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ANTI PD-1 AND ANTI-LAG3 ANTIBODIES FOR CANCER TREATMENT

FIELD OF THE INVENTION

The present invention relates to novel anti-PD1 and anti-LAG3 antibody
molecules. The invention also relates to nucleic acids encoding such antibody
molecules; to methods for preparing such antibody molecules; to host cells
expressing or capable of expressing such antibody molecules; to compositions
comprising such antibody molecules; and to uses of such antibody molecules or
such compositions, in particular for therapeutic purposes in the field of cancer

diseases.

BACKGROUND OF THE INVENTION

Cancer is a disease characterised by abnormal localised cell growth with the
potential to spread throughout the body. In the developed world it is the second
most common cause of death. The most common types of cancer in males

are lung cancer, prostate cancer, colorectal cancer, and stomach cancer, and in
females, the most common types are breast cancer, colorectal cancer, lung
cancer, and cervical cancer. While the chances of survival depends mainly on
the type of cancer and the stage at identification, for lung cancer the overall 10

year survival rate is around 5%.

In the past the most frequent means of treating tumorous cancers (termed
‘oncology’) are through surgery, radiation treatment, or the use of
chemotherapeutic drugs. However, in recent years, cancer immunotherapy has

shown to offer much promise as a treatment modality for oncology.

Cancer immunotherapy is a branch of oncology in which the immune system is
used to treat cancer, which is in stark contrast to existing common methods of

treatment in which the tumor is directly excised or treated. This therapeutic
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concept is based on the identification of a number of proteins on the surface of T-
cells which act to inhibit the immune function of these cells. Listed among these
proteins is PD1.

PD1 (Programmed cell death 1) is a cell surface receptor protein expressed on T-
cells. The protein functions as an “immune checkpoint” inhibitor, i.e. it acts to
modulate the activity of cells in the immune system so as to regulate and limit
autoimmune diseases. It has been recently understood that many cancers can
protect themselves from the immune system by modifying “immune checkpoint”
inhibitors and thus avoid detection.

With respect to PD1, this protein has two ligands, PD-L1 and PD-L2, which
interact with the cell surface receptor. On binding, PD-1 induced an intracellular

signal which negatively regulates T-cell response.

As detailed above, PD1 is a key regulator of T-cell activity. Recently it has been
shown in a range of different cancer settings that the antagonistic PD-1
antibodies molecules nivolumab and pembrolizumab can be used to stimulate the

immune system and thereby treat cancer.

Lymphocyte activation gene-3 (LAG3; CD223) is a type | transmembrane

protein mainly expressed on the cell surface of activated T cells but also found on
subsets of NK and dendritic cells LAG3 is closely related to CD4, which is a co-
receptor for T helper cell activation. Both molecules have four extracellular Ig-like
domains and require binding to their ligand, major histocompatibility complex
(MHC) class I, for their functional activity. On binding to MHC-II, LAG3 induced
an intracellular signal which negatively regulates T-cell response. Recent studies
have revealed that LAG3 and PD1 are co-expressed on tumor infiltrating
lymphocytes (TILs) suggesting that they may contribute to tumor-mediated
immune suppression. It is thought that chronic exposure to antigens leads to a

progressive inactivation of T cells through a process termed “exhaustion”.
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Exhausted T cells often co-express negative regulatory receptors such as PD1
and LAGS3.

Despite encouraging clinical results of PD1 antagonistic monoclonal antibodies
nivolumab and pembrolizumab, up to 70% of treated patients do not respond to
treatment. Preclinical data with patient-derived T cells as well as from syngeneic
tumor mouse models have demonstrated that tumor-derived T cells frequently
express other inhibitory receptors in addition to PD1. Combined neutralization of
PD1 and LAGS3 using antagonistic monoclonal antibody molecules increased
reactivation of T cells and improved tumor rejection compared to PD1
neutralization alone, in in vitro and in vivo models. Based on these results, it is
expected that neutralization of LAG3 will enhance the efficacy of antagonistic
PD1 mAbs.

However, existing anti-PD1 antibody molecules suffer from problems associated
with the failure of a large proportion of patients to respond to treatment. There is
therefore a need to identify more efficacious PD1 antagonistic monoclonal
antibodies with managable side effect profiles when compared to the prior art
existing antibody medicaments when used alone or in combination with other
therapeutic molecules, particularly additional antagonistic molecules to further T-

cell checkpoint inhibitors.

From this background, the inventors sought to generate further anti-PD1 and anti-

LAG3 antibodies having improved therapeutic profile over the known molecules.

BRIEF SUMMARY

There are provided anti-PD1 antibody molecules. As described further herein,
the anti-PD1 antibody molecules of the present disclosure have surprising and
advantageous properties over other anti-PD1 antibodies. In particular, they
demonstrate improved activation of T cells and longer terminal half-life than
reference anti-PD1 antibody molecules. As will be
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appreciated, such properties are desirable for anti-PD1 antibody molecules for
use in treating cancers.

