
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) Organization11111111111111111111111I1111111111111i1111liiili 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2020/043683 Al 
05 March 2020 (05.03.2020) W IPO I PCT 

(51) International Patent Classification: Published
A61P 35/00 2(2006.012006.0 1) - with international search report (Art. 21(3)) C07K 16/28 (2006.0 1 ) - with sequence listing part of description (Rule 5.2(a)) 

(21) International Application Number: 
PCT/EP2019/072754 

(22) International Filing Date: 
27 August 2019 (27.08.2019) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
18191041.5 27 August 2018 (27.08.2018) EP 

(71) Applicant: PIERIS PHARMACEUTICALS GMBH 
[DE/DE]; Lise-Meitner-Strasse 30, 85354 Freising-Wei
henstephan (DE).  

(72) Inventors: BRUNS, Ingnar; 555 W 53rd Street, Apt.  
456, New York, New York 10019 (US). MATIS, Louis; 
255 State Street, 9th floor, Boston, Massachusetts 02109 
(US). OLWILL, Shane; AmWaldrand29a, 84354 Freising 
(DE). JAQUIN, Thomas; Max-Planckstr. 83, 85435 Erd
ing (DE).  

(74) Agent: SCHIWECK, Wolfram et al.; c/o Schiweck 
Weinzierl Koch, Patentanwalte, Ganghoferstrasse 68b, 
80339 Munich (DE).  

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, 
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG).  

O (54) Title: COMBINATION THERAPIES COMPRISING CD137/HER2 BISPECIFIC AGENTS AND PD-1 AXIS INHIBITORS 
OAND USES THEREOF 

(57) Abstract: The disclosure provides compositions and methods for treating previously treated specific HER2-positive advanced or 
metastatic solid tumors. The disclosure provides compositions and methods for enhancing immune response in an individual having 
HER2-positive advanced or metastatic solid tumors. The method comprises administering a PD-laxis inhibitor and a bispecific agent 
that targets CD137 and HER2.



WO2020/043683 PCT/EP2019/072754 

Combination therapies comprising CD137/HER2 bispecific 

agents and PD-1 axis inhibitors and uses thereof 

1. BACKGROUND 

[0001] CD137, also known as 4-1BB, is a costimulatory immune receptor and a 

member of the tumor necrosis factor receptor (TNFR) super-family. CD137 plays an 

important role in the regulation of immune responses and thus is a target for cancer 

immunotherapy. CD137 ligand (CD137L) is the only known natural ligand of CD137 and is 

constitutively expressed on several types of antigen presenting cells (APCs), such as 

activated B cells, monocytes, and splenic dendritic cells, and it can be induced on T 

lymphocytes.  

[0002] The potential of CD137 costimulation in cancer therapy has been 

demonstrated in many preclinical studies - the administration of agonist anti-CD137 

antibodies have been shown to achieve tumor regression (Vinay and Kwon, Mol Cancer 

Ther, 2012, Bartkowiak and Curran, Front Oncol, 2015) and the resulting CD137 signaling to 

break and reverse the anergy in cytotoxic T lymphocytes (Williams et al., J Exp Med, 2017, 

Wilcox et al., Blood, 2004). Clinical trials of two agonist antibodies, urelumab and 

utomilumab, are ongoing, but both present significant challenges as urelumab has 

substantial toxicity at doses above 1 mg/kg, while utomilumab is less potent and has 

potential efficacy challenges (Tolcher et al., Clin Cancer Res, 2017, Segal et al., Clin Cancer 

Res, 2018, Sznol et al., Journal of Clinical Oncology, 2008). In addition, since the expression 

of CD137 is not limited to tumor infiltrating lymphocytes, urelumab or utomilumab 

monotherapy may not be capable of restricting CD137 agonism to a tumor microenvironment 

and thus may lead to CD137 clustering and activation in a non-localized manner (Makkouk et 

al., Eur J Cancer, 2016, Alizadeh et al., Blood, 2011). Therefore, there remains a need for 

anti-CD137 therapies that are both safe and effective. In addition, targeting CD137 in 

combination with other checkpoint immunotherapies or tumor-targeted therapies are being 

evaluated, but combining such therapies can augment the risk of undesired side effects, 

including increased systemic immune activation. Accordingly, there remains a need for 

combination immunotherapies that target CD137 and that are both safe and effective.  
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[0003] Programmed cell death protein 1, or PD-1 (also known as cluster of 

differentiation 279 or CD279) is a member of the cluster of differentiation 28 (CD28) gene 

family and is expressed on activated T, B, and myeloid lineage cells (Sharpe et al., Nat 

Immunol, 2007, Greenwald et al., Annu Rev Immunol, 2005). PD-1 interacts with two ligands, 

programmed cell death 1 ligand 1 (PD-L1) and programmed cell death 1 ligand 2 (PD-L2).  

Interaction of these ligands with PD-1 plays an important role in downregulating the immune 

system by limiting overly-active T cells locally, which in turn prevents autoimmunity and 

maintains peripheral tolerance during infection or inflammation in normal tissues (Sharpe et 

al., Nat Immunol, 2007, Greenwald et al., Annu Rev Immunol, 2005).  

[0004] In many cancers, PD-1 is expressed by tumor-infiltrating lymphocytes (TILs) 

and is associated with host anti-tumor immunity (Galon et al., Science, 2006). Multiple lines 

of evidence have indicated that TILs are subject to PD-1 inhibitory regulation and that 

observed anti-tumor immunity is modulated by PD-1/PD-L1 signaling. First, PD-L1 

expression is confirmed in several human and mouse tumor lines (Dong et al., Nat Med, 

2002). Second, expression of PD-L1 by tumor cells has been directly associated with their 

resistance to lysis by anti-tumor T cells in vitro (Blank et al., Cancer Res, 2004, Dong et al., 

Nat Med, 2002). Third, PD-1 knockout mice are resistant to tumor challenge (lwai et al., /nt 

Immunol, 2005) and T cells from PD-1 knockout mice are highly effective in tumor rejection 

when adoptively transferred to tumor-bearing mice (Blank et al., Cancer Res, 2004). Fourth, 

blocking PD-1 inhibitory signals by a PD-1 monoclonal antibody can potentiate host anti

tumor immunity in mice (Hirano et al., Cancer Res, 2005, Iwai et al., /nt Immunol, 2005).  

Fifth, high degrees of PD-L1 expression in tumors (detected by immunohistochemical 

staining) are associated with poor prognosis for many human cancer types (Hamanishi et al., 

Proc Nat/ Acad Sci U S A, 2007). Accordingly, monoclonal antibodies targeting PD-1 and 

PD-L1 have demonstrated clinical benefits in various cancer types, with a few including 

nivolumab, pembrolizumab, and atezolizumab been approved by the U.S. Food and Drug 

Administration (FDA) (Topalian et al., Cancer Cell, 2015). However, only a minority of cancer 

patients respond to anti-PD-1/PD-Li therapy and both primary and acquired resistance 

becomes a major obstacle of anti-PD-1/PD-Li therapy, limiting the long-lasting effects and 

wide applications (Bu et al., Trends Mol Med, 2016, Bai et al., Oncotarget, 2017).  

[0005] To increase the fraction of patients that respond to immunotherapy and 

overcome treatment resistance, there remains a need to maximize the clinical benefit of 

immune checkpoint treatment by the combination with, e.g., other immunotherapy or targeted 

therapy. However, while numerous preclinical studies are performed and demonstrated the 
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potential of immunotherapy combinations, such combinations may result in substantive 

incremental toxicity, for example, as seen in the combination of anti-PD-1/PD-Li therapy and 

ani-CTLA-4 therapy, and do not necessarily yield sufficient clinical responses to overcome 

the toxicities encountered (Shoushtari et al., JAMA Oncol, 2018, Haanen et al., Ann Oncol, 

2017). Besides, for a specific immunotherapy combination, there is also the need to optimize 

the timing and sequence of the drugs' administration to achieve efficacy and safety and to 

identify better biological markers (biomarkers) given the diversity of patient response for 

predicting how individuals will react to the specific combination.  

[0006] HER2, or HER2/neu, is a member of the human epidermal growth factor 

receptor family. Amplification or overexpression of this oncogene has been shown to play an 

important role in the development and progression of a variety of tumors, including certain 

aggressive types of breast cancer. HER2 has been shown to be highly differentially 

expressed on certain tumor cells, with much higher cell-surface density on those cells 

compared to healthy tissue. While anti-HER2 targeted therapy is effective in a portion of the 

patient population with early stage or metastatic HER2(+) breast cancer, the response rates 

among patients with either refractory or advanced cancer are suboptimal. For example, the 

objective response rate in a clinical trial using an anti-HER2 therapy with chemotherapy is 

only 50 % (Slamon et al., N Eng/ J Med, 2001). Therefore, there remains a need for better 

targeted therapy for patient with HER2 positive cancer.  

[0007] The present disclosure provides, among other things, novel therapeutic 

combinations comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor and 

methods for treating HER2-positive advanced or metastatic solid tumors using such 

combinations.  

II. DEFINITIONS 

[0008] The following list defines terms, phrases, and abbreviations used throughout 

the instant specification. All terms listed and defined herein are intended to encompass all 

grammatical forms.  

[0009] As used herein, unless otherwise specified, "CD137" means human CD137 

(huCD137). Human CD137 means a full-length protein defined by UniProt Q07011, a 

fragment thereof, or a variant thereof. CD137 is also known as 4-1BB, tumor necrosis factor 

receptor superfamily member 9 (TNFRSF9), and induced by lymphocyte activation (ILA). In 
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some particular embodiments, CD137 of non-human species, e.g., cynomolgus CD137 and 

mouse CD137, is used.  

[00010] As used herein, unless otherwise specified, "HER2" means human HER2 

(huHER2). Human Her 2 means a full-length protein defined by UniProt P04626, a fragment 

thereof, or a variant thereof. HER2 is also known as human epidermal growth factor receptor 

2, HER2/neu, receptor tyrosine-protein kinase erbB-2, cluster of differentiation 340 (CD340), 

proto-oncogene Neu, ERBB2 (human), Erbb2 (rodent), c-neu, or p185. Human HER2 is 

encoded by the ERBB2 gene. In some particular embodiments, HER2 of non-human 

species, e.g., cynomolgus HER2 and mouse HER2, is used.  

[00011] As used herein, unless otherwise specified, "programmed cell death protein 1" 

or "PD-1" means human PD-1 (huPD-1). Human PD-1 means a full-length protein defined by 

UniProt Q15116, a fragment thereof, or a variant thereof. Human PD-1 is encoded by the 

PDCD1 gene. PD-1 is also known as cluster of differentiation 279 or CD279. In some 

particular embodiments, PD-1 of non-human species, e.g., cynomolgus PD-1 and mouse 

PD-1, is used.  

[00012] As used herein, unless otherwise specified, "programmed cell death 1 ligand 

1" or "PD-1" means human PD-L1 (huPD-L1). Human PD-L1 means a full-length protein 

defined by UniProt Q9NZQ7, a fragment thereof, or a variant thereof. Human PD-L1 is 

encoded by the CD274 gene. PD-L1 is also known as cluster of differentiation 274 (CD274) 

or B7 homolog 1 (B7-H1). In some particular embodiments, PD-L1 of non-human species, 

e.g., cynomolgus PD-L1 and mouse PD-L1, is used.  

[00013] As used herein, "PD-1 axis inhibitor" or "PD-1 axis antagonist" refers to a 

molecule that decreases, blocks, inhibits, or interferes with PD-1-mediated signaling so that 

to alleviate T cell dysfunction and immune suppression resulting from the activation of the 

PD-1 axis and restore or enhance T cell functions. As used herein, a PD-1 axis inhibitor 

includes a PD-1 inhibitor, a PD-L1 inhibitor, and a PD-L2 inhibitor.  

[00014] As used herein, "PD-1/PD-Li axis inhibitor" or "PD-1/PD-L axis inhibitor" 

refers to a molecule that decreases, blocks, inhibits, or interferes with the interaction 

between PD-1 and PD-L1 and the resulting signaling pathways, so that to alleviate T cell 

dysfunction and immune suppression resulting from the activation of the PD-1 axis and 

restore or enhance T cell functions.  
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[00015] As used herein, "PD-1 inhibitor" or "PD-1 antagonist" refers to a molecule that 

decreases, blocks, inhibits, interferes with the interaction of PD-1 with one or more of its 

binding partners, such as PD-1, PD-L2, and so as the resulting signaling pathways. In some 

embodiments, a PD-1 inhibitor may compete with the binding of one or more PD-1 binding 

partners, preferably PD-L1 and/or PD-L2. In some other embodiments, a PD-1 inhibitor may 

not compete with the binding of one or more PD-1 binding partners, preferably PD-L1 and/or 

PD-L2. In some embodiments, a PD-1 inhibitor may reduce the negative costimulatory signal 

mediated by or through cell surface proteins expressed on T lymphocytes, such as PD-1.  

PD-1 inhibitors may include, but not limited to, anti-PD-1 antibodies and antigen binding 

fragments thereof, immunoadhesins, fusion proteins, oligopeptides, and other molecules that 

decrease, block, inhibit, or interfere with the interaction of PD-1 with one or more of its 

binding partners, such as PD-L1 and PD-L2, and so as the resulting signaling pathways. In 

some embodiments, a PD-1 inhibitor may be or comprise an anti-PD-1 antibody, such as 

pembrolizumab, nivolumab, pidilizumab, MK-3475, MEDI-0680, PDR001, REGN2810, BGB

108.  

[00016] As used herein, "PD-1 inhibitor" or "PD-1 antagonist" refers to a molecule 

that decreases, blocks, inhibits, interferes with the interaction of PD-L1 with one or more of 

its binding partners, such as PD-1 and B7.1, and so as the resulting signaling pathways. In 

some embodiments, a PD-L1 inhibitor may compete with the binding of one or more PD-L1 

binding partners, such as PD-1 and B7.1. In some other embodiments, a PD-L1 inhibitor may 

not compete with the binding of one or more PD-L1 binding partners, such as PD-1 and/or 

B7.1. In some embodiments, a PD-L1 inhibitor may reduce the inhibitory signal mediated by 

the binding of PD-L1 to one or more of its binding partners. In some embodiments, a PD-L1 

inhibitor may be or comprise an anti-PD-1 antibody, such as atezolizumab, avelumab, 

durvalumab, and BMS-936559.  

[00017] As used herein, "PD-L2 inhibitor" or "PD-L2 antagonist" refers to a molecule 

that decreases, blocks, inhibits, interferes with the interaction of PD-L2 with one or more of 

its binding partners, such as PD-1, and so as the resulting signaling pathways. In some 

embodiments, a PD-L2 inhibitor may compete with the binding of one or more PD-L2 binding 

partners, such as PD-1. In some other embodiments, a PD-L2 inhibitor may not compete with 

the binding of one or more PD-L2 binding partners, such as PD-1. In one embodiment, a PD

L2 inhibitor may reduce the inhibitory signal mediated by the binding of PD-L1 to one or more 

of its binding partners. In some embodiments, a PD-L2 inhibitor may be or comprise an anti

PD-L2 antibody.  
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[00018] The term "anti-", when used to describe a molecule in association with a 

protein target of interest (e.g., CD137, PD-1, PD-L1, or HER2), means the molecule is 

capable of binding the protein target and/or modulating one or more biological functions of 

the protein target. For example, an "anti-CD137" molecule as described herein, is capable of 

binding CD137 and/or modulating one or more biological functions of CD137. "Biological 

function" of a protein target refers to the ability of the protein target to carry out its biological 

mission(s), e.g., binding to its binding partner(s) and mediating signaling pathway(s).  

[00019] As used herein, "dysfunction" or "dysfunctional" when used in connection with 

T cells, refers to dysfunctional states of T cells as a consequence of altered activation and 

differentiation processes. Terms including exhaustion, tolerance, and anergy may be used to 

describe the dysfunctional states. When used in the connection with the immune system, 

"dysfunction" refers to states of immune system characterized by abnormality in the 

components of the immune system and/or the overactive or underactive immune responses.  

Dysfunctional states of the immune system may include refractory or unresponsive to antigen 

recognition and impaired capacity to translate antigen recognition into downstream T-cell 

effector functions, such as proliferation, cytokine (e.g., IL-2) production, and target cell killing.  

[00020] As used herein, "anergy" or "anergic" refers to a state where the immune 

system is unable to mount a normal immune response against a antigen. T cell anergy may 

be induced by incomplete or insufficient signals delivered through T cell receptors (TCRs). T 

cell anergy may also be induced when T cell receives TCR signals in the absence of 

costimulation, resulting in the cell becoming refractory to subsequent activation by the 

antigen even in the context of costimulation. In some embodiments, anergic T cells do not 

undergo clonal expansion and/or acquire effector functions. The anergic state as described 

herein may, in some embodiments, be overridden by the presence of IL-2.  

[00021] As used herein, "exhaustion" or "T cell exhaustion" refers to a state of T cell 

dysfunction that arises from sustained TCR signaling. Exhaustion may result from both 

extrinsic negative regulatory pathways (e.g., immunoregulatory cytokines), as well as cell 

intrinsic negative regulatory. It may be characterized by poor effector function, sustained 

expression of inhibitory receptors, and/or a transcriptional state distinct from that of functional 

effector or memory T cells. In some embodiments, exhaustion is different from anergy in that 

it arises from continuous TCR stimulation, while anergy is introduced due to incomplete or 

deficient signaling. In some embodiments, exhaustion may occur during many chronic 

infections and cancers.  
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[00022] As used herein, "tolerance" includes "central tolerance" and "peripheral 

tolerance". "Central tolerance" refers to a process of eliminating anydeveloping T or B 

lymphocytes. In some embodiments, the process may ensure that the immune system does 

not attack self peptides. "Peripheral tolerance" refers to the second branch of immunological 

tolerance after central tolerance, which takes place in the immune periphery. In some 

embodiments, peripheral tolerance may ensure that self-reactive T and B cells which 

escaped central tolerance do not cause autoimmunity.  

[00023] As used herein, "inhibitory signal" refers to signals transduced to T cells by co

inhibitory molecules, which lead to inhibition of T cell cytokine production and/or effector 

function. "Stimulatory signal" refers to signals transduced to T cells by costimulatory 

molecules following TCR engagement, rescuing the activated T cell from anergy and/or 

allowing full activation to occur.  

[00024] As used herein, "restore T-cell function", "enhance T-cell activity", "activate T 

cells", or "stimulate T-cell response" refers to induce, cause, or stimulate T cells to have a 

sustained or amplified biological functions, or renew or reactivate exhausted or inactive T 

cells. Exemplary signs of enhanced T-cell activity may include: increased secretion of INF

gamma from CD8* T cells, increased proliferation, and/or increased antigen responsiveness 

(e.g., viral, pathogen, and tumor clearance) relative to such levels before the intervention.  

Methods of measuring such enhancement is known to the skilled in the art.  

[00025] As used herein, "synergy" or "synergistic" refers to the interaction or 

cooperation of two or more substances, drugs, or other agents to produce a combined effect 

greater than the sum of their separate effects.  

[00026] As used herein, "cancer" and "cancerous" refers to the physiological condition 

in mammals that is typically characterized by unregulated cell growth. A "tumor" may 

comprise one or more cancerous cells.  

[00027] The term "metastatic" refers to a state of cancer where the cancer cells break 

away from where they first formed, travel through the blood or lymph system, and/or form 

new tumors (metastatic tumors) in other parts of the body. An "advanced" cancer is one that 

has spread outside the site or organ of origin, either by local invasion or metastasis.  

[00028] As used herein, an "anti-tumor agent" may act on tumor, particularly malignant 

tumor (cancerous), and preferably has an anti-tumor effect or anti-tumor activity. The "anti

tumor effect" or "anti-tumor activity" refers to actions of an anti-tumor agent on tumor, 
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particularly malignant tumor, including stimulation of tumor-specific immune responses, 

reduction in tumor size, suppression of the growth of tumor cells, suppression of the 

metastasis, complete remission, partial remission, stabilization of disease, extension of the 

term before recurrence, extension of survival time of patients, or improvement of quality of 

life of patients.  

[00029] As used herein, "treat" or "treatment" refers to clinical intervention designed to 

alter the natural course of the individual or cell being treated during the course of a 

physiological condition or disorder or clinical pathology. A "treatment" refers to both 

therapeutic treatment and prophylactic or preventative measures, wherein the object is to 

prevent or slow down (lessen) an undesired physiological change or disorder, such as the 

growth, development or spread of a hyperproliferative condition, such as cancer. Desired 

effects of treatment include, but not limited to, decreasing the rate of disease progression, 

ameliorating or palliating the disease state, alleviating symptoms, stabilizing or not worsening 

the disease state, and remission of improved prognosis, whether detectable or undetectable.  

Desired effects of treatment also include prolonging survival as compared to expected 

survival if not receiving treatment. A subject in need of treatment include a subject already 

with the condition or disorder or prone to have the condition or disorder or a subject in which 

the condition or disorder is to be prevented.  

[00030] As used herein, "combination", "in combination with", or "in conjunction with" 

relates to administration of one substance, drug, or other agent in addition to another 

substance, drug, or other agent. The administration of substance, drug, or other agent may 

be before, during, or after administration of the other.  

[00031] An "effective amount" is an amount sufficient to effect beneficial or desired 

results. For example, an effective amount is one that would be sufficient to enhance or 

diminish the immune response to a desired level of a therapy. The results of a therapy (e.g., 

activation of a suppressed or deficient immune response, increased cytolytic activity of T 

cells, increased T cell effector function, or reduction in tumor growth) can be determined by 

suitable methods known in the art. An effective amount can be administered in one or more 

individual administrations or doses. An effective amount can be administered alone with one 

agent or in combination with one or more additional agents.  

[00032] As used herein, "antibody" includes whole antibodies or any antigen binding 

fragment (i.e., "antigen-binding portion") or single chain thereof. A whole antibody refers to a 

glycoprotein comprising at least two heavy chains (HCs) and two light chains (LCs) inter
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connected by disulfide bonds. Each heavy chain is comprised of a heavy chain variable 

domain (VH or HCVR) and a heavy chain constant region (CH). The heavy chain constant 

region is comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of a 

light chain variable domain (VL or LCVR) and a light chain constant region (CL). The light 

chain constant region is comprised of one domain, CL. The VH and VL regions can be further 

subdivided into regions of hypervariability, termed complementarity determining regions 

(CDRs), interspersed with regions that are more conserved, termed framework regions 

(FRs). Each VH and VL is composed of three CDRs and four FRs, arranged in the following 

order from the amino-terminus to the carboxy-terminus: FR1, CDR1, FR2, CDR2, FR3, 

CDR3, FR4. The variable regions of the heavy and light chains contain a binding domain that 

interacts with an antigen (for example, PD-L1). The constant regions of the antibodies may 

optionally mediate the binding of the immunoglobulin to host tissues or factors, including 

various cells of the immune system (e.g., effector cells) and the first component (Clq) of the 

classical complement system.  

[00033] As used herein, "antigen-binding domain" or "antigen-binding fragment" of an 

antibody refers to one or more fragments of an antibody that retain the ability to specifically 

bind to an antigen (e.g., PD-1 or PD-L1). It has been shown that the antigen-binding function 

of an antibody can be performed by fragments of a full-length antibody. Examples of binding 

fragments encompassed within the term "antigen-binding fragment" of an antibody include (i) 

a Fab fragment consisting of the VH, VL, CL and CH1 domains; (ii) a F(ab')2 fragment 

comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fab' 

fragment consisting of the VH, VL, CL and CH1 domains and the region between CH1 and CH2 

domains; (iv) a Fd fragment consisting of the VH and CH1 domains; (v) a single-chain Fv 

fragment consisting of the VH and VL domains of a single arm of an antibody, (vi) a dAb 

fragment (Ward et al., Nature, 1989) consisting of a VH domain; and (vii) an isolated 

complementarity determining region (CDR) or a combination of two or more isolated CDRs 

which may optionally be joined by a synthetic linker; (viii) a "diabody" comprising the VH and 

VL connected in the same polypeptide chain using a short linker (see, e.g., patent documents 

EP 404,097; WO 93/11161; and Holliger et al., Proc Natl Acad Sci U S A, 1993); (ix) a 

"domain antibody fragment" containing only the VH or VL, where in some instances two or 

more VH regions are covalently joined.  

[00034] As used herein, "antigen binding fragment" of an antibody refers to one or 

more fragments of an antibody that retain the ability to specifically bind to an antigen (e.g., 

PD-L1). It has been shown that the antigen-binding function of an antibody can be performed 
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by fragments of a full-length antibody. Examples of binding fragments encompassed within 

the term "antigen-binding fragment" of an antibody include (i) a Fab fragment consisting of 

the VH, VL, CL and CH1 domains; (ii) a F(ab')2 fragment comprising two Fab fragments linked 

by a disulfide bridge at the hinge region; (iii) a Fab'fragment consisting of the VH, VL, CL and 

CH1 domains and the region between CH1 and CH2 domains; (iv) a Fd fragment consisting of 

the VH and CH1 domains; (v) a single-chain Fv fragment consisting of the VH and VL domains 

of a single arm of an antibody, (vi) a dAb fragment (Ward et al., Nature, 1989) consisting of a 

VH domain; and (vii) an isolated complementarity determining region (CDR) or a combination 

of two or more isolated CDRs which may optionally be joined by a synthetic linker; (viii) a 

"diabody" comprising the VH and VL connected in the same polypeptide chain using a short 

linker (see, e.g., patent documents EP 404,097; WO 93/11161; and Holliger et al., Proc Nat 

Acad Sci U S A, 1993); (ix) a "domain antibody fragment" containing only the VH or VL, where 

in some instances two or more VH regions are covalently joined.  

[00035] Antibodies may be polyclonal or monoclonal; xenogeneic, allogeneic, or 

syngeneic; or modified forms thereof (e.g., humanized, chimeric, or multispecific). Antibodies 

may also be fully human.  

