression control elements that control the expression of the
antibody chains in a host cell. Examples for promoter sequences (exemplified for expression in
mammalian cells) are promoters and/or enhancers derived from (CMYV) (such as the CMV
Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus, (e.g., the
adenovirus major late promoter (AdMLP)), polyoma and strong mammalian promoters such as
native immunoglobulin and actin promoters. Examples for polyadenylation signals are BGH
polyA, SV40 late or early polyA; alternatively, 3"UTRs of immunoglobulin genes etc. can be

used.

The recombinant expression vectors may also carry sequences that regulate replication of the
vector in host cells (e. g. origins of replication) and selectable marker genes. Nucleic acid
molecules encoding the heavy chain or an antigen-binding portion thereof and/or the light chain
or an antigen-binding portion thereof of a molecule of the invention, and vectors comprising
these DNA molecules can be introduced into host cells, e.g. bacterial cells or higher eukaryotic
cells, e.g. mammalian cells, according to transfection methods well known in the art, including
liposome-mediated transfection, polycation-mediated transfection, protoplast fusion,

microinjections, calcium phosphate precipitation, electroporation or transfer by viral vectors.
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Preferably, the nucleic acid molecules encoding the heavy chain and the light chain are present

on two vectors which are co-transfected into the host cell, preferably a mammalian cell.

Hence a further aspect of the invention provides a host cell comprising an expression vector
comprising a nucleic acid molecule encoding the heavy chain and an expression vector

comprising a nucleic acid molecule encoding the light chain.

Mammalian cell lines available as hosts for expression are well known in the art and include,
inter alia, Chinese hamster ovary (CHO, CHO-DG44) cells, NSO, SP2/0 cells, HeLa cells, baby
hamster kidney (BHK) cells, monkey kidney cells (COS), human carcinoma cells (e. g., Hep
G2), A549 cells, 3T3 cells or the derivatives/progenies of any such cell line. Other mammalian
cells, including but not limited to human, mice, rat, monkey and rodent cells lines, or other
eukaryotic cells, including but not limited to yeast, insect and plant cells, or prokaryotic cells
such as bacteria may be used. The binding molecule of the invention are produced by culturing
the host cells for a period of time sufficient to allow for expression of the binding molecule in

the host cells.

Antibody molecules are preferably recovered from the culture medium as a secreted
polypeptide or it can be recovered from host cell lysates if for example expressed without a
secretory signal. It is necessary to purify the antibody molecules using standard protein
purification methods used for recombinant proteins and host cell proteins in a way that
substantially homogenous preparations of the antibody are obtained. By way of example, state-
of-the art purification methods useful for obtaining the binding molecules of the invention
include, as a first step, removal of cells and/or particulate cell debris from the culture medium
or lysate. The antibody is then purified from contaminant soluble proteins, polypeptides and
nucleic acids, for example, by fractionation on immunoaffinity or ion-exchange columns,
ethanol precipitation, reverse phase HPLC, Sephadex chromatography, chromatography on
silica or on a cation exchange resin. As a final step in the process for obtaining a CD137 and
FAP binding molecule, the purified antibody molecule may be dried, e.g. lyophilized, as

described below for therapeutic applications.

A further aspect of the invention provides the binding molecule of the invention for use in

medicine.

120



10

15

20

25

30

WO 2021/236658 PCT/US2021/032990

In one aspect, the invention pertains to a CD137/FAP binding molecule, wherein the binding
molecule exhibits at least one of the following properties:
(a) binds to human CD137 with a Kp of 1x10-8 M or less;
(b) binds to human CD137 and cynomolgus monkey CD137;
(c) binds to human and cyno CD137 at the CRD3 epitope or CRD2/3 epitope
(d) blocks binding and/or competes for binding to human and cyno CD137 at the CRD3
epitope or CRD2/3 epitope with any of the herein described antigen binding molecules;
(d) does not substantially mediate CD137 clustering and T cell activation in the absence
of FAP binding;
(e) increases T-cell proliferation (in an Mixed Lymphocyte Reaction (MLR) assay);
(f) increases interferon-gamma production in an MLR assay;
(g) increases IL-2 secretion in an MLR assay;
(h) does not inhibit the binding of CD137 to CD137L,;
(1) stimulates antigen-specific memory responses;
(j) stimulates antibody responses;
(k) inhibits tumor cell growth in vivo; and

(1) does not exhibit liver toxicity in vivo.

Preferably the binding molecule less binds to human and cyno CD137 with a KD of between
1x107M and 1x107'° M and to human, cyno and mouse FAP proteins with a KD 1x10*M and
11071 M.

In yet another aspect, the invention provides a CD137/FAP binding molecule, wherein the
CD137 binding portion comprises a heavy chain variable region and a light chain variable
region, wherein:

(a) the heavy chain variable region comprises an amino acid sequence that is at least
90 %, at least 91%, at least 92%, at least 93%, at least 94%,at least 95%, at least 96%, at least
97%, at least 98 %, at least 99% homologous to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100;

(b) the light chain variable region comprises an amino acid sequence that is at least 90 %,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% homologous to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 15, 25, 35, 45, 55, 65, 75, 85, 95 and 105;

(c) the antibody binds to human CD137 with a Kp of 1x10-8M or less; and
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(d) the antibody does not substantially mediate CD137 activation in the absence of FAP.

Preferred embodiments of the invention bind to human CD137 with a Kp of 10'° M and to
cyno CD137 with a Kp of 1071 M. Preferred embodiments of the invention bind to human
FAP with a Kp of 1071 M, cyno FAP with a Kp of 10! M, and murine FAP with a Kp of 10°°
M.

In yet another aspect, the invention provides a CD137 binding molecule, wherein the CD137
heavy chain variable region comprises an amino acid sequence derived from a human IGHV3-
7*01 germline sequence; preferably wherein the CD137 binding molecule comprises a heavy
chain variable region comprising an amino acid sequence which is at least 78%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from
the group consisting of SEQ ID NOs: 10, 20, 30, 40, 50, and 60.

In yet another aspect, the invention provides a CD137 binding molecule, wherein the CD137
light chain variable region comprises an amino acid sequence derived from a human IGKV1-
NL1*01 germline sequence; preferably wherein the light chain variable region comprises an
amino acid sequence which is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100% identical to an amino acid sequence selected from the group consisting of SEQ ID NOs:

15,25, 35, 45, 55, and 65.

In yet another aspect, the invention provides a FAP binding molecule, wherein the FAP heavy
chain variable region comprises an amino acid sequence derived from a human IGHV3-23*04
germline sequence; preferably wherein the FAP binding molecule comprises a heavy chain
variable region comprising an amino acid sequence which is at least 78%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the
group consisting of SEQ ID Nos.:106, 115, 124, 133, or 142.

In yet another aspect, the invention provides a FAP binding molecule, wherein the FAP light
chain variable region comprises an amino acid sequence derived from a human IGKV3-11*01
germline sequence; preferably wherein the FAP binding molecule comprises a light chain
variable region comprising an amino acid sequence which is at least 78%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the
group consisting of SEQ ID Nos.:110, 119, 128, 137, or 146.

122



10

15

20

25

30

WO 2021/236658 PCT/US2021/032990

In yet another aspect, the invention provides a CD137/FAP binding molecule, wherein the FAP
binding portion comprises a heavy chain variable region and a light chain variable region,
wherein:

(a) the heavy chain variable region comprises an amino acid sequence that is at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% homologous to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 106, 115, 124, 133, and 142;

(b) the light chain variable region comprises an amino acid sequence that is at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% homologous to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 110, 119, 128, 137, and 146;

(c) the antibody of (a) and (b) binds to human CD137 with a Kp of 1x10—7M or less;
and

(d) the antibody of (a)-(c) does not substantially bind to human CD137L or CD137 in
the absence of FAP cross-linking.

In yet another aspect, the invention provides a CD137/FAP binding molecule, wherein the FAP
binding portion comprises a heavy chain variable region and a light chain variable region,
wherein:

(a) the heavy chain variable region comprises an amino acid sequence that is at least
90%, at least 91%, at least 92%, at least 93%, at least 94%:; at least 95%, at least 96%, at least
97%, at least 98%, at least 99% homologous to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 106, 115, 124, 133, and 142;

(b) the light chain variable region comprises an amino acid sequence that is at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% homologous to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 110, 119, 128, 137, and 146;

(c) the antibody of (a) and (b) binds to an epitope on human CD137 in the extracellular
domain CRD3 between amino acids 87-118 (SEQ ID NO.:352); or

(d) the antibody of (a) and (b) binds to an epitope on human CD137 in the extracellular
domain CRD 2-3 between amino acids 46-117 (SEQ ID NO.:356); and

(e) the antibody of (a)-(c) does not substantially mediate CD137 clustering and T cell
activation in the absence of FAP binding.
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In a preferred embodiment, the CD137/FAP binding molecules as described above additionally
comprise at least one of the following properties:

(a) the antibody increases T-cell proliferation (in an MLR assay);

(b) the antibody increases interferon-gamma production (in an MLR assay); or

(c) the antibody increases IL-2 secretion (in an MLR assay).

Additionally, or alternatively, the CD137/FAP binding molecules may comprise one or more

of the other features listed above.

A further aspect of the invention provides the binding molecule of the invention for use in the
treatment or therapy of cancer. As used herein, "treatment" or “therapy” (and variations thereof
such as "treat" or "treating", “therapeutic”) refers to clinical intervention in an attempt to alter
the natural course of the individual being treated, and can be performed during the course of
clinical pathology. Desirable effects of treatment include, but are not limited to, limiting
occurrence or recurrence of disease, alleviation of symptoms, and 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. In one aspect the invention is used for the
treatment of T-cell infiltrated/FAP positive tumors. It is preferred that the cancer is colorectal
cancer (CRC) (e.g., colorectal adenocarcinoma), gastric cancer (GC) (e.g., gastric
adenocarcinoma), pancreatic cancer (PAC) (e.g., pancreatic adenocarcinoma), lung cancer (LC)
(e.g., lung squamous cell carcinoma, lung adenocarcinoma, non-small cell lung cancer
(NSCLCQ)), head and neck cancer, urothelial cancer, or melanoma, although other solid
malignancies, which make up 90% of all cancers, are contemplated because of the unmet

clinical need for novel treatments for these types of hard to permeate tumors.

As stated above the inventors have identified that the binding molecule of the invention has
much utility for FAP + Tissue- restricted CD137 activation of T cells and tumor killing and
therefore can be used in the therapy of cancers which have co-localized expression of both
CD137 (4-1BB, TNFRSF9) and Fibroblast Activation Protein (FAP). Methods of identifying
whether a particular tumor has co-localized expression of CD137 (4-1BB, TNFRSF9) and
Fibroblast Activation Protein (FAP) are well known in the art. For example,
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immunohistochemistry can be used to determine whether tumor tissue expresses CD137 (4-
1BB, TNFRSF9) and Fibroblast Activation Protein (FAP) and hence would be suitable for

treatment with the binding molecule of the invention.

CRC is a distinct malignant disease listed in ICD-10 and one of the leading causes of cancer
morbidity and mortality worldwide. Approximately 25% of CRC patients present with overt
metastasis and metastatic disease develops in 40-50% of newly diagnosed patients. Although
recent improvements in chemotherapy have extended survival durations of metastatic CRC,
most patients will succumb to their disease. Hence, there is a great need for further therapeutic

agents to treat this disease.

In a further aspect the present invention relates to methods for the treatment or prevention of
cancer, which method comprises the administration of an effective amount of any of the of

CD137/FAP binding molecules as described above to a human being.

The preferred mode of application is parenteral, by infusion or injection (intravenous,
intramuscular, subcutaneous, intraperitoneal, intradermal), but other modes of application such

as by inhalation, transdermal, intranasal, buccal, oral, may also be applicable.

The "therapeutically effective amount” of the molecule to be administered is the minimum
amount necessary to prevent, ameliorate, or treat clinical symptoms of cancer, in particular the

minimum amount which is effective to these disorders.

The dose range of the antibodies of the invention applicable per day is usually from 1 ug/kg to
100 mg/kg, preferably from 0.1 mg/kg to 20 mg/kg.

The actual pharmaceutically effective amount or therapeutic dosage will of course depend on
factors known by those skilled in the art such as age and weight of the patient, route of
administration and severity of disease. In any case, the combination will be administered at
dosages and in a manner that allows a pharmaceutically effective amount to be delivered based

upon patient’s unique condition

The binding molecules of the invention may be used on their own or in combination with other
pharmacologically active ingredients, such as state-of-the-art or standard-of-care compounds,
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such as e.g. cytostatic or cytotoxic substances, cell proliferation inhibitors, angiogenic

substances, steroids, immune modulators / checkpoint inhibitors, and the like.

Hence a further aspect of the invention provides a pharmaceutical composition comprising a
binding molecule according to any one of the embodiments of the invention, together with a

pharmaceutically acceptable carrier and optionally one or more further active ingredients.

A further aspect of the invention provides a binding molecule of the invention for use in the
therapy of cancer wherein said therapy comprises one or more pharmacologically active

substances.

In a further embodiment the present invention provides an antibody or antigen-binding
fragment or pharmaceutical composition according to any one of the anti-CD137/FAP
embodiments described above, or the use of the anti-CD137/FAP antibody or antigen-binding
fragment according for the use in the treatment of disease, wherein the use is for the treatment

of cancer and/or tumors

A further aspect of the invention provides the use of one or more active ingredients in the
manufacture of a medicament for the therapy of cancer and/or tumors wherein said medicament

comprises a binding molecule of any one of the embodiments of the invention.

Cytostatic and/or cytotoxic active substances which may be administered in combination with
binding molecules of the invention include, without being restricted thereto, hormones,
hormone analogues and antihormones, aromatase inhibitors, LHRH agonists and antagonists,
inhibitors of growth factors (growth factors such as for example platelet derived growth factor
(PDGF), fibroblast growth factor (FGF), vascular endothelial growth factor (VEGF), epidermal
growth factor (EGF), insulin-like growth factors (IGF), human epidermal growth factor (HER,
e.g. HER2, HER3, HER4) and hepatocyte growth factor (HGF)), inhibitors are for example
()growth factor antibodies, ()growth factor receptor antibodies and tyrosine kinase inhibitors,
such as for example cetuximab, gefitinib, afatinib, nintedanib, imatinib, lapatinib, bosutinib and
trastuzumab; antimetabolites (e.g. antifolates such as methotrexate, raltitrexed, pyrimidine
analogues such as 5-fluorouracil (5-FU), gemcitabine, irinotecan, doxorubicin, TAS-102,
capecitabine and gemcitabine, purine and adenosine analogues such as mercaptopurine,
thioguanine, cladribine and pentostatin, cytarabine (ara C), fludarabine); antitumor antibiotics
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(e.g. anthracyclins); platinum derivatives (e.g. cisplatin, oxaliplatin, carboplatin); alkylation
agents (e.g. estramustin, meclorethamine, melphalan, chlorambucil, busulphan, dacarbazin,
cyclophosphamide, ifosfamide, temozolomide, nitrosoureas such as for example carmustin and
lomustin, thiotepa); antimitotic agents (e.g. Vinca alkaloids such as for example vinblastine,
vindesin, vinorelbin and vincristine; and taxanes such as paclitaxel, docetaxel); angiogenesis
inhibitors, including bevacizumab, ramucirumab and aflibercept, tubuline inhibitors; DNA
synthesis inhibitors, PARP inhibitors, topoisomerase inhibitors (e.g. epipodophyllotoxins such
as for example etoposide and etopophos, teniposide, amsacrin, topotecan, irinotecan,
mitoxantrone), serine/threonine kinase inhibitors (e.g. PDK1 inhibitors, Raf inhibitors, A-Raf
inhibitors, B-Raf inhibitors, C-Raf inhibitors, mTOR inhibitors, mTORC1/2 inhibitors, PI3K
inhibitors, PI3Ka inhibitors, dual mTOR/PI3K inhibitors, STK33 inhibitors, AKT inhibitors,
PLK1 inhibitors (such as volasertib), inhibitors of CDKs, including CDK?9 inhibitors, Aurora
kinase inhibitors), tyrosine kinase inhibitors (e.g. PTK2/FAK inhibitors), protein protein
interaction inhibitors, MEK inhibitors, ERK inhibitors, FLT3 inhibitors, BRD4 inhibitors, IGF-
1R inhibitors, Bcl-xL inhibitors, Bcl-2 inhibitors, Bcl-2/Bcel-xL inhibitors, ErbB receptor
inhibitors, BCR-ABL inhibitors, ABL inhibitors, Src inhibitors, rapamycin analogs (e.g.
everolimus, temsirolimus, ridaforolimus, sirolimus), androgen synthesis inhibitors, androgen
receptor inhibitors, DNMT inhibitors, HDAC inhibitors, ANG1/2 inhibitors, CYP17 inhibitors,
radiopharmaceuticals, immunotherapeutic agents such as immune checkpoint inhibitors (e.g.
CTLA4, PD1, PD-L1, LAG3, and TIM3 binding molecules / immunoglobulins, such as
ipilimumab, nivolumab, pembrolizumab) and various chemotherapeutic agents such as
amifostin, anagrelid, clodronat, filgrastin, interferon, interferon alpha, leucovorin, rituximab,
procarbazine, levamisole, mesna, mitotane, pamidronate and porfimer; proteasome inhibitors
(such as Bortezomib); Smac and BH3 mimetics; agents restoring p53 functionality including
mdm2-p53 antagonist; inhibitors of the Wnt/beta-catenin signaling pathway; and/or cyclin-

dependent kinase 9 inhibitors.

