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FIBROBLAST BINDING AGENTS AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of and priority fo U.S. Provisional Patent Application No. 62/626,453, filed February
5, 2018, the contents of which are hereby incorporated by reference in their entirety.

FIELD

The present technology relates, in part, fo binding agents which bind fibroblast activation protein (FAP} and their use as

therapeutic and diagnostic agents.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

The contents of the text file submitted electronically herewith are incorporated herein by reference in their entirety; A computer
readable format copy of the Sequence Listing (Filename: ORN-035PC_ST25; Date created: January 28, 2019; File size: 636
KB).

BACKGROUND

Fibroblasts participate in dynamic interplay with other cells. They express a diverse array of immumodulating factors such as
cytokines, lipid mediators and growth factors. Moreover, fibroblasts display numerous surface and intracellular receptors and
the requisite molecular machinery to respond to extrinsic signals. Fibroblasts can be considered extensions of the
‘professional’ immune system in view of the fact that fibroblasts can inifiate inflammation. Fibroblasts participate in numerous
normal and pathological processes. lllustrative diseases that aberrant fibroblasts are known to be associated with include
cancer, cardiovascular disease, and autoimmune disease.

Fibroblasts regulate the structure and function of healthy tissues, parlicipate transiently in tissue repair after acuie
inflammation, and assume an aberrant stimulatory role during chronic inflammatory slates including cancer. Cancer-
associated fibroblasts (CAFs) modulate the tumor microenvironment and influence the behavior of neoplastic cells in either a
tumor-promoting or tumor-inhibiting manner. CAFs are praminent stromal components and play important roles in modulating
the tumor microenvironment and influencing the behavior of tumor cells primarily by releasing proteolytic enzymes, growth
factors, and cylokines. Studies have shown that the cancer-promoting and therapy-resisting properties of the siroma can be
attributed to the activity of fibroblasts.

Accordingly, there remaing a need for improved therapies for treating diseases associated with aberrant fibroblasts, e.g.,

treating cancer by modifying CAF functions or fibrotic diseases.
SUMMARY

In one aspect, the present technology relaies fo a fibroblast binding agent that targeis F2 fibrablasts. In some embodiments,
the fibroblast binding agent directly or indirectly aliers a disease microenvironment comprising the F2 fibroblasts (e.¢. a tumor
microenvironment comprising the F2 fibroblasts). In some embodiments, the fibroblast binding agent directly or indirectly
polarizes the F2 fibroblast. In some embodiments, the fibroblast binding agent targets a FAP marker. In some embodiments,
the fibroblast binding agent comprises a fibroblast activation protein (FAP) targeting moiety. In some embodiments, the FAP
targeting moiety is a single domain antibody (VHH). In some embodiments, the fibroblast binding agent further comprises a
signaling agent, e.g., without limitation, an interferon, an inferleukin, and a tumor necrosis factor, that may be modified fo
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attenuate activity. In some embodiments, the fibrablast binding agent comprises additional targeting moieties that bind to other
targets (.., antigens or receplors) of interest. In another embodiment, the other fargets (.g., antigens or receptors) of interest
are present on fibroblast cells. In some embodiments, the other targets (e.g., antigens or receptors) of interest are present on
fibroblast cells in cancer stroma. In some embodiments, the present fibroblast binding agent may directly or indirectly recruit
an immune cell (e.g., a dendritic cell) to a site of action (such as, by way of non-limiting example, the tumor microenvironment),
In some smbodiments, the present FAP binding agent facilitates the presentation of antigens {e.g., antigens or receptors) by
immune cells (e.9., dendiitic cells, macrophages) in fumor stroma or directly by fibroblast cells.

In another aspect, the present fechnology relates io therapeutic compositions having FAP binding agents having at least one
targeting moiety that specifically binds to FAP. In some embodiments, these FAP binding agents bind fo, but do not functionally
modulate (e.q., partially or fully neutralize) FAP. Therefore, in some embodiments, the present FAP binding agents have use
in, for instance, directly or indirectly recruiting a FAP-expressing cell to a site of interest while still allowing the FAP-expressing
cell to signal via FAP (i.e., the binding of the FAP binding agent does not reduce or eliminate FAP signaling at the site of
interest). Conversely, in some embodiments, the present FAP binding agents have use in, for instance, directly or indirectly
recruiting a FAP-expressing cell to a site of interest while not allowing the FAP-expressing cell fo signal via FAP {i.e., the
binding of the FAP binding agent reduces or eliminates FAP signaling at the site of interest). In some embodiments, the FAP
targeling moiety is a single domain antibody (VHH). In some embodiments, the FAP binding agent further comprises a
signaling agent, e.g., without limitation, an interferon, an interleukin, and a tumor necrosis factor, that may be modified to
attenuate activity. In some embodiments, the FAP binding agent comprises additional targeting moieties that bind fo other
targets (e.g., anfigens or receptors) of interest. In another embodiment, the other targets {e.g., antigens or receptors) of interest
are present on fibroblast cells. In some embodiments, the other targets (e.g., antigens or receptors) of interest are present on
fibroblast cells in cancer stroma. In some embodiments, the present FAP binding agent may directly or indirectly recruit an
immune cell {e.g., a dendritic cell} to a site of action (such as, by way of non-limiting example, the tumor microenvironment).
In some embodiments, the present FAP hinding agent facilitates the presentation of antigens {e.g., antigens or receplors) by
immune cells (e.9., dendiitic cells, macrophages) in fumor stroma or directly by fibroblast cells.

In another aspect, the present FAP binding agents are useful in methods for the treatment of various diseases or disorders
such as cancer, infections, immune disorders, and other diseases and disorders,

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a graph showing the effect of freatment with FAP-AFN {as described in Example 2) on tumor growth in mice
inoculated with a B16 tumor. Untreated mice (control) were treated with PBS. The number to the right the tumor growth curve
indicates the number of mice that were completely tumor-free at the indicated day.

Figure 2 is a graph showing hematological data from mice freated with FAP-AFN or PBS (neutrophils (ne), lymphocytes {Iy),
and platelets (plt) are expressed in K/pl; red blood cells (be) in M/ul; and mean platelet volume (mpv) in fL). The parameters
tested are: neutrophil count (“ne”), lymphocytes count (‘ly"), red blood cell count (“rbe”), platelets {"plt"), and mean platelet
volume {"mpv’).

Figure 3A is a graph comparing the effect of freaiment with FAP-AFN (as described in Example 2) alone, FAP-AFN and
doxorubicin {FAP+dox), and FAP-AFN and recombinant mouse TNF (FAP+TNF) on tumor growth in mice inoculated with a
B16-mCD20 clone. Untreated mice (control) were treated with PBS. The number to the right a fumor growth curve indicates
the number of mice that were completely tumor-free at the indicated day.
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Figure 3B is a graph comparing the effect of treatment with FAP-AFN (as described in Example 2) alone, FAP-AFN and anti-
PD-L1 sdAb (FAP+PD-L1), and FAP-AFN, anti-PD-L1 sdAb, and anti-CTLA4 Ab plus anti-OX40 Ab (FAP+PD-L1+TregD) on
tumor growth in mice inoculated with a B16-mCD20 clone. Untreated mice {control) were treated with PBS. The number to
the right the tumor growth curve indicates the number of mice that were completely tumor-free at the indicated day.

Figure 4 is a graph comparing the effect of treatment with FAP-AFN (as described in Example 2 alone and a bispecific
composition having a FAP binding agent (FAP-PD-L1-Q124R) on tumor growth in mice inoculated with a B16-mCD20 clone.
Unfreated mice {control) were treafed with PBS. The number to the right the tumor growth curve indicates the number of mice

that were completely tumor-free af the indicated day.

Figures 5A-D are graphs showing the effect of freatment with a monospecific composition (nnClec, Figure 5B) and bispecific
compositions (nnClec-PD-L1; Figure 5C or nnClec-FAP; Figure 5D) on tumor growth in mice inoculated with a B16-mCD20
clone, Unireated mice {control) were treated with PBS (Figure 5A).

Figures 6A-D are graphs showing the effect of freatment with a monospecific composition in combination with doxorubicin
(nnClec Dox; Figure 6B} and hispecific compositions in combination with doxorubicin (nnClec-PD-L1 Dox; Figure 6C or
nnClec-FAP Dox; Figure 8D0) on tumor growth in mice inoculated with a B16-mCD20 clone. Untreated mice (control) were
treated with PBS (Figure 6A). The number in the upper right corner of the graphs indicates the number of mice that were

complelely tumor-free after reatment.

Figures 7A-D are graphs showing the effect of treatment with a monospecific composition in combination with TNF (nnClec
TNF; Figure 7B} and bispecific compositions in combination with TNF (nnClec-PD-L1 TNF; Figure 7C or nnClec-FAP TNF;
Figure 7D) on tumor growth in mice inoculated with a B16-mCD20 clone. Untreated mice (control) were treated with PBS
(Figure 7A). The number in the upper right corner of the graphs indicates the number of mice that were completely tumor-
free after treatment.

Figures BA-D are graphs showing the effect of freaiment with a monospecific compaosition in combination with Abs (nnClec
Abs; Figure 8B) and bispecific compositions in combination with Abs {nnClec-PD-L1 Abs; Figure 8C or nnClec-FAP Abs;
Figure 8D) on tumor growth in mice inoculated with a B16-mCD20 clone. Untreated mice (control) were treated with PBS
{Figure 8A). The number in the upper right corner of the graphs indicates the number of mice that were completely tumor-
free after freatment.

Figures 9A-E are graphs showing the hematological data from mice freated with a monosgpecific composition (nnClec), either
alone or in combination with at least one additional therapeutic agent (i.e., doxorubicin, TNF, Abs) or a bispecific composition
(nnClec-PD-L1 or nnClec-FAP, either alone or in combination with at least one additional therapeutic agent (i.e., doxorubicin,
TNF, Abs) (lymphocyles {LY; Figure 9A), monocytes (MO; Figure 9B}, neutrophils (PMN; Figure 9C) and platelets (PLT;
Figure 9E) are expressed in K/ul and red blood cells (rbe; Figure 9D) in M/ul). For each of Figures 9A-E, the order of
histograms lines up from left to right with the order of agents listed in the legend (i.e. in Figure 9A from left to right is “‘PBS,”
‘nnCle c9A-Q124A," nnClec9A-Q124A + dox,” and so forth.

Figure 10 shows the nucleolide sequences of 41 different human VHHs specific for recombinant Hiss-tagged exiracellular
domain of human FAP {SEQ ID NOs: 844-884).

Figure 11 shows the amino acid sequences of 41 different human VHHs specific for recombinant Hise-tagged extracellular
domain of human FAP {SEQ ID NOs: 2-42). CDRs (f.e., COR 1, 2, and 3) in the VHHs are labeled accordingly. For example,
the fop sequence ZHFA44 is SEQ ID NO: 2, and the botlom sequence 2ZHFAS0 is SEQ ID NO: 42.
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Figure 12 shows FAP VHH binding analysis done using fluorescence activated cell sorfing (FACS). FAP VYHH periplasmic
extracts were applied to HEK293T cells transiently transfected with human FAP or an empty vector {MOCK). Binding was
measured using a fluorescently labeled anti-His Ab in FACS and plotted as the difference in mean fluorescent intensity (MF1)
between FAP and MOCK fransfecied cells.

Figures 13A and B show biological activity of FAP VHH AFN. HL116 or HL116-hFAP cells were stimulated for 6 hours with
serial dilution wild type IFNa2 (left) or FAP VHH AFN {right). Average luciferase activities (+ STDEV) are plotied.

Figures 14 A and B show the effects of FAP-WTmIFN alone or combined with doxorubicin {Figure 14A) and FAP-AFN alone
or combined with doxorubicin {Figure 14B) on tumor growth in mice inoculated with a B16BL6 cell line. Control mice were
treated with PBS. Average tumor sizes (+ SEM) are plotted.

Figures 15A and B show the effects of FAP-WTmIFN alone or combined with doxorubicin (Figure 15A) and FAP-AFN alone
or combined with doxorubicin (Figure 15B) on body weight in mice inoculated with a B16BL6 cell line. Contral mice were
treated with PBS. Average change in body weight as of day 7 (+ SEM) are plofted.

Figures 16A-F shows the haematological data from mice freated with FAP-WTmIFN alone or combined with doxorubicin AFN
and FAP-AFN alone or combined with doxorubicin: lymphocytes (Figure 16A), monocytes (Figure 16B), neutraphils {PMN;
Figure 16C) and platelets {Figure 16E) are expressed in K/ul, red blood cells (RBC,; Figure 18D, in I/ul) and mean platelst
volume (mpy) in fL {Figure 16F).

Figure 17 shows the effects of FAP-AFN alone or combined with doxorubicin on tumor growth in mice inoculated with a MC38
cell line. Control mice were freated with PBS. Average tumor sizes {+ SEM) are plotted.

Figure 18 shows the effects of FAP-AFN alone or combined with doxorubicin on body weight in mice inoculated with a MC38
cell line. Control mice were treated with PBS. Average change in body weight as of day 7 {(+ SEM) are plotted.

DETAILED DESCRIPTION

The present technology is based, in part, on the discovery of agents (e.g., antibodies, such as, by way of non-limiting example,
VHHs) that recognize andbind to fibroblasts. In some embadiments, the present fibroblast binding agents are part of a chimeric
ar fusion protein with one or more fargefing moieties and/or one or more signaling agents.

In some embodiments, the fibroblast binding agent targets F2 fibroblasts. In some embodiments, tha fibroblast binding agent
direclly or indirectly alters a disease microenvironment comprising the F2 fibroblasts (e.g. a tumor micrognvironment
comprising the F2 fibroblasts). In some embodiments, the fibroblast binding agent directly or indirectly polarizes the F2
fibroblast into F1 fibroblast.

F2 fibroblast(s) refers fo pro-tumorigenic {or tumor promoting) cancer-associated fibroblasts (CAFs) (a/k/a Type [I-CAF). F1
fibroblasi(s) refers to tumor suppressive CAFs (a/k/a Type |-CAF). Polarization refers to changing the phenotype of cell, e.g.
changing a tumorigenic F2 fibroblast fo a tumor suppressive F1 fibroblast.

In some embodiments, the fibroblast binding agent targets a FAP marker. In some embodiments, the fibroblast binding agent
comprises a FAP fargeting moiely. In some embodiments, the fibroblast binding agent FAP fargeting moiety is any FAP
targeting moiety disclosed herein
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In some embodiments, fibroblast binding agent comprises an amino acid sequence having at least 90% sequence similarity
with any one of SEQ ID NO: 2-42 or 46-86. In an embodiment, fibroblast binding agent comprises an amino acid sequence
having at least 90% sequence similarity with SEQ ID NO: 58.

In some embodiments, fibroblast binding agent further comprises one or more signaling agents. In some embodiments, the
signaling agent is selected from one o more of an interferon, an intereukin, and a fumor necrosis factor, any of which are
optionally modified.

In some embodiments, a fibroblast binding agent further comprising one or more signaling agents direcily or indirectly alters
a disease microenvironment comprising the F2 fibroblasts {e.g. a tumor microenvironment comprising the F2 fibroblasts). In
some embodiments, the fibroblast binding agent further comprising one or more signaling agents directly or indirectly polarizes
the F2 fibroblast into F1 fibroblast.

In some embodiments, fibroblast binding agent further comprises one or more additional targeting moieties. In some
embodiments, the one or more additional targeting moieties recognize and optionally functionally modulate a tumor antigen.
In some embodiments, the one or more addifional fargeting moleties recognize and optionally functionally modulate an antigen
oh an immune cell.

In some embodiments, the immune cell is selecled from a T cell, a B cell, a dendritic cell, a macrophage, neutrophil, and a NK
cell,

In some embodiments, the fibroblast binding agent recruits cylotoxic T cells to tumor cells or to the tumor environment.

In some embodiments, the fibroblast binding agent recognizes and binds FAP without substantially functionally modulating its
activity.

In another aspect, the present technology is based, in part, on the discovery of agenis (e.g., aniibodies, such as, by way of
non-limiting example, VHHs) that recognize and bind fo fibroblast activation protein (FAP). In some embodiments, the present
FAP binding agents are part of a chimeric or fusion protein with one or more targeting moieties andfor one or more signaling
agents. In some embodiments, these FAP binding agents bind to, but do not functionally modulate FAP. In some embodiments,
the FAP binding agents may bind and directly or indirectly recruit immune cells to sites in need of therapeutic action (e.¢., a
tumor or tumor microenvironment). In some embodiments, the FAP binding agents enhance tumor antigen presentation for
elicitation of effective antitumor immune response.

In some embodiments, the FAP binding agents modulate antigen presentation. In some embodiments, the FAP binding agents
temper the immune response to avoid or reduce autoimmunity. In some embodiments, the FAP binding agents provide
immunosuppression. In some embodiments, the FAP binding agents cause an increase a ratio of Tregs to CD8+ T cells and/or
CD4+ T cells in a patient. In some embodiments, the present methods relate to reduction of auto-reactive T cells in a pafient.

In some embodiments, the present technology provides pharmaceutical compositions comprising the FAP binding agents and
their use in the treatment of various diseases, including fibrotic diseases. In some embodiments, the present technology
provides pharmaceutical compositions comprising the FAP binding agents and their use in the treatment of various diseases,
including cancer, autoimmune, and/or neurodegenerative diseases.

In some embodiments, the present FAP binding agents are used to target to cancer-associated fibroblasts (CAFs). For
instance, in various embodiments, the present FAP binding agents target fibroblasts within a tumor stroma, e.g. in the
treatment of a cancer, e.g. an epithelial-derived cancer such as a carcinoma, As CAFs are cenfral fo requlating the dynamic
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and reciprocal interactions that ocour among the malignant epithelial cells, the extracellular matrix (ECM), and the numeraus
noncancerous cells that are frequently found within the tumor milieu, including endothelial, adipose, inlammatory, and immune
cells, the present FAP binding agents provide a way to deliver crucial anti-tumor therapies (8.g. a modified cylokine andfor
additional targeting moieties as described elsewhere herein) fo a site of interest. In various embodiments, the present FAP
binding agents target fo a stromal microenvironment composed of activated fibroblasts, endothelial cells (ECs) involved in
tubulogenesis, and extracellular matrix (ECM) that is constantly remodeled fo accommodate growth of a fumor. Accordingly,
e.g. in the context of a chimera with a cytokine, optionally with additional targeting moieties, the present FAP binding agents
can deliver an anfi-tumor signal fo the stromal microenvironment which is crucial for tumor development. In various
embodiments, the FAP- binding agents are used to target to the membranes of cells crifical to tumor niche formation in primary
tumors or metastases, such as, cancer-associated fibroblasts, MSCs, selected cancer cells, and endothelial cells.

FAP Binding Agents

Fibroblast activation protein {(FAP) is a 170 kDa melanoma membrane-bound gelatinase that belongs 1o the serine protease
family. FAP is selectively expressed in reactive stromal fibroblasts of epithelial cancers, granulation tissue of healing wounds,
and malignant cells of bone and soft tissue sarcomas, FAP is believed to be involved in the control of fibroblast growth or
gpithelial-mesenchymal interactions during development, tissue repair, and epithelial carcinogenesis

In some embodiments, the present FAP binding agent is a protein-based agent capable of specific binding fo FAP. In some
embodiments, the present FAP binding agent is a protein-based agent capable of specific binding to FAP without functional
modulation (e.g., partial or full neutralization) of FAP,

In some embodiments, the FAP binding agent of the present technology comprises a targeting moiety having an antigen
recognition domain that recognizes an epitope present on FAP. In some embodiments, the antigen-recognition domain
recognizes one or more linear epitopes present on FAP. As used herein, a linear epitope refers to any continuous sequence
of amino acids present on FAP. In another embodiment, the antigen-recognition domain recognizes one or more
conformational epitopes present on FAP. As used herein, a conformation epitope refers to one or more sections of amino
acids {which may be discontinuous), which form a threg-dimensional surface with features and/or shapes and/or tertiary
structures capable of being recognized by an antigen recognition domain.

In some embodiments, the FAP binding agent of the present technology may bind to the full-length andfor mafure forms and/or
isoforms andfor splice variants and/or fragments and/or any other naturally occurring or synthelic analogs, variants, or mutants
of human FAP. In some embodiments, the FAP binding agent of the present technology may bind to any forms of the human
FAP, including monomeric, dimeric, heterodimeric, multimeric and associated forms. In an embodiment, the FAP binding agent
binds to the monomeric form of FAP. In another embodiment, the FAP binding agent binds to a dimeric form of FAP. In a
further embodiment, the FAP binding agent binds to glycosylated form of FAP, which may be either monomeric or dimeric.

In an embodiment, the present FAP binding agent comprises a tangeting moiety with an antigen recognition domain that
recognizes one or more epitopes present on human FAP. In some embodiments, the human FAP comprises the amino acid
sequence of;

MKTWVKIVFGVATSAVLALLVMCIVLRPSRVHNSEENTMRAL TLKDILNGTFSYKTFFPNWISGQEYLHQSADNNIVLYNIETG
QSYTILSNRTMKSVNASNYGLSPDRQFVYLESDYSKLWRYSYTATYYIYDLSNGEFVRGNELPRPIQYLCWSPVGSKLAYVY
QNNIYLKQRPGDPPFQITFNGRENKIFNGIPDWAY EEEMLPTKYALWWSPNGKFLAYAEFNDKDIPVIAYSYYGDEQYPRTINI
PYPKAGAKNPVVRIFIIDTTYPAYVGPQEVPYPAMIASSDYYFSWLTWVTDERVCLQWLKRVQNYSVLSICDFREDWQTWDC
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PKTQEHIEESRTGWAGGFFYSRPYFSYDAISYYKIFSDKDGYKHIHYIKDTVENAIQITSGKWEAINIFRVTQDSLFYSSNEFEE

YPGRRNIYRISIGSYPPSKKCVYTCHLRKERCQYYTASFSDYAKYYALVCYGPGIPISTLHDGRTDQEIKILEENKELENAL KNIQ

LPKEEIKKLEVDEITLWYKMILPPQFDRSKKYPLLIQYYGGPCSQSVRSYFAVNWISYLASKEGMVIALVDGRGTAFQGDKLLY
AVYRKLGVYEVEDQITAVRKFIEMGFIDEKRIAIWGWSYGGYVSSLALASGTGLFKCGIAVAPYSSWEYYASVYTERFMGLPT
KDDNLEHYKNSTVMARAEYFRNVDYLLIHGTADDNVHFQNSAQIAKALVNAQVDFQAMWY SDQNHGLSGLSTNHLYTHMTH
FLKQCFSLSD (SEQ ID NO:1).

In some embodiments, the present FAP binding agent comprises a targeting moiety capable of specific binding. In some
embodiments, the FAP binding agent comprises a fargeting moiety having an antigen recognition domain such as an anfibody
or derivatives thereof. In an embodiment, the FAP binding agent comprises a targeting moiety which is an antibody. In some
embodiments, the antibody is a full-length multimeric protein that includes two heavy chains and two light chains. Each heavy
chain includes one variable region (e.g., V1) and at least three constant regions (e.¢., CH1, CHz and CH3), and each light chain
includes one variable region (Vi) and one constant region (CL). The variable regions determine the specificity of the antibody.
Each variable region comprises three hypervariable regions also known as complementarity determining regions (CDRSs)
flanked by four relatively conserved framewaork regions (FRs). The three CDRs, referred fo as CDR1, CDR2, and CDR3,
contribute to the anfibody binding specificity. In some embodiments, the anfibody is a chimeric anfibody. In some
embodiments, the antibody is a humanized antibody.

In some embodiments, the FAP binding agent comprises a targeting moiety which is an anfibody derivative or format. In some
embodiments, the present FAP binding agent comprises a fargeting moiety which is a single-domain antibody, a recombinant
heavy-chain-only antibody (VHH), a single-chain antibody (scFv), a shark heavy-chain-only antibody (VNAR), a microprotsin
{cysteine knot protein, knoltin}, a DARPIn; a Tefranectin; an Affibody; a Transbody; an Anticalin, an AdNectin; an Affilin; an
Affimer, a Microbody; an aptamer; an alterase; a plastic antibody; a phylomer; a stradobody; a maxibody; an evibody; a
fynomer, an armadillo repeat profein, a Kunitz domain, an avimer, an atrimer, a probody, an immunobody, a friomab, a
trovbody; a pepbody; a vaccibody, a UniBody; a DuoBody, a Fv, a Fab, a Fab', a F{ab')2, a peptide mimetic molecule, or a
synthetic molecule, as describedin US Patent Nos. or Patent Publication Nos. US 7,417,130, US 2004/132094, US 5,831,012,
US 2004/023334, US 7,250,297, US 6,818,418, US 20047209243, US 7,838,629, US 7,186,524, US 6,004,746, US 5,475,096,
US 2004/146938, US 2004/157209, US 6,994,982, US 6,794,144, US 2010/239633, US 7,803,907, US 2010/119446, and/or
US 7,166,697, the contents of which are hereby incorporated by reference in their entireties. See also, Storz MAbs. 2011 May-
Jun; 3(3): 310-317.

In some embodiments, the FAP binding agent comprises a fargeting moiety which is a single-domain antibody, such as a
WHH. The YHH may be derived from, for example, an organism that produces YHH antibody such as a camelid, a shark, or
the VHH may be a designed VHH. YHHs are anlibody-derived therapsutic proteins that contain the unigue structural and
functional properties of nafurally-occurring heavy-chain antibodies. VVHH technology is based on fully functional antibodies
from camelids that lack light chains. These heavy-chain antibodies contain a single variable dormain (VHH) and two constant
domains (CH2 and CH3). VHHs are commaercially available under the trademark of NANOBODY or NANOBODIES.

In an embodiment, the FAP binding agent comprises a VHH. In some embodiments, the VHH is a humanized VHH or
camelized VHH.

In some embodiments, the VHH comprises a fully human VH domain, e.g. a HUMABODY {Crescendo Biologics, Cambricige,
UK}, In some embodiments, fully human VH domain, e.g. a HUMABODY is monovalent, bivalent, or trivalent. In some
embodiments, the fully human YH domain, &.¢. a HUMABODY is mono- or multi-specific such as monospecific, bispecific, or

7
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trispecific. lllustrative fully human VH domains, e.g. a HUMABCDIES are described in, for example, WO 2016/113555 and
WO 2016/113557, the entire disclosures of which are incorporated by reference.

By way of example, but not by way of limitation, in some embodiments, a human VHH FAP binding agent comprises an amino
acid sequence selected from the following sequences:

2HFA44:

QVQLQESGGGLVQAGGSLRLSCAASGGFDSRNAMGWYRQAPGKRREWVATITSDGRTNYADSYKARFTISRDNSKNTVYL
QMNSLKPEDTAVYYCNAAPPIFGSWGQGTQYTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 2);

2HFAS2:

QVQLQESGGGLYRAGGSLRLECAASGTFDSRNAMGWYRQAPGKRREWVATITTDGRTNYADSVKARFTISRDNAKNTVYL
QMNSLKPEDTAVYYCNAAPPIFGSWGQGTQ VTVSSAAAYPY DVPDYGSHHHHHH (SEQ ID NO: 3);

2HFA1T:

QVQLQESGGGLYQAGGSLRLSCAASGSFDSRNAMGWYRQAPGKRREWVATITTDGRTNYADSVKARFTVSRDNAKNTVY
LQMNSLKPDDTAVYYCNAAPPIFNSWGQGT QYTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NC: 4);

2HFA4:

QVQALQESGGGLYQAGGSLRLSCAASGSIDIRNAMGWYRQAPGTRREWVATITTDGRTNYADSYKARFTISRDNAKNTVYLQ
MNSLKPEDTAVYYCNLAPPIFGSWGQGTQ VTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NC: 5);

2HFA46:

QVQLQESGGGLYQAGGSLRLSCAASGSIDSRNTMGWYRQAPGKRREWVATITTGGRTNYADSYKARFTISRDNAKNTVYL
QMNSLKPEDTAVYYCNLAPPIFNSWGQGTQ VTVSSAAAYPYDVPDYGSHHHHHH (SEG ID NO: 6);

2HFA10:

QVQLQESGGGLYQAGGSLRLSCTYAESIDVRNAMGWYRQAPGKRREWVATITTGGRTNYADSVKARFTISRDNAKNTVYL
QMNSLKPEDTAVYYCNAAPPILNSWGQGT QYTVSSAAAY PYDVPDYGSHHHHHH {SEQ ID NO: 7}

2HFA3S:

QVALQESGGGLVRVGGSLRLSCAVSGSFDSRNSMGWYRQAPGKRREWVATITSGSRTNYADSYKARFTISRDNAKNTYYL
QMDSLKPEDTAVYYCNAAPPIFNSWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ (D NO: 8);

2HFA20:

QVQLQESGGGLVQAGGSLRLSCAYSGRLFSANTMGWYRQAPGKRRELVATILSSGSTNYADSYKGRFTISRDDAKNTVYLG
MNSLKPEDTAVYYCNLAPPPEGYWGQG TQVTVSSAAAYPYDYPDYGSHHHHHH (SEQ IC NO: 9);

2HFAS:

QVQLQESGGGLYQAGGSLRLSCAVSGRLFSANTMGWYRQAPGKRRELVATILSSGSTNYADSVKGRFTISRDDGKNTVYL
QMNSLKPDDTAYYYCNFAPPPEGYWGQG TQVTVSSAAAYFYDVPDYGSHHHHHH (SEQ ID NO: 10},

2HFA19:
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QVALQESGGGLVQAGGSLRLSCAASGSIFYGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 11);

2HFA2:

QVQLQESGGGLYQTGGSLRLSCAASGSIFYGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQG TQVTVSSAAAYPYDYPDYGSHHHHHH (SEQ 1D NO: 12);

2HFAAL:

QVQLQESGGGLYRAGGSLRLSCAASGSIFYGNAMGYWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYY CNLWPPRIGFASWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NC: 13);

2HFA42:

QVALQESGGGLVQTGGSLRLSCAASGEIFYGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQG TQYTVESAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 14);

2HFA12:

QVALQESGGGLVQAGGSLRLSCAASGSISMLNEMGWYRQAL GKQREFVAGITSGGRTNYADSVKGRFAISRDNDKNTVYL
QMNSLKPEDTAVYYCNTWPPRIAFDSWGQG TQVTYSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 15);

2HFA24:

QVQLQESGGGLYQAGGSLRLSCAASGSIFSSNAMGWYRQAAGKRRELVAGIRSDGNTNYVDSVKGRFTISRDRAKNTVYL
QMTSLKPEDTAVYYCNYWPPPLRQGGDYAYWGQGTQVTYSSAAAYPYDYPDYGSHHHHHH (SEQ ID NO: 16);

2HFAGT:

QVALQESGGGLVQAGGSLRLSCVYSGSFDSRNAMAWYRQALGKERVWVAGIISDGSTNYADAVKGRFTISRDNDKNTVYL
QMNSLKPEDTAVYYCNAWPPRIGLGSWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH {SEQ 1D NO:; 17);

2HFA29:

QVALQESGGGLVQAGGSLRLSCAASGTMSSINAMGWYRQAPGKQRELVAGILSDGTTKYVESVKGRFTISRDNAKNTVHLQ
MNSLKVEDTAVYYCNFFPPPYPASWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 18);

2HFAST:

QVALQESGGGLYQAGGSLRLECAVSGIISSMNAMGYWYRQAPGKRRELVAGLGSGVSTTYADAVIKGRFTISRDNAKNTLYLQ
MNSLKPEDTAVYYCNRWFPPPYDYWGQG TQVTYSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 18);

2HFAB3:

QVQLQESGGGLYQAGGSLRLSCVVSGTILSSNSMGWYRQAPGKRRELVASISTDGSTNYADSVKGRFTISRDNAKSTVFLQ
MNSLKPEDTAVYYCNFHPPYWRDWGDTYWGT QVTVSSAAAYPYDVPDYGSHHHHHH QG (SEQ (D NO: 20);

2HFAG2:

QVALQESGGGLVQAGGSLRLSCAASRSIFSIGTMGWYRQAPGKRRELVAFITVDHNTYYTDSVKGRFTISTENDKNTVYLQM
NSLKPEDTAVYYCNRAPPSTDGDRWGQG TQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 21);

2HFA26:
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QVALQESGGGLVQAGGSLRLSCAASGRTFSTYAMGWFRQAPGKERELVAAISNGGSAYYADSVKGRFTISRDNARNTVYL
QTNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVSSAAAYPYDVPDY GSHHHHHH (SEQ ID NO: 22);

2HFA25:

QVQLQESGGGLYQAGGSLRLSCAASGRTFSSYAMGWFRQAPGKERELVAAISNGGSAYYADSVKGRFTISRDNARNT WYL
QTNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 23);

2HFAT:

QVQALQESGGGLYEAEGSLRLSCIASGRTFGTYAMGWFRQAPGKERELVAAISSGGSAYYADSVKGRFTISRDNARNTVYYLQ
TNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVSSAAAYPYDVPDY GSHHHHHH (SEQ D NC: 24);

2HFA3:

QVALQESGGGLVEAEGSLRLSCIASGRTFGTYAMGWFRQAPGKERELVAAISTGGSTYYADSVKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAARRGSAYYTNHYDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 25);

2HFAT:

QVOLQESGGGLVEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKSRELVAAISSGGTTYYADSVKGRFTISRDNARNTYYLQ
TNSLKPEDTAVYYCAARTGSAYYTNRIDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 26);

2HFA31:

QVQLQESGGGLYEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKSRELVAAISSGGTTYYADSYKGRFTISRDNARNTVYLG
TNSPKPEDTAVYYCAARTGSAYY TNRIDWFYWGQGT QVTVSSAAAYPY DVPDYGSHHHHHH (SEQ ID NO: 27);

2HFAG:

QVQALQESGGGLVEAEGSLRLSCAASGRTFGTYALAWFRQAPGKSRELYAAISSGGSTY YADSVKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAAKTGSAYYTNRIDWPYWGQGTQYTVESAAAYPYDVPDYGSHHHHHH (SEQ 1D NO: 28);

2HFAS3:

QVALQESGGGLVEAEGSLRLSCAASGRAFGSYAMGWFRQAPGLERELVAAISSGGTTYYADSVKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAARTGGAAYTRRIDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NC: 29);

2HFAS:

QVQLQESGGGLYEAEGSLRLSCAASGRTFGS YAMGWFRQAAGKERELVAAISAGGSTLYADNVKGRFTISRDNARNTVYLL
SNSLKPEDTAVYYCAARRGSAYYTNHIDWPYWGQGT QVTVESAAAYPYDVYPDYGSHHHHHH (SEQ ID NO: 30);

2HFA73:

QVQLQESGGGLYQPGGSLRLSCAASGRTFGSYAMGYWFRQAAGKERELVAAISAGGSTLYADNVKGRFTISRDNARNTVYLL
SNSLKPEDTAVYYCAARRGSAYYTNHIDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 31);

2HFAS5:

QVALQESGGGLVEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGSTLYADSVKGRFTISRDNAKNTVYLQ
MNSLKPEDTAVYYCAARSGGAYYTARVDWPYWGQGTQVTVESAAAYPYDVPDYGSHHHHHH (SEQ (D NO: 32);

2HFAT1:
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QVQLQESGGGLVEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGSTLYAGSVKGRFTISKDNAKNTVYLQ
MNSLKPEDTAVYYCAARSGGAYYTARVDWPYWGQGTQVTYSSAAAYPYDYPDYGSHHHHHH (SEQ ID MNO: 33);

2HFAGD:

QVQLQESGGGLVEAEGSPRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGITYYADSVKGRFTISRDNAKNTYYLQ
MNSLKPEDTAVYYCAARSGSAYYTTRVDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ (D NC: 34);

2HFAGS:

QVALQESGGGLYQAGGSLRLSCAASGNIDSIASMGWYRQAPGKQRELYAAISYGGSTYYADSYKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAARRGSAYYTSRIDWPYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ D NO: 35);

2HFA49:

QVALQESGGGLVQAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAGISSGGITNYAHSYKGRFTISRDIDKNTVFLG
MNSLKPEDTAVYYCAARSGGAYYTSRVDWPYWGQGTQVTVESAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 36);

ZHFABT:

QVQLQESGGGLYXAGGSLRLSCAASGRTFSDYAMGWFRQAPGKEREFIAGISWGGSSTYYADSVKGRFTISRDNAKNTMY
LQMNSLKPEDTAVYYCAARLSGYSRSDRPYDYWGQGTQVTVSSAAAYPYDVPDY GSHHHHHH (SEQ ID NO: 37);

2HFAZ23:

QVALQESGGGLYQAGGSLRLSCAASGRTFSMYAIGWFRQAPGKERELVASISSGGSTNYADSYKGRFTISRDNAEKTVYLQ
MMSLEPEATGVYYCAARDGSALYTAHSDWDYWGQGTQVTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 38);

2HFA36:

QVALQESGGGLVQPGDSLRLSCAASERTFSMYAIGWFRQAPGKERELYAGISSGGSTNYADSVKGRFTISRDNPKKTVYLQ
MMSLEPEDTGYYYCAARSGSAYFSGRYYWNYWGQGTQVTVESAAAYPYDYPDYGSHHHHHH (SEQ ID NO: 39);

2HFA14:

QVALQESGGGLVQAGDSLRLSCAASGRTFSSYVMGWFRQVPGKQRELVAAITSGLSTYYADSLKGRFTISRDNAKNTMYLG
MNSLKLEDTAVYYCAAREGGGIWTSSTQYDYWGQGTQVTYSSAAAYPYDYPDYGSHHHHHH (SEQ ID NO: 40);

2HFAAS:

QVQLQESGGGLYQAGGSLRLSCYASGTIFSSGAMAMGWYRQAPGKQREWVAGITGSRTTTYADSYKGRFTISRDNAENTY
FLOMNNLKSEDTAVYYYCNLWPPSRPDHWGQGTQVYTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 41); and

2HFASD:

QVALQESGGGLYQAGGSLRLSCYASGTISSGAMGWYRQYPGKQREWVAGITGSRTTMYTESVKGRFTISRDNAENTVFLQ
MNNLKSEDTAVYYCNLWPPSRPDYWGQG TQVTYSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 42).

In various illustrative embodiments, the FAP binding agent comprises an amino acid sequence selected from any one of the
sequences provided above without the terminal histidine tag sequence (i.e., HHHHHH; SEQ ID NO: 43).

In various illustrative embodiments, the FAP binding agent comprises an amino acid sequence selected from any one of the
saquences provided above without the HA fag (i.e., YPYDVPDYGS; SEQ ID NO: 44).
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In various illustrative embodiments, the FAP binding agent comprises an amino acid sequence selected from any one of the
sequences provided above without the AAA linker (Le., AAA).

In varicus illustrative embodiments, the FAP binding agent comprises an amino acid sequence selected from any one of the
sequences provided above without the AAA linker, HA 1ag, and terminal histidine tag sequence (ie.,
AAAYPYDVPDYGSHHHHHH; SEQ ID NO: 45).

By way of example, but not by way of limitation, in some embodiments, a human VHH FAP binding agent comprises an amino
acid sequence selected from the following sequences:

2HFA44:

QVQLQESGGGLYQAGGSLRLSCAASGGFDSRNAMGWYRQAPGKRREWVATITSDGRTNYADSYKARFTISRDNSKNTVYL
QMNSLKPEDTAVYYCNAAPPIFGSWGQGTQVTVSS (SEQ ID NO: 46);

2HFAS2:

QVALQESGGGLYRAGGSLRLSCAASGTFDSRNAMGWYRQAPGKRREWVATITTDGR-
TNYADSVKARFTISRCNAKNTVYLQMNSLKPEDTAVYYCNAAPPIFGEWGQGTQVTVSS (SEQ ID NO: 47);

2HFA11:

QVALQESGGGLVQAGGSLRLSCAASGSFDSRNAMGWYRQAPGKRREWVATITTDGRTNYADSYKARFTVERDNAKNTVY
LQMNSLKPDDTAVYYCNAAPPIFNSWGQGT QVTVSS (SEQ ID NO: 48);

2HFA4:

QVQALQESGGGLVQAGGSLRLSCAASGSIDIRNAMGWY RQAPGTRREWVATITTDGRTNYADSYKARFTISRDNAKNTVYLG
MNSLKPEDTAVYYCNLAPPIFGSWGQGTQ VTVSS (SEQ ID NO: 49);

2HFAAS:

QVQLQESGGGLYQAGGSLRLSCAASGSIDSRNTMGWYRQAPGKRREWVATITTGGRTNYADSYKARFTISRDNAKNTVYL
QMNSLKPEDTAVYYCNLAPPIFNSWGQGTQ VTVSS (SEQ ID NO: 50},

2HFA10:

QVQLQESGGGLYQAGGSLRLSCTVAESIDYRNAMGWYRQAPGKRREWVATITTGGRTNYADSVKARFTISRDNAKNTYYL
QMNSLKPEDTAVYYCNAAPPILNSWGQGT QVTVSS (SEQ ID NO: 51);

2HFA38:

QVQALQESGGGELVRVGGSELRLSCAVSGSFDSRNSMGWYRQAPGKRREWVATITSGSRTNYADSVKARFTISRDNAKNTVYL
QMDSLKPEDTAVYYCNAAPPIFNSWGQG TQVTVSS (SEQ ID NO: 52);

2HFA20:

QVQLQESGGGLVQAGGSLRLSCAYSGRLFSANTMGWYRQAPGKRRELVATILSSGSTNYADSYKGRFTISRDDAKNTVYLG
MNSLKPEDTAVYYCNLAPPPEGYWGQG TQVTVSS (SEQ ID NO: 53);

2HFAS:
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QVALQESGGGLVQAGGSLRLSCAYSGRLFSANTMGWYRQAPGKRRELVATILSSGSTNYADSVKGRFTISRDDGKNTVYL
QMNSLKPDDTAYYYCNFAPPPEGYWGQG TQVTYSS (SEQ ID NO: 54);

2HFA19:

QVQLQESGGGLYQAGGSLRLSCAASGSIFVGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQG TQVTVSS (SEQ ID NO: 55);

2HFA2:

QVQLQESGGGLYQTGGSLRLSCAASGSIFYGNAMGYWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQG TQVYTYSS (SEQ (D NO: 56);

2HFA41:

QVQLQESGGGLYRAGGSLRLSCAASGSIFVGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYLQ
MNSLKPEDTAVYYCNLWPPRIGFASWGQGTQVTYSS (SEQ 1D NC: 57);

2HFA42:

QVALQESGGGLVQTGGSLRLSCAASGSIFVGNAMGWYRQALGNQRELVAGITSDGTTYYPDSYKGRFTISRDNDKNTIYLG
MNSLKPEDTAVYYCNLWPPRIGFASWGQGTQVTVSS (SEQ ID NO: 58);

2HFA12:

QVQLQESGGGLYQAGGSLRLSCAASGSISMLNSMGWYRQALGK QREFVAGITSGGRTNYADSYKGRFAISRDNDKMTVYL
QMNSLKPEDTAVYYCNTWPPRIAFDSWGQG TQVTVSS (SEQ ID NO: 59);

2HFA24:

QVALQESGGGLVQAGGSLRLSCAASGSIFSSNAMGWYRQAAGKRRELVAGIRSDGONTNYVDSVKGRFTISRDRAKNTYYL
QMTSLKPEDTAVYYCNYWPPPLRQGGDYAYWGQGTQVTVSS (SEQ ID NO: 60);

2HFAGT:

QVALQESGGGLVQAGGSLRLSCVYSGSFDSRNAMAWYRQALGKERVWVAGIISDGSTNYADAVKGRFTISRDNDKNTVYL
QMNSLKPEDTAVYYCNAWPPRIGLGSWGQGTQVTVSS (SEQID NO: 61);

2HFA29:

QVQLQESGGGLYQAGGSLRLSCAASGTMSSINAMGWYRQAPGKQRELVAGILSDGTTKYVESYKGRFTISRDNAKNTYHLQ
MNSLKYEDTAVYYCNFFPPPYPASWGQGTQVTVSS (SEQ ID NO: 62);

2HFAST:

QVALOESGGGLYQAGGSLRLSCAVSGIISSMNAMGWYRQAPGKRRELVAGLGSGYSTTYADAYKGRFTISRDNAKNTLYLQ
MNSLKPEDTAVYYCNRWPPPYDYWGQGTQVTVSS (SEQ ID NO: 63);

2HFAG3:

QVALQESGGGLVQAGGSLRLSCVYSGTILSSNSMGWYRQAPGKRRELVASISTDGSTNYADSVKGRFTISRDNAKSTVFLQ
MNSLKPEDTAVYYCNFHPPYWRDWGDTYWGTQVTVSSE QG (SEQ ID NO: 64);

2HFAG2:
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QVALQESGGGLVQAGGSLRLSCAASRSIFSIGTMGWYRQAPGKRRELVAFITVDHNTYYTDSVKGRFTISTENDKNTVYLQM
NSLKPEDTAVYYCNRAPPSTDGDRWGQG TQYTVSS (SEQ ID NO: 65);

2HFA26:

QVQLQESGGGLYQAGGSLRLSCAASGRTFSTYAMGWFRQAPGKERELVAAISNGGSAYYADSVKGRFTISRDNARNTVYL
QTNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVSES (SEQ ID NO: 66);

2HFA25:

QVQLQESGGGLYQAGGSLRLSCAASGRTFSSYAMGWFRQAPGKERELVAAISNGGSAYYADSVKGRFTISRDNARNT WYL
QTNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVES (SEQ D NO: 67);

2HFAT1:

QVQALQESGGGLVEAEGSLRLSCIASGRTFGTYAMGWFRQAPGKERELYAAISSGGSAYYADSVKGRFTISRDNARNTVYLG
TNSLKPEDTAVYYCAARRGSAYYTNRIDWPYWGQGTQVTVSS (SEQ ID NO: 68);

2HFA3:

QVQLQESGGGLVEAEGSLRLSCIASGRTFGTY AMGWFRQAPGKERELVAAISTGGSTYYADSVKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAARRGSAYYTNHYDWPYWGQGTQVTVSS (SEQ ID NO: 69);

2HFAT:

QVALQESGGGLYEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKSRELVAAISSGGTTYYADSYKGRFTISRDNARNTYYLQ
TNSLKPEDTAVYYCAARTGSAYYTNRIDWPYWGQGTQVTVSS (SEQ ID NO: 70);

2HFA31:

QVALQESGGGLVEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKSRELVAAISSGGTTYYADSVKGRFTISRDNARNTVYLQ
TNSPKPEDTAVYYCAARTGSAYYTNRIDWPYWGQGTQVTVSS (SEQ ID NO: 71);

2HFAG:

QVOLQESGGGLVEAEGSLRLSCAASGRTFGTYALAWFRQAPGKSRELYAAISSGGSTYYADSVKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAAKTGSAYYTNRIDWPYWGQGTQVTVSS (SEQ D NO: 72);

2HFAS3:

QVQLQESGGGLYEAEGSLRLSCAASGRAFGSYAMGWFRQAPGLERELVAAISSGGTTYYADSYKGRFTISRDNARNTVYLQ
TNSLKPEDTAVYYCAARTGGAAYTRRIDWPYWGQGTQVTYSS (SEQ ID NO: 73},

2HFAS:

QVQLQESGGGLYEAEGSLRLSCAASGRTFGSYAMGWFRQAAGK ERELVAAISAGGSTLYADNYVKGRFTISRDNARNTVYLL
SNSLKPEDTAVYYCAARRGSAYYTNHIDWPYWGQGTQVTVSS (SEQ 1D NO: 74);

2HFAT73:

QVQALQESGGGLVQPGGSLRLSCAASGRTFGSYAMGWFRQAAGKERELYAAISAGESTLY ADNVKGRFTISRDNARNTVYLL
SNSLKPEDTAVYYCAARRGSAYYTNHIDWPYWGQGTQVTVSES (SEQ ID NO: 75);

2HFABE:

14



10

15

20

25

30

WO 2019/152979 PCT/US2019/016629

QVQLQESGGGLVEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGSTLYADSVKGRFTISRDNAKNTVYLQ
MNSLKPEDTAVYYCAARSGGAYYTARVDWPYWGQGTQVTVSS (SEQ ID NO: 76);

2HFATT:

QVALOESGGGLYEAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGSTLYAGSYKGRFTISKDNAKNTVYLQ
MNSLKPEDTAVYYCAARSGGAYYTARVDWPYWGQGTQVTVSS (SEQ 1D NO: 77);

2HFAGQ:

QVAQLOESGGGLYEAEGSPRLSCAASGRTFGSYAMGWFRQAPGKERELVAAISSGGITYYADSVKGRFTISRDNAKNTVYLQ
MNSLKPEDTAVYYCAARSGSAYYTTRVDWPYWGQGTQVTVSS (SEQ (D NO: 78);

2HFAGS:

QVALQESGGGLVQAGGSLRLSCAASGNIDSIASMGWYRQAPGKQRELVAAISVGGSTYYADSYKGRFTISRONARNTVYLQ
TNSLKPEDTAVYYCAARRGSAYYTSRIDWPYWGQGTQVTVSS (SEQ ID NO: 79);

2HFA49:

QVALQESGGGLVQAEGSLRLSCAASGRTFGSYAMGWFRQAPGKERELVAGISSGGITNYAHSVKGRFTISRDIDKNTVFLG
MNSLKPEDTAVYYCAARSGGAYYTSRVDWPYWGQGTQVTVSS (SEQ ID NO: 80);

2HFAST:

QVQLQESGGGLYXAGGSLRLSCAASGRTFSDYAMGWFRQAPGKEREFIAGISWGGSSTYYADSVKGRFTISRDNAKNT MY
LOMNSLKPEDTAYYYCAARLSGYSRSDRPYDYWGQGTQWTVSS (SEQ ID NO: 81);

2HFA23:

QVALQESGGGLVQAGGSLRLSCAASGRTFSMYAIGWFRQAPGKERELVASISSGGSTNYADSVKGRFTISRDNAEKTVYLQ
MMSLEPEATGVYYCAARDGSALYTAHSDWDYW GQGTQVTVSS (SEQ 1D NO: 82);

2HFA36:

QVALQESGGGLVQPGDSLRLSCAASERTFSMYAIGWFRQAPGKERELYAGISSGGSTNYADSVKGRFTISRDNPKKTVYLQ
MMSLEPEDTGVYYCAARSGSAYFSGRYYWNYWGQGTQVTVSS (SEQ (D NC: 83);

2HFA14:

QVQLQESGGGLYQAGDSLRLSCAASGRTFSSYVMGWFRQVPGKQRELVAAITSGLETYYADSLKGRFTISRDNAKNTMYLQ
MNSLKLEDTAVYYCAAREGGGIWTSSTQYDYWGQGTQVTYSS (SEQ ID NO: 84);

2HFA43:

QVQLQESGGGLYQAGGSLRLSCYASGTIFSSGAMAMGWYRQAPGKQREWVAGITGSRTTTYADSYKGRFTISRDNAENTY
FLAMNNLKSEDTAVYYCNLWPPSRPOHWG QGTQVTVSS (SEQ 1D NO: 85); and

2HFAB0:

QVALQESGGGLVQAGGSLRLSCVASGTISSCGAMGWYRQVPGKQREWVAGITGSRTTMYTESVKGRFTISRDNAENTVFLQ
MNNLKSEDTAVYYCNLWPPSRPDYWGQG TQVTVSS (SEQ ID NO: 85).
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By way of example, but not by way of limitation, in some embodiments, a human YHH FAP binding agent is encoded by a
nucleotide sequence selected from the sequences in Figure 10 (i.e., SEQ ID NOs: 844-884). In some embaodiments, the FAP
binding agent comprises a nucleotide sequence selected from any one of the sequences in Figure 10 without the AAA linker,
HA tag, and terminal histidine tag sequences.