[00036] As used herein, "framework" or "FR" refers to the variable domain residues 

other than the hypervariable region (CDR) residues.  

[00037] "Fragment crystallizable region" or "Fc region" refers to the C-terminal region 

of an immunoglobulin heavy chain, including native-sequence Fc regions and variant Fc 

regions. Although the boundaries of the Fc region of an immunoglobulin heavy chain might 

vary, the human IgG heavy-chain Fc region is usually defined to stretch from an amino acid 

residue at position Cys226, or from Pro230, to the carboxyl-terminus thereof numbering 

according to EU index of Kabat (Johnson and Wu, Nucleic Acids Res, 2000). The C-terminal 

lysine (residue 447 according to EU index of Kabat) of the Fc region may be removed, for 

example, during production or purification of the antibody, or by recombinantly engineering 

the nucleic acid encoding a heavy chain of the antibody. Accordingly, a composition of intact 

antibodies may comprise antibody populations with all K447 residues removed, antibody 

populations with no K447 residues removed, and antibody populations having a mixture of 

antibodies with and without the K447 residue. Suitable native-sequence Fc regions for use in 

the antibodies of the invention include human IgG1, IgG2 (IgG2A, IgG2B), IgG3, and IgG4.  

[00038] "Fc receptor" or "FcR" refers to a receptor that binds to the Fc region of an 

antibody.  
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[00039] As used herein, "isolated antibody" refers to an antibody that is substantially 

free of its natural environment. For instance, an isolated antibody is substantially free of 

cellular material and other proteins from the cell or tissue source from which it is derived. An 

"isolated antibody" further refers to an antibody that is substantially free of other antibodies 

having different antigenic specificities. In the present case, an isolated antibody that binds 

specifically PD-L1 is substantially free of antibodies that specifically bind antigens other than 

PD-L1. However, an isolated antibody that specifically binds PD-L1 may have cross-reactivity 

to other antigens, such as PD-L1 molecules from other species.  

[00040] As used herein, "monoclonal antibody" refers to a preparation of antibody 

molecules of single molecular composition. A monoclonal antibody composition displays a 

single binding specificity and affinity for a particular epitope.  

[00041] As used herein, "humanized antibody" refers to an antibody that consists of 

the CDR of antibodies derived from mammals other than human, and the FR region and the 

constant region of a human antibody or derived from a human antibody. In some 

embodiments a humanized antibody comprises a variable domain that has a variable region 

amino acid sequence which, analyzed as a whole, is closer to human than to other species 

as assessed using the Immunogenetics Information System (IMGT) DomainGapAlign tool, as 

described by Ehrenmann et al. (2010). In some embodiments, a humanized antibody may be 

useful as an effective component in a therapeutic agent due to the reduced antigenicity. The 

term "therapeutic agent" or "therapeutically active agent", as used herein, refers to an agent 

which is therapeutically useful. A therapeutic agent may be any agent for the prevention, 

amelioration, or treatment of a diseases, a physiological condition, a symptom, or for the 

evaluation or diagnosis thereof.  

[00042] As used herein, "human antibody" includes antibodies having variable regions 

in which both the framework and CDR regions are derived from human germline 

immunoglobulin sequences. Furthermore, if the antibody contains a constant region, the 

constant region is also derived from human germline immunoglobulin sequences. The human 

antibodies of the invention may include amino acid residues not encoded by human germline 

immunoglobulin sequences (e.g., mutations introduced by random or site-specific 

mutagenesis in vitro or by somatic mutation in vivo). However, the term "human antibody", as 

used herein, is not intended to include antibodies in which CDR sequences derived from the 

germline of another mammalian species, such as a mouse, have been grafted onto human 

framework sequences.  
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[00043] The term "effector functions" as used herein with respect to antibodies refer to 

those biological activities attributable to the Fc region of an antibody, which vary with the 

antibody isotype. Examples of antibody effector functions include: Clq binding and 

complement dependent cytotoxicity (CDC), Fc receptor binding, antibody-dependent cell

mediated cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), cytokine 

secretion, immune complex-mediated antigen uptake by antigen presenting cells, down 

regulation of cell surface receptors (e.g. B cell receptor), and B cell activation.  

[00044] As used herein, the term "lipocalin" refers to a monomeric protein of 

approximately 18-20 kDa in weight, having a cylindrical P-pleated sheet supersecondary 

structural region comprising a plurality of P-strands (preferably eight p-strands designated A 

to H) connected pair-wise by a plurality of (preferably four) loops at one end to thereby 

comprise a ligand-binding pocket and define the entrance to the ligand-binding pocket.  

Preferably, the loops comprising the ligand-binding pocket used in the present invention 

are loops connecting the open ends of p-strands A and B, C and D, E and F, and G and H, 

and are designated loops AB, CD, EF, and GH. It is well-established that the diversity of the 

said loops in the otherwise rigid lipocalin scaffold gives rise to a variety of different binding 

modes among the lipocalin family members, each capable of accommodating targets of 

different sizes, shape, and chemical character (reviewed, e.g. in Skerra, Biochim Biophys 

Acta, 2000, Flower et al., Biochim Biophys Acta, 2000, Flower, Biochem J, 1996). It is 

understood that the lipocalin family of proteins has naturally evolved to bind a wide spectrum 

of ligands, sharing unusually low levels of overall sequence conservation (often with 

sequence identities of less than 20%) yet retaining a highly conserved overall folding pattern.  

The correspondence between positions in various lipocalins is also well-known to one of skill 

in the art (see, e.g., U.S. Patent No. 7,250,297). Proteins fall in the definition of "lipocalin" as 

used herein include, but not limited to, human lipocalins including tear lipocalin (TIc, Lcnl), 

Lipocalin-2 (Lcn2) or neutrophil gelatinase-associated lipocalin (NGAL), apolipoprotein D 

(ApoD), apolipoprotein M, a1-acid glycoprotein 1, a1 -acid glycoprotein 2, a1 -microglobulin, 

complement component 8y, retinol-binding protein (RBP), the epididymal retinoic acid

binding protein, glycodelin, odorant-binding protein Ila, odorant-binding protein llb, lipocalin

15 (Lcnl5), and prostaglandin D synthase.  

[00045] As used herein, "Lipocalin-2" or "neutrophil gelatinase-associated lipocalin" 

refers to human Lipocalin-2 (hLcn2) or human neutrophil gelatinase-associated lipocalin 

(hNGAL) and further refers to the mature human Lipocalin-2 or mature human neutrophil 

gelatinase-associated lipocalin. The term "mature" when used to characterize a protein 
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means a protein essentially free from the signal peptide. A "mature hNGAL" of the instant 

disclosure refers to the mature form of human neutrophil gelatinase-associated lipocalin, 

which is free from the signal peptide. Mature hNGAL is described by residues 21-198 of the 

sequence deposited with the SWISS-PROT Data Bank under Accession Number P80188, 

and the amino acid of which is indicated in SEQ ID NO: 1.  

[00046] As used herein, a "native sequence" refers to a protein or a polypeptide 

having a sequence that occurs in nature or having a wild-type sequence, regardless of its 

mode of preparation. Such native sequence protein or polypeptide can be isolated from 

nature or can be produced by other means, such as by recombinant or synthetic methods.  

[00047] The "native sequence lipocalin" refers to a lipocalin having the same amino 

acid sequence as the corresponding polypeptide derived from nature. Thus, a native 

sequence lipocalin can have the amino acid sequence of the respective naturally-occurring 

(wild-type) lipocalin from any organism, in particular, a mammal. The term "native sequence", 

when used in the context of a lipocalin specifically encompasses naturally-occurring 

truncated or secreted forms of the lipocalin, naturally-occurring variant forms such as 

alternatively spliced forms and naturally-occurring allelic variants of the lipocalin. The terms 

"native sequence lipocalin" and "wild-type lipocalin" are used interchangeably herein.  

[00048] As used herein, a "mutein," a "mutated" entity (whether protein or nucleic 

acid), or "mutant" refers to the exchange, deletion, or insertion of one or more amino acids or 

nucleotides, compared to the naturally-occurring (wild-type) protein or nucleic acid. Said term 

also includes fragments of a mutein as described herein. The present disclosure explicitly 

encompasses lipocalin muteins, as described herein, having a cylindrical P-pleated sheet 

supersecondary structural region comprising eight p-strands connected pair-wise by four 

loops at one end to thereby comprise a ligand-binding pocket and define the entrance of the 

ligand-binding pocket, wherein at least one amino acid of each of at least three of said four 

loops has been mutated as compared to the native sequence lipocalin. Lipocalin muteins of 

the present invention thereof preferably have the function of binding CD137 as described 

herein.  

[00049] As used herein, the term "fragment," in connection with the lipocalin muteins 

of the disclosure, refers to proteins or polypeptides derived from full-length mature hNGAL or 

lipocalin muteins that are N-terminally and/or C-terminally truncated, i.e., lacking at least one 

of the N-terminal and/or C-terminal amino acids. Such fragments may include at least 10 or 

more, such as 20 or 30 or more consecutive amino acids of the primary sequence of mature 
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hNGAL or the lipocalin mutein it is derived and are usually detectable in an immunoassay of 

mature hNGAL. Such a fragment may lack up to 2, up to 3, up to 4, up to 5, up to 10, up to 

15, up to 20, up to 25, or up to 30 (including all numbers in between) of the N-terminal and/or 

C-terminal amino acids. It is understood that the fragment is preferably a functional fragment 

of mature hNGAL or the lipocalin mutein from which it is derived, which means that it 

preferably retains the binding specificity, preferably to CD137, of mature hNGAL or lipocalin 

mutein it is derived from. As an illustrative example, such a functional fragment may 

comprise at least amino acids at positions 13-157, 15-150, 18-141, 20-134, 25-134, or 28

134 corresponding to the linear polypeptide sequence of mature hNGAL.  

[00050] A "fragment" with respect to CD137, HER2, PD-1, or PD-L1, refers to N

terminally and/or C-terminally truncated CD137, HER2, PD-1, or PD-L1 or protein domains of 

CD137, HER2, PD-1, or PD-L1. Fragments of CD137, HER2, PD-1, or PD-L1 as described 

herein retain the capability of the full-length CD137, HER2, PD-1, or PD-L1 to be recognized 

and/or bound by provided a lipocalin mutein, an antibody, a fusion protein, and/or a 

combination thereof.  

[00051] As used herein, "bispecific" refers to a molecule is able to specifically bind to 

at least two distinct targets. Typically, a bispecific molecule comprises two target-binding 

sites, each of which is specific for a different target. In some embodiments, the bispecific 

molecule is capable of simultaneously binding two targets.  

[00052] As used interchangeably herein, the terms "conjugate," "conjugation," "fuse," 

"fusion," or "linked" refer to the joining together of two or more subunits, through all forms of 

covalent or non-covalent linkage, by means including, but not limited to, genetic fusion, 

chemical conjugation, coupling through a linker or a cross-linking agent, and non-covalent 

association.  

[00053] The term "fusion polypeptide" or "fusion protein" as used herein refers to a 

polypeptide or protein comprising two or more subunits. In some embodiments, a fusion 

protein as described herein comprises two or more subunits, at least one of these subunits 

being capable of specifically binding to CD137, and a further subunit capable of specifically 

binding to HER2. Within the fusion protein, these subunits may be linked by covalent or non

covalent linkage. Preferably, the fusion protein is a translational fusion between the two or 

more subunits. The translational fusion may be generated by genetically engineering the 

coding sequence for one subunit in a reading frame with the coding sequence of a further 

subunit. Both subunits may be interspersed by a nucleotide sequence encoding a linker.  
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However, the subunits of a fusion protein of the present disclosure may also be linked 

through chemical conjugation. The subunits forming the fusion protein are typically linked to 

each other C-terminus of one subunit to the N-terminus of another subunit, or C-terminus of 

one subunit to C-terminus of another subunit, or N-terminus of one subunit to N-terminus of 

another subunit, or N-terminus of one subunit to C-terminus of another subunit. The subunits 

of the fusion protein can be linked in any order and may include more than one of any of 

the constituent subunits. If one or more of the subunits is part of a protein (complex) that 

consists of more than one polypeptide chain, the term "fusion protein" may also refer to the 

protein comprising the fused sequences and all other polypeptide chain(s) of the protein 

(complex). As an illustrative example, where a full-length immunoglobulin is fused to a 

lipocalin mutein via a heavy or light chain of the immunoglobulin, the term "fusion protein" 

may refer to the single polypeptide chain comprising the lipocalin mutein and the heavy or 

light chain of the immunoglobulin. The term "fusion protein" may also refer to the entire 

immunoglobulin (both light and heavy chains) and the lipocalin mutein fused to one or both of 

its heavy and/or light chains.  

[00054] As used herein, the term "subunit" of a fusion protein disclosed herein refers 

to a single protein or a separate polypeptide chain, which may form a stable folded structure 

by itself and define a unique function of providing binding motif towards a target. In some 

embodiments, a preferred subunit of the disclosure is a lipocalin mutein. In some other 

embodiments, a preferred subunit of the disclosure is a full-length immunoglobulin or an 

antigen-binding domain thereof.  

[00055] A "linker" that may be comprised by a fusion protein of the present disclosure 

joins together two or more subunits of a fusion protein as described herein. The linkage can 

be covalent or non-covalent. A preferred covalent linkage is via a peptide bond, such as a 

peptide bond between amino acids. A preferred linker is a peptide linker. Accordingly, in a 

preferred embodiment, said linker comprises one or more amino acids, such as 1, 2, 3, 4, 5, 

6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids. Preferred peptide 

linkers are described herein, including glycine-serine (GS) linkers, glycosylated GS linkers, 

and proline-alanine-serine polymer (PAS) linkers. Other preferred linkers include chemical 

linkers.  

[00056] A "sample" is defined as a biological sample taken from any subject. Biological 

samples include, but are not limited to, blood, serum, urine, feces, semen, or tissue, 

including tumor tissue.  
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[00057] A "subject" is a vertebrate, preferably a mammal, more preferably a human.  

The term "mammal" is used herein to refer to any animal classified as a mammal, including, 

without limitation, humans, domestic and farm animals, and zoo, sports, or pet animals, such 

as sheep, dogs, horses, cats, cows, rats, pigs, apes such as cynomolgus monkeys, to name 

only a few illustrative examples. Preferably, the "mammal" used herein is human.  

[00058] As used herein the term "about" or "approximately" means within 20%, 

preferably within 15%, preferably within 10%, and more preferably within 5% of a given value 

or range. It also includes the concrete number, i.e. "about 20" includes the number of 20.  

Ill. DESCRIPTIONS OF FIGURES 

[00059] Figure 1: shows the ability of the CD137/HER2 bispecific agent shown in 

SEQ ID NOs: 81 and 80 in combination with the PD-1 antibody shown in SEQ ID NOs: 72 

and 73 to costimulate T-cell activation. In the experiment, tumor cell line NCI-N87 was 

cultured on a plate overnight. The next day, human peripheral blood mononuclear cells 

(PBMCs) were added to the plate and incubated with the CD137/HER2 bispecific agent 

(SEQ ID NOs: 81 and 80) alone, the PD-1 antibody (SEQ ID NOs: 72 and 73) alone, or a 

combination of the two, at the molar ratio of 1:10 in the presence of 0.05 ng/mL 

staphylococcal enterotoxin B (SEB). Levels of secreted interleukin 2 (IL-2), as marker of T

cell activation, were determined by an electrochemiluminescence-based assay and 

normalized to the levels of corresponding IgG4 isotype control antibody (SEQ ID NOs: 15 

and 16), as described in Example 1. Results from two tested donors are depicted in Figure 

1A and 1B, respectively. The combination of the CD137/HER2 bispecific agent (SEQ ID NOs: 

81 and 80) and the PD-1 antibody (SEQ ID NOs: 72 and 73) was able to induce a dose

dependent IL-2 secretion, with an improved (lower) EC5 0, as compared to the CD137/HER2 

bispecific agent or the PD-1 antibody alone.  

[00060] Figure 2: shows the ability of the CD137/HER2 bispecific agent shown in 

SEQ ID NOs: 81 and 80 in combination with a PD-1 antibody shown in SEQ ID NOs: 72 and 

73 (Figure 2A) or in SEQ ID NOs: 74 and 75 (Figure 2B) to costimulate T-cell activation. In 

the experiment, tumor cell line NCI-N87 was cultured on a plate overnight. The next day, 

human PBMCs were added to the plate and incubated with the CD137/HER2 bispecific 

agent (SEQ ID NOs: 81 and 80) at various concentrations in combination with the PD-1 

antibody shown in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 75 at the fixed 

concentration of 10 nM or 100 nM, in the presence of 1 ng/mL of SEB. The CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) and the PD-1 antibody (SEQ ID NOs: 72 and 73 or 
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SEQ ID NOs: 74 and 75) were also tested alone for comparison. Levels of secreted IL-2 

were determined by an electrochemiluminescence-based assay as readout for T-cell 

activation and normalized to the levels of corresponding IgG4 isotype control antibody (SEQ 

ID NOs: 15 and 16), as described in Example 2. Representative results of the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) tested at 10 nM and 3.33 nM are depicted. The 

combination of the CD137/HER2 bispecific agent (SEQ ID NOs 81 and 80:) and the PD-1 

antibody shown in SEQ ID NOs: 72 and 73 and the combination of the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) and the PD-1 antibody shown in SEQ ID NOs: 74 

and 75 both induced higher IL-2 secretion and act synergistically or additively. When 

combined with SEQ ID NOs: 72 and 73, the induced IL-2 secretion levels were higher when 

100 nM antibody was used than when 10 nM antibody was used. On the other hand, the 

concentration (at 100 nM or 10 nM) of SEQ ID NOs: 74 and 75 did not affect the IL-2 

secretion when used in combination with the CD137/HER2 bispecific agent.  

[00061] Figure 3: shows the results of representative experiments in which the ability 

of the combination of a CD137/HER2 bispecific agent shown in SEQ ID NOs: 81 and 80 and 

a PD-L1 antibody (SEQ ID NOs: 76 and 77) to induce T-cell activation was investigated. In 

the experiment, tumor cell line NCI-N87 (HER2 high, PD-L1 low), JIMT-1 (HER2 moderate, 

PD-L1 moderate) or MDA-MB-231 (HER2 low, PD-L1 moderate) was cultured on a plate 

overnight. The next day, human PBMCs were added to the plate and incubated with the 

CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) at various concentrations, alone or 

in combination with the PD-L1 antibody (SEQ ID NOs: 76 and 77) or IgG4 isotype control 

antibody (SEQ ID NOs: 15 and 16) at 100 nM, in the presence of 0.05 ng/mL SEB. Levels of 

secreted IL-2 were determined as described in Example 3. Exemplary data of the 

CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) tested at the concentration of 2.5 

nM and 0.16 nM are shown in Figure 3. The functional activity of the CD137/HER2 bispecific 

agent in combination with the PD-L1 antibody, measured by the ability to activate T cells or 

increase IL-2 secretion, is synergistic/additive in the presence of tumor cells expressing high 

or moderate level of HER2 (NCI-N87 and JIMT-1).  

[00062] Figure 4: describes the overall study design of a Phase 1b study to determine 

the maximum tolerated dose (MTD) and recommended Phase 2 dose (RP2D) and assess 

the safety, efficacy, and PK of a CD137/HER2 bispecific agent shown in SEQ ID NOs: 81 

and 80 administered in combination with a PD-L1 antibody shown in SEQ ID NOs: 76 and 77 

in specific advanced or metastatic HER-2 positive solid tumors (e.g., bladder, breast and 

gastrointestinal). The study includes a dose escalation period followed by an expansion 
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period.  

[00063] Figure 5. provides an overview over the design of representative 

CD137/HER2 bispecific fusion proteins as described herein. Representative CD137/HER2 

bispecific fusion proteins were made based on an antibody specific for HER2 (e.g., an 

antibody shown in SEQ ID NOs: 79 and 80) and one or more a lipocalin muteins specific for 

CD137 (e.g., the lipocalin shown in any one sequence of SEQ ID NOs: 21-39). One or more 

lipocalin muteins were genetically fused to the C- and/or the N-terminus of either the heavy 

chain or the light chain of a HER2 specific antibody as depicted in Figure 1A-1D, resulting in 

the fusion proteins, e.g., SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 83 

and 80, and SEQ ID NOs: 79 and 84. An engineered IgG4 backbone with the mutations 

S228P, F234A, and L235A was used for the HER2 specific antibody as included in the fusion 

proteins.  

IV. DETAILED DESCRIPTION OF THE DISCLOSURE 

[00064] CD137 is a costimulatory immune checkpoint and member of the tumor 

necrosis factor receptor (TNFR) family. It is primarily expressed on activated CD4* and CD8* 

T cells, activated B cells, and natural killer (NK) cells, and plays an important role in the 

regulation of the immune response. The clustering of CD137 leads to activation of the 

receptor and downstream signaling (Yao et al., Nat Rev Drug Discov, 2013, Snell et al., 

Immunol Rev, 2011). In a T cell pre-stimulated by the T cell receptor (TCR) binding to a 

cognate major histocompatibility complex (MHC) target, costimulation via CD137 leads to 

enhanced activation, survival, and proliferation, as well as the production of pro-inflammatory 

cytokines and an improved capacity to kill.  

[00065] In line with the mode of CD137 activation, which requires receptor clustering, 

a monospecific CD137-targeting agent, such as an anti-CD137 antibody, may not be efficient 

by itself to cluster CD137 and lead to efficient activation. Besides, recent work around TNFR 

family members illustrates the mechanisms of anti-TNFR antibodies whereby the antibodies 

interact via their Fc regions with Fc-gamma receptors, engaging activating Fc-gamma 

receptor-expressing immune cells, and facilitate the subsequent anti-tumor activity (Bulliard 

et al., Immunol Cell Biol, 2014, Bulliard et al., J Exp Med, 2013). This, therefore, suggests an 

anti-CD137 antibody may trigger CD137 clustering depending on the abundance of Fc

gamma receptor-positive cells, which are not selectively tumor-localized but distributed 

throughout the body. Accordingly, the efficacy and target-specificity of anti-CD137 

monotherapy may be of concerns. In fact, some anti-CD137 therapeutics under clinical 
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studies, such as urelumab and utomilumab, show disappointing efficacy results with low

dose and/or reveal toxicity at high-dose or effective-dose (Bulliard et al., Immunol Cell Biol, 

2014, Bulliard et al., J Exp Med, 2013).  

[00066] Therefore, there is an unmet need for CD137-targeting therapeutics that are 

both effective and safe. An ideal CD137-targeting agent should lead to clustering of CD137, 

and do so in a tumor localized fashion on tumor-infiltrating lymphocytes. As described herein, 

to obtain such a CD137-targeting agent, bispecific agents may be designed to target CD137 

on one end and a differentially expressed tumor target on the other end.  

[00067] In this respect, HER2 is a clinically-validated target across a broad spectrum 

of tumor types. Amplification of the HER2 gene and overexpression of its product have been 

shown to play an important role in the development and progression of various types of 

cancer including breast, bladder, gastric, gastroesophageal, colorectal, and biliary tract 

cancer. CD137/HER2 bispecific agents as provided herein are therefore envisioned to 

promote CD137 clustering by bridging T cells with HER2-positive tumor cells and deliver a 

costimulatory signal to tumor antigen-specific T cells, providing localized immune activation 

and leading to tumor destruction.  

[00068] Furthermore, the combination of checkpoint immunotherapies and 

immunotherapy and tumor-targeted therapy have been demonstrated to show superiority 

over monotherapies in some instances (Karachaliou et al., Ann Trans/ Med, 2017, Ott et al., 

J Immunother Cancer, 2017). CD137-targeting agents are being explored in combination 

with other therapies. Although preclinical studies with mouse xenograft models have shown 

that the anti-CD137 therapy may benefit from combining with checkpoint inhibitors, such as 

anti-PD-1/PD-Li antibodies(Dai et al., Clin Cancer Res, 2015, Wei et al., Oncoimmunology, 

2014, Chen et al., Cancer Immunol Res, 2015, Kohrt et al., J Clin Invest, 2014, Kohrt et al., J 

Clin Invest, 2012, Morales-Kastresana et al., J Immunother Cancer, 2013), there remains a 

need to balance the improvement in efficacy and associated risks including non-targeted 

immune activation and toxicitiy for real life applications of CD137-targeting combination 

therapy. Clinically, agonist anti-CD137 antibody urelumab has been studied in combination 

with nivolumab (anti-PD-1 mAb) presenting discouraging efficacy results and limited clinical 

activity (Massarelli, 31st Annual Meeting and Associated Programs of the Society for 

Immunotherapy of Cancer, 2016). Urelumab was also examined in a neoadjuvant trial of 

cetuximab (anti-EGFR mAb) and revealed the potential to strengthen anti-tumor immunity, 

albeit only in the presence of NK cells already activated by cetuximab (Srivastava et al., Clin 
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Cancer Res, 2017). Another anti-CD137 antibody, utomilumab is being studied with another 

PD-1 inhibitor, pembrolizumab. While the phase lb data showed clinical benefit and revealed 

certain trends in biomarkers, the combination was not sufficient to distinguish between the 

benefits of utomilumab and the effects of pembrolizumab monotherapy (Tolcher et al., Clin 

Cancer Res, 2017).  

[00069] Despite the ongoing developments, there are still needs to identify biomarkers 

associated with clinical benefit to CD137-targeting therapeutics and optimal combination 

therapies with suitable modes of actions.  

[00070] Therefore, in some embodiments, the present disclosure provides 

combinations comprising a CD137-targeting agent and a PD-1 axis inhibitor. A provided 

CD137-targeting agent is preferably a CD137/HER2 bispecific agent and accordingly a 

provided combination will comprise a CD137/HER2 bispecific agent and a PD-1 axis 

inhibitor.  