Nucleic acid molecules encoding the anti-PD1 antibody molecules, expression
vectors, host cells and methods of making the anti-PD1 antibody molecules of the
disclosure are also provided. Pharmaceutical compositions comprising the anti-
PD1 antibody molecules of the disclosure are also provided. The anti-PD-1
antibody molecules disclosed herein can be used to treat cancerous disorders,
including solid and soft-tissue tumors.

More specifically, an anti-PD1 antibody molecule of the disclosure comprises: (a)
heavy chain CDRs comprising the amino acid sequence of SEQ ID NO:1
(hcCDR1), SEQ ID NO:2 (hcCDR2) and SEQ ID NO:3 (hcCDR3) and has light
chain CDRs comprising the amino acid sequence of SEQ ID NO:4 (IcCDR1),
SEQ ID NO:5 (IcCDR2) and SEQ ID NO:6 (IcCDR3); or, b) heavy chain CDRs
comprising the amino acid sequence of SEQ ID NO:7 (hcCDR1), SEQ ID NO:8
(hcCDR2) and SEQ ID NO:9 (hcCDR3) and has light chain CDRs comprising the
amino acid sequence of SEQ ID NO:10 (IcCDR1), SEQ ID NO:11 (IcCDR2) and
SEQ ID NO:12 (IcCDR3); or (c) heavy chain CDRs comprising the amino acid
sequence of SEQ ID NO:13 (hcCDR1), SEQ ID NO:14 (hcCDR2) and SEQ ID
NO:15 (hcCDRS3) and has light chain CDRs comprising the amino acid sequence
of SEQ ID NO:16 (IcCDR1), SEQ ID NO:17 (IcCDR2) and SEQ ID NO:18
(IcCDRB3).
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In one aspect, there is provided an anti-PD1 antibody molecule comprising:

(a) a heavy chain variable region having three CDRs comprising the amino acid
sequence of SEQ ID NO:1 (hcCDR1), SEQ ID NO:2 (hcCDR2) and SEQ ID NO:3
(hcCDRS) and a light chain variable region having three light chain CDRs
comprising the amino acid sequence of SEQ ID NO:4 (IcCDR1), SEQ ID NO:5
(IcCDR2) and SEQ ID NO:6 (IcCDRS3); or,

(b) a heavy chain variable region having three CDRs comprising the amino acid
sequence of SEQ ID NO:7 (hcCDR1), SEQ ID NO:8 (hcCDR2) and SEQ ID NO:9
(hcCDRS) and a light chain variable region having three light chain CDRs
comprising the amino acid sequence of SEQ ID NO:10 (IcCDR1), SEQ ID NO:11
(IcCDR2) and SEQ ID NO:12 (IcCDR3); or,

(c) a heavy chain variable region having three CDRs comprising the amino acid
sequence of SEQ ID NO:13 (hcCDR1), SEQ ID NO:14 (hcCDR2) and SEQ ID
NO:15 (hcCDRS3) and a light chain variable region having three light chain CDRs
comprising the amino acid sequence of SEQ ID NO:16 (IcCDR1), SEQ ID NO:17
(IcCDR2) and SEQ ID NO:18 (IcCDRS).

In another aspect, there is provided an isolated nucleic acid molecule encoding a
heavy chain of an antibody molecule as defined herein, and a light chain of an
antibody molecule as defined herein.

In another aspect, there is provided an expression vector containing a nucleic
acid molecule encoding a heavy chain of an antibody molecule as defined herein,

and a light chain of an antibody molecule as defined herein.

In another aspect, there is provided a host cell having an expression vector
encoding a heavy chain of an antibody molecule as defined herein, and an
expression vector encoding a light chain of an antibody molecule as defined
herein.

In another aspect, there is provided the anti-PD1 antibody molecule as defined
herein for use in medicine.

4a
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In another aspect, there is provided the anti-PD1 antibody molecule as defined

herein for use in treating cancer.

In another aspect, there is provided the anti-PD1 antibody molecule as defined
herein for use in treating cancer, wherein an anti-LAG3 antibody molecule is to be

further administered.

In another aspect, there is provided a pharmaceutical composition comprising an

anti-PD1 antibody as defined herein and a pharmaceutically acceptable carrier.

In another aspect, there is provided a kit of parts comprising an anti-PD1 antibody

as defined herein and an anti-LAG3 antibody molecule.

In another aspect, there is provided use of the anti-PD1 antibody molecule as
defined herein in the preparation of a medicament for treating cancer.

There is also provided anti-LAG3 antibody molecules. As described further
herein, the anti-LAG3 antibody molecules of the present disclosure have
surprising and advantageous properties over other anti-LAG3 antibody molecules.
In particular, they demonstrate improved activation of T cells when used in
combination with the anti-PD1 antibody molecules of the present disclosure than
reference anti-PD1 antibody molecules and anti-LAG3 antibody molecules. As

will be appreciated, such

4b
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properties are desirable for anti-LAG3 antibody molecules for use in treating

cancers.

Nucleic acid molecules encoding the antibody molecules, expression vectors,
host cells and methods of making the anti-LAG3 antibody molecules are also
provided. Pharmaceutical compositions comprising the anti-LAG3 antibody
molecules of the disclosure are also provided. The anti-LAG3 antibody
molecules disclosed herein can be used to treat cancerous disorders, including

solid and soft-tissue tumors.