In some embodiments, the FAP binding agent comprises a targeting moiety which is a VHH comprising a single amino acid
chain having four "framework regions" or FRs and three "complementary determining regions" or CDRs. As used herein,
"framework region” or "FR" refers fo a region in the variable domain which is located between the CDRs. As used herein,
"complementary defermining region” or "CDR" refers o variable regions in VHHs that contains the amino acid sequences
capable of specifically binding to antigenic targets.

In some embodiments, the FAP binding agent comprises a VHH having a varigble domain comprising at least one CDR1,
CDR2, andfor CDR3 sequences. [n some embodiments, the FAP binding agent comprises a VHH having a variable region
comprising at least ong FR1, FR2, FR3, and FR4 sequences.

In some embodiments, a human FAP binding agent comprises a COR1 sequence selected from:

GGFDSRNAMG (SEQ ID NO: 87); GTFDSRNAMG (SEQ ID NO: 88); GEFDSRNAMG (SEQ ID NO: 89); GSIDIRNAMG (SEQ
ID NO: 90); GSIDSRNTMG (SEQ ID NO: 91); ESIDVRNAMG (SEQ ID NO: 92); GSFDSRNSMG (SEQ 1D NO: 93);
GRLFSANTMG (SEQ ID NO: 94); GSIFVGNAMG (SEQ 1D NO: 95); GSISMLNSMG (SEQ ID NO: 96); GSIFSSNAMG (SEQ
ID NO: 97}; GSFDSRNAMA (SEQ ID NO: 98); GTMSSINAMG (SEQ ID NC: 99); GlISSMNAMG (SEQ 1D NO: 100);
GTILSSNSMG (SEQ ID NO: 101); RSIFSIGTMG (SEQ ID NO: 102); GRTFSTYAMG (SEQ ID NO: 103); GRTFSSYAMG
(SEQ D NO: 104); GRTFGTYAMG (SEQ ID NO: 108); GRTFGSYAMG (SEGQ 1D NO: 106); GRTFGTYALA (SEQ ID NO: 107);
GRAFGSYAMG (SEQ ID NO: 108); GNIDSIASMG (SEQ ID NC: 109); GRTFSDYAMG (SEQ ID NO: 110); GRTFSMYAIG
(SEQ ID NC: 111); ERTFSMYAIG (SEQ ID NO: 112); GRTFSSYVMG (SEQ ID NO: 113); GTIFSSGAMAMG (SEQ ID NO:
114); and GTISSGAMG (SEQ ID NO: 115).

In some embodiments, a human FAP binding agent comprises a CDR2 sequence selected from;

TITSDGRTN (SEQ 1D NC: 116); TITTDGRTN {(SEQ ID NO: 117); TITTGGRTN {SEQ ID NO: 118); TITSGSRTN {(SEQ ID NO:
119); TILSSGSTN (SEQ (D NO: 120); GITSDGTTY (SEQ ID NC: 121); GITSGGRTN (SEQ ID NG: 122); GIRSDGNTN (SEQ
ID NC: 123); GIISDGSTN (SEQ (D NO: 124); GILSDGTTK (SEQ ID NO:; 125), GLGSGVSTT (SEQ ID NO: 126); SISTDGSTN
(SEQ IO NO: 127); FITYDHNTY (SEQ ID NC: 128); AISNGGSAY (SEQ ID NO: 129); AISSGGSAY (SEQ ID NC: 130},
AISTGGSTY (SEQID NO: 131); AISSGGTTY (SEQ ID NO: 132); AISSGGSTY (SEQ D NO: 133); AISAGGSTL (SEQID NO:
134); AISSGGSTL (SEQ D NO: 135); AISSGGITY (SEQ ID NO: 136); AISVGGSTY (SEQ D NC: 137); GISSGGITN (SEQ
ID NO: 138); GISWGGSSTY (SEQ ID NO: 139); SISSGGSTN (SEQ ID NO: 140); GISSGGSTN (SEQ ID NO: 141);
AITSGLSTY (SEQ ID NO: 142); GITGSRTTT (SEQ ID NO: 143); and GITGSRTTM (SEQ ID NO: 144).

In some embodiments, a human FAP binding agent comprises a CDR3 sequence selected from:

NAAPPIFGS (SEQ ID NO: 145); NAAPPIFNS (SEQ ID NO: 146); NLAPPIFGS (SEQ ID NO: 147); NLAPPIFNS (SEQ ID NO:
148); NAAPPILNS (SEQ 1D NC: 148); NLAPPPEGY (SEQ 1D NG: 150); NFAPPPEGY (SEQ ID NO: 151); NLWPPRIGFAS
(SEQ ID NO: 152); NTWPPRIAFDS (SEQ ID NO: 153); NYWPPPLRQGGDYAY (SEQ ID NO: 154); NAWPPRIGLGS (SEQ
ID NO: 155); NFFPPPVPAS (SEQ ID NO: 156}, NRWPPPYDY (SEQ ID NO: 157); NFHPPWRDWGDTY (SEQ ID NO: 158);
NRAPPSTDGDR {SEQ ID NO: 159); AARRGSAYYTNRIDWPY (SEQ ID NO: 160}; AARRGSAYYTNHYDWPY (SEQ ID NO:
161); AARTGSAYYTNRIDWFY (SEQ ID NO: 162); AAKTGSAYYTNRIDWPY {SEQ ID NO: 163); AARTGGAAYTRRIDWPY
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(SEQ ID NO: 164); AARRGSAYYTNHIDWPY (SEQ ID NO: 165); AARSGGAYYTARVDWPY (SEQ ID NO: 166);
AARSGSAYYTTRVDWPY (SEQID NC: 167); AARRGSAYYTSRIDWPY (SEQ ID NO: 168); AARSGGAYYTSRVDWPY (SEQ
ID NO: 169); AARLSGVYSRSDR-PYDY (SEQ ID NO: 170); AARDGSALYTAHSDWDY (SEQ ID NO: 171);
AARSGBAYFSGRYYWNY (SEQ (D NO: 172); AAREGGGIWTSSTQYDY (SEQ ID NO: 173); NLWPPSRPDH (SEQ ID NO:
174); and NLWPPSRPDY (SEQ ID NO: 175).

In some embodiments, the FAP binding agent has at least 90% identity with any amino acid sequence selected from SEQ ID
NCS; 2-42 or 46-86. In some embodiments, the FAP binding agent has about 90%, about 81%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, about 99% ideniity with any amino acid selected from SEQ ID NOS: 2-
42 or 46-86.

In an embodiment, for example, the FAP binding agent has up fo five substituions, deletions, or insertions in any amino acid
sequence selected from SEQ ID NGS: 87-175. For example, the FAP binding agentincludes up to five substitutions, deletions,
or insertions in any amino acid sequence selected of CDR1, e.g., from SEQ ID NOS: 87-115 {a.q., one, two, three, four or five
total amino acid substitutions, deletions or insertions). Similarly, in another embodiment, the FAP binding agent includes up
to five substifutions, deletions, or insertions in any amine acid sequence selecied of COR2, e.g., from SEQ ID NOS: 116-144
(e.g., one, two, three, four or five total amino acid substitutions, delstions or insertions). Similarly, in another embodiment, the
FAP binding agent includes up to five substitutions, deletions, or insertions in any amino acid sequence selected of CDR3,
e.g., from SEQ ID NOS: 145-175 (e.g., one, two, thres, four or five fotal amino acid substitutions, deletions or insertions). An
amino acid substitution refers to the replacement of one or more amino acid residues with anather residue(s) in a peplide
sequence. An amino acid deletion refers to removal of one or more amino acid residuss from a peptide sequence. An amino
acid insertion refers 1o addition of one or more amino acid residues into a pepfide sequence.

In various illustrative embodiments, the murine FAP binding agent has at least 90% identity with the amino acid sequence of
sibrotuzumab.

In some embodiments, the present technology contemplates the use of any natural or synthetic analogs, mutants, variants,
alleles, homologs and orthologs (herein collectively referred to as "analogs”) of the FAP binding agent of the present
technology as described herein. In some embodiments, the amino acid sequence of the FAP binding agent further includes

an amino acid analog, an amino acid derivative, or other non-classical amino acids.

In some embodiments, the FAP binding agent comprises a targeting moiety comprising a sequence that is at least 60%
identical to any one of the FAP sequences disclosed herein. For example, the FAP binding agent may comprise a targeting
moiety comptising a sequence that is at least about 60%, at least about 61%, at least about 62%, at least about 63%, at least
about 64%, at least about 65%, at least about 66%, at least about 67%, at least about 68%, at least about 69%, at least about
70%, at least about 71%, at least about 72%, at least about 73%, at least about 74%, at least about 75%, at least about 76%,
at least about 77%, at least about 78%, at least about 79%, at least about 80%, at least about 81%, at least about 82%, at
least about 83%, at least about 84%, at least about 85%, at least about 86%, at least about 87%, at least about 88%, at least
about 83%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at lsast about 98%, at least about 99%, or 100% identical to any of the FAP
sequences disclosed hergin (e.g. about 60%, or about 1%, or about 62%, or about 63%, or about 64%, or about 65%, or
about 66%, or about 67%, ar about 68%, or about 63%, or about 70%, or about 71%, or about 72%, or about 73%, or about
74%, or about 75%, or about 76%, or about 77%, or about 78%, or about 79%, or about 80%, or about 81%, or about 82%,
or about 83%, or about 84%, or about 85%, or about 86%, or about 87 %, or about 88%, or about 89%, or about 90%, or about
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91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, about 99% or
about 100% sequence identity to any one of the sequences disclosed hersin).

In some embodiments, the FAP binding agent comprises a targeting moiety comprising an amino acid sequence having one
or more amino acid mutations with respect to any one of the sequences disclosed herein. In some embodiments, the FAP
binding agent comprises a targeting moiety comprising an amino acid sequence having one, or two, or thres, or four, or five,
or six, or seen, of eight, or nineg, or ten, or fifteen, or twenty amino acid mutations with respect to any one of the sequences
disclosed herein. In some embodiments, the one or more amino acid mutations may be independently selected from
substituions, insertions, deletions, and fruncations.

In some embodiments, the amino acid mutations are amino acid substitutions, and may include conservative and/or non-
conservative substitutions.

"Conservalive substitutions” may be made, for instance, on the basis of similarity in polarity, charge, size, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic nature of the amino acid residues involved. The 20 naturally occurring
aming acids can be grouped into the following six standard amino acid groups: (1) hydrophobic: Met, Ala, Val, Leu, llg; (2)
neufral hydrophilic: Cys, Ser, Thr; Asn, Gln; (3) acidic: Asp, Glu; {4) basic: His, Lys, Arg; (5) residues that influence chain
orientation: Gly, Pro; and (6) aromatic: Trp, Tyr, Phe.

As used herein, "conservative substitutions” are defined as exchanges of an amino acid by another amino acid listed within
the same group of the six standard amino acid groups shown above. For example, the exchange of Asp by Glu retains one
negative charge in the so modified polypeptide. In addition, glycine and proline may be substituted for one another based on
their ability to disrupt a-helices.

As used herein, "non-conservative substitutions" are defined as exchanges of an amino acid by another amino acid listed in
a different group of the six standard amino acid groups (1) to (6) shown above.

In some embodiments, the substitutions include non-classical amino acids. lllustrative non-classical amino acids include, but
are not limited to, selenocysteine, pyriolysing, N-formylmethionine B-alanine, GABA and &-Aminolevulinic acid, 4-
aminobenzoic acid (PABA), D-isomers of the common amino acids, 2,4-diamincbutyric acid, a-amino isobutyric acid, 4-
aminobutyric acid, Abu, 2-amino butyric acid, v-Abu, =-Ahx, 6-amino hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino
propionic acid, omithine, norleucine, norvaline, hydroxyproline, sarcosme, citrulling, homacitrulline, cysteic acid, t-butylglycine,
t-butylalanine, phenylglycine, cyclohexylalanine, -alanine, fluora-amino acids, designer amino acids such as p methyl amino
acids, C a-methyl amino acids, N a-methyl amino acids, and amino acid analogs in general.

In some embodiments, one or more amino acid muiations are in the CDRs of the targeting moiety (e.g., the COR1, COR2 or
CDR3 regions). In another embodiment, one or more amino acid mutations are in the framework regions (FRs) of the fargeting
moiety (e.g., the FR1, FR2, FR3, or FR4 regions).

Modification of the amino acid sequences may be achieved using any known technique in the art e.g., site-directed
mutagenesis or PCR based mutagenesis. Such technicques are described, for example, in Sambrook ef af., Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y., 1989 and Ausubel et af., Current Protocols in Molecular
Biology, John Wiley & Sons, New York, N.Y., 1989.
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In some embodiments, the mutations do not substantially reduce the present FAP binding agent's capability fo specifically
bind to FAP. In some embodiments, the mutations do not substantially reduce the present FAP binding agent's capability to
specifically bind to FAP and without functionally modulating (.g., partially or fully neufralizing) FAP.

In some embodiments, the binding affinity of the FAP binding agent of the present technology for the full-length and/or mature
forms and/or isoforms andfor splice variants andfor fragments and/or monomeric and/or dimeric forms andfor any other
naturally cceurring or synthetic analogs, variants, or mutants {including monomeric andfor dimeric forms) of human FAP may
be described by the equilibrium dissociation constant (Ko). In some embodiments, the FAP binding agent comprises a targeting
moiety that binds to the full-length andfor mature forms and/or isoforms and/or splice variants and/or fragmenis and/or any
other naturally occurring or synthetic analogs, variants, or mutants {including monameric andfor dimertic forms) of human FAP
with a Kp of less than about 1 pM, about 900 ni, about 800 nM, about 700 n, about 600 niv, about 500 ni, about 400 ni,
about 300 nM, about 200 ni, about 100 ni, about 90 nM, about 80 nM, about 70 ni, about 60 nM, about 50 nM, about 40
ni, about 30 nM, about 20 nM, about 10 nM, or about 5 ni, or about 1 ni.

In some embodiments, the FAP binding agent comprises a targeting moiety that binds but does not functionally modulate
(e.g., partially or fully neutralize) the antigen of interest, i.e., FAP. For instance, in some embodiments, the targeting moiety of
the FAP binding agent simply fargets the antigen but does not substantially functionally modulate (.g. partially or fully inhibit,
reduce or neutralize) a biological effect that the antigen has. In some embodiments, the targeting moiety of the FAP binding
agent binds an epitope that is physically separate from an antigen site that is important for its biological activity (e.g. an
antigen’s active site).

Such binding without significant function modulation finds use in some embodiments of the present technology, including
methods in which the present FAP binding agent is used to directly or indirectly recruit active immune cells to a site of need
via an effector antigen. For example, in some embodiments, the present FAP binding agent may be used to directly or indirectly
recruit dendritic cells via FAP to a tumor cell in a method of reducing or eliminating a fumor {e.¢. the FAP binding agent may
comprise a targeting moiety having an anti-FAP antigen recognition domain and a fargeting molety having a recognition
domain {&.g. antigen recognition domain) directed against a fumor antigen or receptor}. In such embodiments, it is desirable
to directly or indirectly recruit dendritic cells but not fo functionally modulate or neutralize the FAF activity. In these
embodiments, FAP signaling is an important piece of the tumor reducing or eliminating effect.

In some embodiments, the FAP binding agent enhances antigen-presentation by dendiitic cells. For example, in some
embodiments, the present FAP binding agent directly or indirectly recruits dendritic cells via FAP to a tumor cell, where tumor
antigens are subsequently endocylosed and presented on the dendritic cell for induction of potent humoral and cytoloxic T
cell responses.

In other embodiments (for example, related to treating cancer, autoimmune, or neurodegenerative disease), the FAP binding
agent comprises a targeling moiety that binds and neutralizes the antigen of inferest, /e, FAP. For instance, in some
embodiments, the present methods may inhibit or reduce FAP signaling or expression, e.4. to cause a reduction in an immune

response.
Therapeutic Agents Comprising the Present FAP Binding Agents

Chimeras and Fusions with Signali ents
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In some embodiments, the FAP binding agent of the present technology is part of a chimera or fusion protein with one or more
signaling agents. Accordingly, the present technology provides for chimeric or fusion proteins that include, for example, a

targeting moiety against FAP and one or more signaling agents.

In some embodiments, the signaling agent is modified to have reduced affinity or activity for one or more of its receptors,
which allows for attenuation of activity (inclusive of agonism or antagonism) andfor prevents non-specific signaling or
undesirable sequestration of the chimeric or fusion profein. In some embodiments, the signaling agent is antagonistic in its
wild type form and bears one or mare mutations that attenuate its antagonistic activity. In some embodiments, the signaling
agent is antagonistic due to one or more mutations, .g. an agonistic signaling agent is converied to an aniagonistic signaling
agent and, such a converted signaling agent, optionally, also bears one or more mutations that attenuate its antagonistic
activity (2.g. as described in WO 2015/007520, the entire contents of which are hereby incorporated by reference).

Accordingly, in some embodiments, the signaling agent is a modified (e.¢. mutant) form of the signaling agent having one or
more modifications (e.g. mutations). In some embodiments, the mutations allow for the modified signaling agent to have one
or more of attenualed activity such as one or more of reduced binding affinity, reduced endogenous activity, and reduced
specific bioactivity relative to unmutated, i.e., the wild type form of the signaling agent (e.¢. comparing the same signaling
agent in a wild type form versus a modified (e.g. mutant) form). In some embodiments, the mutations which atienuate or
reduce binding or affinity include those mutations which substantially reduce or ablate binding or activity. In some
embodimants, the mutations which atienuate or reduce binding or affinity are different than those muiations which substantially
reduce or ablate binding or activity. Consequentially, in some embodiments, the mutations allow for the signaling agent to
have improved safety, e.q. reduced systemic toxicity, reduced side effects, and reduced off-larget effects relative to
unmutated, i.e., wild typs, signaling agent (e.g. comparing the same signaling agent in a wild type form versus a modified {e.g.

mutant) form).

As described herein, the agent may have improved safety due to one of more modifications, e.¢. mutations. In some
embodiments, improved safety means that the present chimeric protein provides lower toxicity (e.g. systemic foxicity andfor
tissueforgan-associated loxicities); and/or lessened or substantially eliminated side effects; and/or increased folerability,
lessened or substantially eliminated adverse events; andfor reduced or substantially eliminated off-target effects; and/or an
increased therapeutic window.

In some embodiments, the signaling agent is modified to have one or more mutations that reduce its binding affinity or activity
for one or more of its receptors. In some embodiments, the signaling agent is modified to have one or more mutations that
substantially reduce or ablate binding affinity or activity for the receplors. In some embodiments, the activity provided by the
wild type signaling agent is agonism at the receptor (.. activation of a cellular effect at a site of therapy). For example, the
wild type signaling agent may activaie its receptor. In such embodiments, the mutations result in the modified signaling agent
to have reduced or ablated activating activity at the receptor. For example, the mutations may result in the modified signaling
agent to deliver a reduced activating signal to a target cell or the activating signal could be ablated. In some embodiments,
the activity provided by the wild type signaling agent is antagonism at the receptor {e.g. blocking or dampening of a cellular
effect af a site of therapy). For example, the wild type signaling agent may antagonize or inhibit the receptor. In these
embodiments, the mutations result in the modified signaling agent fo have a reduced or ablated antagonizing activity at the
receptor. For example, the mutations may result in the modified signaling agent to deliver a reduced inhibitory signal o a
target cell or the inhibitory signal could be ablated. In some embodiments, the signaling agent is antagonistic due to one or
more mutations, e.g. an agonistic signaling agent is converted to an antagonistic signaling agent (e.g. as described in WG

20



10

15

20

25

30

35

WO 2019/152979 PCT/US2019/016629

2015/007520, the entire contents of which are hereby incorporated by reference) and, such a converted signaling agent,
optionally, also bears one or mutations that reduce its binding affinity or activity for one or more of its receptors or that
substantially reduce or ablate binding affinity or activity for one or more of its receptors.

In some embodiments, the recuced affinity or activity at the receptor is restorable by attachment with one or more of the
targeting moieties as described herein (e.g., targeting moiety against FAP). In other embodiments, the reduced affinity or

activity at the receptor is not substantially restorable by the activity of one or more of the targeting moieties.

In some embodiments, the chimeric profeins of the present fechnology reduce off-farget effects because their signaling agents
have mutations that weaken or ablate binding affinity or activity at a receptor. In some embodiments, this reduction in side
effects is observed relative with, for example, the wild type signaling agents. In some embodiments, the signaling agent is
active on target cells because the targeting moiety(ies) compensates for the missing/insufficient binding (e.g., without limitation
and/or avidity) required for substantial activation. In some embodiments, the modified signaling agent is substantially inactive
enroute to the site of therapeutic activity and has its effect substantially on specifically targeted cell types which greatly reduces
undesired side effects.

In some embodiments, the signaling agent may include one or more mutations that attenuate or reduce binding or affinity for
one receplor (i.e., a therapeutic receptor) and one or more mutations that substantially reduce or ablate binding or activity at
a second receplor. In such embodiments, these mutations may be at the same or at different positions (i.a., the same mutation
or multiple mutations). In some embodiments, the mutation(s) that reduce binding and/or activity at one receptor is different
than the mutation(s) that substantially reduce or ablate at another receptor. In some embodiments, the mutation(s) that reduce
binding andfor activity at one receptor is the same as the mutation(s) that substantially reduce or ablate at another receptor.
In some embodiments, the present chimeric proteins have a modified signaling agent that has both mutations that attenuate
binding and/or activity at a therapeufic recepior and therefore allow for a more controlled, on-target therapeutic effect (e.g.
relative wild type signaling agent) and mutations that substantially reduce or ablate binding andfor activity at another receptor
and therefore reduce side effects (a.g. relative to wild type signaling agent).

In some embodiments, the substantial reduction or ablation of binding or activity is not substantially restorable with a targeting
moiety (e.g., a targeting moiety against FAP or any other targeting moiety described herein). In some embodiments, the
substantial reduction or ablation of binding or activity is restorable with a targeting moiety. In some embodiments, substantially
reducing or ablating binding or activity at a second receptor also may prevent deleterious effects that are mediated by the
other receptor, Alternatively, or in addition, substanfially reducing or ablating binding or activity at the other receptor causes
the therapeutic effect to improve as there is a reduced or eliminated sequestration of the therapeutic chimeric proteins away
from the site of therapeutic action. For instance, in some embodiments, this obviates the need of high doses of the present
chimeric proteins that compensate for loss at the other receptor. Such ability fo reduce dose further provides a lower likelihood
of side effects.

In some embodiments, the modified signaling agent comprises one or more mutations that cause the signaling agent to have
reduced, substantially reduced, or ablated affinity, e.g. binding {e.g. KD) andfor activation (for instance, when the madified
sighaling agent is an agonist of its receptor, measurable as, for example, KA andfor EC50) andfor inhibition (for instance,
when the modified signaling agent is an antagonist of its receptor, measurable as, for example, Ki and/or 1050}, for one or
more of its receptors. In some embodiments, the reduced affinity at the immumodulating agent's receptor allows for aftenuation
of activity {inclusive of agonism or antagonismy. In such embodiments, the modified signaling agent has about 1%, or about
3%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
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about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, ar about 10%-20%, about
20%-40%, about 50%, about 40%-60%, about 60%-80%, about 80%-100% of the affinity for the receptor relative to the wild
type signaling agent. In some embodiments, the binding affinity is at least about 2-fold lower, about 3-fold lower, about 4-old
lower, about 5-fold lower, about 6-fold lower, about 7-fold lower, about 8-fold lower, about 9-fold lower, at least about 10-fold
lower, at least about 15-fold lower, at least about 20-fold lower, at least about 25-fold lower, at least about 30-fold lower, at
least about 35-fold lower, at least about 40-fold lower, at least about 45-fold lower, at least about 50-fold lower, at least about
100-fold lower, at least about 150-fold lower, or about 10-50-fold lower, about 50-100-fold lower, about 100-150-fold lower,
about 150-200-fold lower, or more than 200-fold lower relative to the wild type signaling agent.

In embodiments wherein the modified signaling agent has mutafions that reduce binding at one receplor and substantially
reduce or ablate binding at a second receptor, the attenuation or reduction in binding affinity of a modified signaling agent for
one receplor is less than the substantial reduction or ablation in affinity for the other recepior. In some embodiments, the
attenuation or reduction in binding affinity of a modified signaling agent for one receplor is less than the substantial reduction
or ablation in affinity for the other receptor by about 1%, or about 3%, about 5%, about 10%, about 15%, about 20%, about
25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 60%, about 65%, abaut 70%, about 75%, about 80%,
about 85%, about 90%, or about 95%. In some embodiments, substantial reduction or ablation refers o a greater reduction in
binding affinity and/or activity than attenuation or reduction.

In some embodiments, the modified signaling agent comprises one or more mutations that reduce the endogenous activity of
the signaling agent fo about 75%, or about 70%, or about 60%, or about 50%, or about 40%, or about 30%, or about 25%, or
about 20%, or about 10%, or about 5%, or about 3%, or about 1%, e.g., relative to the wild type signaling agent.

In some embodiments, the modified signaling agent comprises one or more mutations that cause the signaling agent o have
reduced affinity for its receptor that is lower than the binding affinity of the targeting moiety{ies) for its(their) receptor(s). In
some smbodiments, this binding affinity differential is between signaling agent/receptor and fargeting moiety/receptor on the
same cell. In some embodiments, this binding affinity differential allows for the signaling agent, e.¢. mutated signaling agent,
to have localized, on-target effects and to minimize off-target effects that underlie side effects that are observed with wild type
signaling agent. In some embodiments, this binding affinity is at least about 2-fold, or at least about 5-fold, or at least about
10-fold, or at least about 15-fold lower, or at least about 25-fold, or at least about 50-fold lower, or at least about 100-fold, or
at least about 150-fold.

Receptor binding activity may be measured using methods known in the art. For example, affinity andfor binding activity may
be assessed by Scatchard plot analysis and computer-fitting of binding data {e.g. Scatchard, 1949) or by reflectometric
interference spectroscopy under flow through conditions, as described by Brecht at al (1993}, the entire contents of all of

which are hereby incorporated by reference.

In various embodiments, the additional signaling agent is selected from modified versions of cytokines, growth factors, and
hormones. lllustrative examples of such cylokines, growth factors, and hormones include, but are not limited to, lymphokines,
monokines, traditional polypeplide hormones, such as human growth hormone, N-methionyl human growth hormone, and
bovine growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycoprolein hormones such
as follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone (LH}; hepatic growth factor;
fibroblast growth factor; prolactin; placental lactogen; tumor necrosis facior-a and iumor necrosis factor-; mullerian-inhibiting
substance; mouse gonadotropin-associated pepfide; inhibin; activin; vascular endothelial growth factor; infegrin;
thrombopoistin (TPO); nerve growth factors such as NGF-o; platelet-growth factor; transforming growth factors (TGFs) such
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as TGF-u and TGF-B; insulin-like growth factor-1 and —Il ; osteo inductive factors; interferons such as, for example, interferon-
d, interferon-p and interferon-y {and interferon type |, 11, and 111}, colony stimulating factors (CSFs) such as macrophage-CSF
{M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins {ILs) such as, for example,
IL-1, IL-1q, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, and IL-18; a tumor necrosis factor such as, for
example, TNF-a or TNF-B; and other polypeptide factors including, for example, LIF and kit ligand (KL). As used herein,
cytokines, growth factors, and hormones include proteins obtained from natural sources or produced from recombinant
bacterial, eukaryolic or mammalian cell culture systems and biologically active equivalents of the native sequence cytokines.

In some embodiments, the additional signaling agent is a modified version of a growth factor selected from, but not limited fo,
transforming growth factors (TGFs) such as TGF-a and TGF-B, epidermal growth factor (EGF), insulin-like growth factor such
as insulin-like growth factor-l and -1, fibroblast growth factor (FGF), heregulin, platelet-derived growth factor (PDGF), vascular
endothelial growth factor (VEGF).

In an embodiment, the growth factor is a modified version of a fibroblast growth factor {FGF). lllustrative FGFs include, but
are not limited to, FGF1, FGF2, FGF3, FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, FGF10, FGF11, FGF12, FGF13, FGF14,
murine FGF15, FGF16, FGF17, FGF18, FGF19, FGF20, FGF21, FGF22, and FGF23.

In an embodiment, the growth factor is a modified version of a transforming growth factor (TGF). lllustrative TGFs include, but
are not limited to, TGF-a and TGF-[ and subtypes thereof including the various subtypes of TGF-B including TGFB1, TGFp2,
and TGFp3.

In some embodiments, the additional signaling agent is a modified version of a hormone selected from, but not limited to,
human chofionic gonadotropin, gonadotropin releasing hormons, an androgen, an estrogen, thyroid-stimulating hormone,
follicle-stimulating hormone, luteinizing hormone, prolactin, growth hormone, adrenocorticotropic hormone, antidiuretic
hormone, oxytocin, thyrotropin-releasing hormone, growth hormone releasing hormone, corticotropin-releasing hormone,
somatostatin, dopamine, melatonin, thyroxine, calcitonin, parathyroid hormone, glucocorticoids, mineralocorticoids,
adrenaline, noradrenaline, progesterone, insulin, glucagon, amylin, calcitriol, calciferol, atrial-natriuretic peptide, gastrin,
secrefin, cholecystokinin, neuropeptide Y, ghrelin, PYY3-36, insulin-like growth factor (IGF), leptin, thrombopoietin,
erythropoiefin (EPC), and angiotensinogen.

In some embodiments, the signaling agent is an immune-modulating agent, e.g. one or more of an inferleukin, interferon, and
tumor necrosis factor,

In some embodiments, the signaling agent is an interleukin or a modified interleukin, including for example IL-1; IL-2; IL-3; IL-
4; IL-5; IL-6; IL-7; IL-8; IL-9; IL-10; IL-11; IL-12; IL-13; IL-14; IL-15; IL-16; IL-17; IL-18; IL-19; IL-20; IL-21; IL-22; IL-23; IL-24;
IL-25; IL-26; IL-27; IL-28; IL-29; IL-30; IL-31; IL-32; IL-33; IL-35; IL-36 or a fragment, variani, analogue, or family-member
thereof. Intetleuking are a group of multi- functional eylokines synthesized by lymphocytes, monocytes, and macrophages.
Known functions include stimulating proliferation of immune cells {e.g., T helper cells, B cells, eosinophils, and lymphocytes),
chemotaxis of neutrophils and T lymphocytes, and/or inhibition of interferons. Interleukin activity can be determined using
assays known in the art; Matthews et al., in Lymphokines and Interferens; A Practical Approach, Clemens et &/, eds, IRL
Press, Washington, D.C. 1987, pp. 221-225; and Orencole & Dinarello {1989) Cytokine 1, 14-20.
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In some embodiments, the signaling agent is an interferon or a modified version of an interferon such as interferon types |, [,
and Ill. llustrative interferons, including for example, interferon-a-1, 2, 4,5,6,7, 8, 10, 13, 14, 16, 17, and 21, interferon- and

interferon-y, interferon «, interferon «, interferon =, and interferon .

In some embodiments, the signaling agent is a tumor necrosis factor (TNF) or a modified version of a tumor necrosis factor
(TNF) or a protein in the TNF family, including but not limited to, TNF-a, TNF-@, LT-B, CD40L, CD27L, CD30L, FASL, 4-1BBL,
OX40L, and TRAIL.

The amino acid sequences of the wild type signaling agenis described herein are well known in the art, Accordingly, in some
embodiments the modified signaling agent comprises an amino acid sequence that has at least about 60%, or at lsast about
61%, or at least about 62%, or at least about 63%, or at least about 64%, or at least about 65%, or at least about 66%, or at
least about 67%, or at least about 68%, or at least about 69%, or at least about 70%, or at least about 71%, or at least about
72%, or at least about 73%, or at least about 74% or at least about 75% or at least about 76%, or at least about 77%, or at
least about 78%, or at least about 79%, or at least about 80%, or at least about 81%, or at least about 82%, or at least about
83% at least about 84%, or at least at least about 85%, or at least about 86%, or at least about 87%, or at least about 88%,
or at least about 89%, or at least about 90%, or at least about 91% or at least about 92%, or at least about 93%, or at least
about 94%, or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about 99%
sequence identity with the known wild type amino acid sequences of the sighaling agents described herein (e.g. about 60%,
or about 61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or about 67%, or about 68%, or about
69%, or about 70%, or about 71%, or about 72%, or about 73%, or about 74%, or about 75%, or about 76%, or about 77%,
or about 78%, or about 79%, or about 80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about
86%, or about 87%, or about 88%, or about 89%, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%,
or about 95%, or about 96%, or about 97%, or about 98%, or about 99% sequence identity;.

In some embodiments the modified signaling agent comprises an amino acid sequence that has at least about 60%, or at
least about 61%, 65%, or at least about 66%, 70%, or at least about 71%, 75%, or at least about 76%, 80%, or at least about
81%, 85%, or at least about 86%, 90%, or at least about 91%, or at least about 62%, or at least about 67%, or at least about
72%, or at least about 77%, or at least about 82%, or af least about 87%, or at least about 92% or at least about 3%, or at
least about 68%, or at least about 73%, or at least about 78%, or at least about 83%, or at least about 88%, or at least about
93% or at least about 64%, or at least about 69%, or at least about 74%, or at least about 79%, or at least about 84%, or at
least about 89%, or at least about 94% or at least about or at least about or at least about or at least about or at least about
or at least about or at least about 95%, or at least about 96%, or at least about 97%, or at least about 98%, or at least about
99% sequence idenfity with any amino acid sequences of the signaling agents described herein (e.g. about 60%, or about
61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or about 67%, or about 68%, or about 69%,
or about 70%, or about 71%, or about 72%, or about 73%, or about 74%, or about 75%, or about 76%, or about 77%, or about
78%, or about 79%, or about 80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about 86%,
or about 87%, or about 88%, or about 89%, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about
95%, or about 96%, or about 97%, or about 98%, or about 99% sequence identty).

In some embodiments, the modified signaling agent comprises an amino acid sequence having one or more amino acid
mutations. In some embodiments, the one or more amino acid mutations may be independently selected from substifutions,
insertions, deletions, and truncations. In some embodiments, the amino acid mutations are amino acid substitutions, and may
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include conservative and/or non-conservative substitutions, as described elsewhere herein. In some embodiments, the
substitutions may also include non-classical amine acids as described elsewhere herein.

As described herein, the modified signaling agents bear mutations that affect affinity and/or activity at one or more recepiors.
In some embodiments, there is reduced affinity and/or activity ata therapeutic receptor, e.¢. a receplor through which a desired
therapeutic effect is mediated (e.g. agonism or antagonism). In some embodiments, the medified signaling agents bear
mutations that substantially reduce or ablate affinity and/or activity at a receptor, e.g. a receplor through which a desired
therapeutic effect is not mediated (e.¢. as the resulf of promiscuity of binding). The receptors of any modified signaling agents,
e.g. one of the cytokines, growth factors, and hormones as described herein, are known in the art,

llustrative mutations which provide reduced affinity and/or activity (e.g. agonistic) at a receptor are found in WO 2013/107791
and PCT/EP2017/061544 (e.¢. with regard to inferferons), WO 2015/007542 (e.g. with regard to inferleukins), and WO
2015/007903 (e.g. with regard to TN F), the entire contents of each of which are hereby incorporated by reference. lllustrative
mutations which provide reduced affinity and/or activity (e.g. anfagonistic) at a therapeutic receptor are found in WO
2015/007520, the entire contents of which are hereby incorporated by reference.

In some embodiments, the modified signaling agent comprises one or more mutations that cause the signaling agent to have
reduced affinity and/or activity for a type | cytokine receptor, a type |l cytokine receptor, a chemokine receptor, a receptor in
the Tumor Necrosis Factor Receplor (TNFR) superfamily, TGF-beta Receptors, a receplor in the immunoglobulin (lg)

superfamily, andfor a receptor in the tyrosine kinase superfamily.

In some embodiments, the receptor for the signaling agent is a Type | cytokine receptor. Type | cytokine receptors are known
in the art and include, but are not limited fo receptors for IL2 {beta-subunit), IL3, IL4, IL5, ILG, IL7, IL9, IL11, IL12, GM-CSF,
G-CSF, LIF, CNTF, and also the receptors for Thrombopoietin (TPO), Prolactin, and Growth hormone. lllustrative fype |
cytokine receptors include, but are not limited to, GM-CSF receptor, G-CSF receptor, LIF receptor, CNTF recepter, TPO

receptor, and type | IL receplors.

In some embadiments, the receptor for the signaling agent is a Type |l cytokine receptor. Type Il cytokine receptors are
multimeric receplors composed of heterologous subunits, and are receptors mainly for interferons. This family of recepfors
includes, but is not limited to, receptors for interferon-a, interferon-13 and interferon-y, IL10, IL22, and tissue factor. lllustrative
type Il cytokine receptors include, but are not limited to, IFN-a receptor (e.¢. IFNAR1 and IFNAR2), IFN- 3 recepior, IFN- y
receptor (.. IFNGR1 and IFNGR2), and type Il IL recepfors.

In some embodiments, the receptor for the signaling agent is a G protein-coupled receptor. Chemokine recepliors are G
protein-coupled receptors with seven fransmembrane structure and coupled to G-protein for signal transduction. Chemokine
receptors include, but are not limited fo, CC chemakine receptors, CXC chemoking receptors, CX3C chemokine receplors,
and XC chemokine receptor (XCR1). lllustrative chemokine receptors include, but are not limited to, CCR1, CCR2, CCR3,
CCR4, CCRS, CCR6, CCR7, CCR8, CCRY, CCR10, CXCR1, CXCR2, CXCR3, CXCR3B, CXCR4, CXCRS, CSCR6, CXCR7,
XCR1, and CX3CR1,

In some embodiments, the receptor for the signaling agent is a TNFR family member. Tumor necrosis factor receptor (TNFR)
family members share a cysteine-rich domain {CRD) formed of three disulfide bonds surrounding a core mofif of CXXCXXC
creating an elongated molecule. llustrative tumor necrosis factor receptor family members include: CDI 20a (TNFRSFIA), CD
120b (TNFRSFIB), Lymphotoxin beta receptor (LTBR, TNFRSF3), CC 134 (TNFRSF4), CD40 (CD40, TNFRSFS), FAS (FAS,
TNFRSF6}, TNFRSF6B (TNFRSF6B), CD27 (CD27, TNFRSF7), CD30 (TNFRSF8), CD137 (TNFRSF9), TNFRSFIOA
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(TNFRSFIOA), TNFRSFICB, (TNFRSFIOB), TNFRSFICC {TNFRSFIOC), TNFRSFIOD (TNFRSFICD), RANK (TNFRSFI IA),
Osteoprotegerin (TNFRSFI IB), TNFRSF12A (TNFRSF12A), TNFRSF13B (TNFRSF13B), TNFRSF13C (TNFRSF13C),
TNFRSF14 (TNFRSF14), Nerve growth factor receptor (NGFR, TNFRSF16), TNFRSF17 (TNFRSF17), TNFRSF18
(TNFRSF18), TNFRSF19 (TNFRSF19), TNFRSF21 (TNFRSF21), and TNFRSF25 (TNFRSF25). In an embodiment, the
TNFR family member is CD120a (TNFRSF1A} or TNF-R1. In another embodiment, the TNFR family member is CD 120b
(TNFRSFIB) or TNF-R2.

In some embodiments, the receptor for the signaling agent is a TGF-beta receptor. TGF-beta receplors are single pass
serine/threonine kinase receptors. TGF-beta receptors include, but are not limited to, TGFBR1, TGFBR2, and TGFBR3.

In some embodiments, the receptor for the signaling agent is an Ig superfamily receptor. Receptors in the immunoglobulin (Ig)
superfamily share structural homology with immunoglobulins. Receptors in the Ig superfamily include, but are not limited to,
interleukin-1 receptors, C8F-1R, PDGFR (e.g. PDGFRA and PDGFRB), and SCFR.

In some embodiments, the receptor for the signaling agent is a tyrosine kinase superfamily receptor. Receplors in the tyrosine
kinase superfamily are well known in the arl. There are about 58 known receptor tyrosing kinases (RTKs), grouped info 20
subfamilies. Receptors in the tyrosine kinase superfamily include, but are not limited to, FGF receptors and their various
isoforms such as FGFR1, FGFR2, FGFR3, FGFR4, and FGFRS.

In some embodiments, the modified signaling agent is interferon a. In some embodiments, the modified IFN-a agent has
reduced affinity and/or activity for the IFN-a/B receptor (IFNARY), i.e., IFNART andior IFNARZ chains. [n some embodiments,
the modified IFN-a agent has substantially reduced or ablated affinity and/or activity for the IFN- o/B receptor (IFNAR), ie.,
IFNAR1 and/or IFNARZ chains. In some embodiments, the modified IFN-a agent is a human modified IFN-a agent.

Mutant forms of interferon are known to the person skilled in the art. By way of example, but not by way of limitation, in some
embodiments, the modified signaling agent is the allelic form IFN-a2a having the amino acid sequence of: SEQ 1D NO: 176.

By way of example, but not by way of limitation, in some embodiments, the modified signaling agent is the allelic form [FN-
a2b having the amino acid sequence of: SEQ ID NO: 177, which differs from IFN-ti2a at amine acid position 23.

In some embodiments, a modified IFN-a2 signaling agent is a human IFN-02 mufant (IFN-a2a or IFN-a2b). In some
embodiments, the human IFN-02 mutant (IFN-a2a or IFN-a2b) is mutated at one or more amino acids at positions 144-154,
.., such as amino acid positions 148, 149 andfor 153. In some embodiments, the human IFN-a2 mutant comprises one or
more mutations selected from L153A, R149A, and M148A.

In some smbodiments, the IFN-a2 mutants have reduced affinity and/or activity for IFNAR1. In some embodiments, the IFN-
d 2 mutant is a human IFN-a 2 mutant comprising one or more mutations selected from F64A, N65A, T69A, LBOA, Y85A, and
Y894, as described in W02010/030671, the entire contents of which is hereby incorporated by reference.

In some embodiments, the IFN-a2 mutant is a human IFN-a2 mutant comprising one or more mutations selected from K133A,
R144A, R149A, and L153A, as described in W02008/124086, the entire contents of which is hereby incorporated by reference.

In some embodiments, the IFN-c2 mutant is a human IFN-a2 mutant comprising one or more mutations selected from R120E
and R120E/K121E, as described in WO02015/007520 and WO02010/030671, the entire contents of which are hereby
incorporated by reference.

In some embodiments, the IFN-a2 mutant antagonizes wild type IFN-02 activity. In some embodiments, said mutant IFN-a2
has reduced affinity and/or activity for IFNAR1, while affinity and/or activity of IFNR2 is refained.
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In some embodiments, a human |FN-a2 mutant comprises (1) one or more mutations selected from R120E and R120E/K121E,
which, without wishing fo be bound by theory, create an antagonistic effect and (2) one or more mutations selected from
K133A, R144A, R149A, and L153A, which, without wishing to be bound by theory, allow for an attenuated effect at, for
example, IFNAR2, In some embodiments, the human IFN-02 mutant comprises R120E and L153A.

In some embodiments, the human IFN-a2 mutant comprises one or more muiations selected from L15A, A19W, R22A, R23A,
L26A, F27A, L30A, L30V, K31A, D324, R33K, R33A, R33Q, H34A, D35A, Q40A, D114R, L117A, R120A, R125A, K134A,
R144A, A145G, A145M, M148A, R149A, §152A, L153A, and N156A as disclosed in WO 2013/059885, the entire disclosures
of which are hereby incomporated by reference. In some embodiments, the human IFN-a2 mutant comprises the mutations
H57Y, ESBN, QB1S, andlor L30A as disclosed in WO 2013/059885. In some embodiments, the human IFN-a2 mutant
comprises the muiations H57Y, EBBN, Q61S, and/or R33A as disclosed in WO 2013/059885. In some embodiments, the
human IFN-a2 mutant comprises the mutations H57Y, ES8N, Q618, and/or M148A as disclosed in WO 2013/059885. In some
embodiments, the human IFN-a2 mutant comprises the mutations H57Y, ES8N, Q61S, and/or L153A as disclosed in WO
2013/059885. In some embodiments, the human IFN-a2 mutant comprises the mutations NE5A, L80A, Y85A, andfor YB9A as
disclosedin WO 2013/059885. In some embodiments, the human IFN-a2 mutant comprises the mutations NG5A, LEDA, Y85A,
Y89A, andior D114A as disclosed in WO 2013/059885. In some embodiments, the human IFN-02 mutant comprises the
mutations R144X4, A145X;, and R33A, wherein X, is selected from A, S, T, Y, L, and |, and wherein X; is selected from G, H,
Y, K, and D.

In an embodiment, the modified signaling agent is interferon [. In such embodiments, the modified interferon [ agent has
reduced affinity and/or activity for the IFN-a/p receptor (IFNAR), ie., IFNAR1 andfor IFNARZ chains. In some embodiments,
the modified interferon B agent has substantially reduced or ablated affinity and/or activity for the IFN- a/B receptor {IFNAR),
ie., IFNAR1 and/or IFNARZ2 chains.

In an illustrative embodiment, the modified signaling agent is IFN-B. vin some embodiments, the IFN-p encompasses
functional derivatives, analogs, precursors, isoforms, splice variants, or fragments of IFN-B. In some embodiments, the IFN-
encompasses [FN-B derived from any species. In an embodiment, the chimeric protein comprises a modified version of mouse
IFN-B. In another embodiment, the chimeric profein comprises a modified version of human (FN-B. Human IFN-B is a
polypeptide with a molecular weight of about 22 kDa comprising 166 amino acid residues. The amino acid sequence of human
IFN-B is shown as SEQ ID NO: 178.

In some embodiments, the human IFN-B is IFN-B-la, which is a glycosylated form of hurman IFN-B. In some embodiments, the
human IFN-B is IFN-B-Ib, which is a non-glycosylated form of human IFN-B that has a Met-1 deletion and a Cys-17 fo Ser
mutation.

In some embodiments, the modified IFN-B has one or more mutations that reduce its binding io or its affinity for the IFNAR1
subunit of IFNAR. In some embodiments, the modified IFN-B has reduced affinity and/or activity at IFNAR1.

In some embodiments, the modified [FN-B with reduced affinity andfor activity at IFNAR1 is human IFN- and has one or more
mutations at positions F67, R71, 188, Y92, 195, N96, K123, and R124. In some embodiments, the one or more mutations are
substitutions selected from F67G, F67S, R71A, L88G, L88S, YU2G, Y928, 195A, N96G, K123G, and R124G. In some
embodiments, the modified human IFN-B comprises the F67G mutation. In some embodiments, the modified human IFN-B
comprises the K123G mutation, In some embodiments, the modified human IFN-B comprises the F67G and R7 1A mutations.
In some embodiments, the modified human IFN-§ comprises the L88G and Y925 mutations. In some embodiments, the
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modified human IFN- comprises the Y92G, 195A, and N96G mutations, In some embodiments, the modified human IFN-
comprises the K123G and R124G mutations. In some smbodiments, the modified human IFN-B comprises the F67G, L88G,
and Y925 mutations. In some embodiments, the modified human IFN-B comprises the F675, L88S, and Y928 mutations.