Increasingly evidence has suggested that PD-1 signaling is an important mechanism utilized by
tumors to escape antitumor immune responses (Dong, et al, 2002, Iwai eta 1, 2002; Shin and
Ribas, 2015). Recent clinical trials with anti-PD-1 and PD-L1 monoclonal antibodies have
shown clinical responsiveness in some patients with a variety of cancers. These immune
checkpoint inhibitors block the interaction between PD-1 and PD-L1 to restore the stimulation
signal and promote T cell activation, ones with more tumor infiltrating T cells (TILs), which
can provoke strong immune responses to eliminate cancer cells. In such a situation, the
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CD137/FAP molecules of the invention can augment the elimination of cancer cells by
activating and/or recruiting and/or maintaining TILs in the tumor microenvironment.
Unfortunately, only a minority of total treated patients respond to current immunotherapy
treatment. For example, colorectal carcinoma (CRC) cells express less PD-L1 and it has been
reported by Valentini et al. (Oncotarget, 2018) that the expression of PD-L1 in MSS CRC
(microsatellite stable (MSS) tumors) is mainly restricted to tumor-infiltrating immune cells.
This could explain why MSS CRC patients failed to respond to anti-PD-1/PD-L1 therapy. Thus
it has become a top priority to develop modalities which can potentially increase the patient

response rate.

Studies have suggested that the presence of tumor infiltrating lymphocytes (TILs) (i.e. “hot
tumors™) or absence of tumor infiltrating lymphocytes (TILs) (i.e., “cold tumors™) are
important for predicting responses to PD-1 therapy, correlating the presence of TILS with better
patient outcomes during various antitumor therapies (Galon et al., 2006; Hwang et al., 2012;
Mahmoud et al. 2011). Thus one aspect of this invention is the combination of CD137/FAP
bispecific molecules with modalities which turn “cold” tumors ‘“hot”. For example,
embodiments of the invention combine immunotherapies that can dampen PDL-1 inhibition
(and/or otherwise overcome checkpoint blockade resistance) with CD137/FAP bispecific
molecules which specifically target FAP+ expressing tumors. The combination of these
modalities releases inhibition on the one hand, while increasing new T cell infiltration to the
tumor site and/or promoting retention and activation of T cells in the tumor microenvironment
on the other; a two-prong approach. The combination of modalities results in better tumor

control than either treatment alone.

With the above in mind, particularly preferred are treatments with the CD137/FAP binding
molecules of the invention in combination with a drug selected from below:

(i) immunotherapeutic agents, including PD-1 and PD-L1 agents, such as
pembrolizumab and nivolumab, e.g. for treatment of CRC patients (discussed below)

(i1) SIRPa antibodies (e.g., any SIRP antagonist, especially antibodies, preferably such
as those disclosed in WO2017/178653, herein incorporated by reference and other examples as
disclosed in W020200068752 and W02019023347);

(iii) TcEngagers (e.g, preferably as disclosed in W02019234220 and EP19201200.3)

(iv) KISIMA vaccine (e.g., preferably as disclosed in WO02016/146260 and
WO02018/055060 and incorporated by reference herein);
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(v) Oncolytic Virus (e.g., preferably Vesicular Stomatitis Virus with or without specific
gene cargo, such as VSV-GP and VSV-CCL21 as disclosed in W02010/040526 and
PCT/EP2020/051701 respectively, and incorporated by reference herein);

(vi) STING agonists (e.g., preferably as disclosed in WO2018060323 and US
10,537,590 and incorporated by reference herein); and

(vii) chemotherapeutics used for the treatment of CRC (including 5-fluorouracil,

irinotecan, doxorubicin and TAS-102).

A PD-1 pathway inhibitor within the meaning of this invention and all of its embodiments is a
compound that inhibits the interaction of PD-1 with its receptor(s). A PD-1 pathway inhibitor
is capable to impair the PD-1 pathway signaling, preferably mediated by the PD-1 receptor.
The PD-1 inhibitor may be any inhibitor directed against any member of the PD-1 pathway
capable of antagonizing PD-1 pathway signaling. The inhibitor may be an antagonistic antibody
targeting any member of the PD-1 pathway, preferably directed against PD-1 receptor, PD-L1
or PD-L2. Also, the PD-1 pathway inhibitor may be a fragment of the PD-1 receptor or the PD-
1 receptor blocking the activity of PD1 ligands.

PD-1 antagonists are well-known in the art, e.g. reviewed by Li et al., Int. J. Mol. Sci. 2016, 17,
1151 (incorporated herein by reference). Any PD-1 antagonist, especially antibodies, such as
those disclosed by Li et al. as well as the further antibodies disclosed herein below, can be used
according to the invention. Preferably, the PD-1 antagonist of this invention and all its
embodiments is selected from the group consisting of the following antibodies: pembrolizumab
(anti-PD-1 antibody); nivolumab (anti-PD-1 antibody); pidilizumab (anti-PD-1 antibody);
PDR-001 (anti-PD-1 antibody); PD1-1, PD1-2, PD1-3, PD1-4, and PD1-5, preferably BI-
754019 as disclosed herein below (anti-PD-1 antibodies), atezolizumab (anti-PD-L1 antibody);
avelumab (anti-PD-L1 antibody);durvalumab (anti-PD-L1 antibody).

Pembrolizumab (formerly also known as lambrolizumab; trade name Keytruda; also known as
MK-3475) disclosed e.g. in Hamid, O. et al. (2013) New England Journal of Medicine
369(2):134-44, is a humanized IgG4 monoclonal antibody that binds to PD-1; it contains a
mutation at C228P designed to prevent Fc-mediated cytotoxicity. Pembrolizumab is e.g.
disclosed in US 8,354,509 and WO2009/114335. It is approved by the FDA for the treatment
of patients suffering from unresectable or metastatic melanoma and patients with metastatic
NSCLC.
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Nivolumab (CAS Registry Number: 946414-94-4; BMS-936558 or MDX1106b) is a fully
human IgG4 monoclonal antibody which specifically blocks PD-1, lacking detectable antibody-
dependent cellular toxicity (ADCC). Nivolumab is e.g. disclosed in US 8,008,449 and
WO02006/121168. It has been approved by the FDA for the treatment of patients suffering from

unresectable or metastatic melanoma, metastatic NSCLC and advanced renal cell carcinoma.

Pidilizumab (CT-011; Cure Tech) is a humanized IgG1k monoclonal antibody that binds to PD-
1. Pidilizumab is e.g. disclosed in W0O2009/101611.

PDR-001 or PDROO01 is a high-affinity, ligand-blocking, humanized anti-PD-1 IgG4 antibody
that blocks the binding of PD-L1 and PD-L2 to PD-1. PDR-001 is disclosed in WO2015/112900

and W0O2017/019896.

Antibodies PD1-1 to PD1-5 are antibody molecules defined by the sequences as shown in Table
4, wherein HC denotes the (full length) heavy chain and LC denotes the (full length) light chain:
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Specifically, the anti-PD-1 antibody molecule described herein above has:

(PD1-1) a heavy chain comprising the amino acid sequence of SEQ ID NO.:652 and a light
chain comprising the amino acid sequence of SEQ ID NO.:653; or

(PD1-2) a heavy chain comprising the amino acid sequence of SEQ ID NO.:654 and a light
chain comprising the amino acid sequence of SEQ ID NO.: 655; or

(PD1-3) a heavy chain comprising the amino acid sequence of SEQ ID NO.:656 and a light
chain comprising the amino acid sequence of SEQ ID NO.:657; or

(PD1-4) a heavy chain comprising the amino acid sequence of SEQ ID NO.:658 and a light
chain comprising the amino acid sequence of SEQ ID NO.:659; or

(PD1-5) a heavy chain comprising the amino acid sequence of SEQ ID NO.:660 and a light
chain comprising the amino acid sequence of SEQ ID NO.:661.

Atezolizumab (Tecentriq, also known as MPDL3280A) is a phage-derived human IgGlk
monoclonal antibody targeting PD-L.1 and is described e.g. in Deng et al. mAbs 2016;8:593-
603. It has been approved by the FDA for the treatment of patients suffering from urothelial

carcinoma.

Avelumab is a fully human anti-PD-L1 IgG1 monoclonal antibody and described in e.g.
Boyerinas et al. Cancer Immunol. Res. 2015; 3:1148-1157.

Durvalumab (MEDI4736) is a human IgG1k monoclonal antibody with high specificity to PD-
L1 and described in e.g. Stewart et al. Cancer Immunol. Res. 2015;3:1052-1062 or in Ibrahim
et al. Semin. Oncol. 2015; 42:474-483.

Further PD-1 antagonists disclosed by Li et al. (supra), or known to be in clinical trials, such as
AMP-224, MEDI0680 (AMP-514), REGN2810, BMS-936559, I1S001-PD-1, SHR-1210,
BMS-936559, TSR-042, INJ-63723283, MEDI4736, MPDL3280A, and MSB0010718C, may

be used as alternative or in addition to the above mentioned antagonists.

The INNs as used herein are meant to also encompass all biosimilar antibodies having the same,
or substantially the same, amino acid sequences as the originator antibody, including but not
limited to those biosimilar antibodies authorized under 42 USC §262 subsection (k) in the US

and equivalent regulations in other jurisdictions.
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PD-1 antagonists listed above are known in the art with their respective manufacture,
therapeutic use and properties.

In one embodiment the PD-1 antagonist is pembrolizumab.

In another embodiment the PD-1 antagonist is nivolumab.

In another embodiment the PD-1 antagonist is pidilizamab.

In another embodiment the PD-1 antagonist is atezolizumab.

In another embodiment the PD-1 antagonist is avelumab.

In another embodiment the PD-1 antagonist is durvalumab.

In another embodiment the PD-1 antagonist is PDR-001.

In preferred embodiments, the protein of the invention is used for the treatment of cancer in
combination with a PD-1 antagonist, selected from the group consisting of PD1-1, PD1-2, PD1-
3, PD1-4, and PD1-5 e.g., CD137 #1/FAP #1, CD137 #7/FAP #1, CD137 #1/FAP #4, CD137
#7/FAP #4, CD137 #2/FAP#5, CD137 #2/FAP#2, CD137 #2/FAP#3, CDI137 #3/FAP#5,
CD137 #3/FAP#2, CD137 #3/FAP#3 , CD137 #4/FAP #5, CD137 #4/FAP #2, CD137 #4/FAP
#3, CD137 #5/FAP #5, CD137 #5/FAP #2, CD137 #5/FAP #3, CD137 #6/FAP #5, CD137
#6/FAP #2, CD137 #6/FAP #3, CD137 #8/FAP #5, CD137 #8/FAP #2, CD137 #8/FAP #3,
CD137 #9/FAP #5, CD137 #9/FAP #2, and CD137 #9/FAP #3, CD137 #10/FAP #5, CD137
#10/FAP #2, CD137 #10/FAP #3.

To be used in therapy, the binding molecule of the invention is formulated into pharmaceutical
compositions appropriate to facilitate administration to animals or humans. Typical
formulations of the antibody molecule can be prepared by mixing the antibody molecule with
physiologically acceptable carriers, excipients or stabilizers, in the form of lyophilized or
otherwise dried formulations or aqueous solutions or aqueous or non-aqueous suspensions.
Carriers, excipients, modifiers or stabilizers are nontoxic at the dosages and concentrations
employed. They include buffer systems such as phosphate, citrate, acetate and other inorganic
or organic acids and their salts; 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;
proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone or polyethylene glycol (PEG); amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, oligosaccharides or
polysaccharides and other carbohydrates including glucose, mannose, sucrose, trehalose,
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dextrins or dextrans; chelating agents such as EDTA; sugar alcohols such as, mannitol or
sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein
complexes); and/or ionic or non-ionic surfactants such as TWEEN™ (polysorbates),
PLURONICS™ or fatty acid esters, fatty acid ethers or sugar esters. Also organic solvents can
be contained in the antibody formulation such as ethanol or isopropanol. The excipients may

also have a release-modifying or absorption-modifying function.

The invention is now described by way of the following non-limiting examples

Example 1: Design of binding molecules recognizing human CD137 (4-1BB, TNFRSF9)

and Fibroblast Activation Protein (FAP) in the context of the tumor microenvironment

The present inventors have developed binding molecules that bind CD137 (4-1BB, TNFRSF9)
and Fibroblast Activation Protein (FAP) and that targets CD137 T cell activation and
recruitment to FAP expressing fibroblast in the tumor stroma. The molecular design used has
an IgG antibody (termed the “master antibody™) which has specificity for one target antigen,
with scFvs of different specificities coupled to the C terminus of the heavy chain. A schematic

of the design is shown in FIG 1A. A schematic of the mode of action is shown in FIG 1B.

Preferably the binding molecule is bispecific and tetravalent.

The bispecific molecule contains flexible peptide sequences between the variable heavy (VH)
and variable light (VL) domains of the scFv, and the scFv domains are linked to the master IgG
antibody via further series of linkers. In one configuration, the scFv is oriented such that the
VL domain forms the “N-terminal” end of the scFv and is thus fused to the C-terminus of the
heavy chain of the master antibody while the VH forms the C-terminus of the scFv and indeed
the whole heavy chain polypeptide. However, it can be appreciated that this “N-VL-VH-C”

structure can be reversed, i.e. “N-VH-VL-C”.
The following Examples explain the methods used to generate the bispecific molecule that

binds CD137 (4-1BB, TNFRSF9) and Fibroblast Activation Protein (FAP) as well as variations

in the format and the biological activity of these molecules.
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Example 2: Preparation of binding domains that recognize CD137 (4-1BB, TNFRSF9)

As can be appreciated, to prepare bispecific molecules binding to human CD137 (4-1BB,
TNFRSF9) and Fibroblast Activation Protein (FAP), it is necessary to obtain variable domains

bind to the individual target antigens.

a. Immunization campaign for CD137

To prepare bispecific molecules binding to human CD137 (4-1BB, TNFRSF9), clonal
hybridomas or single B cells derived from CD137 (4-1BB, TNFRSF9) immunized mice were
cultured in vitro. Supernatants were screened for reactivity against human CD137 (4-1BB,
TNFRSF9). Immunoglobulin (Ig) VH and VL genes were then amplified from identified

positive clones.