According to a preferred example, an anti-LAG3 antibody molecule of the
disclosure bind an epitope of human LAG3 comprising the amino acid sequence
LLRRAGVT (SEQ ID NO: 111) and/or YRAAVHLRDRA (SEQ ID NO: 112).
Methods of determining the epitope to which an antibody binds are provided

herein.

According to a preferred example, the anti-LAG3 antibody molecule of the
disclosure comprises (a) heavy chain CDRs comprising the amino acid sequence
of SEQ ID NO:39 (hcCDR1), SEQ ID NO:40 (hcCDR2) and SEQ ID NO:41
(hcCDRS3) and has light chain CDRs comprising the amino acid sequence of SEQ
ID NO:42 (IcCDR1), SEQ ID NO:43 (IcCDR2) and SEQ ID NO:44 (IcCDR3); or (b)
heavy chain CDRs comprising the amino acid sequence of SEQ ID NO:45
(hcCDR1), SEQ ID NO:46 (hcCDR2) and SEQ ID NO:47 (hcCDR3) and has light
chain CDRs comprising the amino acid sequence of SEQ ID NO:48 (IcCDR1),
SEQ ID NO:49 (IcCDR2) and SEQ ID NO:50 (IcCDR3).

There is also provided methods for the treatment of cancers in which anti-PD1
antibody molecules of the disclosure may be used in combination with the anti-
LAG3 antibody molecules of the disclosure. Examples of the disclosure include
where the anti-LAG3 antibody is to be administered simultaneously, concurrently,
sequentially, successively, alternatively or separately, with the anti-PD1 antibody

molecules.
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Further examples of the disclosure include where the anti-PD1 antibody
molecules is to be administered simultaneously, concurrently, sequentially,
successively, alternatively or separately, with the anti-LAGS3 antibody molecules.
Further examples of the disclosure include where said uses of the antibody

molecules of the disclosure can be combined with other therapeutic agents.

Further aspects, embodiments, examples, uses and methods involving the
antibody molecules of the disclosure will become clear from the following detailed

description of the disclosure and from the appended claims.

The disclosure provides for novel antibody molecules that allow a more efficient

treatment of several cancer types, such as lung cancer, particularly NSCLC.

Figure Legends

Figure 1:  Amino acid sequences of the variable domain of anti-PD1
antibody molecules. 77E11 is the name of the murine progenitor antibody.
PD1-1, PD1-2, PD1-3, PD1-4 and PD1-5 are anti-PD1 antibodies as defined
herein. The CDR sequences are underlined. VK 77E11 (SEQ ID NO: 113); VK
PD1-1 (SEQ ID NO: 20); VK PD1-2; (SEQ ID NO: 22); VK PD1-3 (SEQ ID NO:
24); VK PD1-4, (SEQ ID NO: 26); VK PD1-5 (SEQ ID NO: 28); VH 77E11 (SEQ
ID NO: 114); VH PD1-1 (SEQ ID NO: 19); VH PD1-2; (SEQ ID NO: 21); VH PD1-
3 (SEQ ID NO: 23); VH PD1-4, (SEQ ID NO: 25); VH PD1-5 (SEQ ID NO: 27).

Figure 2: Inhibition of human PD1-L1/L2 binding to PD1 by anti-PD1
antibody molecules. (A) Shows anti-PD1 antibodies of the invention induced
blockade of PD-L1 binding to human PD-1 expressed on the surface of CHO cells.
(B) Shows anti-PD1 antibodies of the invention induced blockade of PD-L2
binding to human PD-1 expressed on the surface of CHO cells.
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Figure 3: Stimulation of antigen-specific T cell response by anti-PD1
antibody molecules. Shows the ability of anti-PD1 antibodies of the invention to
stimulate interferon-gamma (IFN-gamma) production of tetanus specific CD4
memory T cells from four individual donors. For this assay, T cells from PBMCs
derived from healthy donors were expanded in the presence of tetanus toxoid
and co-cultured with autologous mature dendritic cells (DCs) loaded with tetanus
toxoid for 2 days. The co-culture step was repeated a second time in a similar
manner in the presence of PD1-1 and PD1-3. At the end of the second co-culture
step supernatants were assessed for IFN-gamma levels by ELISA.

Figure 4: In vivo efficacy of anti-PD1 antibody molecules in a hPD-1
knock-in mouse model. Shows individual tumor growth curves form colon
carcinoma cell line (MC38) bearing mice. Mice were treated with (A) PBS q3or4d,
(B) Isotype q3or4d, (C) PD1-3 g3or4dd or (D) PD1-3 as single dose. PD1-3 and
the Isotype were dosed at 10 mg/kg.

Figure 5: Preclinical pharmacokinetics of anti-PD1 antibody molecules
Pharmacokinetic parameters of PD1 antibodies upon intravenous dosing plotted
against doses administered to Cynomolgus monkeys. (A) Area-under-the-curve
(AUC), (B) maximum plasma concentration (cmax), (C), plasma clearance (CL), (D)

elimination half-life in terminal phase (t12).