In some embodiments, the modified IFN-B has one or more mutations that reduce its binding io or its affinity for the IFNAR2
subunit of IFNAR. In some embodiments, the modified IFN- has reduced affinity andfor activity at IFNAR2.

In some embodiments, the modified IFN- reduced affinity and/or activity at IFNAR2 is human IFN-p and has one or more
mutafions at positions W22, R27, L32, R35, V148, L151, R152, and Y155. In some embodiments, the one or more mutations
are substitutions selected from W22G, R27G, L324, L32G, R35A, R35G, V148G, L151G, R152A, R152G, and Y155G. In
some embodiments, the modified human IFN-B comptises the W22G mutation. In some embodiments, the modified human
IFN-B comprises the L32A mutation. In some embodiments, the modified human IFN-p comprises the L32G mutation. In some
embodiments, the modified human IFN-B comprises the R35A mutation. In some embodiments, the modified human [FN-B
comprises the R35G mutation. In some embodiments, the modified human IFN-B comprises the V148G mutation. In some
embodiments, the modified human IFN-B comprises the R152A mutation. In some embodiments, the modified human IFN-p
comprises the R152G mutation. In some embodiments, the modified human IFN-B comprises the Y155G mutafion. In some
embodiments, the modified human IFN-B comprises the W22G and R27G mutations. In some embodiments, the modified
human IFN-B comprises the L32A and R35A mutation. In some embodiments, the modified human IFN-B comprises the L151G
and R152A mutafions. In some embodiments, the modified human IFN-B comprises the ¥148G and R152A mutations.

In some embodiments, the modified IFN-B has one or more of the following mutations: R35A, R35T, E42K, M62I, G788,
A141Y, A142T, E149K, and R152H. In some embodiments, the modified IFN-B has one or more of the following mutations:
R35A, R35T, E42K, M62I, G785, A141Y, A142T, E149K, and R152H in combinafion with C175 or MA,

In some embodiments, the modified IFN-B has one or more of the following mutations: R35A, R35T, E42K, MB2I, G785,
A141Y A142T, E149K, and R152H in combination with any of the other IFN- mutations described herein.

The orystal structure of human IFN- is known and is described in Karpusas et ai, (1998) PNAS, 94{22); 1181311818,
Specifically, the structure of human IFN-B has been shown to include five a-helices (ie., A, B, C, D, and E) and four loop
regions that connect these helices (i.e., AB, BC, CD, and DE loops). In some embodiments, the modified IFN-B has one or
more mutations in the A, B, C, D, E helices and/or the AB, BC, CD, and DE loops, which reduce iis binding affinity or activity
at a therapeutic receptor such as IFNAR. lllustrative mutations are described in WO 2000/023114 and US 20150011732, the
entire contents of which are hereby incorporated by reference.

In an illustrative embodiment, the modified IFN-B is human IFN-§ comprising alanine substitutions at amino acid positions 15,
16, 18, 19, 22, andfor 23. In an illustrative embodiment, the modified IFN-B is human IFN-B comprising alanine substitutions
at amino acid positions 28-30, 32, and 33. In an illustrative embodiment, the modified IFN-f is human [FN-B comprising alanine
substitutions at amino acid positions 36, 37, 39, and 42. In an illustrative embodiment, the modified IFN-B is human IFN-B
comprising alanine substitutions at amino acid positions 64 and 67 and a serine substitution at position 68, In an illustrative
embodiment, the modified IFN-p is human IFN-§ comprising alanine substitutions at amino acid positions 71-73. In an
illustrative embodiment, the modified IFN-B is human IFN-B comprising alanine substifutions at amino acid positions 92, 96,
99, and 100, In an illustrative embodiment, the modified IFN-§ is human IFN-B comprising alanine substitutions at amino acid
positions 128, 130, 131, and 134. In an illustrative embodiment, the modified IFN-B is human IFN-B comprising alanine
substituions at amino acid positions 149, 1563, 156, and 159. In some embodiments, the mutant IFN-B comprises SEQ ID NO:
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178 and a mutation at W22, the mutation being an aliphatic hydrophobic residue selected from glycine (G}, alanine (A), leucine
(L), isoleucine (1), methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at R27, wherein the mutations is an
aliphatic hydrophobic residue selected from glycine (G), alanine (A), leucine {L), isoleucine (1), methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at W22, wherein the mutations is an
aliphatic hydrophobic residue selected from glycine (G}, alanine (A), leucine (L}, isoleucine (1}, methionine (M), and valine (V)
and a mutation at R27, the mutation being an aliphatic hydrophobic residue selected from glycine (G}, alanine (A), leucine (L},
isoleucine (1), methionine (M}, and valine (V).

In some embodiments, the mutant IFN-B comprises SEG ID NC: 178 and a mutation at L32, the mutation being an aliphatic
hydrophaobic residue selected from glycine (G}, alanine (A}, isoleucine {1}, methicnine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at R35, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A}, leucine (L}, isoleucine {1}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at L32, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine {A), isoleucine {1), methionine (M), and valine (V) and a mutation at
R35, the mutation being an aliphatic hydrophobic residue selected from glycine (G}, alanine (A}, leucine (L), isoleucine (1},
methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at F67, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leusine (L}, isoleucine {1}, methionine (M}, and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at R71, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L}, isoleucine {I), methionine (M}, and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at F67, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L), isoleucine (1), methionine (M), and valine (V) and a
mutation at R71, the mutation being an aliphatic hydrophobic residue selected from glycine {G), alanine (A}, leucine (L),
isoleucing (1}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at L88, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, isoleucine {1}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ 1D NO: 178 and a mutation at Y92, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L}, iscleucineg {1), methionine (M}, and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO; 178 and a mutation at F67, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A}, leucine (L), isoleucine (1), methionine (M), and valine (V) and a
mutation at L88, the mutation being an aliphatic hydrophobic residue selected from glycine {G), alanine (A), isoleucine {1},
methionine (M), and valine (V) and a muiation at Y92, the mutation being an aliphatic hydrophobic residue selected from
glycine {G), alanine (A}, leucine (L), isoleucine {1}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-f comprises SEQ ID NO: 178 and a mutation at L88, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A), isoleucine (1), methionine (M), and valine (V) and a mutation at
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Y92, the mutation being an aliphatic hydrophobic residue selected from glycine (G), alanine (A), leusine (L}, isoleucine (I},
methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NG: 178 and a mutation at 195, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L), methionine (M), and valine (V) and a mutation at Y92,
the mutation being an aliphatic hydrophobic residue selected from glycine (G), alanine (A), leucine (L), isoleucine (1),
methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at N96, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A}, leucine (L), isoleucine (1), methionine (M), and valine (V) and a
mutation at Y92, the mutation being an aliphatic hydrophobic residue selected from glycine {G), alanine {4), leucine (L),
isoleucing (1}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ 1D NO: 178 and a mutation at Y92, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A), leucine (L), isoleucine (1), methionine (M), and valine (V) and a
mutation at 195, the mutation being an aliphatic hydrophobic residue selected from glycine (G), alanine (A}, leucine (L),
methionine (M), and valine {V) and a mutation at N96, the mutation being an aliphatic hydrophobic residue selected from
glycine (G}, alanine (A}, leucine (L}, isoleucineg {1}, methionine (M), and valine (V).

In some embodiments, the mufant IFN-B comprises SEQ ID NO: 178 and a mutation at K123, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leusine (L}, isoleucine {J), methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at R124, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leusine (L}, isoleucine {1}, methionine (M}, and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at K123, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L}, isoleucine (1), methionine (M), and valine (V) and a
mutation at R124, the mutation being an aliphatic hydrophobic residue selected from glycine {G), alanine (A}, leucine (L),
isoleucine (1}, methionine (M}, and valine (V).

In some embodiments, the mutant IFN-3 comprises SEQ 1D NO: 178 and a mutation at L151, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (4), isoleucine (I}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at R152, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leusine (L}, isoleucine {I}, methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comptises SEQ ID NO: 178 and a mutation at L151, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine {A), isoleucine {1), methionine (M), and valine (V) and a mutation at
R152, the mutation being an aliphatic hydrophobic residue selected from glycine (G), alanine (A), leucine (L), isoleucine {1},
methionine (M), and valine (V).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at V148, the mutation being an aliphatic
hydrophobic residue selected from glycine (G}, alanine (A}, leucine (L), isoleucine ([}, and methionine (M).

In some embodiments, the mutant IFN-B comprises SEQ ID NO: 178 and a mutation at V148, the mutation being an aliphatic
hydrophobic residue selected from glycine (G), alanine (A}, leucine (L), isoleucine (1), methionine (M), and valine (V) and a
mutation at R152, the mutation being an aliphatic hydrophobic residue selected from glycine {G), alanine (A), leucine (L),
isoleucing (1}, methionine (M), and valine (V).
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In some embodiments, the mutant IFN-p comprises SEQ 1D NO; 178 and a mutation at Y155, the mutation being an aliphatic
hydrophobic residue selecied from glycine (G), alanine (A}, leucine (L}, iscleucine {1), methionine (M), and valine (V).

In some embodiments, the present technology relates to a chimeric protein comprising: (a) a modified IFN-B, having the amine
acid sequence of SEQ ID NC: 178 and a mutation at position W22, wherein the mutation is an aliphatic hydrophobic residue;
and (b) one or more targeting moieties, said fargeting moieties comprising recognition domains which specifically bind fo
antigens or receptors of interest {(e.q., FAP), the modified IFN-B and the one or more targeting moieties are optionally
connected with one or more linkers, In some embodiments the mutation at position W22 is aliphatic hydrophobic residue is
selected from G, A, L, |, M, and V. In some embodiments the mutation at position W22 is G.

Additional illustrative IFN-B mufants are provided in PCT/EP2017/061544, the entire disclosure of which is incorporated by
reference herein.

In an embodiment, the modified signaling agent is interferon y. In such embodiments, the modified interferon v agent has
reduced affinity andfor aclivity for the interferon-gamma receplor (IFNGR), ie., IFNGR1 and IFNGR2 chains. In some
embodiments, the modified interferon v agent has substantially reduced or ablated affinity andfor activity for the interferon-
gamma receptor (IFNGRY), i.e., IFNGR1 and/or IFNGRZ chains.

In an embodiment, the modified signaling agent is consensus interferon. In some embodiments, the consensus interfsron
comprises the amino acid of SEQ 1D NO: 179,

In some embodiments, the consensus interferon is modified to have a mutation at one or more amino acids at positions 33
and/or 145-155, such as amino acid positions 145, 146, 149, 150 and/or 154, with reference fo SEQ ID NG: 179. In some
embodiments, the consensus interferon is modified fo have a mutation at one or more amine acids at positions 33 and/or 145-
155, such as amino acid positions 145, 146, 149, 150 andior 154, with reference to SEQ ID NG: 179, the substitutions
optionally being hydrophobic and selected from alanine, valing, leucine, and isoleucine. In some embodiments, the consensus
inferferon mutant comprises one or more mufations selected from R33A, R145X:, A146X2, M149A, R150A, and L154A,
wherein X is selected from A, 8, T, Y, L, and |, and wherein X; is selected from G, H, ¥, K, and D with reference to SEQ ID
NC: 179.

In an embodiment, the consensus interferon is modified to have a mutation at amino acid position 121 (e, K121}, with
reference to SEQ ID NO: 179. In an embodiment, the consensus inferferon comprises a K121E mutation, with reference to
SEQ ID NG; 179,

In an embodiment, the modified signaling agent comprises any of the consensus interferon variants as disclosed in U.S. Patent
Nos. 4,695623, 4,897 471, 5,541,293, and 8,496,921, the entire contents of all of which are hereby incorporated by reference.
For example, the consensus interferon variant may comprise the amine acid sequence of IFN-CON2 or IFN-CON3 as
disclosed in U.S. Patent Nos. 4,695,623, 4,897,471, and 5,541,293,

In some embodiments, the modified signaling agent is vascular endothelial growth factor (VEGF). VEGF is a potent growth
factor that plays major roles in physiological but also pathological angiogenesis, regulates vascular permeability and can act
as a growth factor on cells expressing VEGF receptors. Additional functions include, among others, stimulation of cell migration
in macrophage lineage and endothelial cells. Several members of the VEGF family of growth factors exist, as well as at least
three receptors (VEGFR-1, VEGFR -2, and VEGFR -3). Members of the VEGF family can bind and activate mote than one
VEGFR type. For example, VEGF-A binds VEGFR-1 and -2, while VEGF-C can bind VEGFR-2 and -3, VEGFR-1 and -2
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activation regulates angiogenesis while VEGFR-3 activation is associated with lymphangiogenesis. The major pro-angiogenic
signal is generated from activation of VEGFR-2. VEGFR-1 activation has been reported to be possibly associated with
negative role in angiogenesis. It has also baen reported that VEGFR-1 signaling is important for progression of fumors in vivo
via bone marrow-derived VEGFR-1 positive cells (confributing fo formation of premetastatic niche in the bone). Several
therapies based on VEGF-A directed/neutralizing therapeutic antibodies have been developed, primarily for use in treatment
of various human tumors relying on angiogenesis. These are not without side effects though. This may not be surprising
considering that these operate as general, non-csliftissue specific VEGFNEGFR interaction inhibitors. Hence, it would be
desirable to restrict VEGF (e.g., VEGF-A) NEGFR-2 inhibition fo specific target cells (e.¢., fumor vasculature endothelial cells).

In some embodiments, the VEGF is VEGF-A, VEGF-B, VEFG-C, VEGF-D, or VEGF-E and isoforms thereof including the
various isoforms of VEGF-A such as VEGF121, VEGF121b, VEGF145, VEGF165, VEGF165b, VEGF189, and VEGF206. In
some embodiments, the modified signaling agent has reduced affinity andfor activity for VEGFR-1 (Fii-1) and/or VEGFR-2
(KDR/Flk-1). In some embodiments, the modified signaling agent has substantially reduced or ablated affinity and/or activity
for VEGFR-1 (FIi-1) and/or VEGFR-2 {KDR/FIk-1). In an embodiment, the modified signaling agent has reduced affinity andfor
activity for VEGFR-2 (KDR/FIk-1) and/or substantially reduced or ablated affinity and/or activity for VEGFR-1 {Flt-1). Such an
embodiment finds use, for example, in wound healing methods or treatment of ischmia-related diseases (without wishing to
be bound by theory, mediated by VEGFR-2's effects on endothelial cell function and angiogenesis). In some embodiments,
binding to VEGFR-1 (FIt-1), which is linked to cancers and pro-inflammatory activities, is avoided. In some embodiments,
VEGFR-1 (FIt-1) acts a decoy receptor and therefore substanfially reduces or ablates affinity at this receptor avoids
sequesiration of the therapeutic agent. In an embodiment, the modified signaling agent has substantially reduced or ablated
affinity andfor activity for VEGFR-1 (FIt-1) and/or substantially reduced or ablated affinity and/or activity for VEGFR-2
(KDR/FIk-1). In some embodiments, the VEGF is VEGF-C or VEGF-D. In such embodiments, the modified signaling agent
has reduced affinity andfor activity for VEGFR-3. Alternatively, the modified signaling agent has substantially reduced or
ablated affinity and/or activity for VEGFR-3.

Proangiogenic therapies are also important in various diseases {a.g. ischemic heart disease, bleeding efc.), and include
VEGF-based therapeutics. Activation of VEGFR-2 is proangiogenic (acting on endothelial cells). Activation of VEFGR-1 can
cause stimulation of migration of inflammatory cells {including, for example, macrophages) and lead to inflammation
associated hypervascular permeability. Activation of VEFGR-1 can also promote bone marrow associated tumor niche
formation. Thus, VEGF based therapeutic selective for VEGFR-2 activation would be desirable in this case. In addition, cell
specific targeting, e.g. o endothelial cells, would be desirable.

In some embodiments, the modified signaling agent has reduced affinity andfor activity {e.g. antagonistic) for VEGFR-2 andfor
has substantially reduced or ablated affinity and/or activity for VEGFR-1. When targeied to tumor vasculature endothelial cells
via a targeting moiety that binds to a tumor endothelial cell marker {e.g. PSMA and others), such construct inhibits VEGFR-2
activation specifically on such marker-positive cells, while not activating VEGFR-1 en route and on farget cells {if activity
ablated), thus eliminating induction of inflammatory responses, for example. This would provide a more sslective and safe
anti-angiogenic therapy for many tumor types as compared to VEGF-A neutralizing therapies.

In some embodiments, the modified signaling agent has reduced affinity andfor activity (e.g. agonistic) for VEGFR-2 and/or
has substantially reduced or ablated affinity and/or activity for VEGFR-1. Through targeting to vascular endothelial cells, such
construct, in some embodiments, promotes angiogenesis without causing VEGFR-1 associated induction of inflammatory
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responses. Hence, such a construct would have targeted proangiogenic effects with substantially reduced risk of side effects
caused by systemic activation of VEGFR-2 as well as VEGFR-1.

In an illustrative embodiment, the modified signaling agent is VEGF165 (wild type}, which has the amino acid sequence: of
SEQID NC; 180.

In ancther illustrative embodiment, the modified signaling agent is VEGF165b {wild type), which has the amino acid sequence
of SEQ D NO: 181.

In these embodiments, the modified signaling agent has a mutation at amino acid 183 {e.g., a substitution mutation at 183,
e.¢., 183K, 183R, or 183H). Without wishing to be bound by theory, it is believed that such mutations may result in reduced
receptor binding affinity. See, for example, U.S. Patent No. 9,078,860, the entire conients of which are hereby incorporated

by reference.

In an embodiment, the modified signaling agent is TNF-a. TNF is a pleiotropic cytokine with many divarse functions, including
regulation of cell growth, differentiation, apoplosis, tumorigenesis, viral replication, autoimmunity, immune cell functions and
trafficking, inflammation, and septic shock. [t binds to two distinct membrane receptors on farget cells; TNFR1 {p55) and
TNFRZ (p75). TNFR1 exhibits a very broad expression pattern whereas TNFR2 is expressed preferentially on certain
populations of lymphocytes, Tregs, endothelial cells, certain neurons, microglia, cardiac myocytes and mesenchymal stem
cells. Very distinct biological pathways are activated in response to receptor activation, although there is also some overlap.
As a general rule, without wishing to be bound by theory, TNFR1 signaling is associated with induction of apoptosis (cell

death) and TNFR2 signaling is associated with activation of cell survival signals (e.g. activation of NFxB pathway).

Administration of TNF is systemically toxic, and this is largely due to TNFR1 engagement. However, it should be noted that
activation of TNFR2 is also associated with a broad range of activilies and, as with TNFR1, in the context of developing TNF
based therapeutics, confrol aver TNF targeting and activity is important.

In some embodiments, the modified signaling agent has reduced affinity and/or activity for TNFR1 and/or TNFR2. In some
embodiments, the modified signaling agent has substantially reduced or ablated affinity and/or activity for TNFR1 andfor
TNFR2Z. TNFR1 is expressed in most tissues, and is involved in cell death signaling while, by confrast, TNFR2 is involved in
cell survival signaling. Accordingly, in embodiments directed to methods of trealing cancer, the modified signaling agent has
reduced affinity and/or activity for TNFR1 and/or substantially reduced or ablated affinity and/or activity for TNFR2. In these
embodiments, the chimeric proteins may be targeted to a cell for which apoplosis is desired, e.g. a tumor cell or a tumor
vasculature endothelial cell. In embodiments directed to methods of promoting cell survival, for example, in neurogenesis for
the treatment of neurodegenerative disorders, the modified signaling agent has reduced affinity and/or activity for TNFR2
and/or substantially reduced or ablated affinity and/or activity for TNFR1. Stated another way, the present chimeric proteins,
in some embodiments, comprise modified TNF-a agent that allows of favoring either death or survival signals.

In some embodiments, the chimeric protein has a modified TNF having reduced affinity andfor activity for TNFR1 and/or
substantially reduced or ablated affinity and/or activity for TNFR2. Such a chimera, in some embodiments, is a more potent
inducer of apoptosis as compared to a wild type TNF and/or a chimera bearing only mufation{s) causing reduced affinity and/or
activity for TNFR1. Such a chimera, in some embodiments, finds use in inducing tumor cell death or a tumor vasculature
endothelial cell death {e.g. in the treatment of cancers). Also, in some embodiments, these chimeras avoid or reduce activation
of Treg cells via TNFR2, for example, thus, further supporting TNFR1-mediated antitumor activity in vivo.



10

15

20

25

30

35

WO 2019/152979 PCT/US2019/016629

In some embodiments, the chimeric protein has a modified TNF having reduced affinity andfor activity for TNFR2 and/or
substantially reduced or ablated affinity andfor activity for TNFR1. Such a chimera, in some embodiments, is a more potent
activator of cell survival in some cell types, which may be a specific therapeutic objective in various disease settings, including
without limitation, stimulation of neurogenesis. In addition, such a TNFR2-favoring chimeras also are useful in the treatment
of autoimmune diseases (.g. Crohn's, diabetes, M3, colitis efe. and many others described herein). In some embodiments,
the chimera is targeted to auto-reactive T cells. In some embodiments, the chimera promotes Treg cell activation and indirect
suppression of cylotoxic T cells.

In some embodiments, the chimera causes the death of auto-reactive T cells, e.g. by activation of TNFR2 and/or avoidance
of TNFR1 (e.g. a modified TNF having reduced affinity and/or activity for TNFRZ and/or substantially reduced or ablated affinity
and/or activity for TNFR1). Without wishing to be bound by theory these auto-reactive T cells, have their apoplosis/survival
signals altered .g. by NFxB pathway activity/signaling alterations. In some embodiments, the chimera causes the death of
autoreactive T cells having lesions or modifications in the NFkB pathway, which undetlie an imbalance of their cell death
{apoptosis)/survival signaling properties and, optionally, altered susceptibility to certain death-inducing signals {e.g., TNFR2
activation),

In some embodiments, a TNFR2 based chimera has additional therapeutic applications in diseases, including various
autoimmune diseases, heart disease, de-myelinating and neurodegenerative disorders, and infectious disease, among others.

In an embodiment, the wild type TNF-a has the amino acid sequencs of: SEQ 1D NO: 182.

In such embociments, the madified TNF-a agent has mutations at one or more amino acid positions 29, 31, 32, 84, 85, 86,
87, 88, 89, 145, 146 and 147, which produces a modified TNF-a with reduced receptor binding affinity. See, for example, U.S.
Patent No. 7,993,636, the entire contents of which are hereby incorporated by reference.

In some embodiments, the modified human TNF-a moiety has mutations at one or more amino acid positions R32, N34, Q67,
H73, L75, T77, $86, Y87, V91, 197, T105, P106, A108, P113, Y115, E127, N137, D143, A145, and E146, as described, for
example, in WO/2015/007903, the entire contents of which is hereby incorporated by reference {numbering according to the
human TNF sequence, Genbank accession number BAG70306, version BAG70306.1 Gl: 197692685). In some embodiments,
the modified human TNF-or moiety has substitution mutations selected from L2938, R32G, R32W, N34G, Q67G, H73G, L75G,
L75A, L75S, T77A, S86G, S86T, Y87Q, Y87L, Y87A, Y87F, Y87H, VO1G, VI1A, 197A, 197Q, 1978, T105G, P106G, A109Y,
P113G, Y115G, Y1154, E127G, N137G, D143N, A145G, A145R, A145T, E146D, E146K, and S147D. In an embodiment, the
human TNF-a moiety has a mutation selected from Y87Q, Y87L, Y87A, Y87F, and Y87H. In another embodiment, the human
TNF-a moiety has a mutation selected from 197A, 197Q, and 1978. [n a further embodiment, the human TNF-a moiety has a
mutation selected from Y115A and Y115G. In an embodiment, the human TNF-a moiety has an E146K mutation. In an
embodiment, the human TNF-a moiety has an Y87H and an E146K mutation. In an embodiment, the human TNF-a moiety
has an Y87H and an A145R mufation. In an embodiment, the human TNF-a moiety has a R32W and a 86T mutation. In an
embodiment, the human TNF-a moiety has a R32W and an E146K mutation. In an embodiment, the human TNF-a moiety
has a L298 and a R32W mutation. In an embodiment, the human TNF-a moiety has a D143N and an A145R mutation. In an
embodiment, the human TNF-a moiety has a D143N and an A145R mutation. In an embodiment, the human TNF-a moiety
has an A145T, an E146D, and a $147D mutation. In an embodiment, the human TNF-a moiety has an A145T and a $147D
mutation.
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In some embodiments, the modified TNF-ar agent has one or more mutations selected from N39Y, $147Y, and Y87H, as
described in WO 2008/124086, the entire contents of which is heraby incorporated by reference.

In some embodiments, the modified human TNF-a moiety has mulations that provide receptor selectivity as described in
PCT/IB2016/001668, the entire contents of which are hereby incorporated by reference. In some embodiments, the mutations
fo TNF are TNF-R1 selective. In some embodiments, the mutations to TNF which are TNF-R1 selective are at one or more of
positions R32, $86, and E146. In some embodiments, the mutations to TNF which are TNF-R1 selective are one or more of
R32W, 86T, and E146K. In some embadiments, the mutations to TNF which are TNF-R1 selective are one or more of R32W,
R3I2W/SBBT, R32W/E146K and E146K. In some embodiments, the mufations to TNF are TNF-R2 selective. In some
embodiments, the mutations to TNF which are TNF-R2 selective are at one or more of positions A145, E146, and S147. In
some embodiments, the mutations to TNF which are TNF-R2 selective are one or more of A145T, A145R, E146D, and $147D.
In some embodiments, the mutations to TNF which are TNF-R2 selective are one or more of A145R, A145T/5147D, and
A145T/E146D/S 147D.

In some embodiments, the modified signaling agent is TNF-B. TNF-§ forms a homotrimer or a heferotrimer with LT- B (LT-
alB2). In some embodiments, the madified signaling agent has substantially reduced or ablated affinity and/or activity for
TNFR1 andfor TNFR2 andfor herpes virus entry mediator (HEVM) and/or LT-BR.

In an embodiment, the wild type TNF-B has the amino acid sequence of: SEQ ID NO: 183.

In such embodiments, the modified soluble agent may comprise mutations at one or more amino acids at positions 106-113,
which produce a modified TNF- with reduced receptor binding affinity to TNFR2. In an embodiment, the modified soluble
agent has one or more substitution mutations at amino acid positions 106-113. In some embodiments, the substitution
mutations are selected from Q107E, Q1070, S106E, $106D, Q107R, Q107N, Q107E/S106E, Q107E/8106D, Q107D/S106E,
and Q107D/5106D. In another embodiment, the modified soluble agent has an insertion of about 1 to about 3 amino acids at

positions 106-113.

In some embodiments, the modified agent is a TNF family member {e.g. TNF-alpha, TNF-beta}, which can be a single chain
trimeric version as described in WO 2015/007903, the entire contents of which are incarporated by reference.

In some embodiments, the modified agent is a TNF family member (e.g. TNF-alpha, TNF-beta), which has reduced affinity
and/or activity, .e. antagonistic activity {e.g. natural antagonistic activity or antagonistic activity that is the resulf of one or more
mutations, see, e.g., WO 2015/007520, the entire contents of which are hereby incorporated by reference) at TNFR1. In these
embodiments, the modified agent is a TNF family member (8.¢. TNF-alpha, TNF-beta}, which also, optionally, has substantially
reduced or ablated affinity and/or activity for TNFR2. In some embodiments, the modified agent is a TNF family member (e.g.
TNF-alpha, TNF-beta) which has reduced affinity and/or activity, /.e. antagonistic activity (e.¢. natural antagonistic activity or
antagonistic activity that is the result of one or more mutations, see, e.g., WO 2015007520, the entire contents of which are
hereby incorporated by reference) at TNFR2. In these embodiments, the modified agent is a TNF family member {e.g. TNF-
alpha, TNF-beta) which also, optionally, has substaniially reduced or ablated affinity and/or activity for TNFR1. The constructs
of such embodiments find use in, for example, methods of dampening TNF respanse in a cell specific manner. In some
embodiments, the antagonistic TNF family member (e.g. TNF-alpha, TNF-beta) is a single chain timeric version as described
in WO 2015/007903.

In an embodiment, the modified signaling agent is TRAIL. In some embodiments, the modified TRAIL agent has reduced
affinity andfor activity for CR4 [TRAIL-RI) and/or DR5 (TRAIL-RIl} andfor DeR1 andfor DeR2. In some embodiments, the
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modified TRAIL agent has substantially reduced or ablated affinity and/or activity for DR4 (TRAIL-RI} and/or DR5 (TRAIL-RII)
and/or DeR1 and/or DeR2.

In an embodiment, the wild type TRAIL has the amino acid sequence of: SEQ 1D NC: 184,

In such embodiments, the modified TRAIL agent may comprise a mutation at amino acid positions T127-R132, E144-R149,
E155-H161, Y189-Y209, T214-1220, K224-A226, W231, E236-L239, E249-K251, T261-H264 and H270-E271 (Numbering
based on the human sequence, Genbank accession number NP _003801, version 10 NP _003801.1, Gl 4507593; see

above).

In some embodiments, the modified TRAIL agent may comprise one or more mutations that sustantially reduce its affinity
and/or activity for TRAIL-R1. In such embodiments, the modified TRAIL agent may specifically bind to TRIL-R2. lllustrative
muiations include mutations at one or more amino acid positions Y189, R191, Q193, H264, 1266, and D267. For example,
the mutations may be one or more of Y189Q, R191K, Q153R, H264R, 1266L and D267Q. In an embodiment, the modified
TRAIL agent comprises the mutations Y189Q, R191K, Q193R, H264R, 1266L and D267Q.

In some embodiments, the modified TRAIL agent may comprise one or more mutations that substantially reduce its affinity
and/or activity for TRAIL-R2. In such embodiments, the modified TRAIL agent may specifically bind to TRIL-R1. lllustrative
mutations include muiations at one or more amino acid positions G131, R149, 8159, N199, K201, and 5215. For example,
the mutations may be one or more of G131R, R1491, $159R, N139R, K201H, and $2150. | n an embodiment, the modified
TRAIL agent comprises the mutations G131R, R1491, S159R, N199R, K201H, and $215D. Additional TRAIL mutations are
described in, for example, Trebing et af., {2014) Cell Death and Disease, 51035, the entire disclosure of which is hereby

incorporated by reference.

In some embodiments, the modified signaling agent is TGFa. In such embodiments, the modified TGFa agent has reduced
affinity and/or activity for the epidermal growth factor receptor (EGFR]. In some embodiments, the modified TGFa agent has
substantially reduced or ablated affinity and/or activity for the epidermal growth factor receptor (EGFR).

In some embodiments, the modified signaling agent is TGFP. In such embodiments, the modified sighaling agent has reduced
affinity andfor activity for TGFBR1 andfor TGFBR2. In some embodiments, the modified signaling agent has substantially
reduced or ablated affinity and/or aclivity for TGFBR1 andfor TGFBR2. In some embodiments, the modified signaling agent
optionally has reduced or substantially reduced or ablated affinity and/or activity for TGFBR3 which, without wishing to be
bound by theory, may act as a reservoir of ligand for TGF-beta receplors. In some embodiments, the TGF favors TGFBR1
over TGFBR2 or TGFBR2 over TGFBR1. Similarly, LAP, without wishing to be bound by theory, may act as a reservoir of
ligand for TGF-beta receptors. In some embodiments, the modified signaling agent has reduced affinity and/or activity for
TGFBR1 andior TGFBR2 and/or substantially reduced or ablated affinity and/or activity for Latency Associated Peptide (LAP).
In some embodiments, such chimeras find use in Camurati-Engelmann disease, or other diseases associated with

inappropriate TGF signaling.

In some embodiments, the modified agent is a TGF family member (e.g. TGFa, TGFp), which has reduced affinity and/or
activity, i.e. antagonistic activity (2.¢. natural antagonistic activity or antagonistic activity that is the result of one or more
mutafions, see, e.¢., WO 2015/007520, the entire contents of which are hereby incorporated by reference) at one or more of
TGFBR1, TGFBR2, TGFBR3. In these embodiments, the modified agent is a TGF family member {e.g. TGFa, TGFp) which
also, optionally, has substantially reduced or ablated affinity and/or activity at one or more of TGFBR1, TGFBR2, TGFBR3.
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In some embodiments, the modified agent is a TGF family member (e.g. TGFa, TGFB) which has reduced affinity and/or
activity, i.e. antagonistic activity (e.g. natural anfagonistic activity or antagonistic activity that is the result of one or more
mutations, see, a.g., WO 2015/007520, the entire contents of which are hereby incorporated by reference) at TGFBR1 andfor
TGFBR2. In these embodiments, the modified agent is a TGF family member (e.g. TGFa, TGFp) which also, optionally, has
substanfially reduced or ablated affinity and/or activity at TGFBR3,

In some embodiments, the modified signaling agent is an interleukin. In an embodiment, the modified signaling agent is IL-1.
In some embodiments, the modified signaling agentis IL-1a or IL-1p. In some embodiments, the modified signaling agent has
reduced affinity andfor activity for IL-1R1 andior IL-1RAGP. In some embodiments, the modified signaling agent has
substantially reduced or ablated affinity andfor activity for IL-1R1 andfor IL-1RAGP.

In some embodiments, the modified signaling agent has reduced affinity and/or activity for IL-1R2. In some embodiments, the
modified signaling agent has substantially reduced or ablated affinity and/or activity for IL-1R2. For instance, in some
embodiments, the present modified IL-1 agents avoid interaction at IL-1R2 and therefore substantially reduce its function as
a decoy andfor sink for therapeutic agents.

In an embodiment, the wild type IL-1B has the amino acid sequence of: SEQ ID NO: 185.

IL1 is a proinflammatory cytokine and an important immune system regulator. Itis a potent activator of CD4 T cell responses,
increases proportion of Th17 cells and expansion of IFNy and IL-4 producing cells. IL-1 is also a potent regulator of CD8+ T
cells, enhancing antigen-specific CD8+ T cell expansion, differentiation, migration fo periphery and memory. IL-1 receptors
comprise IL-1R1 and IL-1R2. Binding to and signaling through the IL-1R1 constitutes the mechanism whereby IL-1 mediates
many of its biological {and pathological) activities. IL1-R2 can function as a decoy receptor, thereby reducing IL-1 availability
for interaction and signaling through the IL-1R1.

In some embodiments, the modified IL-1 has reduced affinity and/or activity (e.g. agonistic activity) for IL-1R1. In some
embodiments, the modified IL-1 has substantially reduced or ablated affinity and/or activity for IL-1R2. In such embodiments,
there is restorable IL-1/ IL-1R1 signaling and prevention of loss of therapeutic chimeras at IL-R2 and therefore a reduction in
dose of IL-1 that is required (e.g. relative to wild type or a chimera bearing only an atienuation mutation for IL-R1). Such
constructs find use in, for example, methods of treating cancer, including, for example, stimulating the immune system to

mount an anti-cancer response.

In some embodiments, the modified IL-1 has reduced affinity and/or activity (e.g. antagonistic activity, e.g. natural antagonistic
activity or antagonistic activity that is the result of one or more mutations, ses, e.g., WO 2015/007520, the entire contents of
which are hereby incorporated by reference) for IL-1R1. In some embodiments, the modified IL-1 has substantially reduced
or ablated affinity and/or activity for IL-1R2. In such embodiments, there is the IL-1/ IL-1R1 signaling is not restorable and
prevention of loss of therapeulic chimeras at IL-R2 and therefore a reduction in dose of IL-1 that is required {e.g. relative to
wild type or a chimera bearing only an attenuation mutation for IL-R1). Such constructs find use in, for example, methods of
treating autoimmune diseases, including, for example, suppressing the immune system.

In such embodiments, the modified signaling agent has a deletion of amino acids 52-54 which produces a modified human IL-
1B with reduced binding affinity for type | IL-1R and reduced biological activily. See, for example, WO 1994/000491, the entire
contents of which are hersby incorporated by reference. In some embodiments, the modified human IL-1p has one or more
substitution mutations selected from A117G/P118G, R120X, L122A, T125GAL126G, R127G, Q130X, Q131G, K132A,
S137G/Q138Y, L145G, H146X, L145A/L147A, Q148X, Q148G/Q150G, Q150G/D151A, M152G, F1624, F162A/Q164E,
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F166A, Q164AE/E167K, N169G/ID170G, 11724, V174A, K208E, K209X, K20SA/K210A, K219X, E221X, E221 S/N224A,
N2245/K2255, E244K, N245Q (where X can be any change in amino acid, 8.¢., a non-conservative change), which exhibit
reduced binding to IL-1R, as described, for example, in WO 2015/007542 and WO/2015/007536, the entire contents of which
is hereby incorporated by reference (numbering base on the human IL-1p sequence, Genbank aceession number NP_000567,
version NP-000567.1 , Gl: 10835145). In some embodiments, the modified human IL-1p may have one or more mutations
selected from R120A, R120G, Q130A, Q130W, H146A, H146G, H146E, H146N, H146R, Q148E, Q148G, Q148L, K209A,
K209D, K219S, K219Q, E221S and E221K. In an embodiment, the medified human IL-1B comprises the mutations Q131G
and Q148G. In an embodiment, the modified human IL-1B comprises the mutations Q148G and K208E. In an embodiment,
the modified human IL-1p comprises the mutations R120G and Q131G. In an embodiment, the modified human IL-1p
comprises the mutations R120G and H146A. In an embodiment, the modified human IL-1B comprises the mutations R120G
and H146N. In an embodiment, the modified human IL-1 comprises the mutations R120G and H146R. In an embodiment,
the modified human IL-1B comprises the mutations R120G and H146E. In an embodiment, the modified human IL-1j
comprises the mutations R120G and H146(G. In an embodiment, the modified human IL-1p comprises the mutations R120G
and K208E. In an embodiment, the modified human IL-1B comprises the mutations R120G, F162A, and Q164E.

In some embodiments, the modified signaling agent is IL-2. In such an embodiment, the modified signaling agent has reduced
affinity and/or activity for IL-2Ra andfor IL-2R[ and/or IL-2Ry. In some embadiments, the modified signaling agent has reduced
affinity and/or activity for IL-2Rp andfor IL-2Ry. In some embodiments, the modified signaling agent has substantially reduced
or ablated affinity and/or activity for IL-2Ra. Such embodiments may be relevant for treatment of cancer, for instance when
the modified IL-2 is agonistic at IL-2R and/or IL-2Ry. For instance, the present constructs may favor attenuated activation of
CD8+T cells {which can provide an anti-tumor effect), which have IL2 receptors B and y and disfavor Tregs (which can provide
an immune suppressive, pro-tumor effect), which have IL2 recepiors ¢, B, and y. Further, in some embodiments, the
preference for IL-2Rp and/or IL-2Ry over IL-2Ra avoids IL-2 side effects such as pulmonary edema, Also, IL-2-based chimeras
are useful for the treatment of autoimmune diseases, for instance when the modified IL-2 is antagonistic {e.g. natural
antagonistic activity or antagonistic activity that is the result of one or more mutations, see, e.g., WO 2015/007520, the entire
contents of which are hereby incorporated by reference) at IL-2RB andfor IL-2Ry. For instance, the present constructs may
favor attenuated suppression of CD8+ T cells {and therefore dampen the immune response), which have IL2 receptors p and
v and disfavor Tregs which have IL2 receptors a, B, and v. Alternatively, in some embodiments, the chimeras bearing IL-2
favor the activation of Tregs, and therefore immune suppression, and activation of disfavor of CD8+ T cells. For instance,
these constructs find use in the treatment of diseases or diseases that would benefit from immune suppression, e.g.

autoimmune disorders.

In some embodiments, the chimeric protein has fargeting moieties as described herein directed to FAP+ dendritic cells as well
as a modified IL-2 agent having reduced affinity and/or activity for IL-2Rp, and/or IL-2R y and/or substantially reduced or
ablated affinity and/or activity for IL-2Ra. In some embodiments, these constructs provide targeted FAP+ dendritic cell activity
and are generally inactive (or have substantially reduced activity) fowards Treg cells. In some embodiments, such constructs
have enhanced immune stimulatory effect compared to wild type IL-2 {e.g., without wishing fo be bound by theory, by not
stimulating Tregs), whilst eliminating or reduging the systemic toxicity associated with IL-2.

In some embodiments, the wild type IL-2 has the amino acid sequence of: SEQ ID NO: 186.



10

15

20

25

30

35

WO 2019/152979 PCT/US2019/016629

In such embodiments, the medified IL-2 agent has one or more mutations at amine acids L72 (L72G, L72A, L725, L72T, L72Q,
L72E, L72N, L72D, L72R, or L72K), F42 (F42A, F42G, F428, FA2T, F42Q, FA2E, F42N, F42D, FA2R, or F42K) and Y45
(Y454, Y45G, Y45S, Y45T, Y45Q, Y45E, Y45N, Y45D, Y45R or Y45K). Without wishing to be bound by theory, it is believed
that these modified IL-2 agents have reduced affinity for the high-affinity IL-2 receptor and preserves affinity to the
intermediate-affinity IL-2 receptor, as compared to the wild-type IL-2. See, for example, US Patent Publication No.
201210244112, the entire contents of which are hereby incorporated by reference.

In some embodiments, the modified IL-2 agent has one or more mutations at amino acids R38, F42, Y45, and E62. For
example, the modified IL-2 agent may comprise one or more of R38A, F42A, Y45A, and EG2A. In some embodiments, the
modified IL-2 agent may comprise a mutation at C125. For example, the mutation may be C125S. In such embodiments, the
modified IL-2 agent may have substantially reduced affinity andfor activity for IL-2Ra, as describedin, for example, Carmenate
et al {2013) The Journal of Immunology, 190:6230-6238, the entire disclosure of which is hereby incomporated by reference.
In some embodiments, the modified IL-2 agent with mutations at R38, F42, Y45, and/or E62 is able to induce an expansion
of effector cells including CD8+ T cells and NK cells but not Treg cells. In some embodiments, the modified IL-2 agent with
mutations at R38, F42, Y45, and/or E62 is less toxic than wildtype IL-2 agents. A chimeric protein comprising the modified IL-
2 agent with substantially reduced affinity andfor activity for IL-2Ra may find application in oncology for example.

In other embodiments, the modified IL-2 agent may have substantially reduced affinity and/or activity for IL-2Rp, as described
in, for example, WO 2016/025385, the entire disclosure of which is hereby incorporated by reference. In such embodiments,
the modified IL-2 agent may induce an expansio of Treg cells but not effector cells such as CD8+ T cells and NK cells. A
chimetic protein comprising the modified IL-2 agent with substantially reduced affinity and/or activity for IL-2RB may find
application in the freatment of autoimmune disease for example. In some embodiments, the modified IL-2 agent may comprise
one of more mutations at amino acids N88, D20, and/or A126. For example, the modified IL-2 agent may comprise one or
more of NBBR, N881, N88G, D2CH, Q126L, and Q126F.

In some embodiments, the modified IL-2 agent may comprise a mutation at D109 or C125. For exampls, the mutation may be
D109C or C1258. In some embodiments, the modified IL-2 with a mutation at D109 or C125 may be utilized for attachment to
a PEG moiely.

In some embodiments, the modified signaling agent is IL-3. In some embodiments, the modified signaling agent has reduced
affinity andior activity for the IL-3 receptor, which is a heterodimer with a unique alpha chain paired with the common beta
(beta ¢ or CD131) subunit. In some embodiments, the modified signaling agent has substantially reduced or ablated affinity
and/or activity for the IL-3 receptor, which is a heterodimer with a unique alpha chain paired with the common beta (beta ¢ or
CD131) subunit.

In some embodiments, the modified signaling agent is IL-4. In such an embodiment, the modified signaling agent has reduced
affinity andfor activity for type 1 and/or type 2 IL-4 receptors. In such an embodiment, the modified signaling agent has
substantially reduced or ablated affinity andfor activity for type 1 and/or type 2 IL-4 receptors. Type 1 IL-4 receptors are
composed of the IL-4Ra subunit with a common v chain and specifically bind IL-4. Type 2 IL-4 recepiors include an IL-4Ra
subunit bound to a different subunit known as IL-13Ra1. In some embodiments, the modified signaling agent has substantially
reduced or ablated affinity and/or activity the type 2 IL-4 receptors,

In some embodiments, the wild type IL-4 has the amino acid sequence of: SEQ ID NO: 187.
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In such embodiments, the modified IL-4 agent has one or more mutations at amino acids R121 (R1214, R121D, R121E,
R121F, R121H, R121l, R121K, R121N, R121P, R121T, R121W), E122 (E122F), Y124 (Y124A, Y124Q, Y124R, Y124S,
Y124T), and 5125 (8126A). Without wishing to be bound by theory, it is believed that these modified IL-4 agents maintain the
activity mediated by the type | receptor, but significantly reduces the biological activity mediated by the other receplors. See,
for example, US Patent No. 6,433,157, the entire contents of which are hereby incorporated by reference.

In some embodiments, the modified signaling agent is IL-6. IL-6 signals through a cell-surface type | cytokine receptor complex
including the ligand-binding IL-6R chain (CD126), and the signal-transducing component gp130. IL-6 may also bind to a
soluble form of IL-6R (sIL-6R), which is the extracellular portion of IL-6R. The sIL-6RAL-6 complex may be involved in neurites
outgrowth and survival of neurons and, hence, may be important in nerve regeneration through remyelination. Accordingly, in
some smbodiments, the modified sighaling agent has reduced affinity andfor activity for IL-6R/gp130 andfor sIL-6R. In some
embodiments, the modified signaling agent has substantially reduced or ablated affinity and/or activity for IL-6R/gp130 and/or
slL-6R.

In some ermbodiments, the wild type IL-6 has the amino acid sequence of SEQ ID NO; 188,

In such embodiments, the modified signaling agent has one or more mutations at amino acids 58, 160, 163, 171 or 177.
Without wishing to be bound by theoty, itis believed that these modified IL-6 agents exhibit reduced binding affinity to IL-6R-
alpha and reduced biological activity. See, for example, WO 97/10338, the entire contents of which are hereby incorporated

by reference.

In some embodiments, the modified signaling agentis IL-10. In such an embodiment, the modified signaling agent has reduced
affinity andfor activity for IL-10 receptor-1 and IL-10 receptor-2. In some embodiments, the modified signaling agent has
substantially reduced or ablated affinity anci/or activity for IL-10 receptor-1 and IL-10 recepior-2

In some embodiments, the modified signaling agentis IL-11. In such an embodiment, the modified signaling agent has reduced
affinity ancior activity for IL-11Ra andfor IL-11Rp andfor gp130. In such an embodiment, the modified signaling agent has
substantially reduced or ablaied affinity and/or activity for IL-11Ra andfor IL-11Rp and/or gp130.

In some embodiments, the modified signaling agentis IL-12. In such an embodiment, the modified signaling agent has reduced
affinity and/or activity for IL-12RB1 and/or IL-12RpB2. | n such an embodiment, the modified signaling agent has substantially
reduced or ablated affinity and/or activity for IL-12R[B1 andfor IL-12Rp2.

In some embodiments, the modified signaling agentis IL-13. In such an embodiment, the modified signaling agent has reduced
affinity and/or activity for the IL-4 receptor {IL-4Ra) and IL-13Ra1. In some embodiments, the modified signaling agent has
substantially reduced or ablated affinity ancior activity for IL-4 receptor {IL-4Ra) or IL-13Ra1.

In some embodiments, the wild type IL-13 has the amino acid sequence: SEQ ID NO: 189.

In such embodiments, the modified IL-13 agent has one or more mutations at amino acids 13, 16, 17, 66, 69, 99, 102, 104,
105, 106, 107, 108, 109, 112, 113 and 114. Without wishing to be bound by theory, it is believed that thesse modified IL-13
agents exhibit reduced biclogical activity. See, for example, WO 2002/018422, the entire contents of which are hereby

incorporated by reference,

In some embodiments, the modified sighaling agent is IL-18. In some embodiments, the modified signaling agent has reduced
affinity and/or activity for IL-18Ra andfor IL-18RB. In some embodiments, the modified signaling agent has substantially
reduced or ablated affinity and/or activity for IL-18Ra and/or IL-18RB. In some embediments, the modified signaling agent has
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substantially reduced or ablated affinity and/or activity for IL-18Ra type [I, which is an isoform of IL-18Ra that lacks the TIR
domain required for signaling.

In some embodiments, the wild type IL-18 has the amino acid sequence: SEQ D NO: 190,

In such embodiments, the modified IL-18 agent may comprise one or more mutations in amino acids or amino acid regions
selecied from Y37-K44, R49-Q54, D58-R63, E67-C74, R8D, MB7-A97, N 27-K129, (1139-M148, K165-K171, R183 and Q190-
N191, as described in WOR015/007542, the entire contents of which are hereby incorporated by reference (numbering based
on the human IL-18 sequence, Genbank accession number AAV38697, version AAV38697 1, Gl: 54696650).

In some embodiments, the modified sighaling agent is IL-33. In such an embodiment, the modified signaling agent has reduced
affinity andfor activity for the ST-2 receplor and IL-1RAcP. In some embodiments, the modified signaling agent has
substantially reduced or ablated affinity and/or activity for the ST-2 recepfor and IL-1RACP.

In some embodiments, the wild type IL-33 has the amino acid sequence of: SEQ ID NO: 191.