Briefly, wild type CD1 mice, were immunized with human and cynomolgus CD137 —Fc_His
proteins (SEQ ID Nos.:349 and 359, respectively). Complete Freund’s adjuvant was used at
various points to augment antibody responses. Serology was assessed by ELISA with human
and cynomolgus CD137-Fc-His protein as antigens. Serologically positive mice were given a
final boost one week before splenic B-cell isolation. Mouse spleens were harvested and
processed to recover total splenocytes. All procedures were carried out in accordance with

protocol approved by IACUC.

To identify binders for CD137, six sorted mouse spleens were isolated and the recovered
splenocytes were stained according to standard SBC Antibody Generation procedure. First,
harvested splenocytes were depleted of T-cells using mouse pan-T Dynabeads (Invitrogen
114.43D) as per manufacturer’s instructions. The depleted cell preparation was then incubated
with 1 nM human CD137_huTNFRSF9_Hu-His Cleavable_Tag_biotin (SEQ ID NO.335), and
1 nM MuGIPR-hu.FC-AF647, in conjunction with fluorochrome-conjugated antibodies against
CD3, CD19, IgD, IgM, B220, and Sytox blue, included in the stain to aid the identification of
live memory B-cells. Streptavidin-PE was added for detection of B cells binding biotinylated
human CD137. Human CD137 antigen positive memory B-cells were then sorted singularly
into 384-well plates and cultured for 7 days at 37°C 5% CO2. The B-cell supernatants were
screened for binding to biotinylated human and cynomolgus CD137 protein by AlphalLISA, as

per manufacturer instructions.
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To identify CD137 specific binders, those antibodies which reacted only to human Fc were
removed using the counter Fc bait MuGIPR-hu.FC-AF647 and huCD137 bait
huTNFRSF9_His-biotin; both showing good binding independently to the CD1 mouse B-cell
splenocytes, FMO1 and FMO?2 respectively. The double positive MuGIPR-hu.FC/huCD137 B-
cells were completely separated from the Hu CD137 positive B cells in the fully stained sample.
Thirty 384 well plates (10,560 wells) containing CD137 positive murine B cells were recovered

and passed on for primary screening.

In the primary screen, 554 B-cell supernatants were assayed as positive for IgG > 10 ng/ml with
specific binding to both human CD137 with a S/B >2 and cynomolgus CD137 with a S/B >2
(Figure 1). The 554 positive B-cell clones were separated into in six 96-well plates for recovery
of DNA and isolation and amplification of the murine VH and VL gene segments. Of the 554
clones, 376 anti-CD137 expressing B cell clones with titers ranging from 0.6-75 ug/ml, were
assayed for single point binding to recombinant CHO cells expressing human CD137 (CHO-
K1). Of the 376 B cell clones, 168 B cell clones expressed anti-CD137 antibodies at a level
>2X over background, with a range of 2-57X S/B (data not shown).

b. Identifying Agonist CD137 Antibodies

To identify agonist binders, a NF-kB-Luc2/4-1BB Jurkat assay system (Promega) was used.
The NFkB activity assay uses a Jurkat reporter cell line expressing human CD137 on the cell

surface.

Briefly, HTP supernatants containing recombinant IgG1 (KO) antibodies, were assayed by flow
cytometry for binding to the NF-kB-Luc2/4-1BB Jurkat cell line. CD137 antibody controls
were diluted in staining buffer including a CD137 positive control antibody, Urelumab (BMS).
Supernatants taken from the 168 anti-CD137 B cell clones (50 pl) (discussed above) were
incubated with Jurkat cells for 30 min at 4°C in a 96 well plate. The cells were washed x3 with
staining buffer. A Goat F(ab’)2 anti-human IgG-Fc PE secondary antibody was added to the
cells and the plate was incubated for 30 min at 40C. The cells were wash x3 with staining
buffer. Cells were suspended in 100 pl cold staining buffer and analyzed by flow cytometer.
anti-CD137 antibody supernatants were analyzed for greater than 2X over background binding

to the cell lines. Of the 168 screened anti-CD137 antibody containing supernatants, ten anti-
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CD137 supernatants displayed anti-CD137 agonist activity 1.5X over background (1.64-5.21X),
with antibody titers ranging from 0.76-31 pg/ml. The signal from Clone CL-186330 was 5.61
S/B (data not shown).

c. 'V gene Recovery for CD137 binding molecules

Ten B-cell clones identified as having agonist activity above a specific threshold selected for
further analysis. First, cell lysates were harvested and re-arrayed into 96 well plates and stored
at -20°C, before V-gene recovery. Genes encoding the mouse heavy and light chain variable
regions were recovered by RT-PCR (See primers in Table 4), then cloned in-frame into pTTS5

expression vectors encoding human IgG1 (KO) and « constant regions, respectively.

B-cell lysates were subjected to cDNA synthesis using the Smarter cDNA synthesis kit
(Clontech, Mount View, CA). To facilitate cDNA synthesis, oligo (dT) was used to prime
reverse transcription of all messenger RNAs followed by “5’ capping” with a Smarter ITA
oligonucleotide. Subsequent amplification of the VH and VL fragments was performed using
a 2-step PCR amplification using 5° primers targeting the Smarter IIA cap and 3’ primers
targeting consensus regions in CHI. Briefly, each 50ul PCR reaction consists of 1 pl each of
20pM primers (forward and reverse, final concentration 1 uM), 25ul of PrimeStar® Max DNA
polymerase premix (Clontech), 2ul of unpurified cDNA, and 20ul of double-distilled H2O. The
cycling program starts, followed by 35 cycles of 94°C for 15 seconds, 50°C for 30 seconds,
68 °C for 50 seconds, and ends at 68 °C for 7 min. The second round PCR was performed with
VL and VH 2nd round primers containing 15bp complementary extensions that “overlap”
respective regions in their respective pTT5 mother vector (VH and VL). Second round PCR
was performed with the following program: 35 cycles (94 °C for 45 seconds, 50°C for 30

seconds, 68 °C for 50 seconds), and ends at 68 °C for 7 min.

To produce a chimeric CD137, the murine VH and VL regions were fused to the heavy and
light chain constant regions from human IgG1, the In-Fusion® HD Cloning Kit (Clontech,
U.S.A.) was used for directional cloning of VL gene into pTT5 hulgK vector (Clone ID 401064 )
and VH gene into pTT5 hulgG1KO vector (Clone ID 403776). To facilitate In-Fusion® HD
Cloning, PCR products were purified and treated with Cloning Enhancer before In-Fusion®
HD Cloning. Cloning and transformation were performed according to manufacturer’s protocol

(Clontech, U.S.A.). The DNA sequence of the subcloned gene V-gene fragments was confirmed
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by isolating mini-prep DNAs and subjecting isolated DNA to Sanger double stranded

sequencing.

Table 5
CLONING STEP | FORWARD PRIMER 5° — 3’ REVERSE PRIMER 5’ — 3’
Cloningmu VH | SIAATACGACTCACTATAGGGCAA | 56600 AGTGGATAGACAGATGGG

into pTT5 vector

GCAGTGGTATCAACGCAGAGT
(SEQ ID NO.:364)

GG (SEQ ID NO.:365)

Cloning mu VL
into pTTS vector

CTAATACGACTCACTATAGGGCAA
GCAGTGGTATCAACGCAGAGT
(SEQ ID NO.: 366)

CTGCTCACTGGATGGTGGGAAGAT
GG (SEQ ID NO.:367)

TTAAACGGATCTCTAGCGAATTCA

TGGAGGAGGGTGCTAGCGGAAAGA

nd
(2 Trl? 5u jdl\sz)H AGCAGTGGTATCAACGCAGAGT CAGATGGGCCTTTCGTTGAGGCTGA
P (SEQ ID NO.:368) GGA (SEQ ID NO.:369)

nd TTAAACGGATCTCTAGCGAATTCA GTTCCAGATTTCAATTGCTCATCGG
2" round VL AGCAGTGGTATCAACGCAGAGT ATGGTGGGAAGATGAAGACAGATG
(pTT5 _15) g GTGCAGCAACAGTCCGTTTGAT

(SEQ ID NO.:370) (SEQ ID NO.:662)

d. Tool CDI137 Expressing Recombinant CHO Cell Lines:

The extracellular domains (ECD) for both human and cyno CD137 were cloned in pcDNA3.1
vector to drive high-level, constitutive expression in mammalian cell lines such as CHO-KI1.
This vector contains CMV promoter for high efficiency expression of proteins and a bovine
growth hormone (BGH) polyadenylation signal and transcription termination sequence for
enhanced mRNA stability. DNA sequences encoding the ectodomains of human, and

cynomolgus CD137 correspond to SEQ ID NOs: 1 and 2, respectively).

For stable clone production, CHO-K1 cells were seeded at the density of 0.25 x 10° cells per
well in 6-well plate 24 hours before transfection in complete medium. Next day, 3 h prior to
transfection medium was replenished with 1 mL of complete media. 2.5 ng DNA was diluted
in DMEM medium in a total volume of 150 uL and 7.5 pL Lipofectamine® 2000 reagent (Life
Technologies, Cat#11668-019) was diluted in 143 pl. of DMEM medium. The diluted DNA
was added to diluted Lipofectamine® 2000 reagent and incubated for 15 min. After incubation,
the DNA-lipid complexes were added to cells and further incubated for 48 hours. On hour post
transfection, cells were trypsinized and selected in 1000 pg/mL G418 containing media (Life

Technologies, Cat#10131-027). FACS analysis was done on pool after one week of selection
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in the presence of G418. Clones were selected on the basis of binding to human and cyno

proteins, and used to screen hybridomas for those expressing CD137 antibodies

e. Isolation and Characterization of Chimeric CD137 IgGs.

For the purposes of this invention a “humanized form” of an antibody, e.g., a non-human
antibody, refers to an antibody that has undergone humanization. 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 hypervariable regions (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.

Chimeric, humanized antibodies were produced by transient transfection of CHO-E37 cells
with the corresponding chimeric heavy and light chain-encoding pTT5 plasmids, wherein the
murine variable regions from the parental anti-CD137 antibody were cloned in-frame with
human constant regions, modified such that the Fc receptor further expresses the knock-out
mutation L234A/L.235A in the Fc portion to block the Fc R binding. Positive CD137 binding
controls were likewise cloned in frame with human IgG constant regions, wherein VH and VL
regions from Urelumab (VH, SEQ ID NO.:371; and VL, SEQ ID NO.:372) and Utulilomab
(VH, SEQ ID NO.:373; and VL, SEQ ID NO.:374).
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Table 6
Antibody Name VH VL
QVQLQQWGAGLLKPSETLS | EIVLTQSPATLSLSPGERATLS
LTCAVYGGSFSGYYWSWIR | CRASQSVSSYLAWYQQKPGQ
Urelumab QSPEKGLEWIGEINHGGYVT | APRLLIYDASNRATGIPARFSG
(CAS#934823-49-1) | YNPSLESRVTISVDTSKNQFS | SGSGTDFTLTISSLEPEDFAVY
LKLSSVTAADTAVYYCARD | YCQQRSNWPPALTFCGGTKV
YGPGNYDWYFDLWGRGTL | EIK (SEQ ID NO.:372)
VTVSS (SEQ ID NO.: 371)
EVQLVQSGAEVKKPGESLRI | SYELTQPPSVSVSPGQTASITC
SCKGSGYSFSTYWISWVRQ | SGDNIGDQYAHWYQQKPGQS
Utomilumab MPGKGLEWMGKIYPGDSYT | PVLVIYQDKNRPSGIPERFSGS
(CAS#1417318-27-4) | NYSPSFQGQVTISADKSISTA | NSGNTATLTISGTQAMDEADY
YLQWSSLKASDTAMYYCAR | YCATYTGFGSLAVFG
GYGIFDYWGQGTLVTVSS GGTKLTVL (SEQ ID NO.:374)
(SEQ ID NO.:373)

CHO-E cells are transfected at 4 x 10° cells/mL in Irvine media supplemented with 4 mM
Glutamine in 50 mL Bioreactor tubes (Sigma). For a typical 35 mL transfection volume, pre-
sterilized light chain (LC) plasmid DNA and heavy chain (HC) plasmid DNA (in a ratio of 2:1)
are diluted in pre-sterilized 1mL of OptiPRO™ SEFM (Gibco) containing filler DNA. TransIT-
PRO® (Mirus Bio LLC) transfection reagent is added to the DNA+Opti-PRO™ mix and
immediately transferred to the prepared CHO-E cells, and the bioreactor tube is returned to the
shaker at 370C, 5% CO2 at 300 rpm. Twenty-fourhours post transfection, the temperature is
changed to 30°C. The transfected culture is maintained for 7 days. Culture harvest is completed

by centrifugation at 4700 rpm for 25 minutes.

Purification of the chimeric CD137 IgG antibody molecules from culture supernatants was
carried out by affinity chromatography using Protein A sensor tips in a ForteBio's Octet®
RED96 instrument (ForteBio). To test whether the isolated CD137 antibodies were able to
cross-react with human and cynomolgus monkey cells, the chimeric anti- human CD137
IgG1(KO) antibodies, were assayed to generate FLOW cytometry binding curves and EC50
values against the CHO-Human CD137 and CHO-Cyno CD137 overexpressing cell lines.
Briefly, chimeric CD137 IgG antibodies and positive IgG controls were diluted in staining
buffer to generate 12-point dilution curves. Cells and antibodies were incubated for 30 minutes
at 4°C in a 96 well plate. The cells were wash 3x with staining buffer. A Goat F(ab’)2 anti-
human IgG-Fc PE secondary antibody was added to the cells and the plate incubated for 30 min
at 4°C. The cells were washed 3x with staining buffer. Cells were suspended in 100 pl cold
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staining buffer and analyzed by flow cytometer. The binding curves were analyzed and the

EC50 for the anti-human CD137 antibodies was calculated.

Twenty-seven hits were identified from first round of selection and additional screening

provided 18 more hits which were labeled as “B” indicating a different selection pool. See

Table 7.
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As shown in Table 7 (above), almost all anti- human CD137 binding clones were cross-reactive
with cynomolgus CD137 expressed on recombinant CHO cells as well as binding the CHO cell

line expressing human CD137 as demonstrated by comparable EC50 values.

f. Functional Properties of Chimeric Anti-CD137 IgG1 Binding Clones

{37 15 a known co-stimnudatory receptor and irsproves expansion, cytokine production and
functional properties of T cells when it is expressed on activated T cells. In pature, activation
of T celis induces up-regulation of CD37 on T cells (Pollok et 2l (1993) §. Imnwnol. 15303}
771-781) and sepports after engagement the immune response by boosting expansion and
cytokine release (Humtado et all (1995) § Immuonology 133(7), 3360-33867) Cross-linking
CI3137 in the context of activated T eells is expected 1o enhance T cell activation and lead 0

an expansion and recriitment of T oells.

To evaluate the CD137 antibody agonistic behavior, a secondary antibody was used to cross-
link CD137 on the cell surface. The rationale was to identify anti-CD137 antibodies, which
were agonist only when they were cross-linked with the objective of identifying molecules that

are agonistic only when in combination as a bispecific molecule with FAP.