[00071] The present disclosure also provides methods of making one or more 

combinations comprising a CD137/HER2 bispecific agent with a PD-1 axis inhibitor as well 

as compositions comprising such combination(s). In some embodiments, the present 

disclosure includes pharmaceutical compositions, as well as pharmaceutical kits, comprising 

a CD137/HER2 bispecific agent and a PD-1 axis inhibitor. Provided pharmaceutical 

compositions may be in solid, liquid, sustained release such as transdermal, transnasal, or 

depot dosage units and may further include a suitable pharmaceutical carrier. In some 

embodiments, the present disclosure provides methods of using a combination comprising a 

CD137/HER2 bispecific agent and a PD-1 axis inhibitor, for the treatment of specific HER2

positive advanced or metastatic solid tumors. The present disclosure also provides methods 

of using a combination comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, 

to enhance immune response in an individual having HER2-positive advanced or metastatic 

solid tumors.  

A. Exemplary combinations of the disclosure and uses and applications thereof.  

[00072] In some embodiments, a provided combination comprises at least a 

CD137/HER2 bispecific agent and a PD-1 axis inhibitor. In some embodiments, a provided 

combination comprises at least a CD137/HER2 bispecific agent and a PD-L1 inhibitor. In some 

embodiments, a provided combination comprises at least a CD137/HER2 bispecific agent that 

is a CD137/HER2 bispecific fusion protein set forth in SEQ ID NOs: 81 and 80 and a PD-L1 
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inhibitor that is a PD-L1 antibody set forth in SEQ ID NOs: 76 and 77. In some embodiments, a 

provided combination comprises at least a CD137/HER2 bispecific agent that is a 

CD137/HER2 bispecific fusion protein set forth in SEQ ID NOs: 81 and 80 and a PD-1 

inhibitor that is a PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 

75.  

[00073] In some embodiments, a provided combination is the combination of a 

CD137/HER2 bispecific agent and a PD-1 axis inhibitor. In some embodiments, a provided 

combination is the combination of a CD137/HER2 bispecific agent and a PD-L1 inhibitor. In 

some embodiments, a provided combination is the combination of a CD137/HER2 bispecific 

agent and a PD-1 inhibitor. In some embodiments, a provided combination is the combination 

of a CD137/HER2 bispecific fusion protein set forth in SEQ ID NOs: 81 and 80 and a PD-L1 

antibody set forth in SEQ ID NOs: 76 and 77. In some embodiments, a provided combination is 

the combination a CD137/HER2 bispecific fusion protein set forth in SEQ ID NOs: 81 and 80 

and a PD-1 antibody set forth in SEQ ID NOs: 72 and 73. In some embodiments, a provided 

combination is the combination of a CD137/HER2 bispecific fusion protein set forth in SEQ ID 

NOs: 81 and 80 and a PD-1 antibody set forth in SEQ ID NOs: 74 and 75.  

[00074] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to activate T cells or stimulate T-cell responses. In some embodiments, a 

provided combination comprises a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, 

each in an amount that, in combination with the other, may be able to synergistically or 

additively activate T cells or stimulate T-cell responses. In some embodiments, a provided 

combination leads to T-cell activation with a comparable or better potency and/or efficacy as 

compared to a CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 

and 82, SEQ ID NOs: 82 and 80, and SEQ ID NOs: 79 and 84) and/or a PD-1 axis inhibitor 

(e.g. SEQ ID NOs: 72 and 73, SEQ ID NOs: 74 and 75, and SEQ ID NOs: 76 and 77) 

comprised in a particular combination. The stimulated T-cell response or T-cell activation 

may be measured, for example, in a functional T-cell activation assay as essentially 

described in Examples 1-3.  

[00075] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to induce increased IL-2 secretion relative to the bispecific agent or 

inhibitor alone. In some embodiments, a provided combination comprises a CD137/HER2 
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bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to synergistically or additively induce increased IL-2 secretion. In some 

preferred embodiments, provided combinations may be able to induce a concentration

dependent IL-2 secretion. In some embodiments, provided combinations may lead to 

increased IL-2 secretion with a comparable or better efficiency as compared to to a 

CD137/HER2 bispecific agent (e.g. SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ 

ID NOs: 82 and 80, and SEQ ID NOs: 79 and 84) and/or a PD-1 axis inhibitor (e.g. SEQ ID 

NOs: 72 and 73, SEQ ID NOs: 74 and 75, and SEQ ID NOs: 76 and 77) alone. IL-2 secretion 

may be measured, for example, in a functional T-cell activation assay as essentially 

described in Examples 1-3.  

[00076] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to stimulate T-cell responses in the presence of tumor cells and/or in a 

tumor microenvironment. In some particular embodiments, a provided fusion protein may be 

able to stimulate T-cell responses in the presence of HER2-positive tumor cells. The T-cell 

activation by provided combinations in the presence of tumor cells and/or in a tumor 

microenvironment may be assessed, for example, in a functional T-cell activation assay 

essentially described in Examples 1-3.  

[00077] In some embodiments, a provided combination may be able to activate T cells 

or stimulate T-cell responses in a HER2 dependent manner. In some embodiments, provided 

combinations may lead to local induction of the IL-2 production by T-cells in the 

microenvironment in HER2-positive cancer. The HER2 dependent activation of T-cell by 

provided combinations may be determined, for example, in a functional T-cell activation 

assay essentially described in Example 3, in which a combination of a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor was tested in the presence of tumor cells expressing 

different levels of HER2 and demonstrated the ability to activate T cells differently depending 

on the HER2 expression level.  

[00078] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, exerts additive anti-tumor effects. In some embodiments, a provided combination 

comprises a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, each in an amount that, 

in combination with the other, exerts synergistic anti-tumor effects. Provided combinations, 

thereof, in some embodiments, when administered, allow lower doses with improved efficacy 
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and a wider safety window, as compared to a CD137/HER2 bispecific agent (e.g., SEQ ID 

NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 83 and 80, SEQ ID NOs: 79 and 84) 

alone and/or a PD-1 axis inhibitor (e.g. SEQ ID NOs: 72 and 73, SEQ ID NOs: 74 and 75, 

SEQ ID NOs: 76 and 77) alone.  

[00079] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to induce increased secretion of IL-2. In some embodiments, a provided 

combination comprises a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, each in an 

amount that, in combination with the other, may be able to induce increased secretion of IFN

gamma.  

[00080] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to stimulate CD4' T cell proliferation and/or activation, preferably in a tumor 

microenvironment.  

[00081] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to stimulate CD8' T cell proliferation and/or activation, preferably in a tumor 

microenvironment.  

[00082] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to induce the expansion of tumor-infiltrating lymphocytes.  

[00083] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to activate NK cells and increase ADCC, preferably in a tumor 

microenvironment.  

[00084] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to induce changes in biomarker levels in a subject. In some embodiments, 

a provided combination may decrease the level of a biomarker in a subject. In some 

embodiments, a provided combination may increase the level of a biomarker in a subject. The 

biomarker may be, for example, CD4, CD8, PD-L1, Ki67, CD137, HER2, IL-8, and FoxP3.  
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[00085] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to reduce the tumor size in a subject.  

[00086] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to suppress tumor growth in a subject.  

[00087] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to suppress tumor metastasis in a subject.  

[00088] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to delay tumor recurrence in a subject.  

[00089] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, in combination with the 

other, may be able to improve overall survival for a subject.  

[00090] In some embodiments, provided combinations may be administered to a 

subject, e.g., a mammal such as a human. In some embodiments, a subject administered with 

provided combinations may be confirmed diagnosis of previously treated advanced and/or 

metastatic HER2-positive tumor.  

[00091] In some embodiments, components of a provided combination may be 

administered simultaneously or sequentially with respect to any other component of the 

combination. For example, a CD137/HER2 bispecific agent and a PD-1 axis inhibitor may be 

administered simultaneously with one another or sequentially with respect to each other.  

[00092] In some embodiments, components of a provided combination may be 

administered as adjuvant to any other component of the combination, i.e., one component of a 

provided combination may be administered after a subject receives the treatment of another 

component. For example, a CD137/HER2 bispecific agent may be administered after a subject 

receives the treatment of a PD-1 axis inhibitor or a PD-1 axis inhibitor may be administered 

after a subject receives the treatment of a CD137/HER2 bispecific agent.  

[00093] In some embodiments, when the components of a provided combination are 

administered simultaneously, they can be administered in a single formulation or in distinct 
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formulations. In some embodiments, when the components of a provided combination are 

administered as distinct formulations, whether simultaneously or sequentially, the components 

may be administered at a single site or at separate sites and using the same route or different 

routes. In some embodiments, when the components of a provided combination are 

administered sequentially, the time between administration of the components may be 

determined using certain factors such as the length of time a particular component persists, 

either systemically or at the administration site; or the length of time that the cellular effects of 

the component persist, either systemically or at the administration site.  

[00094] In some embodiments, combinations of the disclosure, or compositions 

comprising provided combinations are envisaged to be used as anti-tumor agents, anti

infection agents, and/or immune modulators. For example, in some embodiments, provided 

combinations may be used for increasing IL-2 secretion. In some embodiments, provided 

combinations may be used for increasing INF-gamma secretion. In some embodiments, 

provided combinations may be used for increasing tumor-infiltrating lymphocytes. In some 

embodiments, provided combinations may be used for activating NK cells and increasing 

ADCC. In some embodiments, provided combinations may be used for inducing lymphocyte 

activation and/or proliferation. In some embodiments, provided combinations may be used for 

enhancing immune functions. In some embodiments, provided combinations may be used for 

inducing CD137 clustering and activation on T cells and directing such T cells to tumor cells, 

preferably HER2-positive tumor cells. In some embodiments, provided combinations may be 

used for inducing a lymphocyte response in tumor microenvironment. In some embodiments, 

provided combinations may be used for providing anti-tumor effects. In some embodiments, 

provided combinations may be used for inducing changes in the level of a biomarker, such as, 

CD4, CD8, PD-L1, Ki67, CD137, HER2, IL-8, and FoxP3. In some embodiments, provided 

combinations may be used for treating and/or delaying progression of a cancer.  

[00095] In some embodiments, provided combinations may be used for treating HER2

expressing tumors. In some embodiments, provided combinations may be used for treating 

HER2-positive tumors. In some embodiments, provided combinations may be used for 

treating HER2-equivocal tumors. In some embodiments, provided combinations may be used 

for treating HER2-negative tumors. In some embodiments, provided combinations may be 

used for treating HER2-expressing tumors. The HER2 expressing status of a tumor may, for 

example, be analyzed at the protein level by immunohistochemistry (IHC) or other methods 

known in the art. In some embodiments, provided combinations may be used for treating 

HER2-positive advanced or metastatic solid tumors.  
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[00096] In some embodiments, provided combinations may be used for treating PD-L1

positive tumors.  

[00097] In some embodiments, each component of a provided combination may, by 

itself, possess anti-tumor, anti-infective, and/or immunostimulatory activity. In some 

embodiments, combinations of components, such as a combination of a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, may provide greater anti-tumor, anti-infective, 

and/or immunostimulatory activity any one single component may provide. In some 

embodiments, combinations of components, may provide additive or synergistic anti-tumor, 

anti-infective, and/or immunostimulatory activity.  

[00098] In some embodiments, provided combinations may have favorable 

pharmacokinetic properties to permit a dosing schedule of about twice a week, of about once 

a week, of about once every ten days, of about once every two weeks, of about once every 

three weeks, of about once every four weeks, of about once every five weeks, of about once 

every month, of about once every six weeks, of about once every seven weeks, of about 

once every eight weeks, or of about once every two months. In some embodiments, one 

component of a provided combination may, by itself, have favorable pharmacokinetic 

properties.  

[00099] In some embodiments, one or more components of a provided combination 

are administered with a frequency of about twice a week, of about once a week, of about 

once every ten days, of about once every two weeks, of about once every three weeks, of 

about once every four weeks, of about once every five weeks, of about once every month, of 

about once every six weeks, of about once every seven weeks, of about once every eight 

weeks, or of about once every two months.  

[000100] In some embodiments, a combination is provided in the form of a kit of parts.  

In some embodiments, a kit of part comprises a pharmaceutical composition comprising a 

CD137/HER2 bispecific agent and a pharmaceutical composition comprising a PD-1 axis 

inhibitor. In some embodiments, a pharmaceutical composition comprising a CD137/HER2 

bispecific agent and a pharmaceutical composition comprising a PD-1 axis inhibitor are 

provided in at least two separate unit dosage forms. In some embodiments, pharmaceutical 

compositions comprised in a kit of parts are provided in a unit dosage that corresponds to the 

dose to be administered to a subject per single administration. As an illustrative example, a 

CD137/HER2 bispecific agent is administered at a unit dosage of about 0.05 mg/kg, 0.15 
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mg/kg, 0.5 mg/kg, 1.0 mg/kg, 2.5 mg/kg, 5.0 mg/kg, or 8.0 mg/kg and a PD-L1 axis inhibitor 

is administered at a unit dosage of about 1200 mg.  

B. Exemplary CD137/HER2 bispecific agents.  

[000101] In some embodiments, a provided combination comprises a CD137/HER2 

bispecific agent. In some embodiments, a CD137/HER2 bispecific agent of the disclosure 

may be a CD137/HER2 bispecific fusion protein containing at least two subunits in any order: 

(1) a first subunit that comprises a full-length immunoglobulin or an antigen-binding domain 

thereof specific for HER2, and (2) a second subunit that comprises a lipocalin mutein specific 

for CD137 (Figure 5). In some embodiments, a provided CD137/HER2 bispecific agent may 

be used in a method provided herein.  

[000102] In some embodiments, a provided CD137/HER2 bispecific fusion protein also 

may contain at least one additional subunit, for example, a third subunit. For instance, a 

fusion protein may contain a third subunit specific for CD137. In some embodiments, a 

provided CD137/HER2 bispecific fusion protein may comprise one or more additional 

subunits (e.g., a fourth, fifth, or sixth subunit).  

[000103] In some embodiments, at least one subunit may be fused at its N-terminus 

and/or its C-terminus to another subunit.  

[000104] In some embodiments, at least one subunit can be fused to another subunit 

via a linker. In some further embodiments, a linker is a peptide linker, for example, an 

unstructured glycine-serine (GS) linker, a glycosylated GS linker, or a proline-alanine-serine 

polymer (PAS) linker. In some embodiments, a GS linker is a (Gly 4Ser)3 linker ((G 4 S) 3 ) as 

shown in SEQ ID NO: 4. Other exemplary linkers are shown in SEQ ID NOs: 5-14. In some 

embodiments, a peptide linker may have from 1 to 50 amino acids, such as 1, 2, 3, 4, 5, 10, 

11, 12, 13, 14, 15, 16, 17 18, 19, 20, 25, 30, 35, 40, 45 or 50 amino acids. For example, in 

some embodiments, when a first subunit comprises a full-length immunoglobulin, a second 

subunit may be linked via a peptide linker between the N-terminus of the second subunit and 

the C-terminus of a heavy chain constant region (CH) of said immunoglobulin. In some 

further embodiments, a third subunit may be linked via a peptide linker between the N

terminus of the third subunit and the C-terminus of a light chain constant region (CL) of said 

immunoglobulin.  

[000105] In some embodiments, a lipocalin mutein subunit may be fused to an 

immunoglobulin subunit of a provided CD137/HER2 bispecific fusion protein. In some 
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embodiments, a lipocalin mutein subunit may be fused at its N-terminus and/or its C-terminus 

to an immunoglobulin subunit at the C-terminus of the immunoglobulin heavy chain domain 

(HC), the N-terminus of the HC, the C-terminus of the immunoglobulin light chain (LC), 

and/or the N-terminus of the LC (Figure 5). For example, in some embodiments, a lipocalin 

mutein may be linked, via a peptide linker, at its N-terminus to each of the HC of an 

immunoglobulin (Figure 5D).  

[000106] In some embodiments, with respect to a CD137/HER2 bispecific fusion protein 

of the disclosure, wherein at least one subunit may be or comprise a full-length 

immunoglobulin, the Fc function of the Fc region of the full-length immunoglobulin to Fc 

receptor-positive cell may be preserved at the same time while the fusion protein is 

simultaneously engaging CD137 and HER2.  

[000107] In some embodiments, wherein at least one subunit of a provided 

CD137/HER2 bispecific fusion protein may be or comprise a full-length immunoglobulin, the 

Fc function of the Fc region of the full-length immunoglobulin to Fc receptor-positive cell may 

be reduced or fully suppressed by protein engineering while the fusion protein is 

simultaneously engaging CD137 and PD-1. In some embodiments, this may be achieved, 

for example, by switching from the IgG1 backbone to IgG4, as IgG4 is known to display 

reduced Fc-gamma receptor interactions compared to IgG1. In some embodiments, to 

further reduce the residual binding to Fc-gamma receptors, mutations may be introduced into 

the IgG4 backbone such as F234A and L235A. In some embodiments, an S228P mutation 

may also be introduced into the IgG4 backbone to minimize the exchange of IgG4 half

antibody (Silva et al., J Biol Chem, 2015). In some embodiments, F234A and L235A 

mutations may be introduced for decreased ADCC and ADCP (Glaesner et al., Diabetes 

Metab Res Rev, 2010) and/or M428L and N434S mutations or M252Y, S254T, and T256E 

mutations for extended serum half-life (Dall'Acqua et al., J Biol Chem, 2006, Zalevsky et al., 

Nat Biotechnol, 2010). In some embodiments, an additional N297A mutation may be present 

in the immunoglobulin heavy chain of a provided CD137/HER2 bispecific fusion protein in 

order to remove the natural glycosylation motif.  

[000108] In some embodiments, the Fc portion of an immunoglobulin included in a 

CD137/HER2 bispecific fusion protein of the disclosure may contribute to maintaining the 

serum levels of the fusion protein. For example, when the Fc portion binds to Fc receptors on 

endothelial cells and phagocytes, the fusion protein may become internalized and recycled 

back to the bloodstream, enhancing its half-life within the body.  
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[000109] In some embodiments, with respect to a provided CD137/HER2 bispecific 

fusion protein, a first subunit may be or comprise a full-length immunoglobulin or an antigen

binding domain thereof specific for HER2. In some embodiments, an immunoglobulin is a 

monoclonal antibody against HER2.  

[000110] In some embodiments, a provided HER2 antibody or antigen-binding domain 

thereof may comprise the three heavy chain CDRs of SEQ ID NO: 40, SEQ ID NO: 41, and 

SEQ ID NO: 42, and/or the three light chain CDRs of SEQ ID NO: 43, SEQ ID NO: 44, SEQ 

ID NO: 45.  

[000111] In some embodiment, a provided HER2 antibody or antigen-binding domain 

thereof may have a heavy chain variable region (HCVR) shown in SEQ ID NO: 64, and/or a 

light chain variable region (LCVR) shown in SEQ ID NO: 65.  

[000112] In some embodiments, a provided HER2 antibody or antigen-binding domain 

thereof may have a heavy chain that is any one of SEQ ID NO: 78 or 79, and/or a light chain 

shown in SEQ ID NO: 80.  

[000113] In some embodiments, a provided HER2 antibody or antigen-binding domain 

thereof may have a HCVR with at least 70%, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or even 

higher sequence identity to an amino acid sequence shown in SEQ ID NO: 64, and/or a 

LCVR with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 92%, 

at least 95%, at least 97%, at least 98%, at least 99%, or even higher sequence identity to an 

amino acid sequence shown in SEQ ID NO: 65. In other embodiments, a provided HER2 

antibody or antigen-binding domain thereof may have a heavy chain with at least 70%, at 

least 75%, at least 80%, at least 85%, at least 90%, at least 92%, at least 95%, at least 97%, 

at least 98%, at least 99%, or even higher sequence identity to an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 78-79, and/or a light chain with at least 

70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 92%, at least 95%, at 

least 97%, at least 98%, at least 99%, or even higher sequence identity to the amino acid 

sequence of SEQ ID NO: 80.  

[000114] In some embodiments, a provided HER2 antibody is trastuzumab. In some 

embodiments, a provided HER2 antibody is trastuzumab with an IgG4 backbone.  

[000115] In some embodiments, with respect to a provided CD137/HER2 bispecific 

fusion protein, a second subunit may be or comprise a lipocalin mutein specific for CD137. In 
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some embodiments, a provided lipocalin mutein may be or comprise a mutein of mature 

human neutrophil gelatinase-associated lipocalin (hNGAL). A mutein of mature hNGAL may 

be designated herein as an "hNGAL mutein".  

[000116] In some embodiments, a provided CD137-binding hNGAL mutein may bind 

human CD137 with high affinity and be capable of costimulating human T cells when 

immobilized on a plastic dish together with an anti-CD3 antibody. In some embodiments, a 

provided CD137-binding hNGAL mutein may comprise an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 21-39 or of a fragment or variant thereof. In some 

embodiments, a provided CD137-binding hNGAL mutein may comprise the amino acid 

sequence of SEQ ID NOs: 22 or of a fragment or variant thereof. In some embodiments, the 

amino acid sequence of a provided CD137-binding hNGAL mutein may have a high 

sequence identity, such as at least 70%, at least 75%, at least 80%, at least 82%, at least 

85%, at least 87%, at least 90%, at least 95%, at least 98%, at least 99%, or higher identity, 

to a sequence selected from the group consisting of SEQ ID NOs: 21-39. In some 

embodiments, the amino acid sequence of a provided CD137-binding hNGAL mutein may 

have a high sequence identity, such as at least 70%, at least 75%, at least 80%, at least 

82%, at least 85%, at least 87%, at least 90%, at least 95%, at least 98%, at least 99%, or 

higher identity, to the sequence of SEQ ID NOs: 22.  

[000117] In some embodiments, a provided CD137/HER2 bispecific fusion protein is 

generated by genetic fusion of a CD137-specific hNGAL mutein to a trastuzumab IgG4 

variant, connected by a flexible, non-immunogenic linker.  

[000118] In some embodiments, a provided CD137/HER2 bispecific fusion protein is 

capable of engaging HER2 and CD137 simultaneously. In some embodiments, a provided 

fusion protein may be able to activate CD137 signaling in a HER2-dependent manner. In 

some embodiments, a provided fusion protein may be able to activate CD137 signaling in 

HER2-positive tumor microenvironment. In some embodiments, a provided fusion protein 

may be able to activate costimulate T cell responses and/or enhance T cell function in HER2

positive tumor microenvironment.  

[000119] In some embodiments, a provided CD137/HER2 bispecific fusion protein may 

comprise the amino acid sequences selected from the group consisting of SEQ ID NOs: 81 

and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 83 and 80, SEQ ID NOs: 79 and 84.  
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[000120] In some embodiments, a provided CD137/HER2 bispecific fusion protein may 

comprise the amino acid sequences having at least 70%, at least 75%, at least 80%, at least 

85%, at least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or 

higher sequence identity to the amino acid sequences shown in SEQ ID NOs:81 and 80, 

SEQ ID NOs: 79 and 82, SEQ ID NOs: 83 and 80, SEQ ID NOs: 79 and 84. In some 

embodiments, where the bispecific fusion protein comprise more than one amino acid chain, 

a given value for the sequence identity relates to the average sequence identity normalized 

by the number of amino acid residues in both amino acid chains. For example, if a bispecific 

fusion protein consists of amino acid chain A having 100 amino acids and amino acid chain B 

having 50 amino acids, and another bispecific fusion protein consists of amino acid chain A' 

having 100 amino acids 80 % sequence identity to amino acid chain A and amino acid chain 

B' having 50 amino acids and 95% sequence identity to amino acid chain B', the average 

sequence identity between both fusion proteins will be (100/(100+50)) x 80 % + 

(50/(100+50)) x 95 % = 85 % sequence identity. In some preferred embodiments, where the 

bispecific fusion protein comprise more than one amino acid chain, a given value for the 

sequence identity means that a protein of interest comprises an amino acid sequence that 

has at least the given value of sequence identity to one chain of the bispecific fusion protein 

and comprises an amino acid sequence that has at least the given value of sequence identity 

to the other chain of the bispecific fusion protein.  

C. Exemplary PD-1 axis inhibitors.  

[000121] In some embodiments, a provided combination comprises a component of a 

PD-1 axis inhibitor. In some embodiments, a PD-1 axis inhibitor of the disclosure may be a 

PD-1 antagonist, a PD-L1 antagonist, or a PD-L2 antagonist. In some embodiments, a 

provided PD-1 axis inhibitor is an anti-PD-1 antibody, anti-PD-1 antibody, or an anti-PD-L2 

antibody. In some embodiments, a provided PD-1 axis inhibitor may be used in a method 

provided herein.  

[000122] Various PD-1 axis inhibitors are known in the art. Pembrolizumab, also known 

as MK-3475, Merck 3475, lambrolizumab, SCH-900475, and KEYTRUDA*, is a humanized 

IgG4 monoclonal antibody that binds to and blocks PD-1. It is used via intravenous infusion 

to treat inoperable or metastatic melanoma, metastatic non-small cell lung cancer (NSCLC) 

in certain situations, as a second-line treatment for head and neck squamous cell carcinoma 

(HNSCC), after platinum-based chemotherapy, and for the treatment of adult and pediatric 

patients with refractory classic Hodgkin's lymphoma (cHL). Nivolumab, also known as MDX
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1106-04, MDX-1106, ONO-4538, BMS-936558, and OPDIVO*, is a humanized IgG4 anti

PD-1 monoclonal antibody which blocks PD-L1 from binding to PD-1. It is used as a first line 

treatment for inoperable or metastatic melanoma in combination with ipilimumab if the cancer 

does not have a mutation in BRAF, as a second-line treatment following treatment with 

ipilimumab and if the cancer has a mutation in BRAF, with a BRAF inhibitor, as a second-line 

treatment for squamous non-small cell lung cancer, and as a second-line treatment for renal 

cell carcinoma. Atezolizumab, also known as MPDL3280A or Tecentriq©, is a human IgG1 

monoclonal antibody engineered to eliminate Fc-effector function. It targets human PD-L1 

and inhibits its interaction with PD-1. Atezolizumab is indicated for the treatment of urothelial 

carcinoma, a common type of bladder cancer, and is under investigation in other tumor 

types.  