In such embodiments, the modified IL-33 agent may comprise one or more mutations in amino acids or amino acid regions
selected from 1113-Y122, 5127-E139, E144-D157, Y163-M183, E200, Q215, L220-C227 and T260-E269, as described in
WO/2015/007542, the entire contents of which are hereby incorporated by reference (numbering based on the human
sequence, Genbank accession number NP_254274, version NP_264274.1, GI:15559209),

In some embodiments, the modified signaling agent is epidermal growth factor (EGF). EGF is a member of a family of potent
growth factors. Members include EGF, HB-EGF, and others such as TGFalpha, amphiregulin, neureguling, epiregulin,
betacellulin, EGF family receptors include EGFR (ErbB1), ErbB2, ErhB3 and ErbB4. These may function as homodimeric and
for heterodimeric recepior subtypes. The different EGF family members exhibit differential selectivity for the various receptor
subtypss. For example, EGF associates with EbB1/EibB1, ErbB1/EbB2, EbB4/EbB2 and some other heterodimeric
subtypes. HB-EGF has a similar pattern, although it also associates with ErbB4/4. Modulation of EGF (EGF-like) growth factor
signaling, positively or negatively, is of considerable therapeutic interest. For example, inhibition of EGFRs signaling is of
interest in the treatment of various cancers where EGFR signaling constitutes a major growth promoting signal. Alternatively,
stimulation of EGFRs signaling is of therapsutic interest in, for example, promoting wound healing {acute and chronic), oral
mucositis (@ major side-effect of various cancer therapies, including, without limitation radiation therapy).

In some embodiments, the modified signaling agent has reduced affinity andfor activity for ErbB1, EbB2, ErbB3, andfor ErbB4.
Such embodiments find use, for example, in methods of treating wounds. In some embodiments, the modified signaling agent
binds fo one or more ErbB1, ErbB2, ErbB3, and ErbB4 and antagonizes the activity of the receptor. In such embodiments, the
modified signaling agent has reduced affinity andfor activity for ErbB1, EbB2, ErbB3, and/or ErbB4 which allows for the acfivity
of the receplor to be antagonized in an attenuated fashion. Such embodiments find use in, for example, treatments of cancer.
In an embodiment, the modified signaling agent has reduced affinity andfor activity for EoB1. ErbB1 is the therapeutic target
of kinase inhibitors most have side effects because they are not very selective (e.g., gefitinib, erlotinib, afatinib, brigatinib and
icotinib). In some embodiments, atienuated anfagonistic EbB1 signaling is more on-target and has less side effects than other
agents targeting receplors for EGF.

In some embodiments, the modified signaling agent has reduced affinity andfor activity (e.g. antagonistic e.g. natural
antagonistic activity or antagonistic activity that is the result of one or more mutations, see, e.g., WO 2015/007520, the entire
contents of which are hereby incorporated by reference) for ErbB1 and/or substantially reduced or ablated affinity andfor
activity for EibB4 or other subtypes it may interact with. Through specific targeting via the fargeting moiety, cell-selective
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suppression {antagonism e.g. natural antagonistic activity or antagonistic activity that is the result of one or mare mutations,
sea, a.¢., WO 20150007520, the entire contents of which are hereby incorporated by reference) of ErbB1/ErbB1 receplor
activation would be achieved while not engaging other receptor subtypes potentially associated with inhibition-associated side
effects. Hence, in contrast fo EGFR kinase inhibitors, which inhibit EGFR activity in all cell types in the body, such a construct
would provide a cell-selective (e.g., tumor cell with activated EGFR signaling due to amplification of receplor, overexpression
efc.) anti-EGFR (ErbB1) drug effect with reduced side effects.

In some embodiments, the modified signaling agent has reduced affinity and/or activity (e.g. agonistic) for EbB4 and/or other
subtypes it may interact with. Through targeting fo specific target cells through the fargeting moiety, a selective activation of
ErbB1 signaling is achieved (e.q. epithelial cells). Such a construct finds use, in some embodiments, in the freatment of
wounds (promoting would healing) with reduced side effects, aspecially for treatment of chronic conditions and application
other than fopical application of a therapeutic (e.g. systemic wound healing).

In an embodiment, the modified signaling agent is insulin or insulin analogs. In some embodiments, the modified insulin or
insulin analog has reduced affinity andfor activity for the insulin receptor andfor IGF1 or IGF2 receptor. In some embodiments,
the modified insulin or insulin analog has substantially reduced or ablated affinity and/or activity for the insulin receptor andfor
IGF1 or IGF2 receptor. Aftenuated response at the insulin receptor allows for the control of diabetes, obesity, metabolic
disorders and the like while directing away from IGF1 or IGF2 receptor avoids pro-cancer effects.

In an embodiment, the modified signaling agent is insulin-like growth factor-1 or insulin-like growth factor-ll (IGF-1 or IGF-2).
In an embodiment, the modified signaling agent is IGF-1. In such an embodiment, the modified signaling agent has reduced
affinity andfor activity for the insulin receptor andfor IGF1 receptor. In an embodiment, the modified signaling agent may bind
to the IGF1 receptor and antagonize the activity of the recepior. In such an embodiment, the modified signaling agent has
reduced affinity andfor activity for IGF1 recepior which allows for the activity of the receptor to be antagonizedin an aftenuated
fashion. In some embodiments, the modified signaling agent has substantially reduced or ablated affinity and/or activity for
the insulin receptor and/or IGF1 receptor. In some embodiments, the modified signaling agent has reduced affinity andfor
activity for IGF2 receptor which allows for the aciivity of the receplor to be antagonized in an attenuated fashion. In an
embodiment, the modified signaling agent has substantially reduced or ablated affinity andfor activity for the insulin receptor
and accordingly does not interfere with insulin signaling. In some embodiments, this applies to cancer treatment. In some
embodiments, the present agents may prevent IR isoform A from causing resistance to cancer treatments.

In an embodiment, the modified signaling agent is EPO. In various embodiments, the modified EPO agent has reduced affinity
and/or activity for the EPO receptor (EPOR) receptor andfor the ephrin receptor (EphR) relative to wild type EPO or other
EPO based agents described herein. [n some embodiments, the modified EPO agent has substantially reduced or ablated
affinity and/or acfivity for the EPO receplor (EPOR) receptor andfor the Eph receplor (EphRY). llustrative EPO receptors
include, but are not limited to, an EPOR homodimer or an EPGR/CD131 heterodimer. Also included as an EPO receptor is
beta-common receptor (BeR). lllustrative Eph receptors include, but are not limited to, EPHA1, EPHAZ, EPHA3, EPHA4,
EPHAS, EPHAG, EPHA7, EPHA8, EPHAS, EPHA10, EPHB1, EPHB2, EPHB3, EPHB4, EPHBS5, and EPHBE. In some
embodiments, the modified EPO protein comprises one or more mutations that cause the EPO proiein to have reduced affinity
for receptors that comprise one or more different EPO receplors or Eph receptors {e.g., heterodimer, heterotrimers, efc.,
including by way of non-limitation: EPOR-EPHB4, EPOR- BeR-EPOR). Also provided are the receptors of EP Patent
Publication No. 2492355 the entire contents of which are hereby incorporated by reference, including by way of non-limitation,
NEPCRs.
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The struciure of the human EPC protein is predicted to comprise four-helix bundles including helices A, B, C, and D. In various
embodiments, the modified EPO protsin comprises one or more mutations located in four regions of the EPO protein which
are important for bioactivity, ie., amino acid residues 10-20, 44-51, 96-108, and 142-156. In some embodiments, the one or
more muiations are located at residues 11-15, 44-51, 100-108, and 147-151. These residues are localized to helix A (Val11,
Arg14, and Tyr15), belix C (Ser100, Arg103, Ser104, and Leu108), helix D {Asn147, Arg150, Gly151, and Leu155), and the
A/B connecting loop (residues 42-51). In some embodiments, the modified EPO protein comprises mutations in residues
between amino acids 41-52 and amino acids 147, 150, 151, and 155. Without wishing 1o be bound by theory, it is believed
that mutations of these residues have substantial effects on both recepior binding and in vitro biological activity. In some
embodiments, the modified EPC protein comprises mutafions at residues 11, 14, 15, 100, 103, 104, and 108, Without wishing
to be bound by theory, it is believed that mutations of these residues have modest effects on receplor binding activity and
much greater effects on in vitro biological activity. lllustrative substitutions include, but are not limited to, one or more of
Vall18er, Arg14Ala, Argi4Gin, Tyr15lle, Prod2Asn, Thrddlle, Lysd45Asp, Vald6Ala, TyrS1Phe, Sert00GIu, Ser100Thr,
Arg103Ala, Ser104lle, Ser104Ala, Leu108Lys, Asn147Lys, Arg150Ala, Gly151Ala, and Leu155Ala.

In some embodiments, the modified EPO protein comprises mutations that effect bioactivity and not binding, .¢., those listed
in Eliot, et al. Mapping of the Active Site of Recombinant Human Erythropoietin January 15, 1997, Blood: 89 (2), the entire
conlents of which are hereby incorporated by reference.

In some embodiments, the modified EPO protein comprises one or more mutations involving surface residues of the EPC
protein which are involved in receptor contact. Without wishing to be bound by theory, it is believed that mutations of these
surface residues are less likely fo affect protein folding thereby retaining some biological activity. lllustrative surface residues
that may be mutated include, but are not limited to, residues 147 and 150. In illustrative embodiments, the mutations are
substitutions including, one or more of N147A, N147K, R150A and R150E.

In some embodiments, the modified EPO protein comprises one or more mutations at residues N59, E62, L67, and L70, and
one or more mutations that affect disulfide bond formation. Without wishing to be bound by theoty, it is believed that these
mutations affect folding and/or are predicted be in buried positions and thus affects biclogical activity indirectly.

In an embodiment, the modified EPO protsin comprises a K20E substitution which significantly reduces receptor binding. See
Ellioft, et al, (1997) Blood, 89:493-502, the entire contents of which are hereby incorporated by reference.

Additional EPO mutations that may be incorporated into the chimeric EPO protein of the invention are disclosed in, for
example, Elliott, et al., (1997) Blood, 85:493-502, the entire contents of which are hereby incorporated by reference and Taylor
et al,, {2010} PEDS, 23({4). 251-260, the entire contents of which are hereby incorporated by reference.

In one embodiment, the present chimeric protein has (i) a targeling moisty against FAP and (i) a fargeting moiety which is
directed against a tumor cell, along with any of the modified or mutant signaling agents described hergin. In an embodiment,
the present chimeric protein has a targeting moiety directed against FAP on dendritic cells and a second targeting moiety
directed against PD-L1 or PD-L2 on tumor cells.

In one embodiment, the present chimeric protein has (i) a targeting moiety against FAP and (i} a targeting moiety which is
directed against a checkpoint inhibitor marker, along with any of the modified or mutant interferons described herein. In an
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embodiment, the present chimeric protein has a targeting moiety direcied against FAP on dendritic cells and a second targeting
moiety directed against PD-1.

In some embodiments, the signaling agent is a toxin or foxic enzyme. In some embodiments, the toxin or foxic enzyme is
derived from plants and bacteria. lllustrative foxing or foxic enzymes include, but are not limited to, the diphtheria toxin,
Pseudomonas toxin, anthrax toxin, ribosome-inactivating proteins (RIPs) such as ricin and saporin, modeccin, abrin, gelonin,
anhd poke weed antiviral protein. Additional toxins include those disclosed in Mathew ef af., (2009) Cancer Sci 100(8): 1359-
65, the entire disclosures are hereby incorporated by reference. In such embodiments, the chimeric proteins of the present
technology may be ufilized to induce cell death in cell-type specific manner. In such embodiments, the toxin may be modified,
.¢. muiated, to reduce affinity and/or activity of the toxin for an attenuated effect, as described with other signaling agents
herein.

Multi-Specific Chimeras and Fusions with Signaling Agents

In some embodiments, the FAP binding agent of the present technology is part of a chimera or fusion with one or more
signaling agents as described herein and/or one or more additional targeting moieties. Accordingly, the present technology
provides for chimeric or fusion proteins that include one or more signaling agents and a targeting moiety against FAP andfor

one or more additional targeting moisties.

In some embaodiments, the FAP binding agent of the present technology is multispecific, i.e., the FAP binding agent comprises
two or more targeting moieties having recognition domains that recognize and bind two or more targets, e.g. antigens, or
receptors, or epitopes. In such embodiments, the FAP binding agent of the present technology may comprise two more
targeting moieties having recognition domains that recognize and bind two or more epitopes on the same antigen or on
difierent antigens. [n some embodiments, such multi-specific FAP binding agents exhibit advantageous properties such as
increased avidity and/or improved selectivity. In an embodiment, the FAP binding agent of the present technology comprises
two largeting moisties and is bispecific, i.e., binds and recognizes two epitopes on the same antigen or on different antigens.

In some embodiments, the mullispecific FAP binding agent of the present technology comprises two or more targeting moieties
with each targeting moiety being an antibody or an antibody derivative as described herein. In an embodiment, the multispecific
FAP binding agent of the present technology comprises at least one VHH comprising an antigen recognition domain against
FAP and one antibody or antibody derivative comprising an antigen recognition domain against a tumor antigen.

In some embodiments, the present multispecific FAP binding agents have two or more targeting moieties that target different
antigens or receptors, and one targeting moiety may be attenuated for its antigen or receplor, e.g. the targeting moiety binds
its antigen or receptor with a low affinity or avidity (including, for example, at an affinity or avidity that is less than the affinity
or avidity the other fargeting moiety has for its for its antigen or receptor, for instance the difference between the binding
affinities may be about 10-fold, or 25-fold, or 50-fold, or 100-fold, or 300-fold, or 500-fold, or 1000-fold, or 5000-fold; for
instance the lower affinity or avidity targeting moiety may bind its antigen or receptor at a KD in the mid- to high-nM or low- to
mickpM range while the higher affinity or avidity targefing moiety may bind its antigen or receptor at a KD in the mid- to high-
pM or low- to mid-nM range). For instance, in some embodiments, the present multispecific FAP binding agents comprises an
attenuated targeting moiety that is directed against a promiscuous antigen or receptor, which may improve targeting fo a cell
of interest (e.g. via the other iargeting moiety) and prevent effects across multiple types of cells, including those not being
targeted for therapy (e.g. by binding promiscuous antigen or receplor at a higher affinity than what is provided in these
embodiments).
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The multispecific FAP binding agent of the present technology may be constructed using methods known in the ari, see for
example, U.S. Patent No. 9,067,991, U.8. Patent Publication No. 20110262348 and WO 2004/041862, the entire contents of
which are hereby incorporated by reference. In an illustrative embodiment, the multispecific FAP binding agent of the present
technology comprising two or more fargeting moieties may be constructed by chemical crosslinking, for example, by reacting
amino acid residues with an organic derivalizing agent as described by Blatiler et af, Biochemistry 24,1517-1524 and
EP294703, the entire contents of which are hereby incorporated by reference. In another illustrative embodiment, the
multispecific FAP binding agent comprising two or more targeting moieties is constructed by genetic fusion, i.e., constructing
a single polypeptide which includes the polypeptides of the individual fargeting moisties. For example, a single polypeplide
construct may be formed which encodes a first VHH with an antigen recognition domain against FAP and a second anfibody
or antibody derivative with an anligen recognition domain against a tumor antigen. A method for producing bivalent or
multivalent VHH polypeptide constructs is disclosed in PCT patent application WO 96/34103, the entire contents of which is
hereby incomorated by reference. In a further illustrative embodiment, the multispecific FAP hinding agent of the present
technology may be constructed by using linkers. For example, the carboxy-terminus of a first VHH with an antigen recognition
domain against FAP may be linked to the amino-ferminus of a second antibody or antibody derivative with an antigen
recognition domain against a tumor antigen (or vice versa). lllustrative linkers that may be used are described herein. In some
embodiments, the components of the multispecific FAP binding agent of the present technology are directly linked to each
other without the use of linkers.

In some embodiments, the multi-specific FAP binding agent of the present fechnology recognizes and binds to FAP and one
or more anfigens found on one or more immune cells, which can include, without limitation, megakaryocytes, thrombocytes,
erythrocytes, mast cells, basophils, neutrophils, eosinophils, monocytes, macrophages, natural killer cells, T lymphocytes
(e.g., cytotoxic T lymphocytes, T helper cells, natural Killer T cells), B lymphocytes, plasma cells, dendritic cells, or subsets
thereof. In some embodiments, the FAP binding agent specifically binds fo an antigen of interest and effectively directly or
indirectly recruits one of more immune cells,

In some embodiments, the multi-specific FAP binding agent of the present technology recognizes and binds to FAP and one
or more anfigens found on tumor cells. In these embodiments, the present FAP binding agents may directly or indirectly recruit
an immune cell to a tumor cell or the tumar microenvironment. In some embodiments, the present FAP binding agents may
directly or indirectly recruit an immune cell, e.g. an immune cell that can kill and/or suppress a tumor cell (e.g.,, a CTL), o a
site of action (such as, by way of non-limiting example, the tumor microenvironment).

In some embodiments, the present FAP binding agents are capable of, or find use in methods involving, shifting the balance
of immune cells in favor of immune attack of a tumor. For instance, the present FAP binding agents can shift the ratio of
immune cells at a site of clinical importance in favor of cells that can kill and/or suppress a tumor {e.g. T cells, cyloloxic T
lymphooytes, T helper cells, natural killer (NK) cells, natural killer T (NKT) cells, anti-tumor macrophages (e.g. M1
macrophages), neutrophils, B cells, dendritic cells or subseis thereof and in opposition fo cells that protect tumors (e.g.
myeloid-derived suppressor cells (MDSCs), regulatory T cells (Tregs), tumor associated neutrophils (TANs), M2
macrophages, fumor associated macrophages (TAMs), or subsets thereof}. In some embodiments, the present FAP binding
agent is capable of increasing a ratio of effector T cells to regulatory T cells,

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to an anfigen associated with tumor cells. In some embodiments, the
targeting moiety directly or indirectly recruits tumor cells. For instance, in some embodiments, the recruitment of the tumor cell
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is to one or more effector cell (e.¢. an immune cell as described herein) that can kill andior suppress the tumor cell. In some
embodiments, the targeting moiety directly or indirectly recruits T cells to a tumor cell, for example, by virtue of the two tangeting
moieties interacting with their respective antigens on a tumor and FAP -positive immune cell (8.¢. dendritic cells).

Tumor cells, or cancer cells refer fo an uncontrolled growth of cells or tissues and/or an abnormal increased in cell survival
and/or inhibition of apoplosis which interferes with the normal functioning of bodily organs and systems. For example, tumor
cells include benign and malignant cancers, polyps, hyperplasia, as well as dormant tumors or micrometastases. lllustrative
tumor cells include, but are not limited to cells of; basal cell carcinoma, biliary tract cancer; bladder cancer; bone cancer; brain
and central nervous system cancer; breast cancer; cancer of the peritoneum; cervical cancer; choriocarcinoma; colon and
rectum cancer; connective tissue cancer; cancer of the digestive system; endometrial cancer, esophageal cancer, eye cancer;
cancer of the head and neck; gastric cancer (including gastrointestinal cancer); glioblastoma; hepatic carcinoma; hepatoma,
infra-gpithelial neoplasm; kidney or renal cancer; larynx cancer; leukemia; liver cancer; lung cancer {e.g., small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the lung, and squamous carcinoma of the lung); melanoma; myeloma;
neurcblastoma; oral cavity cancer (lip, tongue, mouth, and pharynx}; ovarian cancer; pancrealic cancer, prostate cancer;
retinoblastoma; rhabdomyosarcoma; rectal cancer; cancer of the respiratory system; salivary gland carcinoma; sarcoma; skin
cancer; squamous cell cancer; stomach cancer; festicular cancer; thyroid cancer; uterine or endometrial cancer; cancer of the
urinary system; vulval cancer; lymphoma including Hodgkin's and non-Hodgkin's lymphoma, as well as B-cell lymphoma
(including low gradefollicular non-Hodgkin's lymphoma (NHL); small lymphocytic (SL) NHL; intermediate gradeffollicular NHL;
intermediate grade diffuse NHL; high grade immunaoblastic NHL; high grade lymphoblastic NHL; high grade small non-cleaved
cell NHL; bulky disease NHL; mantle cell lymphoma; AIDS-related lymphoma; and Waldenstrom's Macroglobulinemia; chronic
lymphocytic lsukemia (CLL); acute lymphoblastic leukemia {ALL); Hairy cell leukemia, chronic myeloblastic leukemia; as well
as other carcinomas and sarcomas; and post-trangplant lymphoproliferative disorder (PTLD), as well as abnormal vascular
proliferation associated with phakomatoses, edema (e.g. that associated with brain fumors), and Meigs' syndrome.

Tumor cells, or cancer cells also include, but are not limited to, carcinomas, a.¢. various subtypes, including, for example,
adenocarcinoma, basal cell carcinoma, squamous cell carcinoma, and transitional cell carcinoma), sarcomas (including, for
example, bone and soft tissue), leukemia (including, for example, acute myeloid, acute lymphoblastic, chronic myeloid, chronic
lymphoeytic, and hairy cell), lymphomas and myelomas (including, for example, Hodgkin and non-Hodgkin lymphomas, light
chain, non-secretory, MGUS, and plasmacylomas), and central nervous system cancers (including, for example, brain {e.g.
gliomas {e.g. astrocytoma, oligodendroglioma, and ependymoma), meningioma, pituitary adenoma, and neuromas, and spinal
cord tumors (e.g. meningiomas and neurofibroma).

lllustrative turnor antigens include, but are not limited to, MART-1/Melan-A, gp100, Dipsptidyl peptidase IV (DPPN), adenosine
deaminase-binding protein {ADAbp), cyelophilin b, Colorectal associated antigen (CRC)-0017-1A/GA733, Carcinoembryonic
Antigen (CEA} and its immunogenic epitopes CAP-1 and CAP-2, etv, am11, Prosiate Specific Antigen (PSA)} and ils
immunogenic epitopes PSA-1, PSA-2, and PSA-3, prostate-specific membrane antigen (PSMA), T-cell receptor/CD3-zeta
chain, MAGE-family of tumor antigens (.., MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A5, MAGE-AB, MAGE-AY,
MAGE-A8, MAGE-AS, MAGE-A10, MAGE-A11, MAGE-AI2, MAGE-Xp2 (MAGE-B2), MAGE-Xp3 (MAGE-B3), MAGE-Xp4
(MAGE-B4), MAGE-C1, MAGE-C2, MAGE-C3, MAGE-C4, MAGE-05), GAGE-family of tumor antigens (e.g., GAGE-1, GAGE-
2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7, GAGE-8, GAGE-9), BAGE, RAGE, LAGE-1, NAG, GnT-V, MUM-1, CDK4,
tyrosinase, pb3, MUC family, HER2/meu, p21ras, RCAS1, a-fetoprotein, E-cadherin, a-catenin, 3-catenin and y-catenin,
p120cin, gp100 Pme1117, PRAME, NY-ESO-1, cde27, adenomatous polyposis coli protein (APC), fodrin, Connexin 37, Ig-

46



10

15

20

25

30

35

WO 2019/152979 PCT/US2019/016629

idiotype, p15, gp75, GM2 and GD2 gangliosides, viral products such as human papilloma virus proieins, Smad family of tumor
antigens, Imp-1, NA, EBV-encoded nuclear antigen (EBNAJ-1, brain glycogen phosphorylase, SSX-1, 3SX-2 (HOM-MEL-40),
SSX-1, 8SX-4, S8X-5, SCP-1 CT-7, c-erbB-2, CD19, CD20, CD22, CD30, CD33, CD37, CD56, CD70, CD74, CD138, AGS16,
MUC1, GPNMB, Ep-CAM, PD-L1, PD-L2, PMSA, and BCMA (TNFRSF17). In some embodiments, the FAP binding agent

comprises a targeting moisty that binds one or more of these tumor antigens.

In some embodiments, the present multi-spacific FAP binding agent recognizes and binds to FAP as well as an antigen on a
tumor cell. In some embodiments, the multi-specific FAP binding agent directly or indirectly recruits CTLs io the fumor cell or

tumor microenvironment.

In some embodiments, the present multi-specific FAP binding agent has targeting moieties which target two different cells
(e.g. to make a synapse) or the same cell (e.g. to get a more concentrated signaling agent effect).

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds fo a target (e.g. antigen, receplor) associated with T cells. In some
embodiments, the targeting moiety recruits directly or indirectly T cells. In an embodiment, the antigen recognition domains
specifically bind to effector T cells. In some embodiments, the antigen recognition domain directly or indirectly recruits effector
T cells, 8.9, in some embodiments, to a therapeutic site {e.¢. a locus with one or more disease cell or cell to be modulated
for a therapeutic effect). lllustrative effector T cells include cytotoxic T cells {e.g. ap TCR, CD3+, CL8+, CD45R0+); CD4+
effecior T cells (e.g. aff TCR, CD3+, CD4+, CCR7+, CDG2LhI, IL-TR/CD127+); CD8+ effector T cells (e.g. ap TCR, CD3+,
CD8+, CCR7+, CD62Lhi, IL-7R/CD127+); effecior memory T cells {e.g. CD62LIow, CD44+, TCR, CD3+, IL-7R/CD127+, IL-
16R+, CCR7low); central memory T cells {e.g. CCR7+, CD62L+, CD27+; or CCR7hi, CD44+, CD62Lhi, TCR, CD3+, IL-
TRICD127+, IL-15R+); CDB2L+ effector T cells; CD8+ effector memory T cells (TEM) including early effector memory T cells
(CD27+ CD62L-) and late effector memory T cells (CD27- CD62L-) (TemE and TemL, respectively); CD127{(+)CD25(low/-)
effector T cells; CD127(-)CD25(-) effector T cells; CD8+ stem cell memory effector cells (TSCM) (e.g.
CD44{low)CD62L{high)CD122(high)sca(+)); TH1 effector T-cells (e.g. CXCR3+, CXCR6+ and CCR5 +, or df TCR, CD3+,
CD4+, IL-12R+, IFNyR+, CXCR3+), TH2 effector T cells {(e.g. CCR3', CCR4' and CCR8+; or aff TCR, CD3+, CD4+, IL-4R+,
IL-33R+, CCRA+, IL-17RB+, CRTH2+); THI effecior T cells {e.g. af TCR, CD3+, CD4+); TH17 effector T cells (e.g. aff TCR,
CD3+, CD4+ |IL-23R+, CCRG+ IL-1R+); CD4+CD45RO+CCR7+ effector T cells, ICOS+ effector T cells;
CD4+CDA5RO+CCRY(-) effector T cells; and effector T cells secreting IL-2, IL-4 and/or IFN-y,

lllustrative T cell antigens of interest include, for example (and inclusive of the extracellular domains, where applicable): CD8,
CD3, SLAMF4, IL-2Ra, 4-1BB/TNFRSFS, IL-2 R B, ALCAM, B7-1, IL-4 R, B7-H3, BLAME/SLAMFS, CEACAM1, IL-6 R, CCR3,
IL-7 Ra, CCR4, CXCRUIL-S RA, CCR5, CCRS, IL-10R 0, CCR7, IL-10 R B, CCRS, IL-12R B 1, CCRY, IL-12 RB 2, CD2, IL-
13 R o 1, IL-13, CD3, CD4, ILT2/CDSS5j, ILT3/CDS5k, ILT4/CDS5d, ILTS/CDS5a, lutegrin a 4/CD49d, CDS, Integrin a
E/CD103, CD6, Integrin a M/CD 11 b, CDS, Integrin a X/CD11¢, Integrin B 2/CDIS, KIR/CD15S, CD27/TNFRSF7, KIR2DLA,
CD28, KIR2DL3, CD3D/TNFRSFS, KIR2DL4/CD158d, CD31/PECAM-1, KIR2DS4, CD40 Ligand/TNFSFS, LAG-3, CD43,
LAIR1, CD45, LAIR2, CDS3, Leukotiene B4-R1, CDS4/SLAMFS, NCAM-L1, CD94, NKG2A, CD97, NKG2C,
CD229/SLAMF3, NKG2D, CD2F-10/SLAMF9, NT-4, CD69, NTB-A/SLAMFS, Common ¥ ChainflL-2 Ry, Csteopontin,
CRACC/SLAMF7, PD-1, CRTAM, PSGL-1, CTLA-4, RANK/TNFRSF11A, CX3CR1, CX3CL1, L-Selectin, CXCR3, SIRP B 1,
CXCR4, SLAM, CXCR6, TCCRWSX-1, DNAM-1, Thymopoiefin, EMMPRIN/CD147, TIM-1, EphB6, TIM-2, Fas/TNFRSFS,
TIM-3, Fas LigandTNFSF8, TIM-4, Fey RIIACD16, TIM-6, TNFR1/TNFRSF1A, Granulysin, TNF RIITNFRSF1B, TRAIL
RITNFRSFICA, ICAM-1/CD54, TRAIL R2/TNFRSF10B, ICAM-2/CD102, TRAILR3TNFRSF10C, IFN-yR1,
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TRAILR4/TNFRSF10D, IFN-y R2, TSLP, IL-1 R1 and TSLP R. In some embodiments, the FAP binding agent comprises a

targeting moiety that binds one or more of these illustrative T cell antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comptises a fargeting moiety against
CD8 which is a VHH comprising a single amino acid chain having four “framework regions” or FRs and three "complementary
determining regions" or CDRs. As used herein, "framework region” or "FR" refers to a region in the variable domain which is
located between the CDRs. As used herein, "complementary determining region” or "CDR" refers fo variable regions in VHHs
that contains the amino acid sequences capable of specifically binding to antigenic targets.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a VHH against CD8 having
a variable domain comprising at least one CD8 CDR1, CD8 CDR2, and/or CD8 CDR3 sequences.

In some embodiments, the CD8 CDR1 sequence is selected from: SEQ 1D NC: 192 or SEQ ID NO: 193
In some embodiments, the CD8 CDR2 sequence is selected from: SEQ ID NC: 194 or SEQ ID NO: 195.
In some embodiments, the CD8 CDR3 sequence is selected from: SEQ ID NG: 196 or SEQ ID NO:; 197 or SEQ ID NO; 198,

In some embodiments, the CD8 targeting molety comprises an amino acid sequence selected from the following sequences:
R3HCD27 (SEQ ID NO: 199}; or R3HCD129: (SEQ ID NO: 200); or RZHCD26: (SEQ ID NO: 201).

In some embodiments, the CD8 targeting moiety comprises a VHH having a variable domain comprising at least cne CD8
CDR1, CD8 CDR2, andfor CD8 CDR3 sequences as described below.

In some embodiments, the CD8 CDR1 sequence is selected from: SEQ ID NC: 202 fo SEQ 1D NO:; 270.
In some embodiments, the CD8 CDR2 sequence is selected from: SEQ ID NO: 271 to SEQ ID NO: 339.
In some embodiments, the CD8 CDR3 sequence is selected from: SEQ 1D NC: 340 fo SEQ 1D NO; 408,

In some embodiments, the CD8 targeting moiety comprises an amino acid sequence selected from the following sequences
1CDA 7 (SEQ ID NO: 409); or 1CDA 12 {SEQ ID NO: 410); or 1CDA 14 (SEQ ID NO: 411); or 1CDA 15 (SEQ ID NO: 412);
or 1CDA 17 (SEQID NO: 413); or 1CDA 18 (SEQID NO: 414); or 1CDA 19 (SEQ ID NC: 415); or 1CDA 24(SEQ D NO: 416);
or 1CDA 26 (SEQ ID NO: 417); or 1CDA 28 (SEQ ID NO: 418); or 1CDA 37 (SEQ ID NO: 419); or 1CDA 43 (SEQ ID NO:
420); or 1CDA 45 (SEQ 1D NO: 421); or 1CDA 47 (SEQ ID NO: 422); or 1CDA 48 {SEQ ID NO: 423); or 1CDA 58 (SEQ ID
NG: 424); or 1CDA 65 (SEQ ID NO: 425); or 1CDA 68 (SEQ ID NC: 426); or 1ICDA 73 (SEQ ID NO:; 427); or 1CDA 75 (SEQ
ID NO: 428); or 1CDA 86 (SEG ID NO: 429); or 1CDA 87 (SEQ ID NO: 430); or 1CDA 88 (SEQ ID NO: 431); or 1CDA 89
(SEQ ID NO: 432); or 1CDA 92 (SEQ ID NO: 433); or 1CDA 93 (SEQ ID NO: 434); or 2CDA 1 (SEQ ID NO: 435); or 2CDA S
(SEQ ID NO: 436); or 2CDA 22 (SEQ ID NO: 437); or 2CDA 28 (SEQ ID NO: 438); or 2CDA 62 (SEQ ID NO: 439}; or 2CDA
68 (SEQ (D NO: 440); or 2CDA 73 (SEQ ID NO: 441); or 2CDA 74 (SEQ ID NO: 442); or 2CDA 75 (SEQ |D NO: 443); or
2CDA 77 (SEQ ID NO: 444); or 2CDA 81 (SEQ ID NO: 445); or 2CDA 87 (SEQ ID NC: 446); or 2CDA 88 (SEQ ID NC: 447);
or 2CDA 89 (SEQ ID NO: 448); or 2CDA 91 (SEQ ID NO: 449); or 2CDA 92 (SEQ ID NO: 450); or 2CDA 93 (SEQ ID NO:
451); or 2CDA 94 (SEQ ID NO: 452); or 2CDA 95 (SEQ ID NO: 453}; or 3CDA 3 (SEQ ID NO: 454); or 3CDA 8 (SEQ ID NO:
455}; or 3CDA 11 (SEQ ID NO: 456); or 3CDA 18 (SEQ ID NO: 457); or 3CDA 19 (SEQ ID NO: 458); or 3CDA 21 (SEQ ID
NC: 458); or 3CDA 24 (SEQ D NO: 460); or 3CDA 28 (SEQ ID NC:; 461); or 3CDA 29 (SEQ 1D NO; 462); or 3CDA 31 (SEQ
IC NO: 463); or 3CDA 32 (SEQ ID NC: 464}; or 3CDA 33 (SEQ ID NC: 465); or 3CDA 37 (SEQ ID NO: 466); or 3CDA 40
(SEQ ID NO: 467); or 3CDA 41 (SEQ ID NO: 468); or 3CDA 48 (SEQ ID NO: 469); or 3CDA 57 (SEQ ID NO: 470}; or 3CDA
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65 (SEQ D NC: 471); or 3CDA 70 (SEQ ID NO: 472); or 3CDA 73 (SEQ ID NC: 473); or 3CDA 83 (SEQ ID NO: 474); or
3CDA 86 (SEQ ID NO: 475); or 3CDA 88 (SEQ ID NO: 476); or 3CDA 90 (SEQ ID NO: 477).

In various illustrative embodiments, the CD8 targeting moiety comprises an amino acid sequence selected from any one of
the above sequences without the terminal histidine fag sequence (i.e., HHHHHH; SEQ ID NC: 43).

In some embodiments, the CD8 targeting molety comprises an amino acid sequence described in US Patent Publication No.
2014/0271462, the entire contents of which are incorporated by reference. In some embodiments, the CD8 targeting moiety
comprises an amino acid sequence described in Table 0.1, Table 0.2, Table 0.3, and/or Figures 1A-121 of US Patent
Publication No. 2014/027 1462, the entire contents of which are incorporated by reference. In some embodiments, the CD8
targeting moiely comprises a HCCR1 of a HCCR1 of SEQ ID NO: 478 or 479 andfor a HCDR2 of HCDR1 of SEQ ID NO: 478
or 479 andior a HCOR3 of HCDR1 of SEQ ID NO: 478 or 479 and/or a LCDR1 of LCDR1 of SEQ ID NO: 480 and/or a LCDR2
of LCDR1 of 8EQ ID NO: 480 and/or a LCDR3 of LCDR1 of SEQ ID NO: 480,

In some embodiments, the present technology contemplates the use of any natural or synthetic analogs, mutants, variants,
alleles, homologs and orthologs (herein collectively referred to as "analogs”) of the fargeting moiety directed against CO8 as
described herein. In some embodiments, the amino acid sequence of the targeting moiety directed against CD8 further
includes an amino acid analog, an amino acid derivative, or other non-classical amino acids.

In some embodiments, the mulfi-specific FAP binding agent of the present technology comprises a targeting molety having
an antigen recognition domain that specifically binds o a farget (e.g., antigen, receptor) associated with B cells. In some
embodiments, the targeting moiety directly or indirectly recruits B cells, e.g., to a therapeutic site (2.g. a locus with one or
more disease cell or cell to be modulated for a therapeutic effect). By way of example, but not by way of limitation, in some
embodiments, the B cell antigens include, for example, CD10, CD19, CD20, CD21, CD22, CD23, CD24, CD37, CD38, CD38,
CD40, CD70, CD72, CD73, CD74, CDWT75, CDw76, CD77, CD78, CD79ahb, CD80, CD81, CD82, CD&3, CD84, CD85, CD86,
CD89, CD98, CD126, CD127, CDw130, CD138, CDW150, and B-cell maturation antigen (BCMA). In some embodiments, the
FAP binding agent comprises a targeting moiety that binds one or more of the above disclosed B cell antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically bind fo a target {e.g. antigen, receptor) associated with Natural Killer cells. In
some embodiments, the targeting moiety directly or indirectly recruits Natural Killer cells, e.g., fo a therapeutic site {e.¢. a
locus with one or more disease cell or cell to be modulaied for a therapeutic effect). By way of example, but not by way of
limitation, in some embodiments, the Natural Killer cell antigens include, for example, TIGIT, 2B4/SLAMF4, KIRZDS4,
CD155/PVR, KIR3DL1, CD94, LMIR1/CD300A, CD69, LMIR2/CD300c, CRACC/SLAMF7, LMIR3/CD300LF, Kidalpha,
DNAM-1, LMIRS/CD300LB, Fo-epsilon RIl, LMIR6/CD300LE, Fe- y RICD64, MICA, Fo-y RIIB/CD32b, MICB, Fo-y
RIIC/CD32¢, MULT-1, Fe-y RIA/CD32a, Neclin-2/CD112, Fe-y RINCD16, NKG2A, FecRH1/IRTAS, NKG2C, FeRH2/IRTAA,
NKG2D, FcRH4/IRTA1, NKp30, FcRH5/IRTA2, NKpd4, Fe-Receptor-like 3/CD16-2, NKp46/NCR1, NKp8O/KLRF1, NTB-
A/SLAMFE, Rae-1, Rae-1 a, Rae-1 p, Rae-1 delta, H60, Rae-1 epsilon, ILT2/CD85j, Rae-1 y, ILT3/CD85k, TREM-1,
ILT4/CD85d, TREM-2, ILT5/CD85a, TREM-3, KIR/CD158, TREML1/TLT-1, KIR2DL1, ULBP-1, KIR2DL3, ULBP-2,
KIR2DL4/CD158d and ULBP-3. In some embodiments, the FAP binding agent comprises a targeting moiety that binds one or
more of the above disclosed NK cell antigens.

In some embodiments, the mulfi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a target (e.g. antigen, receptor) associated with
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macrophages/monocytes. In some embodiments, the targeting moiety directly or indirectly recruits macrophagesimeonocytes,
a.4., to a therapeutic site (e.q. a locus with one or more disease cell or cell to bs modulated for a therapeutic effect). By way
of example, but not by way of limitation, in some embodiments, the macrophages/monocyte antigens include, for example,
SIRP1a, B7-1/CD80, ILT4/CD85d, B7-H1, ILT5/CD85a, Common 3 Chain, Integrin a 4/CD49d, BLAME/SLAMFS, Integrin a
X/CDllc, CCL6/C10, Integrin 3 2/CD18, CD155/PVR, Integrin 3 3/CD61, CD31/PECAM-1, Latexin, CD36/SR-B3, Leukotriene
B4 R1, CD40/TNFRSF5, LIMPIISR-B2, CD43, LMIR1/CD300A, CD45, LMIR2/CD300¢, CDE8, LMIR3/CD300LF,
CD84/SLAMFS5, LMIR5/CD300LB, CD97, LMIR6/CD300LE, CD163, LRP-1, CD2F-10/SLAMF9, MARCO, CRACC/SLAMF7,
MD-1, ECF-L, MD-2, EMMPRIN/CD147, MGL2, Endoglin/CD105, Osteoactivi/GPNMB, Fo-y RVCD64, Cstegpontin, Fo-y
RIIB/CD32b, PD-L2, Fc-y RIC/CD32¢, Siglec-3/CD33, Fe-y RIIACD32a, SIGNR1/CD209, Fe-y RIICD16, SLAM, GM-CSF
R a, TCCRAWSX-1, ICAM-2/CD102, TLR3, IFN-y RI, TLR4, IFN-gannna R2, TREM-I, IL-I RIl, TREM-2, ILT2/CD85j, TREM-
3, ILT3/CD85k, TREML1/TLT-1, 2B4/SLAMF 4, IL-10 R a, ALCAM, IL-10 R p, AminopeplidaseN/ANPEP, ILT2/CD85j,
Common 3 Chain, ILT3/CD85k, Clg R1/CD93, ILT4/CD85d, CCR1, ILT5/CD85a, CCR2, CD208, Integrin a 4/CD49d, CCR5,
Integrin a M/CDIl b, CCR8, Integrin a X/CDllc, CD155/PVR, Integrin 3 2/CD18, CD14, Integrin 13 3/CD61, CD36/SR-B3,
LAIR1, CD43, LAIRZ, CD45, Leukotriene B4-R1, CD68, LIMPIISR-B2, CD84/SLAMFS, LMIR1/CD300A, CD97,
LMIR2/CD300c, CD163, LMIR3/CD300LF, Coagulation Factor lIl/Tissue Factor, LMIRG/CD300LB, CX3CR1, CX3CL1,
LMIR6/CD300LE, CXCR4, LRP-1, CXCR6, M-CSF R, DEP-1/CD148, MD-1, DNAM-1, MD-2, EMMPRIN/CD147, MMR,
Endoglin/CD105, NCAM-L1, Fey RI/CDG4, PSGL-1, Fey RINICD16, RP105, G-CSF R, L-Selectin, GM-CSF R a, Siglec-
3/CD33, HVEM/TNFRSF 14, SLAM, ICAM-1/CD54, TCCRMWSX-1, ICAM-2/CD102, TREM-I, IL-6 R, TREM-2, CXCRI/IL-8 RA,
TREM-3 and TREMLITTLT-1. In some embodiments, the FAP binding agent comprises a targeting moiety that binds one or
more of the above disclosed macrophage/monocyte antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an anfigen recognition domain that specifically binds to a farget {e.g. anfigen, receptor) associated with dendritic cells. In some
embodiments, the targeting moiety directly or indirecily recruits dendritic cells, e.g., to a therapeutic site (e.g. a locus with one
or more dissase cell or cell fo be modulated for a therapeutic effect). By way of example, but not by way of limitation, in some
embodiments, the dendritic cell {DC) antigens include, for example, FAP, XCR1, RANK, CD36/SRB3, LOX-1/3R-El, CDE&S,
MARCO, CD163, SR-A1/MSR, CD5L, SREC-1, CL-PI/COLEC12, SREC-II, LIMPIISRB2, RP105, TLR4, TLR1, TLR5, TLR2,
TLRG, TLR3, TLRS, 4-IBB Ligand/TNFSF9, IL-12/L-23 p40, 4-Amino-1,8-naphthalimide, ILT2/CD85j, CCL21/6Ckine,
ILT3/CD85K, 8-ox0-dG, ILT4/CD85d, 8D6A, ILTS/CD85a, A2B5, lutegrin a 4/CD49d, Aag, Integrin p 2/CD18, AMICA,
Langerin, B7-2/CD86, Leukotriens B4 RI, B7-H3, LMIR1/CD300A, BLAME/SLAMFE, LMIR2/CD300c, Clg R1/CD93,
LMIR3/CD300LF, CCR6, LMIRS/CD300LB CCR7, LMIRS/CD300LE, CDAD/TNFRSF5, MAG/Siglec-4-a, CD43, MCAM, CDA5,
MD-1, CD68, MD-2, CD83, MDL-1/CLEC5A, CD84/SLAMFS, MMR, CD97, NCAMLI, CD2F-10/SLAMFS, Osteoactivin
GPNME, Chem 23, PD-LZ, CLEC-1, RP105, CLEC-2, CLEC-8, Siglec-2/CD22, CRACC/SLAMF7, Siglec-3/CD33, DC-SIGN,
DEC-205, Siglec-5, DC-SIGNR/CD299, Siglec-6, DCAR, Siglec-7, DCIR/CLEC4A, Siglec-9, DEC-205, Siglec-10, Dectin-
1/CLECTA, Siglec-F, Dectin-2/CLEC6A, SIGNR1/CD209, DEP-1/CD148, SIGNR4, DLEC, SLAM, EMMPRIN/CD147,
TCCRAWSX-1, Fe-y R1/CD64, TLR3, Fe-y RIIB/CD32b, TREM-1, Fe-y RIIC/CD32¢, TREM-2, Fe-y RIIA/CD32a, TREM-3, Fe-
y RIIKCD16, TREMLA/TLT-1, ICAM-2/CD102, DEC205, and Vanilloid R1. In some embodiments, the FAP binding agent
comprises a targeting moiety that binds one or more of the above disclosed DC antigens.

In some embodiments, the present chimeric protsin comprises a targeting moiety comprising an amino acid sequence that is
at least 60% identical to any one of the sequences disclosed herein. For example, in some embodiments, the chimeric protein
comprises a targeting moiety comprising an amino acid sequence that is af least about 60%, at least about 61%, at least about
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62%, at least about 63%, at least about 64%, at least about 65%, at least about 66%, at least about 67%, at least about 68%,
at least about 69%, at least about 70%, at least about 71%, at least about 72%, at least about 73%, at least about 74%, at
least about 75%, at least about 76%, at least about 77%, at least about 78%, at least about 79%, at least about 80%, at least
about 81%, at least about 82%, at least about 83%, at least about 84%, at least about 85%, at least about 86%, at least about
87%, at least about 88%, at least about 89%, at least about 90%, at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or
100% identical fo any one of the sequences discloses herein {e.g. about 60%, or about 61%, or about 62%, or about 63%, or
about 64%, or about 65%, or about 66%, or about 67%, or about 68%, or about 69%, or about 70%, or about 71%, or about
72%, or about 73%, or about 74%, or about 75%, or about 76%, or about 77%, or about 78%, or about 79%, or about 80%,
or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about 86%, or about 87%, or about 88%, or about
89%, or about 90%, or about 91%, or about 82%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%,
or about 98%, about 99% or about 100% sequence identity to any one of the sequences disclosed herein).

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds a target {e.g. antigen, receptor) on immune cells selected from, but not
limited to, megakaryocyles, thrombooytes, erythrocytes, mast cells, basophils, neutrophils, and eosinophils. In some
embodiments, the antigen recognition domains directly or indirecily recruit megakaryocytes, thrombocytes, ervthrocyles, mast
cells, basophils, neutrophils, and ecsinophil, e.¢., to a therapeutic site (e.g. a locus with one or more disease cell or cell fobe
modulated for a therapeutic effect).

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds fo a target (e.g. antigen, receptor) associated with megakaryocyles andfor
thrombocyles. By way of example, but not by way of limitation, in some embodiments, the megakaryocyte and/or thrombocyte
antigens include, for example, GP 11b/111a, GP1b, vWF, PF4, and TSP. In some embodiments, the FAP binding agent
comprises a targeting moiety that binds one or more of the above disclosed megakaryocyle and/or thrombocyte antigens.