Figure 6: Amino acid sequences of the variable domain of anti-LAG3
antibody molecules. 496G6 is the name of the murine progenitor antibody.
LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG3-5 are anti-LAG3 antibodies as
defined herein. VK 496G6 (SEQ ID NO: 117); VK LAG3-1 (SEQ ID NO: 52); VK
LAG3-2; (SEQ ID NO: 54); VK LAG3-3 (SEQ ID NO: 56); VK LAG3-4, (SEQ ID
NO: 58); VK LAG3-5 (SEQ ID NO: 60); VH 496G6 (SEQ ID NO: 118); VH LAG3-1
(SEQ ID NO: 51); VH LAG3-2; (SEQ ID NO: 53); VH LAG3-3 (SEQ ID NO: 55);
VH LAG3-4, (SEQ ID NO: 57); VH LAG3-5 (SEQ ID NO: 59).
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Figure 7: Inhibition of human LAG3 binding to MHCII by anti-LAG3
antibody molecules. Shows potency of indicated LAG3 mAbs and control mAbs
to block binding of recombinant LAG3 to MHCII expressed on the surface of Raji
cells.

Figure 8: Stimulation of antigen-specific T cell response by anti-PD1 and
anti-LAG3 antibody molecules. (A) Shows % fold increase of PD1 /LAG3 mAb
combinations relative to saturating amounts of pembrolizumab (Keytruda(R)).
Fixed 100nM concentrations of PD1-3 and nivolumab (Opdivo(R)) were combined
with increasing amount of LAG3 mAbs (LAG3-1 shown as black line or a
reference antibody molecule having the same amino acid sequence as BMS-
986016 shown as dotted line, an antagonistic LAG3 antibody). (B) Shows % fold
increase of PD1/LAG3 mAb molecules of the invention combinations relative to
pembrolizumab (Keytruda(R)) activity. Level of combination mAb activity was
assessed at 100nM for PD1 and 200nM for LAG3 mAbs. Statistical testing was
performed using Graph Pad Prism by one-way ANOVA followed by Tukey post

hoc test.

Figure 9:  In vivo efficacy of combination therapy of PD1 and LAG3
antibodies in syngeneic tumor models. Shown are individual growth curves of
tumor bearing mice which were treated with tool antibodies twice weekly at a
dose of 10 mg/kg. (A) Mice bearing a colon carcinoma (MC38) were treated with
PBS, anti-LAG3, anti-PD1 or the combination of anti-PD1 and anti-LAG3. Mice
bearing a melanoma (B16-F10) (B), lung carcinoma (LL/2) (C), colon carcinoma
(Colon-26) (D) or a breast cancer (4T1) (E) tumor were treated with PD1 Isotype,
anti-PD1 or the combination of anti-PD1 and anti-LAG3.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS
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The above and other aspects and embodiments of the invention will become

clear from the further description herein.

Unless indicated or defined otherwise, all terms used have their usual meaning in
the art, which will be clear to the skilled person. Reference is for example made
to the standard handbooks, such as Sambrook et al, "Molecular Cloning: A
Laboratory Manual" (2nd Ed.), Vols. 1-3, Cold Spring Harbor Laboratory Press
(1989); Lewin, "Genes IV", Oxford University Press, New York, (1990), and Roitt
et al., "Immunology" (2" Ed.), Gower Medical Publishing, London, New York
(1989), as well as to the general background art cited herein. Furthermore,
unless indicated otherwise, all methods, steps, techniques and manipulations that
are not specifically described in detail can be performed and have been
performed in a manner known per se, as will be clear to the skilled person.
Reference is for example again made to the standard handbooks, to the general
background art referred to above and to the further references cited therein.

As used herein, the articles "a" and "an" refer to one or to more than one (e.g., to

at least one) of the grammatical object of the article.

The term "or" is used herein to mean, and is used interchangeably with, the term

"and/or", unless context clearly indicates otherwise.

"About" and "approximately" shall generally mean an acceptable degree of error
for the quantity measured given the nature or precision of the measurements.
Exemplary degrees of error are within 20 percent (%), typically, within 10%, and

more typically, within 5% of a given value or range of values.

“Antibody molecules” or “antibodies” (used synonymously herein) are gamma
globulin proteins that can be found in blood or other bodily fluids of vertebrates,
and are used by the immune system to identify and neutralize foreign objects,
such as bacteria and viruses. They are typically made of basic structural units -

each with two large heavy chains and two small light chains - to form, for example,
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monomers with one unit, dimers with two units or pentamers with five units.
Antibody molecules can bind, by non-covalent interaction, to other molecules or
structures known as antigens. This binding is specific in the sense that an
antibody molecule will only bind to a specific structure with high affinity. The
unique part of the antigen recognized by an antibody molecule is called an
epitope, or antigenic determinant. The part of the antibody molecule binding to
the epitope is sometimes called paratope and resides in the so-called variable
domain, or variable region (Fv) of the antibody. The variable domain comprises
three so-called complementary-determining regions (CDR’s) spaced apart by
framework regions (FR’s).