To achieve this, 72 nM of each of the anti-CD137 antibody was incubated with a 2.5X molar
excess of cross-linking antibody (+CL) and without the cross-linking antibody (-CL), for 30
minutes at 37°C. The anti-CD137 antibody supernatants or the actual antibody was diluted to
approximately 48 nM by adding 220.5 ul media to each tube. The antibody mixture was serial-
diluted in 80 pl of 160 pl media (RPMI media/1% FBS). 50 pL (0.8 x 103 cells) cells were
mixed with 25 pL of diluted antibody together in a flat bottom 96 well plate (3x antibody
dilutions were made for a total of 9 data points each). The cells were incubated with the anti-
CD137 antibodies for 5 hours at 37°C and 5% COaz. Detection of activity was achieved by the
addition of 75ul of Bio-Glo™ Luciferase assay reagent (G7940 Promega) and the resulting

luminescence was measured with the EnVision® Plate Reader (Perkin-Elmer).

CD137 dependent engagement and cross-linking can induce a NFxB-mediated luciferase
activation in the Jurkat reporter cell line. Anti-CD137 agonistic binding curves and ECso values
were generated. Binding activity data was plotted as curve (FIG 3A and 3B) and the luciferase

activity data (RLU) (FIG 3C and 3D) was plotted as a bar graph. Two positive controls based
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on known CD137 binders (Urelumab (BMS anti-CD137 Ab) and Utomilumab (Pfizer anti-
CD137 Ab)) were compared to the novel CD137 binder of the invention. On the basis of
agonistic activity in NFkB- Jurkat assays, candidates CD137 #B21 (also referred to as
“CD1374#1” referring to the parent) and CD137 #A49 (also referred to as “CD137#7” referring

to the parent) were selected for further optimization.

g. Generation of chimeric Fab for Lead Candidate CD137 Antibodies (CD137#1)
Known techniques are used to mirror affinity maturation and hypermutation events that occur
randomly in nature in vivo to improve the affinity of antibody for the antigen. 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 hypervariable regions (CDRs) and framework regions
(FW). Affinity, avidity, stability, solubility, glycosylation, are a few characteristics that are

considered to optimise candidate CD137 binders.

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 chimeric, 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 variable region
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 hypervariable regions 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 hypervariable

regions. Further substitutions may be introduced at the amino acid locations demonstrating
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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.

An “affinity matured” antibody refers to an antibody with one or more alterations in one or
more hypervariable regions, 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.

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 compared to parental
murine molecule. Both conservative substitutions and non-conservative substitutions are

contemplated.

Embodiments of the invention include amino acid sequence variants of the CD137 antigen
binding molecules. Amino acid sequence variants of the CD137 binding molecules are prepared
by introducing appropriate modifications into the nucleotide sequence encoding the molecules,

or by peptide synthesis.

Using the mouse sequence of selected antibody candidates, gene fragments were designed and
synthesized for the murine VK and VH. Biotinylated forward primer containing specific
sequence to the murine framework 1 region and an overhanging sequence annealed to the end
of the Gene III sequence, and reverse primer from the conserved murine framework 4 region
along with the human constant region (Cx or CH1) are used to amplify the V region (See Table
8).

PCR was performed using the gene fragments as template and the DNA product was cloned
into the M13LEO1 vector (a modified version of M13 mp18 from New England Biolabs) using
standard in house protocols and transformed into E.coli cells (Figure 5). M13, provides the
necessary components to package the DNA into phage particles which are secreted through the

cell wall and released into the medium and extensive infection by phage can cause lysis in E.coli

150



10

WO 2021/236658 PCT/US2021/032990

cells. Thus, infection with recombinant M13 phage can create plaques in E. coli cells when
grown on L-agar plates. Individual plaques representing a particular change in DNA of interest
were picked up and grown over night in E.coli, and corresponding cultures were mini-prepped
to obtain the DNA sequence by sequencing analysis. Plaques carrying the correct DNA
sequence of chimeric Fab were used to infect E.coli cells. After appropriate growth of cultures,
E.coli cells were induced with 0.5 mM IPTG to express the chimeric Fab which is secreted
into the culture medium. Expressed chimeric Fab was obtained from culture supernatants and/or
periplasmic extracts of infected E.coli cells. This chimeric Fab was further used to develop
ELISA binding assays and was kept as positive control to identify the humanized variants

described later. Sequence of the chimeric Fab is described below.
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Sequence optimized Fabs were evaluated in ELISA binding assays as described below.

h. Identification of CD137 #1 optimized binders:

To identify humanized/optimized anti-CD137 binders, a 2D-sandwich ELISA assay was
developed using chimeric anti-CD137 Fabs and throughout the experiment processes chimeric
anti-CD137 Fab was kept as positive control identify the humanized variants which had similar
binding to murine variable regions present in chimeric Fab. To develop the assays, plates were
coated with Anti-Fd antibody which bind to the CH1 region in chimeric CD137 Fab fragment
present in culture supernatants and/or periplasimic preps (E.coli cells are infected with phage
containing chimeric CD137 Fab and induced with 0.5 mM IPTG and after 4 hours of incubation,

supernatants are used or cells are lysed to obtain periplasmic extracts ).

Bound CD137 Fab fragments are incubated in the presence of biotinylated huCD137 antigen,
and the bound biotinylated antigen is detected with strep-avidin labeled flurochrome. Different
amounts of the antigen (biotinylated huCD137-6xHis was generated using Sulfo
ChromaLink™ Biotin kit (SoluLink, Catalog# B-1007; PPB-16748) (50ng/mL and 80 ng/mL),
and different dilutions of the chimeric Fab (Chi Fab)(0.4 pg/ml, 0.2 ng/ ml and 0.1 pg/ml) were
evaluated in a 2D assay. Plates were coated with different amounts of anti-Fd. (Meridian Life
Sciences Inc., Sheep anti-human anti-Fd # W90075C);1700ng/mL anti-Fd antibody for the
primary screening (secreted Fab) and with 900 ng/mL anti-Fd antibody for the confirmatory
screening (periplasmic Fab) (See FIG 4A).

i. Generation of engrafted Fab using CDRs from CD137#1
The purpose of lead optimization/humanization is to obtain molecules with optimal amino acid

sequences in the variable domain, both CDRs and framework, by converting as many non-
human residues to the human germline sequence in order to reduce the probability of ADAs,
which can impact drug efficacy and safety, removing likely PTM liabilities to improve product
consistency and shelf life, and enhancing other CMC properties. Thus, a “humanized” antibody
refers to an antibody comprising amino acid residues from non-human hypervariable region
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 hypervariable (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.
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To generate a humanized antibody which not only retains the binding and other desired
properties of parental mouse molecule but also have characteristics of a potential drug, we
evaluated closely matching germlines for both light and heavy chains by In silico analysis and
identified IGKV1-39*01 and IGHV3-7*01 for light chain and heavy chains respectively. The
CDRs of the mouse CD137#B21 were combined with the frameworks of the human germlines:
IGKV1-39*01 for VK and IGHV3-7*01 for VH. KJ2 was used as the J region in VK; HJ6 was
used as the J region in VH.

The CDRs from CD137 specific clones are engrafted onto the VK germline and VH germline

DNA fragments are amplified by PCR using known techniques. An example, below used the

following primers in Table 9:
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A biotinylated forward primer containing specific sequence to the CD137 VH or VL gene
segment and an overhanging sequence annealed to the end of the Gene III sequence and reverse
primer from the conserved constant region (Cx or CH1). The PCR products are cloned into
M13LEO1 vector to generate an engrafted Fab containing the same CDRs as the murine Fab,
but in the human framework. The engrafted Fab was compared to the parental chimeric Fab in
a binding titration to determine the binding to huCD137 antigen (Figure 4B). For each
candidate, specific binding to huCD137 was consistent over the assayed antigen concentration
range for both the chimeric and engrafted Fab molecules. The engrafted Fab molecules were
slightly lower in their bindings as observed in Figure 4B however they were used as the basis
for further optimization as they represented mouse CDRs on human frameworks. Besides the
CDRs, certain mouse framework residues such as canonical and Vernier zone residues have

been known to play an important role in positioning the CDR loops.

J. Optimization of Framework Regions in human VK and VH

To identify the critical mouse such as canonical, interphase and Vernier zone residues that are
known to play an important role in binding to antigen, we identified three framework positions
in light chain variable region and 5 framework positions in heavy chain variable region. These
positions were T2°S, S®D, T*V in the light chain and the 5 positions in heavy chain
corresponded to amino acids AZT, T®I, N”’Q, S, N¥S or Q. To identify the human
framework that retained similar binding of murine lead candidate (CD137#B21), we created a
phage library in MI13LEO1 vector. Mutations/ changes were made in the oligonucleotide

sequences and they were assembled using standard molecular biology techniques.

A first phage library was constructed combining VK and VH framework mutations wherein the
VK variant library represented eight possible variations and the VH variant library represented
128 possible variations; together the VK and VH variants libraries represented a total of ~1024

variants for the first combined library.

E.coli cells were transformed with the DNA containing different combinations and next day
individual plaques representing a single variant were picked. Approximately 2700 clone
variants were selected and screened for binding to huCD137 by ELISA as described earlier.

Initially, E.coli cells were infected with each variant followed by induction with 0.5 mM IPTG
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and media supernatants were evaluated for bindings. In these experiments chimeric anti-CD137
Fab was kept as positive control in ELISA experiments. Molecules that depicted binding similar
to positive control were selected were checked for their binding activity again. In the second
step, plaques representing the selected binders were used to infect the E.coli cells again and
cultures were induced with 0.5 mM IPTG. After necessary incubations, cells were lysed and
periplasmic extracts were obtained. These periplasmic extracts were used to confirm the
binding to CD137 antigen. As earlier, we kept chimeric Fab as positive control in our

experiments.

Based on binding results as detected by ELISA, the best VK and VH framework sequence

combinations were determined.

As can be seen in FIG 5, clones B21-55 and B21-49 had as good or slightly improved binding
characteristics as the chimeric parental Fab. Sequence analysis of these light chain frameworks
revealed amino acid mutation T*V in FW3 was present in both clones, and thus was considered
an important improvement to binding and thus to be included in optimized molecules. For the
VH, amino acid mutation S”*I in FW?3 was also present in both clones and thus was considered

important for optimized molecules.
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Provided are the sequences for some of the top binders from the first library .

k. Mutational Analysis of CDRs L-CDRI, L-CDR2, H-CDRI and H-CDR2 in
Chimeric VK and Chimeric VH

Certain amino acid residues such as asparagine and aspartic acid in CDRs can result in
heterogeneity in drug candidates by undergoing post-translation modification such as
deamidation, glycosylation and iso-aspartate isomerization which can reduce the shelf life of
drug candidate. In addition, to reduce the generation of anti-drug antibodies, germlining has
evolved as a novel strategy to change non-critical mouse residues with human germline
residues. We evaluated the CDR residues for potential liabilities and evaluated their changing

the residues without impacting the necessary binding /function.

Mutational analysis was performed to evaluate the effect of point mutations in CDRs in the
light chain, in L-CDR1, L-CDR2, and the heavy chain H-CDR1 and H-CDR?2 and the resulting
variant was evaluated as compared to the parental chimeric IgG which has mouse variable
region but human constant regions. Ten point mutations were introduced into the light chain
(VL) CDRI1 and CDR2 and 19 point mutants were introduced into the heavy chain (VH) CDR1
and CDR2 (FIG 6A and 6B) utilizing standard molecular biology techniques one by one

separately.

The VL and VH genes were generated using the method as discussed above, and cloned into

pTT5 vector. The sequence of each VL and VH was confirmed by standard methods.

Single point mutants were made replacing chimeric “parental” residues (1Chi Ig VK) with
“variant” resides ("bold” box). Table 11 and Table 12 represent the single point mutants for VK
CDRs at amino acid positions 24, 23, 29, 31 and 33 in CDR1, and 50, 53, 54, 55, and 56 in
CDR2, yielding 10 variant constructs. Table 13 and Table 14 represents the single point mutants
for VH CDRs at amino acid positions 31, 32, 33, and 35 in CDR1, and 52, 53, 54, 55, 57, 58,
61, 62, 63, 64, and 66 in CDR2 yielding 19 variant constructs.

The resulting light chain mutants were paired with the parental chimeric heavy chain and heavy
chain mutants were paired with parental chimeric light chain for expression analysis in CHO-

E cells for 7 days. The parental chimeric IgG was used as positive control.
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After 7 days, the antibody containing supernatants were collected and evaluated for binding to

biotinylated huCD137 in ELISA. Effects on CD137 specific binding was evaluated based on

the mutations introduced into the VH and VL regions for each of the variants. CD137 binding

was measured and expressed as OD units and which was compared with the parental chimeric

IgG to identify the contribution of individual residues in CD137 antibody binding (FIG 6A and

6B).
Table 11: Point mutations made in VL
K-CDR1 K-CDR2
;fear AA T oy 28 29 31 33 50 | 53 54 55 56
Chi Ig VK K D N T N S Y R Y T
Germline R S I S L A S L Q S
K24R R D \'% T \' S Y R Y T
D28S K S \ T \ S Y R Y T
V291 K D 1 T \ S Y R Y T
T31S K D \ S \ S Y R Y T
V33L K D \'% T L S Y R Y T
S50A K D \ T \ A Y R Y T
Y538 K D \' T \' S S R Y T
R54L K D \ T \ S Y L Y T
Y55Q K D \' T \' S Y R Q T
T56S K D \ T \ S Y R Y S
Table 12: CDRS in VL variants
CD137#1 Vk VARIANT CDRS VH PARENTAL CDRS
CLONE CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
PARENT KASQDVSTAVA | SASYRYT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
Vv
SEQ ID NO.:12 SEQIDNO..13 | SEQID SEQIDNO:7 | SEQIDNO: 8 SEQ IDNO: 9
NO.:14
V55.A RASQDVSTAVA SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
v
SEQ ID NO.:497 SEQ ID NO: 13 SEQ ID NO: 14 SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
V55.B KASQSVSTAVA SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYFD
\
SEQ ID NO.:498 SEQIDNO: 13| SEQIDNO: 14 | SEQIDNO:7__| SEQID NO: 8 SEQ IDNO: 9
V35.C KASQDIVSTAVA | SASYRYT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
v
SEQ ID NO.:499 SEQ ID NO: 13 SEQ ID NO: 14 SEQ ID NO: 7 SEQID NO: 8 SEQ ID NO: 9
V35D KASQDVSSAVA SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYFD
\
SEQ ID NO.:500 SEQIDNO: 13| SEQIDNO: 14 | SEQIDNO:7___| SEQ IDNO: 8 SEQ IDNO: 9
V55.E KASQDVSTALA SASYRYT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
v
SEQ ID NO.:501 SEQ ID NO: 13 SEQ ID NO: 14 SEQ ID NO: 7 SEQ ID NO: 8§ SEQ ID NO: 9
V55 F KASQDVSTAVA | AASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
\
SEQID NO: 12 SEQ ID SEQIDNO: 14 | SEQIDNO:7 | SEQID NO: 8 SEQ IDNO: 9
NO.:502
V55.G KASQDVSTAVA SASSRYT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYED
v
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SEQ ID NO: 12 SEQ ID SEQ ID NO: 14 | SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
NO.:503
V55.H KASQDVSTAVA SASYLYT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYFD
v
SEQ ID NO: 12 SEQ ID SEQ ID NO: 14 | SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
NO.:504
V551 KASQDVSTAVA SASYRQT QQHYSNPWT | GFIFSDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYFD
v
SEQ ID NO: 12 SEQ ID SEQ IDNO: 14 | SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
NO.:505
V55 KASQDVSTAVA SASYRYS QQHYSNPWT | GFTESDFYMA | NINYDGSSTYYLDSLKS | EGDEGWYFD
v
SEQ ID NO: 12 SEQ ID SEQ ID NO: 14 | SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
NO.:506
Table 13: Point mutations made in VH
H-CDR1 H-CDR2
;‘;“”“ AA L 3p L 30 | 33 |35 | 52 | 53| 54 | 55| 55|55 | 57|58 |61 |62 |63 |63 63 4] 066
ChileVH | D | F | Y | A | N|Y|DJ|[GJ|]G|G]|s]|T]|L|[D|s]|s][s]|L][s
Gemline | S | Y [ W | S | K|O]|E][1]|]L|V|E[K[V]|[E[I[L]|[V][V]|]G
D31S sl rFrly|a|N|]Y[D|lGg|leg|le|s|t|lrL|p]|ls|s|s|L]|s
F32Y plyly|la[N]Y|D|]Gc|Gc |G |s|T|L|[D|[s|[s]|s]|]L]|s
Y33W p | FIlwlal~Nn]|]yYy|Dp|lc|lc |G |s|Tt|r|bp|[s|[s]|s]L]|s
A35S D | FlylsIN|]Y|[DpD|lce|lcg|aGg|s|Tt|r|[bp|[s|[s]|s]|]L]|s
N52K p | Fly|lalk]ly|[p|lec|lc |G |s|T|L|[bp|s|[s]|s]|]L]|s
Y53Q p |l Fly|a[NJolbpleclceg|lag|s|Tt|lr|bp|[s|[s]|s]|]L]|s
DS4E D | Fly|A[N]J]YIEdclcGc |G |s|T|Lr|[DpD|[s|[s]|s]L]|s
G551 p | Fly|la[N]yYy D1l |s|Tt|r|bp|[s|[s]|s]L]|s
G55L p | Fly|a[N]Y|D|]GL)laG|s|Tt|Lr|[bp|s|[s]|s]|]L]|s
G55V D | Fly|a|[N]Y|[D|lceg|]cgv]ls|Tt|Lr|[bp|s|[s]|s]|]L]|s
S57E p | Fly|la[N|]Y|D|lc|lcg|GlElT|lr|[bp|[s|[s]|s]|L]|s
T58K D | Fly|a[N]Y|D|lc|lcg|lao]sIx]lrlp|[s|[s]|s]|]L]|s
L61V p | Fly|a[N]Y|Dp|lcg|lcg |G |s|Tt]vip|s|[s]|s]L]|s
D62E D | Fly|a[N|]Y|D|lc|lGc |G |s|T|LlEls|[s]|s]|]L]|s
S631 D | Fly|a|[N]Y|D|]c|lc |G |s|Tt|r][pfl1rls|s]|L]|s
S63L p | Fly|a[N]Y|D|c|lc|lag|s|Tt|lr|bp]slrlslcr]s
S63V D | Fly|Aa|[N]Y|D|]c|lc |G |s|T|Lr|bp|s[s]v]lcr]s
L64V D | Fly|a[N]Y|Dp|lcg|lcg|aGg|s|Tt|lr|bp|[s|[s]sfvl]s
$66G p | Fly|la[N]Y|D|lcg|lcg|lag|s|TtT|lr|bp|ls|s]|s]L[a