In some embodiments, the mulfi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a target (e.g. antigen, receptor) associated with erythrocytes. By way
of example, but not by way of limitation, in some embodiments, the erythrocyte anfigens include, for example, CD34, CD36,
CD38, CD41a (platelet glycoprotein 11b/111a), CD41b (GPIlb), CD71 (transferrin receptor), CD105, glycophorin A,
glycophorin C, ¢-kit, HLA-DR, H2 (MHC-11}, and Rhesus antigens. In some embodiments, the FAP binding agent comprises
a targeting moiety that binds one or more of the above disclosed erythrocyle antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a target {e.g. anfigen, receptor) associated with mast cells. By way of
example, but not by way of limitation, in some embodiments, the mast cells antigens inclucle, for example, SCFR/CD117, Fea,
CD2, CD25, CD35, CD88, CD203c¢, C5R1, CMAI, FCERIA, FCER2, TPSABI. In some embodiments, the FAP binding agent
comprises a targeting moiety that binds one or more of the above disclosed mast cell antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an anfigen recognition domain that specifically binds fo a target (e.g. antigen, receptor) associated with basophils. By way of
example, but not by way of limitation, in some embodiments, the basophils antigens include, for example, Fca, CD203¢,
CD123, CD13, CD107a, CD107b, and CD164. In some embodiments, the FAP binding agent comprises a targeting moiety
that binds one or more of the above disclosed basophil antigens.
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In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a tanget (e.g. antigen, receptor) associated with neutrophils. By way
of example, but not by way of limitation, in some embodiments, the neufrophils antigens include, for example, 7D5,
CD10/CALLA, CD13, CD16 {FcRIll), CD18 proteins (LFA-1, CR3, and p150, 95), CD45, CD67, and CD177. In some
embodiments, the FAP binding agent comprises a targeting moiety that binds one or more of the above disclosed neutrophil
antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds fo a target (e.g. anfigen, receptor) associated with eosinophils. By way
of example, but not by way of limitation, in some embodiments, the eosinophils antigens include, for example, CD35, CD44
and CD&9Y. In some embodiments, the FAP binding agent comprises a targeling moiety that binds one or more of the above
disclosed eosinophil antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds fo any appropriate antigen or receptor or cell surface markers known by
the skilled artisan. In some embodiments, the antigen or cell surface marker is a tissue-specific marker. By way of example,
but not by way of limitation, in some embodiments, the tissue-specific markers include, but are not limited to, endothelial cell
surface markers (such as, e.¢., ACE, CD14, CD34, CDHS, ENG, ICAM2, MCAM, NOS3, PECAMI, PROCR, SELE, SELP,
TEK, THBD, VCAMI, VWF); smooth muscle cell surface markers (such as, e.g., ACTA2, MYHIC, MYHI 1, MYHS, MYOCD),
fibroblast (stromal) cell surface markers (such as, e.¢., ALCAM, CD34, COLIAIL, COL1A2, COL3A1, FAP, PH-4); epithelial cell
surface markers (such as, e.¢., CDID, K61RS2, KRTIO, KRT13, KRT17, KRT18, KRT19, KRT4, KRT5, KRT8, MUCI,
TACSTDI); neovasculature markers (such as, a.g., CD13, TFNA, Alpha-v beta-3 (av33), E-selectin); and adipocyle surface
markers (such as, e.g., ADIPOQ, FABP4, and RETN). In some embodiments, the FAP binding agent comprises a fargeting
moiety that binds one or more of the above disclosed antigens.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a checkpoint marker expressed on a T cell. In some embodiments,
the checkpoint marker is one or more checkpoint marker selected from PD-1, CD28, CTLA4, ICOS, BTLA, KIR, LAG3, CD137,
0X40, CD27, CDACL, TIM3, and A2aR.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds to a checkpoint marker. In some embodiments, the checkpoint marker is
one or more checkpoint marker selected from PD-1/PC-L1 or PD-L2, CD28/CD80 or CD86, CTLA4/ CD80 or CD8S,
ICOS/ICGSL or BTRP1, BTLAHVEM, KIR, LAG3, CD137/CD137L, 0X40/0X4CL, CD27, CD40L, TIM3/Ga19, and A2aR.

By way of example, but not by way of limitation, in some embodiments, the present mulispecific FAP binding agent comprises
a targeting moiety directed against (i) CD8; (i} a checkpoint marker expressed ona T cell, e.g. one or more of PC-1, CD28,
CTLA4, ICCS, BTLA, KIR, LAG3, CD137, 0X40, Cd27, CDACL, TIM3, and A2aR and/or (i) a targeting moiety is directed
against a tumor cell, along with any of the modified (e.g. mutant) signaling agents described herein.

In some embodiments, the present multi-specific FAP binding agent has one or more fargeting moieties directed against PD-
1. In some embodiments, the FAP binding agent has one or more targeting moieties that selectively bind a PD-1 polypeplide.
In some embodiments, the FAP binding agent comprises one or more antibodies, antibody derivatives or formats, peptides or
polypeptides, or fusion proteins that selectively bind a PD-1 polypeptide.
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In some embodiments, the mulli-specific FAP binding agent of the present technology comprises a VHH against PD-1 having
a variable domain comprising at least one PD-1 CDR1, PD-1 CDR2, and/or PD-1 CDR3 sequences.

In some embodiments, the PD-1 CDR1 sequence is selected from SEQ ID NO: 481 fo SEQ ID NO: 494,
In some embodiments, the PD-1 CDR2 sequence is selected from: SEQ ID NO: 495 to SEQ ID NO: 508.
In some embodiments, the PD-1 CDR3 sequence is selected from: SEQ ID NO: 509 to SEQ ID NO; 521,

In various illustrative embodiments, the PD-1 targeting moiety comprises an amino acid sequence selected from the following
sequences: 2PD23: (SEQ ID NO: 522); or 2PD26: {(SEQ ID NO: 523); or 2PDS0: (SEQ 1D NO: 524); or 2PD-106: (SEQ ID
NO: 525); or 2PD-16: (SEQ 1D NO: 526); or 2PD71: {SEQ ID NO: 527); or 2PD-152: (SEQ ID NC: 528); or 2PD-12: (SEQ ID
NG: 529); or 3PD55: (SEQ ID NC: 530); or 3PD82; (SEQ ID NO: 531); or 2PD8; (SEQ 1D NO: 532); or 2PD27: (SEQ ID NO:
533); or 2PD82: (SEQ ID NO: 534); or

3PD36: (SEQ 1D NO: 535).

In various illustrative embodiments, the PD-1 targeting moiety comprises an amino acid sequence selected from any one of
the above without the terminal histidine tag sequence (i.e., without HHHHHH, SEQ ID NO: 43).

In some embodiments, the targeting moiety comprises the anti-PD-1 antibody pembrolizumab (a/k/a MK-3475, KEYTRUDA®),
or fragments thereof. In some embodiments, the targeting moiety is one or more of pembrolizumab and other humanized anti-
PD-1 antibodies disclosed in Hamid, ef al (2013) New England Joumal of Medicing 369 (2): 134-44, US 8,354,509, and WO
2009/114335, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitafion, in some embodiments, the pembrolizumab or an antigen-binding fragment thereof far use in the methods provided
herein comprises a heavy chain comprising the amino acid sequence of: (SEQ D NO; 536); andfor a light chain comprising
the amino acid sequence of: (SEQ ID NO: 537).

In some embodiments, the fargeting moiety comprises the anti-PD-1 antibody, nivolumab {a/k/a BMS-936558, MDX-1106,
ONO-4538, OPDIVC®), or fragments thereof. In some embodiments, the targeting moiety is one or more of the nivolumab
(clone 5C4) and other human monoclonal antibodies that specifically bind to PD-1 disclosed in US 8,008,449 and WO
2006/121168, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the nivolumab or an antigen-binding fragment thereof for use in the methods provided hersin
comprises a heavy chain comprising the amino acid sequence of; (SEQ ID NO; 538); andlor a light chain comprising the amino
acid sequence of: (SEQ ID NO: 539).

In some embodiments, the targeting moiety comprises the anti-PD-1 antibody pidilizumab {afk/a CT-011, hBAT or hBAT-1),
or fragments thereof. In some embodiments, the pidilizumab and other humanized anti-PD-I monoclonal antibodies are
selected from pidilizumab and other humanized anti-PD-I monoclonal antibodies disclosed in US 2008/0025980 and WO
20081101611, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the anti-PD-1 antibody or an antigen-binding fragment thereof for use in the methods
provided herein comprises one or more light chain variable regions comprising an amino acid sequence selected from the
following sequences disclosed in US 2008/0025980: {SEQ |D NO: 540); (SEQ ID NO: 541}); (SEQ ID NO: 542); and (SEQ ID
NO: 543);

andior a heavy chain comprising an amino acid sequence selected from the following sequences disclosed in US
2008/0025980: {SEQ ID NO: 544); (SEQ ID NO: 545); (SEQ ID NO: 546); (SEQ ID NO: 547); and {SEQ ID NO: 548).
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In some embodiments, the fargeting moiety comprises a light chain comprising: (SEQ ID NO: 549); and a heavy chain
comptising: {SEQ 1D NO: 550).

In some embodiments, the targeting moiety comprises AMP-514 (a/k/a MEDI-0680).

In some embodiments, the targeting moiety comprises the PD-L2-Fe fusion protein AMP-224 or fragments thereof, which are
disclosed in WO 2010/027827 and WO 2011/086342, the entire disclosures of which are hereby incorporated by reference.
In some embodiments, the fargeting moiety comprises: (SEQ 1D NO: 551} and/or a B7-DC fusion protein comprising: (SEQ
ID NO:; 652),

In some embodiments, the targeting moiety comprises the peplide AUNP 12 or any other peptides disclosed in US
2011/0318373 or US 8,907,053, By way of example, but not by way of limitation, in some embaodiments, the targeting moiety
comprises the AUNP 12 sequence of;

SNTSESFK(SNTSESF)FRVTQLAPKAQIKE—NH: (SEQ ID NO: 553)
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(i.e., Compound 8 of US 2011/0318373).

In some embodiments, the targeting moiety comprises the anti-PD-1 antibody 1E3, or fragmenis thereof, disclosed in US
2014/0044738, the entire disclosures of which are hereby incomporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 1E3 or an anfigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain variable region comprising the amino acid sequence of. (SEQ ID NO: 554); andfor a light chain
variable region comprising the amino acid sequence of; (SEQ ID NO; 555).

In an embodiment, the fargeting moiety comprises the anti-PD-1 antibody 1E8, or fragments thereof, disclosed in US
2014/0044738, the entire disclosures of which are hereby incomporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 1E8 or an anfigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain variable region comprising the amino acid sequence of. (SEQ ID NO: 556); andfor a light chain
variable region comprising the amino acid sequence of: (SEQ ID NO: 557).

In some embodiments, the targeting moiety comprises the anti-PD-1 antibody 1H3, or fragments thereof, disclosed in US
2014/0044738, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 1H3 or an antigen-binding fragment thereof for use in the methods provided herein

comprises a heavy chain variable region comprising the amino acid sequence of; (SEQ ID NO: 558);

and/or light chain variable region comprising the amino acid sequencs of: (SEQ 1D NO: 559).
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In some embodiments, the targeting moiety comprises a YHH directed against PD-1 disclosed in US 8,907,065 and WG
2008/07 1447, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the YHHs against PD-1 comprise one or more of the following sequences disclosed in US
8,907,065: (SEQ ID NO: 560); (SEQ ID NO: 561); (SEQ ID NO: 562); (SEQ 1D NC: 563); or (SEQ 1D NO: 564).

In some embodiments, the targeting moiety comprises any one of the anti-PD-1 antibodies, or fragments thereof, disclosed in
US 201140271358 and WO 2010/036959, the entire contents of which are hereby incorporated by reference. By way of
example, but nof by way of limitation, in some embadiments, the antibody or an antigen-binding fragment thereof for use in
the methods provided herein comprises a heavy chain comprising one or more amino acid sequences selected from the
following sequences in US 2011/0271358: (SEQ ID NO: 565); (SEQ ID NO: 566); (SEQ ID NO: 567); (SEQ ID NO: 568); or
(SEQ ID NO: 5689); and/or a light chain comprising one or more amino acid sequences selected from the following sequences
in US 2011/0271358: (SEQ (D NO: 570); (SEQ ID NO: 571}; (SEQ ID NO: 572); or (SEQ ID NG: 573).

In some embodiments, the present multi-specific FAP binding agent comprises one or more antibodies directed against PD-
1, or antibody fragments thereof, selected from TSR-042 (Tesaro, Inc.), REGN2810 (Regeneron Pharmaceuticals, Inc.),
PDRO01 (Novartis Pharmaceuticals), and BGB-A317 (BeiGene Lid.)

In some embodiments, the present multi-specific FAP binding agent has one or more fargeting moieties directed against PD-
L1. In some embodiments, the FAP binding agent has one or more targeting moisties that selectively bind a PD-L1 polypeplide.
In some embodiments, the FAP binding agent comprises one or more antibodies, antibody derivatives or formats, peplides or
polypeptides, or fusion proteins that selectively bind a PD-L1 polypeptide.

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a VHH against PD-L1 having
avariable domain comprising at least one PD-L1 CCR1, PD-L1 CDR2, and/or PD-L1 CDR3 sequences.

In some embodiments, the PD-L1 CDR1 sequence is selected from: SEQ ID NO: 574 fo SEQ ID NO: 604.
In some embodiments, the PD-L1 CDR2 sequence is selected from; SEQ ID NO; 605 to SEQ ID NO; 635,
In some embodiments, the PD-L1 CDR3 sequence is selected from: SEQ ID NO: 636 fo SEQ ID NO: 666.

In some embodiments, the PD-L1 targeting moiety comprises an amino acid sequence selected from the following sequences:
2LIG2Z: (SEQ ID NO: 667); or 2LIG3: (SEQ ID NO: 668}; or 2LIG16: {SEQ ID NO: 669); or 2L1G22: (SEQ ID NO: 670}; or
2LIG27: (SEQ ID NO: 671}; or 2LIG29: (SEQ ID NO: 672); or 2LIG30: (SEQ ID NO: 673); or 2LIG34: (SEQ ID NO: 674); or
2L1G35; (SEQ ID NOG: 675); or 2LIG48: (SEQ ID NC: 676); or 2LIG65; (SEG ID NO: 677); or 2L1G85; (SEQ ID NO: 678}; or
2L1G86; (SEQ ID NOC: 679); or 2LIG8I: (SEQ ID NC: 680); or 2LIGS7; (SEQ ID NO: 681); or 2L1G99; (SEQ 1D NO: 682); or
2L1G109: {SEQ ID NO: 683); or 2LIG127: (SEQ ID NO: 684); or 2LIG139: (SEQ ID NO: 685); or 2LIG176: (SEQ ID NO: 686);
or 2L1G189: (SEQ ID NO: 687); or 3LIG3: (SEQ ID NO: 688); or 3LIG7: (SEQ ID NO: 689); or 3LIG8: {SEQ ID NO: 690); or
3LIGY: (SEQ D NC: 691); or 3LIG18: (SEQ D NC: 692); or 3LIG20: (SEQ ID NO: 693); or 3LIG28: (SEQ ID NO: 694); or
3L1G29; (SEQ ID NO: 695); or 3LIG30; (SEQ D NG: 696}; or 3LIG33: (SEQ ID NO; 697).

In some embodiments, the PD-L1 targeting moiety comprises an amino acid sequence selected from any one of the above
sequences without the terminal histidine fag sequence (i.e., HHHHHH; SEQ ID NO; 43).

In some embodiment, the targeting moiety comprises the anti-PD-L1 antibody MED 14736 (a/k/a durvalumab), or fragments
thereof. MED14736 is selective for PC-L1 and blocks the binding of PD-L1 to the PD-1 and CDBO receptors. In soms
embodiments, the MED14736 and antigen-binding fragments thereof for use in the methods provided herein comprises a
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heavy chain and a light chain or a heavy chain variable region and a light chain variable region. The sequence of MED14736
is disclosed in WO/2016/06272, the entire contents of which are hereby incorporated by reference. By way of example, but
not by way of limitation, in some embodiments, the MED 14736 or an antigen-binding fragment thereof for use in the methods
provided herein comprises a heavy chain comprising the amino acid sequence of: {SEQ 1D NO; 698); and/or a light chain
comprising the amino acid sequence of: (SEQ 1D NO: 699).

In some embodiments, the MED14736 or an antigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain variable region comprising the amino acid sequence: (SEQ ID NO; 885); and/or a light chain variable
region comprising the amino acid sequence:; (SEQ 1D NO: 886).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody atezolizumab {a/k/a MPDL3280A, RG7446),
or fragments thereof, By way of example, but not by way of limitation, in some embodiments, the atezolizumab or an antigen-
binding fragment thereof for use in the methods provided herein comprises a heavy chain comprising the amino acid sequence
of: (SEQ ID NO: 887); and/or a light chain comprising the amino acid sequence of: {SEQ ID NO: 888).

In some embodiments, the fargeting molety comprises the anti-PD-L1 antibody avelumab (afk/a MSBD010718C), or fragments
thereof. By way of example, but not by way of limitation, in some embodiments, the avelumab or an antigen-binding fragment
thereof for use in the methods provided hersin comprises a heavy chain comprising the amino acid sequence of: (SEQ ID NO:
889); and/or a light chain comprising the amino acid sequence of. (SEQ ID NO: 890).

In some embodiments, the fargeting moiety comprises the anti-PD-L1 antibody BMS-936559 (a/k/a 12A4, MDX-1105), or
fragments thereof, disclosed in US 2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby
incorporated by reference. By way of example, but not by way of limitation, in some embodiments, the BIMS-936559 or an
antigen-binding fragment thereof for use in the methods provided herein comprises a heavy chain variable region comprising
the amino acid sequence of: (SEQ 1D NO: 891); and/or a light chain variable region comprising the amino acid sequence of:
(SEQ ID NO: 892).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 3G 10, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 3G10 or an antigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amine acid sequence of: (SEQ 1D NO; 893);
and/or a light chain variable region comprising the amino acid sequence of:(SEQ D NO: 894),

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 10A5, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incomporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 1045 or an anfigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID NO: 895);
and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 896).

In some embodiments, the fargeting moiety comprises the anti-PD-L1 antibody 5F8, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 5F8 or an anfigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ 1D NO; 897);
and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 898).
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In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 10H10, or fragmenis thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 10H10 or an antigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the aming acid sequence of: (SEQ 1D NO; 899);

and/or a light chain variable region comprising the amino acid sequence of; {SEQ ID NO: 900).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 1B12, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incomporaled by reference. By way of
example, but not by way of limitation, in some embodiments, the 1B12 or an anfigen-hinding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID NO: 901);

and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 902).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 7H1, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 7H1 or an antigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the aming acid sequence of: (SEQ 1D NO:; 903);
and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 904).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 11EB, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incomporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 11E6 or an anfigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID NO: 905);

and/or a light chain variable region comprising the amino acid sequence of; (SEQ ID NO: 906),

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 12B7, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 12B7 or an anfigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the aming acid sequence of: (SEQ 1D NO; 907);
and/or a light chain variable region comprising the amino acid sequence of: (SEQ [D NO: 908).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 13G4, or fragments thereof, disclosed in US
2013/0309250 and WO 2007/005874, the entire disclosures of which are hereby incomporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 13G4 or an antigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID NO: 509);
and/or a light chain variable region comprising the amino acid sequence of; {(SEQ 1D NG: 910),

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 1E12, or fragments thereof, disclosed in US
2014/00447 38, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 1E12 or an antigen-binding fragment thereof for use in the methods provided herein

comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ 1D NO: 911);
and/or a light chain variable region comprising the amino acid sequence of; (SEQ ID NO: 912),

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 1F4, or fragments thereof, disclosed in US
2014/00447 38, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 1F4 or an antigen-binding fragment thereof for use in the methods provided herein
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comprises a heavy chain variable region comprising the amino acid sequence of: {SEQ (D NO: 913); and/or a light chain
variable region comprising the amino acid sequence of: (SEQ ID NO: 914).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 2G11, or fragments thereof, disclosed in US
2014/0044738, the entire disclosures of which are hereby incomorated by reference. By way of example, but not by way of
limitation, in some embodiments, the 2G11 or an antigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID NO: 700); andfor a light chain
variable region comprising the amino acid sequence of; (SEQ ID NO: 701},

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 3B8, or fragments thereof, disclosed in US
2014/00447 38, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the 3B6 or an anfigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain variable region comprising the amino acid sequence of; (SEQ 1D NO: 702);

and/or a light chain variable region comprising the amino acid sequence of: {SEQ ID NO: 703).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 3D10, or fragments thereof, disclosed in US
2014/0044738 and WO 20121145493, the entire disclosures of which are hereby incorporated by reference. By way of
example, but not by way of limitation, in some embodiments, the 3D10 or an antigen-binding fragment thereof for use in the
methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ 1D NO; 704);
and/or a light chain variable region comprising the amino acid sequence of; {(SEQ ID NG: 705).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L1 antibodies disclosed in US2011/0271358
and WO 2010/036959, the entire cantents of which are hereby incorporated by reference. By way of example, but not by way
of limitation, in some embodiments, the antibody or an antigen-binding fragment thereof for use in the methods provided herein
comprises a heavy chain comprising one or more amino acid sequences selected from the following sequences in
US2011/0271358: (SEQ D NO: 706); (SEQ 1D NO: 707); (SEQ ID NO: 708); (SEQ D NO: 709}; or (SEQ D NO: 710}; andfor
a light chain comprising one or more amino acid sequences selected from the following sequences in US2011/0271358; (SEQ
ID NO: 711); (SEQ ID NO: 712); (SEQ ID NO: 713}; or (SEQ ID NO: 714).

In some embodiments, the targeting moiety comprises the anti-FD-L1 antibody 2.7A4, or fragments thereof, disclosed in WG
2011/066389, US8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference. By
way of example, but not by way of limitation, in sorme embodiments, the 2.7A4 or an antigen-binding fragment thereof for use
in the methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID
NQ: 715); andlor a light chain variable region comprising the amino acid sequence of: (SEQ 1D NO: 716).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 2.9010, or fragments thereof, disclosed in WO
2011/066389, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference. By
way of example, but not by way of limitation, in some embodiments, the 2.9D10 or an antigen-binding fragment thereof for
use in the methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of; (SEQ
ID NO: 717); and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 718).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 2.14H9, or fragments thereof, disclosed in WG
2011/066389, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference. By
way of example, but not by way of limitation, in some embodiments, the 2.14H9 or an anligen-binding fragment thereof for
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use in the methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of; (SEQ
ID NO: 719); and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 720).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 2.20A8, or fragments thereof, disclosed in WG
2011/066388, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference, By
way of example, but not by way of limitation, in some embodiments, the 2.20A8 or an antigen-binding fragment thereof for use
in the methods provided hersin comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ ID
NG: 721); andlor a light chain variable region comprising the amino acid sequence of; (SEQ 1D NO: 722).

In some embodiments, the targeting moiety comprises the anti-PD-L1 antibody 3.15G8, or fragments thereof, disclosed in WO
2011/066389, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference. By
way of example, but not by way of limitation, in some embodiments, the 3.15G8 or an antigen-binding fragment thereof for
use in the methods pravided herein comprises a heavy chain variable region comprising the amino acid sequence of; (SEQ
ID NO: 723); and/or a light chain varizble region comprising the amino acid sequence of: (SEQ ID NO: 724).

In some embodiments, the targeting moiety cormprises the anti-PD-L1 antibody 3.18G1, or fragments thereof, disclosed in WG
2011/066389, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by reference. By
way of example, but not by way of limitation, in some embodiments, the 3.18G1 or an anligen-binding fragment thereof for
use in the methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ
ID NO; 725); and/or a light chain variable region comprising the amino acid sequence of: (SEQ ID NO: 726).

In some embodiments, the targeting moiety comprises the anti-PC-L1 antibody 2.7A40PT, or fragments thereof, disclosed in
WO 2011/066389, US 8,779,108, and US 2014/03563563, the entire disclosures of which are hereby incorporated by reference.
By way of example, but not by way of limitation, in some embodimenis, the 2.7A40PT or an antigen-binding fragment thereof
for use in the methods provided herein comprises a heavy chain variable region comprising the amino acid sequence of: (SEQ
ID NO: 727); and/or a light chain variable region comprising the amino acid sequencs of: (SEQ ID NO: 728).

In some embodiments, the fargeting moiety comprises the anti-PC-L1 antibocly 2. 14H90PT, or fragments thereof, as disclosed
in WO 2011/0686389, US 8,779,108, and US 2014/0356353, the entire disclosures of which are hereby incorporated by
reference. By way of example, but not by way of limitation, in some embodiments, the 2.14HS0PT or an antigen-binding
fragment thereof for use in the methods provided herein comprises a heavy chain variable region comprising the amino acid
sequence of; (SEQ ID NO: 729); andfor a light chain variable region comprising the amino acid sequence of; (SEQ ID NO;
730).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L1 antibodies disclosed in WO 2016/061142,
the entire contents of which are hereby incorporated by reference. By way of example, but not by way of limitation, in some
embodiments, the antibody or an antigen-binding fragment thereof for use in the methods provided herein comprises a heavy
chain comprising one or more amino acid sequences selected from the following sequences in WO 2016/061142: {SEQ ID
NG: 731); (SEQ D NO; 732); (SEQ ID NO: 733); (SEQ ID NO: 734); (SEQ ID NO; 735); (SEQ ID NO: 736); (SEQ ID NG:
737); (SEQ 1D NO: 738); or (SEQ ID NO; 738); and/or a light chain comprising one or more amino acid sequences selected
from the following sequences in WO 2016/061142: (SEQ ID NO: 740); (SEQ ID NO: 741); (SEQ ID NO: 742); (SEQ ID NO:
743); (SEQ ID NO: 744); (SEQ D NO: 745); (SEQ 1D NO: 746); (SEQ ID NO: 747); or (SEQ 1D NC: 748).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L1 antibodies disclosed in WO 2016/022630,
the entire contents of which are hereby incorporated by reference. By way of example, but not by way of limitation, in some
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embodiments, the antibody or an antigen-binding fragment thereof for use in the methods provided herein comprises a heavy
chain comprising one of more amino acid sequences selected from the following sequences in WO 2016/022630: {SEQ ID
NO: 749); (SEQ ID NO: 750); (SEQ ID NO: 751); {SEQ ID NO: 752); (SEQ ID NO: 753); (SEQ ID NO: 754); (SEQ ID NO:
755); (SEQ 1D NG: 756); (SEQ ID NO: 757); (SEQ 1D NC: 758); (SEQ ID NO: 759); (SEQ ID NO: 760}; and/or a light chain
comprising one or more amino acid sequences selected from the following sequences in WO 2016/022630: (SEQ ID NG;
761); (SEQ 1D NO: 762}; (SEQ ID NO: 763); (SEQ ID NO: 764); (SEQ ID NO: 765); (SEQ ID NO: 766); (SEQ ID NO: 767);
(SEQ ID NO: 768); {SEQ ID NO: 769); (SEQ ID NO: 770); (SEQ ID NO: 771); and (SEQ ID NO: 772).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L1 antibodies disclosed in WO 2015/112900,
the entire contents of which are hereby incorporated by reference. By way of example, but not by way of limitation, in some
embodiments, the antibody or an antigen-binding fragment thereof for use in the methods provided herein comprises a heavy
chain comprising one or more amino acid sequences selected from the following sequencs in WG 2015/112900; (SEQ ID NO;
773); (SEQ D NO; 774); (SEQ ID NO: 775); er (SEQ 1D NC: 776}; and/or a light chain comprising one or more amino acid
sequences selected from the following sequences in WO 2015/112900: (SEQ ID NO: 777); (SEQ ID NO: 778); (SEG ID NO:
779); (SEQ ID NC: 780); (SEQ D NO: 781); (SEQ ID NO: 782}; (SEQ D NO: 783); (SEQ ID NO: 784); or (SEQ ID NC: 785).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L1 antibodies disclosed in WO 2010/077634
and US 8,217,149, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way
of limitafion, in some embodiments, the anti-PD-L1 antibody or an antigen-hinding fragment thereof for use in the methods
provided herein comprises a heavy chain region comprising the amino acid sequence of; (SEQ 1D NO; 786); and/or a light
chain variable region comprising the amino acid sequencs of: {SEQ ID NO: 787).

In some embodiments, the fargeting moiety comprises any one of the anti-PD-L1 antibodies obtainable from the hybridoma
accessible under CNCM deposit numbers CNCM 1-4122, CNCM 1-4080 and CNCM 1-4081 disclosed in US 20120039906,
the entire disclosures of which are hereby incorporated by reference.

In some embodiments, the fargeting moiety comprises a VHH directed against PD-L1 disclosed, in US 8,907,065 and WG
2008/07 1447, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the WYHHs against PD-L1 comprise one or more of the following sequences in US 8,907,065
(SEQ ID NO: 788); {SEQ ID NO: 789); (SEQ ID NO: 790); (SEQ 1D NO: 791); {SEQ ID NO: 792}, and {SEQ ID NO: 793).

In some embodiments, the present multi-specific FAP binding agent has one or more targeting moieties directed against PD-
L2. In some embodiments, the FAP binding agent has one or more targeting moisties that selectively bind a PD-L2 polypeplide.
In some embodiments, the FAP binding agent comprises one or more antibodies, antibody derivatives or formats, peptides or
polypeptides, or fusion proteins that selectively bind a PD-L2 polypeptide.

In some embodiments, the targsting moiety comptises a VHH directed against PD-L2 disclosed in US 8,907,065 and WO
2008/07 1447, the entire disclosures of which are hereby incorporated by reference. By way of example, but not by way of
limitation, in some embodiments, the YHHs against PD-1 comprise one or mare of the following sequences in US 8,907,065;
(SEQ ID NO: 794}; (SEQ ID NO: 795); (SEQ 1D NO: 796); (SEQ ID NO: 797); (SEQ ID NO: 798); (SEQ ID NC: 799); and
(SEQ ID NO: 800).

In some embodiments, the targeting moiety comprises any one of the anti-PD-L2 antibodies disclosed in US2011/0271358
and W02010/036959, the enfire conlents of which are hereby incorporated by reference. By way of example, but not by way
of limitation, in some embodiments, the antibody or an antigen-binding fragment thereof for use in the methods provided herein
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comprises a heavy chain comprising one or more aming acid sequences selected from the following sequences in US
2011/0271358: {SEQ 1D NO: 801); (SEQ ID NC: 802); {SEQ ID NO: 803); (SEQ ID NO: 804); or (SEQ ID NO: 805); andfor a
light chain comprising one or more amino acid sequences selected from the following sequences in US 2011/0271358: (SEQ
ID NO: 806); (SEQ |D NO: 807); (SEQ D NO: 808); or (SEQ D NO: 809).

In some embodiments, the targeting moieties of the present technology comprises a sequence that targets PC-1, PD-L1,
andfor PD-L2 that is at least about 60%, at least about 61%, at least about 62%, at least about 63%, at least about 64%, at
least about 65%, at least about 66%, at least about 67%, at least about 68%, at least about 69%, at least about 70%, at least
about 71%, at least about 72%, at least about 73%, at least about 74%, at least about 75%, at least about 76%, at least about
T7%, at least about 78%, at least about 79%, at least about 80%, at least about 81%, at least about 82%, at least about 83%,
at least about 84%, at least about 85%, at least about 86%, at least about 87%, at least about 88%, at least about 89%, at
least about 90%, at least about 81%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, af least about 99%, or 100% identical to any of the sequences disclosed
herein {2.g. about 60%, or about 61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or about
67%, or about 68%, or about 69%, or about 70%, or about 71%, or about 72%, or about 73%, or about 74%, or about 75%,
or about 76%, or about 77%, or about 78%, or about 79%, or about 80%, or about 81%, or about 82%, or about 83%, or about
84%, or about 85%, or about 86%, or about 87%, or about 88%, or about 89%, or about 90%, or about 91%, or about 92%,
or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, about 99% or about 100% sequence
identity with any of the sequences disclosed herein),

In some embodiments, the targeting moieties of the present technology comprise any combination of heavy chain, light chain,
heavy chain variable region, light chain variable region, complementarity determining region (CDR), and framework region
sequences that farget PD-1, PD-L1, and/or PD-L2 as disclosed herein,

In some embodiments, the targeting moiety is one or more antibodies, antibody derivatives or formats, peptides or
polypeptides, or fusion proteing that selectively bind or target PD-1, PD-L1 and/or PD-L2 disclosed in WO 2011/066389, US
2008/0025980, US 2013/0034559, US 8,779,108, US 2014/0356353, US 8,609,089, US 2010/028330, US 2012/0114649,
WO 2010/027827, WO 2011,/066342, US 8,907,065, WG 2016/062722, WG 2009/101611, W02010/027827, WO
2011/066342, WO 2007/005874 , WO 2001/014556, US2011/0271358, WO 2010/036959, WO 2010/077634, US 8,217,149,
US 2012/0039906, WO 2012/145493, US 2011/0318373, U.S. Patent No. 8,779,108, US 20140044738, WO 2009/089149,
WO 2007/00587, WO 2016061142, WO 2016,02263, WO 2010/077634, and WO 2015/112900, the entire disclosures of which
are hereby incorporated by reference.,

In some embodiments, the multi-specific FAP binding agent of the present technology comprises a targeting moiety having
an antigen recognition domain that specifically binds o XCR1, e.g. on dendrific cells. In some embodiments, the mulfi-specific
FAP binding agent of the present technology comprises a targeting moiety having an antigen recognition domain that comprise
all of or part of XCL1.

In some embodiments, the multi-specific FAP binding agents have targefing moieties having recognition domains which
specifically bind fo a target (e.g. antigen, receptor) that is part of a non-cellular structure. In some embodiments, the antigen
or receptor is not an integral component of an intact cell or cellular structure. In some embodiments, the antigen or receplor
is an extracellular anfigen or receptor. In some embocdiments, the targetis a non-proteinaceous, non-cellular marker, including,
without limitation, nucleic acids, inclusive of DNA or RNA, such as, for example, DNA released from necrotic tumor cells or
extracellular deposits such as cholestsrol.
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In some embodiments, the target (e.g. antigen, receptor) of interest is part of the non-cellular component of the stroma or the
extracellular matrix (ECM) or the markers associated therewith. As used hersin, stroma refers to the conneclive and supportive
framework of a tissue or organ. Stroma may include a compilation of cells such as fibroblasts/myofibroblasts, glial, epithslia,
fat, immune, vascular, smooth muscle, and immune cells along with the extracellular matrix (ECM) and extracellular molecules.
In some embodiments, the target (e.¢. anfigen, receplor) of interest is part of the non-cellular component of the stroma such
as the extracellular matrix and extracellular molecules. As used herein, the ECM refers to the non-cellular components present
within all tissues and organs. The ECM is composed of a large collection of biochemically distinct components including,
without limitation, proteins, glycoproteins, proteoglycans, and polysaccharides. These components of the ECM are usually
produced by adjacent cells and secreted info the ECM via exocylosis. Once secreted, the ECM components often aggregate
to form a complex network of macromolecules. In some embodiments, the chimeric protein of the present fechnology
comprises a targeting moiety that recognizes a target {e.g., an antigen or receptor or non-proteinaceous moleculs) located on
any component of the ECM. lllustrative componenis of the ECM include, without limitation, the proteoglycans, the non-
proteoglycan polysaccharides, fibers, and other ECM proteins or ECM non-proteins, & g. polysaccharides andfor lipids, or
ECM associated molecules (e.g. proteing or non-proteins, a.g. polysaccharides, nucleic acids andfor lipids).

In some embodiments, the targeting moiety recognizes a target (e.¢. antigen, receptor) on ECM proteaglycans. Proteoglycans
are glycosylated proteins. The basic proteoglycan unit includes a core profein with one o more covalently attached
glycosaminoglycan (GAG) chains. Proteoglycans have a net negative charge that attracts positively charged sodium ions
(Na+), which atfracts water molecules via osmosis, keeping the ECM and resident cells hydrated. Proteoglycans may also
help to trap and store growth factors within the ECM. lllustrative proteoglycans that may be targeted by the chimeric proteins
of the present technology include, but are not limited to, heparan sulfate, chondroifin sulfate, and keratan sulfate. In an
embodiment, the targeting moiety recognizes a target (e.g. antigen, receptor) on non-proteoglycan polysaccharides such as
hyaluronic acid.

In some embodiments, the targeting moiety recognizes a target (8.g. antigen, receptor) on ECM fibers. ECM fibers include
collagen fibers and elastin fibers. In some embodiments, the targeting moiety recognizes one or more epitopes on collagens
or collagen fibers. Collagens are the most abundant proteins in the ECM. Collagens are present in the ECM as fibrillar proteins
and pravide structural support fo resident cells. In ane or more embodiments, the targeting moiety recognizes and binds fo
various types of collagens present within the ECM including, without limitation, fibrillar collagens (types |, II, Ill, ¥, X}, facit
collagens (types IX, XII, XIV}, short chain collagens (types VII, X), basement membrane collagens (type [V}, andfor collagen
types VI, VII, or XII. Elastin fibers provide elasticity fo tissues, allowing them to strefch when needed and then return to their
original state. In some embodiments, the target moiety recognizes one or more epitopes on elasting or elastin fibers.

In some embodiments, the targeting moiety recognizes one or more ECM proteins including, but not limited to, a tenascin, a
fibronectin, a fibrin, a laminin, or a nidogen/entactin.

In some embodiments, the targeting moiety recognizes and binds to tenascin. The fenascin (TN) family of glycoproteins
includes at least four members, tenascin-C, tenascin-R, tenascin-X, and tenascin W. The primary structures of tenascin
proteins include several common mofifs ordered in the same consecutive sequence: amino-terminal heptad repeats, epidermal
growth factor (EGF)-like repeats, fibronectin type Il domain repeats, and a carboxyl-terminal fibrinogen-like globular domain.
Each protein member is associated with typical variations in the number and nature of EGF-like and fibronectin type Il repeats.
Isoform variants also exist particularly with respect fo tenascin-C. Over 27 splice variants and/or isoforms of tenascin-C are
known. In a particular embodiment, the targeting moiety recognizes and binds to tenascin-CA1. Similarly, tenascin-R also has
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various splice variants and isoforms. Tenascin-R usually exists as dimers or trimers. Tenascin-X is the largest member of the
tenascin family and is known to exist as frimers. Tenascin-W exists as trimers. In some embodiments, the targeting moiety
recognizes one or more epitopes on a tenascin protein. | n some embodiments, the targeting moiety recognizes the monomeric
and/or the dimeric and/or the trimeric and/or the hexameric forms of a tenascin protein.

In an embodiment, the targeting moieties recognize and bind to fibronectin. Fibronecting are glycoproteins that connect cells
with collagen fibers in the ECM, allowing cells to move through the ECH. Upon binding to integring, fibronecting unfold to form
functional dimers. In some embodiments, the fargeting moiety recognizes the monomeric andfor the dimeric forms of
fibronectin. In some embodiments, the targeting moiety recognizes one or more epitopes on fibronectin. By way of example,
but not by way of limitation, in some embodiments, the targeting moiety recognizes fibronectin extracellular domain A (EDA)
or fibronectin extracellular domain B (EDB). Elevated levels of EDA are associated with various diseases and disorders
including psoriasis, rheumatoid arthritis, diabetes, and cancer. In some embodimentis, the targeting moiety recognizes
fibronectin that contains the EDA isoform and may he utilized to target the chimeric protein to diseased cells including cancer
cells. In some embodiments, the targeting moiety recognizes fibronectin that contains the EDB isoform. In some embodiments,

such fargeting moieties may be ufilized to target the chimeric protein to tumor cells including the tumor neovasculature,

In some smbodiments, the targeting moiety recognizes and binds to fibrin. Fibrin is ancther protein substance often found in
the matrix network of the ECM. Fibrin is formed by the action of the protease thrombin on fibrinogen which causes the fibrin
to polymerize. In some embodiments, the targeting moiety recognizes one or more epitopes on fibrin. In some embodiments,
the targeting moiety recognizes the monomeric as well as the polymerized forms of fibrin,

In some embodiments, the targeting moiety recognizes and binds fo laminin. Laminin is a major component of the basal
lamina, which is a protein network foundation for cells and organs. Laminins are heterotrimeric proteins that coniain an a-
chain, a 3-chain, and a y-chain. In some embodiments, the targeting moiety recognizes one or more epitopes on laminin. In
some embodiments, the targeting moiety recognizes the monomeric, the dimeric as well as the trimeric forms of laminin.

In some embodiments, the targeting moiety recognizes and binds to a nidogen or entactin. Nidogens/entactins are a family of
highly conserved, sulfated glycoproteins. They make up the major structural component of the basement membranes and
function fo link laminin and collagen IV networks in basement membranes. Members of this family include nidogen-1 and

nidogen-2. In some embodiments, the targeting moiety recognizes an epitope on nidogen-1 andfor nidogen-2.

In some embodiments, the targeting moiety comprises an antigen recognition domain that recognizes an epitope present on
any of the targets {.g., ECM proteins) described herein. In some embodiments, the antigen-recognition domain recognizes
one of more linear epitopes present on the protein. As used herein, a linear epitope refers to any continuous sequence of
amino acids present on the protein. In another embodiment, the antigen-recognition domain recognizes one or more
conformational epitopes present on the protein. As used herein, a conformation epitope refers fo one or more sections of
amino acids (which may be discontinuous) that form a three-dimensional surface with features and/or shapes and/or tertiary
structures capable of being recognized by an antigen recognition domain.

In some embodiments, the targeting moiety binds io the full-length and/or mature forms andfor isoforms andfor splice variants
and/or fragments andfor any other naturally oceurring or synthetic analogs, variants, or mutants of any of the targets {e.q.,
ECM proteins) described herein. In some embodiments, the targeting moiety may bind to any forms of the proteins described

herein, including monomeric, dimeric, timeric, fetrameric, heterodimeric, multimeric and associated forms. In some
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embodiments, the targeting moiety may bind fo any post-franslationally modified forms of the proteins described herein, such
as glycosylated andfor phosphorylated forms.

In some embodiments, the targeting moiety comprises an antigen recognition domain that recognizes extracellular melecules
such as DNA. In some embodiments, the fargeting moiety comprises an antigen recognition domain that recognizes DNA, In
some embodiments, the DNA is shed into the exiracellular space from necrotic or apoplotic tumor cells or other diseased
cells.

In some embodiments, the fargeting moiety comprises an antigen recagnition domain that recognizes one or more non-cellular
structures associated with atherosclerofic plaques. Two types of atherosclerotic plagues are known. The fibro-lipid {fibro-fatty)
plague is characterized by an accumulation of lipid-laden cells undemeath the intima of the arleries. Beneath the endothelium
there is a fibrous cap covering the atheromatous core of the plaque. The core includes lipid-laden cells {macrophages and
smooth muscle cells) with elevated tissue cholesterol and cholesterol ester content, fibrin, proteoglycans, collagen, elastin,
and cellular debris. In advanced plagues, the central core of the plaque usually contains extracellular cholestercl deposits
(released from dead cells), which form areas of cholesterol crystals with empty, needle-like clefts. At the periphery of the
plague are younger foamy cells and capillaries, A fibrous plaque is also localized under the infima, within the wall of the artery
rasulting in thickening and expansion of the wall and, sometimes, spotly localized narrowing of the lumen with some atrophy
of the muscular layer. The fibrous plaque containg collagen fibers (sosinophilic), precipitates of calcium {hematoxylinophilic)
and lipid-laden cells. In some embodiments, the targeting moiety recognizes and binds to one or more of the non-cellular
components of these plagues such as the fibrin, proteoglycans, collagen, elastin, cellular debris, and calcium or other mineral
deposits or precipitates. In some embodiments, the cellular debris is a nucleic acid, e.g. DNA or RNA, released from dead
cells.

In some embodiments, the fargeting moiety comprises an antigen recognition domain that recognizes one or more non-cellular
structures found in the brain plagues associated with neurodegenerative diseases. In some embodiments, the targeting moisty
racognizes and binds to one or more non-cellular structures located in the amyloid plaques found in the brains of patients with
Alzheimer's disease. For example, the targeting moisty may recognize and bind to the peptide amyloid beta, which is a major
component of the amyloid plagues. In some embodiments, the targeting moiety recognizes and binds o one or more non-
cellular structures located in the brains plaques found in patients with Hunlington's disease. In some embodiments, the
targeting moiety recognizes and binds to one or more non-cellular structures found in plagues associated with other
neurodegenerative or musculoskeletal diseases such as Lewy body dementia and inclusion body myosiiis.

Linkers and Functional Groups

In some embodiments, the FAP binding agent may include one or more functional groups, residues, or moieties. In some
embodiments, the one or more functional groups, residues, or moieties are aftached or genelically fused to any of the signaling
agents or targeting moieties described herein. In some embodiments, such functional groups, residues or moieties confer one
of more desired properiies or functionalities 1o the FAP binding agent of the present technology. Examples of such functional
groups and of technigues for introducing them into the FAP binding agent are known in the art, for example, see Remington's
Pharmaceutical Sciences, 16th ed., Mack Publishing Co., Easton, Pa. {1980).

In some embodimenis, the FAP binding agent may by conjugated and/or fused with another agent to extend hali-life or
otherwise improve pharmacodynamic and pharmacokinetic properties. In some embodiments, the FAP binding agent may be
fused or conjugated with one or more of PEG, XTEN (e.g., as tPEG), polysialic acid {POLYXEN}, albumin {e.g., human serum
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albumin or HAS), elastin-like protein (ELP), PAS, HAP, GLK, CTP, fransfemin, and the like. In some embadiments, the FAP
binding agent may be fused or conjugated with an antibody or an antibody fragment such as an Fe fragment. For example,
the chimeric protein may be fused to either the N-terminus or the C-terminus of the F¢ domain of human immunoglobulin (lg)
G. In some embodiments, each of the individual chimeric proteins is fused o one or more of the agents described in BioDrugs
(2015) 29:215-239, the entire contents of which are hereby incorporated by reference.

Insome embodiments, the functional groups, residues, or moieties comprise a stitable pharmacologically acceptable polymer,
such as poly(ethyleneglycol) (PEG) or derivatives thereof (such as methoxypoly{ethyleneglycol) or mPEG). In some
embodiments, atiachment of the PEG moiety increases the hali-life andfor reduces the immunogenecity of the FAP binding
protein. Generally, any suitable form of pegylation can be used, such as the pegylation used in the art for antibodies and
antibody fragments (including but not limited to single domain antibodies such as VHHs); see, for example, Chapman, Nat.
Biotechnal., 54, 531-545 {2002); by Veronese and Harris, Adv. Drug Deliv. Rev. 54, 453-456 (2003), by Harris and Chess,
Nat. Rev. Drug. Discov., 2, (2003) and in W0D04060965, the entire contenis of which are hereby incomporated by reference.
Various reagents for pegylation of proteins are also commercially available, for example, from Nekiar Therapeutics, USA. In
some embodiments, site-directed pegylation is used, in parficular via a cysteine-residue (see, for example, Yang et af,, Protein
Engineering, 16, 10, 761-770 (2003}, the entire contents of which is hereby incorporated by reference). For example, for this
purpose, PEG may be attached to a cysleine residue that naturally oceurs in the FAP binding agent of the present technology.
In some embodiments, the FAP binding agent of the present technology is modified so as to suitably introduce one or more
cysteine residues for attachment of PEG, or an amino acid sequence comprising one or more cysteine residues for atfachment
of PEG may be fused to the amino- andfor carboxy-terminus of the FAP binding agent, using techniques known in the art,

In some embodiments, the functional groups, residues, or moieties comprise N-linked or O-linked glycosylation. In some
embodiments, the N-linked or O-linked glycosylation is infroduced as part of a co-franslational and/or post-franslational
modification.

In some embodiments, the functional groups, residues, or moieties comprise one or more delectable labels or other signal-
generating groups or moieties. Suitable labels and techniques for atiaching, using and detecting them are known in the art
and, include, but are not limited to, fluorescent labels (such as fluorescein, isothiocyanate, rhodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde, and fluorescamine and fluorescent metals such as Eu or others metals from
the lanthanide series), phosphorescent labels, chemiluminescent labels or bioluminescent labels (such as luminal, isoluminol,
theromatic acridinium ester, imidazole, acridinium salis, oxalate ester, dioxetane or GFP and iis analogs), radio-isotopes,
metals, metals chelates or metallic cations or other metals or metallic cations that are particularly suited for use in vivo, in
vitro, or In sifu diagnosis and imaging, as well as chromophores and enzymes (such as malate dehydrogenase, staphylococeal
nuclease, delta-V-steroid isomerase, yeast alcohol dehydrogenase, alpha-glycerophosphale dehydrogenase, thiose
phosphate isomerase, biolinavidin peroxidase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose
oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-Vl-phosphate dehydrogenase, glucoamylase and
acetylcholine esterase). Other stitable labels include moieties that can be detected using NMR or ESR spectroscopy. Such
labeled VHHs and polypeptides of the present technology may, for example, be used for in vitro, in vivo, or in sity assays
(including immunoassays known per se such as ELISA, RIA, EIA and other "sandwich assays,” efc.) as well as in vivo
diagnostic and imaging purposes, depending on the choice of the specific label.

In some embodiments, the functional groups, residues, or moieties comprise a tag that is attached or genetically fused to the
FAP binding agent. In some embodiments, the FAP binding agent may include a single tag or mulfiple tags. The tag for
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example is a peptide, sugar, or DNA molecule that does not inhibit or prevent binding of the FAP binding agent to FAP or any
other antigen of interest such as tumor antigens. In some embodiments, the tag is at lsast about: three to five amino acids
long, five to eight amino acids long, sight to twelve amino acids long, twelve fo fiftesen amino acids long, or fifteen to twenty
amino acids long. llustrative fags are described for example, in U.S. Patent Publication No. US2013/0058962. In some
embodiment, the tag s an affinity tag such as glutathione-S-transterase {GST) and histidine (His) tag. In an embodiment, the
FAP binding agent comprises a His fag.

In some embodiments, the functional groups, residues, or moieties comprise a chelating group, for example, to chelate one
of the metals or metallic cafions. By way of example, but not by way of limitation, in some embadiments, the chelating groups
are diethyl-enetriaminepentaacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA).

In some embodiments, the functional groups, residues, or moieties comprise a functional group that is one part of a specific
binding pair, such as the biolin-(streptjavidin binding pair. Such a functional group may be used fo link the FAP binding agent
of the prasent technology fo another protein, polypeptide or chemical compound that is bound to the other half of the binding
pair, .., through formation of the binding pair. For example, in some embodiments, a FAP binding agent of the present
technology may be conjugated fo biotin, and linked to another protein, polypeplide, compound or carrier conjugated to avidin
or streptavidin. For example, such a conjugated FAP binding agent may be used as a reporter, for example, in a diagnostic
system where a detectable signal-producing agent is conjugated to avidin or streptavidin. Such binding pairs may, for example,
also be used to bind the FAP hinding agent to a carrier, including carriers suitable for pharmaceutical purposes. One non-
limiting example are the liposomal formulations described by Cao and Suresh, Journal of Drug Targeting, 8, 4, 257 (2000,
Such binding pairs may also be used to link a therapeutically active agent to the FAP binding agent of the present technology.