Within the context of this invention, reference to CDR’s is based on the definition
of Chothia (Chothia and Lesk, J. Mol. Biol. 1987, 196: 901-917), together with
Kabat ( E.A. Kabat, T.T. Wu, H. Bilofsky, M. Reid-Miller and H. Perry, Sequence
of Proteins of Immunological Interest, National Institutes of Health, Bethesda
(1983)).

In some embodiments, the antibody molecule has a heavy chain constant region
chosen from, e.g., the heavy chain constant regions of IgG1, 19G2, 19G3, IgG4,
IgM, IgA1, IgA2, IgD, and IgE; particularly, chosen from, e.g., the (e.g., human)
heavy chain constant regions of IgG1, 1gG2, 1IgG3, and IgG4. In another
embodiment, the antibody molecule has a light chain constant region chosen
from, e.g., the (e.g., human) light chain constant regions of kappa or lambda. The
constant region can be altered, e.g., mutated, to modify the properties of the
antibody (e.g., to increase or decrease one or more of. Fc receptor binding,
antibody glycosylation, the number of cysteine residues, effector cell function,
and/or complement function). In some embodiments the antibody has effector
function and can fix complement. In other embodiments the antibody does not
recruit effector cells or fix complement. In certain embodiments, the antibody has
reduced or no ability to bind an Fc receptor. For example, it may be an isotype or
subtype, fragment or other mutant, which does not support binding to an Fc

receptor, e.g., it has a mutagenized or deleted Fc receptor binding region.

10
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The antibody constant region is altered in some embodiments. Methods for
altering an antibody constant region are known in the art. Antibodies with altered
function, e.g. altered affinity for an effector ligand, such as FcR on a cell, or the
C1 component of complement can be produced by replacing at least one amino
acid residue in the constant portion of the antibody with a different residue (see
e.g., EP 388, 151 A1, U.S. Pat. No. 5,624,821 and U.S. Pat. No. 5,648,260, the
contents of all of which are hereby incorporated by reference). Amino acid
mutations which stabilize antibody structure, such as S228P (EU nomenclature,
S241P in Kabat nomenclature) in human IgG4 are also contemplated. Similar
type of alterations could be described which if applied to the murine, or other

species immunoglobulin would reduce or eliminate these functions.

The term “variable domain" as used herein means an region of the antibody
molecule which essentially consists of four "framework regions” which are
referred to in the art and hereinbelow as "framework region 1" or "FR1"; as
"framework region 2" or "FR2"; as "framework region 3" or "FR3"; and as
"framework region 4" or "FR4", respectively; which framework regions are
interrupted by three "complementarity determining regions" or "CDRs", which are
referred to in the art and hereinbelow as "complementarity determining region
1"or "CDR1"; as "complementarity determining region 2" or "CDR2"; and as
"complementarity determining region 3" or "CDR3", respectively. Thus, the
general structure or sequence of an immunoglobulin variable domain can be
indicated as follows: FR1 - CDR1 - FR2 - CDR2 - FR3 - CDR3 - FR4. ltis the
immunoglobulin variable domain(s) that confer specificity to an antibody for the
antigen by carrying the antigen-binding site.

The terms “variable heavy (or VH)” and “variable light (or VL)” refer to the variable

domains from the heavy or light chains, respectively, of an antibody molecule.

The art has further developed antibody molecules and made them versatile tools
in medicine and technology. Thus, in the context of the present invention the

terms “antibody molecule” or “antibody” do not only include antibodies as they

11
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may be found in nature, comprising e.g. two light chains and two or heavy chains,
but furthermore encompasses all molecules comprising at least one paratope
with binding specificity to an antigen and structural similarity to a variable domain

of an antibody molecule.

Thus, an antibody molecule according to the invention includes a monoclonal
antibody, a human antibody, a humanized antibody, a chimeric antibody, a
fragment of an antibody, in particular a Fv, Fab, Fab’, or F(ab’), fragment, a
single chain antibody, in particular a single chain variable fragment (scFv), a
Small Modular Immunopharmaceutical (SMIP), a domain antibody, a nanobody, a
diabody.

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

For application in man, it is often desirable to reduce immunogenicity of
antibodies originally derived from other species, like mouse. This can be done by
construction of chimeric antibodies, or by a process called “humanization”. In this
context, a “chimeric antibody” is understood to be antibody comprising a
sequence part (e.g. a variable domain) derived from one species (e.g. mouse)
fused to a sequence part (e.g. the constant domains) derived from a different
species (e.g. human). A “humanized antibody” is an antibody comprising a
variable domain originally derived from a non-human species, wherein certain

amino acids have been mutated to make the overall sequence of that variable

12
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domain more closely resemble to a sequence of a human variable domain.
Methods of chimerisation and humanization of antibodies are well-known in the
art (Billetta R, Lobuglio AF. “Chimeric antibodies”. Int Rev Immunol. 1993;10(2-
3):165-76; Riechmann L, Clark M, Waldmann H, Winter G (1988). "Reshaping
human antibodies for therapy". Nature: 332:323.).

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

are “human antibodies” in the context of the present invention.