Table 14: CDRS in VH variants

CD137 #1 Vk PARENTAL VH VARIANTS
Clone
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
PARENT KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NIN YDG SST YYL DSL KS | EGDEGWYFDV
SEQID NO.:12 SEQ ID SEQ ID SEQ ID NO.:7 SEQ ID NO.:8 SEQ IDNO.:9
NO.:13 NO.:14
V55.K KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSSFYMA | NINYDGSSTYYLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ IDNO.:507 | SEQ ID NO: 8 SEQ IDNO: 9
13 14
V55.L KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYYMA | NINYDGSSTYYLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO.:508 [ SEQ ID NO: 8 SEQ IDNO: 9
13 14
V55.M KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFWMA | NINYDGSSTYYLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ IDNO.:509 | SEQ ID NO: 8 SEQ IDNO: 9
13 14
V55.N KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMS | NINYDGSSTYYLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ IDNO.:510 [ SEQ ID NO: 8 SEQ ID NO: 9
13 14
V55.0 KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA ]| NIKYDGSSTYYLDSLKS EGDEGWYFDV
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SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:511 SEQ ID NO: 9
13 14
V55.P KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINQDGSSTYYLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:512 SEQ ID NO: 9
13 14
V55.Q KASQDVSTAVA | SASYRYT, QQHYSNPWT | GFTFSDFYMA | NINYEGSSTY YLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:513 SEQ ID NO: 9
13 14
V55.R KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDISSTYYLDSLKS EGDEGW YFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:514 SEQ ID NO: 9
13 14
V55.8 KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDLSSTYYLDSLKS EGDEGW YFDV
SEQID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:515 SEQ ID NO: 9
13 14
V55.T KASQDVSTAVA | SASYRYT, QQHYSNPWT | GFTFSDFYMA | NINYDVSSTY YLDSLKS EGDEGWYFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:516 SEQ ID NO: 9
13 14
V55.U KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSKYYLDSLKS EGDEGW YFDV
SEQID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:517 SEQ ID NO: 9
13 14
V55.V KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYVDSLKS EGDEGW YFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:518 SEQ ID NO: 9
13 14
V55.W KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSKYYLESLKS EGDEGW YFDV
SEQID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:519 SEQ ID NO: 9
13 14
V55.X KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDILKS EGDEGW YFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:520 SEQ ID NO: 9
13 14
V55.Y KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDLLKS EGDEGW YFDV
SEQID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:521 SEQ ID NO: 9
13 14
V55.2Z KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDVLKS EGDEGW YFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:522 SEQ ID NO: 9
13 14
V55.AA KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSVKS EGDEGW YFDV
SEQID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:523 SEQ ID NO: 9
13 14
V55.BB KASQDVSTAVA | SASYRYT QQHYSNPWT | GFTFSDFYMA | NINYDGSSTYYLDSLKG EGDEGW YFDV
SEQ ID NO: 12 SEQ ID NO: SEQ ID NO: SEQ ID NO: 7 SEQ ID NO.:524 SEQ ID NO: 9
13 14

For the light chain variants, point mutants at all positions depicted demonstrated binding

similar to the parental chimeric IgG (FIG 6A). For the heavy chain, point mutants at positions

A*S, TK, L'V, LV and S®G depicted binding similar binding to the parental chimeric

I¢G (FIG 6B).

I Mutational Library for human CD137 VK and VH in B21-55

From Table 10 and Figure 5, B21-55 was identified as the best-humanized framework sequence

for both light chain and heavy chain variable region that retained binding as B21 parental

chimeric Fab and further CDR changes were incorporated in this framework. Three phage Fab

libraries were prepared in vector LEQ1. The first (phage Fab) library, L458VK, was a

combination of chimeric human/murine VK light chains including variants with multiple FW

and CDR point mutations representing ~1024 variants, which were combined with an

engrafted/humanized VH library including variants with multiple FW and CDR point

163



10

15

20

25

WO 2021/236658 PCT/US2021/032990

mutations. A second phage Fab library, L459VH, was a combination of engrafted human VH
including CDR point mutations combined with the engrafted human VK, representing ~512
VH variants. The third phage Fab library, L460C, was a combination of human VK and human
VH FW mutations. For these libraries, the VK had ~1024 possible variations and the VH had
~512 possible variations; making a total of ~524,288 variants for the combined library, L460C.

We evaluated ~1980 variants.

Table 15
VK VH
K24R (CDR1) A35S (CDR1)

D28S (CDR1) N52Q
V29I (CDR1) D54E
T31S (CDR1) G55A
V33L (CDR1) T58K
S50A (CDR2) L61V (CDR 2)
Y53S (CDR2) D62E (CDR 2)
R54L (CDR2) L64V (CDR2)
Y55Q (CDR2) S66G (CDR2)
T56S (CDR2)

Isolated Vx variant clones CD137 #1.V55A-J, having mutations at positions K*R, D®S, V¥I,
T3S, V3L, S3°A, Y3S, R¥L, Y*°Q and T>°S were selected to be evaluated phage Fab in
vector LEO1.

Isolated VH variant clones CD137#1 V.55.N, V55.T, V55.V, V55.W, V55.AA, V55.BB having
mutations at positions A*S, N2Q, D*E, G¥A, T°K, L'V, D®E, LV and S®G were selected
to be evaluated in vector LEO1. The changes N*Q H-CDR2 was selected to evaluate the
removal of a potential deamidation site. The changes D**E and D®’E in H-CDR2 were selected

to evaluate the removal of a potential isomerization sites.
Variants were compared with the chimeric CD137 parent, and analysis of 75 variants was

performed. Of the 75 variants, 55 variant clones had similar or better binding to the chimera

molecule (FIG 7).
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m. Selected CD137 sequence optimized candidates were formatted as IgG1-KO and

evaluated for functional activity

Thirty-nine of the hits were selected from the CD137#B21 sequence optimization campaign
and were formatted as IgG1-KO and were evaluated for agonist behaviour without and with
cross linking by a secondary antibody as described above in the NFkB-Jurakat cell assay system
(Promega) as shown in FIG 8A and 8B.
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From these thirty-nine IgGs, five exemplary candidates were selected and formatted as a

bispecific “Doppelmab” in combination with sequence optimized FAP molecules.

n. Sequence Optimization of CD137 Candidate Clone CD137 #7 (A49)

An additional candidate molecule derived from humanized mouse Alivamab was evaluated. To
sequence optimize the candidate, the potential deamidation liabilities NG to QG in light chain
and NY to QY in the heavy chain variable region were mutated. Also, aggregation prone regions

in the both chains were mutated to either L to G/A or I to M.

Eight optimized mutant constructs were generated and evaluated for binding to CD137 in the

NFkB-Jurakat cell assay system (Promega) as described previously (see above).
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Binding activity was expressed as luciferase activity (RLU) and plotted as a bar graph. Two
positive controls based on known CD137 binders (Urelumab (BMS anti-CD137 Ab) and
Utomilumab (Pfizer anti-CD137 Ab)) was compared to the eight CD137 binders isolated

above, and were also compared other optimized candidates.

Example 3: Epitope mapping data of anti-CD137 binding candidates:

CD137 consists of four cysteine-rich domains (CRDs) termed CRD1, CRD2, CRD3 and CRD4
which are positioned distal to proximal to the cell membrane respectively. CRD1 refers to
amino acids 24-45 of sequence Q07011 in Uniprot. CRD2 is formed by amino acids 47-86,
CRD3 by amino acids 87-118 and CRD4 by amino acids 119-159. Jurkat cells expressing
mouse and human CD137 chimeric proteins were generated by replacing the human CRDs with
the corresponding mouse counterparts. CD137 antibodies were incubated with those
recombinant cell lines and, upon addition of a fluorescently-labeled secondary antibody,
binding was determined by flow cytometry. All antibodies were able to bind to a full-length
human CD137-expressing Jurkat cell line, but binding was lost when the diverse human CRDs
were replaced by the mouse ones. This approach allowed the inventors to elucidate the CRD

where the different CD137 antibodies bind within the human CD137 protein (See FIG 9).

By domain mapping, we have determined that the CD137 binders of the invention bind to CRD3
or the junction of CRD2/3. CD137 #1 and variants thereof bind to CRD3. CDI137#7 and
variants thereof bind to the junction of CRD2/3. In contrast, the natural ligand for CD137,
CD137L, binds to CRD2.

In order to address whether the binding of the natural CD137 ligand is altered by the invention
we generated HEK293 cells expressing human CD137 Ligand (CD137-L) that were cultured
together with Jurkat cells expressing human CD137. Activation of the NFkB pathway on those
Jurkat cells was measured via luciferase activity. The invention does not compete with the
functional activation induced by CD137L while other existing molecules Urelumab (BMS) and
Utolimumab (Pfizer) and the FAP-targeted split trimeric 4-1BB ligand Fc fusion antigen
binding molecule clone 2.11 (refers to the Roche split-trimeric 4-1BBL (71-248)/FAP(28H1)
molecule Construct 2.11 described in W02017194438 as SEQ ID NOs:113, 114, and 116 and
corresponding to SEQ ID NOs: 663, 664, 665, and 666, contained herein) block the activation

induced by CD137-L (FIG 10A and 10B).
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a. Construction of human mouse chimeras

Jurkat cells expressing chimeric version of CD137 were generated such that each human CRD
regions was subsequently replaced by the equivalent mouse CRD region. Briefly, Jurkat cells
expressing chimeric version of CD137 were generated such that each human CRD regions was

subsequently replaced by the equivalent mouse CRD region.

For that purpose, lentiviral supernatants were produced upon transfection of 293FT cells with
plasmids containing different modifications of the human CD137 cDNA. In those modified
human CD137 sequences, the amino acids between cysteines in the human CRD1 or CRD2 or
CRD3 or CRD4 had been replaced by the mouse counterpart. In particular, in one construct
SEQ ID.:350, corresponding to amino acids 23-45 of human CRD1 was replaced by the murine
CRDI1 corresponding to SEQ ID NO.:360. In another construct, SEQ ID.:351 corresponding to
amino acids 46-86 of human CRD2 was replaced by the murine CRD2 corresponding to SEQ
ID NO.:361. In a third construct, SEQ ID.:352 corresponding to amino acids 87-118 of human
CRD3 was replaced by the murine CRD3 corresponding to SEQ ID NO.:362. In a fourth
construct, SEQ ID.:353 corresponding to amino acids 119-159 of human CRD4 was replaced
by the murine CRD4 corresponding to SEQ ID NO.:363.

The plasmids also contained a puromycin-resistant gene allowing the selection of cells in which
the construct is being expressed. In a 12-well plate, 2.5 x 10° 293FT cells were seeded per well
in 1.5 mL of complete DMEM. The next day, the transfection mix was prepared by mixing 75
microliters of JetPRIME® transfection buffer (Polyplus Transfection), 0.5 pg DNA (CD137
plasmids) and 1 microliter of packaging mix (psPAX2, pMD2.G). After vortexing, 2 pl of
JetPRIME® reagent were added and the mix were vortexed again. After 15 minutes at room
temperature, the transfection mix was poured onto the cells (at 70-80% confluency). After 4
hours at 37°C, culture medium was replace by fresh medium. The next day, the virus
supernatant was collected and, after addition of protamine sulfate, was subsequently used to
transduce Jurkat cells. The positively-charged polycation protamine sulfate reduces the
repulsion forces between the cell and the virus, resulting in a higher efficiency of transduction.
Jurkat cells were incubated with lentivirus-containing supernatants and cultured for 48 hours at
37°C in a CO: incubator. After that, puromycin (1 pg/ml final concentration) was added to

select transduced cells. After two subsequent rounds of virus removal cells were used for
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determining the domains to which the different CD137-targeting antibodies bind to the human
CD137 protein.

b. Binding of CDI137 candidates to different epitopes:
2 x 10° Jurkat cells expressing those variants of CD137, in 50 ul of buffer, were incubated with
50 pl CD137 antibody binders for 20 minutes at 4°C. After that, cells were washed twice to
remove unbound antibodies and the samples were further incubated with a R-Phycoerythrin
AffiniPure F(ab'). Fragment Donkey Anti-Human IgG (H+L). After an additional 20 minute
incubation at 4°C in the dark, samples were washed twice and fluorescence was measured in a
flow cytometer (FACSCanto ™ II Analyzer, BD Biosciences). Reduction or absence of binding

to a particular modification of CD137 reflects lack of binding of the CD137 antibody when the

human CRD has been replaced by the mouse counterpart.