In some embodiments, the present FAP binding agent optionally comprises one or more linkers. In some embodiments, the
FAP binding agent includes a linker that connects each binding region and/or fargeting moieties. In some embodiments, the
FAP binding agent includes a linker that connects sach signaling agent and targeting moiety {or, if more than one targeting
moiety, a signaling agent to one of the targeting moieties). | n some embodiments, the linker may be ufilized 1o link various
functional groups, residues, or moieties as described herein to the FAP binding agent. In some embodiments, the linker is a
single amino acid or a plurality of amino acids that does not affect or reduce the stability, orientation, binding, neutralization,
and/or clearance characteristics of the binding regions and the binding protein. In some embodiments, the linker is selected
from a peptide, a protein, a sugar, or a nucleic acid.

In some embodiments, the present FAP binding agent comprises a linker connecting the targeting moiety and the signaling
agent. In some embodiments, the present chimeric protein comprises a linker within the signaling agent {e.g. in the case of
single chain TNF, which can comprise two linkers fo vield a trimer).

The present technology contemplates the use of a variety of linker sequences. In some embodiments, the linker may be
derived from naturally-occurring multi-domain proteins or are empirical linkers as described, for example, in Chichili et af.,
{2013}, Protein Sci. 22(2):153-167, Chen et al., (2013), Adv Drug Deliv Rev. 65{10):1357-1369, the entire contents of which
are hereby incorporated by reference. In some embodiments, the linker may be designed using linker designing databases
and computer programs such as those described in Chen et af., (2013), Adv Drug Deliv Rev. 65{(10):1357-1369 and Crasto ef
al., (2000), Protein Eng. 13(5):309-312, the entire contents of which are hereby incorporated by reference. | n some
embodiments, the linker may be funciional. For example, without limitation, the linker may function to improve the folding
and/or stability, improve the expression, improve the pharmacokinetics, and/or improve the bioacivity of the present FAP
binding agent.
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In some embodiments, the linker is a polypeptide. In some embodiments, the linker is less than about 100 amino acids long.
For example, in some embodiments, the linker is less than about 100, about 95, about 90, about 85, about 80, about 75, about
70, about 65, about 60, about 55, about 50, about 45, about 40, about 35, about 30, about 25, about 20, about 19, about 18,
about 17, abaut 18, about 15, about 14, about 13, about 12, about 11, about 10, about 9, about 8, about 7, about 6, about 5,
about 4, about 3, or about 2 amino acids long. In some embodiments, the linker is a polypeptide. [n some embodiments, the
linker is greater than about 100 amino acids long. For example, in some embodiments, the linker is greater than about 100,
about 95, about 90, about 85, about 80, about 75, about 70, about 65, about 60, about 55, about 50, about 45, about 40, about
35, about 30, about 25, about 20, about 19, about 18, about 17, about 16, about 15, about 14, about 13, about 12, about 11,
about 10, about 9, about 8, about 7, about 6, about 5, about 4, about 3, or about 2 amino acids long. In some embodiments,
the linker is flexible. | n another embodiment, the linker is rigid.

In some embodiments, the linker length allows for efficient binding of a fargeting moiety and the signaling agent to their
receptors. For instance, in some embodiments, the linker length allows for efficient binding of one of the fargeting moieties
and the signaling agent to receptors on the same cell as well as the efficient binding of the other targeting moiety to another

cell. lllustrative pairs of cells are provided elsewhere herein.

In some embodiments, the linker length is at least equal to the minimum distance between the binding sites of one of the
targeting moieties and the signaling agent to receptors on the same call. In some embodiments, the linker length is at least
twice, or three times, or four times, or five times, or ten times, or twenty times, or 25 times, or 50 times, or one hundred fimes,
or more the minimum distance between the binding sites of one of the fargeting moieties and the signaling agent to receptors
on the same cell.

In some embodiments, a linker connects the two targeting moieties to each other and this linker has a short length and a linker
connects a targeting moiety and a signaling agent this linker is longer than the linker connecting the two targeting moieties.
For example, in some embodiments, the difference in amino acid length between the linker connecting the two targeting
moieties and the linker connecting a targeting moiety and a signaling agent may be about 100, about 95, about 90, about 85,
about 80, about 75, about 70, about 65, about 60, about 55, about 50, about 45, about 40, about 35, about 30, about 25, about
20, about 19, about 18, about 17, about 16, about 15, about 14, about 13, about 12, about 11, about 10, about 9, about 8,
about 7, about 6, about 5, about 4, about 3, or about 2 amino acids. In some embodiments, the linker is flexible. In another

embodiment, the linker is rigid.

In some embodiments, the linker is substantially comprised of glycine and serine residues {e.g. about 30%, or about 40%, or
about 50%, or about 60%, or about 70%, or about 80%, or about 90%, or about 95%, or about 97% glycines and serines). For
example, in some embodiments, the linker is (GlydSer),, where n is from about 1 to about 8, e.g. 1,2, 3,4,5,6,7, or 8 (SEQ
ID NG: 810 to SEQ ID NO; 817). In some embodiments, the linker sequence is GGSGGSGGGGSGGGGS (SEQ ID NO: 818),
In some embodiments, the linkers include, but are not limited to, linkers having the sequence LE, GGGGS (SEQ ID NO: 810},
{GGGGS)y {n=1-4) (SEQ ID NO: 810-813), (Gly)s {SEQ ID NO: 819), (Gly}s {SEQ ID NO: 820), (EAAAK) (n=1-3) (SEQ ID
NO: 821-823);, A(EAAAK)A (n = 25) (SEQ ID NO: 824-827), AEAAAKEAAAKA (SEQ ID NO: 824),
A(EAAAK)ALEA(EAAAK):A (SEQ ID NO: 828), PAPAP (SEQ ID NG: 829), KESGSVSSEQLAQFRSLD (SEQ ID NC: 830},
EGKSSGSGSESKST (SEQ ID NO: 831), GSAGSAAGSGEF (SEQ 1D NO: 832), and (XP)», with X designating any amino
acid, a.g., Ala, Lys, or Glu. In some embodiments, the linker is GGS.
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In some embodiments, the linker is one or more of GGGSE (SEQ 1D NO: 833), GSESG (SEQ D NO; 834), GSEGS (SEQID
NO: 835), GEGGSGEGSSGEGSSSEGGGSEGGGSEGGGSEGGS (SEQ ID NO: 836), and a linker of randomly placed G, S,
and E every 4 amino acid intervals.

In some embodiments, the linker is a hinge region of an antibody (e.g., of [gG, IgA, IgD, and IgE, inclusive of subclasses (a.g.
19G1, 19G2, 1gG3, and lgG4, and IgA1 and I1gA2)). In some embodiments, the linker is a hinge region of an antibody (e.g., of
19G, IgA, IgD, and IgE, inclusive of subclasses (e.¢. IgG1, I9G2, 19G3, and IgG4, and IgA1 and IgA2)). Without wishing to be
bound by theory, in some embodiments, the hinge region, found in I1gG, IgA, IgD, and IgE class anfibodies, acls as a flexible
spacer, allowing the Fab portion to move freely in space. In contrast to the constant regions, the hinge domains are structurally
diverse, varying in both sequence and length among immunoglobulin classes and subclasses. For example, the length and
flexibility of the hinge region varies among the IgG subclasses. The hinge region of [9G1 encompasses amino acids 216-231
and, because itis freely flexible, the Fab fragments can rofate about their axes of symmetry and move within a sphere centered
at the first of two inter-heavy chain disulfide bridges.

lgG2 has a shorter hinge than IgG1, with 12 amino acid residues and four disulfide bridges. The hinge region of IgG2 lacks a
glycine residue, is relatively short, and contains a rigid poly-proline double helix, stabilized by extra inter-heavy chain disulfide
bridges. These properties restrict the flexibility of the lgG2 molecule. IgG3 differs from the other subclasses by its unigus
extended hinge region {about four times as long as the 1gG1 hinge), containing 62 amino acids (including 21 prolines and 11
cysteines), forming an inflexible poly-proline double helix. In 1gG3, the Fab fragments are relatively far away from the Fc
fragment, giving the molecule a greater flexibility, The elongated hinge in 1gG3 is also responsible for its higher molecular
weight compared fo the other subclasses. The hinge region of IgG4 is shorter than that of IgG1 and its flexibility is intermediate
between that of IgG1 and IgG2. The flexibility of the hinge regions reportedly decreases in the order [gG3>1gG1>1gG4>1gG2.

According fo crystallographic studies, the immunaglobulin hinge region can be further subdivided functionally info three
regions: the upper hinge region, the core region, and the lower hinge region. See Shin ef af, 1992 Immunological Reviews
130:87. The upper hinge region includes amino acids from the carboxyl end of Chi to the first residue in the hinge that restricts
motion, generally the first cysteine residue that forms an interchain disulfide bond between the two heavy chains. The length
of the upper hinge region correlates with the segmental flexibility of the antibody. The core hinge region contains the inter-
heavy chain disulfide bridges, and the lowsr hinge region joins the amino terminal end of the Crzdomain and includes residues
in Crz. The core hinge region of wild-type human lgG1 contains the sequence Cys-Pro-Pro-Cys, which, when dimerized by
disulfide bond formation, results in a cyclic octapeplide believed to act as a pivol, thus conferring flexibility. In some
embodiments, the present linker comptises, one, or two, or three of the upper hinge region, the core region, and the lower
hinge region of any antibody (a.g., of IgG, 1A, IgD, and IgE, inclusive of subclasses (e.g. 1gG1, 19G2, 1gG3, and lgG4, and
lgA1 and IgA2)). The hinge region may also contain one or more glycosylation sites, which include a number of structurally
distinct types of sites for carbohydraie attachment. For example, IgA1 contains five glycosylation sites within a 17-amino-acidl
segment of the hinge region, conferring resistance of the hinge region polypeplide to intestinal proteases, considered an
advantageous property for a secretory immunoglobulin. In some embodiments, the linker of the prasent technology comprises
one or more glycosylation sites. In some embodiments, the linker is a hinge-CH2-CH3 domain of a human lgG4 antibody.

In some embodiments, the present FAP binding agent is linked 1o an antibody Fe region, comprising one or both of Ci2 and
Cx3 domains, and optionally a hinge region. For example, veciors encoding the present FAP binding agents linked as a single
nucleotide sequence to an Fe region can be used fo prepare such polypeptides.
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In some embodiments, the linker is a synthetic linker such as PEG.

In some embodiments, the linker may be functional. For example, in some embodiments, the linker functions to improve the
folding and/or stability, improve the expression, improve the pharmacokinetics, and/or improve the bioactivity of the present
FAP binding agent. In another example, the linker may function to target the FAP binding agent to a particular cell type or
location.

Modifications and Production of FAP binding agents

In some embodiments, the FAP binding agent comprises a targeting moiety that is a VHH. In somes embodiments, the VHH is
not limited to a specific biological source or to a specific method of preparation. For example, the YHH can generally be
obtained: (1) by isolating the VHH domain of a naturally occurring heavy chain antibody; (2) by expression of a nucleotide
sequence encoding a nalurally occurring YHH domain; (3) by "humanization” of a nafurally occurring VHH domain or by
expression of a nucleic acid encoding a suech humanized VHH domain; (4) by "camelization” of a naturally oceurring VH domain
from any animal species, such as from a mammalian gpecies, such as from a human being, or by expression of a nucleic acid
encoding such a camelized VH domain; (5) by "camelization” of a "domain antibody” or "Dab" as described in the art, or by
expression of a nucleic acid encoding such a camelized VH domain; {6) by using synthetic or semi-synthetic techniques for
preparing proteins, polypeptides or other amino acid sequences known in the art; {7) by preparing a nucleic acid encoding a
WHH using techniques for nucleic acid synthesis known in the art, followed by expression of the nucleic acid thus obtained,;

and/or (8) by any combination of one or more of the foregoing.

In an embodiment, the FAP binding agent comprises a VHH that corresponds to the YHH domains of naturally occurring heavy
chain antibodies directed against human FAP. In some embodiments, such VHH sequences can generally be generated or
obtained by suitably immunizing a species of Camelid with a FAP molecule, (i.e., so as to raise an immune response andfor
heavy chain antibodies directed against FAP), by obtaining a suitable biological sample from the Camelid {such as a blood
sample, or any sample of B-cells), and by generating VHH sequences directed against FAP, starting from the sample, using
any suitable known techniques. In some embodiments, naturally occurring VHH domains against FAP can be obtained from
naive libraries of Camelid VHH sequences, for example, by screening such a library using FAP or at least one part, fragment,
antigenic determinant or epitope thereof using one or more screening technigues known in the art. Such libraries and
techniques are, for example, described in WO 9937681, WO 0190190, WO 03025020 and WO 03035694, the entire contents
of which are hereby incorporated by reference. In some embodiments, improved synthetic or semi-synthetic libraries derived
from naive VHH libraries may be used, such as VHH libraries obtained from naive YHH libraries by techniques such as random
mutagenesis andfor CDR shuffling, as for example, described in WO 0043507, the entire contents of which are hereby
incorporated by reference. In some embodiments, another technique for obtaining VHH sequences directed against a FAP
involves suitably immunizing a transgenic mammal that is capable of expressing heavy chain antibodies (i.e., so as to raise
an immune response andfor heavy chain antibodies directed against FAP), obaining a suitable biological sample from the
transgenic mammal (such as a blood sample, or any sample of B-cells), and then generating VHH sequences directed against
FAP starting from the sample, using any stitable known techniques. For example, for this purpose, the heavy chain antibody-
expressing mice and the further methods and techniques described in WO 02085945 and in WO 04049794 (the entire confents
of which are hereby incorporated by reference) can be used.

Inan embodiment, the FAP binding agent comprises a YHH that has been "humanized" /.., by replacing one or more aming
acid residues in the amino acid sequence of the naturally oceurring VHH sequence (and in particular in the framework
sequences) by one or more of the amino acid residues that occur at the corresponding position(s) in a VH domain from a
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conventional 4-chain antibody from a human being. This can be performed using humanization techniques known in the art,
In some embodiments, possible humanizing substitutions or combinations of humanizing substitutions may be determined by
methods known in the art, for example, by a comparison between the sequence of a VHH and the sequence of a naturally
occurring human VH domain. In some embodiments, the humanizing substitutions are chosen such that the resulting
humanized YHHs still refain advantageous functional properties. Generally, as a result of humanization, the YHHs of the
present fechnology may become more "humandike," while still retaining favorable properties such as a reduced
immunogenicity, compared 1o the corresponding naturally cccurring VHH domains. In some embodiments, the humanized
VHHs of the present technology can be obtained in any suitable manner known in the art and thus are not strictly limited fo
polypeptides that have been obtained using a polypeptide that comprises a naturally occurring VHH domain as a sfarting
material.

In some embodiments, the FAP binding agent comprises a VHH that has been "camelized,” i.e., by replacing one or more
amino acid residues in the aming acid sequence of a naturally occurring VH domain from a conventional 4-chain antibody by
one or more of the amino acid residues that occur at the corresponding position(s) in a VHH domain of a heavy chain antibody
of a camelid. In some embodiments, such "camelizing substitutions are inserted at amino acid positions that form ancior are
present at the VH-VL interface, and/or at the so-called Camelidae hallmark residues (see, for example, WG 9404678, the
entire contents of which are hereby incorporated by reference). In some embodiments, the YH sequence that is used as a
starting material or starting point for generating or designing the camelized VHH is a VH sequence from a mammal, for
example, the VYH sequence of a human being, such as a VH3 sequence. In some embodiments, the camelized VHHs can be
obtained in any suitable manner known in the art (i.e., as indicated under points (1)-(8) abave) and thus are not strictly limited
to polypeptides that have been obtained using a polypeptide that comprises a naturally occurring YH domain as a starting
material.

In some embodiments, both "humanization” and “camelization” can be performed by providing a nucleotide sequence that
encodes a naturally occurring YHH domain or VH domain, respectively, and then changing, in a manner known in the art, one
or more codons in the nucleotide sequence in such a way that the new nucleotide sequence encodes a "humanized" or
"camelized"” VHH, respectively. This nucleic acid can then be expressed in a manner known in the art, so as fo provide the
desired VHH of the present fechnology. Alternatively, based on the amino acid sequence of a naturally occurring VHH domain
or VH domain, respectively, the amino acid sequence of the desired humanized or camelized VHH of the present technology,
respectively, can be designed and then synthesized de novo using techniques for peplide synthesis known in the art. Also,
based on the amino acid sequence or nucleotide sequence of a naturally occurring VHH domain or VH domain, respectively,
a nucleotide sequence encoding the desired humanized or camelized VHH, respectively, can be designed and then
synthesized de novo using techniques for nucleic acid synthesis known in the art, after which the nucleic acid thus obtained
can be expressed in a manner known in the art, so as to provide the desired VHH of the present technology. Other suitable
methods and techniques for obtaining the YHHs of the present technology andfor nucleic acids encoding the same, starting
from naturally oceurring VH sequences or VHH sequences, are known in the ari, and may, for example, comprise combining
one or more parts of one or more naturally occurring VH sequences (such as one or more FR sequences andfor COR
sequences), one or more parts of one or more naturally occurring VHH sequences (such as one or more FR sequences or
CDR sequences), and/or one or more synthetic or semi-synthetic sequences, in a suitable manner, so as to provide a VHH of
the present fechnology or a nucleotide sequence or nucleic acid encoding the same.
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Methods for producing the FAP binding agents of the present technology are described herein. For example, DNA sequences
encoding the FAP binding agents of the present technology can be chemically synthesized using methods known in the art.
Synthetic DNA sequences can be ligated to other appropriate nuclectide sequences, including, e.g., expression control
sequences, fo produce gene expression consfructs encoding the desired FAP binding agents. Accordingly, in some
embodiments, the present technology provides for isolated nucleic acids comprising a nucleotide sequence encoding the FAP
binding agent of the present technology.

Nucleic acids encoding the FAP binding agent of the present technology can be incorporated {ligated) info expression veciors,
which can be introduced into host cells through transfection, transformation, or transduction techniques. For example, nucleic
acids encoding the FAP binding agent of the present technology can be infroduced into host cells by retroviral transduction.
lllustrative host cells are E. coli cells, Chinese hamster ovary (CHO) cells, human embryonic kidney 293 (HEK 293) cells,
Hela cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g., Hep
G2}, and myeloma cells. Transformed host cells can be grown under conditions that permit the host cells to express the genes
that encode the FAP binding agent of the present technology. Accordingly, in some embodiments, the present technology
provides expression vectors comprising nucleic acids that encode the FAP binding agent of the present technology. In some
embodiments, the present technology additional provides host cells comprising such expression vectors,

Specific expression and purification conditions will vary depending upon the expression sysiem employed. For example, if a
gene is to be expressed in E. coli, it is first cloned into an expression vector by positioning the engineered gene downstream
from a suitable bacterial promoter, e.g., Trp or Tac, and a prokaryotic signal sequence. In another example, if the engineered
gene is to be expressed in eukaryolic host cells, e.g., CHO cells, it is first inserted into an expression vector containing for
example, a stitable eukaryolic promoter, a secretion signal, enhancers, and various introns. The gene construct can be
infroduced into the host cells using transfection, transformation, or ransduction technigues.

The FAP binding agent of the present fechnology can be produced by growing a host cell transfected with an expression
vector encoding the FAP binding agent under conditions that permit expression of the protein. Following expression, the
protein can be harvesied and purified using techniques well known in the ari, e.¢., affinity tags such as glutathione-S-
transferase (GST) and histidine (His) tags or by chromatography. In an embodiment, the FAP binding agent comprises a His
tag. In some embodiments, the FAP binding agent comprises a His tag and a proteolytic site to allow cleavage of the His tag.

Accordingly, in some embodiments, the present technology provides for a nucleic acid encoding a FAP binding agent of the
present technology. In some embodiments, the present technology provides for a host cell comprising a nucleic acid encoding
a FAP binding agent of the present technology.

In some embodiments, the present FAP binding agent or chimeric profein comprising the same may be expressed in vivo, for
instance, in a patient. For example, in some embodiments, the present FAP binding agent or chimeric protein comprising the
same may administered in the form of nucleic acid which encodes the present FAP binding agents or chimeric profeins
comprising the same. In some embodiments, the nucleic acid is DNA or RNA. In some embodiments, present FAP binding
agent or chimeric protein comprising the same is encoded by a modified mRNA, /.e. an mRNA comprising one or more modified
nucleotides. In some embodiments, the modified MRNA comprises one or modifications found in U.S. Patent No. 8,278,038,
the entire contents of which are hereby incorporated by reference. In some embodiments, the modified mRNA comprises one
or more of mbC, mbU, m6A, s2U, W, and 2-C-methyl-U. In some embodiments, the present technology relates to
administering a modified mRNA encoding one or more of the present chimeric proteins. In some embodiments, the present
technology relates to gene therapy vectors comprising the same. In some embodiments, the present technology relates fo
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gene therapy methods comprising the same. In some embodiments, the nucleic acid is in the form of an oncolytic virus, e.g.
an adenovirus, reovirus, measles, herpes simplex, Newcastle disease virus or vaccinia.

Pharmaceutically Acceplable Salts and Excipients

The FAP binding agents (andfor any other therapeutic agents) described herein can possess a sufficiently basic functional
group, which can react with an inorganic or organic acid, or a carboxyl group, which can react with an inorganic or organic
base, to form a phamaceutically acceptable salt. A pharmaceutically acceplable acid addition salt is formed from a
pharmaceufically acceptable acid, as is well known in the art. Such salis include the pharmaceutically acceptable salts listed
in, for example, Journal of Pharmaceutical Science, 66, 2-19 {1977) and The Handbook of Pharmacsutical Salts; Properties,
Selection, and Use. P. H. Stahl and C. G. Wermuth {eds.), Verlag, Zurich (Switzerland) 2002, which are hereby incorporated
by reference in their entirety.

Pharmaceutically acceptable salts include, by way of non-limiting example, sulfate, citrate, acetals, oxalats, chloride, bromide,
iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactats, salicylate, acid citrale, fartrate, oleate, tannate,
pantothenate, bitarfrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulionate, benzenesulfonate, p-toluenesulfonate, camphorsulfonate,
pamoate, phenylacetate, triflucroacestate, acrylate, chlorobenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
methylbenzoate, o-acetoxybenzoate, naphthalene-2-benzoate, iscbutyrate, phenylbutyrate, a-hydroxybutyrate, butyne-1,4-
dicarboxylate, hexyne-14-dicarboxylate, caprale, caprylate, cinnamate, glycollate, hepianocate, hippurate, malate,
hydroxymaleate, malonate, mandelate, mesylate, nicofinate, phihalate, teraphthalate, propiolate, propionate,
phenylpropionate, sebacate, suberats, p-bromobenzenesulfonate, chlorobenzenesulfonate,  ethylsulfonate,  2-
hydroxyethylsulfonate, methylsulfonate, naphthalene-1-sulfonate, naphthalene-2-sulfonate, naphthalene-1,5-sulfonate,
xylenesulfonate, and tarfarate salfs.

The term "pharmacsutically acceptable salt” also refers o a salt of the compositions of the present technology having an
acidic functional group, such as a carboxylic acid functional group, and a base. Suitable bases include, but are not limited to,
hydroxides of alkali metals such as sodium, potassium, and lithium; hydroxides of alkaline earth metal such as calcium and
magnesium; hydroxides of other metals, such as aluminum and zine; ammonia, and organic amines, such as unsubstituted or
hydroxy-substituted mone-, di-, or tri-alkylamines, dicyclohexylamine, tributyl amine; pyridine; N-methyl, N-ethylamine;
diethylamine; friethylamine; mono-, bis-, or tris-(2-0H-lower alkylamines), such as mono-; bis-, or tris-(2-hydroxyethyljamine,
2-hydroxy-teri-butylamine, or tris-(hydroxymethylimethylamine, N,N-di-lower alkyl-N-(hydroxyl-lower alkyl)-amines, such as
N,N-dimethyl-N-(2-hydroxyethyl)amine or tri-{2-hydroxyethyljamine; N-methyl-D-glucaming; and amino acids such as
argining, lysine, and the like.

In some embodiments, the compositions described herein are in the form of a pharmaceutically acceptable salt.

Pharmaceutical Compositions and Formulations

In some embodiments, the present technology pertains 1o pharmaceufical compaositions comprising the FAP binding agents
{and/or any other therapeutic agents) described herein and a pharmaceutically acceptable carrier or excipient. In some
embodiments, the present technology pertains to pharmaceutical compositions comprising the present FAP binding agents.
In another embodiment, the present technology pertains to pharmaceutical compositions comprising any other therapeutic
agents described herein. | n a further embodiment, the present technology pertains to pharmaceutical compositions comprising
a combination of the present FAP binding agents and any other therapeutic agents described herein. Any pharmaceutical
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compositions described herein can be adminisiered fo a subject as a component of a composition that comprises a
pharmaceutically acceptable cartier or vehicle. Such compositions can optionally comprise a suitable amount of a
pharmaceutically acceptable excipient so as to provide the form for proper administration.

In some embodiments, pharmaceutical excipients can be liquids, such as water and oils, including those of petroleum, animal,
vegetable, or synthetic origin, stich as peanut oll, soybean ail, mineral oil, sesame oil and the like. The pharmaceutical
excipients can be, for example, saling, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea and the like. In
addition, auxiliary, stabilizing, thickening, lubricating, and coloring agents can be used. In one embodiment, the
pharmaceutically acceptable excipients are sterile when administered to a subject. Water is a useful excipient when any agent
described herein is administered infravenously. Saline solufions and aqueous dextrose and glycerol solutions can also be
employed as liquid excipients, specifically for injectable solutions. Suitable pharmaceutical excipients also include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monosiearate, talc, sodium
chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. Any agent described herein, if desired, can
also comprise minor amounts of wefting or emulsifying agents, or pH buffering agents. Other examples of suitable
pharmaceutical excipients are described in Remington's Pharmaceufical Sciences 1447-1676 (Alfonso R, Gennaro eds., 19th
ed. 1995}, incorporated herein by reference.

The present technology includes the described pharmaceutical compositions {and/or additional therapeutic agents) in various
formulafions. Any inventive pharmaceutical composition (and/or additional therapeutic agents) described herein can take the
form of solutions, suspensions, emulsion, drops, fablets, pills, pellets, capsules, capsules containing liquids, gelatin capsules,
powders, sustained-release formulations, suppositories, emulsions, agrosols, sprays, suspensions, lyophilized powder, frozen
suspension, desiccated powder, or any other form suitable for use. In one embodiment, the composition is in the form of a
capsule. In another embodiment, the composition is in the form of a fablet. In yet another embodiment, the pharmaceutical
composition is formulated in the form of a soft-gel capsule. In a further embodiment, the pharmaceutical composition is
formulated in the form of a gelatin capsule. In yet another embodiment, the pharmaceutical composition is formulated as a
liquid.

In some embadiments, the inventive pharmaceutical compositions (and/or additional agents) can also include a solubilizing
agent. Also, the agents can be delivered with a suitable vehicle or delivery device as known in the art. Combination therapies
outlined herein can be co-delivered in a single delivery vehicle or delivery device.

The formulations comprising the inventive pharmaceutical compositions (and/or additional agents) of the present technology
may conveniently be presented in unit dosage forms and may be prepared by any of the methods well known in the art of
pharmacy. Such methods generally include the step of bringing the therapeutic agents info association with a carrier, which
constitules one or more accessory ingredients. Typically, the formulations are prepared by uniformly and intimately bringing
the therapeutic agent into association with a liquid carrier, a finely divided solid carrier, or both, and then, if necessary, shaping
the product into dosage forms of the desired formulation {e. g, wet or dry granulation, powder blends, efc., followed by tableting
using conventional methods known in the art).

In some embodiments, any pharmaceutical compaositions {and/or addiional agents) described herein is formulated in
accordance with routine procedures as a composition adapted for a mode of administration described herein.

In some embodiments, the routes of administration include, for example: oral, intradermal, inframuscular, infraperitoneal,
intravenous, subcutaneous, infranasal, epidural, sublingual, intranasal, intracerebral, infravaginal, transdermal, rectally, by

73



10

15

20

25

30

35

WO 2019/152979 PCT/US2019/016629

inhalation, or topically. Administration ¢an be local or systemic. In some embodiments, the administering is effected orally. In
another smbodiment, the administration is by parenteral injection. The mode of administration can be left to the discretion of
the practitioner, and depends in-part upon the site of the medical condition. | n most instances, administration results in the
release of any agent described herein info the bloodstream,

In some embodiments, the FAP binding agent described herein is formulated in accordance with routine procedures as a
composition adapted for oral administration. By way of example, but not by way of limitation, in some embodiments,
compositions for oral delivery are in the form of tablets, lozenges, aqueous or oily suspensions, granules, powders, emulsions,
capsules, syrups, or elixirs, In some embodiments, orally administered compositions include one or more agents, for example,
sweetening agents such as fructose, aspartame or saccharin; flavoring agents such as peppermint, oil of wintergreen, or
cherry; coloring agents; and preserving agents, to provide a pharmaceutically palatable preparation. In some embodiments,
the compositions, when in fablet or pill ferm, are coated fo delay disintegration and absomption in the gastrointestinal tract
thereby providing a sustained action over an extended period of time, Selectively permeable membranes surrounding an
osmotically active driving any FAP binding agents described herein are also suitable for orally administered compositions. In
these latter platforms, fluid from the environment surrounding the capsule is imbibed by the driving compound, which swells
to displace the agent or agent composition through an aperture. These delivery platforms can provide an essentially zero order
delivery profile as opposed to the spiked profiles of immediate relsase formulations. In some embodiments, the oral
compositions include a time-delay material, such as, a.g., glycerol monostearate or glycerol stearate. In some embodiments,
oral compositions include standard excipients such as mannitol, lactose, starch, magnesium stearate, sodium saccharin,
cellulose, and magnesium carbonate. In one embodiment, the excipients are of pharmaceutical grade. Suspensions, in
addition fo the active compounds, may contain suspending agents such as, for example, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar,

tragacanth, etc., and mixtures thereof.

Dosage forms suitable for parenteral administration {e.g. intravenous, inframuscular, intraperitoneal, subcutaneous and intra-
articular injection and infusion) include, for example, solutions, suspensions, dispersions, emulsions, and the like. They may
also be manufactured in the form of sterile solid compositions (e.g. lyophilized composition), which can be dissolved or
suspended in sterile injectable medium immediately before use. They may contain, for example, suspending or dispersing
agents known in the art. Formulation components suitable for parenteral administration include a sterile diluent such as water
for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as EDTA; buffers such as acetates, citrales or phosphates; and agents for the adjusiment of tonicity such as
sodium chloride or dextrose.

For intravenous administration, suitable carriers include physiological saline, bacieriostatic water, Cremophor ELTM (BASF,
Parsippany, NJ) or phosphate buffered saline (PBS). The camier should be stable under the conditions of manufacture and
storage, and should be preserved against microorganisms. The carrier can be a solvent or dspersion medium containing, for
example, water, ethanol, polyol (for example, glyceral, propylene glycol, and liquid polyetheylene glycal), and suitable mixtures
thereof.

The compositions provided herein, alone or in combination with other suitable components, can be made info aerosol
formulations (i.e., "nebulized"} to be administered via inhalation. Aerosol formulations can be placed into pressurized

acceptable propellants, such as dichloredifluoromethane, propane, nitrogen, and the like.
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Any inventive pharmaceutical compositions (and/or additional agenis) described herein can be administered by controlled-
rslease or sustained-release means or by delivery devices that are wall known to those of ordinary skill in the art. Examples
include, but are not limited to, those described in U.S. Patent Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123; 4,008,719,
5,674,533; 5,069,595; 5,591,767; 5,120,548; 5,073,543, 5,639,476, 5,354,556; and 5,733,556, each of which is incorporated
herein by reference in its entirety. Such dosage forms can be useful for providing controlled- or sustained-release of one or
more aclive ingredients using, for example, hydropropyl cellulose, hydropropylmethyl cellulose, polyvinylpyrrolidons, other
polymer matrices, gels, permeable membranes, osmotic systems, multilayer coatings, micropariicles, liposomes,
microspheres, or a combination thereof fo provide the desired release profile in varying proportions. Suitable controlled- or
sustained-release formulations known fo those skilled in the art, including those described herein, can be readily selected for
use with the active ingredients of the agents described herein. The present technology, thus, provides single unit dosage
forms suitable for oral administration such as, but not limited to, tablets, capsules, gelcaps, and caplets that are adapted for
controlled- or sustained-release.

Controlled- or sustained-release of an active ingredient can be stimulated by various conditions, including but not limited to,
changes in pH, changes in femperaiure, stimulation by an appropriate wavelength of light, concenfration or availability of
enzymes, concentration or availability of water, or other physiological conditions or compounds.

In ancther embodiment, a controlled-release system can be placed in proximity of the target area fo be treated, thus requiring
only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, supra, vol. 2, pp. 115-
138 (1984)). Other controlled-release systems discussed in the review by Langer, 1990, Science 249:1527-1533) may be
used.

Pharmaceutical formulations preferably are sterile. Sterilization can be accomplished, for example, by filtration through sterile
filiration membranes. Where the composition is Iyophilized, filter sterilizaion can be conducted prior to or following
Iyophilization and reconstitution.

Administration and Dosage

It will be appreciated that the actual dose of the FAP binding agent andfor any therapeutic agents described herein to be
administered according to the present technology will vary according to the particular dosage form, and the mode of
administration. Many factors that may modify the action of the FAP binding agent {e.g., body weight, gender, diet, fime of
administration, route of administration, rate of excretion, condition of the subject, drug combinations, genetic disposition and
reaction sensitivities) can be taken into account by those skilled in the art. Administration can be carried out continuously or
in one or more discrete doses within the maximum folerated dose. Optimal administration rates for a given set of conditions
can be ascertained by those skilled in the art using convenfional dosage adminisiration tests.

In some embodiments, a suitable dosage of the FAP binding agent and/or any therapeutic agents described herein is in a
range of about 0.01 mg/kg to about 10 g/kg of body weight of the subject, about 0.01 mg/kg to about 1 g/kg of body weight of
the subject, about 0.01 mg/kg to about 100 mg/kg of body weight of the subject, about 0.01 mg/kg to about 10 mg/kg of body
weight of the subject, for example, about 0.01 mg/kg, about 0.02 mg/kg, about 0.03 mgikg, about 0.04 mg/kyg, about 0.05
mg/ky, about 0.06 mg/kg, about 0.07 mg/kg, about 0.08 mg/kg, about 0.09 mg/kg, about 0.1 mg/kg, about 0.2 mg/kg, about
0.3 mg/kg, about 0.4 mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7 mg/kg, about 0.8 ma/kg, about 0.9 mg/kg, about 1
mg/kg, about 1.1 ma/kg, about 1.2 mg/kg, about 1.3 mgikg, about 1.4 mg/kg, about 1.5 mg/kg, about 1.6 mgrkg, about 1.7
mg/ky, about 1.8 mg/kg, 1.9 mg/ky, about 2 mg/ky, about 3 mg/kg, about 4 mgkg, about 5 mg/kg, about 8 mg/kg, about 7
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mg/kg, about 8 mg/kg, about 9 mg/kg, about 10 mg/kg body weight, about 100 mg/kg body weight, about 1 g/kg of body
weight, about 10 g/kg of body weight, inclusive of all values and ranges therebetween.

In some embodiments, individual doses of the FAP binding agent and/or any therapeutic agents described herein are
administered in unit dosage forms containing, for example, from about 0.01 mg to about 100 g, from about 0.01 mg fo about
75 g, from about 0.01 myg fo about 50 g, from about 0.01 mg to about 25 g, about 0.01 mg to about 10 g, about 0.01 mg fo
about 7.5 g, about 0.01 mg fo about 5 g, about 0.01 mg 1o about 2.5 g, about 0.01 mg fo about 1 g, about 0.01 mg to about
100 mg, from about 0.1 mg to about 100 mg, from about 0.1 mg to about 90 mg, from about 0.1 mg fo about 80 mg, from
about 0.1 mg to about 70 mg, from about 0.1 mg to about 60 mg, from about 0.1 mg to about 50 mg, from about 0.1 mg fo
about 40 mg active ingredient, from about 0.1 mg fo about 30 mg, from about 0.1 mg to about 20 mg, from about 0.1 mg fo
about 10 mg, from about 0.1 mg to about 5 mg, from about 0.1 mg to about 3 mg, from about 0.1 mg to about 1 mg per unit
dosage form, or from abouf 5 mg to about 80 mg per unit dosage form. For example, a unit dosage form can be about 0.01
mg, about 0.02 mg, about 0.03 mg, about 0.04 mg, about 0.05 mg, about 0.06 mg, about 0.07 mg, about 0.08 mg, aboui 0.09
mg, about 0.1 mg, about 0.2 mg, about 0.3 myg, about 0.4 mg, about 0.5 mg, about 0.6 my, about 0.7 mg, about 0.8 mg, about
0.9 mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg about
10 mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg, about 50 mg, about
55 my, about 60 my, about 85 my, about 70 my, about 75 mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, about
100 mg, about 200 mg, about 500 mg, about 1 g, about 2.5 g, about 5 g, about 10 g, about 25 g, about 50 g, about 75 g, about
100 g, inclusive of all values and ranges therebetwesn.

In one embodiment, the FAP binding agent and/or any therapeutic agents described hersin are administered at an amount of
from about 0.01 mg to about 100 g daily, from about 0.01 mg fo about 75 g daily, from about 0.01 mg to about 50 g daily, from
about 0.01 mg to about 25 g daily, from about 0.01 mg to about 10 g daily, from about 0.01 mg fo about 7.5 g daily, from about
0.01 mg to about 5 g daily, from about 0.01 mg o about 2.5 g daily, from about 0.01 mg fo about 1 g daily, from about 0.01
mg to about 100 mg daily, from about 0.1 mg to about 100 mg daily, from about 0.1 mg to about 95 mg daily, from about 0.1
mg fo about 90 mg daily, from about 0.1 mg to about 85 mg daily, from about 0.1 mg to about 80 mg daily, from about 0.1 mg
to about 75 mg daily, from about 0.1 mg o about 70 mg daily, from about 0.1 mg to about 65 mg daily, from about 0.1 mg to
about 60 mg daily, from about 0.1 mg 1o about 55 mg daily, from about 0.1 mg to about 50 mg daily, from about 0.1 mg to
about 45 mg daily, from about 0.1 mg to about 40 mg daily, from about 0.1 mg to about 35 mg daily, from about 0.1 mg fo
about 30 mg daily, from about 0.1 mg to about 25 mg daily, from about 0.1 mg to about 20 mg daily, from about 0.1 mg to
about 15 mg daily, from about 0.1 mg to about 10 mg daily, from about 0.1 mg fo about 5 mg daily, from about 0.1 mg to about
3 mg daily, from about 0.1 mg to about 1 mg daily, or from about 5 mg fo about 80 mg daily. In some embodiments, the FAP
binding agent is administered at a daily dose of about 0.01 mg, about 0.02 mg, about 0.03 mg, about 0.04 mg, about 0.05 mg,
about 0.06 mg, about 0.07 mg, about 0.08 mg, about 0.09 mg, about 0.1 mg, about 0.2 myg, about 0.3 myg, about 0.4 mg, about
0.5 mg, about 0.6 mg, about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5
mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg about 10 mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg,
about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 my, about 60 my, about 65 mg, about 70 mg, about 75 mg,
about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 100 mg, about 200 mg, about 500 mg, about 1 g, about 2.5 g,
about 5 g, about 7.5 g, about 10 g, about 25 g, about 50 g, about 75 g, about 100 g, inclusive of all values and ranges
therebetween.
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In accordance with cerfain embodiments of the present technology, the pharmaceutical composition comprising the FAP
binding agent and/or any therapeutic agents described herein may be administered, for example, more than once daily {e.q.,
about two times, about three times, about four times, about five times, about six times, about seven fimes, about eight times,
about nine times, or about ten fimes daily}, about once per day, about every other day, about every third day, about once a
week, about once every two weeks, about once every month, about once every two months, about once every three months,
about once every six months, or about once every vear.

Combination Therapy and Additional Therapeutic Agents

In some embodiments, the pharmaceutical composition of the present technology is co-administered in conjunction with one
or more additional therapeutic agents. In some embodiments, co-administration can be simultaneous or sequential.

In one embodiment, the additional therapeutic agent and the FAP binding agent of the present technology are administered
to a subject simultaneously. The term "simultaneously” as used herein, means that the additional therapeutic agent and the
FAP binding agent are administered with a time separation of no more than about 60 minutes, such as ne more than about
30 minutes, no more than about 20 minutes, no more than about 10 minutes, no more than about 5 minutes, or no more than
about 1 minute. Administration of the additional therapeutic agent and the FAP binding agent can be by simultaneous
administration of a single formulation (&.¢., a formulation comprising the additional therapeutic agent and the FAP binding
agent) or of separate formulations (e.q., a first formulation including the additional therapeutic agent and a second formulation
including the FAP binding agent).

Co-administration does not require the therapeutic agents to be administered simultaneously, if the timing of their
administration is such that the pharmacological activities of the additional therapeutic agent and the FAP binding agent overlap
in time, thereby exerfing a combined therapeutic efiect. For example, the additional therapeutic agent and the FAP binding
agent can be administered sequentially. The term "sequentially" as used herein means that the additional therapeutic agent
and the FAP binding agent are administered with a time separation of more than about 80 minutes. For example, the tims
between the sequential administration of the additional therapeutic agent and the FAP binding agent can be more than about
60 minutes, more than about 2 hours, more than about 5 hours, more than about 10 hours, more than about 1 day, more than
about 2 days, more than about 3 days, more than about 1 week, or more than about 2 weeks, or more than about one month
apart. The oplimal administration times will depend on the rates of metabolism, excretion, and/or the pharmacodynamic activity
of the additional therapeutic agent and the FAP binding agent being administered. Either the additional therapeutic agent or
the FAP binding agent cell may be administered first.

Co-administration also does not require the therapeutic agents to be administered to the subject by the same route of
adminisfration. Rather, each therapeutic agent can be administered by any appropriate route, for example, parenterally or

non-parenterally.

In some embodiments, the FAP binding agent described herein acts synergistically when co-administered with another
therapeutic agent. As used herein, a “synergistically” refers o a greater-than-additive therapeutic effect, which is produced by
a combination of at least two agents, and which exceeds that which would otherwise result from the individual administration
of the agents. For example, lower doses of one or more agents may be used in trealing a dissase or disorder, reslting in
increased therapeutic efficacy and decreased side-effects. In such embodiments, the FAP binding agent and the additional
therapeutic agent may be administered at doses that are lower than the doses employed when the agents are used in the
context of monotherapy.
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In some embodiments, the present technology pertains to chemotherapeutic agents as addifional therapeutic agents. For
example, without limitation, such combination of the present FAP binding agents and chemotherapeutic agent find use in the
treatment of cancers, as described elsewhere herein. Examples of chemotherapeutic agents include, but are not limited to,
alkylating agents such as thiotepa and CYTOXAN cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodapa, carboquone, meturedopa, and uredopa; ethylenimines and methylamelamines
including  altretamine,  triethylenemelamine,  trietylenephosphoramide,  fristhivlensthiophosphoramide  and
trimethylolomelamine; acetogenins {e.g., bullatacin and bullatacinone); a camptothecin (including the synthetic analogue
topotecan); bryostatin; cally sfatin; CC-1085 (including its adozelesin, carzelesin and bizelesin synthelic analogues);
cryptophycins (e.g., cryptophyein 1 and eryplophycin 8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189
and CB 1-TM1); eleutherobin; pancralistatin, a sarcodictyin, spongistatin, nitrogen mustards such as chlorambucil,
chlormaphazine, cholophosphamide, estramusting, fosfamide, mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimusting, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, folemusting, lomustine, nimustine, and ranimnusting; antibiotics such as the enediyne antibiotics (e.q.,
calicheamicin, egpecially calicheamicin gammall and calicheamicin omegall (see, e.g., Agnew, Chem. Intl. Ed. Engl., 33: 183-
186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neacarzinostatin chromophore and related chromaoprotein enediyne antibiotic chromophores), aclacinomysins, actinomysin,
authramycin, azaseting, bleomyeins, cactinomyein, carabicin, caminomycin, carzinophilin, chromomyeinis, dactinomycin,
daunorubicin, deforubicin, 6-diazo-5-oxo-L-norleucing, ADRIAMYCIN doxarubicin (including morpholino-doxorubicin,
cyanomorpholing-doxorubicin,  2-pyrrolino-doxorubicin - and  deoxy doxorubicin), epirubicin, esorubicin, idarubicin,
marcellomycin, mitermycins such as mitomyein C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, poffiromycin,
purcmygcin, guelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites
such as methotrexate and S-fluorouracil (5-FU); folic acid analogues such as dencplerin, methotrexats, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens
such as calusterone, dromostanolone propionats, epitiostanol, mepitiostane, testolactone;, anti-adrenals such as
minoglutethimide, mitotane, trilostans; folic acid replenisher such as frolinic acid; aceglatone, aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisanirene; edatraxate; demecclcing; diaziquone; elformithine;
elliptinium acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidaining; maytansinoids such as
mayiansing and ansamitocing; mitoguazone; mitoxantrone, mopidanmol; nitraering; pentostatin; phenamet; pirarubicin;
losoxantrone, podophyllinic acid; 2-ethylhydrazide, procarbazine; PSK polysaccharide complex (JHS Natural Products,
Eugene, Oreg.); razoxane; rhizoxin; sizofuran; spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-trichlorofristhylamine;
trichothecenes (e.g., T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiolepa; toxoids (e.g., TAXOL,
paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE®, Cremophor-fres, albumin-engineered nanoparticle
formulafion of paclitaxel (American Pharmaceutical Partners, Schaumberg, 111.), and TAXOTERE doxetaxel (Rhone-Poulenc
Rorer, Antony, France)); chloranbucil; GEMZAR {gemcitabine); 6-thioguanine, mercaptopurine; methotrexate; platinum
analogs {such as, e.g., cisplatin, oxaliplatin and carboplatin); vinblastine; platinum; etoposide {VP-16); ifosfamide;
mitoxanfrone; vincristine; NAVELBINE (vinorelbine}; novantrone; teniposide; edatrexate; daunomycin; aminoplerin; xeloda;
ibandronate; irinotecan (Camplosar, CPT-11) (including the treatment regimen of irinofecan with 5-FU and leucovorin);
topoisomerase inhibitor RFS 2000; diflucromethylornithine (DMFO); retinoids such as retinoic acid; capecitabine;
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combrefastatin; leucovorin (LV); oxaliplatin, including the oxaliplatin treatment regimen {FOLFOX); lapatinib {Tykerby);
inhibifors of PKC-a, Raf, H-Ras, EGFR (e.g., erlotinib (Tarceva®)) and VEGF-A that reduce cell proliferation and
pharmaceutically acceplable salts, acids or derivatives of any of the above. In addition, in some embodiments, the methods
of treatment further include the use of radiation. In addition, in some embodiments, the methods of treatment further include
the use of photodynamic therapy.

Accordingly, in some embodiments, the present technology relates to combination therapies using the FAP binding agent and
a chemotherapeutic agent. In some embodiments, the present fechnology relates to administration of the FAP binding agent
to a patient undergoing treatment with a chemotherapeutic agent. In some embodiments, the chemotherapeutic agent is a
DNA-intercalating agent, such as, without limitation, doxorubicin, cisplatin, daunorubicin, and epirubicin. In some
embodiments, the DNA-intercalating agent is doxorubicin.

In some embodiments, the FAP binding agent acts synergistically when co-administered with doxorubicin. In some
embodiments, the FAP binding agent acts synergistically when co-administered with doxorubicin for use in treating tumor or
cancer, For example, co-administration of the FAP binding agent and doxorubicin may act synergistically fo recuce or eliminate
the tumor or cancer, or slow the growth and/or progression andfor metastasis of the tumor or cancer, In some embodiments,
the combination of the FAP binding agent and doxorubicin may exhibit improved safety profiles when compared to the agents
used alone in the context of monctherapy. In some embodiments, the FAP binding agent and doxorubicin are administered at
doses that are lower than the doses employed when the agents are usedin the context of monotherapy. In some embodiments,
the FAP binding agent comprises a mutated interferon such as a mutated IFNa. In some embodiments, the mutated IFNa
comprisas one or more mutations at positions 148, 149, and 153 with reference to SEQ ID NO: 688 or SEQ ID NO: 689, such
as the substitutions M148A, R149A, and L153A.