C-1. Exemplary anti-PD-L1 antibodies as PD-1 axis inhibitors 

[000123] In some embodiments, a provided PD-1 axis inhibitor is an anti-PD-L1 

antibody or antigen-binding domain thereof. In some embodiments, a provided combination 

comprises an anti-PD-1 antibody or antigen-binding domain thereof.  

[000124] Illustrative examples of anti-PD-1 antibodies of the disclosure may comprise 

an antigen-binding regions which cross-blocks or binds to the same epitope as an anti-PD-L1 

antibody comprising the VH and VL regions of a previously known antibody, such as 

atezolizumab (also known as MPDL3280A or RG7446, trade name Tecentriq©), avelumab 

(also known as MSBOO10718C, trade name Bavencio*), durvalumab (previously known as 

MED14736, trade name Imfinzi©), BMS-936559 (also known as MDX-1105), and anti-PD-L1 

antibodies disclosed in PCT International Application Publication Nos. WO 2010/077634, WO 

2007/005874, WO 2010/089411, WO 2011/066389, WO 2013/079174, WO 2015/048520, 

WO 2016/061142, WO 2016/111645, WO 2015/061668, WO 2016/007235, and WO 

2017/148424. A provided anti-PD-1 antibody also may be or comprises an antigen-binding 

region or the VH and VL regions or of any one of the above-mentioned anti-PD-L1 

antibodies.  

[000125] In some embodiments, a provided anti-PD-L1 antibody or antigen-binding 

domain thereof may comprise an antigen-binding region, such as any one of the three heavy 

chain complementarity-determining regions (CDRs) (HCDR1, HCDR2 and HCDR3) and the 

three light chain CDRs (LCDR1, LCDR2 and LCDR3) from an antibody selected from the 

group consisting of atezolizumab, avelumab, durvalumab, and anti-PD-1 antibodies as 

described in W02017148424.  
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[000126] In some embodiments, a provided PD-L1 antibody or antigen-binding domain 

thereof may comprise the three heavy chain CDRs of SEQ ID NO: 58, SEQ ID NO: 59, and 

SEQ ID NO: 60, and/or the three light chain CDRs of SEQ ID NO: 61, SEQ ID NO: 62, SEQ 

ID NO: 63.  

[000127] In some embodiments, a provided anti-PD-L1 antibody or antigen-binding 

domain thereof may have a heavy chain variable region (HCVR) shown in SEQ ID NO: 70, 

and/or a light chain variable region (LCVR) shown in SEQ ID NO: 71.  

[000128] In some embodiments, a provided PD-L1 antibody or antigen-binding domain 

thereof may have a heavy chain shown in SEQ ID NO: 76, and/or a light chain shown in SEQ 

ID NO: 77.  

[000129] In some embodiments, a provided PD-L1 antibody or antigen-binding domain 

thereof may have a HCVR with at least 70%, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or even 

higher sequence identity to an amino acid sequence shown in SEQ ID NO: 70, and/or a 

LCVR with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 92%, 

at least 95%, at least 97%, at least 98%, at least 99%, or even higher sequence identity to an 

amino acid sequence shown in SEQ ID NO: 71. In some embodiments, a provided PD-L1 

antibody or antigen-binding domain thereof may have a heavy chain with at least 70%, at 

least 75%, at least 80%, at least 85%, at least 90%, at least 92%, at least 95%, at least 97%, 

at least 98%, at least 99%, or even higher sequence identity to an amino acid sequence of 

SEQ ID NOs: 76, and/or a light chain with at least 70%, at least 75%, at least 80%, at least 

85%, at least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or 

even higher sequence identity to the amino acid sequence of SEQ ID NO: 77.  

[000130] In some embodiments, an anti-PD-L1 antibody of the disclosure is 

atezolizumab. In some embodiments, an anti-PD-1 antibody of the disclosure is durvalumab 

or avelumab.  

C-2. Exemplary anti-PD-1 antibodies as the PD-1 axis inhibitor 

[000131] In some embodiments, a provided PD-1 axis inhibitor is an anti-PD-1 antibody 

or antigen-binding domain thereof. In some embodiments, a provided combination comprises 

an anti-PD-1 antibody or antigen-binding domain thereof.  

[000132] Illustrative examples of anti-PD-1 antibodies of the disclosure may comprise 
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an antigen-binding region which cross-blocks or binds to the same epitope as an anti-PD-1 

antibody comprising the VH and VL regions of a previously known antibody, such as 

nivolumab (also known as ONO-4538, BMS-936558, or MDX1106, marketed as Opdivo@), 

pembrolizumab (also referred to as lambrolizumab or MK03475, trade name Keytruda@), 

PDR001, tislelizumab (BGB-A317), cemiplimab (REGN281), MED10680 (formerly AMP-514), 

pidilizumab (CT-011), ENUM-388D4 (including the D4-1, D4-2 and D4-3 variants), ENUM

244C8 (including each of its variants as well), and anti-PD-1 antibodies disclosed in the U.S.  

Patent Application Publication Nos. US 2003/0039653, US 2004/0213795, US 

2006/0110383, US 2007/0065427, US 2007/0122378, US 2009/0217401, US 2011/0008369, 

and US2015/0203579 and PCT International Application Publication Nos. WO 2003/099196, 

WO 2006/121168, WO 2007/005874, WO 2008/156712, WO 2009114335, WO 

2010/027423, WO2 011/110604, WO 2012/145493, WO 2013/014668, WO 2014/194302, 

WO 2015/035606, and WO 2016/106159. A provided anti-PD-1 antibody also may be or 

comprises an antigen-binding region or the VH and VL regions or of any one of the above

mentioned anti-PD-1 antibodies.  

[000133] In some embodiments, a provided anti-PD-1 antibody or antigen-binding 

domain thereof may comprise an antigen-binding region, such as any one of the three heavy 

chain CDRs (HCDR1, HCDR2 and HCDR3) and the three light chain CDRs (LCDR1, LCDR2 

and LCDR3) from an antibody selected from the group consisting of nivolumab, 

pembrolizumab, PDR001, MED10680, pidilizumab, ENUM-388D4, and ENUM-244C8.  

[000134] In some embodiments, a provided PD-1 antibody or antigen-binding domain 

thereof may comprise the three heavy chain CDRs of SEQ ID NO: 46, SEQ ID NO: 47, and 

SEQ ID NO: 48, and/or the three light chain CDRs of SEQ ID NO: 49, SEQ ID NO: 50, SEQ 

ID NO: 51. In some embodiments, a provided PD-1 antibody or antigen-binding domain 

thereof may comprise the three heavy chain CDRs of SEQ ID NO: 52, SEQ ID NO: 53, and 

SEQ ID NO: 54, and/or the three light chain CDRs of SEQ ID NO: 55, SEQ ID NO: 56, SEQ 

ID NO: 57.  

[000135] In some embodiments, a provided anti-PD-1 antibody or antigen-binding 

domain thereof may have a HCVR of any one of SEQ ID NOs: 66 and 68, and/or a light 

chain variable LCVR of any one of SEQ ID NOs: 67 and 69.  

[000136] In some embodiments, a provided PD-1 antibody or antigen-binding domain 

thereof may have a heavy chain of any one of SEQ ID NOs: 72 and 74, and/or a light chain 

of any one of SEQ ID NOs: 73 and 75.  

34



WO 2020/043683 PCT/EP2019/072754 

[000137] In some embodiments, the heavy chain and light chain pair of a provided PD-1 

antibody or antigen-binding domain thereof comprise the HCVR and LCVR, respectively, as 

follows: SEQ ID NOs: 66 and 67 or SEQ ID NOs: 68 and 69.  

[000138] In some embodiments, the heavy chain and light chain pair of a provided PD-1 

antibody are or comprise the amino acid sequences as shown in SEQ ID NOs: 72 and 73 or 

SEQ ID NO:74and75.  

[000139] In some embodiments, a provided PD-1 antibody or antigen-binding domain 

thereof may have a HCVR with at least 70%, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or even 

higher sequence identity to an amino acid sequence shown in any one of SEQ ID NOs: 66 

and 68, and/or a LCVR with at least 70%, at least 75%, at least 80%, at least 85%, at least 

90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or even higher 

sequence identity to an amino acid sequence shown in any one of SEQ ID NOs: 67 and 69.  

In some embodiments, a provided PD-1 antibody or antigen-binding domain thereof may 

have a heavy chain with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, 

at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or even higher 

sequence identity to an amino acid sequence of any one of SEQ ID NOs: 72 and 74, and/or 

a light chain with at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 

92%, at least 95%, at least 97%, at least 98%, at least 99%, or even higher sequence 

identity to the amino acid sequence of any one of SEQ ID NO: 73 and 75.  

[000140] In some embodiments, an anti-PD-1 antibody of the disclosure is nivolumab or 

pembrolizumab. In some embodiments, an anti-PD-1 antibody of the disclosure may be 

tislelizumab or cemiplimab.  

D. Exemplary methods of the disclosure 

[000141] In some embodiments, the present disclosure provides prophylactic and/or 

therapeutic methods, comprising administering to a subject an effective amount of a 

combination comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor.  

[000142] In some embodiments, the present disclosure provides methods for increasing 

IL-2 secretion, preferably in a tumor microenvironment. The method may comprise 

administering to a subject a combination comprising a CD137/HER2 bispecific agent and a 

PD-1 axis inhibitor, each in an amount that, when in combination with the other, is effective to 

increase IL-2 secretion, preferably in a tumor microenvironment, relative to the bispecific 
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agent or the inhibitor alone. In some embodiments, a provided method may elicit a synergistic 

increase in IL-2 secretion. In some embodiments, a provided method may elicit an additive 

increase in IL-2 secretion.  

[000143] In some embodiments, the present disclosure provides methods for increasing 

IFN-gamma secretion, preferably in a tumor microenvironment. The method may comprise 

administering to a subject a combination comprising a CD137/HER2 bispecific agent and a 

PD-1 axis inhibitor, each in an amount that, when in combination with the other, is effective to 

increase IFN-gamma secretion, preferably in a tumor microenvironment, relative to the 

bispecific agent or the inhibitor alone. In some embodiments, a provided method may elicit a 

synergistic increase in IFN-gamma secretion. In some embodiments, a provided method may 

elicit an additive increase in IFN-gamma secretion.  

[000144] In some embodiments, the present disclosure provides methods for inducing T 

lymphocyte activation and/or proliferation. The method may comprise administering to a 

subject a combination comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, 

each in an amount that, when in combination with the other, is effective to induce T 

lymphocyte activation and/or proliferation. In some embodiments, a provided method may 

elicit a synergistic T lymphocyte activation and/or proliferation. In some embodiments, a 

provided method may elicit an additive T lymphocyte activation and/or proliferation.  

[000145] In some embodiments, the present disclosure provides methods for enhancing 

immune functions. The method may comprise administering to a subject a combination 

comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, each in an amount 

that, when in combination with the other, is effective to induce enhanced immune functions.  

In some embodiments, a provided method may elicit a synergistic enhancement of immune 

function. In some embodiments, a provided method may elicit an additive enhancement of 

immune function.  

[000146] In some embodiments, the present disclosure provides methods for increasing 

CD4' T cells, preferably in a tumor microenvironment. In some embodiments, the present 

disclosure provides methods for increasing CD8' T cells, preferably in a tumor 

microenvironment. In some embodiments, the present disclosure provides methods for 

activating NK cells and increasing ADCC, preferably in a tumor microenvironment. In some 

embodiments, the present disclosure provides methods for monitoring and changing tumor 

biomarker levels, such as CD4, CD8, PD-L1, Ki67, CD137, HER2, and IL-8 levels. Provided 

methods may comprise administering to a subject a combination comprising a CD137/HER2 
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bispecific agent and a PD-1 axis inhibitor, each in an amount that, when in combination with 

the other, is effective to induce expansion of CD4' T cells preferably in a tumor 

microenvironment, expansion of CD8' T cells preferably in a tumor microenvironment, 

activation of NK cells and increased ADCC preferably in a tumor microenvironment, and/or 

changes in tumor biomarker levels.  

[000147] In some embodiments, the present disclosure provides methods for inducing 

CD137 clustering and activation on T cells and directing such T cells to tumor cells, 

preferably HER2-positive tumor cells. The method may comprise administering to a subject a 

combination comprising a CD137/HER2 bispecific agent and a PD-1 axis inhibitor, each in an 

amount that, when in combination with the other, is effective to induce CD137 clustering and 

activation on T cells and directing such T cells to tumor cells, preferably HER2-positive tumor 

cells.  

[000148] In some embodiments, the present disclosure provides methods for inducing a 

localized lymphocyte response in the vicinity of tumor cells, preferably HER2-positive tumor 

cells. The method may comprise administering to a subject a combination comprising a 

CD137/HER2 bispecific agent and a PD-1 axis inhibitor, each in an amount that, when 

in combination with the other, is effective to induce a localized lymphocyte response in the 

vicinity of tumor cells, preferably HER2-positive tumor cells.  

[000149] In some embodiments, the present disclosure provides methods for treating or 

delaying cancer progression. In some embodiments, the present disclosure provides methods 

for providing anti-tumor effects, such as reduction of tumor size, suppression of tumor growth, 

suppression of metastasis, delay of recurrence, and improved overall survival. Provided 

methods may comprise administering to a subject a combination comprising a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, each in an amount that, when in combination with 

the other, exerts anti-tumor effects.  

[000150] In some embodiments, the present disclosure provides methods for treating 

HER2-positive advanced or metastatic solid tumors. In some embodiments, the present 

disclosure provides methods for treating PD-L1-positive tumors. Provided methods may 

comprise administering to a subject a combination comprising a CD137/HER2 bispecific 

agent and a PD-1 axis inhibitor, each in an amount that, when in combination with the other, 

is effective to exert anti-tumor effects. In some embodiments, a provided method may elicit a 

synergistic anti-tumor effect. In some embodiments, a provided method may elicit an additive 

anti-tumor effect.  
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[000151] In some embodiments, with respect to provided methods comprising 

administering to a subject an effective amount of a combination comprising a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, the CD137/HER2 bispecific agent may comprise 

the amino acid sequences selected from the group consisting of SEQ ID NOs: 81 and 80, 

SEQ ID NOs: 79 and 82, SEQ ID NOs: 83 and 80, and SEQ ID NOs: 79 and 84, and/or the 

PD-1 axis inhibitor may comprise the amino acid sequences selected from the group 

consisting of SEQ ID NOs: 72 and 73, SEQ ID NOs: 74 and 75, and SEQ ID NOs: 76 and 77 

or may be nivolumab, pembrolizumab, or atezolizumab.  

[000152] In some embodiments, with respect to provided methods comprising 

administering to a subject an effective amount of a combination comprising a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, the CD137/HER2 bispecific agent may comprise 

the amino acid sequences having at least 70%, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at least 99%, or higher 

sequence identity to the amino acid sequences shown in SEQ ID NOs: 81 and 80, SEQ ID 

NOs: 79 and 82, SEQ ID NOs: 83 and 80, and SEQ ID NOs: 79 and 84, and/or the PD-1 axis 

inhibitor may comprise the amino acid sequences having at least 70%, at least 75%, at least 

80%, at least 85%, at least 90%, at least 92%, at least 95%, at least 97%, at least 98%, at 

least 99%, or higher sequence identity to the amino acid sequences shown in SEQ ID NOs: 

72 and 73, SEQ ID NOs: 74 and 75, and SEQ ID NOs: 76 and 77, or those of nivolumab, 

pembrolizumab, or atezolizumab. The meaning of sequence identities to bispecific fusion 

proteins comprising two amino acid chains as defined above applies mutatis mutandis to 

antibodies.  

[000153] In some embodiments, with respect to provided methods comprising 

administering to a subject an effective amount of a combination comprising a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor, the combination is a combination from the group 

consisting of SEQ ID NOs: 81 and 80 and SEQ ID NOs: 72 and 73, SEQ ID NOs: 81 and 80 

and SEQ ID NOs: 74 and 75, SEQ ID NOs: 81 and 80 and SEQ ID NOs: 76 and 77.  

[000154] In some embodiments, provided methods result in a response in a subject. In 

some embodiments, a response is a partial response. In some embodiments, a response is a 

complete response. In some embodiments, a response is a sustained response (e.g., a 

sustained partial response or complete response) in the subject after cessation of a 

treatment.  

[000155] In some embodiments, a subject of the disclosure may have been treated with 
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a cancer therapy before the treatment of a combination comprising a CD137/HER2 bispecific 

agent and a PD-1 axis inhibitor. In some embodiments, a subject of the disclosure may have 

cancers that are resistant to one or more cancer therapies, where the cancers may be 

resistant at the beginning of treatment or it may become resistant during treatment. In some 

embodiments, a subject of the disclosure may have cancers that are resistant to 

trastuzumab. As described herein, the cancers may be at an early stage or at a late stage.  

[000156] In some embodiments, a subject of the disclosure may suffer from advanced 

or metastatic breast cancer.  

[000157] In some embodiments, provided methods include administration of an 

effective amount of an CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ ID 

NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84). In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84 ) is administered to 

the individual at a dose of about 0.05 mg/kg to about 8 mg/kg bodyweight, about 0.15 mg/kg 

to about 8 mg/kg bodyweight, about 0.5 mg/kg to about 8 mg/kg bodyweight, about 1 mg/kg 

to about 8 mg/kg bodyweight, about 0.05 mg/kg to about 5 mg/kg bodyweight, about 0.15 

mg/kg to about 5 mg/kg bodyweight, about 0.5 mg/kg to about 5 mg/kg bodyweight, or about 

1 mg/kg to about 5 mg/kg bodyweight. In some embodiments, a provided CD137/HER2 

bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 

and 80, or SEQ ID NOs: 79 and 84) is administered to the individual at a dose of about 0.5 

mg/kg to about 8 mg/kg bodyweight, about 1 mg/kg to about 8 mg/kg bodyweight, about 0.5 

mg/kg to about 5 mg/kg bodyweight, or about 1 mg/kg to about 5 mg/kg bodyweight. In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) is administered to 

the individual at a dose of about 1 mg/kg to about 8 mg/kg bodyweight. In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) is administered to 

the individual at a dose of about 1 mg/kg to about 5 mg/kg bodyweight. In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84 ) is administered at 

a dose of about 0.05 mg/kg bodyweight, about 0.15 mg/kg bodyweight, about 0.5 mg/kg 

bodyweight, about 1.0 mg/kg bodyweight, about 2.5 mg/kg bodyweight, about 5.0 mg/kg 

bodyweight, or about 8.0 mg/kg bodyweight. As a general proposition, the therapeutically 

effective amount of an CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ ID 
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NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) administered to a 

human will be in the range of about 0.01 to about 50 mg/kg, whether by one or more 

administrations. In some embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ 

ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 

and 84) may be administered from about weekly to every about 4 weeks, from about weekly 

to every about 3 weeks, or from about weekly to every about 2 weeks. In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) may be 

administered about weekly, every about 2 weeks, every about 3 weeks, or every about 4 

weeks. In some embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 

81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84 ) 

may be administered on days 1 of each cycle, on days 1 of each 7-day cycle, on days 1 and 

8 of each 14-day cycle, on days 1, 8 and 15 of each 21-day cycle, or on days 1, 8, and 15 of 

each 28-day cycle. In some embodiments, a provided CD137/HER2 bispecific agent (e.g., 

SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 

79 and 84) may be administered every about 3 weeks, on days 1 of each cycle. In some 

embodiments, at least one cycle, such as 2, 3, 4, 5, 10, 15, 20, 25, 30 or more cycles, are 

administered. In some embodiments, the provided CD137/HER2 bispecific agent has a 

sequence as set forth in SEQ ID NOs: 81 and 80.  

[000158] In some embodiments, provided methods of the disclosure include 

administration of an effective amount of a PD-1 axis inhibitor selected from the group 

consisting of a PD-1 antagonist, a PD-L1 antagonist, and a PD-L2 antagonist.  

[000159] In some embodiments, a PD-L1 antagonist is an antibody, such as an 

antibody that is capable of inhibiting PD-L1 binding to its binding partner(s), such as PD-1 

and B7.1. In some embodiments, a PD-L1 antagonist is the PD-L1 antibody set forth in SEQ 

ID NOs: 76 and 77, which may be administered at a dose of about 800 mg to about 1500 mg 

from about weekly to every about 4 weeks, from about weekly to every about 3 weeks, from 

about weekly to every about 2 weeks, such as about weekly, every about 2 weeks, every 

about 3 weeks, or every about 4 weeks (e.g., about 1000 mg to about 1300 mg, e.g., about 

1100 mg to about 1200 mg). In some embodiments, a PD-L1 antagonist is the PD-L1 

antibody set forth in SEQ ID NOs: 76 and 77, which may be administered at a dose of about 

800 mg to about 1500 mg every about three weeks (e.g., about 1000 mg to about 1300 mg 

every about three weeks, e.g., about 1100 mg to about 1200 mg every about three weeks).  

In some embodiments, the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77 may be 
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administered at a dose of about 1200 mg every about three weeks.  

[000160] In some embodiments, a PD-1 antagonist is an antibody, such as an antibody 

that is capable of inhibiting PD-1 binding to its binding partner(s), such as PD-L1 and PD-L2.  

In some embodiments, a PD-1 antagonist is the PD-1 antibody set forth in SEQ ID NOs: 72 

and 73 or SEQ ID NOs: 74 and 75, which may be administered at a dose of about 100 mg to 

about 600 mg every about one, two, there, four, five or six weeks (e.g., about 100 mg, 120 

mg, 140 mg, 160 mg, 180 mg, 200 mg, 220 mg, 240 mg, 260 mg, 280 mg, 300 mg, 400 mg, 

420 mg, 440 mg, 460 mg, 480 mg, 500 mg, 520 mg, 540 mg, 560 mg, or 600 1300 mg every 

about one, two, there, four, five or six weeks). In some embodiments, the PD-1 antibody set 

forth in SEQ ID NOs: 72 and 73 may be administered at a dose of about 240 mg every about 

two weeks. In some embodiments, the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 

may be administered at a dose of about 480 mg every about four weeks. In some 

embodiments, the PD-1 antibody set forth in SEQ ID NOs: 74 and 75 may be administered at 

a dose of about 200 mg every about three weeks.  

[000161] As a general proposition, the therapeutically effective amount of a PD-1 axis 

inhibitor (e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 

73 or SEQ ID NOs: 74 and 75, or a PD-L1 antagonist, such as the PD-L1 antibody set forth 

in SEQ ID NOs: 76 and 77) may be administered to a human will be in the range of about 

0.01 to about 50 mg/kg of patient body weight whether by one or more administrations. In 

some embodiments, for example, a provided PD-1 axis inhibitor(e.g., a PD-1 antagonist, 

such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 75, or 

a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77) may be 

administered in a dose of about 0.01 to about 45 mg/kg, about 0.01 to about 40 mg/kg, about 

0.01 to about 35 mg/kg, about 0.01 to about 30 mg/kg, about 0.01 to about 25 mg/kg, about 

0.01 to about 20 mg/kg, about 0.01 to about 15 mg/kg, about 0.01 to about 10 mg/kg, about 

0.01 to about 5 mg/kg, or about 0.01 to about 1 mg/kg. In some embodiments, a provided 

PD-1 axis inhibitor (e.g., a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID 

NOs: 76 and 77) may be administered at about 15 mg/kg. In some embodiments, the PD-1 

axis inhibitor set forth in SEQ ID NOs: 72 and 73 may be administered at about 3 mg/kg 

every about two weeks. In some embodiments, the PD-1 axis inhibitor set forth in SEQ ID 

NOs: 74 and 75 may be administered at about 2 mg/kg every about three weeks. Other 

dosage regimens may also be useful. In one embodiment, a provided PD-1 axis inhibitor 

(e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or 

SEQ ID NOs: 74 and 75, or a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ 
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ID NOs: 76 and 77) may be administered to a human at a flat dose of about 100 mg, about 

200 mg, about 300 mg, about 400 mg, about 500 mg, about 600 mg, about 700 mg, about 

800 mg, about 900 mg, about 1000 mg, about 1100 mg, about 1200 mg, about 1300 mg, 

about 1400 mg, or about 1500 mg. In some embodiments, a provided PD-1 axis inhibitor 

(e.g., a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77) 

may be administered at a dose of about 1150 mg to about 1250 mg every about three 

weeks. In some embodiments, a provided PD-1 axis inhibitor (e.g., a PD-L1 antagonist, such 

as the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77) may be administered at a dose of 

about 1200 mg every about three weeks. In some embodiments, a provided PD-1 axis 

inhibitor (e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 

73) may be administered at a dose of about 240 mg. In some embodiments, a provided PD-1 

axis inhibitor (e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 

74 and 75) may be administered at a dose of about 200 mg. In some embodiments, a dose 

of a provided PD-1 axis inhibitor of the disclosure may be administered as a single dose or 

as multiple doses (e.g., 2 or 3 doses). In some embodiments, a provided PD-1 axis inhibitor 

may be administered at a reduced dose, when administered in a combination treatment as 

compared to a single treatment. In some embodiments, for example, a provided method for 

treating or delaying progression of cancer in a subject comprises a dosing regimen 

comprising treatment cycles, wherein a subject is administered, on days 1 of each cycle, a 

human PD-1 axis binding antagonist (e.g., a PD-L1 antagonist, such as the PD-L1 antibody 

set forth in SEQ ID NOs: 76 and 77) at a dose of about 1200 mg, wherein each cycle is 

about 21 days (i.e., each cycle is repeated every about 21 days). In some embodiments, for 

example, a provided method for treating or delaying progression of cancer in a subject 

comprises a dosing regimen comprising treatment cycles, wherein a subject is administered, 

on days 1 of each cycle, a human PD-1 axis binding antagonist (e.g., a PD-1 antagonist, 

such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73) at a dose of about 240 mg 

wherein each cycle is about 14 days or at a dose about 480 mg wherein each cycle is about 

28 days. In some embodiments, for example, a provided method for treating or delaying 

progression of cancer in a subject comprises a dosing regimen comprising treatment cycles, 

wherein a subject is administered, on days 1 of each cycle, a human PD-1 axis binding 

antagonist (e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 74 

and 75) at a dose of about 240 mg, wherein each cycle is about 21 days. In some 

embodiments, at least one cycle, such as 2, 3, 4, 5, 10, 15, 20, 25, 30 or more cycles, are 

administered.  
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[000162] In some embodiments, a CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 

and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) and a 

PD-1 axis inhibitor (e.g., a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID 

NOs: 76 and 77) of the disclosure are administered in a single dosing regimen. The 

administration of these components may be sequentially (at different times) or concurrently 

(at the same time) within the context of the dosing regimen. For example, in some 

embodiments, methods of the disclosure comprises a dosing regimen comprising treatment 

cycles, wherein a subject is administered, on days 1 of each cycle, an CD137/HER2 

bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 

80, or SEQ ID NOs: 79 and 84) at a dose of about 0.05 mg/kg bodyweight, 0.15 mg/kg 

bodyweight, 0.5 mg/kg bodyweight, 1.0 mg/kg bodyweight, 2.5 mg/kg bodyweight, 5.0 mg/kg 

bodyweight, or 8.0 mg/kg bodyweight, and immediately after, a PD-1 axis inhibitor (e.g., a 

PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77) is 

administered at a dose about 1200 mg. In some embodiments, each cycle is about 21 days.  