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

domain (a so-called Fd fragment), and the light chain variable domain may be

13
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fused to a CL domain. Fab molecules may be produced by recombinant

expression of respective nucleic acids in host cells, see below.

A number of technologies have been developed for placing variable domains of
antibody molecules, or molecules derived from such variable domains, in a
different molecular context. Those should be also considered as “antibodies” in
accordance with the present invention. In general, these antibody molecules are
smaller in size compared to natural antibody molecules, and may comprise a
single amino acid chain or several amino acid chains. For example, a single-
chain variable fragment (scFv) is a fusion of the variable regions of the heavy and
light chains of antibody molecules, linked together with a short linker, usually
serine (S) or glycine (G) (WO 88/01649; WO 91/17271; Huston et al; International
Reviews of Immunology, Volume 10, 1993, 195 - 217). “Single domain antibodies”
or “nanobodies” harbour an antigen-binding site in a single Ig-like domain (WO
94/04678; WO 03/050531, Ward et al., Nature. 1989 Oct 12;341(6242):544-6;
Revets et al., Expert Opin Biol Ther. 5(1):111-24, 2005). One or more single
domain antibodies with binding specificity for the same or a different antigen may
be linked together. Diabodies are bivalent antibody molecules consisting of two
amino acid chains comprising two variable domains (WO 94/13804, Holliger et al.,
Proc Natl Acad Sci U S A. 1993 Jul 15;90(14):6444-8). Other examples of
antibody-like molecules are immunoglobulin super family antibodies (IgSF;
Srinivasan and Roeske, Current Protein Pept. Sci. 2005, 6(2): 185-96). A different
concept leads to the so-called Small Modular Immunopharmaceutical (SMIP)
which comprises a Fv domain linked to single-chain hinge and effector domains
devoid of the constant domain CH1 (WO 02/056910).

The antibody molecule may be fused (as a fusion protein) or otherwise linked (by
covalent or non-covalent bonds) to other molecular entities having a desired
impact on the properties of the antibody molecule. For example, it may be
desirable to improve pharmacokinetic properties of antibody molecules, stability
e.g. in body fluids such as blood, in particular in the case of single chain

antibodies or domain antibodies. A number of technologies have been developed
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in this regard, in particular to prolong the half-life of such antibody molecules in
the circulation, such as pegylation (WO 98/25971; WO 98/48837; WO
2004081026), fusing or otherwise covalently attaching the antibody molecule to
another antibody molecule having affinity to a serum protein like aloumin (WO
2004041865; WO 2004003019), or expression of the antibody molecule as fusion
protein with all or part of a serum protein like albumin or transferrin (WO
01/79258).

The terms "epitope" and "antigenic determinant", which can be used
interchangeably, refer to the part of a macromolecule, such as a polypeptide, that
is recognized by antigen-binding molecules, such as the antibody molecules of
the invention, and more particularly by the antigen-binding site of said molecules.
Epitopes define the minimum binding site for an antibody molecule, and thus

represent the target of specificity of an antibody molecule.

An antibody molecule that can “bind”, "bind to", “specifically bind”, or "specifically
bind to", that "has affinity for" and/or that "has specificity for" a certain epitope,
antigen or protein (or for at least one part, fragment or epitope thereof) is said to
be "against" or "directed against" said epitope, antigen or protein or is a "binding"
molecule with respect to such epitope, antigen or protein.

Generally, the term "specificity" refers to the number of different types of antigens
or epitopes to which a particular antigen-binding molecule or antigen-binding
protein (such as an immunoglobulin, an antibody, an immunoglobulin single
variable domain) can bind. The specificity of an antigen-binding protein can be
determined based on its affinity and/or avidity. The affinity, represented by the
equilibrium constant for the dissociation of an antigen with an antigen-binding
protein (Kp), is a measure for the binding strength between an epitope and an
antigen-binding site on the antigen-binding protein: the lesser the value of the Kp,
the stronger the binding strength between an epitope and the antigen-binding
molecule (alternatively, the affinity can also be expressed as the affinity constant

(Ka), which is 1/Kp). As will be clear to the skilled person (for example on the
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basis of the further disclosure herein), affinity can be determined in a manner
known per se, depending on the specific antigen of interest. Avidity is the
measure of the strength of binding between an antigen-binding molecule (such as
an antibody of the invention) and the pertinent antigen. Avidity is related to both
the affinity between an epitope and its antigen binding site on the antigen-binding
molecule and the number of pertinent binding sites present on the antigen-

binding molecule.

Typically, antigen-binding proteins (such as the antibody molecules of the
invention) will bind with a dissociation constant (Kp) of 10E-5 to 10E-14
moles/liter (M) or less, and preferably 10E-7 to 10E-14 moles/liter (M) or less,
more preferably 10E-8 to 10E-14 moles/liter, and even more preferably 10E-11 to
10E-13 (as measured e.g. in a Kinexa assay; known in the art), and/or with an
association constant (Ka) of at least 10E7 ME-1 , preferably at least 10E8 ME-1,
more preferably at least 10E9 ME-1, such as at least 10E11 ME-1. Any Kp value
greater than 10E-4 M is generally considered to indicate non-specific binding.
Preferably, an antibody of the invention will bind to the desired antigen with a Kp
less than 500 nM, preferably less than 200 nM, more preferably less than 10 nM,
such as less than 500 pM. Specific binding of an antigen-binding protein to an
antigen or epitope can be determined in any suitable manner known per se,
including, for example, the assays described herein, Scatchard analysis and/or
competitive binding assays, such as radioimmunoassays (RIA), enzyme
immunoassays (EIA) and sandwich competition assays, and the different variants

thereof known per se in the art.