Table 18

(VH/VL)

A1 (SEQ ID NO.:375, 376),
' A2 (SEQ ID NO.:377, 378),

A4 (SEQ ID NO.:381, 382),
A12 (SEQ ID NO.:389, 390),

: A30 (SEQ ID NO.:405, 406),
{ A41 (SEQ ID NO.:409, 410),

A44 (SEQ ID NO.:413, 414),
A45 (SEQ ID NO.:415, 416),
A46 (SEQ ID NO.:417, 418),

. A47 (SEQ ID NO.:419, 420),

B3 (SEQ ID NO.:433, 434),
B9 (SEQ ID NO.:441, 442),
B10 SEQ ID NO.:443, 444),

' BI2 (SEQ ID NO.:445, 446),
B30 (SEQ ID NO.:461, 462),

B31 (SEQ ID NO.:463, 464),
Urelumab (SEQ ID NO.:371, 372)

| (BMS)

A3 (SEQ ID NO.:379, 380),
A25 (SEQ ID NO.:399, 400),

i A57 (SEQ ID NO.:427, 428),
: B5 (SEQ ID NO.:437, 438)

A16 (SEQ ID NO.:393, 394),
A17 (SEQ ID NO.:395, 396),

1 A26 (SEQ ID NO.:401, 402),
i A27 (SEQ ID NO.:403, 404),

A39 (SEQ ID NO.:407, 408),
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B1 (SEQ ID NO.:429, 430),
' B2 (SEQ ID NO.:431, 432),
' B7 (SEQ ID NO.:439, 440),
B13(SEQ ID NO.:447, 448)
CRD2-CRD3 46-117 SEQ ID NO.:356 A49 (SEQ ID NO.:421, 422)
CRD3 87-118 SEQ ID NO.:352 ' B20 (SEQ ID NO.:453, 454),
B21 (SEQ ID NO.:455, 456)
CRD3-4 88-158 SEQ ID NO.:357 ' (Utomilumab (Pfizer)
| (SEQ ID NO.:373, 374)
i CRD4 :119-159 SEQ ID NO.:353 none
CRD2/CRD3/CRD4 | SEQ ID NO.:358 | A42 (SEQ ID NO.:411, 412),
' B4 (SEQ ID NO.:435, 436)
 Outside . SEQ ID NO.:1 A19 (SEQ ID NO.:298, 399),
- CRDs(ECD) 'B27(SEQ ID NO.:457, 458)

c. Generation of cells expressing CD137 Ligand:

In a 12-well plate, 2.5 x 10° 293FT cells were seeded per well in 1.5 mL of complete DMEM.
The next day, the transfection mix was prepared by mixing 75 pl of JetPRIME® Buffer, 0.5 nug
DNA (CD137 plasmids) and 1 pl of packaging mix (psPAX2, pMD2.G). After vortexing, 2 pl
of JetPRIME® reagent were added and the mix were vortexed again. After 15 minutes at room
temperature, the transfection mix was poured onto the cells (at 70-80% confluency). After 4
hours at 37°C, culture medium was replace by fresh medium. The next day, the virus
supernatant was collected and, after addition of protamine sulfate (4 pg/ml final concentration),
was subsequently used to transduce 293FT cells. The positively-charged polycation protamine
sulfate reduces the repulsion forces between the cell and the virus, resulting in a higher
efficiency of transduction. 293FT cells (0.5 x 10° cells in 1.5 ml of medium) were incubated
with lentivirus-containing supernatants and cultured for 48 hours at 37°C in a CO; incubator.
After that, puromycin (1 pg/ml final concentration) was added to select transduced cells. After
two subsequent rounds of virus removal, expression of CD137-L was confirmed by flow

cytometry in a FACSCanto® II analyzer (BD Biosciences).
d. Determination of CD137 Ligand binding blockade:

0.2 x 10° HEK293 cells expressing human CD137-L were seeded in a 96 well-plate. After a 30
minute incubation at 37°C in a 5% CO2 incubator, 12.5 pl of a serial dilution of different CD137

binders were added to the CD137-L expressing cells. After a 30 minute incubation at 37°C in a
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5% CO2 incubator, Jurkat cells expressing human CD137 and a luciferase cDNA under the
NFkB promoter (Promega) were added (0.2 x 103cells per well). After a 5 hour incubation,
plates were placed at room temperature for 10 minutes and 75 pl of Bio-Glo™ reagent
(Promega) were added to each well. Luminescence, as a measurement of Jurkat cell activation
mediated by CD137L-CD137 interaction was detected with an EnVision® plate reader (Perkin-
Elmer).

Example 4: Preparation of binding domains that recognize Fibroblast Activation

Protein (FAP):

Anti-FAP antibodies were generated using the OmniAb® platform (Crystal Biosciences)
wherein transgenic chickens or OminChicken® are genetically engineered to express its
genome immunoglobulin heavy and light chain loci containing human germline variable
regions, VH and VL genes IgHV3-23*04/IgKV3-11*01, respectively, essentially as described
in US 9,404,125. Ten OmniChicken®, were immunized intramuscularly with 100 pg human
FAP with Freund’s complete adjuvant. Two weeks later, five of the ten birds received 100 pg
human FAP with incomplete adjuvant, and five of the ten birds received 100 pug of murine FAP
with incomplete adjuvant. Subsequent boosts were done every two weeks, with five of the ten
birds receiving only human FAP, and five of the ten birds receiving alternating human and
murine FAP. Cyno-FAP was not included in the immunization schedule because of the near

100% homology between human and cyno-FAP.

Table 19
Percent
Antigen domains used for immunization Homology to
Human FAP (%)

SEQ ID HUMAN NCBL NP_004451 and Uniprot: 100
NO.:4 FAP (312834

CYNO- XP_005573377 5

FAP Gene ID : 102134935
SEQ ID MURINE NCBE NP_032012.1 and UniProu 30
NO.:5 FAP PG

As an alternative to mammalian species, birds (and in particular, chickens) present an attractive
choice because they are phylogenetically distant from humans, produce antibodies of high

affinity and specificity, and can recognize unique epitopes not accessible in mice. Expanded
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epitope coverage is an advantage in this case because of the enhanced chance of accessing

functionally distinct regions of the target.

After immunization, serum from the immunized transgenic animals was isolated. Serum titers
of antibodies specific to FAP were determined on the alternate weeks by ELISA. When
sufficient titer was reached, a final boost of either 100 ug human FAP or 50 pg each of human

and murine FAP was administered intravenously without adjuvant.

For making monoclonal antibodies specific for FAP, antibody-producing spleen cells were
isolated from seven immunized transgenic birds, 4 days post final boost. cDNAs encoding FAP
specific antibodies are cloned by standard molecular biology techniques and expressed in
transfected cells. In vitro production of monoclonal antibodies from cloned cDNA molecules
has been described by Andris-Widhopf et al., J. Immunol Methods 242:159 (2000), and by
Burton, Immunotechnology 1:87 (1995), the disclosures of which are incorporated herein by

reference.

a. Enriching for species cross-reactive clones with immunization and screening
Strategies:
Initially gel encapsulated microenvironment (GEM) screens (Crystal Biosciences) were
performed with splenocytes isolated from six birds with reporter beads; one reporter bead
coated with human FAP and the other reporter bead coated with murine FAP, to select for cross-
reactivity. Since human and cyno proteins are 99 % homologous cyno screenings were not

performed.

b. Generation of Cell lines stabling expressing human and mouse FAP:

FAP is highly expressed on the cell surface of cancer-associated fibroblasts (CAFs), which
represent a key component in the tumor microenvironment of many cancers. HT10%0 is a
fibrosarcoma cell line and been used extensively as a model for the potential role of FAP in the
wmor nucroenvironment, HTI080 cells were transfected o express high levels of human FAP.
B16 melanoms 18 2 nuwine tumor celf Hine usefd for the study of roetastasis and solid wmor

formation. B16 cells were transfected to express high levels of murine FAP,

For that purpose, lentiviral supernatants were produced upon transfection of 293FT cells with

plasmids containing the different species FAP cDNA. The plasmids also contained a
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puromycin-resistant gene, in order to allow the selection of cells in which the construct is being
expressed. Per 10 cm culture plate, 5 x 10° 293FT cells were seeded in 10 mL of complete
DMEM. The next day, the transfection mix was prepared by mixing 500 pl of JetPRIME®
Buffer, 8 pg DNA (FAP plasmids) and 20 pl of packaging mix (psPAX2, pMD2.G). After
vortexing, 36 ul of JetPRIME® reagent were added and the mix were vortexed again. After 15
minutes at room temperature, the transfection mix was poured onto the cells (at 70-80%
confluency), After 4 hours at 37°C culture medium was replace by fresh medium. The next day,
the virus supernatant was collected and, after addition of protamine sulfate, was subsequently
used to transduce HT-1080 or B16 cells. The positively-charged polycation protamine sulfate
reduces the repulsion forces between the cell and the virus, resulting in a higher efficiency of
transduction. HT-1080 or B16 cells at 30% confluency in T25 flasks (4ml of complete medium)
were incubated with lentivirus-containing supernatants and cultured overnight at 37°C in a CO»
incubator. The next day, cells were rinsed with PBS and resuspended in complete medium
containing puromycin (1pg/ml final concentration) to allow the selection of transduced cells.
After two subsequent rounds of virus removal, FAP expression was confirmed by flow

cytometry, by using a FACSCanto® II analyzer (BD Biosciences).

c. Reformatting FAP antibodies to ScFv-Fc

"o

As used herein the terms "single-chain Fv," "single-chain antibody," and "scFv" refer to a
single-polypeptide-chain antibody fragment that comprise the variable regions from both the
heavy and light chains, but lack the constant regions. Generally, a single-chain antibody further
comprises a peptide linker connecting the VH and VL domains which enablcs it to form the

desired structure to bind to antigen.

Single chain antibodies are discussed in detail by Pluckthun in The Pharmacology of
Monoclonal Antibodies. vol. 113. Rosenburg and Moore eds. Various methods of generating
single chain antibodies are known, e.g. as described in US 4,946,778 and US 5,260,203;
International Patent Application Publication No. WO 88/01649; Bird (1988) Science 242:423-
442; Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883; Ward et al. (1989) Nature
5334:54454; Skerra et al. (1988) Science 242:1038-1041. In certain embodiments, at least one

but preferably two scFv antibody fragments are associated an antibody Fc region.
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A panel of FAP binding clones were identified and were formatted as ScFv- Fc and the
molecules were purified using Protein A affinity chromatography and were checked for binding

to human and mouse FAP expressing stable cell lines (FIG 9A, 9B, and 9C).

To construct the gene segment encoding the Fibroblast Activation Protein (FAP) scFv, pairs of
VL and VH genes encoding Fibroblast Activation Protein (FAP) -binding variable domains
were joined by a gene segment encoding a flexible linker of peptide sequence
GGGGSGGGGSGGGGSGGGGS (SEQ ID NO.:282). The resulting scFv-encoding gene
segments were in turn cloned in-frame to the 3’ end of a gene encoding the heavy chain of an
human IgG antibody. These coding segments were synthesized by overlapping PCR methods

and cloned into the expression vector pTTS.

d. Recombinant FAP proteins binding to human and mouse FAP expressing cells.

Non FAP expressing cells HT-1080 and B16 were kept as controls. 149 FAP antibodies were
identified and then triaged on the basis of % monomer (> 85 %) content after first step
purification, Tm determination (>60 ° C), and elution from analytical HIC column, a measure
of hydrophobicity of different proteins (less than 9 minutes). Of the 149 candidates the
following 11 antibodies were selected for generation of bispecific antibodies in combination

with the selected anti-CD137 binders.
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Example 5: Generation of Bispecific Constructs Targeting CD137 and Fibroblast
Activation Protein (FAP)

The pairs of VL and VH genes encoding the anti-CD137 (4-1BB, TNFRSF9)-antibody
Urelumab, as previously discussed above, were then formatted into the bispecific format
outlined in Example 1. The VH genes were cloned into pTT5 expression vector as an in frame
fusion at the 5° end of a gene encoding human Igy. Eleven FAP candidates (Table 20) were
chosen and formatted as bispecific molecules wherein the gene encoding a Fibroblast
Activation Protein (FAP)-binding scFv was cloned in frame at the 3’ end of the same Igy
encoding segment. Similarly, the VL genes were cloned into pTT5 expression vector as an in-
frame fusion with a gene encoding human IgG kappa light chain. The Leu234Ala and
Leu235Ala mutations were introduced in the constant regions of the heavy chain to abrogate
biding to Fc-gamma receptors (See W0O2012/130831). A schematic diagram of the resulting

bispecific, bivalent constructs is shown in FIG 1A.

a. Selection of FAP clones:

The Table below shows the amino acid sequences of mature bispecific, bivalent anti-

CD137(Urelumab)/FAP antibodies that were used for screening FAP activity.
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In-Fusion® HD Cloning Kit (Clonetech, U.S.A.) was used in the above procedure for
directional cloning of VH and VL genes. PCR primers for VL/VH with 15 bp extensions
complementary to the ends of the linearized vector were synthesized. PCR was performed using
the manufacturer’s standard protocol and the amplicons were purified or treated with Cloning
Enhancer, then cloned into the appropriate vector. E. coli were then transformed according to

manufacturer’s instructions (Clonetech, U.S.A.). DNA mini-preps were sequenced.

Each expression vector contains eukaryotic promoter elements for the chain-encoding gene, the
gene encoding the signal sequence and the heavy or light chain, an expression cassette for a
prokaryotic selection marker gene such as ampicillin, and an origin of replication. These DNA

plasmids were propagated in ampicillin resistant E. coli colonies and purified.

b. Expression and purification of bispecific, tetravalent molecules recognizing
human CD137 (4-1BB, TNFRSF9) and human Fibroblast Activation Protein
(FAP)

The expression vectors prepared as above example were transfected into CHO-E cells.
Transfected CHO-E cells growing in suspension in serum-free media were cultivated in shake
flasks under agitation at 140 rpm, 37°C and 5% CO: and kept at conditions of exponential
growth. On the day of transfection, cells were chemically transfected with 1 mg of light chain
plasmid and 0.5 mg of heavy chain plasmid. They were then seeded at 1 to 2 x 10° cells/ml in
1 L of Gibco® FreeStyle™ CHO expression medium (LifeTechnologies, NY, US). Cells were
then incubated under orbital shaking for 10 to 12 days with one-time feeding of 150 ml
commercial feed solution to allow expression of the proteins. Antibody titers in the cell culture
supernatants were determined using an Octet® instrument (Pall ForteBio, CA, US) and protA

biosensor tips according to manufacturer’s instructions.

Recombinant antibodies were purified from culture supernatant by Protein A affinity
chromatography using MabSelect™ (Amersham Biosciences) and stored in 60 mM NaOAc
buffer (pH 5.0). Purity and degree of heterogeneity of the samples were assessed by mass
spectrometry and analytical ultracentrifugation. All samples were confirmed to have a

monomer content of > 90% and contain <10% impurities prior to functional testing.
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c. Functional Activity of CD137/FAP bispecific Abs.

A T cell fibroblast co-culture-assay was used to demonstrate T cell activation specific to FAP-

mediated CD137-crosslinking.

Briefly, FAP+ HT1080 and HTI1080 parental cells were plated in culture medium
(RPMI1640/Glutamax, Gibco 61870-010; plus 10% FCS, Gibco 26140). After resting
overnight at 37°C and 5% COz, cells were incubated with CD137+ Jurkat cells for 24h with 50
ul of different antibody dilutions at the desired concentrations. NFKB reporter gene activity
was assessed by using the CellTiter-Glo® Luminescent Cell Viability Assay (Promega G7571)
according to the instructions provided by the manufacturer. Finally, luminescence was recorded

using the VICTOR™ X4 2030 Multilabel Plate Reader from Perkin Elmer.

Using the Luciferase reporter assay system, inventors confirmed that CD137/FAP bi-specific
molecules of the invention only activate Jurkat cells in the presence of FAP-positive cells but
not the presence of FAP negative cells (FIG 12A-C). This was in contrast to Urelumab which
activates Jurkat cells at a similar extent in presence of FAP-positive and FAP-negative cells

(FIG 12B). In this assay system, Utomilumab did not show any activity (FIG 12C).