In some embodiments, at least one cycle, such as 2, 3, 4, 5, 10, 15, 20, 25, 30 or more 

cycles, are administered.  

[000163] In some embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ 

ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 

and 84) is administered in a separate composition as a provided PD-1 axis inhibitor (e.g., a 

PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID 

NOs: 74 and 75, or a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID 

NOs: 76 and 77). In some embodiments, a provided CD137/HER2 bispecific agent (e.g., 

SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 

79 and 84) is administered in the same composition as a provided PD-1 axis inhibitor (e.g., a 

PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID 

NOs: 74 and 75, or a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID 

NOs: 76 and 77).  

[000164] In some embodiments, a CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 

and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) and a 

PD-1 axis inhibitor (e.g., a PD-1 antagonist, such as the PD-1 antibody set forth in SEQ ID 

NOs: 72 and 73 or SEQ ID NOs: 74 and 75, or a PD-L1 antagonist, such as the PD-L1 

antibody set forth in SEQ ID NOs: 76 and 77) of the disclosure are administered by the same 

route of administration. In some other embodiments, a CD137/HER2 bispecific agent (e.g., 

SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 
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79 and 84) and a PD-1 axis inhibitor (e.g., a PD-1 antagonist, such as the PD-1 antibody set 

forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 75, or a PD-L1 antagonist, such as 

the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77) of the disclosure are administered 

by the same route of administration or by different routes of administration. In some 

embodiments, a provided CD137/HER2 bispecific agent (e.g., SEQ ID NOs: 81 and 80, SEQ 

ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID NOs: 79 and 84) may be 

administered intravenously, intramuscularly, subcutaneously, topically, orally, transdermally, 

intraperitoneally, intraorbitally, by implantation, by inhalation, intrathecally, intraventricularly, 

or intranasally. In some embodiments, a provided PD-1 axis inhibitor (e.g., a PD-1 

antagonist, such as the PD-1 antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 

74 and 75, or a PD-L1 antagonist, such as the PD-L1 antibody set forth in SEQ ID NOs: 76 

and 77) may be administered intravenously, intramuscularly, subcutaneously, topically, 

orally, transdermally, intraperitoneally, intraorbitally, by implantation, by inhalation, 

intrathecally, intraventricularly, or intranasally.  

[000165] In some embodiments, provided methods may further comprise an additional 

therapy. In some embodiments, an additional therapy may be radiation therapy, surgery 

(e.g., lumpectomy and a mastectomy), chemotherapy, gene therapy, DNA therapy, viral 

therapy, RNA therapy, immunotherapy, bone marrow transplantation, nanotherapy, 

monoclonal antibody therapy, or a combination of the foregoing. Such additional therapy may 

be in the form of adjuvant or neoadjuvant therapy. In some embodiments, an additional 

therapy is the administration of small molecule enzymatic inhibitor or anti-metastatic agent. In 

some embodiments, the additional therapy is the administration of side-effect limiting agents 

(e.g., agents intended to lessen the occurrence and/or severity of side effects of treatment, 

such as anti-nausea agents, etc.).  

E. Pharmaceutical Formulations 

[000166] In some embodiments, molecules of the disclosure including provided 

combinations and components of combinations, such as CD137/HER2 bispecific agents 

(e.g., SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 82 and 80, or SEQ ID 

NOs: 79 and 84) and PD-1 axis inhibitors (e.g., a PD-1 antagonist, such as the PD-1 

antibody set forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 75, or a PD-L1 

antagonist, such as the PD-L1 antibody set forth in SEQ ID NOs: 76 and 77), may be 

formulated in accordance with standard pharmaceutical practice for use as "active 

ingredients" of therapeutic compositions. Compositions comprising such molecules may 
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contain one or more pharmaceutically acceptable carrier, glidant, diluent, or excipient, which 

facilitate administration of the composition and/or facilitate delivery of the composition to the 

site of action. Suitable carriers, diluents and excipients are known to those skilled in the art 

and include materials such as carbohydrates, waxes, water soluble and/or swellable 

polymers, hydrophilic or hydrophobic materials, gelatin, oils, solvents, water and the 

like. Compositions of the disclosure may be in any suitable form, for example tablets, pills, 

powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, 

aerosols (as a solid or in a liquid medium), ointments containing, for example, up to 10% by 

weight of the active compound, soft and hard gelatin capsules, suppositories, sterile 

injectable solutions, and sterile packaged powders, to name just a few non-limiting 

alternatives. Such compositions (or formulations) may be prepared using methods known in 

the art, such as conventional dissolution and mixing procedures.  

[000167] In some embodiments, formulations of the disclosure may be prepared for 

various routes and types of administration in the form of a lyophilized formulation, milled 

powder, or an aqueous solution.  

[000168] In some embodiments, the CD137/HER2 bispecific agent is formulated as 

aqueous solution with a target protein concentration of about 25 mg/mL. In some 

embodiments, a commercial formulation of SEQ ID NOs: 76 and 77 may be used containing 

SEQ ID NOs: 76 and 77 at about 1200mg/2mL (60mg/mL) in the form of a preservative-free 

solution for intravenous infusion.  

[000169] Additional objects, advantages, and features of this disclosure will become 

apparent to those skilled in the art upon examination of the following Examples and the 

attached Figures thereof, which are not intended to be limiting. Thus, it should be understood 

that although the present disclosure is specifically disclosed by exemplary embodiments and 

optional features, modification and variation of the disclosures embodied therein herein 

disclosed may be resorted to by those skilled in the art and that such modifications and 

variations are considered to be within the scope of this disclosure.  

V. EXAMPLES 

[000170] Example 1: Assessment of T-cell activation induced by the combination 

of a CD137/HER2 bispecific agent and a PD-1 antibody 

[000171] A T cell assay was employed to assess the ability of a CD137/HER2 bispecific 

agent shown in SEQ ID NOs: 81 and 80, when used in combination with an anti-PD-1 
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antibody at fixed molar ratio, to costimulate T-cell responses. For this purpose, the 

combination of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) and a PD-1 

antibody shown in SEQ ID NOs: 72 and 73 were added to staphylococcal enterotoxin B 

(SEB) stimulated human peripheral blood mononuclear cells (PBMCs), in the presence of the 

tumor cell line NCI-N87, and incubated for 3 days at 37°C. IL-2 secretion levels, as a 

demonstration of T-cell activation, were measured in the supernatants.  

[000172] PBMCs from healthy volunteer donors were isolated from buffy coats by 

centrifugation through a polysucrose density gradient (Biocoll, 1.077 g/mL, Biochrom), 

following Biochrom's protocols. The purified PBMCs were resuspended in a buffer consisting of 

90% FCS and 10% DMSO, immediately frozen down and stored in liquid nitrogen until further 

use. For the assay, PBMCs were thawed and rested in culture media (RPMI 1640, Life 

Technologies) supplemented with 10% FCS and 1% Penicillin-Streptomycin (Life 

Technologies) for 16 h at 37°C in a humidified 5% C02 atmosphere.  

[000173] The following procedure was performed using triplicates for each experimental 

condition: tumor cell line NCI-N87 were treated for 30 min at 37°C with 30 pg/ml mitomycin C 

(Sigma Aldrich) in order to block proliferation. Mitomycin treated cells were then washed twice 

in culture medium and plated at 2.5x104 cells per well onto a 384 well flat-bottom tissue culture 

plates to allow adhesion overnight at 37°C in a humidified 5% C02 atmosphere. The target 

cells had before been grown under standard conditions, detached using Accutase (PAA 

Laboratories), and resuspended in culture media.  

[000174] On the next days, after washing the plates twice with PBS, 2.5x104 PBMCs per 

well were added to the tumor cells. A dilution series of a combination of the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) and the PD-1 antibody (SEQ ID NOs: 72 and 73) 

(1:10 molar ratio), the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) alone, or the 

PD-1 antibody (SEQ ID NOs: 72 and 73) alone, typically ranging from 0.001 nM to 100 nM, 

together with 0.05 ng/mL SEB, were added to the respective wells. Plates were covered with a 

gas permeable seal (4titude) and incubated at 37°C in a humidified 5% C02 atmosphere for 3 

days. Subsequently, IL-2 levels in the supernatant were assessed using the human IL-2 

DuoSet kit (R&D Systems) as described in the following procedures.  

[000175] 384 well plates were coated for 2 h at room temperature with 1 pg/mL "Human 

IL-2 Capture Antibody" in PBS. Subsequently, wells were washed 5 times with 80 pl PBS 

supplemented with 0.05% Tween (PBS-T). After 1 h blocking in PBS-T containing 1% casein 

(w/w), assay supernatants and a concentration series of an IL-2 standard diluted in culture 
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medium was transferred to respective wells and incubated overnight at 4°C. The next day, a 

mixture of 100 ng/mL goat anti-hlL-2-Bio detection antibody (R&D Systems) and lpg/mL 

Sulfotag-labelled streptavidin (Mesoscale Discovery) in PBS-T containing 0.5% casein were 

added and incubated at room temperature for 1 h. After washing, 25 pL reading buffer 

(Mesoscale Discovery) was added to each well and the resulting electrochemiluminescence 

(ECL) signal was detected using a Mesoscale Discovery reader. Analysis and quantification 

were performed using Mesoscale Discovery software.  

[000176] The result of representative experiments is depicted in Figure 1 and the fitted 

EC 5 0s for induced IL-2 secretion is summarized in Table 1. An hlgG4 isotype control antibody 

was tested to set the basal activity. The combination of the CD137/HER2 bispecific agent 

(SEQ ID NOs: 81 and 80) and the PD-1 antibody (SEQ ID NOs: 72 and 73) were able to 

induce a dose-dependent secretion of IL-2, with an improved (lower) EC5 0 values as compared 

to the CD137/HER2 bispecific agent or the PD-1 antibody alone. Meanwhile, IL-2 levels 

induced by the combination were higher compared to equimolar concentrations of the 

CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) or the PD-1 antibody (SEQ ID NOs: 

72 and 73) and displayed a synergistic or additive effect.  

[000177] Table 1: Efficacy of inducing IL-2 secretion 

Molecule(s) EC 50 (Donor A) EC 50 (Donor B) 

SEQ ID NOs: 81 and 80 0.1494 nM 0.1165 nM 

SEQ ID NOs:72 and 73 0.4198 nM 0.8538 nM 

SEQ ID NOs: 81 and 80 + SEQ ID NOs: 72 and 73 0.05462 nM 0.05817 nM 

[000178] Example 2: Assessment of T-cell activation induced by a CD137/HER2 

bispecific agent in combination with a PD-1 antibody 

[000179] Another T cell assay was employed to assess the ability of a CD137/HER2 

bispecific agent shown in SEQ ID NOs: 81 and 80, when used in combination with a fixed 

concentration of a PD-1 antibody, to costimulate T-cell responses. For this purpose, the 

combination of a CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) at various 

concentrations and a PD-1 antibody shown in SEQ ID NOs: 72 and 73 or in SEQ ID NOs: 74 

and 75 at a fixed concentration were added to SEB stimulated human PBMCs, in the presence 

of the tumor cell line NCI-N87, and incubated for 3 days at 37°C. IL-2 secretion levels, as a 

demonstration of T-cell activation, were measured in the supernatants.  
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[000180] PBMCs from healthy volunteer donors were isolated and treated as described 

in Example 1. Tumor cell line NCI-N87 were treated and plated at 2.5x104 cells per well the 

day before the assay as described in Example 1.  

[000181] The following procedure was performed using triplicates for each experimental 

condition: NCI-N87 coated plates were washed twice with PBS, and 2.5x104 PBMCs per well 

were added to the tumor cells. The CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) at 

various concentrations, ranging from 0.0002 nM to 10 nM, alone or in combination with SEQ ID 

NOs: 72 and 73 or SEQ ID NOs: 74 and 75 at 10 nM or 100 nM were added to the respective 

wells, together with 1 ng/mL SEB. In the same experiment, the PD-1 antibody (SEQ ID NOs: 

72 and 73 or SEQ ID NOs: 74 and 75) was also titrated alone for comparison. Plates were then 

covered with a gas permeable seal (4titude) and incubated at 37°C in a humidified 5% C02 

atmosphere for 3 days. Afterward, IL-2 levels in the supernatant were assessed as described 

in Example 1.  

[000182] The results of representative experiments are depicted in Figure 2 (the 

CD137/HER2 bispecific agent tested at 10 nM and 3.33 nM; data at other concentrations not 

shown). The combination of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) with 

either of the tested PD-1 antibody (SEQ ID NOs: 72 and 73 and SEQ ID NOs: 74 and 75) 

induced higher IL-2 secretion and act synergistically or additively. When the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) was combined with SEQ ID NOs: 72 and 73, the 

induced IL-2 secretion levels were higher when 100 nM antibody was used than when 10 nM 

antibody was used. On the other hand, the concentration (at 100 nM or 10 nM) of SEQ ID 

NOs: 74 and 75 did not affect the IL-2 secretion when used in combination with the 

CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80).  

[000183] Example 3: Assessment of T-cell activation induced by a CD137/HER2 

bispecific agent in combination with a PD-L1 antibody in the presence of tumor cells 

expressing different level of HER2 and/or PD-L1 

[000184] To assess the ability of a combination of the CD137/HER2 bispecific agent 

shown in SEQ ID NOs: 81 and 80 and a PD-1 axis inhibitor to costimulate T-cell activation in 

a HER2 target dependent manner, a further T cell assay was employed. The combination of 

the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) different concentrations with a 

PD-L1 antibody shown in SEQ ID NOs: 76 and 77 at a fixed concentration was applied to SEB 

stimulated T cells, in the presence of a tumor cell line with different HER2 and/or PD-L1 

expression levels. Tested tumor cell lines include NCI-N87 (HER2 high, PD-L1 low), JIMT-1 

(HER2 moderate, PD-L1 moderate) and MDA-MB-231 (HER2 low, PD-L1 moderate).  
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[000185] PBMCs from healthy volunteer donors were isolated and treated as described 

in Example 1.  

[000186] The following procedure was performed using triplicates for each experimental 

condition: the tumor cell lines NCI-N87, JIMT-1, and MDA-MB-231 were grown or treated with 

mitomycin C as described in Example 1 and plated at 8.3 x103 cells per well in culture medium 

to allow adhesion overnight at 37°C in a humidified 5% C02 atmosphere. On the next days, 

after washing the plates coated with tumor cells twice with PBS, 2.5 x 10 4 PBMCs per well 

were added to each well. The CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) at 

various concentrations, ranging from 0.0002 nM to 10 nM, alone or in combination with the PD

Li antibody (SEQ ID NOs: 76 and 77) or hlgG4 isotype control antibody at 100 nM were added 

to the respective wells, together with 0.05 ng/mL SEB. In the same experiment, the PD-L1 

antibody also titrated alone for comparison. Plates were then covered with a gas permeable 

seal (4titude) and incubated at 37°C in a humidified 5% C02 atmosphere for 3 days. Afterward, 

IL-2 levels in the supernatant were assessed as described in Example 1.  

[000187] Exemplary data of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) 

tested at the concentration of 2.5 nM and 0.16 nM are shown in Figure 3 (data of the 

bispecific agent at other concentrations not shown). Co-culturing of T cells with NCI-N87 

(HER2 high, PD-L1 low) or JIMT-1 (HER2 moderate, PD-L1 moderate) in presence of the 

combination of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) and the PD-L1 

antibody (SEQ ID NOs: 76 and 77) led to a statistically significant increased IL-2 secretion as 

compared to the bispecific agent or the antibody alone or a combination of the bispecific 

agent and an hlgG4 isotype control antibody (Figure 3A and 3B). Additionally, co-culturing 

with MDA-MB-231 (HER2 low, PD-L1 moderate) with the combination of the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) and the PD-L1 antibody (SEQ ID NOs: 76 and 77) 

induced higer IL-2 secretion, however, only to the same extend as when the antibody was 

used alone. This is likely resulting from the Her2 expression on MDA-MB-231 is not sufficient 

for the CD137/HER2 bispecific agent to have any effects.  

[000188] Overall, the data indicate that the functional activity of the CD137/HER2 

bispecific agent (SEQ ID NOs: 81 and 80) in combination with the PD-L1 antibody (SEQ ID 

NOs: 76 and 77), measured by their ability to activate T cells or increase IL-2 secretion, is 

synergistic or additive and depend on Her2 and PD-L1 expression profile on tumor cells.  

[000189] Example 4: Assessment of functional in vivo activity in a xenograft 

mouse model engrafted with human PBMCs 
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[000190] In order to investigate the in vivo activity of a provided combination comprising 

a CD137/HER2 bispecific agent shown in SEQ ID NOs: 81 and 80 and a PD-1 axis inhibitor, 

cell line-derived xenograft mouse model is used. Accordingly, a human cancer cell line is 

implanted subcutaneously in immune deficient NOG mice, delivered at the age of 4-6 weeks 

with at least 1 week of quarantine. After the tumors have been reaching volumes of 

approximately 80-100 mm3 , mice are substituted with human PBMCs. Test molecule(s) are 

injected at least three times and tumor growth and activity is constantly measured. After 

reaching study end, mice are sacrificed. Intratumoral infiltration of CD3-, CD4- and CD8

positive cells are assessed via immunohistochemistry. IFN-gamma RNAscope is conducted 

as further read-out.  

[000191] Example 5: Assessment of functional in vivo activity in a CD137 

humanized mouse model 

[000192] In order to investigate the in vivo activity of a provided combination 

comprising a CD137/HER2 bispecific agent shown in SEQ ID NOs: 81 and 80 and a PD-1 axis 

inhibitor, a mouse cell line-derived xenograft mouse model over-expressing human Her2 is 

used. Accordingly, a mouse cancer cell line is implanted subcutaneously in humanized 

CD137 C57b mice, delivered at the age of 8-10 weeks with at least 1 week of quarantine.  

After the tumors have been reaching volumes of approximately 50-80 mm 3 , mice are 

randomized in homogeneous groups. Test molecule(s) are injected at least three times and 

tumor growth and activity will be constantly measured. After reaching study end, mice are 

sacrificed. Intratumoral infiltration of CD3-, CD4- and CD8-positive cells are assessed via 

immunohistochemistry. IFN-gamma RNAscope is conducted as further read-out.  

[000193] Example 6: Clinical study of CD137/HER2 bispecific agent in combination 

with PD-1 axis inhibitor 

[000194] Data discussed above indicate that a combination comprising a CD137/HER2 

bispecific agent and a PD-1 axis inhibitor can act additively or synergistically to stimulate T 

cell activation in tumor microenvironment. Such a combination could therefore provide 

clinical benefit in patients with cancer.  

[000195] A Phase Ib, open-label, dose escalation study of a CD137/HER2 bispecific 

agent shown in SEQ ID NOs: 81 and 80 in combination with a PD-L1 antibody shown in SEQ 

ID NOs: 76 and 77 in patients with specific HER2-positive advanced or metastatic solid 

tumors is designed to determine the maximum tolerated dose (MTD) and Phase 2 dose 
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(RP2D). Secondary objectives include assessing efficacy, safety, pharmacokinetics, and 

immunogenicity of the combination of the CD137/HER2 bispecific agent and the PD-L1 

antibody. Exploratory objectives include assessing the preliminary antitumor activity of the 

combination, the CD137/HER2 bispecific agent exposure-response relationships, and 

biomarkers. The study includes a dose escalation period followed by an expansion period 

(Figure 4A).  

[000196] One treatment cycle is defined as 21 days and consists of intravenous 

infusions of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 89) given every 3 weeks 

(Q3W) in combination with the PD-L1 antibody (SEQ ID NOs: 76 and 77) given Q3W (Figure 

4B). Patients receive the CD137/HER2 bispecific agent as a 2-hour intravenous infusion on 

Day 1 of each cycle, immediately followed by the PD-L1 antibody (1200 mg fixed dose) 

administered over 60 (± 15) minutes. Subsequent doses of the PD-L1 antibody may be 

administered over 30 (± 10) minutes if the first dose is well tolerated.  

[000197] Dosing of the initial two patients at a given dose level is staggered by a 

minimum of 7 days. A safety review is conducted after the first patient has completed Day 8 

visit. If no dose-limiting toxicities (DLTs) are observed for the first patient, staggering may be 

reduced to 72 hours for the second patient. No staggering is required for subsequent patients 

if no DLTs are observed in the first two patients. A DLT, as used herein, is defined as an 

adverse effect (AE) occurring in Cycle 1 for which other causes cannot be identified (and is 

therefore possibly related to study treatment) and satisfying at least one of the pre-set 

criteria. Toxicities are graded and documented according to the NCI CTCAE, version 4.03 

guidelines. Patients who discontinue prior to completion of cycle 1 are replaced.  

[000198] Dose escalation proceeds using a modified toxicity probability interval (mTPI) 

adaptive design to make dose recommendations and estimate the maximum tolerated dose 

(MTD) of the CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) in combination with the 

approved dose of 1200 mg of the PD-L1 antibody (SEQ ID NOs: 76 and 77). The mTPI 

design is a model-based approach that has a pre-specified decision matrix that recommends 

escalating, reducing or maintaining the same dose or stopping dose escalation, based on the 

number of DLTs observed in the dose level under evaluation. The MTD is defined as the 

dose level that has an estimated probability of toxicity closest to 0.3. It is expected that 3 to 6 

subjects will be enrolled in each dose escalation cohort. Intra-patient dose escalation is not 

permitted.  
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[000199] Dose escalation begins at a dose level of 0.05 mg/kg every 3 weeks (Q3W) in 

combination with a fixed dose of 1200 mg the PD-L1 antibody Q3W. After a minimum of 3 

subjects within this dose have been treated at the target dose level and evaluated through 

the DLT evaluation period, if the mTPI model recommends escalation, then enrollment may 

begin for next dose level. The mTPI model's recommendations are based only on DLTs.  

However, all available safety data as well as emerging PK, persistence and 

pharmacodynamic data, and DLT modeling recommendations are considered in determining 

subsequent doses to be tested. Dose escalation continues until the MTD has been reached, 

until the maximum sample size (30 subjects) has been reached, or until a stopping rule for 

safety or underdosing takes effect, whichever occurs first. Dose levels of the CD137/HER2 

bispecific agent and PD-L1 are tested during the dose escalation period per Table 2. The 

doses of the CD137/HER2 bispecific agent are adjusted or interrupted as appropriated based 

on treatment modifications.  

[000200] Table 2: Doses of the CD137/HER2 bispecific agent and the PD-L1 

antibody evaluated in the dose escalation period 

Dose Minimum No. CD137/HER2 bispecific agent PD-L1 antibody (SEQ ID 
Level of Patients (SEQ ID NOs: 81 and 80) NOs: 76 and 77) 

Dose (mg/kg) Dose (mg) 

1 3 0.05 1200 

2 3 0.15 1200 

3 3 0.5 1200 

4 3 1.0 1200 

5 3 2.5 1200 

6 3 5.0 1200 

7 3 8.0 1200 

[000201] Once the MTD has been established, the expansion period of the study 

investigates the preliminary efficacy and PD effects, in addition to safety and tolerability, of 

the RP2D established from the dose-escalation period.  

[000202] Dosing continues until criteria for study treatment discontinuation are met 

(disease progression or withdrawal from the study) or up to 30 cycles. Patients are assessed 

for tumor response/progression every 6 weeks for the initial 24 weeks of dosing (first 8 

cycles) and every 12 weeks after the Week 24 scans.  
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[000203] For the dose-finding cohorts, after the last patient in a given cohort has 

completed at least 1 cycle of study treatment, all safety data are reviewed to determine 

whether to continue or halt dose escalation, expand individual dose levels to gain additional 

safety data, determine the MTD and/or RP2D, or explore other dose levels/schedules.  

[000204] Formulations - The CD137/HER2 bispecific agent (SEQ ID NOs: 81 and 80) 

is provided as aqueous solution in a 20-mL Type I USP/European Pharmacopeia glass vial 

with a nominal fill of 16 for infusion. The CD137/HER2 bispecific agent is formulated with a 

target protein concentration of 25 mg/mL in 20 mM Histidine, 250 mM Sorbitol, pH 6.3, 

0.01% PS80. The PD-L1 antibody (SEQ ID NOs: 76 and 77) is provided as aqueous solution 

in a single-use, 20-cc Type 1 USP/European Pharmacopeia glass vial. The vial is designed 

to deliver 20 mL (1200 mg) of the PD-L1 antibody formulated as 60 mg/mL in 20 mM 

histidine acetate, 120 mM sucrose, 0.04% polysorbate 20, pH 5.8.  