In some embodiments, the present technology relates fo combination therapy with one or more immune-modulating agents,
for example, without limitation, agents that modulate immune checkpoint. In some embodiments, the immunes-modulating
agent targets one or more of PD-1, PD-L1, and PD-L2. In some embodiments, the immune-modulating agent is PD-1 inhibitor.
In some embodiments, the immune-modulating agent is an antibody specific for one or more of PD-1, PD-L1, and PC-L2. For
instance, in some embodiments, the immune-modulating agent is an antibody such as, by way of non-limitation, nivelumab,
(ONO-4538/BIS-936558, MDX1106, OPDIVO, BRISTOL MYERS SQUIBB), pembrolizumab {KEYTRUDA, MERCK),
pidilizumab (CT-011, CURE TECH), MK-3475 (MERCK), BMS 936559 (BRISTOL MYERS SQUIBB), MPDL3280A (ROCHE).
In some embodiments, the immune-modulating agent argets one or more of CD137 or CD137L. In some embodiments, the
immune-modulating agent is an anfibody specific for one or more of CD137 or CDA37L. For instance, in some embodiments,
the immune-modulating agent is an antibody such as, by way of non-limitation, urelumab (also known as BMS-663513 and
anti-4-1BB antibody). In some embodiments, the present chimeric protein is combined with urelumab {optionally with one or
more of nivolumab, lirilumab, and urelumab) for the treatment of solid tumors and/or B-cell non-Hodgkins lymphoma and/or
head and neck cancer andfor multiple myeloma. In some embodiments, the immune-modulating agent is an agent that targets
one or more of CTLA-4, AF2M1, CD80, CD85, SHP-2, and PPP2R5A. |n some embodiments, the immune-modulating agent
is an antibody specific for one or more of CTLA-4, AP2M1, CD80, CD86, SHP-2, and PPP2R5A, For instance, in some
embodiments, the immune-modulating agent is an antibody such as, by way of non-limitation, ipilimumab (MDX-010, MDX-
101, Yervoy, BMS) andfor tremelimumab (Pfizer}. In some embodiments, the present chimeric protein is combined with
ipilimumab {optionally with bavituximab) for the treatment of one or more of melanoma, prostate cancer, and lung cancer. In
some embodiments, the immune-modulating agent targets CD20. In some embodiments, the immune-modulating agent is an
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antibody specific CD20. For instance, in some embodiments, the immune-madulating agent is an antibody such as, by way of
non-limitation, Ofaturmumaby (GENMAB), obinutuzumab (GAZYVA), AME-133v (APPLIED MOLECULAR EVOLUTION),
Ocrelizumab (GENENTECH), TRU-015 (TRUBION/EMERGENT), veltuzumab {IMMU-106).

In some embodiments, the present fechnology relates to combination therapy using the FAP binding agent and a checkpoint
inhibitor. In some embodiments, the present technology relates to administration of the FAP binding agent to a patient
undergoing treatment with a checkpoint inhibitor. In some embodiments, the checkpoint inhibitor is an agent that targets one
or more of PD-1, PD-L1, PD-L2, and CTLA-4 {including any of the anti-PD-1, anti-PC-L1, anti-PD-L2, and anti-CTLA-4 agents
described herein). In some embodiment, the checkpoint inhibitor is one or more of nivolumab, (ONO-4538/BMS-936558,
MDX1106, OPDIVO, BRISTOL MYERS SQUIBB), pembrolizumab (KEYTRUDA, MERCK), pidilizumab {CT-011, CURE
TECH), MK-3475 (MERCK), BMS 936559 (BRISTOL MYERS SQUIBB), MPDL3280A (ROCHE), ipilimumab (MDX-010, MDX-
101, Yervoy, BMS) and fremelimumab (Pfizer). In some embodiments, the checkpaint inhibitor is an antibody against PD-L1.

In some embodiments, the FAP binding agent acts synergistically when co-administered with the anti-PD-L1 antibody. In some
embodiments, the FAP binding agent acts synergistically when co-administered with the anti-PD-L1 antibody for use in freating
tumor or cancer. For example, co-administration of the FAP binding agent and the anti-PD-L1 antibody may act synergistically
to reduce or seliminate the tumor or cancer, or slow the growth andfor progression andfor metastasis of the tumor or cancer.
In some embodiments, the combination of the FAP binding agent and the anti-PD-L1 antibody may exhibit improved safety
profiles when compared fo the agenis used alone in the context of monotherapy. In some embadiments, the FAP binding
agent and the anfi-PD-L1 antibody may be administered at doses that are lower than the doses employed when the agents
are used in the context of monctherapy. In some embodiments, the FAP binding agent comprises a mutated interferon such
as a mutated IFNa. In illusirative embodiments, the mutated IFNa comprises one or more mutations at positions 148, 149,
and 153 with reference to SEQ ID NO: 688 or SEQ D NO: 689, such as the substitutions M148A, R1494, and L153A.

In some embodiments, the present technology relates to combination therapies using the FAP binding agent and an
immunosuppressive agent. In some embodiments, the present technology relates to administration of the FAP binding agent
to a pafient undergoing treatment with an immunosuppressive agent. In some embodiments, the immunosuppressive agent
is TNF.

In illustrative embodiments, the FAP binding agent acts synergistically when co-administered with TNF. In an illustrative
embodiment, the FAP binding agent acts synergistically when co-administered with TNF for use in freafing tumor or cancer.
For example, co-administration of the FAP binding agent and TNF may act synergistically to reduce or eliminate the tumor or
cancer, or slow the growth andfor progression andor metastasis of the tumor or cancer. In some embodiments, the
combination of the FAP binding agent and TNF may exhibit improved safety profiles when compared to the agents used alons
in the contexi of monotherapy. In some embodiments, the FAP binding agent and TNF may be adminisiered at doses that are
lower than the doses employed when the agents are used in the context of monotherapy. In some embodiments, the FAP
binding agent comprises a mutated interferon such as a mutated IFNa. In illustrative embodiments, the mutated IFNa
comprises one or more mutations at positions 148, 149, and 153 with reference to SEQ ID NO: 688 or SEQ ID NO: 689, such
as the substitutions M148A, R149A, and L153A.

In some embodiments, the FAP binding agent acts synergistically when used in combination with Chimeric Antigen Receptor
(CAR) T-cell therapy. In an illustrative embodiment, the FAP binding agent acts synergistically when used in combination with
CAR T-cell therapy in treating tumor or cancer. In an embodiment, the FAP binding agent acts synergistically when used in
combination with CAR T-cell therapy in treating blood-based tumors. In an embodiment, the FAP binding agent acts
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synergistically when used in combination with CAR T-cell therapy in treating solid tumors. For example, use of the FAP binding
agent and CAR T-cells may act synergistically to reduce or eliminate the tumor or cancer, or slow the growth andfor
pregression and/or metastasis of the tumor or cancer. In some embodiments, the FAP binding agent of the present technology
induces CAR T-cell division. In some embodiments, the FAP binding agent of the present technology induces CAR T-cell
proliferation. In some embodiments, the FAP binding agent of the present technology prevents anergy of the CAR T cells.

In some embodiments, the CAR T-cell therapy comprises CAR T cells that target antigens (&.g., tumor antigens) such as, but
not limited fo, cabonic anhydrase (X {(CAIX], 5T4, CD19, CD20, CD22, CD30, CD33, CD38, CD47, C81, CD138, Lewis-Y,
L1-CAM, MUC16, ROR-1, IL13Ra2, gp100, prostate stem cell antigen (PSCA), prostate-specific membrane antigen (PSMA),
B-cell maturation antigen (BCMA], human papillomavirus type 16 E6 (HPY-16 EB), CD171, folate receptor alpha (FR-a), GD2,
human epidermal growth facior receptor 2 {(HERZ2), mesothalin, EGFRvII, fibroblast activation protein {(FAP), carcinogmbryonic
antigen {CEA), and vascular endothelial growth factor receptor 2 (VEGF-R2), as well as other tumor antigens well known in
the art. Additional illustrative umor antigens include, but are not limited fo MART-1/Melan-A, gp100, Dipeptidyl peplidase [V
(DPPIV), adenosine deaminase-binding protein {ADAbp), cyclophilin b, Colorectal associated antigen (CRC}-0017-1A/GAT33,
Carcinoembryonic Antigen (CEA) and its immunogenic epitopes CAP-1 and CAP-2, etv6, am11, Prosiate Specific Antigen
(PSA} and its immunogenic epitopes PSA-1, PSA-2, and PSA-3, T-cell receptor/CD3-zefa chain, MAGE-family of tumor
antigens {e.g., MAGE-A1, MAGE-A2, MAGE-A3, MAGE-Ad, MAGE-A5, MAGE-A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE-
A10, MAGE-A11, MAGE-AI2, MAGE-Xp2 (MAGE-B2), MAGE-Xp3 (MAGE-B3}, MAGE-Xp4 (MAGE-B4), MAGE-C1, MAGE-
C2, MAGE-C3, MAGE-C4, MAGE-05), GAGE-family of tumor antigens (e.g., GAGE-1, GAGE-2, GAGE-3, GAGE-4, GAGE-
5, GAGE-6, GAGE-7, GAGE-8, GAGE-9), BAGE, RAGE, LAGE-1, NAG, GnT-V, MUM-1, CDK4, tyrosinase, p53, MUC family,
HERZ2/neu, p21ras, RCAS1, a-fetoprotein, E-cadherin, a-catenin, 3-catenin and y-catenin, p120ctn, gp100 Pme1117, PRAME,
NY-ES0-1, ede27, adenomatous polyposis coli protein (APC), fodrin, Connexin 37, lg-idiotype, p15, gp75, GM2 and GO2
gangliosides, viral products such as human papilloma virus proteins, Smad family of tumor antigens, Imp-1, NA, EBV-encoded
nuclear antigen (EBNA)-1, brain glycogen phosphorylase, SSX-1, S8X-2 (HOM-MEL-40), SSX-1, 8SX-4, 88X.-5, SCP-1 CT-
7, c-etbB-2, CD19, CD37, CD56, CD70, CD74, CD138, AGS16, MUC1 , GPNMB, Ep-CAM, PD-L1, and PD-L2.

lllustrative CAR T-cell therapy include, but are not limited fo, JCARO14 (Juno Therapeutics), JCARD15 {Juno Therapeutics),
JCAROQ17 (Juno Therapeutics), JCARO18 (Juno Therapeutics}, JCARO20 (Juno Therapeutics), JCARD23 (Juno Therapeuiics),
JCARO024 (Juno Therapeutics), CTLO19 {Novartis), KTE-C19 (Kite Pharma), BPX-401 (Bellicum Pharmaceuticals), BPX-501
{Bellicum Pharmaceuticals), BPX-601 (Bellicum Pharmaceuticals), bb2121 (Bluebird Bio), CD-19 Sleeping Beauty cells
(Ziopharm Oncology), UCART19 (Cellectis), UCART123 (Cellectis), UCART38 (Cellectis), UCARTCS1 (Cellectis), OXB-302
(Oxford BioMedica, MB-101 {Mustang Bio) and CAR T-cells developed by Innovative Cellular Therapeutics.

In some embodiments, the present technology relates to combination therapy with one or more ¢chimeric agents dascribed in
WO 2013/10779, WO 2015/007536, WO 2015/007520, WG 2015/007542, and WO 2015/007903, the entire contents of which
are hereby incorporated by reference in their enfireties.

In some embodiments, inclusive of, without limitation, infectious disease applications, the present technology pertains to anti-
infectives as additional therapeutic agents. In some embodiments, the anti-infective is an anti-viral agent including, but not
limited to, Abacavir, Acyclovir, Adefovir, Amprenavir, Atazanavir, Cidofovir, Darunavir, Delavirdine, Didanosine, Docosanol,
Efavirenz, Elvitegravir, Emfricitabine, Enfuvirtide, Etravirine, Famciclovir, and Foscamet. In some embodiments, the anti-
infective is an anti-bacterial agent including, but not limited to, cephalospaerin antibiotics {cephalexin, cefuroxime, cefadroxil,
cefazolin, cephalothin, cefaclor, cefamandole, cefoxitin, cefprozil, and ceftobiprole); fluoroguinolone antibiofics (cipro,
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Levaquin, floxin, tequin, avelox, and norflox); tetracycling antibiofics (tefracycline, minocycline, oxytetracycline, and
doxyeycling); penicillin antibiotics (amoxicillin, ampicillin, penicillin ¥, dicloxacillin, carbenicillin, vancomycin, and methicillin);
monobactam antibiotics (azireonam); and carbapenem antibiotics (ertapenem, doripenem, imipenem/cilastatin, and
meropener). In some embodiments, the anti-infectives include anti-malarial agents (e.g., chloroquine, quinine, mefloguine,
primaquine, doxycycline, artemether/umefantrine, atovaquone/proguanil and sulfadoxine/pyrimethaming), metronidazole,
tinidazole, ivermectin, pyrantel pamoate, and albendazole.

In some embodiments, inclusive, without limitation, of autoimmmune applications, the additional therapeutic agent is an
immunosuppressive agent. In some embodiments, the immunosuppressive agent is an anti-inflammatory agent such as a
steroidal anti-inflammatory agent or a non-steroidal anti-inflammatory agent (NSAID). Steroids, particularly the adrenal
corticosteroids and their synthetic analogues, are well known in the art. Examples of corticosteroids useful in the present
technology include, without limitation, hydroxyltiamcinolone, alpha-methyl dexamethasone, beta-methyl betamethasone,
beclomethasone dipropionate, befamethasone benzoate, betamethasone dipropionate, betamethasone valerate, clobetasol
valerate, desonide, desoxymethasone, dexamethasone, diflorasone diacefats, diflucortolone valerate, fluadrenolone,
fluclorolone aceionicde, flumethasone pivalate, fluosinolone acetonide, fluocinonide, flucoriine butylester, fluocortolone,
fluprednidene (fluprednylidene) acetate, flurandrenolone, halcinonide, hydrocortisone acefate, hydrocortisone bufyrate,
methylprednisolone, triamcinolone acetonide, cortisone, cortodoxone, flucetonide, fludrocortisone, diflucrosone diacetate,
fluradrenolone acetonide, medrysone, ameinafel, ameinafide, betamethasone and the balance of its esters, chloroprednisone,
clocortelone, clescinolone, dichlorisone, difluprednate, flucloronide, flunisolide, fluoromethalone, fluperolone, fluprednisolone,
hydrocortisone, meprednisone, paramethasone, prednisolone, prednisone, beclomethasone dipropionate. (NSAIDS) that may
be used in the present technology, include but are not limited to, salicylic acid, acetyl salicylic acid, methyl salicylate, glycol
salicylate, salicylmides, benzyl-2,5-diacetoxybenzoic acid, ibuprofen, fulindac, naproxen, Ketoprofen, etofenamate,
phenylbutazone, and indomethacin. In some embodiments, the immunosupressive agent may be cylostatics such as alkylating
agents, anfimetabolites (.g., azathioprine, methotrexate), cytotoxic antibiotics, antibodies {e.¢., basiliximab, daclizumab, and
muromonab), anti-immunophiling (e.g., cyclosporine, tacrolimus, sirolimus), inteferons, opioids, TNF binding proteins,
mycophenolates, and small biclogical agents (e.g., fingolimad, myriocin). Additional anti-inflammatory agents are described,
for example, in U.S. Patent No. 4,537,776, the entire contents of which is incomorated by reference herein.

In some embodiments, the FAP binding agent described herein, include derivatives that are modified, i.e., by the covalent
attachment of any type of molecule to the composition such that covalent attachment does not prevent the activity of the
composition. For example, but not by way of limitation, derivatives include composition that have been modified by, inter alia,
glycosylation, lipidation, acetylation, pegylation, phosphorylation, amidation, derivatization by known protectingblocking
groups, proteolytic cleavags, linkage to a cellular ligand or other protein, afc. Any of numerous chemical modifications can be
carried out by known technigues, including, but not limited fo specific chemical cleavage, acetylation, formylation, metabolic

synthesis of tunicamycin, efc.

In still other embodiments, the FAP binding agent desctibed herein further comprise a cytotoxic agent, comprising, in
illustrative embodiments, a toxin, a chemotherapeutic agent, a radicisotope, and an agent that causes apoptosis or cell death.

Such agents may be conjugated to a composition described herein.

The FAP binding agent described herein may thus be modified post-translationally to add effector moieties such as chemical
linkers, detectable moieties such as for example fluorescent dyes, enzymes, substrates, bioluminescent materials, radioactive
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materials, and chemiluminescent moieties, or functional moieties such as for example streplavidin, avidin, biotin, a cytotoxin,
a cytoloxic agent, and radioactive materials.

llustrative cylotoxic agents include, but are not limited to, methotrexate, aminopterin, 6-mercaptopurine, 6-thioguanine,
cytarabine, S-flucrouracil decarbazine; alkylating agents such as mechlorethamine, thioepa chlorambugil, melphalan,
carmustine {BSNU), mitomyein C, lomustine (CCNU), 1-methylnitrosourea, cyclothosphamide, mechlorethamine, busulfan,
dibromomannitol, streptozatocin, mitomyein C, eis-dichlorodiamine platinum (11} (DDP) cigplatin and camboplatin (paraplating;
anthracyclines include daunorubicin (formerly daunomyein), doxorubicin (adriamycin), deforubicin, carminomyein, idarubicin,
epirubicin, mitoxantrone and hisantrene; antibiotics include dactinomycin (actinomycin D), bleomycin, calicheamicin,
mithramycin, and anthramycin (AMC), and antimylotic agents such as the vinca alkaloids, vincristine and vinblastine. Other
cytoloxic agents include paclitaxel (taxol), ricin, pseudomonas sxotoxin, gemcitabine, cytochalasin B, gramicidin D, ethidium
bromide, emetine, etoposide, tenoposide, colchicin, dihydroxy anthracin dione, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranolol, puromycin, procarbazine, hydroxyurea, asparaginase, corticosteroids, mytotane
(O,P-(DDDy), interferons, and mixiures of these cytoloxic agents.

Further cylotoxic agents include, but are not limited to, chemotherapeutic agents such as carboplatin, cisplatin, paclitaxel,
gemcitabine, calicheamicin, doxorubicin, 5-fluorouracil, mitomyein C, actinomycin D, cyclophosphamide, vincristine,
bleomycin, VEGF anfagonists, EGFR antagonists, plating, taxols, irinotecan, 5-fluorouracil, gemeytabine, leucovorine,
steroids, cyclophosphamide, melphalan, vinca alkaloids {e.g., vinblasting, vincristine, vindesine and vinorelbing), mustines,
tyrosine kinase inhibitors, radiotherapy, sex hormone antagonists, selective androgen receptor modulators, selective estrogen
receptor modulators, PDGF antagonists, TNF antagonists, IL-1 antagonists, interleuking (e.g. IL-12 or IL-2), IL-12R
antagonists, Toxin conjugated monoclonal antibodies, tumor antigen specific monoclonal antibodies, Emitux, Avastin,
Pertuzumab, anti-CD20 antibodies, Rituxan, ocrelizumab, ofatumumab, DXL625, HERCEPTIN®, or any combination thereof,
Toxic enzymes from plants and bacleria such as ricin, diphtheria toxin and Pseudomonas toxin may be conjugated fo the
therapeutic agents (&.¢. antibodies) to generate cell-type-specific-killing reagents (Youle, ef al, Proc. Nat'| Acad. Sci. USA
77:5483 (1980); Gilliland, et &af., Proc. Natl Acad. Sci. USA 77:4539 (1980); Krolick, ef af., Proc. Nat'l Acad. Sci. USA 77:5419
(1980}).

Other cylotoxic agents include cytotoxic ribonucleases as described by Goldenberg in U.S. Pat. No. 6,653,104. Embodiments
of the present technology also relate to radicimmunoconjugates where a radionuclide that emits alpha or beta particles is
stably coupled to the FAP binding agent, with or without the use of a complex-forming agent. Such radionuclides include beta-
emiters such as Phosphorus-32, Scandium-47, Copper-67, Gallium-67, Ytirium-88, Yitrium-80, lodine-125, lodine-131,
Samarium-153, Lutetium-177, Rhenium-186 or Rhenium-188, and alpha-emitters such as Astatine-211, Lead-212, Bismuth-
212, Bismuth-213 or Actinium-225.

lllustrative detectable moiefies further include, but are not limited to, horseradish peroxidase, acetylcholinesterase, alkaline
phosphatase, beta-galactosidase and luciferase. Further illustrative fluorescent materials include, but are not limited to,
rhodamine, fluorescein, fluorescein isothiocyanate, umbelliferone, dichlorotriazinylamine, phycoerythrin and dansyl chloride.
Further illustrative chemiluminescent moieties include, but are not limited to, luminol. Further illustrative bioluminescent
materials include, but are not limited to, luciferin and aequorin. Further illustrative radicactive materials include, but are not
limited fo, lodine-125, Carbon-14, Sulfur-35, Tritium and Phosphorus-32.

Methods of Treatment
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Methods and compositions described herein have application fo treating various diseases and disorders, including, but not
limited to cancer, infections, immune disorders, fibrotic diseases, inflammatory diseases or conditions, anemia, atfoimmuneg
diseases, cardiovascular diseases, wound healing, ischemia-related diseases, neurodegenerative diseases, melabolic

diseases and many other diseases and disorders,

Further, any of the present agents may be for use in the treating, or the manufacture of a medicament for treating, various
diseases and disorders, including, but not limited to cancer, infections, immune disorders, inflammatory dissases or conditions,

fibrotic diseases, and autoimmune diseases.

In some embodiments, the present invention relates fo the treatment of, or a patient having one or more of chronic
granulomatous disease, osteopetrosis, idiopathic pulmonary fibrosis, Friedreich’s ataxia, atopic dermatitis, Chagas disease,
cancer, heart failure, autoimmune disease, sickle cell disease, thalassemia, blood loss, fransfusion reaction, diabetes, vitamin
B12 deficiency, collagen vascular disease, Shwachman syndrome, thrombogcytopenic purpura, Celiac disease, endocrine
deficiency state such as hypothyroidism or Addison's disease, autoimmune disease such as Crohn's Disease, systemic lupus
erythematosis, rheumatoid arthritis or juvenile rheumatoid arthritis, ulcerative colitis immune disorders such as eosinophilic
fasciitis, hypoimmunoglobulinemia, or thymoma/thymic carcinoma, graft versus host disease, preleukemia, Nonhematologic
syndrome (e.g., Down's, Dubowwitz, Seckel), Felty syndrome, hemolylic uremic syndrome, myelodysplasic syndrome,
nocturnal paroxysmal hemoglobinuria, osteomyelofibrosis, pancylopenia, pure red-cell aplasia, Schoenlein-Hencch purpura,
malaria, protein starvation, menorrhagia, systemic sclerosis, liver cirrhosis, hypometabolic states, and congestive heart failure.

In some embodiments, the present invention relates o the treatment of, or a patient having one or more of chronic
granulomatous diseass, osteopetrosis, idiopathic pulmonary fibrosis, Friedreich's ataxia, atopic dermatitis, Chagas disease,

mycobacterial infections, cancer, scleroderma, hepatilis, hepatifis C, septic shock, and rheumatoid arthritis,

In some embadiments, the present technology relates to the treatment of, or a patient having cancer. As used herein, cancer
refers fo any uncontrolled growth of cells that may interfere with the normal funetioning of the bodily organs and systems, and
includes both primary and mefastatic fumors. Primary tumors or cancers that migrate from their original location and seed vital
organs can eventually lead fo the death of the subject through the functional deterioration of the affected organs. A metastasis
is a cancer cell or group of cancer cells, distinet from the primary tumor location, resulting from the dissemination of cancer
cells from the primary tumor to other parts of the body. Metastases may eventually result in death of a subject. For example,

cancers can include benign and malignant cancers, polyps, hyperplasia, as well as dormant tumors or micrometastases.

lllustrative cancers that may be treated include, but are not limited to, leukemias {including, for example, acute myeloid, acute
lymphoblastic, chronic myeloid, chronic lymphocytic, and hairy cell), lymphomas and myelomas (including, for example,
Hodgkin and non-Hodgkin lymphomas, light chain, non-secretory, MGUS, and plasmacylomas), and cenfral nervous system
cancers (including, for example, brain (e.g., gliomas (e.g., astrocytoma, oligodendroglioma, and ependymomay), meningioma,
pifuitary adenoma, and neuromas, and spinal cord tumors (e.g., meningiomas and neurofibroma).

lllustrative cancers that may be treated include, but are not limited 1o, basal cell carcinoma, biliary fract cancer; bladder cancer;
bone cancer; brain and central nervous system cancer; breast cancer; cancer of the peritoneum; cervical cancer;
choriocarcinoma; colon and rectum cancer; connective tissue cancer; cancer of the digestive system, endometrial cancer,
esophageal cancer; eye cancer, cancer of the head and neck; gastric cancer (including gastrointestinal cancer); glioblastoma;
hepatic carcinoma; hepatoma; intra-epithelial neoplasm; kidney or renal cancer; larynx cancer; leukemia; liver cancer; lung
cancer (a.g., small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung, and squamous carcinoma of the
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lung); melanoma; myeloma; neuroblastoma; oral cavity cancer (lip, tongue, mouth, and pharynx); ovarian cancer; pancreatic
cancer; prostate cancer; retinoblastoma; rhabdomyosarcoma; rectal cancer, cancer of the regpiratory system; salivary gland
carcinoma; sarcoma; skin cancer; squamous cell cancer, stomach cancer, testicular cancer; thyroid cancer, utering or
endometrial cancer; cancer of the urinary system; vulval cancer; lymphoma including Hodgkin's and non-Hodgkin's lymphoma,
as well as B-cell ymphoma (including low grade/follicular non-Hodgkin's lymphoma {(NHL); small lymphocytic (SL) NHL;
intermediate gradefollicular NHL, intermediate grade diffuse NHL; high grade immunoblastic NHL; high grade lymphoblastic
NHL; high grade small non-cleaved cell NHL; bulky disease NHL, mantle cell lymphoma; AlDS-related lymphoma; and
Waldenstrom's Macroglobulinemia; chronic lymphocylic leukemia (CLL); acute lymphoblastic leukemia (ALL); acute myeloid
leukemia (AML); Hairy cell leukemia; chronic myeloblastic leukemia; as well as other carcinomas and sarcomas; and post-
transplant lymphoproliferative disorder {(PTLD), as well as abnormal vascular proliferation associated with phakomatoses,
edema (a.g. that associated with brain tumors), and Meigs' syndrome.

In some embodiments, the present technology provides FAP binding agents which are part of a chimera that further comprises
modified signaling agents for the treatment of cancer. In some embodiments, the FAP binding agents of the present technology
significantly reduce and/or eliminate fumors. In some embodiments, the present FAP binding agents significant reduce andfor
eliminate tumors when administered to a subject in combination with other anti-cancer agents such as chemotherapeutic
agents, checkpoint inhibitors, and immunosuppressive agents. In some embodiments, the combination of FAP binding agents
and other anti-cancer agents synergistically reduced tumor size and/or eliminated tumor cells.

In some embodiments, the present technology relates to cancer combination therapies with a FAP binding agent that is part
of a chimera comprising one or more targeting moieties and one or more modified signaling agents. Accordingly, the present
technology provides for chimeric or fusion proteins that include, for example, a targeting moiety against FAP and one or more
signaling agents and uses thereof in combinafion with anti-cancer agents.

For instance, in some embodiments, the present technology pertains to combination therapies for cancer involving chimeras
of a FAP binding agent described hersin and a modified signaling agent, including, without limitation a mutated human
interferon, such as IFN alpha, including human interferon alpha 2.

In other embodiments, the present FAP binding agent is part of a chimera that comprises multiple targeting moieties and
therefore be present in bispecific or trispecific formats. For instance, in some embodiments, the present technology pertains
to combination therapies for cancer involving chimeras of a FAP binding agent and a checkpoint inhibitor binding agent (e.g.
anti-PD-L1, anti-PD-1, anti-PD-L2, or anti-CTLA) described herein and a modified signaling agent, including, without limitation
a mutated human interferan, such as IFN alpha, including human interferon alpha 2.

In some embodiments, the signaling agent is modified to have reduced affinity or activity for one or more of its receptors,
which allows for atienuation of aciivity {inclusive of agonism or antagonism) and/or prevents non-specific signaling or
undesirable sequestration of the chimeric protein. In some embodiments, the reduced affinity or activity at the receptor is
restorable by attachment with one or more of the targeting moieties described herein.

In some embodiments, the present technology relates to the treatment of, or a pafient having a microbial infection and/or
chronic infection. lllustrative infections include, but are not limited fo, HIV/AIDS, tuberculosis, osteomyelitis, hepatitis B,
hepatitis C, Epstein-Barr virus or parvovirus, T cell leukemia virus, bacterial overgrowth syndrome, fungal or parasitic
infections.
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In some embodiments, the present compositions are used to treat or prevent one or more inflammatory diseases or conditions,
such as inflammation, acute inflammation, chronic inflammation, respiratory disease, atherosclerosis, restenosis, asthma,
allergic rhinitis, atopic dermatitis, septic shock, theumatoid arthritis, inflammatory bowel disease, inflammatory pelvic disease,
pain, ocular inflammatory disease, celiac disease, Leigh Syndrome, Glycerol Kinase Deficiency, Familial eosinophilia (FE),
autosomal recessive spasfic ataxia, laryngeal inflammatory disease; Tuberculosis, Chronic cholecystitis, Bronchiectasis,
Silicosis and other pneumoconioses.

In some embodiments, the present technology has applicafion o freafing autoimmune and/or neurodegenerafive diseases.

In some embodiments, the present compositions are used to freat or prevent one or more conditions characterized by
undesirable CTL activity, and/or conditions characterized by high levels of cell death. Forinstance, in some embodiments, the
present compositions are used fo freat or prevent one or more conditions associated with uncontrolled or overactive immune

response,

In some embodiments, the present compositions are used fo treat or prevent one or more autoimmune and/or
neurodegenerative diseases or conditions, such as MS, diabetes mellitus, lupus, celiac disease, Crohn's disease, ulcerative
colitis, Guillain-Barre syndrome, scleroderms, Goodpasture's syndrome, Wegener's granulomatosis, atutoimmune epilepsy,
Rasmussen's encephalitis, Primary biliary sclerosis, Sclerosing cholangitis, Autcimmune hepatitis, Addison's disease,
Hashimoto's thyroiditis, Fibromyalgia, Menier's syndrome; transplantation rejection {e.g., prevention of allograft rejection)
pernicious anemia, rheumatoid arthritis, systemic lupus erythematosus, dermatomyositis, Sjogren's syndrome, lupus
erythematosus, myasthenia gravis, Reiter's syndrome, Grave's disease, and other autoimmune diseases.

In some embodiments, the present technology is used to treat or prevent various autoimmune and/or neurcdegensrative
diseases. In some embodiments, the autoimmune and/or neurodegenerative diseases selected from MS, Alzheimer's disease
(including, without limitation, Early-onset Alzheimer's, Late-onset Alzheimer's, and Familial Alzheimer's disease (FAD),
Parkinson's disease and parkinsonism (including, without limitation, Idiopathic Parkinson's disease, Vascular parkinsonism,
Drug-induced parkinsonism, Dementia with Lewy bodies, Inherited Parkinson's, Juvenile Parkinson's), Huntington's disease,
Amyotrophic lateral sclerosis (ALS, including, without limitation, Sporadic ALS, Familial ALS, Western Pagcific ALS, Juvenile
ALS, Hiramaya Disease).

In an embodiment, the present invention provides methods for the treatment or prevention of one or mare liver disorders,
selected from viral hepatifis, alcohol hepatitis, autoimmune hepatitis, alcohal liver disease, fatty liver disease, steatosis,
sleatohepatitis, non-alcohol fatly liver disease, drug-induced liver diseass, cirrhosis, fibrosis, liver failure, drug induced liver
failure, metabolic syndrome, hepatocellular carcinoma, cholangiocarcinoma, primary biliary cirthosis (primary biliary
cholangitis), bile capillaries, Gilbert's syndrome, jaundice, and any other liver toxicity-associated indication. In some
embodiments, the present invention provides methods for the treatment or prevention of liver fibrosis. In some embodiments,
the present invention provides methods for the treatment or prevention of primary sclerosing cholangitis (PSC), chronic liver
disease, nonalcohalic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), hepatitis C infection, alcoholic liver
disease, liver damage, optionally due fo progressive fibrosis and liver fibrosis.In some embodiments, the present invention
provides methods for the freatment or prevention of nonalcohalic steatohepatitis (NASH).In some embodiments, the present
invention provides methods that reduce or prevent fibrosis. In some embodiments, the present invention provides methods
that reduce or prevent cirrhosis.In some embodiments, the present invention provides methods that reduce or prevent
hepatocellular carcinoma,
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In some embodiments, the present invention provides methods that treat or prevent a fibrotic disease is optionally selected
from liver fibrosis, lung fibrosis, primary sclerosing cholangitis (PSC), chronic liver disease, nonalcoholic fatly liver disease
(NAFLD), nonalcoholic steatohepatitis (NASH), hepatitis C infection, alcoholic liver diseass, liver damage, liver cirthosis, and

myelodysplastic syndrome

In various embodiments, the present invention provides methods for the treatment or prevention of cardiovascular disease,
such as a disease or condition affecting the heart and vasculaturs, including but not limited to, coronary heart disease (CHD),
cerebrovascular disease (CVD), aorlic stenosis, peripheral vascular disease, atherosclerosis, arferiosclerosis, myocardial
infarction (heart attack), cerebrovascular diseases (stroke), fransient ischaemic aftacks (TIA), angina (stable and unstable),
atrial fibrillation, arthythmia, vavular disease, and/or congestive heart failure. In various embodiments, the present invention
provides methods for the treatment or prevention of cardiovascular disease which involves inflammation.

In various embodiments, the present invention provides methods for the treaiment or prevention of ane or more respiratory
diseases, such as asthma, chronic obstructive pulmonary disease {COPD), bronchiectasis, allergic rhinitis, sinusitis,
pulmonary vasoconstriction, inflammation, allergies, impeded respiration, respiratory distress syndrome, cystic fibrosis,
pulmonary hypertension, pulmonary vasoconstriction, emphysema, Hantavirus pulmonary syndrome (HPS), Loeffler's
syndrome, Goodpasture's syndrome, Plaurisy, pneumonitis, pulmonary edema, pulmonary fibrosis, Sarcoidosis, complications
associated with respiratory syncitial virus infection, and other respiratory diseases.

In some embodiments, methods of the present technology are useful in treatment a human subject. In some embodiments,
the human is a pediatric human. In other embodiments, the human is an adult human. In other embodiments, the human is a
geriatric human. In other smbodiments, the human may be referred to as a patient. In some embodiments, the human is a

female. In some embodiments, the human is a male.

In cettain embodiments, the human has an age in a range of from about 1 to about 18 months old, from about 18 fo about 36
months old, from about 1 fo about 5 years old, from about 5 o about 10 years old, from about 10 to about 15 years old, from
about 15 to about 20 years old, from about 20 fo about 25 years old, from about 25 to about 30 years old, from about 30 fo
about 35 years old, from about 35 to about 40 years old, from about 40 {o about 45 years old, from about 45 to about 50 years
old, from about 50 to about 55 years old, from about 55 to about 60 years old, from about 60 fo about 65 years old, from about
65 to about 70 years old, from about 70 to about 75 years old, from about 75 to about 80 years old, from about 80 to about 85
years old, from about 85 to about 90 years old, from about 90 to about 95 years old or from about 95 to about 100 years old.
In some embodiments, the human has an age of more than 30 years old.

Immune Modulation

In some embodiments, the present compasitions are capable of, or find use in methods of, immune modulation. For example,
in some embodiments, the present methods of treatment may involve the immune modulation described herein. In some
embodiments, the immune modulation involves IFN signaling, including modified IFN signaling, in the context of a dendritic
cell (DC;.

In some embodiments, a multi-specific FAP binding agent is provided. In some embodiments, such multi-specific FAP binding
agent of the present fechnology recognizes and binds to FAP and one or more anfigens found on ane or more immune cells,
which can include, without limitation, megakaryocytes, thrombocyles, erythrocytes, mast cells, basophils, neutrophils,
sosinophils, monocyltes, macrophages, natural killer cells, T lymphocytes (e.g., cylotoxic T lymphocytes, T helper cells, natural
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killer T cells), B lymphocytes, plasma cells, dendritic cells, or subsets thereof. In some embadiments, the FAP binding agent
specifically binds 1o an antigen of interest and effectively dirsctly or indirectly recruits one of more immune cells.

In some embodiments, the FAP binding agent specifically binds to an antigen of interest and effectively directly or indirectly
recruits one of more immune cells to cause an immunosuppressive effect, e.¢. the FAP binding agent directly or indirectly
recruits an immunosuppressive immune cell. In some embodiments, the immunosuppressive immune cell is a regulatory T
cell (or "Tregs" which, as used hersin, refers to a subpopulation of T cells which modulate the immune system, abrogate
autoimmune disease, maintain tolerance fo self-anfigens and thwart anfi-tumor immune responses). Other
immunosuppressive immune cells include myeloid suppressor cells (or "MSC," which, as used herein, refers fo a
heterogeneous population of cells, defined by their myeloid origin, immature state, and ability to potently suppress T cell
rasponses); tumor associated neutrophils {or "TANs" which, as used herein, refers to a subset of neutrophils that are capable
of suppressing immune responses); tumor associated macrophages (or "TAMs" which, as used herein, refers fo a subset of
macrophages that may reduce an immune response), M2 macrophages, and/or tumor-inducing mast cells (which as used
herein, refers to a subset of bone marrow-derived, long-lived, heterogeneous cellular population). Also, immunosuppressive
immune cells include Th2 cells and Th17 cells, Additionally, immunosuppressive immune cells include immune cells, e.g.,
CD4+andfor CO8+ T cells, expressing one or more checkpoint inhibitory receptors (e.g. receptors, including CTLA-4, B7-H3,
B7-H4, TIM-3, expressed on immune cells that prevent or inhibit uncontrolled immune responses). See Stagg, J. et. al.,
Immunotherapeutic approach in triple-negative breast cancer. Ther Adv Med Oncol. (2013) 5(3):169-181).

In some embodiments, the FAP binding agent stimulates regulatory T cell {Treg) proliferation. Treg cells are characierized by
the expression of the Foxp3 (Forkhead box p3) transcription factor. Most Treg cells are CD4+and CD25+, and can be regarded
as a subset of helper T cells, although a small population may be CD8+. Thus the immune response which is to be modulated
by a method of the present technology may comprise inducing proliferation of Treg cells, optionally in response to an antigen.
Thus the method may comprise administering to the subject a composifion comprising the antigen, wherein the antigen is
associated with a binding agent having affinity for FAP. The antigen may be administered with an adjuvant which promotes

proliferation of Treg cells.

Insofar as this method involves stimulating proliferation and differentiation of Treg cells in response to a specific anfigen, it
can be considered 1o be a method of stimulating an immune response. However, given that Treg cells may be capable of
modulating the regponse of other cells of the immune system against an antigen in other ways, e.g. inhibiting or suppressing
their activity, the effect on the immune system as a whole may be to modulate (e.g. suppress or inhibit) the response against
that antigen. Thus, the methods of this aspect of the present technology can equally be referred fo as methods of modulating
(e.g. inhibiting or suppressing) an immune response against an antigen.

In some embodiments, the methods therapeutically or prophylactically inhibit or suppress an undesirable immune response
against a particular antigen, even in a subject with pre-existing immunity or an on-going immune response to that antigen.
This may be particularly useful, for example, in the treatment of autoimmune disease.

Under certain conditions, it may also be possible to folerize a subject against a particular antigen by fargefing the antigen to
an antigen presenting cell expressing FAP. The present technology thus provides a method for inducing tolerance in a subject
towards an antigen, comprising administering to the subject a composition comprising the antigen, wherein the antigen is
associated with a binding agent having affinity for FAP and wherein the antigen is adminisiered in the absence of an adjuvant.
Tolerance in this context typically involves depletion of immune cells which would otherwise be capable of responding fo that
antigen, or inducing a lasting reduction in responsiveness 1o an antigen in such immune cells.
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It may be particularly desirable to raise a Treg response against an antigen to which the subject exhibits, or is at risk of
developing, an undesirable immune response. For example, it may be a self-antigen against which an immune response
oceurs in an autoimmune dissase. Examples of autcimmune diseases in which specific antigens have been identified as
potentially pathogenically significant include multiple sclerosis (myelin basic protein), insulin-dependent diabetes mellitus
(glutamic acid decarboxylase), insulin-resistant diabetes mellitus (insulin receptor), celiac disease (gliadin), bullous
pemphigoid (collagen type XVII), auto-immune haemolytic anaemia (Rh protein), auto-immune thrombocyiopenia (Gplib/lla),
myaesthenia gravis (acetylcholine receptor), Graves' disease (thyroid-stimulating hormone receptor), glomerulonephritis, such
as Goodpasture's disease (alpha3(IV}NC1 collagen), and pemicious anaemia (intrinsic factor). Allernatively, the target antigen
may be an exogenous antigen which stimulates a response which also causes damage to host tissues. For example, acute
rheumatic fever is caused by an antibody responge to a Streptococeal antigen which cross-reacts with a cardiac muscle cell
antigen. Thus, these antigens, or particular fragments or epitopes thereof, may be suitable antigens for use in the present
technology.

In some embodiments, the present agents, or methods using these agents, disrupt FAP signaling {e.g. via neufralization of
FAP}, e.g. by reducing or inhibiting FAP binding fo its ligand. Some autoimmune diseases are characterized by unusually high
levels of cell death and it is believed that immune responses against self antigens associated with these cells may contribute
to the pathogenesis of these conditions. FAP antagonists may therefore be used to prevent FAP from binding to the ligand
exposed in dead and dying cells (e.g. those undergoing immunogenic cell death) and may thus inhibit or prevent stimulation
of immune responses against these antigens.

In some embodiments, the present agents, or methods using these agents, reduce or suppress autoreactive T cells. In some
embodiments, the multi-specific FAP binding agent, optionally through an interferon signaling in the context of a chimera,
causes this immunosuppression. In some embodiments, the multi-specific FAP binding agent stimulates PD-L1 or PD-12
signaling and/or expression which may suppress autoreactive T cells. In some embodiments, the FAP binding agent, optionally
through an interferon signaling in the context of a chimera, causes this immunosuppression. In some embodiments, the FAP
binding agent stimulates PD-L1 or PD-L2 signaling andfor expression which may suppress autoreactive T cells.

In some embodiments, the present methods comprise modulafing the ratio of regulatory T cells to effector T cells in favor of
immunosuppression, for instance, o treat autoimmune diseases. For instance, the present methods, in some embodiments,
reduce and/or suppress one of mars of cytotoxic T cells; effector memory T cells; central memary T cells; CDB+ stem cell
memory effector cells; TH1 effector T-cells; TH2 effector T cells; THY effector T cells; TH17 effector T cells. For instance, the
present methods, in some embodiments, increase and/or stimulate one or more of CD4+CD25+FOXP3+ regulatory T cells,
CD4+CD25+ regulatory T cells, CD4+CD25- regulatory T cells, CD4+CD25high regulatory T cells, TIM-3+PD-1+ regulatory T
cells, lymphocyte aclivation gene-3 (LAG-3)' regulatory T cells, CTLA-4/CD152+ regulatory T cells, neuropilin-1 {Nrp-1)x
regulatory T cells, CCR4+CCR8+ regulatory T cells, CO82L (L-selectin)’ regulatory T cells, CD45RBlow regulatory T cells,
CD127low regulatory T cells, LRRC32/GARP+ regulatory T cells, CD39+ regulatory T cells, GITR+ regulatory T cells, LAP'
regulatory T cells, 1B11+ regulatory T cells, BTLA+ regulatory T cells, type 1 regulatory T cells (Tr1 cells),T helper type 3
(Th3} cells, regulatory cell of natural killer T cell phenotype (NKTregs), CD8+ regulatory T cells, CD8+CD28- regulatory T cells
and/or regulatory T-cells secreting IL-10, IL-35, TGF-3, TNF-a, Galectin-1, IFN-y and/or MCP1,

In some embodiments, the present methods favor immune inhibitory signals over immune stimulatory signals. In some
embodiments, the present methads allow for reversing or suppressing immune activating or co-stimulatory signals. In some
embodiments, the present methods allow for providing immune inhibitory signals. For instance, in some embodiments, the
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present agents and methods reduce the effects of an immune stimulatory signal, which, without limitation, is one or more of
4-1BB, OX-40, HVEM, GITR, CD27, CD28, CD30, CD40, ICOS ligand; OX-40 ligand, LIGHT (CD258}), GITR ligand, CD70,
B7-1, B7-2, CD30 ligand, CD40 ligand, ICOS, ICOS ligand, CD137 ligand and TL1A. Further, in some embodiments, the
present agents and methads increase the effects of an immune inhibitory signal, which, without limitation, is one or more of
CTLA-4, PD-L1, PD-L2, PD-1, BTLA, HVEM, TIM3, GAL9, LAG3, VISTA, KIR, 2B4, CD160 (also referred o as BY55), CGEN-
15049, CHK 1 and CHKZ2 Kinases, AZaR, CEACAM (e.g., CEACAM-1, CEACAM-3 andfor CEACAM-5), and various B-7 family
ligands {including, but are not limited to, B7-1, B7-2, B7-DC, B7-H1, B7-H2, B7-H3, B7-H4, B7-H5, B7-H6 and B7-H7.

Kits

The present technology also provides kits for the administration of any FAP binding agent described herein (. g. with or without
additional therapeutic agents). The kit is an assemblage of materials or components, including at least one of the inventive
pharmaceutical compositions described herein. Thus, in some embodiments, the kit confains at least one of the
pharmaceutical compositions described herein.

The exact nature of the components configured in the kit depends on its intended purpose. In one embodiment, the kit is
configured for the purpose of treating human subjects.

Instructions for use may be included in the kit. Instructions for use typically include a tangible expression describing the
technique to be employed in using the components of the kit to effect a desired therapeutic ouicome, such as to treat cancer,
Optionally, the kit also contains other useful components, such as, diluents, buffers, pharmaceufically acceptable carriers,
syringes, catheters, applicators, pipetting or measuring tools, bandaging materials or other useful paraphermalia as will be
readily recognized by those of skill in the art.

The materials and components assembled in the kit can be provided to the practitioner stored in any convenience and suitable
ways that preserve their operability and utility. For example, the components can be provided at room, refrigerated or frozen
temperatures. The components are typically contained in suitable packaging materials. In some embodiments, the packaging
material is constructed by well-known methods, preferably to provide a sterile, contaminant-free environment. The packaging
material may have an external label which indicates the contents andfor purpose of the kit and/or its components.

Definitions

As used herein, "a," "an," or "the" can mean one or more than one.

Further, the term "about” when used in connection with a referenced numeric indication means the referenced numeric
indication plus er minus up to 10% of that referenced numeric indication. For example, the language "about 50" covers the
range of 45 1o 55.

As used herein, the term “effective amount” refers to a quantity sufficient to achieve a desired therapeutic and/or prophylactic
effect, e.g., an amount which results in the prevention of, or a decrease in a disease or disorder or one or more signs or
symploms associated with a disease or disorder. In the context of therapeutic or prophylactic applications, the amount of a
composition administered fo the subject will depend on the degres, type, and severity of the disease and on the characteristics
of the individual, such as general health, age, sex, body weight and tolerance fo drugs. The skilled artisan will be able to
determine appropriate dosages depending on these and other factors. The compositions can also be administered in
combination with one or more additional therapeutic compounds. In the methods described herein, the therapeutic compounds
may be administered o a subject having one or more signs or symptoms of a disease or disorder.
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As used herein, something is "decreased" if a read-out of activity and/or effect is reduced by a significant amount, such as by
at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 97%, at least about 98%, or more,
up fo and including at least about 100%, in the presence of an agent or stimulus relative to the absence of such modulation.
As will be understood by one of ordinary skill in the art, in some embodiments, activity is decreased and some downstream
read-outs will decrease but others can increase.

Conversely, activity is “increased” if a read-out of activity and/or effect is increased by a significant amount, for example by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 97%, at least about 98%, or more, up
to and including at least about 100% or more, at least about 2-fold, at least about 3-fold, at least about 4-fold, at least about
5-fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at least about 10-fold, at least
about 50-fold, at least about 100-fold, in the presence of an agent or stimulus, relative fo the absence of such agent or stimulus.

As referred to herein, all compositional percentages are by weight of the fotal composition, unless otherwise specified. As
used herein, the word "include,” and its variants, is intended fo be non-limiting, such that recitation of items in a list is not to
the exclusion of other like items that may also be useful in the compositions and methods of this technology. Similarly, the
terms "can” and "may" and their variants are intended to be non-limiting, such that recitation that an embodiment can or may
comprise cerfain elements or features does not exclude other embodiments of the present technology that do not contain
those elements or features.

Although the open-ended term "comprising,” as a synonym of erms such as including, containing, or having, is used herein
to describe and claim the present technology, the present technology, or embodiments thereof, may aliernatively be described
using alternative terms such as "consisting of or "consisting essentially of."

As used herein, the words "preferred” and "preferably” refer to embodiments of the technology that afford certain benefits,
under cerfain circumstances. However, other embodiments may also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodiments does not imply that other embodiments are not useful, and
is not intended to exclude other embodiments from the scope of the technology.

As used herein, a "therapeutically effective amount," or "pharmacologically effective amount," or "pharmacologically effective
dose" of a compound refers to compound levels in which the physiclogical effects of a disease or disorder are, ata minimum,
ameliorated. Therapeutic benefit also includes halting or slowing the progression of the underlying disease or disorder,
regardless of whether improvement is realized. A therapeutically effective amount can be given in one or more administrations.
The amount of a compound which constitutes a therapeutically effective amount will vary depending on the compound, the
disorder and its severity, and the general health, age, sex, body weight and tolerance to drugs of the subject to be freated, but
can be determined routinely by one of ordinary skill in the art.