On the basis of activity in NFkB-Jurkat assays, three clones FAP84.A11 (VH, VL SEQ ID
NOs.:629, 630, respectively), FAP84.B8 (VH, VL SEQ ID NOs.:635, 636, respectively), and
FAP 63.C3 (VH, VL SEQ ID NOs:623, 624, respectively) were identified as optimized FAP
candidates. Of these, two FAP molecules were made as doppelmabs with candidate clones
CD137 #B21 and CD137 #A49 resulting in four different parent bispecific constructs. The
sequences corresponding to the four parental bispecific are provided in Table 24, rows 1-4. A
pre-formulation assessment for developability was performed on the four initial proteins (See

Table 22).
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CD137 clone /FAP clone

B21 + Al11

A49 + All

B21+C3

A49 + C3

CD137#1/
FAP #1
Row 1, Table 23

CD137 #7/
FAP #1
Row 2, Table 23

CD137 #1
IFAP#2
Row 3, Table 23

CDI137 #7
IFAP #2
Row 4, Table 23

Attribute

Assay

Manufacturability

Titer::Yield (%)

66

69

50

69

Quality/Purity

Analytical Size
Exclusion
Chromatography
(% Main)

99

100

99

100

Analytical
Hydrophobic
Interaction
Chromatography
(% Main)

98

100

96

100

Hydrodynamic
Radius (Rg nm)
and Polydispersity
(% PD)

Conformational
Stability

Thermal Stability
Analysis (TSA)
(Tm, °C)

66; 85

67; 85

68; 85

67; 85

Colloidal Interactions

Reversible Self-
Association

DSB: Fav
Phys: Fair

DSB: Fair
Phys: Fair

DSB: Excpt
Phys: Excpt

DSB: Fav
Phys: Excpt

Aggregation Onset
Temperature
(Tagg; °C and size)

56; mod

58; small

61; mod

60; small
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Example 6: Details of the bispecific molecules recognizing human CD137 (4-1BB,
TNFRSF9) and human Fibroblast Activation Protein (FAP) molecules prepared

In the following examples a number of different bispecific CD137 (4-1BB, TNFRSF9) /
Fibroblast Activation Protein (FAP) antibody molecules of the invention were prepared. To

avoid confusion, the characteristics and sequences of these molecules are provided below.

a. Sequence optimization of FAP

For sequence optimizations ofFAP84.A11 (“FAP #1”) and FAP63.C3 (“FAP #4”) parental
variants, point mutations at the potential liability sites were made in the human frameworks.

Described below are sequences for the FAP candidates.

Table 23: Binding values to human and mouse FAP proteins.

KD on
Molecule Description lﬁgn;an E?P(m mouse l;g:;;ax
M)

FAP-A11 FAP-

parental ALLSCEV(WT) 1040 | <20pM ~38.45
FAP-

f;;l;"\“ VKI- | A1 1IVKIVHI3 2880 | <20pM -26.65
(ST, QQQ)

FAP-A11 VK3- | FAP-A11VK3VHI

VHL (RS. NNN) 199 <20 pM -37.95
FAP-

f,ﬁ?&:%ﬁ;) A11VK3VHI3 538 <20 pM 25.46
(RS, QQQ)

FAP-A11 VK7- | FAP-A11VK7VHI

VHL (FAP#3) | (S5, NNN) 1500 | <20pM -40.05

FAP-C3 FAP-C3SCEVWT | 36 33 0M 5272

parental
FAP-C3VK1VH14

FAP-C3 VKI1-

VH14 (FAP #5) %\11{[)), SY, ES,ES, | 24 4.60M -55.22

192



WO 2021/236658 PCT/US2021/032990

FAP-C3VK1VHI15
(ND, SY,ES, DS, | 25 5.3nM -59.95
ER)

FAP-C3 VKI1-
VHI15

On the basis of activity in functional assays, 3 anti-FAP candidates were identified FAP-A11-
VK3-VHI13 or “FAP #2”, FAP-A11-VK7-VHI, or “FAP #3” and FAP-C3-VK1-VH4 or “FAP
#5” and formatted with 8 sequence optimized anti-CD137 binding molecules (B21 variants
V.16 (“CD137 #2), V.22 (“CD137 #37), V.25 (“CD137 #4”), V.29 (“CD137 #57), V.37
(“CD137 #6”), and A49 variants V.43 (“CD137 #8”), V.47 (“CD137 #9), and V.48 (“CD137
#107)) as described in Table 24, below) resulting in 24 CD137-FAP bispecitfic molecules.
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Example 7: In vitro assays -- Biological Activity of the Targeted CD137- FAP Binding
Molecules; FAP dependent cross-linking of CD137 in Jurkat Cells

A T cell fibroblast co-culture-assay was used to demonstrate T cell activation specific to FAP-
mediated CD137-crosslinking. For this, internally generated FAP+ HT1080 or FAP- HT1080
parental cells were added to cultures of Jurkat-CD137 NF«B luciferase cells (Promega
#CS196004). Activation of the Jurkat-CD137 is measure through the NFxB-driven luciferase
reporter. Cells were cultured in the presence of CD137/FAP molecules to identify FAP selective
CD137 agonists. EC90/IC90 values are shown in Table 25 and Table 26.

Table 25. FAP-dependent activity of CD137 B21 and A49 clones as measured by cross-
linking on HT1080-FAP expressing cells

CD137/FAP Candidate Total AUC ICoo ECo
[x 10°]

B21.V16 (CD137 #2)/ FAP#5 3.6 74.3 0.87
B21.V22 (CD137 #3)/FAP #3 1.9 143.8 2.41
B21.V37 (CD137#6)/FAP #3 3.5 257.8 2.34
B21.V16 (CD137 #2)/FAP #2 3.3 126.8 3.14
B21.V25 (CD137 #4)/FAP #3 2.5 492.2 2.55
B21.V29 (CD135 #5)/ FAP #3 2.9 51.85 0.52
B21.V25 (CD137 #4)/ FAP #2 3.3 46.85 0.65
B21.V29 (CD137 #5)/ FAP #2 2.9 62.80 0.78
B21.V22 (CD137 #3)/ FAP #2 2.4 69.62 1.42
B21.V25 (CD137 #4)/ FAP#5 3.0 77.77 1.38
B21.V22 (CD137 #3)/ FAP#5 2.3 87.81 2.18
B21.V37 (CD137 #6)/ FAP#2 4.0 53.61 0.55
B21.V29 (CD1374#5)/ FAP#5 32 35.70 0.80
B21.V37 (CD1374#6)/ FAP#5 3.6 13.79 0.47
A49.V48 (CD137#7)/ FAP #3 12.6 86.7 1.91
A49.V47 (CD137 #9)/FAP #3 9.5 1.07 1.65
A49.V43 (CD137#8)/FAP #3 31.5 60.75 0.96
A49.V48 (CD137 #7)/FAP #5 11.3 700.5 6.24
A49.V48 (CD137 #7)/FAP #2 11.3 136.8 2.57
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A49.V4T (CD137 #9)/ FAP #5 7.8 742.3 4.23
A49.V4T (CD135#9)/ FAP #2 7.6 93.84 3.01
A49.V43 (CD137#8)/ FAP #2 25.0 467.2 5.04
A49.V43 (CD137#8)/ FAP #5 31.8 54.01 0.98

The ECso, ICs0, ECoo, and ICo as well as the ratio ICso/ECso, and IC9o0/ECoo of were calculated

for representative clones and compared in Table 26. All clones showed relatively comparable

behavior. Specifically the molecules displayed a bell-shaped response, which was unique to this

assay. This response was consistent amongst molecules yielding IC50/EC50 and IC90/EC90

ratios that were statistically similar.

Table 26: CD137/FAP clones have comparable ECso/ICso values

CD137/FAP Average | Average Ratio Average | Average Ratio
CANDIDATE ECs 1Cxo ICso/ ECso ECw fCon ICs0/ ECs0
[nM] [nM] [nM] [nM]

B21.V16 (#2)/ FAP#5 0.233 538.333 | 2304.462 2235 110.370 49.383
B21.V16 (#2)/ FAP#2 0.165 846.567 | 5131.433 1.470 87.810 59.741
B21.V16 (#2)/ FAP#3 0.082 361.200 | 4379.509 0.613 48.440 79.066
B21.V22 (#4)/ FAP#5 0.175 558.750 | 3187.393 1.249 98.635 78.971
B21.V22 (#4)/ FAP#2 0.273 888.500 | 3257.761 0.738 83.970 113.819
B21.V22 (#4)/ FAP#3 0.248 746.700 | 3014.534 1.514 79.215 52.335
B21.V25 (#5)/ FAP#5 0.115 319.350 | 2787.014 0.644 69.150 107.301
B21.V25 (#5)/ FAP#2 0.160 443900 | 2779.587 0.883 86.650 98.092
B21.V25 (#5)/ FAP#3 0.090 347250 | 3843.387 0.671 52.775 78.645
B21.V25 (#6)/ FAP#5 0.054 191.400 | 3518.059 0.315 13.790 43.847
B21.V25 (#6)/ FAP#2 0.153 314.050 | 2058.872 1.069 104.805 98.059
B21.V25 (#6)/ FAP#3 0.141 755.500 | 5372.253 1.425 164.530 115.447
A49.V43 (#8)/ FAP#5 0.166 624.500 | 3750.826 1.425 84.623 59.385
A49.V43 (#8)/ FAP#2 0.327 957.900 | 2928.164 2.591 210.477 81.244
A49.V43 (#8)/ FAP#3 0.170 361.500 | 2125.845 1.013 58.285 57.565
Average all 0.17 550.36 3362.87 1.19 90.24 78.19

SEM (+) 0.02 62.36 257.93 0.29 0.16 0.16
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Using the luciferase reporter assay system, inventors confirmed that CD137/FAP bi-specific
molecules of the invention only activate Jurkat-CD137 cells in the presence of FAP-positive
cells but not in the presence of FAP negative cells. The data shows that the set of CD137 variant
molecules show diverse levels of activity, but also that all CD137 engagement and therefore

activity was limited to occur only in presence of FAP expressing cells (FIG 13A-D).

Example 8: Effect of the bispecific CD137 (4-1BB, TNFRSF9) / Fibroblast Activation

Protein (FAP) molecules on T cell-activation

The CD137/FAP molecules of the invention are highly specific and potent molecules that
activate T-cells through the CD137 receptor in a FAP-dependent manner. To evaluate the ability
CD137/FAP molecules of the invention to engage and activate primary human T cells a human
PBMC activation assay measuring IFN-y secretion was used. This assay was performed using
CD137/FAP molecules selected from the Jurkat NFkB screening assay as described in Example

7 above.

To demonstrate activation and simulate a tumor microenvironment, anti-CD3 (clone OKT3)
was coated on plates at a concentration of 0.5 pg/ml. Next, mitomycin C treated HT1080-FAP
positive cells were added with human PBMCs. T cell activation was measured after 24 hours
by quantitating hIFN-y levels by MSD analysis (Meso Scale Discovery). ECso values for each
clone are shown in FIG 14A-14H. Stimulation with CD3 alone results in IFN-y secretion
however, PBMCs co-cultured with FAP positive HT1080 cells in the presence of CD137/FAP
molecules secreted upwards of 50% more IFN-y than the level of CD3 alone. This increase in

IFN-vy can be attributed to the costimulation activity provided by the CD137FAP molecules.

Additionally, primary human PBMCs from eight healthy donors also showed FAP-dependent
IFN-y production when cultured with increasing levels CD137/FAP bispecific molecules of the

invention in the presence of HT1080-FAP+ve fibrosarcoma cells.

FIG 15A and 15B shows hIFN-y secretion of the individual donor PBMCs with increasing
concentrations of an exemplary CD137 B21/FAP molecule (FIG 15B). This exemplar
displayed ideal properties for this series of molecules which was a potent IFN-y response
consistent across multiple donor PBMC:s in the presence of FAP-expressing cells. Additionally,

this response was lost in the absence of FAP-expressing cells.
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Example 9: In vitro FAP enzymatic activity is not inhibited by CD137/FAP binding

FAP is a surface localized glycoprotein with endopeptidase activity. Although FAP expression
is low in most tissues, it is upregulated in activated fibroblasts at sites of active tissue
remodeling and in cancer. Several substrates are reported to be cleaved by FAP however the
physiological importance of this activity is not well understood. To this end, a FAP enzymatic
assay was used to determine if the FAP targeted antibodies of the invention interferes with FAP

enzymatic activity.

To demonstrate this, a fluorogenic FAP activity assay (BPS Bioscience #80210) was used. This
assay was performed using Talabostat mesylate as a positive control for FAP inhibition, where
inhibition is concentration dependent (FIG 16B). FIG 16A demonstrates that the exemplary
molecules of the invention, CD137-B21/FAP-C3 and murine CD137 B21/FAP-A11, do not
interfere with the enzymatic activity of the FAP protein, and thus appears not to interfere with

the physiological activity of FAP.

Example 10: In vivo efficacy of bispecific molecules in CRC xenograft models

The inventors also investigated the in vivo efficacy of binding molecules recognizing CD137
(4-1BB, TNFRSF9) and Fibroblast Activation Protein (FAP). For this purpose, a human tumor

model was developed.

Efficacy studies were performed in a subcutaneous syngeneic MC38 colorectal cancer model
in CD137 KI HuGEMM™ Mice. In this model, the tumor cells as well as the tumor stroma
cells are of mouse origin, the T-cells are also of mouse origin but express the human CD137
antigen on the cell surface. In brief, the MC38 mouse tumor cells were inoculated
subcutaneously in the right rear flank region with approximately 1 x 10® tumor cells/mouse for
tumor development. Treatment was started on day 7 when tumors had a median volume of 63.6
mm3, the murine cross-reactive CD137/FAP, the mouse optimized surrogate molecule (VH and
VL, SEQ ID NOs:169, 170, respectively) or vehicle buffer (SOmM NaOAc, 100mM NaCl, pH
5.0) was administered in a q7d dosing regimen by intraperitoneal injections (i.p.), the mouse
PD-1 antibody (murine PD-1 antibody originates from clone RMP1-14, as described in Chen,
S., Lee, L-F., Fisher, T.S, et al., Feb 2015, DOI: 10.1158/2326-6066.CIR-14-0118, and herein

incorporated by reference) was administered twice a week i.p..

199



10

15

20

25

30

WO 2021/236658 PCT/US2021/032990

Tumor growth was monitored by external caliper measurements and tumor volumes were
calculated using a standard hemiellipsoid formula. Animals reaching humane end point were
euthanized early during the studies for ethical reasons. Endpoint tumors were collected for IHC
analysis — inventors found increased infiltration of CD8+ T cells into the tumor as compared to

vehicle alone.

The schematic presented in FIG 17 represents the dosing schedule of the molecules in the

subcutaneous syngeneic MC38 colorectal cancer model in CD137 KI HIGEMM™ mice.

In a first in vivo study, mice were treated with either optimized human CD137-B21/FAP-C3 or
murine CD137 B21/FAP-A11 molecules administered i.p. at a dose of 10 mg/kg in a q7d
regimen. Both molecules showed weak tumor activity with a TGI of 43% and 46% at day 22
respectively (FIG 18B).

FIG 18A-D demonstrates the in vivo efficacy of human CD137 B21/FAP C3 and murine
CD137 B21/FAP- A1l montherapy in subcutaneous syngeneic MC38 colorectal cancer model
in CD137 KI HuGEMM mice. FIG 18A shows the average tumor growth curve post treatment
with human CD137 B21/FAP C3 and FIG 18B shows the individual tumor growth curve post
treatment with human CD137 B21/FAP C3. Likewise, FIG 18C shows the average tumor
growth curve post treatment with murine CD137 B21/FAP All and FIG 18D shows the
Individual tumor growth curve post treatment with murine CD137 B21/FAP All.