[000205] Safety assessment - The safety and tolerability of the CD137/HER2 

bispecific agent and the PD-L1 antibody are assessed based on AEs (incidence and 

severity), performance status, physical examinations, 12-lead resting electrocardiograms 

(ECGs), LVEF assessments and laboratory safety evaluations. Laboratory abnormalities and 

AEs are graded according to NCI CTCAE v4.03. Management of immune-related (ir) AEs 

provides detailed guidance for the handling of immune-related (ir) AEs. AEs, ECGs, LVEF 

assessments and laboratory data are reviewed and summarized on an ongoing basis during 

the study. All patients who receive at least 1 dose of study treatment are included in the 

safety analyses.  

[000206] Pharmacokinetic assessment - The single and multiple dose 

pharmacokinetic profiles of the CD137/HER2 bispecific agent and the PD-L1 antibody are 

investigated during the course of the study using the following parameters: (1) the integral of 

the concentration-time curve (area under the concentration-time curve, AUC); (2) maximum 

plasma, blood, serum, or other body fluid drug concentration (Cmax); (3) time to reach Cmax 

(Tmax); (4) terminal half-life (t 1 2); (5) the volume of plasma cleared of the drug per unit time 

clearance (clearance, CL); (6) the apparent volume of distribution during terminal phase (Vz); 

and (7) accumulation ratio (AR; AR=Cmax (multiple dose)/Cmax (single dose)).  

[000207] For the assessment of the pharmacokinetics of the CD137/HER2 bispecific 

agent, peripheral venous blood (4 mL) is collected from all patients during Cycles 1 and 3 at 

pre-bispecific agent infusion, and at 5 minutes, 4, 8, 24, 48, 72, 168, and 336 hours after the 

end of bispecific agent infusion including flush. Samples are also collected pre-bispecific 
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agent infusion on Day 1 of Cycles 2, 4-6, 8, 12, and 16 for quantitation of the bispecific 

agent.  

[000208] For the assessment of the pharmacokinetics of the PD-L1 antibody, peripheral 

venous blood (4 mL) is collected from all patients during Cycle 1 at pre-antibody infusion, 

and at 30 minutes after the end of the PD-L1 antibody infusion including flush. Samples are 

also collected pre-antibody infusion on Day 1 of Cycles 2, 4, 8, 12, 16 for quantitation of the 

PD-L1 antibody.  

[000209] Pharmacodynamic assessment - The pharmacodynamic response of the 

CD137/HER2 bispecific agent and the PD-L1 antibody are assessed by quantifying 

lymphocyte subtypes or markers in tumor biopsies or peripheral blood and cytokine levels in 

plasma. Selected pharmacodynamic markers planned for analysis (samples will be taken 

predose and postdose at pre-specified time points) are presented in Table 3.  

[000210] Table 3: Pharmacodynamic markers evaluated 

Source Marker 

Biopsy IHC (e.g. CD4, CD8, PDL-1, Ki67, FoxP3, etc.) 

Genomic analysis 

Blood Phenotyping (e.g. CD8 T cells, CD4 T cells) 

Plasma e.g., CD137, HER2, interleukin 8 (IL-8), IFN-gamma 

[000211] Biomarker assessment - Peripheral blood and fresh tumor tissue are 

collected prior to therapy and at selected time points on treatment (tumor biopsy). Residual 

sample material available after completion of the designated analyses are used for 

identification of additional pharmacodynamic or predictive markers or to enhance 

understanding of disease biology unless prohibited by local laws or regulations. Samples are 

de-identified to ensure patient privacy.  

[000212] Efficacy assessment- The efficacy of the CD137/HER2 bispecific agent and 

the PD-L1 antibody is assessed by evaluating tumor response and progression according to 

RECIST, Version 1.1. Patients are assessed every 6 weeks for the initial 24 weeks of dosing 

(first 8 cycles). After the Week 24 scans, tumor assessments are conducted every 12 weeks.  

Tumor assessments would consist of clinical examination and appropriate imaging 

techniques, e.g., computerized tomography (CT) scans of the chest, abdomen, and pelvis 

with appropriate slice thickness per RECIST. Other studies such as magnetic resonance 
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imaging (MRI), X-ray, positron emission tomography (PET) scan, and ultrasound are 

performed as required. The same methods used to detect lesions at baseline are used to 

follow the same lesions throughout the clinical study.  

[000213] Immunogenicity assessment - The immunogenicity of the CD137/HER2 

bispecific agent and the PD-L1 antibody is assessed based on antidrug antibody levels in the 

venous blood samples. Additionally, the concentration/adverse event - immunogenicity 

relationship was explored graphically, and tabulated to characterize a relationship between 

the changes from screening immunogenicity presence and serum concentration of the 

CD137/HER2 bispecific agent. The potential correlation between immunogenicity and other 

endpoints (major safety, efficacy and biomarker parameters) is also evaluated.  

[000214] Statistical methods - Tabular summaries of data are descriptive in nature 

(i.e., number of patients [n], mean, standard deviation, median, minimum and maximum for 

continuous variables and n and percent for categorical variables). A more detailed 

description of analysis methods is provided in the statistical analysis plan (SAP) to be 

completed prior to the clinical database lock.  

[000215] Embodiments illustratively described herein may suitably be practiced in the 

absence of any element or elements, limitation or limitations, not specifically disclosed 

herein. Thus, for example, the terms "comprising," "including," "containing," etc. shall be read 

expansively and without limitation. Additionally, the terms and expressions employed herein 

have been used as terms of description and not of limitation, and there is no intention in the 

use of such terms and expressions of excluding any equivalents of the features shown and 

described or portions thereof, but it is recognized that various modifications are possible 

within the scope of the invention claimed. Thus, it should be understood that although the 

present embodiments have been specifically disclosed by preferred embodiments and 

optional features, modification and variations thereof may be resorted to by those skilled in 

the art and that such modifications and variations are considered to be within the scope of 

this invention. All patents, patent applications, textbooks, and peer-reviewed publications 

described herein are hereby incorporated by reference in their entirety. Furthermore, where a 

definition or use of a term in a reference, which is incorporated by reference herein is 

inconsistent or contrary to the definition of that term provided herein, the definition of that 

term provided herein applies and the definition of that term in the reference does not apply.  

Each of the narrower species and subgeneric groupings falling within the generic disclosure 

also forms part of the invention. This includes the generic description of the invention with a 
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proviso or negative limitation removing any subject matter from the genus, regardless of 

whether or not the excised material is specifically recited herein. In addition, where features 

are described in terms of Markush groups, those skilled in the art will recognize that the 

disclosure is also thereby described in terms of any individual member or subgroup of 

members of the Markush group. Further embodiments will become apparent from the 

following claims.  

[000216] Equivalents: those skilled in the art will recognize, or be able to ascertain using 

no more than routine experimentation, many equivalents to the specific embodiments of the 

invention described herein. Such equivalents are intended to be encompassed by the 

following claims. All publications, patents, and patent applications mentioned in this 

specification are herein incorporated by reference into the specification to the same extent as 

if each individual publication, patent or patent application was specifically and individually 

indicated to be incorporated herein by reference.  
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CLAIMS 

1. A method of treating cancer in a subject, comprising administering to the subject: 

(a) a CD137/HER2 bispecific agent comprising (i) CDR1, CDR2, CDR3 domains of 

the heavy chain variable region having the sequence set forth in SEQ ID NO: 64, 

(ii) CDR1, CDR2, CDR3 domains of the light chain variable region having the 

sequence set forth in SEQ ID NO: 65, and (iii) a lipocalin mutein with the 

sequence set forth in any one of SEQ ID NOs: 21-39, and 

(b) a PD-1 axis inhibitor.  

2. A method of treating cancer in a subject, comprising: 

(a) administering to the subject a CD137/HER2 bispecific agent, wherein the 

subject is also receiving a PD-1 axis inhibitor, so that the subject receives therapy in 

both, or 

(b) administering to the subject a PD-1 axis inhibitor, wherein the subject is also 

receiving a CD137/HER2 bispecific agent, so that the subject receives therapy in 

both, 

wherein the CD137/HER2 bispecific agent comprises (i) CDR1, CDR2, CDR3 

domains of the heavy chain variable region having the sequence set forth in SEQ ID 

NO: 64, (ii) CDR1, CDR2, CDR3 domains of the light chain variable region having the 

sequence set forth in SEQ ID NO: 65, and (iii) a lipocalin mutein with the sequence 

set forth in any one of SEQ ID NOs: 21-39.  

3. The method of claim 1 or 2, wherein the cancer is HER-2 positive and/or PD-L1 positive.  

4. The method of any one of claims 1-3, wherein the method is capable of providing an 

enhanced anti-tumor effect.  

5. The method of any one of claims 1-4, wherein the method is capable of providing an 

additive an-tumor effect as compared to the CD137/HER2 bispecific agent or the PD-1 

axis inhibitor alone.  

6. The method of any one of claims 1-4, wherein the method is capable of providing an 

synergistic an-tumor effect as compared to the CD137/HER2 bispecific agent or the PD-1 

axis inhibitor alone.  
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7. The method of any one of claims 4-6, wherein the anti-tumor effect is selected from the 

group consisting of: 

(a) stimulation of tumor-related immune response; 

(b) increased IL-2 secretion; 

(c) increased IL-2 secretion in a tumor microenvironment; 

(d) increased IFN-gamma secretion; 

(e) increased IFN-gamma secretion in a tumor microenvironment; 

(f) expansion of CD4' T cells; 

(g) expansion of CD4' T cells in a tumor microenvironment; 

(h) expansion of CD8' T cells; 

(i) expansion of CD8' T cells in a tumor microenvironment; 

(j) expansion of tumor-infiltrating lymphocytes; 

(k) activation of NK cells and increased antibody-dependent cell-mediated cytotoxicity 

(ADCC); 

(1) activation of NK cells and increased ADCC in a tumor microenvironment; 

(m) increased level of CD4 in a tumor microenvironment; 

(n) decreased level of CD4 in a tumor microenvironment; 

(o) increased level of CD8 in a tumor microenvironment; 

(p) decreased level of CD8 in a tumor microenvironment; 

(q) increased level of PD-L1 in a tumor microenvironment; 

(r) decreased level of PD-L1 in a tumor microenvironment; 

(s) increased level of Ki67 in a tumor microenvironment; 

(t) decreased level of Ki67 in a tumor microenvironment; 

(u) increased level of CD137 in a tumor microenvironment; 

(v) decreased level of CD137 in a tumor microenvironment; 

(w) increased level of HER2 in a tumor microenvironment; 

(x) decreased level of HER2 in a tumor microenvironment; 

(y) increased level of IL-8 in a tumor microenvironment; 

(z) decreased level of IL-8 in a tumor microenvironment; 

(aa) increased level of FoxP3 in a tumor microenvironment; 

(ab) decreased level of FoxP3 in a tumor microenvironment; 

(ac) reduction of tumor size; 

(ad) suppression of tumor growth; 

(ae) suppression of tumor metastasis; 
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(af) delay of recurrence; or 

(ag) improved overall survival.  

8. The method of any one of claims 1-7, wherein the method comprises at least one 

administration cycle, wherein the cycle is a period of about three weeks, wherein for each 

of the at least one cycles at least one dose of the CD137/HER2 bispecific agent is 

administered and at least one dose of the PD-1 axis inhibitor is administered.  

9. The method of any one of claims 1-8, wherein the CD137/HER2 bispecific agent and the 

PD-1 axis inhibitor are administered sequentially or concurrently.  

10.The method of any one of claims 1-9, wherein the CD137/HER2 bispecific agent is 

administered at a dose of about 0.05 mg/kg, 0.15 mg/kg, 0.5 mg/kg, 1.0 mg/kg, 2.5 

mg/kg, 5.0 mg/kg, or 8.0 mg/kg.  

11. The method of any one of claims 1-10, wherein the PD-1 axis inhibitor is an anti-PD-L1 

antibody.  

12. The method of claim 11, wherein the anti-PD-1 antibody has the sequences set forth in 

SEQ ID NOs: 76 and 77.  

13. The method of claim 11 or 12, wherein the anti-PD-1 antibody is administered at a dose 

of about 1200 mg.  

14. The method of any one of claims 1-10, wherein the PD-1 axis inhibitor is an anti-PD-1 

antibody.  

15. The method of any one of claims 1-10, wherein the PD-1 axis inhibitor is an antibody 

having the sequences set forth in SEQ ID NOs: 72 and 73 or SEQ ID NOs: 74 and 75.  

16. The method of any one of claims 1-10, wherein the PD-1 axis inhibitor is atezolizumab, 

durvalulmab, avelumab, nivolumab, pembrolizumab, tislelizumab, or cemiplimab.  

17. The method of any one of claims 1-16, wherein the CD137/HER2 bispecific agent and 

the PD-1 axis inhibitor are administered at the following doses: 

(a) about 0.05 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, 
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(b) about 0.15 mg/kg CD137/HR2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, 

(c) about 0.5 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, 

(d) about 1.0 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, 

(e) about 2.5 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, 

(f) about 5.0 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor, or 

(g) about 8.0 mg/kg CD137/HER2 bispecific agent and about 1200mg PD-1 axis 

inhibitor 

18. The method of any one of claims 1-17, wherein the method comprises at least one 

administration cycle, such as 2, 3, 4, 5, 10, 15, 20, 25, and 30 cycles, wherein the cycle is 

a period of about three weeks.  

19. The method of any one of claims 1-18, wherein the method comprises administering one 

dose of the CD137/HER2 bispecific agent and one dose of the PD-1 axis inhibitor, 

sequentially with respect to each other, on days 1 of each three-week cycle.  

20. The method of any one of claims 1-19, wherein the method comprises administering one 

dose of the CD137/HER2 bispecific agent and one dose of the PD-1 axis inhibitor, 

sequentially with respect to each other, on days 1 of each cycle for 30 three-week cycles.  

21. The method of any one of claims 1-20, wherein the CD137/HER2 bispecific agent 

comprises a lipocalin mutein specific for CD137 fused at the N-terminus via a linker to the 

C-terminus of each heavy chain of anti-HER2 antibody.  

22. The method of any one of claims 21, wherein the lipocalin mutein specific for CD137 has 

the sequence set forth in SEQ ID NO: 22.  

23. The method of any one of claims 22, wherein the anti-HER2 antibody has the sequence 

set forth in SEQ ID NOs: 79 and 80.  
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24. The method of any one of claims 1-23, wherein the CD137/HER2 bispecific agent has the 

sequences set forth in SEQ ID NOs: 81 and 80, SEQ ID NOs: 79 and 82, SEQ ID NOs: 

83 and 80, or SEQ ID NOs: 79 and 84.  

25. The method of any one of claims 1-24, wherein the cancer is HER-2 positive advanced or 

metastatic solid tumors.  

26. The method of any one of claims 1-25, wherein the subject is previously treated.  

27. The method of any one of claims 1-26, wherein the subject is previously treated with an 

anti-HER2 therapy.  

28. The method of any one of claims 1-27, wherein the subject is previously treated with a 

PD-1 axis inhibitor therapy.  

29. The method of any one of claims 1-28, wherein the treatment produces at least one effect 

chosen from stimulation of tumor-specific immune responses, reduction in tumor size, 

suppression of the growth of tumor cells, suppression of the metastasis, complete 

remission, partial remission, stabilization of disease, extension of the term before 

recurrence, extension of survival time, complete response, and partial response.  

30.A combination comprising an CD137/HER2 bispecific agent antibody comprising (i) 

CDR1, CDR2, CDR3 domains of the heavy chain variable region having the sequence 

set forth in SEQ ID NO: 64, (ii) CDR1, CDR2, CDR3 domains of the light chain variable 

region having the sequence set forth in SEQ ID NO: 65, and (iii) a lipocalin mutein with 

the sequence set forth in any one of SEQ ID NOs: 21-39, and a PD-1 axis inhibitor, 

wherein the combination is suitable to be administered to a subject in at least one cycle, 

wherein for each cycle the CD137/HER2 bispecific agent is administered at a dose of 

about 0.05 mg/kg, 0.15 mg/kg, 0.5 mg/kg, 1.0 mg/kg, 2.5 mg/kg, 5.0 mg/kg, or 8.0 mg/kg 

and the anti-PD-L1 axis inhibitor is administered at a dose of about 1200 mg.  

31. The combination of claim 30, wherein the CD137/HER2 bispecific agent and the anti-PD

Ll antibody are administered sequentially or concurrently.  

32. The combination of claim 30 or 31, wherein the combination may be used for treating 

HER2-positive and/or PD-L1 positive tumors.  

65



WO 2020/043683 PCT/EP2019/072754 

33. The combination of any one of claims 30-32, wherein the combination may produce 

enhanced anti-tumor effects.  

34. The combination of any one of claims 30-33, wherein the combination may produce 

additive anti-tumor effects as compared to the CD137/HER2 bispecific agent or the PD-1 

axis inhibitor alone.  

35. The combination of any one of claims 30-33, wherein the combination may produce 

synergistic anti-tumor effects as compared to the CD137/HER2 bispecific agent or the 

PD-1 axis inhibitor alone.  

36. A kit of parts comprising 

(a) a pharmaceutical composition comprising an CD137/HER2 bispecific agent 

antibody comprising (i) CDR1, CDR2, CDR3 domains of the heavy chain variable 

region having the sequence set forth in SEQ ID NO: 64, (ii) CDR1, CD2, CDR3 

domains of the light chain variable region having the sequence set forth in SEQ ID 

NO: 65, and (iii) a lipocalin mutein with the sequence set forth in any one of SEQ 

ID NOs: 21-39; and 

(b) a pharmaceutical composition comprising a PD-1 axis inhibitor.  

37. The kit of parts of claim 36, wherein the CD137/HER2 bispecific agent is at a unit dosage 

of about 0.05 mg/kg, 0.15 mg/kg, 0.5 mg/kg, 1.0 mg/kg, 2.5 mg/kg, 5.0 mg/kg, or 8.0 

mg/kg and the anti-PD-L1 axis inhibitor is at a unit dosage of about 1200 mg.  

38. The kit of parts of claim 36 or 37, wherein the pharmaceutical composition comprising an 

CD137/HER2 bispecific agent and the pharmaceutical composition comprising a PD-1 

axis inhibitor are capable of producing additive or synergistic anti-tumor effect.  
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                         SEQUENCE LISTING

<110>  Pieris Pharmaceuticals GmbH

<120>  Combination therapies comprising CD137/HER2 bispecific agents
and
        PD-1 axis inhibitors and uses thereof

<130>  PIE16492PCT

<150>  EP18191041.5
<151>  2018-08-27

<160>  112

<170>  PatentIn version 3.5

<210>  1
<211>  178
<212>  PRT
<213>  Homo sapiens

<400>  1

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Gln Lys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp Tyr Trp Ile
65                  70                  75                  80

Arg Thr Phe Val Pro Gly Cys Gln Pro Gly Glu Phe Thr Leu Gly Asn



                85                  90                  95

Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Lys Val Ser Gln
        115                 120                 125

Asn Arg Glu Tyr Phe Lys Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  2
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  NGAL98wt

<400>  2

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30



Val Val Gly Leu Ala Gly Asn Ala Ile Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Gln Lys Met Tyr Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Ser Val Leu Phe Arg Lys Lys Lys Cys Asp Tyr Trp Ile
65                  70                  75                  80

Arg Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Asn
                85                  90                  95

Ile Lys Ser Tyr Pro Gly Leu Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Lys Val Ser Gln
        115                 120                 125

Asn Arg Glu Tyr Phe Lys Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  3
<211>  272
<212>  PRT
<213>  Artificial



<220>
<223>  human PD-L1 full length

<400>  3

Phe Thr Val Thr Val Pro Lys Asp Leu Tyr Val Val Glu Tyr Gly Ser
1               5                   10                  15

Asn Met Thr Ile Glu Cys Lys Phe Pro Val Glu Lys Gln Leu Asp Leu
            20                  25                  30

Ala Ala Leu Ile Val Tyr Trp Glu Met Glu Asp Lys Asn Ile Ile Gln
        35                  40                  45

Phe Val His Gly Glu Glu Asp Leu Lys Val Gln His Ser Ser Tyr Arg
    50                  55                  60

Gln Arg Ala Arg Leu Leu Lys Asp Gln Leu Ser Leu Gly Asn Ala Ala
65                  70                  75                  80

Leu Gln Ile Thr Asp Val Lys Leu Gln Asp Ala Gly Val Tyr Arg Cys
                85                  90                  95

Met Ile Ser Tyr Gly Gly Ala Asp Tyr Lys Arg Ile Thr Val Lys Val
            100                 105                 110

Asn Ala Pro Tyr Asn Lys Ile Asn Gln Arg Ile Leu Val Val Asp Pro
        115                 120                 125

Val Thr Ser Glu His Glu Leu Thr Cys Gln Ala Glu Gly Tyr Pro Lys
    130                 135                 140

Ala Glu Val Ile Trp Thr Ser Ser Asp His Gln Val Leu Ser Gly Lys
145                 150                 155                 160



Thr Thr Thr Thr Asn Ser Lys Arg Glu Glu Lys Leu Phe Asn Val Thr
                165                 170                 175

Ser Thr Leu Arg Ile Asn Thr Thr Thr Asn Glu Ile Phe Tyr Cys Thr
            180                 185                 190

Phe Arg Arg Leu Asp Pro Glu Glu Asn His Thr Ala Glu Leu Val Ile
        195                 200                 205

Pro Glu Leu Pro Leu Ala His Pro Pro Asn Glu Arg Thr His Leu Val
    210                 215                 220

Ile Leu Gly Ala Ile Leu Leu Cys Leu Gly Val Ala Leu Thr Phe Ile
225                 230                 235                 240

Phe Arg Leu Arg Lys Gly Arg Met Met Asp Val Lys Lys Cys Gly Ile
                245                 250                 255

Gln Asp Thr Asn Ser Lys Lys Gln Ser Asp Thr His Leu Glu Glu Thr
            260                 265                 270

<210>  4
<211>  15
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  4

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1               5                   10                  15

<210>  5
<211>  18
<212>  PRT



<213>  Artificial

<220>
<223>  Linker

<400>  5

Pro Ser Thr Pro Pro Thr Asn Ser Ser Ser Thr Pro Pro Thr Pro Ser
1               5                   10                  15

Pro Ser

<210>  6
<211>  14
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  6

Gly Gly Ser Gly Asn Ser Ser Gly Ser Gly Gly Ser Pro Val
1               5                   10

<210>  7
<211>  20
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  7

Ala Ser Pro Ala Ala Pro Ala Pro Ala Ser Pro Ala Ala Pro Ala Pro
1               5                   10                  15

Ser Ala Pro Ala
            20



<210>  8
<211>  66
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  8

Ala Gly Ser Gly Gly Ser Gly Gly Ser Gly Gly Ser Pro Val Pro Ser
1               5                   10                  15

Thr Pro Pro Thr Pro Ser Pro Ser Thr Pro Pro Thr Pro Ser Pro Ser
            20                  25                  30

Gly Gly Ser Gly Asn Ser Ser Gly Ser Gly Gly Ser Pro Val Pro Ser
        35                  40                  45

Thr Pro Pro Thr Pro Ser Pro Ser Thr Pro Pro Thr Pro Ser Pro Ser
    50                  55                  60

Ala Ser
65

<210>  9
<211>  32
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  9

Pro Ser Thr Pro Pro Thr Pro Ser Pro Ser Thr Pro Pro Thr Pro Ser
1               5                   10                  15



Pro Ser Gly Gly Ser Gly Asn Ser Ser Gly Ser Gly Gly Ser Pro Val
            20                  25                  30

<210>  10
<211>  74
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  10

Ala Gly Ser Gly Gly Ser Gly Gly Ser Gly Gly Ser Pro Val Pro Ser
1               5                   10                  15

Thr Pro Pro Thr Asn Ser Ser Ser Thr Pro Pro Thr Pro Ser Pro Ser
            20                  25                  30

Pro Val Pro Ser Thr Pro Pro Thr Asn Ser Ser Ser Thr Pro Pro Thr
        35                  40                  45

Pro Ser Pro Ser Pro Val Pro Ser Thr Pro Pro Thr Asn Ser Ser Ser
    50                  55                  60

Thr Pro Pro Thr Pro Ser Pro Ser Ala Ser
65                  70

<210>  11
<211>  40
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  11



Ala Ser Pro Ala Ala Pro Ala Pro Ala Ser Pro Ala Ala Pro Ala Pro
1               5                   10                  15

Ser Ala Pro Ala Ala Ser Pro Ala Ala Pro Ala Pro Ala Ser Pro Ala
            20                  25                  30

Ala Pro Ala Pro Ser Ala Pro Ala
        35                  40

<210>  12
<211>  10
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  12

Val Asp Asp Ile Glu Gly Arg Met Asp Glu
1               5                   10

<210>  13
<211>  11
<212>  PRT
<213>  Artificial

<220>
<223>  Linker

<400>  13

Glu Asn Leu Tyr Phe Gln Gly Arg Met Asp Glu
1               5                   10

<210>  14
<211>  10
<212>  PRT
<213>  Artificial



<220>
<223>  Linker

<400>  14

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1               5                   10

<210>  15
<211>  327
<212>  PRT
<213>  Artificial

<220>
<223>  hIgG4 HC

<400>  15

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1               5                   10                  15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
            20                  25                  30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
        35                  40                  45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
    50                  55                  60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65                  70                  75                  80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
                85                  90                  95

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
            100                 105                 110



Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
        115                 120                 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
    130                 135                 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145                 150                 155                 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
                165                 170                 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
            180                 185                 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
        195                 200                 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
    210                 215                 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225                 230                 235                 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
                245                 250                 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
            260                 265                 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
        275                 280                 285



Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
    290                 295                 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305                 310                 315                 320

Leu Ser Leu Ser Leu Gly Lys
                325

<210>  16
<211>  214
<212>  PRT
<213>  Artificial

<220>
<223>  hIgG4 LC

<400>  16

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1               5                   10                  15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
            20                  25                  30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
        35                  40                  45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
    50                  55                  60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65                  70                  75                  80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ser Ser Asn Trp Pro Arg
                85                  90                  95



Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
            100                 105                 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
        115                 120                 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
    130                 135                 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145                 150                 155                 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
                165                 170                 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
            180                 185                 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
        195                 200                 205

Phe Asn Arg Gly Glu Cys
    210

<210>  17
<211>  228
<212>  PRT
<213>  Artificial

<220>
<223>  Fc, IgG4

<400>  17

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala



1               5                   10                  15

Ala Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
            20                  25                  30

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
        35                  40                  45

Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
    50                  55                  60

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
65                  70                  75                  80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
                85                  90                  95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
            100                 105                 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
        115                 120                 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
    130                 135                 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145                 150                 155                 160

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
                165                 170                 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
            180                 185                 190



Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
        195                 200                 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
    210                 215                 220

Leu Ser Leu Gly
225

<210>  18
<211>  228
<212>  PRT
<213>  Artificial

<220>
<223>  Fc, IgG4

<400>  18

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe
1               5                   10                  15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
            20                  25                  30

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
        35                  40                  45

Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
    50                  55                  60

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
65                  70                  75                  80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu



                85                  90                  95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
            100                 105                 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
        115                 120                 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
    130                 135                 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145                 150                 155                 160

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
                165                 170                 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
            180                 185                 190

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
        195                 200                 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
    210                 215                 220

Leu Ser Leu Gly
225

<210>  19
<211>  228
<212>  PRT
<213>  Artificial

<220>



<223>  Fc, IgG4

<400>  19

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe
1               5                   10                  15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
            20                  25                  30

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
        35                  40                  45

Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
    50                  55                  60

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
65                  70                  75                  80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
                85                  90                  95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
            100                 105                 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
        115                 120                 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
    130                 135                 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145                 150                 155                 160

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr



                165                 170                 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
            180                 185                 190

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
        195                 200                 205

Val Leu His Glu Ala Leu His Ser His Tyr Thr Gln Lys Ser Leu Ser
    210                 215                 220

Leu Ser Leu Gly
225

<210>  20
<211>  228
<212>  PRT
<213>  Artificial

<220>
<223>  Fc, IgG4

<400>  20

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe
1               5                   10                  15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
            20                  25                  30

Leu Tyr Ile Thr Arg Glu Pro Glu Val Thr Cys Val Val Val Asp Val
        35                  40                  45

Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val
    50                  55                  60



Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser
65                  70                  75                  80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
                85                  90                  95

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser
            100                 105                 110

Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
        115                 120                 125

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln
    130                 135                 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
145                 150                 155                 160

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
                165                 170                 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu
            180                 185                 190

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser
        195                 200                 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
    210                 215                 220

Leu Ser Leu Gly
225

<210>  21



<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  21

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Lys Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Asn Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Gly Val Thr Phe Asp Asp Lys Lys Cys Thr Tyr Ala Ile
65                  70                  75                  80

Ser Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140



Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  22
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  22

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Ile Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Met Val Lys Phe Asp Asp Lys Lys Cys Met Tyr Asp Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95



Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  23
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  23

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45



Asn Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Ala Val Ala Phe Asp Asp Lys Lys Cys Thr Tyr Asp Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  24
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein



<400>  24

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Lys Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Asn Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Ala Val Ala Phe Asp Asp Lys Lys Cys Thr Tyr Asp Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175



Asp Gly

<210>  25
<211>  175
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  25

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Lys Leu Arg Glu Asp Ser Lys Met
        35                  40                  45

Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr Asp Val Thr
    50                  55                  60

Gly Val Ser Phe Asp Asp Lys Lys Cys Thr Tyr Ala Ile Met Thr Phe
65                  70                  75                  80

Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys Ile Lys Ser
                85                  90                  95

Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser Thr Asn Tyr
            100                 105                 110

Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln Asn Arg Glu



        115                 120                 125

Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu Thr Ser Glu
    130                 135                 140

Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro Glu
145                 150                 155                 160

Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
                165                 170                 175

<210>  26
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  26

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Lys Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Val Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Gly Val Thr Phe Asp Asp Lys Lys Cys Arg Tyr Asp Ile
65                  70                  75                  80



Ser Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Phe Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  27
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  27

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30



Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Gly Val Thr Phe Asp Asp Lys Lys Cys Thr Tyr Ala Ile
65                  70                  75                  80

Ser Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  28
<211>  178
<212>  PRT
<213>  Artificial



<220>
<223>  lipocalin mutein

<400>  28

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Lys Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Asn Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Gly Val Thr Phe Asp Asp Lys Lys Cys Thr Tyr Ala Ile
65                  70                  75                  80

Ser Thr Leu Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Phe Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160



Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  29
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  29

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Ser Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Ala Val Thr Phe Asp Asp Lys Lys Cys Asn Tyr Ala Ile
65                  70                  75                  80

Ser Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110



Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  30
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  30

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Ser Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr



    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  31
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  31



Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Ser Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Arg Ser Asp Leu Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly



<210>  32
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  32

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Tyr Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Leu Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Gln Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Ser Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125



Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  33
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  33

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln His Ile Ile
65                  70                  75                  80



Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  34
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  34

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asp Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30



Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  35
<211>  178
<212>  PRT



<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  35

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Ile Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160



Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  36
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  36

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Arg Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Val Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser



            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Tyr Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  37
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  37

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45



His Lys Met Ser Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Asn
65                  70                  75                  80

Trp Pro Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Leu Gly Pro Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  38
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  38



Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

His Lys Met Gly Ala Thr Ile Tyr Glu Leu Asn Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Phe Leu Asp Lys Lys Cys Gln Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125

Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175



Asp Gly

<210>  39
<211>  178
<212>  PRT
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  39

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe Gln Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Met Ala Gly Asn Asn Leu Leu Arg Asp Asp Lys Asp Pro
        35                  40                  45

His Lys Met Ser Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asn Val Thr Asp Val Met Leu Leu Asp Lys Lys Cys His Tyr Ile Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Leu Thr Leu Gly Phe
                85                  90                  95

Ile Lys Ser Asp Pro Gly His Thr Ser Tyr Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Ser Val Ile Gln
        115                 120                 125



Asn Arg Glu Trp Phe Gly Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly

<210>  40
<211>  10
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab HCDR1

<400>  40

Gly Phe Asn Ile Lys Asp Thr Tyr Ile His
1               5                   10

<210>  41
<211>  18
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab HCDR2

<400>  41

Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val Lys
1               5                   10                  15



Gly Arg

<210>  42
<211>  11
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab HCDR3

<400>  42

Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr
1               5                   10

<210>  43
<211>  12
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab LCDR1

<400>  43

Arg Ala Ser Gln Asp Val Asn Thr Ala Val Ala Trp
1               5                   10

<210>  44
<211>  7
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab LCDR2

<400>  44

Ser Ala Ser Phe Leu Tyr Ser
1               5



<210>  45
<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab LCDR3

<400>  45

Gln Gln His Tyr Thr Thr Pro Pro Thr
1               5

<210>  46
<211>  5
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo HCDR1

<400>  46

Asn Ser Gly Met His
1               5

<210>  47
<211>  17
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo HCDR2

<400>  47

Val Ile Trp Tyr Asp Gly Ser Lys Arg Tyr Tyr Ala Asp Ser Val Lys
1               5                   10                  15

Gly



<210>  48
<211>  4
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo HCDR3

<400>  48

Asn Asp Asp Tyr
1

<210>  49
<211>  11
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo LCDR1

<400>  49

Arg Ala Ser Gln Ser Val Ser Ser Tyr Leu Ala
1               5                   10

<210>  50
<211>  7
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo LCDR2

<400>  50

Asp Ala Ser Asn Arg Ala Thr
1               5

<210>  51



<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo LCDR3

<400>  51

Gln Gln Ser Ser Asn Trp Pro Arg Thr
1               5

<210>  52
<211>  5
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro HCDR1

<400>  52

Asn Tyr Tyr Met Tyr
1               5

<210>  53
<211>  16
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro HCDR2

<400>  53

Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn Glu Lys Phe Lys
1               5                   10                  15

<210>  54
<211>  11
<212>  PRT
<213>  Artificial



<220>
<223>  Pembro HCDR3

<400>  54

Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr
1               5                   10

<210>  55
<211>  15
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro LCDR1

<400>  55

Arg Ala Ser Lys Gly Val Ser Thr Ser Gly Tyr Ser Tyr Leu His
1               5                   10                  15

<210>  56
<211>  7
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro LCDR2

<400>  56

Leu Ala Ser Tyr Leu Glu Ser
1               5

<210>  57
<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro LCDR3



<400>  57

Gln His Ser Arg Asp Leu Pro Leu Thr
1               5

<210>  58
<211>  10
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo HCDR1

<400>  58

Gly Phe Thr Phe Ser Asp Ser Trp Ile His
1               5                   10

<210>  59
<211>  15
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo HCDR2

<400>  59

Ala Trp Ile Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr Ala Asp Ser
1               5                   10                  15

<210>  60
<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Atez HCDR3

<400>  60



Arg His Trp Pro Gly Gly Phe Asp Tyr
1               5

<210>  61
<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo LCDR1

<400>  61

Arg Ala Ser Gln Asp Val Ser Thr Ala
1               5

<210>  62
<211>  7
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo LCDR2

<400>  62

Ser Ala Ser Phe Leu Tyr Ser
1               5

<210>  63
<211>  9
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo LCDR3

<400>  63

Gln Gln Tyr Leu Tyr His Pro Ala Thr
1               5



<210>  64
<211>  120
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab VH

<400>  64

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys Asp Thr
            20                  25                  30

Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Leu Val Thr Val Ser Ser
        115                 120

<210>  65
<211>  107



<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab VL

<400>  65

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1               5                   10                  15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr Ala
            20                  25                  30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60

Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Thr Thr Pro Pro
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
            100                 105

<210>  66
<211>  113
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo VH

<400>  66



Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1               5                   10                  15

Ser Leu Arg Leu Asp Cys Lys Ala Ser Gly Ile Thr Phe Ser Asn Ser
            20                  25                  30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Val Ile Trp Tyr Asp Gly Ser Lys Arg Tyr Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ala Thr Asn Asp Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
            100                 105                 110

Ser

<210>  67
<211>  107
<212>  PRT
<213>  Artificial

<220>
<223>  Nivo VL

<400>  67

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1               5                   10                  15



Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
            20                  25                  30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
        35                  40                  45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
    50                  55                  60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65                  70                  75                  80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ser Ser Asn Trp Pro Arg
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
            100                 105

<210>  68
<211>  120
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro VH

<400>  68

Gln Val Gln Leu Val Gln Ser Gly Val Glu Val Lys Lys Pro Gly Ala
1               5                   10                  15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
            20                  25                  30

Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met



        35                  40                  45

Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn Glu Lys Phe
    50                  55                  60

Lys Asn Arg Val Thr Leu Thr Thr Asp Ser Ser Thr Thr Thr Ala Tyr
65                  70                  75                  80

Met Glu Leu Lys Ser Leu Gln Phe Asp Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ala Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Thr Val Thr Val Ser Ser
        115                 120

<210>  69
<211>  111
<212>  PRT
<213>  Artificial

<220>
<223>  Pembro VL

<400>  69

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1               5                   10                  15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Lys Gly Val Ser Thr Ser
            20                  25                  30

Gly Tyr Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro
        35                  40                  45



Arg Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly Val Pro Ala
    50                  55                  60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65                  70                  75                  80

Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln His Ser Arg
                85                  90                  95

Asp Leu Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
            100                 105                 110

<210>  70
<211>  118
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo VH

<400>  70

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Ser
            20                  25                  30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Trp Ile Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80



Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ala Arg Arg His Trp Pro Gly Gly Phe Asp Tyr Trp Gly Gln Gly Thr
            100                 105                 110

Leu Val Thr Val Ser Ser
        115

<210>  71
<211>  107
<212>  PRT
<213>  Artificial

<220>
<223>  Atezo VL

<400>  71

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1               5                   10                  15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
            20                  25                  30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Leu Tyr His Pro Ala
                85                  90                  95



Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
            100                 105

<210>  72
<211>  439
<212>  PRT
<213>  Artificial

<220>
<223>  Nivolumab HC

<400>  72

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1               5                   10                  15

Ser Leu Arg Leu Asp Cys Lys Ala Ser Gly Ile Thr Phe Ser Asn Ser
            20                  25                  30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Val Ile Trp Tyr Asp Gly Ser Lys Arg Tyr Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ala Thr Asn Asp Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
            100                 105                 110

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser



        115                 120                 125

Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
    130                 135                 140

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
145                 150                 155                 160

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
                165                 170                 175

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys
            180                 185                 190

Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp
        195                 200                 205

Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala
    210                 215                 220

Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
225                 230                 235                 240

Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val
                245                 250                 255

Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val
            260                 265                 270

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
        275                 280                 285

Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln
    290                 295                 300



Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly
305                 310                 315                 320

Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
                325                 330                 335

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr
            340                 345                 350

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
        355                 360                 365

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
    370                 375                 380

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
385                 390                 395                 400

Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe
                405                 410                 415

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
            420                 425                 430

Ser Leu Ser Leu Ser Leu Gly
        435

<210>  73
<211>  214
<212>  PRT
<213>  Artificial

<220>
<223>  Nivolumab LC



<400>  73

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1               5                   10                  15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
            20                  25                  30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
        35                  40                  45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
    50                  55                  60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65                  70                  75                  80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ser Ser Asn Trp Pro Arg
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
            100                 105                 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
        115                 120                 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
    130                 135                 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145                 150                 155                 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
                165                 170                 175



Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
            180                 185                 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
        195                 200                 205

Phe Asn Arg Gly Glu Cys
    210

<210>  74
<211>  446
<212>  PRT
<213>  Artificial

<220>
<223>  Pembroluzumab HC

<400>  74

Gln Val Gln Leu Val Gln Ser Gly Val Glu Val Lys Lys Pro Gly Ala
1               5                   10                  15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
            20                  25                  30

Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
        35                  40                  45

Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn Glu Lys Phe
    50                  55                  60

Lys Asn Arg Val Thr Leu Thr Thr Asp Ser Ser Thr Thr Thr Ala Tyr
65                  70                  75                  80

Met Glu Leu Lys Ser Leu Gln Phe Asp Asp Thr Ala Val Tyr Tyr Cys



                85                  90                  95

Ala Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
        115                 120                 125

Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
    130                 135                 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145                 150                 155                 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
                165                 170                 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
            180                 185                 190

Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys
        195                 200                 205

Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro
    210                 215                 220

Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val
225                 230                 235                 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
                245                 250                 255

Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu
            260                 265                 270



Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
        275                 280                 285

Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser
    290                 295                 300

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305                 310                 315                 320

Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile
                325                 330                 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
            340                 345                 350

Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
        355                 360                 365

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
    370                 375                 380

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
385                 390                 395                 400

Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg
                405                 410                 415

Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
            420                 425                 430

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly
        435                 440                 445



<210>  75
<211>  218
<212>  PRT
<213>  Artificial

<220>
<223>  Pembroluzumab LC

<400>  75

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1               5                   10                  15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Lys Gly Val Ser Thr Ser
            20                  25                  30

Gly Tyr Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro
        35                  40                  45

Arg Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly Val Pro Ala
    50                  55                  60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65                  70                  75                  80

Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln His Ser Arg
                85                  90                  95

Asp Leu Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg
            100                 105                 110

Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
        115                 120                 125

Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
    130                 135                 140



Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
145                 150                 155                 160

Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
                165                 170                 175

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
            180                 185                 190

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
        195                 200                 205

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
    210                 215

<210>  76
<211>  448
<212>  PRT
<213>  Artificial

<220>
<223>  Atezolizumab HC

<400>  76

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Ser
            20                  25                  30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Trp Ile Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val



    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ala Arg Arg His Trp Pro Gly Gly Phe Asp Tyr Trp Gly Gln Gly Thr
            100                 105                 110

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
        115                 120                 125

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
    130                 135                 140

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
145                 150                 155                 160

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln
                165                 170                 175

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser
            180                 185                 190

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser
        195                 200                 205

Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr
    210                 215                 220

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser
225                 230                 235                 240



Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
                245                 250                 255

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
            260                 265                 270

Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
        275                 280                 285

Lys Thr Lys Pro Arg Glu Glu Gln Tyr Ala Ser Thr Tyr Arg Val Val
    290                 295                 300

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr
305                 310                 315                 320

Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
                325                 330                 335

Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
            340                 345                 350

Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys
        355                 360                 365

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser
    370                 375                 380

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
385                 390                 395                 400

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
                405                 410                 415



Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
            420                 425                 430

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
        435                 440                 445

<210>  77
<211>  214
<212>  PRT
<213>  Artificial

<220>
<223>  Atezolizumab LC

<400>  77

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1               5                   10                  15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
            20                  25                  30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Leu Tyr His Pro Ala
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
            100                 105                 110



Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
        115                 120                 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
    130                 135                 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145                 150                 155                 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
                165                 170                 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
            180                 185                 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
        195                 200                 205

Phe Asn Arg Gly Glu Cys
    210

<210>  78
<211>  450
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab-IgG1 HC

<400>  78

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys Asp Thr



            20                  25                  30

Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
        115                 120                 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
    130                 135                 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145                 150                 155                 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
                165                 170                 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
            180                 185                 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
        195                 200                 205



Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
    210                 215                 220

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
225                 230                 235                 240

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
                245                 250                 255

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu
            260                 265                 270

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
        275                 280                 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg
    290                 295                 300

Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
305                 310                 315                 320

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu
                325                 330                 335

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
            340                 345                 350

Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu
        355                 360                 365

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
    370                 375                 380



Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385                 390                 395                 400

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
                405                 410                 415

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
            420                 425                 430

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
        435                 440                 445

Gly Lys
    450

<210>  79
<211>  447
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab-IgG4 HC

<400>  79

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys Asp Thr
            20                  25                  30

Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val
    50                  55                  60



Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
        115                 120                 125

Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
    130                 135                 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145                 150                 155                 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
                165                 170                 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
            180                 185                 190

Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys
        195                 200                 205

Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro
    210                 215                 220

Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val
225                 230                 235                 240



Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
                245                 250                 255

Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu
            260                 265                 270

Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
        275                 280                 285

Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser
    290                 295                 300

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305                 310                 315                 320

Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile
                325                 330                 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
            340                 345                 350

Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
        355                 360                 365

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
    370                 375                 380

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
385                 390                 395                 400

Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg
                405                 410                 415



Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
            420                 425                 430

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
        435                 440                 445

<210>  80
<211>  214
<212>  PRT
<213>  Artificial

<220>
<223>  Trastuzumab LC

<400>  80

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1               5                   10                  15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr Ala
            20                  25                  30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60

Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Thr Thr Pro Pro
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
            100                 105                 110



Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
        115                 120                 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
    130                 135                 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145                 150                 155                 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
                165                 170                 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
            180                 185                 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
        195                 200                 205

Phe Asn Arg Gly Glu Cys
    210

<210>  81
<211>  640
<212>  PRT
<213>  Artificial

<220>
<223>  fusion protein

<400>  81

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1               5                   10                  15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys Asp Thr
            20                  25                  30



Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
        35                  40                  45

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val
    50                  55                  60

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65                  70                  75                  80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
                85                  90                  95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
            100                 105                 110

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
        115                 120                 125

Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
    130                 135                 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145                 150                 155                 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
                165                 170                 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
            180                 185                 190

Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys
        195                 200                 205



Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro
    210                 215                 220

Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val
225                 230                 235                 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
                245                 250                 255

Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu
            260                 265                 270

Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
        275                 280                 285

Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser
    290                 295                 300

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305                 310                 315                 320

Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile
                325                 330                 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
            340                 345                 350

Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
        355                 360                 365

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
    370                 375                 380



Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
385                 390                 395                 400

Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg
                405                 410                 415

Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
            420                 425                 430

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys Gly
        435                 440                 445

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Asp
    450                 455                 460

Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val Pro Leu
465                 470                 475                 480

Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr Val Val
                485                 490                 495

Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro Ile Lys
            500                 505                 510

Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr Asp Val
        515                 520                 525

Thr Met Val Lys Phe Asp Asp Lys Lys Cys Met Tyr Asp Ile Trp Thr
    530                 535                 540

Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys Ile Lys
545                 550                 555                 560

Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser Thr Asn



                565                 570                 575

Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln Asn Arg
            580                 585                 590

Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu Thr Ser
        595                 600                 605

Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly Leu Pro
    610                 615                 620

Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile Asp Gly
625                 630                 635                 640

<210>  82
<211>  407
<212>  PRT
<213>  Artificial

<220>
<223>  fusion protein

<400>  82

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1               5                   10                  15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr Ala
            20                  25                  30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60



Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Thr Thr Pro Pro
                85                  90                  95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
            100                 105                 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
        115                 120                 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
    130                 135                 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145                 150                 155                 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
                165                 170                 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
            180                 185                 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
        195                 200                 205

Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
    210                 215                 220

Gly Gly Gly Gly Ser Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro
225                 230                 235                 240

Pro Leu Ser Lys Val Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe



                245                 250                 255

His Gly Lys Trp Tyr Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg
            260                 265                 270

Glu Asp Lys Asp Pro Ile Lys Met Met Ala Thr Ile Tyr Glu Leu Lys
        275                 280                 285

Glu Asp Lys Ser Tyr Asp Val Thr Met Val Lys Phe Asp Asp Lys Lys
    290                 295                 300

Cys Met Tyr Asp Ile Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu
305                 310                 315                 320

Phe Thr Leu Gly Lys Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu
                325                 330                 335

Val Arg Val Val Ser Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe
            340                 345                 350

Lys Phe Val Phe Gln Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly
        355                 360                 365

Arg Thr Lys Glu Leu Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe
    370                 375                 380

Ser Lys Ser Leu Gly Leu Pro Glu Asn His Ile Val Phe Pro Val Pro
385                 390                 395                 400

Ile Asp Gln Cys Ile Asp Gly
                405

<210>  83
<211>  640



<212>  PRT
<213>  Artificial

<220>
<223>  fusion protein

<400>  83

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15

Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Ile Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Met Val Lys Phe Asp Asp Lys Lys Cys Met Tyr Asp Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly



145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
            180                 185                 190

Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
        195                 200                 205

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys Asp
    210                 215                 220

Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp
225                 230                 235                 240

Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser
                245                 250                 255

Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala
            260                 265                 270

Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
        275                 280                 285

Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly
    290                 295                 300

Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
305                 310                 315                 320

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala
                325                 330                 335



Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
            340                 345                 350

Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
        355                 360                 365

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
    370                 375                 380

Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His
385                 390                 395                 400

Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly
                405                 410                 415

Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser
            420                 425                 430

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
        435                 440                 445

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro
    450                 455                 460

Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
465                 470                 475                 480

Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val
                485                 490                 495

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr
            500                 505                 510



Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr
        515                 520                 525

Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
    530                 535                 540

Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys
545                 550                 555                 560

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser
                565                 570                 575

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
            580                 585                 590

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser
        595                 600                 605

Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
    610                 615                 620

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
625                 630                 635                 640

<210>  84
<211>  407
<212>  PRT
<213>  Artificial

<220>
<223>  fusion protein

<400>  84

Gln Asp Ser Thr Ser Asp Leu Ile Pro Ala Pro Pro Leu Ser Lys Val
1               5                   10                  15



Pro Leu Gln Gln Asn Phe Gln Asp Asn Gln Phe His Gly Lys Trp Tyr
            20                  25                  30

Val Val Gly Gln Ala Gly Asn Ile Arg Leu Arg Glu Asp Lys Asp Pro
        35                  40                  45

Ile Lys Met Met Ala Thr Ile Tyr Glu Leu Lys Glu Asp Lys Ser Tyr
    50                  55                  60

Asp Val Thr Met Val Lys Phe Asp Asp Lys Lys Cys Met Tyr Asp Ile
65                  70                  75                  80

Trp Thr Phe Val Pro Gly Ser Gln Pro Gly Glu Phe Thr Leu Gly Lys
                85                  90                  95

Ile Lys Ser Phe Pro Gly His Thr Ser Ser Leu Val Arg Val Val Ser
            100                 105                 110

Thr Asn Tyr Asn Gln His Ala Met Val Phe Phe Lys Phe Val Phe Gln
        115                 120                 125

Asn Arg Glu Glu Phe Tyr Ile Thr Leu Tyr Gly Arg Thr Lys Glu Leu
    130                 135                 140

Thr Ser Glu Leu Lys Glu Asn Phe Ile Arg Phe Ser Lys Ser Leu Gly
145                 150                 155                 160

Leu Pro Glu Asn His Ile Val Phe Pro Val Pro Ile Asp Gln Cys Ile
                165                 170                 175

Asp Gly Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
            180                 185                 190



Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
        195                 200                 205

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr
    210                 215                 220

Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu
225                 230                 235                 240

Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser
                245                 250                 255

Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln
            260                 265                 270

Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Thr Thr Pro
        275                 280                 285

Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala
    290                 295                 300

Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
305                 310                 315                 320

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
                325                 330                 335

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
            340                 345                 350

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
        355                 360                 365



Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
    370                 375                 380

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
385                 390                 395                 400