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

the present invention.
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The terms "compete" or "cross-compete” are used interchangeably herein to refer
to the ability of an antibody molecule to interfere with binding of an antibody
molecule, e.g., an anti-PD1 or LAG3 antibody molecule of the invention, to a
target, e.g., human PD1 or LAG3. The interference with binding can be direct or
indirect (e.g., through an allosteric modulation of the antibody molecule or the
target). The extent to which an antibody molecule is able to interfere with the
binding of another antibody molecule to the target, and therefore whether it can
be said to compete, can be determined using a competition binding assay, for
example, a FACS assay, an ELISA or BIACORE assay. In some embodiments, a
competition binding assay is a quantitative competition assay. In some
embodiments, a first anti-PD1 or LAG3 antibody molecule is said to compete for
binding to the target with a second anti- PD1 or LAG3 antibody molecule when
the binding of the first antibody molecule to the target is reduced by 10% or more,
e.g., 20% or more, 30% or more, 40% or more, 50% or more, 55% or more, 60%
or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or more,
90% or more, 95% or more, 98% or more, 99% or more in a competition binding

assay (e.g., a competition assay described herein).

The compositions and methods disclosed herein encompass polypeptides and
nucleic acids having the sequences specified, or sequences substantially
identical or similar thereto, e.g., sequences at least 85%, 90%, 95% identical or
higher to the sequence specified. In the context of an amino acid sequence, the
term "substantially identical" is used herein to refer to a first amino acid that
contains a sufficient or minimum number of amino acid residues that are i)
identical to, or ii) conservative substitutions of aligned amino acid residues in a
second amino acid sequence such that the first and second amino acid
sequences can have a common structural domain and/or common functional
activity. For example, amino acid sequences that contain a common structural
domain having at least about 85%, 90%. 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
98% or 99% identity to a reference sequence, e.g., a sequence provided herein.
In the context of nucleotide sequence, the term "substantially identical" is used

herein to refer to a first nucleic acid sequence that contains a sufficient or

17



10

15

20

25

30

WO 2017/198741 PCT/EP2017/061901

minimum number of nucleotides that are identical to aligned nucleotides in a
second nucleic acid sequence such that the first and second nucleotide
sequences encode a polypeptide having common functional activity, or encode a
common structural polypeptide domain or a common functional polypeptide
activity. For example, nucleotide sequences having at least about 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to a reference

sequence.

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

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

The determination of percent identity or percent similarity between two

sequences can be accomplished using a mathematical algorithm. A preferred,
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non-limiting example of a mathematical algorithm utilized for the comparison of
two sequences is the algorithm of Karlin and Altschul, 1990, Proc. Natl. Acad.
Sci. USA 87:2264-2268, modified as in Karlin and Altschul, 1993, Proc. Natl.
Acad. Sci. USA 90:5873-5877. Such an algorithm is incorporated into the
NBLAST and XBLAST programs of Altschul et al., 1990, J. Mol. Biol. 215:403-
410. BLAST nucleotide searches can be performed with the NBLAST program,
score=100, wordlength=12, to obtain nucleotide sequences homologous to a
nucleic acid encoding a protein of interest. BLAST protein searches can be
performed with the XBLAST program, score=50, wordlength=3, to obtain amino
acid sequences homologous to a protein of interest. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as described in Altschul
et al., 1997, Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be
used to perform an iterated search which detects distant relationships between
molecules (Id.). When utilizing BLAST, Gapped BLAST, and PSI-Blast programs,
the default parameters of the respective programs (e.g., XBLAST and NBLAST)
can be used. Another preferred, non-limiting example of a mathematical algorithm
utilized for the comparison of sequences is the algorithm of Myers and Miller,
CABIOS (1989). Such an algorithm is incorporated into the ALIGN program
(version 2.0) which is part of the GCG sequence alignment software package.
When utilizing the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4
can be used. Additional algorithms for sequence analysis are known in the art
and include ADVANCE and ADAM as described in Torellis and Robotti, 1994,
Comput. Appl. Biosci. 10:3-5; and FASTA described in Pearson and Lipman,
1988, Proc. Natl. Acad. Sci. USA 85:2444-8. Within FASTA, ktup is a control
option that sets the sensitivity and speed of the search. If ktup=2, similar regions
in the two sequences being compared are found by looking at pairs of aligned
residues; if ktup=1, single aligned amino acids are examined. ktup can be set to 2
or 1 for protein sequences, or from 1 to 6 for DNA sequences. The default if ktup
is not specified is 2 for proteins and 6 for DNA. Alternatively, protein sequence
alignment may be carried out using the CLUSTAL W algorithm, as described by
Higgins et al., 1996, Methods Enzymol. 266:383-402.
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Amino acid residues will be indicated according to the standard three-letter or
one-letter amino acid code, as generally known and agreed upon in the art. When
comparing two amino acid sequences, the term "amino acid difference" refers to
insertions, deletions or substitutions of the indicated number of amino acid
residues at a position of the reference sequence, compared to a second
sequence. In case of substitution(s), such substitution(s) will preferably be
conservative amino acid substitution(s), which means that an amino acid residue
is replaced with another amino acid residue of similar chemical structure and
which has little or essentially no influence on the function, activity or other
biological properties of the polypeptide. Such conservative amino acid
substitutions are well known in the art, for example from W01998/49185, wherein
conservative amino acid substitutions preferably are substitutions in which one
amino acid within the following groups (i) - (v) is substituted by another amino
acid residue within the same group: (i) small aliphatic, nonpolar or slightly polar
residues: Ala, Ser, Thr, Pro and Gly; (ii) polar, negatively charged residues and
their (uncharged) amides: Asp, Asn, Glu and Gin; (iii) polar, positively charged
residues: His, Arg and Lys; (iv) large aliphatic, nonpolar residues: Met, Leu, lie,
Val and Cys; and (v) aromatic residues: Phe, Tyr and Trp. Particularly preferred
conservative amino acid substitutions are as follows: Ala into Gly or into Ser; Arg
into Lys; Asn into GIn or into His; Asp into Glu; Cys into Ser; GIn into Asn; Glu
into Asp; Gly into Ala or into Pro; His into Asn or into Gin; lle into Leu or into Val;
Leu into lle or into Val; Lys into Arg, into GIn or into Glu; Met into Leu, into Tyr or
into lle; Phe into Met, into Leu or into Tyr; Ser into Thr; Thr into Ser; Trp into Tyr;
Tyr into Trp or into Phe; Val into lle or into Leu.