The data presented in FIG 18 A-D demonstrates that binding molecules of the invention are
able to induce reductions of the tumor volume when compared with the control group and the

effect is dose dependent.

The data presented in FIG 19A and 19B demonstrates that human CD137 B21/FAP C3 and
murine CD137 B21/FAP- A1l binding molecules of the invention are able to induce increases
of CD3+ or CD8+ T cell infiltrates into the tumor microenvironment when compared with the

control group.

Example 11: Synergistic Effects with PD-1 Ab and CD137/FAP.

Inventors investigated the potential of a combination of CD137/FAP administered at 10 mg/kg

in a q7d regimen with a mouse PD-1 antibody (murine PD-1 antibody originates from clone
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RMP1-14, as described in Chen, S., Lee, L-F., Fisher, T.S, et al., Feb 2015, DOI: 10.1158/2326-
6066.CIR-14-0118, and herein incorporated by reference) at 10 mg/kg in a q3d/q4d regimen.

In this study, the treatment with murine CD137 B21/FAP A11 as monotherapy led to a similar
tumor activity with a TGI of 44%. However, in this example, human CD137 B21/FAP A11 did
not show tumor activity as a monotherapy, which could be explained by the typical variation of
biological models in combination with the approximately 130-fold weaker affinity to human

FAP compared to murine CD137 B21/FAP A11.

The data presented in FIG 20B-E demonstrates that binding molecules of the invention are
able to induce reductions of the tumor volume in combination with a PD-1 antagonist mAb

when compared with the control group and the effect is dose dependent.

The combination therapy with the mouse PD-1 antibody and human CD137 B21/FAP A11 (FIG
20B and 20D) or murine CD137 B21/FAP All (FIG 20C and 20E) led to a strong and
statistically significant (p < 0.0001) increase of tumor activity with a TGI of 92% and 94% on
day 24 respectively suggesting a synergistic effect of the combination of human CD137
B21/FAP A1l and anti PD-1.

The combination therapy with the mouse PD-1 antibody and human CD137 B21/FAP Al1 or
murine CD137 B21/FAP Al1 also led to a significant number of tumor regressions (defined as
tumor volume less than 100mm?®) with 50% and 37.5%, respectively, suggesting a synergistic
effect of the combination of CD137/FAP molecules and anti-PD-1 (Table 27). The effect is
dose dependent with a loss of tumor regression at 1mpk of murine CD137 B21/FAP A11 (Table
27).
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Table 27: Tumor regression and growth inhibition

Treatment Regressions! TGI

Vehicle 0/8 0%

anti-mouse PD-1 10mpk 0/8 58%

huCD137 B21/FAP A11 10mpk 0/8 -6%
muCD137 B21/FAP A1l 10mpk 0/8 43%
PD-1 + huCD137 B21/FAP A11 10mpk 4/8 88%
PD-1 + muCD137 B21/FAP A1l 10mpk 3/8 91%
PD-1 + muCD137 B21/FAP A11 3mpk 3/8 77%
PD-1 + muCD137 B21/FAP A11 1mpk 0/8 78%

1 defined as tumor volume less than 100mm?

The data presented in Table 27 demonstrates that binding molecules of the invention are able
to induce tumor regressions when combined with a PD-1 agonist as compared to the control

groups and that the effect is dose dependent.

The combination therapy with the mouse PD-1 antibody and human CD137 B21/FAP Al1 led
to a strong and statistically significant reduction in tumor viable area and increase in both CD4+
and CD8+ T cell tumor infiltrates suggesting a synergistic effect of the combination of human
CD137 B21/FAP A1l and anti-PD-1 (Fig 21A-G). This increase in CD8+ infiltration (FIG 21C)

was positively correlated with the reduction in tumor viable area (FIG 21G).

The data presented in Figure 21 A-G demonstrates that binding molecules of the invention are
able to induce both CD4 and CDS8 T cell infiltration when combined with a PD-1 agonist as
compared with the control groups. The data also demonstrates that the increase in CD8+ T cell

infiltration is positive correlated with loss of tumor viable area.
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CLAIMS

1. A bispecific and tetravalent binding molecule having two antigen binding sites that bind
specifically to CD137 (4-1BB Ligand Receptor, 4-1BB) and two antigen binding sites that binds
specifically to Fibroblast Activation Protein (FAP) wherein the antigen binding site that binds
specifically to CD137 (4-1BB Ligand Receptor) is part of an immunoglobulin molecule and
the antigen binding sites that bind specifically to Fibroblast Activation Protein (FAP)

comprise two scFv(s).

2. The binding molecule of claim 1 wherein the two or more scFv(s) have a VL-VH

orientation from N-to C-teroyinus.

3. The binding molecule of claim 1 wherein each of the two scFv(s) are fused to the C-

terminus of the heavy chain of the Ig molecule.

4. The binding molecule of claim 1 wherein the Ig molecule is IgG.

5. The binding molecule of claim 1 wherein the two scFv(s) are fused to the Ig molecule by

a peptide linker, having a length of between 4 to 20 amino acids.

6. The binding molecule of any of the previous claims wherein the antigen binding site that
binds specifically to CD137 (4-1BB) is part of an immunoglobulin molecule selected from a

group comprising heavy chain and light chain variable regions comprising:

i) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:290 (CDR1),
SEQ ID NO.:8 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs comprising
the amino acid sequences of SEQ ID NO.:12 (CDR1), SEQ ID NO.:13 (CDR2) and
SEQ ID NO.:14 (CDR3); or

i) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:18 (CDR2) and SEQ ID NO.: 9 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:22 (CDR1), SEQ ID NO.:23
(CDR2) and SEQ ID NO.:14 (CDR3); or iii) heavy chain CDRs comprising the amino
acid sequences of SEQ ID NO.:295 (CDR1), SEQ ID NO.:28 (CDR2) and SEQ ID
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NO.:9 (CDR3) and light chain CDRs comprising the amino acid sequences of SEQ ID
NO.:32 (CDR1), SEQ ID NO.33 (CDR2) and SEQ ID NO.:14 (CDR3); or

iv) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:38 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:42 (CDR1), SEQ ID NO.43
(CDR2) and SEQ ID NO.:14 (CDR3); or

v) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:48 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:52 (CDR1), SEQ ID NO.53
(CDR2) and SEQ ID NO.:14 (CDR3); or

vi) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:295
(CDR1), SEQ ID NO.:58 (CDR2) and SEQ ID NO.:9 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:62 (CDR1), SEQ ID NO.:63
(CDR2) and SEQ ID NO.:14 (CDR3); or

vii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:308
(CDR1), SEQ ID NO.:68 (CDR2) and SEQ ID NO.:69 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73
(CDR2) and SEQ ID NO.:74 (CDR3); or

viii) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:78
(CDR?2) and SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:72 (CDR1), SEQ ID NO.:73 (CDR2) and SEQ ID NO.:74
(CDR3); or

ix) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:88
(CDR?2) and SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:92 (CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3); or

x) heavy chain CDRs comprising of SEQ ID NO.:308 (CDR1), SEQ ID NO.:98 (CDR2)
and SEQ ID NO.:69 (CDR3) and light chain CDRs comprising the amino acid
sequences of SEQ ID NO.:92 (CDR1), SEQ ID NO.:93 (CDR2) and SEQ ID NO.:74
(CDR3).
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7. The binding molecule of any of the previous claims wherein the antigen binding site that
binds specifically to CD137 (4-1BB) is part of an immunoglobulin (Ig) molecule selected from

a group comprising:

i) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:10 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:15; or

ii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:20 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:25; or

iii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:30 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:35; or

iv) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:40 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:45; or

v) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:50 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:55; or

vi) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:60 and a
variable light chain comprising the amino acid sequence of SEQ ID NO.:65; or
vii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:70 and

a variable light chain comprising the amino acid sequence of SEQ ID NO.:75; or

viii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:80 and

a variable light chain comprising the amino acid sequence of SEQ ID NO.:85; or

ix) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:90 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:95; or

x) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:100 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:105.
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8. The binding molecule of any of the previous claims wherein the antigen binding site that
binds specifically to Fibroblast Activation Protein (FAP) is selected from a group of scFvs

comprising:

i) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319 (CDR1),
SEQ ID NO.:108 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:111 (CDR1), SEQ ID NO.:112
(CDR2) and SEQ ID NO.:113 (CDR3); or

ii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319
(CDR1), SEQ ID NO.:117 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:120 (CDR1), SEQ ID NO.:112
(CDR2) and SEQ ID NO.:113 (CDR3); or

iii) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:319
(CDR1), SEQ ID NO.:126 (CDR2) and SEQ ID NO.:109 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:129 (CDR1), SEQ ID NO.:112
(CDR2) and SEQ ID NO.:113 (CDR3); or

iv) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:328
(CDR1), SEQ ID NO.:135 (CDR2) and SEQ ID NO.:136 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139
(CDR2) and SEQ ID NO.:140 (CDR3); or

v) heavy chain CDRs comprising the amino acid sequences of SEQ ID NO.:333
(CDR1), SEQ ID NO.:144 (CDR2) and SEQ ID NO.:145 (CDR3) and light chain CDRs
comprising the amino acid sequences of SEQ ID NO.:138 (CDR1), SEQ ID NO.:139
(CDR2) and SEQ ID NO.:140 (CDR3).

9. The binding molecule of any of the previous claims wherein the antigen binding site
binding site that binds specifically to Fibroblast Activation Protein (FAP) is selected from a

group comprising:
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10.

i) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:106 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:110; or

ii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:115 and

a variable light chain comprising the amino acid sequence of SEQ ID NO.:119; or

iii) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:124 and

a variable light chain comprising the amino acid sequence of SEQ ID NO.:128; or

iv) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:133 and

a variable light chain comprising the amino acid sequence of SEQ ID NO.:137; or

v) a variable heavy chain comprising the amino acid sequence of SEQ ID NO.:142 and a

variable light chain comprising the amino acid sequence of SEQ ID NO.:146.

An immunoglobulin-like binding molecule comprising

(1) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:159, and a light chain comprising the amino acid

sequence of SEQ ID NO.:160; or

(ii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:164, and a light chain comprising the amino acid

sequence of SEQ ID NO.:165; or

(iii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:169, and a light chain comprising the amino acid

sequence of SEQ ID NO.:170; or

(iv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:174, and a light chain comprising the amino acid

sequence of SEQ ID NO.:175; or
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(v) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:179, and a light chain comprising the amino acid

sequence of SEQ ID NO.:180; or

(vi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:184, and a light chain comprising the amino acid

sequence of SEQ ID NO.:185; or

(vii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:189, and a light chain comprising the amino acid

sequence of SEQ ID NO.:190; or

(viii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:194, and a light chain comprising the amino acid

sequence of SEQ ID NO.:195; or

(ix) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:199, and a light chain comprising the amino acid

sequence of SEQ ID NO.:200; or

(x) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:204, and a light chain comprising the amino acid

sequence of SEQ ID NO.:205; or

(xi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:209, and a light chain comprising the amino acid

sequence of SEQ ID NO.:210; or

(xii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the

amino acid sequence of SEQ ID NO.:214, and a light chain comprising the amino acid
sequence of SEQ ID NO.:215; or
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(xiii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:219, and a light chain comprising the amino acid

sequence of SEQ ID NO.:220; or

(xiv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:224; and a light chain comprising the amino acid

sequence of SEQ ID NO.:225; or

(xv) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:229; and a light chain comprising the amino acid

sequence of SEQ ID NO.:230; or

(xvi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:234; and a light chain comprising the amino acid

sequence of SEQ ID NO.:235; or

(xvii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:239; and a light chain comprising the amino acid

sequence of SEQ ID NO.:240; or

(xviii) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:244; and a light chain comprising the amino acid

sequence of SEQ ID NO.:245; or

(xix) an immunoglobulin heavy chain fused to a scFv atits C-terminus comprising the
amino acid sequence of SEQ ID NO.:249; and a light chain comprising the amino acid

sequence of SEQ ID NO.:250; or

(xx) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the

amino acid sequence of SEQ ID NO.:254; and a light chain comprising the amino acid
sequence of SEQ ID NO.:255; or
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(xxi) an immunoglobulin heavy chain fused to a scFv at its C-terminus comprising the
amino acid sequence of SEQ ID NO.:259; and a light chain comprising the amino acid
sequence of SEQ ID NO.:260.
11. A CDI137/FAP binding molecule, wherein the CD137 binding portion comprises a
heavy chain variable region and a light chain variable region, wherein:
(i) the heavy chain variable region comprises an amino acid sequence that is at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% homologous to an amino acid sequence selected

from the group consisting of SEQ ID NOs: 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100; or

(ii) the light chain variable region comprises an amino acid sequence that s at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% homologous to an amino acid sequence selected from

the group consisting of SEQ ID NOs: 15, 25, 35, 45, 55, 65, 75, 85, 95 and 105; or

(iii) the resulting molecule binds to human CD137 with a Kp of 1x10—7M or less; or

(iv) the resulting molecule does not substantially mediate CD137 clustering and T cell

activation in the absence of FAP binding; or

(v) the resulting molecule binds an epitope on CD137 in the extracellular domain CRD3
between amino acids 87-118 (SEQ ID NO.:352) and blocks binding and/or competes for

binding with any of the above antigen binding molecules (i)-(iv); or
(vi) the resulting molecule binds to an epitope on CD137 in the extracellular domain
CRD2/CRD3 between amino acids 46-117 (SEQ ID NO.:356) and blocks binding and/or

competes for binding with any of the above antigen binding molecules (i)-(iv).

12.  The CD137/FAP binding molecule of claim 11, wherein the FAP binding portion

comprises a heavy chain variable region and a light chain variable region, wherein:

(i) the heavy chain variable region comprises an amino acid sequence that is at least at

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
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96%, at least 97%, at least 98%, at least 99% homologous to an amino acid sequence

selected from the group consisting of SEQ ID NOs: 106, 115, 124, 133, and 142; and

(ii) the light chain variable region comprises an amino acid sequence that is at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98 %, at least 99% homologous to an amino acid sequence selected from the

group consisting of SEQ ID NOs: 110, 119, 128, 137, and 146.

13. A nucleic acid molecule or multiple nucleic acid molecules encoding a binding
molecule of any of the previous claims or an expression vector or expression vectors

containing such a nucleic acid molecule or nucleic acid molecules.

14. A host cell containing a nucleic acid molecule of claim 13.

15. A method of production of a binding molecule of any one of the previous claims,

comprising:

(i) cultivating the host cell of claim 14 under conditions allowing expression of the
molecule; and,

(i) recovering the molecule.

16. A binding molecule of any of the previous claims, for use in medicine.

17. A binding molecule of any of the previous claims, for use in the therapy of cancer,
preferably colorectal cancer (CRC) (e.g, colorectal adenocarcinoma), gastric cancer (GC)
(e.g., gastric adenocarcinoma), pancreatic cancer (PAC) (e.g., pancreatic adenocarcinoma),

and lung cancer (LC) (e.g., lung squamous cell carcinoma, lung adenocarcinoma).

18. A pharmaceutical composition, comprising a binding molecule of any one of the
previous claims together with a pharmaceutically acceptable carrier and optionally one or

more further active ingredients.

19. A method of treatment of cancer comprising administering an effective amount of a
binding molecule of any one of the previous claims to a patient in need thereof.
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20.  The method of claim 19, wherein said method comprises that the polypeptide capable

of specifically binding to CD137 and FAP is to be administered in combination with a PD-1

antibody to a patient in need thereof.
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