Ser Phe Asn Arg Gly Glu Cys
                405

<210>  85
<211>  534
<212>  DNA
<213>  Homo sapiens

<400>  85
caggatagca ccagcgatct gattccggcg ccgccgctga gcaaagtgcc gctgcagcag
60

aactttcagg ataaccagtt tcagggcaaa tggtatgtgg tgggcctggc gggcaacgcg
120

attctgcgcg aagataaaga tccgcagaaa atgtatgcga ccatttatga actgaaagaa
180

gataaaagct ataacgtgac cagcgtgctg tttcgcaaaa aaaaatgcga ttattggatt
240

cgcacctttg tgccgggctg ccagccgggc gaatttaccc tgggcaacat taaaagctat
300

ccgggcctga ccagctatct ggtgcgcgtg gtgagcacca actataacca gcatgcgatg
360

gtgtttttta aaaaagtgag ccagaaccgc gaatatttta aaattaccct gtatggccgc
420

accaaagaac tgaccagcga actgaaagaa aactttattc gctttagcaa aagcctgggc
480

ctgccggaaa accatattgt gtttccggtg ccgattgatc agtgcattga tggc
534



<210>  86
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  NGAL98wt

<400>  86
caggatagca ccagcgatct gattccggcg ccgccgctga gcaaagtgcc gctgcagcag
60

aactttcagg ataaccagtt tcatggcaaa tggtatgtgg tgggcctggc gggcaacgcg
120

attctgcgcg aagataaaga tccgcagaaa atgtatgcga ccatttatga actgaaagaa
180

gataaaagct ataacgtgac cagcgtgctg tttcgcaaaa aaaaatgcga ttattggatt
240

cgcacctttg tgccgggcag ccagccgggc gaatttaccc tgggcaacat taaaagctat
300

ccgggcctga ccagctatct ggtgcgcgtg gtgagcacca actataacca gcatgcgatg
360

gtgtttttta aaaaagtgag ccagaaccgc gaatatttta aaattaccct gtatggccgc
420

accaaagaac tgaccagcga actgaaagaa aactttattc gctttagcaa aagcctgggc
480

ctgccggaaa accatattgt gtttccggtg ccgattgatc agtgcattga tggc
534

<210>  87
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein



<400>  87
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaag tggtatgtgg taggtcaggc agggaatatc
120

aaactcagag aagacaaaga cccgaacaag atgatggcca ccatctatga gctgaaagaa
180

gacaagagct acaatgtcac cggtgtcact tttgacgaca agaagtgtac ttacgctatc
240

tctacttttg ttccaggttc ccagccaggc gagttcacgc tgggcaaaat taagagtttc
300

cctggacata cgagttctct cgtccgagtg gtgagcacca actacaacca gcatgctatg
360

gtgttcttca agttcgtttt ccaaaacagg gaggaattct acatcaccct ctacgggaga
420

accaaggagc tgacttcgga actaaaggag aacttcatcc gcttctccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  88
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  88
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120



aggctgcgtg aggataagga tccgattaaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac catggtgaag tttgatgata agaaatgcat gtacgatatt
240

tggacctttg tgccggggag ccagccgggc gagtttactt taggcaagat taaaagtttt
300

ccgggccata catcatcgtt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  89
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  89
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aggctgcgtg aggataagga tccgaataaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cgcggtggcg tttgatgata agaaatgcac gtacgatatt
240

tggacctttg tgccggggag ccagccgggc gagtttactt taggcaagat taaaagtttt
300



ccgggccata catcatcgtt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  90
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  90
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aagctgcgtg aggataagga tccgaataaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cgcggtggcg tttgatgata agaaatgcac gtacgatatt
240

tggacctttg tgccggggag ccagccgggc gagtttactt taggcaagat taaaagtttt
300

ccgggccata catcatcttt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480



ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  91
<211>  525
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  91
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aagctgcgtg aggatagtaa aatgatggcg accatttacg agttgaaaga agataaatca
180

tatgacgtca ccggtgtgag ttttgatgat aagaaatgca cgtacgctat tatgaccttt
240

gtgccgggga gccagccggg cgagtttact ttaggcaaga ttaaaagttt tccgggccat
300

acatcatcgt tggtccgcgt cgtgagcacc aactacaacc agcatgccat ggtgttcttc
360

aagtttgtgt ttcagaaccg cgaggagttt tatatcacac tgtacgggcg cacgaaagaa
420

ctgacaagcg agctgaagga aaattttatc cgcttttcca aatctctggg cctccctgaa
480

aaccacatcg tcttccctgt cccaatcgac cagtgtatcg acggc
525

<210>  92
<211>  534
<212>  DNA



<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  92
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aagctgcgtg aggataagga tccggttaaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cggggtgacg tttgatgata agaaatgcag gtacgatatt
240

tcgacctttg tgccggggag ccagccgggc gagtttactt ttggcaagat taaaagtttt
300

ccgggccata catcatcgtt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  93
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  93
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60



aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aggctgcgtg aggataagga tccgcataaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cggggtgact tttgatgata agaaatgcac gtacgctatt
240

tcgacctttg tgccggggag ccagccgggc gagtttactt taggcaagat taaaagtttt
300

ccgggccata catcatcttt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  94
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  94
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aagctgcgtg aggataagga tccgaataaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cggggtgact tttgatgata agaaatgcac gtacgctatt
240



tctacccttg tgccggggag ccagccgggc gagtttactt ttggcaagat taaaagtttt
300

ccgggccata catcatcgtt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  95
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  95
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtacgttg tcgggcaggc cggaaatatt
120

aggctgcgtg aggataagga tccgtctaaa atgatggcga ccatttacga gttgaaagaa
180

gataaatcat atgacgtcac cgctgtgacg tttgatgata agaaatgcaa ttacgctatt
240

tctacctttg tgccggggag ccagccgggc gagtttactt taggcaagat taaaagtttt
300

ccgggccata catcatcgtt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agtttgtgtt tcagaaccgc gaggagtttt atatcacact gtacgggcgc
420



acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534

<210>  96
<211>  534
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  96
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccatgggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgagcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagtttactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggc
534



<210>  97
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  97
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgagcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagcttactt taggcttcat tagaagtgac
300

ctgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  98
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein



<400>  98
caggactcca cctcagacct gatccctgcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg actaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgggcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg cttctggaca agaaatgcca atacatcatt
240

cagacctttg tgccggggag ccagccgggc gagtctactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  99
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  99
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgggcgcga ccatttacga gttgaaagaa
180



gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca acacatcata
240

tggacctttg tgccggggag ccagccgggc gagttaactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  100
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  100
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acgaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgttgcgtg aggataagga tccgcacaaa atgggcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagttgactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360



gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  101
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  101
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatatcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgggcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagcttactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535



<210>  102
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  102
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcgg
60

aacttccagg acaaccaatt ccaagggaag tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg tggataagga tccgcacaaa atgggcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagttaactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgtacttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  103
<211>  535
<212>  DNA
<213>  Artificial

<220>



<223>  lipocalin mutein

<400>  103
caggactcca cctcagatct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg aggataagga tccgcacaaa atgagcgcga ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcaat
240

tggccctttg tgccggggag ccagccgggc gagtttactt taggcttcat taaaagtgac
300

ctgggcccca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  104
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  104
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120



ctgctgcgtg aggataagga tccgcacaaa atgggtgcga ccatttacga gttgaatgaa
180

gataaatcat ataacgtcac cgacgtgatg tttctggaca agaaatgcca atacatcatt
240

tggacctttg tgccggggag ccagccgggc gagcttactt taggcttcat taaaagtgac
300

ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca agagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  105
<211>  535
<212>  DNA
<213>  Artificial

<220>
<223>  lipocalin mutein

<400>  105
caggactcca cctcagacct gatcccagcc ccacctctga gcaaggtccc tctgcagcag
60

aacttccagg acaaccaatt ccaagggaaa tggtatgtcg tgggcatggc cggaaataat
120

ctgctgcgtg atgataagga tccgcacaaa atgagcgcta ccatttacga gttgaaagaa
180

gataaatcat ataacgtcac cgacgtgatg ttactggaca agaaatgcca ttacatcatt
240

tggacctttg tgccggggag ccagccgggc gagcttactt taggcttcat taaaagtgac
300



ccgggccaca catcatactt ggtccgcgtc gtgagcacca actacaacca gcatgccatg
360

gtgttcttca aaagcgtgat ccagaaccgc gagtggtttg gaatcacact gtacgggcgc
420

acgaaagaac tgacaagcga gctgaaggaa aattttatcc gcttttccaa atctctgggc
480

ctccctgaaa accacatcgt cttccctgtc ccaatcgacc agtgtatcga cggca
535

<210>  106
<211>  1350
<212>  DNA
<213>  Artificial

<220>
<223>  Trastuzumab-IgG1 HC

<400>  106
gaagtccagc tggtcgaatc tggtggtggc ctggtccagc ctggtggatc actgagactg
60

tcctgtgctg cttctggttt caacatcaag gacacctaca tccattgggt cagacaggca
120

cctggcaagg gactggaatg ggtcgcccga atctacccta caaacggcta cactcgctac
180

gccgactccg tcaagggacg ctttaccatc tccgccgaca cctctaaaaa caccgcctac
240

ctgcagatga atagtctgag ggccgaggat actgctgtgt actactgctc acgatgggga
300

ggcgacggct tttacgctat ggattactgg ggacagggaa ctctggtcac tgtgtctagc
360

gctagcacaa agggccctag tgtgtttcct ctggctccct cttccaaatc cacttctggt
420

ggcactgctg ctctgggatg cctggtgaag gattactttc ctgaacctgt gactgtctca
480



tggaactctg gtgctctgac ttctggtgtc cacactttcc ctgctgtgct gcagtctagt
540

ggactgtact ctctgtcatc tgtggtcact gtgccctctt catctctggg aacccagacc
600

tacatttgta atgtgaacca caaaccatcc aacactaaag tggacaaaaa agtggaaccc
660

aaatcctgtg acaaaaccca cacctgccca ccttgtcctg cccctgaact gctgggagga
720

ccttctgtgt ttctgttccc accaaaacca aaagataccc tgatgatctc tagaacccct
780

gaggtgacat gtgtggtggt ggatgtgtct catgaggacc ctgaggtcaa attcaactgg
840

tacgtggatg gagtggaagt ccacaatgcc aaaaccaagc ctagagagga acagtacaat
900

tcaacctaca gagtggtcag tgtgctgact gtgctgcatc aggattggct gaatggcaag
960

gaatacaagt gtaaagtctc aaacaaggcc ctgcctgctc caattgagaa aacaatctca
1020

aaggccaagg gacagcctag ggaaccccag gtctacaccc tgccaccttc aagagaggaa
1080

atgaccaaaa accaggtgtc cctgacatgc ctggtcaaag gcttctaccc ttctgacatt
1140

gctgtggagt gggagtcaaa tggacagcct gagaacaact acaaaacaac cccccctgtg
1200

ctggattctg atggctcttt ctttctgtac tccaaactga ctgtggacaa gtctagatgg
1260

cagcagggga atgtcttttc ttgctctgtc atgcatgagg ctctgcataa ccactacact
1320

c a g a a a t c c c  t g t c t c t g t c  t c c t g g c a a a
1350



<210>  107
<211>  1341
<212>  DNA
<213>  Artificial

<220>
<223>  Trastuzumab-IgG4 HC

<400>  107
gaagtccagc tggtcgaatc tggtggtggc ctggtccagc ctggtggatc actgagactg
60

tcctgtgctg cttctggttt caacatcaag gacacctaca tccattgggt cagacaggca
120

cctggcaagg gactggaatg ggtcgcccga atctacccta caaacggcta cactcgctac
180

gccgactccg tcaagggacg ctttaccatc tccgccgaca cctctaaaaa caccgcctac
240

ctgcaaatga atagtctgag ggccgaggat actgctgtgt actactgctc acgatgggga
300

ggcgacggct tttacgctat ggattactgg ggacagggaa ctctggtcac tgtctcgagc
360

gctagcacca agggcccctc cgtgttcccc ctggcccctt gctcccggtc cacctccgag
420

tctaccgccg ctctgggctg cctggtgaaa gactacttcc ccgagcctgt gaccgtgagc
480

tggaactctg gcgccctgac ctccggcgtg cacaccttcc ctgccgtgct gcaatcctcc
540

ggcctgtact ccctgtcctc cgtggtgaca gtgccctcct ccagcctggg caccaagacc
600

tacacctgta acgtggacca caagccctcc aacaccaagg tggacaagcg ggtggaatct
660

aaatacggcc ctccctgccc cccctgccct gcccctgaag cggcgggcgg accttccgtg
720



tttctgttcc ccccaaagcc caaggacacc ctgatgatct cccggacccc cgaagtgacc
780

tgcgtggtgg tggacgtgtc ccaggaagat ccagaggtgc agttcaactg gtatgttgac
840

ggcgtggaag tgcacaacgc caagaccaag cccagagagg aacagttcaa ctccacctac
900

cgggtggtgt ccgtgctgac cgtgctgcac caggactggc tgaacggcaa agagtacaag
960

tgcaaggtgt ccaacaaggg cctgccctcc agcatcgaaa agaccatctc caaggccaag
1020

ggccagcccc gcgagcccca ggtgtacacc ctgcccccta gccaggaaga gatgaccaag
1080

aaccaggtgt ccctgacctg tctggtgaaa ggcttctacc cctccgacat tgccgtggaa
1140

tgggagtcca acggccagcc cgagaacaac tacaagacca ccccccctgt gctggactcc
1200

gacggctcct tcttcctgta ctctcggctg acagtggata agtcccggtg gcaggaaggc
1260

aatgtgttct cctgcagcgt gatgcacgag gccctgcaca accactatac ccagaagtcc
1320

c t g t c c c t g a  g c c t g g g c a a  g
1341

<210>  108
<211>  642
<212>  DNA
<213>  Artificial

<220>
<223>  Trastuzumab LC

<400>  108
gacatccaga tgacacagtc tccctcttcc ctgtccgctt ctgtgggcga tcgagtgaca
60



atcacctgta gggctagtca ggatgtgaat actgctgttg cttggtacca gcagaaacca
120

ggaaaagccc ctaaactgct gatctactct gcctcattcc tgtactctgg ggtgccttct
180

cgattcagtg gttctagatc tggcaccgat ttcacactga ccatttcttc actgcaacct
240

gaggattttg ccacctacta ctgtcagcag cactacacaa cacctcccac atttggccag
300

ggcacaaaag tggagatcaa acggaccgtg gcggcgcctt ctgtgttcat tttcccccca
360

tctgatgaac agctgaaatc tggcactgct tctgtggtct gtctgctgaa caacttctac
420

cctagagagg ccaaagtcca gtggaaagtg gacaatgctc tgcagagtgg gaattcccag
480

gaatctgtca ctgagcagga ctctaaggat agcacatact ccctgtcctc tactctgaca
540

ctgagcaagg ctgattacga gaaacacaaa gtgtacgcct gtgaagtcac acatcagggg
600

ctgtctagtc ctgtgaccaa atccttcaat aggggagagt gc
642

<210>  109
<211>  1920
<212>  DNA
<213>  Artificial

<220>
<223>  fusion protein

<400>  109
gaagtccagc tggtcgaatc tggtggtggc ctggtccagc ctggtggatc actgagactg
60

tcctgtgctg cttctggttt caacatcaag gacacctaca tccattgggt cagacaggca
120



cctggcaagg gactggaatg ggtcgcccga atctacccta caaacggcta cactcgctac
180

gccgactccg tcaagggacg ctttaccatc tccgccgaca cctctaaaaa caccgcctac
240

ctgcaaatga atagtctgag ggccgaggat actgctgtgt actactgctc acgatgggga
300

ggcgacggct tttacgctat ggattactgg ggacagggaa ctctggtcac tgtctcgagc
360

gctagcacca agggcccctc cgtgttcccc ctggcccctt gctcccggtc cacctccgag
420

tctaccgccg ctctgggctg cctggtgaaa gactacttcc ccgagcctgt gaccgtgagc
480

tggaactctg gcgccctgac ctccggcgtg cacaccttcc ctgccgtgct gcaatcctcc
540

ggcctgtact ccctgtcctc cgtggtgaca gtgccctcct ccagcctggg caccaagacc
600

tacacctgta acgtggacca caagccctcc aacaccaagg tggacaagcg ggtggaatct
660

aaatacggcc ctccctgccc cccctgccct gcccctgaag cggcgggcgg accttccgtg
720

tttctgttcc ccccaaagcc caaggacacc ctgatgatct cccggacccc cgaagtgacc
780

tgcgtggtgg tggacgtgtc ccaggaagat ccagaggtgc agttcaactg gtatgttgac
840

ggcgtggaag tgcacaacgc caagaccaag cccagagagg aacagttcaa ctccacctac
900

cgggtggtgt ccgtgctgac cgtgctgcac caggactggc tgaacggcaa agagtacaag
960

tgcaaggtgt ccaacaaggg cctgccctcc agcatcgaaa agaccatctc caaggccaag
1020



ggccagcccc gcgagcccca ggtgtacacc ctgcccccta gccaggaaga gatgaccaag
1080

aaccaggtgt ccctgacctg tctggtgaaa ggcttctacc cctccgacat tgccgtggaa
1140

tgggagtcca acggccagcc cgagaacaac tacaagacca ccccccctgt gctggactcc
1200

gacggctcct tcttcctgta ctctcggctg acagtggata agtcccggtg gcaggaaggc
1260

aatgtgttct cctgcagcgt gatgcacgag gccctgcaca accactatac ccagaagtcc
1320

ctgtccctga gcctgggcaa gggcggtgga ggatccgggg gtgggggaag cggcggagga
1380

ggtagccagg actctactag tgatctgatc ccggcaccgc cactgtcaaa agtccctctg
1440

caacaaaact ttcaagacaa tcagtttcac ggcaaatggt atgtggtcgg ccaggccgga
1500

aacattaggc tgcgggagga caaggacccc atcaaaatga tggctaccat ctacgagctg
1560

aaggaagaca aatcttatga tgtgacaatg gtcaagttcg acgataagaa atgcatgtac
1620

gacatctgga ccttcgtgcc cggctcccag ccgggagagt tcaccctggg caagatcaag
1680

tccttccccg gccacacttc cagcctggtc cgcgtggtct cgaccaacta taatcagcat
1740

gctatggtgt tcttcaagtt cgtctttcag aatagagagg agttctacat cacactgtat
1800

ggacgcacca aggagctgac aagcgagctg aaagaaaact tcatcaggtt ttcaaagtcc
1860

ctggggctgc ccgaaaatca tatcgtgttc ccagtcccca tcgaccagtg tattgatggt
1920



<210>  110
<211>  1221
<212>  DNA
<213>  Artificial

<220>
<223>  fusion protein

<400>  110
gacatccaga tgacacagtc tccctcttcc ctgtccgctt ctgtgggcga tcgagtgaca
60

atcacctgta gggctagtca ggatgtgaat actgctgttg cttggtacca gcagaaacca
120

ggaaaagccc ctaaactgct gatctactct gcctcattcc tgtactctgg ggtgccttct
180

cgattcagtg gttctagatc tggcaccgat ttcacactga ccatttcttc actgcaacct
240

gaggattttg ccacctacta ctgtcagcag cactacacaa cacctcccac atttggccag
300

ggcacaaaag tggagatcaa acggaccgtg gcggcgcctt ctgtgttcat tttcccccca
360

tctgatgaac agctgaaatc tggcactgct tctgtggtct gtctgctgaa caacttctac
420

cctagagagg ccaaagtcca gtggaaagtg gacaatgctc tgcagagtgg gaattcccag
480

gaatctgtca ctgagcagga ctctaaggat agcacatact ccctgtcctc tactctgaca
540

ctgagcaagg ctgattacga gaaacacaaa gtgtacgcct gtgaagtcac acatcagggg
600

ctgtctagtc ctgtgaccaa atccttcaat aggggagagt gcggcggcgg aggatccggg
660

ggtgggggaa gcggcggagg aggtagccag gactctacta gtgatctgat cccggcaccg
720



ccactgtcaa aagtccctct gcaacaaaac tttcaagaca atcagtttca cggcaaatgg
780

tatgtggtcg gccaggccgg aaacattagg ctgcgggagg acaaggaccc catcaaaatg
840

atggctacca tctacgagct gaaggaagac aaatcttatg atgtgacaat ggtcaagttc
900

gacgataaga aatgcatgta cgacatctgg accttcgtgc ccggctccca gccgggagag
960

ttcaccctgg gcaagatcaa gtccttcccc ggccacactt ccagcctggt ccgcgtggtc
1020

tcgaccaact ataatcagca tgctatggtg ttcttcaagt tcgtctttca gaatagagag
1080

gagttctaca tcacactgta tggacgcacc aaggagctga caagcgagct gaaagaaaac
1140

ttcatcaggt tttcaaagtc cctggggctg cccgaaaatc atatcgtgtt cccagtcccc
1200

a t c g a c c a g t  g t a t t g a t g g  t
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<210>  111
<211>  1920
<212>  DNA
<213>  Artificial

<220>
<223>  fusion protein

<400>  111
caggactcta ctagtgatct gatcccggca ccgccactgt caaaagtccc tctgcaacaa
60

aactttcaag acaatcagtt tcacggcaaa tggtatgtgg tcggccaggc cggaaacatt
120

aggctgcggg aggacaagga ccccatcaaa atgatggcta ccatctacga gctgaaggaa
180



gacaaatctt atgatgtgac aatggtcaag ttcgacgata agaaatgcat gtacgacatc
240

tggaccttcg tgcccggctc ccagccggga gagttcaccc tgggcaagat caagtccttc
300

cccggccaca cttccagcct ggtccgcgtg gtctcgacca actataatca gcatgctatg
360

gtgttcttca agttcgtctt tcagaataga gaggagttct acatcacact gtatggacgc
420

accaaggagc tgacaagcga gctgaaagaa aacttcatca ggttttcaaa gtccctgggg
480

ctgcccgaaa atcatatcgt gttcccagtc cccatcgacc agtgtattga tggaggaggc
540

ggaggatccg gcggaggagg aagtggcgga ggaggaagtg aagtccagct ggtcgaatct
600

ggtggtggcc tggtccagcc tggtggatca ctgagactgt cctgtgctgc ttctggtttc
660

aacatcaagg acacctacat ccattgggtc agacaggcac ctggcaaggg actggaatgg
720

gtcgcccgaa tctaccctac aaacggctac actcgctacg ccgactccgt caagggacgc
780

tttaccatct ccgccgacac ctctaaaaac accgcctacc tgcagatgaa tagtctgagg
840

gccgaggata ctgctgtgta ctactgctca cgatggggag gcgacggctt ttacgctatg
900

gattactggg gacagggaac tctggtcact gtgtctagcg ctagcaccaa gggcccctcc
960

gtgttccccc tggccccttg ctcccggtcc acctccgagt ctaccgccgc tctgggctgc
1020

ctggtgaaag actacttccc cgagcctgtg accgtgagct ggaactctgg cgccctgacc
1080



tccggcgtgc acaccttccc tgccgtgctg caatcctccg gcctgtactc cctgtcctcc
1140

gtggtgacag tgccctcctc cagcctgggc accaagacct acacctgtaa cgtggaccac
1200

aagccctcca acaccaaggt ggacaagcgg gtggaatcta aatacggccc tccctgcccc
1260

ccctgccctg cccctgaagc ggcgggcgga ccttccgtgt ttctgttccc cccaaagccc
1320

aaggacaccc tgatgatctc ccggaccccc gaagtgacct gcgtggtggt ggacgtgtcc
1380

caggaagatc cagaggtgca gttcaactgg tatgttgacg gcgtggaagt gcacaacgcc
1440

aagaccaagc ccagagagga acagttcaac tccacctacc gggtggtgtc cgtgctgacc
1500

gtgctgcacc aggactggct gaacggcaaa gagtacaagt gcaaggtgtc caacaagggc
1560

ctgccctcca gcatcgaaaa gaccatctcc aaggccaagg gccagccccg cgagccccag
1620

gtgtacaccc tgccccctag ccaggaagag atgaccaaga accaggtgtc cctgacctgt
1680

ctggtgaaag gcttctaccc ctccgacatt gccgtggaat gggagtccaa cggccagccc
1740

gagaacaact acaagaccac cccccctgtg ctggactccg acggctcctt cttcctgtac
1800

tctcggctga cagtggataa gtcccggtgg caggaaggca atgtgttctc ctgcagcgtg
1860

atgcacgagg ccctgcacaa ccactatacc cagaagtccc tgtccctgag cctgggcaag
1920

<210>  112



<211>  1221
<212>  DNA
<213>  Artificial

<220>
<223>  fusion protein

<400>  112
caggactcta ctagtgatct gatcccggca ccgccactgt caaaagtccc tctgcaacaa
60

aactttcaag acaatcagtt tcacggcaaa tggtatgtgg tcggccaggc cggaaacatt
120

aggctgcggg aggacaagga ccccatcaaa atgatggcta ccatctacga gctgaaggaa
180

gacaaatctt atgatgtgac aatggtcaag ttcgacgata agaaatgcat gtacgacatc
240

tggaccttcg tgcccggctc ccagccggga gagttcaccc tgggcaagat caagtccttc
300

cccggccaca cttccagcct ggtccgcgtg gtctcgacca actataatca gcatgctatg
360

gtgttcttca agttcgtctt tcagaataga gaggagttct acatcacact gtatggacgc
420

accaaggagc tgacaagcga gctgaaagaa aacttcatca ggttttcaaa gtccctgggg
480

ctgcccgaaa atcatatcgt gttcccagtc cccatcgacc agtgtattga tggaggaggc
540

ggaggatccg gcggaggagg aagtggcgga ggaggaagtg acatccagat gacacagtct
600

ccctcttccc tgtccgcttc tgtgggcgat cgagtgacaa tcacctgtag ggctagtcag
660

gatgtgaata ctgctgttgc ttggtaccag cagaaaccag gaaaagcccc taaactgctg
720

atctactctg cctcattcct gtactctggg gtgccttctc gattcagtgg ttctagatct
780



ggcaccgatt tcacactgac catttcttca ctgcaacctg aggattttgc cacctactac
840

tgtcagcagc actacacaac acctcccaca tttggccagg gcacaaaagt ggagatcaaa
900

cggaccgtgg cggcgccttc tgtgttcatt ttccccccat ctgatgaaca gctgaaatct
960

ggcactgctt ctgtggtctg tctgctgaac aacttctacc ctagagaggc caaagtccag
1020

tggaaagtgg acaatgctct gcagagtggg aattcccagg aatctgtcac tgagcaggac
1080

tctaaggata gcacatactc cctgtcctct actctgacac tgagcaaggc tgattacgag
1140

aaacacaaag tgtacgcctg tgaagtcaca catcaggggc tgtctagtcc tgtgaccaaa
1200

t c c t t c a a t a  g g g g a g a g t g  c
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