Effective amounts, toxicity, and therapeutic efficacy can be determined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.¢., for determining the LD5D {the dose lethal to about 50% of the population) and the EDSQ {the
dose therapeutically effective in about 50% of the population). The dosage can vary depending upon the dosage form
employed and the route of administration utilized. The dose ratio between toxic and therapeutic effects is the therapeutic index
and can be expressedas the ratio LDS0/ED50. In some embodiments, compositions and methods that exhibit large therapeutic
indices are preferred. A therapeutically effective dose can be estimated initially from in vitro assays, including, for example,
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cell culture assays. Also, a dose can be formulated in animal models to achieve a circulating plasma concentration range that
includes the 1C50 as determined in call culture, or in an appropriate animal model. Levels of the described compositions in
plasma can be measured, for example, by high performance liquid chromatography. The effects of any particular dosage can
be monitored by a suitable bioassay. The dosage can be determined by a physician and adjusted, as necessary, to suit
observed effects of the treatment.

In certain embodiments, the effect will result in a quantifiable change of at least about 10%, at least about 20%, at least about
30%, atleast about 50%, at least about 70%, or at least about 90%. In some embodiments, the effect will resultin a quanifiable
change of about 10%, about 20%, about 30%, about 50%, about 70%, or even about 90% or more. Therapeutic benefit also
includes halting or slowing the progression of the underlying disease or disorder, regardless of whether improvement is
realized.

As used herein, "methods of freatment” are equally applicable fo use of a composition for treafing the diseases or disorders
described herein and/or compositions for use and/or uses in the manufacture of a medicaments for treating the diseases or
disorders described herein.

EXAMPLES
Example 1. Making Human FAP Bindin ents

AVHH library was constructed and screened for the presence of anfigen-specific VHHs. To this end, fotal RNA from peripheral
blood lymphocytes was used as template for first strand cDNA synthesis with oligo(dT) primer. Using this ¢cDNA, the VHH
encoding sequences were amplified by PCR, digested with Pstl and Notl, and cloned into the Pstl and Notl sites of the
phagemid vector pMECS. A VHH library of about 102 independent transformants was obtained. About 87% of transformants
harbored the vector with the right insert size.

The library was subject to three consecutive rounds of panning on solid-phase coated antigen (200 pg/ml, 20 pgiwell). The
enrichment for antigen-specific phages was assessed after each round of panning by comparing the number of phagemid
particles eluted from antigen-coated wells with the number of phagemid particles eluted from only-blocked wells (negative
control wells). These experiments suggested that the phage population was enriched about 5-fold, 2 x 102-fold and 5 x102-
fold for antigen-specific phages after 12, 2 and 3« rounds of panning, respectively. 95 colonies from 2™ round were randomly
selected and analyzed by ELISA for the presence of antigen-specific VHHs in their periplasmic extracts (ELISA using crude
periplasmic extracts including soluble VHHs). Gut of these 95 colonies, 84 colonies scored positive in this assay. The antigen
used for the panning and ELISA screening was the same as the one used for immunization. Based on sequence data, the 84
ELISA-positive colonies reprasented 41 different VHHs (Table 2). The 41 different VHHS belong to 7 different CDR3 groups
(see Table 1, SEQ 1D Nos: 2-42, and Figures 10-11).

Memberis)
2HFA44, 2HFAS2, 2HFA11, 2HFA4, 2HFA46, 2HFA10, 2HFA38, 2HFAZ0, 2HFAS, ZHFAS1

2HFA19, 2HFA2, 2HFA41, 2HFA42, 2HFA12, 2HFAG7, 2HFAG2

2HFA24

2HFA29, 2HFA43, 2HFASO

2HFAG3

N 1] PN PR [N N

2HFA26, 2HFAZ5, 2HFA1, 2HFA3, 2HFAT, 2HFA31, 2HFAG, 2HFAS3, 2HFAS, 2HFAT3, 2HFASS, 2HFA71,
2HFAB0, 2HFAB5, 2HFA4S, 2HFA23, 2HFA36, 2HFA14

[ 2HFAS?

92



WO 2019/152979

PCT/US2019/016629

E. cofi TG1 harboring recombinant phagemid pMECS containing anti-human FAP-ECD-Hiss VHH sequences as in the

following table (store at -80°C).

Table 2
E. coli strain + Vector VHH NSF glycerol stock No.
TG1, pMECS 2HFA 1 3030
TG1, pMECS 2HFA2 3031
TG1, pMECS 2HFA3 3032
TG1, pMECS 2HFA 4 3033
TG1, pMECS 2HFAS 3034
TG1, pMECS 2HFA6 3035
TG1, pMECS 2HFA Y 3036
TG1, pMECS 2HFAS 3037
TG1, pMECS 2HFA 10 3038
TG1, pMECS 2HFA 11 3039
TG1, pMECS 2HFA 12 3040
TG1, pMECS 2HFA 14 3041
TG1, pMECS 2HFA 19 3042
TG1, pMECS 2HFA 20 3043
TG1, pMECS 2HFA 23 3044
TG1, pMECS 2HFA 24 3045
TG1, pMECS 2HFA 25 3046
TG1, pMECS 2HFA 26 3047
TG1, pMECS 2HFA 29 3048
TG1, pMECS 2HFA 31 3048
TG1, pMECS 2HFA 36 3050
TG1, pMECS 2HFA 38 3051
TG1, pMECS 2HFA 41 3052
TG1, pMECS 2HFA 42 3053
TG1, pMECS 2HFA 43 3054
TG1, pMECSY 2HFA 44 3055
TG1, pMECS 2HFA 46 3056
TG1, pMECS 2HFA 49 3057
TG1, pMECS 2HFA 50 3058
TG1, pMECS 2HFA 51 3059
TG1, pMECS 2HFA 52 3060
TG1, pMECS 2HFA 53 3061
TG1, pMECS 2HFA 55 3062
TG1, pMECS 2HFA 57 3063
TG1, pMECS 2HFA 60 3064
TG1, pMECS 2HFA 62 3065
TG1, pMECS 2HFA 63 3066
TG1, pMECS 2HFA 65 3067
TG1, pMECS 2HFA 67 3068
TG1, pMECS 2HFA 71 3069
TG1, pMECS 2HFA 73 3070

Table 2 shows a description of 41 clones representing 41 different anfi-human FAP-ECD-Hiss YHHs genes that encode human

FAP binding agents. The vector pMECS codes for ampicillin resistance.

The VHH gene cloned in pMECS vector contains PelB signal sequence at the N-terminus and HA tag and Hiss tag at the C-

terminus (PelB leader-VHH-HA-Hiss). The PelB leader sequence directs the YHH to the periplasmic space of the E. coli and
the HA and Hiss tags can be used for the purification and detection of the VHH (&.¢., in ELISA, Western Blot, efc.).
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In pMECS vector, the Hiss tag was followed by an amber stop codon (TAG) and this amber stop codon is followed by gene (Il
of M13 phage. In suppressor E. coli strains (e.g., TG1), the amber stop codon was read as glutamine and therefore the VHH
was expressed as fusion profein with protein [l of the phage, which allows the display of the VHH on the phage coat for
panning {in TG1 suppressor strains, the efficiency of suppression is not 100% and therefore the expression of VHHs in
suppressor strains lead to two different types of VHH molecules, .., fused to profein Il and without protein ll}). In non-
suppressor E. cofi sfrains (e.9., WK6), the amber stop codon was read as stop codon and therefore the resulting VHH was
not fused fo protein 111

To express and purify VHHs cloned in pMECS vecior, pMECS containing the gene of the YHH of interest was prepared and
transform into a non-suppressor strain (e.4., WK8) with this plasmid. Sequence the VHH of the resulling clone was verified
using MPO57 primer (5-TTATGCTTCCGGCTCGTATG-3' (SEQ ID NO: 837).

Recloning VHH genes from pMECS to pHEN6C vector

Primer sequences (R stands for A or GJ:

- Primer AGE (5" GATGTGCAGCTGCAGGAGTCTGGRGGAGG 3') (SEQ ID NO: 838).

- Primer PMCF (5° CTAGTGCGGCCGCTGAGGAGACGGTGACCTGGGT 3). (SEQ 1D NC: 839).
- Universal reverse primer (5" TCACACAGGAAACAGCTATGAC 3') (SEQ ID NO: 840).

- Universal forward primer (5 CGCCAGGGTTTTCCCAGTCACGAC 37 (SEQ ID NO: 841).

The VHH gene was amplified by PCR using £. coff containing recombinant pMECS harboring the VHH gene as template and
primers AGE and PMCF {about 30 cycles of PCR were performed, each cycle consisting of 30 seconds at 94°C, 30 seconds
at 55°C and 45 seconds at 72°C, followed by 10 minutes extension at 72°C at the end of PCR). A fragment of about 400 bp
was amplified. (Primers AGE and PMCF are framework {1 and frameworkd primers, respectively).

The PCR product was purified by Qiaguick PCR purification kit from Qiagen and digest ovemight with Pstl, BstEll, or with
Eco91l.

The PCR product was ligated using the following protocol.:

- Digest pHENGc vector with Psil for 3 hours, purify the digesied vector as above and then digest it with BstEll for 2
fo 3 hours,

- Run digested vector on 1% agarose gel. Cut the vector band out of gel and purify (2.¢. by Qiaquick gel exiraction
kit from Giagen).

- Ligate PCR fragment and vector.
- Transform electrocompetent WKG cells with the ligation reaction.
- Select for the transformants using LB/agar/ampicillin (100 ug/ml)/glucose (1-2%) plates.

- Screen for positive clones by PCR using universal reverse and universal forward primers. A fragment of about 550

bp is amplified, if the insert is present.
- Sequence at least 2 clones per each VHH using universal reverse primer to verify the identity of the clones.

- Retest anfigen binding capacity by ELISA or any other appropriate assay.
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After following the above protocol, the YHH gene was cloned in pHENGc vector contains PelB signal sequence at the N-
terminug and Hiss tag at the C-terminus. The PelB leader sequence directs the VHH to the periplasmic space of the E. coli
and the Hiss tag can be used for the purification and detection of VHH {e.g. in ELISA, Westem Blot, efc.).

Expression and purification of VHHs

Day 1:

The following protocol was followed:

- Inceulate 10-20 ml of LB + ampicillin (100 pg/ml) + glucose {1%) with a freshly transformed WKS colony.
- Incubate at 37°C overnight with shaking at 200-250 rpm (this is the pre-culture).

Day 2:

TB per liter; 2.3 g KH:zPO4; 16.4 g K2HPO4.3H:C; 12 g Tryptone (Duchefa Biochemie); 24 g Yeast {Duchefa Biochemie); and
4 ml 100% glycerol {Duchefa Biochemie).

The following protocol was followed:
A baffled shaker flask of 1 liter was filled with 330 ml TB and autoclaved.

- Add 1 ml of the pre-culture to 330 ml TB supplemented with 100 pg/ml Ampicillin, 2 mM MgCl: and 0.1% glucose
and grow at 37°C with shaking (200-250 mpmj} till an ODsas of 0.6-0.9 is reached.

- Induce YHH expression by addition of IPTG to final concentration of 1 mi.

- Incubate at 28°C with shaking overnight {about 16-18 hours) (The ODeno after overnight induction should ideally be
between 25 and 30).

Day 3:

Extraction of VHH from periplasin of E. cofi:

Sofutions:
TES: 0.2 M Tris pH 8.0; 0.5 mM EDTA; and 0.5 M sucrose.
TES/4: TES diluted 4 times in water
Method:
The following protocol was followed:
Centrifuge the overnight induced cultures for 8 minutes at 8000 rpm.
- Resuspend the cell pellet from 1 liter culiure in 12 ml TES by pipetting up and down, shake for 1 hour on ice.
- Per each 12 mI TES used, add 18 ml TES/4 and incubate further on ice for an additional hour (with shaking).
- Centrifuge for 30 min at 8000 rpm at 4°C.

- Transfer the supernatant fo fresh falcon tubes (The supernatant contains proteins extracted from the periplasmic
space).

Purification by IMAC:
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Solutions Used:
HIS-select (SIGMA); PBS; and 50 mM NaAcetate pH 4.6
Method:

The following protocol was followed:

Equilibrate His-select with PBS: per periplasmic extract derived from 1 liter culture, add 1 mi Resin {about 2 ml His-
select solution) to a 50 ml falcon tube, add PBS to final volume of 50 ml and mix.

- Centrifuge at 2000 rpm for 2 min. Discard the supematant,
Wash the resin with PBS as above.
- Wash the resin with PBS as above again.

- Add periplasmic extract 1o the resin, incubate for 30 minutes fo 1 hour at room temperature with gentle shaking
{longer incubation times may result in non-specific binding).

- Load sample on PD-10 column with a filter at the bottom (GE healthcare, cat. No, 17-0435-01)
Wash with 50 to 100 ml PBS (50-100 ml PBS per 1 ml resin used).

- Elute 3 times, each time with 1 ml PBS/0.5 M imidazole per 1 ml resin used (for efficient elution, resuspend the
beads and leave overnight at 4°C with the bottom of the column closed).

- Dialyses ovemight at 4°C against PBS (cutoff 3500 daltons) to remove imidazole. For efficient dialysis, change the
dialysis buffer (PBS) 2-3 times.

The amount of protein was estimated by ODz measurement of eluted sample. Extinction coefficient of each clone was
determined by protParam tool under primary structure analysis at the Expasy proteomics server. Further purification of the
WHHs can be achieved by additional methods.

Example 2. Use of Fusion Protein having a FAP Bindin ent to Treat Cancer

This example shows that a fusion protein having a FAP targeting moiety and a mutated cytokine, wherein the mufafion in the
cytokine results in the reduced activity of the cylokine, can reduce tumor growth. This example shows that the FAP fargeting
moiety leads to the recovery of the activity of the mutated cylokine.

Preparation of fusion protein with FAP targeting moiety

FAP-targeted AcTateron ("FAP-AFN"), ahuman IFNaZ with a mutation at Q124R coupled via a 20xGGS-linker to an N-terminal
neutralizing YHH (also called single domain antibody (sdAb)) specific for FAP (mFAP_R3FAP85), was constructed in a pHen6
vector.

mFAP_R3FAPSS:

QVQLQESGGGLYQAGDSLRLSCKGSGRNFGSYNMGYWYRQAPGKEREFVAAVAWIGGTTYYADSVKGRFTISRDNAERMY
YLQMTNLKPEDTAIYYCNADIE--RRPLFGSWGPGTQ VTVSSAAAYPYDVPDYGSHHHHHH (SEQ ID NO: 842).

The Q124R mutatien in human IFNa2 resulis in the reduced affinity of human IFNa2 fo the its receptor, thus reducing its
activity (see PCT/EP2013/050787). The Q124R mutant is representative of an attenuated human IFN alpha 2 mutant that can
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be assayed in vivo in a murine model. Specifically, QG124R is a human IFN mutation that is suitable for use in the mouse {i.e.
it is a human mutant [FN that functions in mouse). See Nat. Comm. 2014; 5:3016. doi: 10.1038Mmcomme4016, the entire
conlents of which are hereby incorporated by reference.

Large scale productions of His-tagged pHen6-FAP-AFN constructs were performed in £. cofi. The bacteria were cultured until
stationary phase (OD600 of 0.7-0.8) and then IPTG (BioScientific) was added to activate the LacZ promoter. Cell supernatant
was collected after overnight culture.

The proteins in the periplasmic fraction were released by osmotic shock using a sucrose solution and were purified by
immobilized metal ion chromatography (IMAC) on a HiTrap Sepharose resin loaded with Kobalt ions {Clontech, Takara
Biotechnology). After binding of the proteins, columns were washed with 0.5% EMPIGEN (Calbiochem, Millipore), 0.5%
CHAPS (Sigma-Aldrich) and PBS. Imidazole {Merck) was used for elution and removed using PD-10 gel filtration columns
(GE Healthcare]. Profein concentration was determined using the absorbance at 280 nm and purity was assessed via SDS-
PAGE.

LPS levels were quantified using Limulus Amebocyte Lysate (LAL) QCL-1000 {Lonza). If still present, LPS was removed using
Endotoxin Removal Resin {Thermo Scientific). Biological activities of all products were assessed by a functional assay using
the mouse luciferase reporter cell line LL171 against the WHO Intemational mouse IFNa standard Ga02-901-511 as described
in Garcin et al., Nat. Commun. {2014).

Treatment of Tumors with FAP-AFN

Mice were maintained in pathogen-free conditions in a temperature-controlled environment with 12/12 hour light/dark cycles
and received food and water ad fibifum. Female C57BL/6J mice (Charles River Laboratories, Saint-Germain sur ['Arbresle,
France) were inoculated with 5 x 109 cells of the B16-mCD20 clone (B16 cells stably transfected with a plasmid containing the
expression cassette for mCD20), or parental B16 cells, at the age of 8 weeks, using a 30G insulin syringe, in 50 pl suspension,
on the shaved flank of briefly sedated mice (using 4% isoflurane). B16 cells are a murine melanoma cell line that are typically
used as a model for human skin cancers.

Tumor treatments were done perilesionally (p.l.}, which is s.c. at the tumor border, starting at day 7 after tumor inoculation.
Mice (n=5) received FAP-AFN treaiments on days 7, 8, 9, 10, 12, 14, 15 and 16. Control mice were treated with 100 pl PBS
(n=6} on the same days. FAP-AFN were given at 5,000 IU per treatment, corresponding to 37 ug protein (1.8 mg/kg). One
day after the last tumor freatment, blood was collected from the tail vein in EDTA-coated microvette tubes (Sarstedt), and
analyzed in a Hemavet 950FS (Drew Scientific, Waterbury, USA) whole blood counter. Neutrophils {ne), platelets plt), and
lymphocytes {ly) are expressed in K/pl; red blood csls {be) in M/ul; and mean platelet volume {mpv) in fL. Figure 1 shows
the means +- s.e.m. for umor growth and Figure 2 shows the hematological data. To the right of the tumor growth curve in
Figure 1, the number of mice that were compleely tumor-free at the indicated day is shown (i.e., 1 ouf of the 5 treated mice
was tumor-free on day 9).

Figure 1 shows that mice treated with FAP-AFN had reduced tumor growth as compared to untreated mice (control mice).
Additionally, 1 of 5 mice treated with FAP-AFN was tumor free by day 9.

Figure 2 shows that the FAP-AFN construct was safe. Specifically, the FAP-AFN altered hematological parameters
comparably o PBS. Wild type interferon is known to suffer from safely deficiencies that are reflected in changes in
hematological parameters.
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These resulis show that a fusion protein having a FAP targeting moiety and a mutated IFNa2 with reduced affinity for its
receptor can reduce tumor growth. Additionally, the data shows that the FAP targeting moiety restores the ability of the mutated
IFNa2 fo activate it receptor. Accordingly, the fusion proteins having a FAP targeting moiety and at least one mutated cytokine
disclosed herein are useful in the treatment of the diseases and disorders disclosed herein {e.g., cancer).

Example 3. Combination Therapy with FAP-AFN

This example shows that combinafion treatrment with a fusion protein having a FAP targeting moiety and a mutated a cytokine,
wherein the mutation in the cylokine results in the reduced activity of the cyiokine, and at least one additional therapeutic
agent can reduce tumor growth.

Methods

The FAP-AFN disclosed in Example 2 above was used in combination therapy to reduce tumor growth. The mouse model
disclosed in Example 2 was used. For the combination therapy treatment, mice (n= 4 per experimental group), were treated
with either:

1) PBS (100 ) (control);

2) FAP-AFN alone (1.8 mg/kg) (FAP-Q124R);

3) FAP-AFN (1.8 mg/kg) and doxorubicin {3 mg/kg) (FAP+dox);

4) FAP-AFN (1.8 mg/kg) and recombinant mouse TNF (28 ng/kg) (FAP+TNF);
5) FAP-AFN (1.8 mg/kg) and anti-PD-L1 sdAb (5.5 mg/kg) (FAP+PD-L1); or

6) FAP-AFN (1.8 mg/kg), anti-PD-L1 sdAb (5.5 mg/kg), and anti-CTLA4 Ab (450 pg/kg) plus anti-OX40 Ab (1.8 mg/kg) (anti-
CTLA4 Ab plus anti-OX40 Ab designated as Treg-depleting (TregD)) (FAP+FD-L1+TregD).

Treatment started at 6 days after tumor inoculation.

FAP-AFN treatments in these combination therapies were given on days 6, 7, 8, 9, 10, 11, 13, 14 and 15 {via p.l. injections).
The additional therapeutic agents were injected every 2-3 days (via p.l.) with a total of 3x/week. Figures 3A and 3B show the
means+- s.e.m. for tumor growth. To the right of the curves, the number of mice are shown that were completely tumor-free
at the indicated day.

Resuifs

Figures 3A-B shows that mice treated with FAP-AFN and at least one other therapeutic agent {e.g., TNF, dox, PD-L1, or PD-
L1+TregD) had increased reduced tumor growth as compared fo FAP-AFN alone (FAP-Q124R) and untreated mice {control
mice). Additionally, 1 of 4 mice treated with FAP+TNF was tumor-free on day 9-14; 4 of 4 mice ireated with FAP+dox were
tumor-free by day 11 (2 were tumor free on day 9; all 4 were tumor-free at day 11); 1 of 3 mice treated with FAP+PD-L1 was
tumor-free on day 13-20; and 1 of 4 mice treated with FAP+PD-L1+TregD was tumor-free on day 17. The data also shows
that mice treated with FAP-AFN alone had greater reduction in tumor growth as compared to untreated mice {control mice).

These results show that treatment with a fusion protein having a FAP targeting moiety and a mutated a cytokine alone or in
combination with at least one additional therapeutic agent can reduce tumor growth. Additionally, the data shows that there is
a synergistic effect as mice subject fo combination treatments with FAP-AFN had greater reduction in tumor growth as

compare to mice treated with FAP-AFN alone. Accordingly, the fusion proteins having a FAP targeting moiety and at least one
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mutated cytokine disclosed herein alone or in combined with at least one additional therapeutic agent are useful in the
treatment of the diseases and disorders disclosed herein (&.9., cancer).

Example 4. Treatment with a Bispecific FAP-AFN

This example shows that a bispecific fusion prolein having at least one FAFP targeting moiety and a mutated a cytokine, wherein
the mutation in the cylokine results in the reduced activity of the cytokine, can reduce tumor growth.

Methods

A bispecific fusion protein having a FAP targeting moiety {described in Example 2), a PD-L1 targeting moisty, and a human
IFNa2 with a mutation at Q124R (FAP-PD-L1-Q124R) were used in the mouse model disclosed in Example 2. Mice (n=5per
experimental group), were treated with either:

1) PBS (100 ) (control);
2) FAP-AFN alone (1.8 mg/kg) (FAP-Q124R); or
3) FAP-PD-L1-Q124R (55 pgfinjection).

FAP-PD-L1-Q124R was given at 55 ugfinjection, to correct for the presence of 2 VHHs (sdAbs) instead of 1 VHH (sdAb) in
the monospecific FAP-AFN. Treatments started at 6 days after tumor inoculation. Treatments were given ondays 6,7, 8, 9,
10, 11,13, 14 and 15 via p.l. injections. Figure 4 shows the means+- s.e.m. for fumor growth. In Figure 4, to the right of the
tumor growth curve, the number of mice that were completely tumer-free at the indicated day is shown.

Figure 4 shows that mice treated with bispecific FAP-PD-L1-Q124R had a greater reduction in tumor growth as compared to
FAP-Q124R treated mice and unfreated mice {conirol mice). Additionally, 1 of 5 mice treated with FAP-PD-L1-Q124R was
tumor-free on day 13. The data also shows that mice treated with FAP-Q124R had greater reduction in tumor growth as
compared o unireated mics (control mice).

These results show that treatment with a bispecific fusion protein or a monospecific fusion protein having at least one FAP
targeting moiety and at least one mufated cytokine can reduce tumor growth. The resulis also show thiat the bispecific fusion
protein has a stronger therapeutic effect as compared to the monospecific fusion protein. Accordingly, a bispecific and
monospecific fusion proteins having a FAP targeting moiely and at least one mutated cytokine disclosed herein are useful in
the treatment of the diseases and disorders disclosed herein (e.g., cancer).

Example 5. Treatment with a Bispecific FAP-AFN

This example compares the efficacy of bispecific nnClec9A-FAP-Q124R as compared to bispecific nnClec9A-PD-L1-C124R
as compared to monospecific nnClec9A-Q124R in large tumors. This example shows that the bispecific composition disclosed
herein are useful to treat cancer.

The mouse model disclosed in Example 2 was used. Mice (n= 6 per experimental group), were freated with either;
1) PBS (100 ) (control);

2) nnClec8A-Q124R alone (40pgfinjection) {nnClec);

3) nnClec8A-PD-L1-Q124R alone (60 pgfinjection) {nnClec-PD-L1);

4) nnClecSA-FAP-Q124R alone (60 pugfinjection) (nnClec-FAP);
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5) nnClec9A-Q124R {40 pg/injection) and doxorubicin (3 markg) (nnClec Dox);

6) nnClecSA-PD-L1-QG124R (60 pgfinjection) and doxorubicin (3 mg/kg) (nnClec-PD-L1 Dox);

7} nnClecSA-FAP-Q124R (60 ug/injection) and doxorubicin (3 mg/kg) (nnClec-FAP Dox};

8) nnClec9A-Q124R {40 pg/injection) and recombinant mouse TNF (28 pg/kg) (nnClec TNF);

9) nnClecSA-PD-L1-Q124R (60 pg/finjection) and recombinant mouse TNF (28 pg/ky) (hnClec-PD-L1 TNF);
10} nnClec9A-FAP-Q124R (60 pg/finjection) and recombinant mouse TNF (28 pg/kg) (nnClec-FAP TNF);

11} nnClec9A-CH24R (40 pghnjection) and anti-CTLA4 Ab (450 pgkg) plus anti-OX40 Ab (1.8 mg/kg) (anti-CTLA4 Ab plus
anti-0X40 Ab designated as Treg-depleting antibodies) (nnClec Abs);

12) nnClec9A-PD-L1-Q124R (60pg/injection) and anti-CTLA4 Ab (450 ng/kg) plus anti-0X40 Ab (1.8 mgkg) (nnClec-PD-L1
Abs); or

13) nnClecOA-FAP-Q124R (60 pg/injection) and anti-CTLA4 Ab (450 pg/kg) plus anti-0X40 Ab (1.8 mg/kg) (nnClec-FAP Abs).

Tumors were grown to greater the 30 mm? before treatment began. Mice were treated daily with PBS, nnClec, nnClec-PD-L1,
and nnClec-FAP via p.|. on days 10-16 after tumor inoculation. Groups (i.e., Groups 5-12) that received additional therapeutic
agents (i.e., doxorubicin, TNF, or Treg-depleting anfibodies) received the additional therapeutic agent via p.l. every 2-3 days,
with a total of 3x/week. One day after the last tumor treatment, blood was collected from the tail vein in EDTA-coated microvette
tubes (Sarstedt), and analyzed in a Hemavet 950FS (Drew Scientific, Waterbury, USA} whole blood counter. Lymphocytes,
monocytes and neutrophils are expressed in K/pl, red blood cells {rbe) in M/pl; platelets in K/pl.

Figures 5A-D show that mice freated with nnClec, nnClec-PD-L1, and nnClec-FAP had reduced tumor growth as compared
to unireated mice (control mice). The data also shows that tumor growth was slowed in mice treated with nnClec, whereas
tumor growth stopped (i.e., tumor is in stasis) in 3 of 6 nnClec- PD-L1 freated mice and 2 of 6 nnClec-FAP treated mice (see
Figures 58-D).

Figure 6A-D shows that mice treated with nnClec + Dox (nnClec Dox), nnClee-PD-L1 + Dox {nnClec-PD-L1 Dox), and nnClec-
FAP + Dox (nnClec-FAF Dox) had reduced tumor growth as compared to untrealed mice (control mice). The data also shows
that the mice treated with bispecific compaositions had a greater incident of tumor-free mice (see Table 3).

Table 3.
Tumor Status nhClec Dox nnClec-PD-L1 Dox nhClec-FAP Dox
Tumor Stasis 216 2/6 216
Tumor Shrinkage 36 a6 316
Tumor Free 116 416 316

The comparison of the results in Figures 5A-D and Figures 6A-D show that the combination of a monospecific or bispecific
fusion protein with at least one additional therapeutic agent has a synergistic effect as mice subject to combination freatments
had greater reduction in tumor growth as compared to mice freaiment with a monospecific or bispecific fusion protein alone
(compare Figures 5B and 6B, Figures 5C and 6C, and Figures 5D and 6D).
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Figure 7A-D shows that mice freated with nnClec + TNF (nnClec TNF), nnClec-PD-L1 + TNF (nnClec-PD-L1 TNF), and
nnClec-FAP + TNF {nnClec-FAF TNF) had reduced tumor growth as compared to untreated mice (control mice). The data

also shows that the mice treated with bispecific compositions had a greater incident of tumor-free mice (see Table 4).

Table 4.
Tumor Status nnClec TNF nnClec-PD-L1 TNF nnClec-FAP TNF
Tumor Stasis a6 26 36
Tumor Shrinkage 1/6 4/5 38
Tumar Free 0/6 36 36

Figure 8A-D shows that mice treated with nnClec Abs, nnClec-PD-L1 Abs, and nnClec-FAF Abs had reduced tumor growth
as compared to untreated mice {contral mice). The data also shows that the mice treated with bispecific compositions had a

greater incident of tumor-free mice and mice with fumor stasis (see Table 5).

Table 5.
Tumer Status nnClec Abs nnClec-PD-L1 Abs nnClec-FAP Abs
Tumor Stasis 2/6 46 416
Tumor Shrinkage 116 16 16
Tumor Free 0/6 16 16

Figures 9A-E show the analysis of lymphocytes (LY), monocytes (MO}, neutrophils (PMN), red blood cells {rbe), and platelets
(PLT). Figures 9A-E show that the tested constructs were safe. Specifically, the tested constructs altered hematological
parameters comparably to PBS. Wild type interferon is known to suffer from safety deficiencies that are reflected in changes

in hematological parameters.

These results show that freatment with a bispecific fusion protein or a monospecific fusion protein having at least one FAP
targeting moiety and at least one mutated cylokine can reduce tumor growth. The results also show that the combination of a
bispecific fusion protein with at least one additional therapeutic agent has a synergistic effect as mice subject to combination
treatments had greater reduction in tumor growth as compared to mice treated with a bispecific fusion protein or monospecific
fusion protein alone. Furthermore, the data shows that the combination treatment with a bispecific fusion protein and at least
one additional therapeutic agent resulted in the higher incidents of tumor-free mice. Accordingly, a bispecific and monospecific
fusion proteins having a FAP targeting moiety and af least one mutated cylokine disclosed herein are useful in the freatment
of the diseases and disorders disclosed herein {e.g., cancet).

Example 6. Human FAP VHH binds to membrane bound FAP in cells

Expression-vectors (pMECS) encoding 34 VHH representing all 7 different CDR3 groups of the human FAP VHHs from
Example 1 were fransformed to WK6 cells. VHHs {with a C-terminal His-tag) were expressed in periplasmic exiracts upon
IPTG ovemight stimulation. These exiracts were applied at a 1/5 dilution in a FACS binding-assay; HEK293T cells were
transiently fransfected with a full length human FAP plasmid (pMET7 FLAG-huFAP) or an empty vector (MOCK). Two days

101



10

15

20

25

30

WO 2019/152979 PCT/US2019/016629

after fransfections, cells were resuspended and incubated with a 1 over 5 dilution periplasmic extracts in FACS buffer (PBS +
0,5 miM EDTA +3% FBS). VHH binding was detected using a FITC-coupled anfi-His Ab (Genscript). Samples were acquired
with a MACSQuant X instrument (Miltenyi Biolec) and analyzed using the FlowLogic software (Miltenyi Biotec). Data are
summarized in Figure 12.

Example 7. Human Specific FAP VHH AcTakines

One FAP VHH, 2HFA42, was cloned into an AFN format in the pHENGC expression plasmid as follows; FAP VHH 2HFA42-
(GG8)zo-hIFNa2_R149A-GGS-{His)s (see sequence below). AFN expression in WK6 cells was induced overnight with 1 mi
IPTG, cells were pelleted, and periplasmic extracts prepared using TES (0.2 M Tris pH 8.0, 0.5 mi EDTA, 0.5 M sucrose)
and TES/4 buffers. Proteins were purified from extracts using the TALON Metal affinity resin according to the manufacturer's
guidelines and imidazole was removed from the samples using PD0 columns (GE Healthcare).

Biological activity was measured on parental HL116 cells {an [FN responsive cell-line stably fransfected with a p6-16 luciferase
reporier) and the derived, stably transfected HL116-hFAP cells. Cells were seeded avernight and stimulated for 6 hours with
a serial dilution FAP VHH AFN. Luciferase activity was measured on an EnSight Multimode Plate Reader (Perkin Elmer). Data
in Figures 13A and B clearly show that AFN is more active on cells expressing hFAP compared to parental cells, illustrating
that it is possible fo, at least in part, to restore signalling of an IFNa2 mutant by specific targeting to hFAP. Of nole, parental
HL116 and HL116-hFAFP cells are comparable sensitive to wild types, untargeted IFNa2, as also indicated by the targeting
index of about 1 compared to a targeting index of > 140 for the FAP YHH AFN (Figures 13A and 13B; Table 6).

Table &
EC50 HL116 EC50 HL116-FAP Targeting index
{ng/ml) (ng/mi) (ratio EC50 HL116/HL116-FAP)
Wild type IFN 0.11 0.09 1.2
FAP VHH AFN > 200 1.4 > 140

The structure for FAP VHH AFN is shown below:
FAP VHH 2HFA42 - (GGS)20- hiIENa? R149A - Hiss

The sequence for FAP VHH AFN is shown below (the sequence for FAPYHH 2HFA42 is shown in bold letters, the sequence
for (GGS)z4 is shown in italicized letters, and the sequence for hIFNa2_R149A is shown with underlined letters):

QVALQESGGGLVQTGGSLRLECAASGSIFVGNAMGWYRQALGNQRELVAGITSDGTTYYPDSVKGRFTISRDNDKNTIYL
QMNSLKPEDTAVYYCNLWPPRIGFASWGQGTQVTVSSYDGGSGGSGGSGGSGGSGGSREGGSGGSGGSGGSGGSGG
SGGSGGSGGSGGESGGESGGSGGSAAMMCDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFPQEEFGNQFQKAETIP
VLHEMIQQIFNLFSTKDSSAAWDETLLDKFYTELYGQLNDLEACVIQGVGYTETPLMKEDSILAVRKYFQRITLYLKEKKYSPC
AWEVVRAEIMASFSLSTNLQESLRSKEL EHHHHHH (SEQ ID NO: 843).

Example 8. Tolerability and efficacy of FAP-AFN in the presence or absence of chemotherapy in different fumor models.

Mice were maintained in pathogen—free conditions in a temperature-controlled environment with 12/12 hour light/dark cycles
and received food and water ad fibitum. Female C57BL/6J mice {Charles River Laboratories, Saint-Germain sur I'Abresle,
France) were inoculated with B16BL6 or MC38 or Panc02 cells, at the age of 8 weeks, using a 30G insulin syringe, in 50 pl
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suspension, on the shaved flank of briefly sedated mice {(using 4% isoflurane). B16BL6 cells are a murine melanoma cell line
that are typically used as a model for human skin cancers with increased resistance to doxorubicin. MC38 cells are derived
from a muring colon adenocarcinoma and are typically used as a model for human colon cancers. Panc02 cells are derived
from a murine pancreatic ductal adenocarcinoma and are typically used as a model for human pancreatic cancers.

All tumor freatments were done perilesionally (p.l.), which is s.c. at the tumor border, starting at day 7 after tumor inoculation.
Mice received FAP-AFN or FAP-WTmIFN treatments on days 7, 8, 9, 10, 12, 13, 14 and 15. Control mice were treated with
PBS on the same days. FAP-AFN or FAP-WTmIFN were given about 37 pg protein (1.8 mg/kg). Doxorubicin treatments were
done at 3 mg/kg, 3 times per week,

1) PBS {100 w) (contral), 7-8 mice;

2) FAP-AFN alone {1.8 mg/kg) (FAP-Q124R), 5 mice;

3) FAP-AFN (1.8 mg/kg) and doxorubicin {3 mg/kg) (FAP-AFN + dox), b mice;

4} FAP-WTmIFN (1.8 mg/kg) (FAP-WTmIFN}, 5 mics;

5) FAP-WTmIFN {1.8 mg/kg) and doxorubicin (3 mg/kg) (FAP-WTmIFN + dox), 5 mice.
The FAP-AFN fusion protein disclosed in Example 2 was used while the FAP-WTmIFN is a similar his-tagged fusion consisting
out of the N-terminal VHH mFAP_R3FAPS and the mouse IFNa11 coupled via a 20xGGS-linker and produced as deseribed
for the FAP-AFN in Example 2.

In the B16BLE experiments, blood was collected one day after the last tumor treatment from the tail vein in EDTA-coaled
microvetie tubes (Sarstedt), and analyzed in a Hemavet 950FS {Drew Scientific, Waterbury, USA) whole blood counter.
Monocytes, neutrophils, platslets and lymphocytes are expressed in K/pl; red blood cells (be) in M/pl; and mean platelet
volume {mpv) in L. This analysis was performed on 4 animals of the confrol group or groups with FAP-AFN based treatments
and 3 animals in case of FAP-WTmIFN based treatments.

B16BI6 tumor model

Figures 14 A-B show that mice treated with either FAP-AFN or FAP-WTmIFN had a strong reduced tumor growth as
compared fo PBS. Combination with doxorubicin enhanced the tumor growth reduction further showing a shift to tumor
shrinkage. Treatment with doxorubicin alone in this model typically leads to tumor stasis at best, but no tumor regression {data
not shown). Of note 20% of the mice died on day 17 in the group treated with FAP-WTmIFN and even 80% in the group of
mice treated with the combination of FAP-WTmIFN and doxorubicin, while in none of the other treatment groups mice died.
The lack of Inlerability of the FAP-WTmIFN treatments is further shown in Figures 15 A-B which shows the change of body
weight as of the first day of treatment. Both groups freated with FAP-WTmIFN show a drastic reduction in body weight
compared to a gain in body weight in the FAP-AFN treated groups. Additionally, also the hematology data support the improved
tolerability profile of the FAP-AFN based treatments compared 1o the FAP-WTmIFN based treatments (Figures 16 A-F).

MC38 tumor modsl

Figure 17 shows that mice treated with FAP-AFN had a strong reduced tumor growth as compared to PBS. Combination with
doxorubicin enhanced the tumor growth reduction further showing a shift to tumor shrinkage. The tolerability of the FAP-AFN
treatment is supported by the change in body weight (Figure 18).

EQUIVALENTS
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While the present technology has been described in connection with specific embodiments thereof, it will be understood that
itis capable of further modifications and this application is intended to cover any variations, uses, or adaptations of the present
technology following, in general, the principles of the present technology and including such departures from the present
disclosure as come within known or cusiomary practice within the art to which the present technology perfains and as may be
applied to the essential features hereinbefore set forth and as follows in the scope of the appended claims.

Those skilled in the art will recognize, or be able to ascertain, using no more than routine experimentation, numerous
equivalents to the specific embodiments described specifically herein, Such equivalents are intended to be encompassed in

the scope of the following claims.

INCORPORATION BY REFERENCE

All patents and publicafions referenced herein are hereby incorperated by reference in their entireties.
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CLAIMS
1. A chimeric protein comprising:

(a) at least one targeting moiety that is a recombinant heavy-chain-only antibody (VHH) or a single-

chain antibody (scFv) that binds fibroblast activation protein (FAP) and

(b) a modified human interferon alpha 2 (IFNa2) signaling agent comprising an amino acid sequence
having at least 95% identity with SEQ ID NO: 176 or 177 and having one or more mutations selected from
K133A, L153A, R149A, and M148A that confer lower toxicity, lessened or eliminated side effects, increased
tolerability, lessened or eliminated adverse events, reduced or eliminated off-target effects, and/or increased
therapeutic window, as compared to a wild type IFNa2 having an amino acid sequence of SEQ ID NO: 176
or 177,

wherein the one or more mutations confer reduced or ablated binding affinity and/or activity to the

modified IFNa2 signaling agent that is restorable by the targeting moiety,
wherein the targeting moiety targets F2 fibroblasts, and

wherein the chimeric protein alters the F2 fibroblast's function and/or a disease microenvironment

comprising the F2 fibroblast.
2. The chimeric protein of claim 1, wherein the targeting moiety polarizes F2 fibroblasts.

3. The chimeric protein of claim 1, wherein the targeting moiety recruits cytotoxic T cells to tumor cells

or to a tumor microenvironment.

4. The chimeric protein of claim 1, wherein the targeting moiety recognizes or binds FAP without

modulating its activity.

d. The chimeric protein of claim 1, wherein the targeting moiety comprises three complementarity
determining regions (CDR1, CDR2, and CDR3), wherein

CDR1 comprises an amino acid sequence of SEQ ID NO: 95; CDR2 comprises an amino acid
sequence of SEQ ID NO: 121; CDR3 comprises an amino acid sequence of SEQ ID NO: 152;

CDR1 comprises an amino acid sequence of SEQ ID NO: 87; CDR2 comprises an amino acid
sequence of SEQ ID NO: 116; CDR3 comprises an amino acid sequence of SEQ ID NO: 145;
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CDR1 comprises an amino acid sequence of SEQ ID NO: 89; CDR2 comprises an amino acid
sequence of SEQ ID NO: 117; CDR3 comprises an amino acid sequence of SEQ ID NO: 146;

CDR1 comprises an amino acid sequence of SEQ ID NO: 90; CDR2 comprises an amino acid
sequence of SEQ ID NO: 117; CDR3 comprises an amino acid sequence of SEQ ID NO: 147;

CDR1 comprises an amino acid sequence of SEQ ID NO: 91; CDR2 comprises an amino acid
sequence of SEQ ID NO: 118; CDR3 comprises an amino acid sequence of SEQ ID NO: 148;

CDR1 comprises an amino acid sequence of SEQ ID NO: 92; CDR2 comprises an amino acid
sequence of SEQ ID NO: 118; CDR3 comprises an amino acid sequence of SEQ ID NO: 149;

CDR1 comprises an amino acid sequence of SEQ ID NO: 93; CDR2 comprises an amino acid
sequence of SEQ ID NO: 119; CDR3 comprises an amino acid sequence of SEQ ID NO: 146;

CDR1 comprises an amino acid sequence of SEQ ID NO: 94; CDR2 comprises an amino acid
sequence of SEQ ID NO: 120; CDR3 comprises an amino acid sequence of SEQ ID NO: 150;

CDR1 comprises an amino acid sequence of SEQ ID NO: 94; CDR2 comprises an amino acid
sequence of SEQ ID NO: 120; CDR3 comprises an amino acid sequence of SEQ ID NO: 151;

CDR1 comprises an amino acid sequence of SEQ ID NO: 96; CDR2 comprises an amino acid
sequence of SEQ ID NO: 122; CDR3 comprises an amino acid sequence of SEQ ID NO: 153;

CDR1 comprises an amino acid sequence of SEQ ID NO: 97; CDR2 comprises an amino acid
sequence of SEQ ID NO: 123; CDR3 comprises an amino acid sequence of SEQ ID NO: 154;

CDR1 comprises an amino acid sequence of SEQ ID NO: 98; CDR2 comprises an amino acid
sequence of SEQ ID NO: 124; CDR3 comprises an amino acid sequence of SEQ ID NO:155;

CDR1 comprises an amino acid sequence of SEQ ID NO: 99; CDR2 comprises an amino acid
sequence of SEQ ID NO: 125; CDR3 comprises an amino acid sequence of SEQ ID NO: 156;

CDR1 comprises an amino acid sequence of SEQ ID NO: 100; CDR2 comprises an amino acid
sequence of SEQ ID NO: 126; CDR3 comprises an amino acid sequence of SEQ ID NO: 157;

CDR1 comprises an amino acid sequence of SEQ ID NO: 101; CDR2 comprises an amino acid
sequence of SEQ ID NO: 127; CDR3 comprises an amino acid sequence of SEQ ID NO: 158;
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CDR1 comprises an amino acid sequence of SEQ ID NO: 102; CDR2 comprises an amino acid
sequence of SEQ ID NO: 128; CDR3 comprises an amino acid sequence of SEQ ID NO: 159;

CDR1 comprises an amino acid sequence of SEQ ID NO: 103; CDR2 comprises an amino acid
sequence of SEQ ID NO: 129; CDR3 comprises an amino acid sequence of SEQ ID NO: 160;

CDR1 comprises an amino acid sequence of SEQ ID NO: 104; CDR2 comprises an amino acid
sequence of SEQ ID NO: 129; CDR3 comprises an amino acid sequence of SEQ ID NO: 160;

CDR1 comprises an amino acid sequence of SEQ ID NO: 105; CDR2 comprises an amino acid
sequence of SEQ ID NO: 130; CDR3 comprises an amino acid sequence of SEQ ID NO: 160;

CDR1 comprises an amino acid sequence of SEQ ID NO: 105; CDR2 comprises an amino acid
sequence of SEQ ID NO: 131; CDR3 comprises an amino acid sequence of SEQ ID NO: 161;

CDR1 comprises an amino acid sequence of SEQ ID NO: 106; CDR2 comprises an amino acid
sequence of SEQ ID NO: 132; CDR3 comprises an amino acid sequence of SEQ ID NO: 162;

CDR1 comprises an amino acid sequence of SEQ ID NO: 107; CDR2 comprises an amino acid
sequence of SEQ ID NO: 133; CDR3 comprises an amino acid sequence of SEQ ID NO: 163;

CDR1 comprises an amino acid sequence of SEQ ID NO: 108; CDR2 comprises an amino acid
sequence of SEQ ID NO: 132; CDR3 comprises an amino acid sequence of SEQ ID NO: 164;

CDR1 comprises an amino acid sequence of SEQ ID NO: 106; CDR2 comprises an amino acid
sequence of SEQ ID NO: 134; CDR3 comprises an amino acid sequence of SEQ ID NO: 165;

CDR1 comprises an amino acid sequence of SEQ ID NO: 106; CDR2 comprises an amino acid
sequence of SEQ ID NO: 135; CDR3 comprises an amino acid sequence of SEQ ID NO: 166;

CDR1 comprises an amino acid sequence of SEQ ID NO: 106; CDR2 comprises an amino acid
sequence of SEQ ID NO: 136; CDR3 comprises an amino acid sequence of SEQ ID NO: 167;

CDR1 comprises an amino acid sequence of SEQ ID NO: 109; CDR2 comprises an amino acid
sequence of SEQ ID NO: 137; CDR3 comprises an amino acid sequence of SEQ ID NO: 168;

CDR1 comprises an amino acid sequence of SEQ ID NO: 106; CDR2 comprises an amino acid
sequence of SEQ ID NO: 138; CDR3 comprises an amino acid sequence of SEQ ID NO: 169;
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CDR1 comprises an amino acid sequence of SEQ ID NO: 110; CDR2 comprises an amino acid
sequence of SEQ ID NO: 139; CDR3 comprises an amino acid sequence of SEQ ID NO: 170;

CDR1 comprises an amino acid sequence of SEQ ID NO: 111; CDR2 comprises an amino acid
sequence of SEQ ID NO: 140; CDR3 comprises an amino acid sequence of SEQ ID NO: 171;

CDR1 comprises an amino acid sequence of SEQ ID NO: 112; CDR2 comprises an amino acid
sequence of SEQ ID NO: 141; CDR3 comprises an amino acid sequence of SEQ ID NO: 172;

CDR1 comprises an amino acid sequence of SEQ ID NO: 113; CDR2 comprises an amino acid
sequence of SEQ ID NO: 142; CDR3 comprises an amino acid sequence of SEQ ID NO: 173;

CDR1 comprises an amino acid sequence of SEQ ID NO: 114; CDR2 comprises an amino acid
sequence of SEQ ID NO: 143; CDR3 comprises an amino acid sequence of SEQ ID NO: 174; or

CDR1 comprises an amino acid sequence of SEQ ID NO: 115; CDR2 comprises an amino acid
sequence of SEQ ID NO: 144; CDR3 comprises an amino acid sequence of SEQ ID NO: 175.

6. The chimeric protein of claim 1, wherein the targeting moiety comprises the amino acid sequence of
SEQ ID NO: 58 or any one of SEQ ID NOS: 2 to 42, 46 to 57, or 59 to 86.

7. The chimeric protein of claim 1, further comprising one or more additional targeting moieties that
recognize a tumor antigen or an antigen on an immune cell selected from a T cell, a B cell, a dendritic cell, a

macrophage, neutrophil, and a NK cell.

8. The chimeric protein of claim 7, wherein the one or more additional targeting moieties recognize PD-
1, PD-L1, PD-L2, CTLA4, OX40L, OX40, CD20, XCR1, and Clec9A.

9. The chimeric protein of claim 1, wherein the F2 fibroblast is associated with a disease selected from

cancer, infections, immune disorders, autoimmune disease, fibrotic diseases, and cardiovascular disease.
10. A recombinant nucleic acid encoding the chimeric protein of claim 1.
11. A host cell comprising the recombinant nucleic acid of claim 10.

12. The chimeric protein of any one of claims 1-9 for use in treating cancer, infections, immune disorders,
fibrotic diseases, and/or autoimmune diseases that are related to the FAP protein, comprising administering

an effective amount of the chimeric protein to a patient in need thereof.

13. The chimeric protein of any one of claims 1-9, for use as a medicament.
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14. Use of the chimeric protein of any one of claims 1-9 in the manufacture of a medicament for treating
cancer, infections, immune disorders, fibrotic diseases, and/or autoimmune diseases that are related to the
FAP protein.

109