The terms "polypeptide", "peptide" and "protein” (if single chain) are used
interchangeably herein.

The terms "nucleic acid," "nucleic acid sequence,"” "nucleotide sequence," or

"polynucleotide sequence,"” and "polynucleotide" are used interchangeably.
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The term "isolated," as used herein, refers to material that is removed from its
original or native environment (e.g. the natural environment if it is naturally
occurring). For example, a naturally-occurring polynucleotide or polypeptide
present in a living animal is not isolated, but the same polynucleotide or
polypeptide, separated by human intervention from some or all of the co-existing
materials in the natural system, is isolated. Such polynucleotides could be part of
a vector and/or such polynucleotides or polypeptides could be part of a
composition, and still be isolated in that such vector or composition is not part of

the environment in which it is found in nature.

Preferably, the nucleic acid will be part of an expression vector, wherein said
nucleic acid molecule is operably linked to at least one regulatory sequence,
wherein such regulatory sequence may be a promoter, enhancer, or terminator
sequence, and most preferably a heterologous promotor, enhancer, or terminator

sequence.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention relating to anti-PD1 antibodies

As detailed above, PD1 plays an important role in regulating T-cell activity and
hence immune system activity. It has been shown in a range of different cancer
settings that antagonistic anti-PD1 antibody molecules can increase T-cell activity

thereby activating the immune system to attack tumors and so treat cancer.

However, existing anti-PD1 antibody molecules suffer from problems associated
with side-effects, and also the failure of a large proportion of patients to respond
to treatment. There is therefore a need to identify alternative anti-PD1 antibody
molecules which have an improved therapeutic index when compared to the prior
art. Such molecules can be used in monotherapy, and also in combination with

additional therapeutic agents, in particular other modulators of T-cell activity.
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Against this background, the inventors sought to generate further anti-PD1
antibodies. Starting from a progenitor murine antibody to PD1 (termed 77E11),
they prepared 5 humanized derivates, which are the subject anti-PD1 antibody
molecules of the present invention. The anti-PD1 antibody molecules of the
present invention are termed PD1-1, PD1-2, PD1-3, PD1-4 and PD1-5.

Using an in-vitro T-cell activation assay (further described in Example 4) they
examined functional characteristics of representative anti-PD1 antibodies of the
present invention. As can be seen in Example 12 and Figure 8, the tested
antibodies were able to induce T-cell activation to a higher level when combined
with anti-LAG3 antibodies in comparison to reference anti-PD1/LAG3 antibody
combination, which suggests they have a more desirable therapeutic activity than

the reference anti-PD1 antibodies.

As can be appreciated, this surprising ability of the anti-PD1 antibodies of the
present invention to more effectively induce T-cell activation than the prior art
reference anti-PD1 antibody suggests that they would be able to be used to treat
cancer at a lower dosage level than the prior art reference anti-PD1 antibody,

which may allow for a therapeutic application with less unwanted side effects.

Encouraged by the data, the inventors further investigated various other
functional characteristics of the anti-PD1 antibody molecules of the present
invention. Included in this asssessment was the determination of in vivo
pharmacokinetic properties. As outlined in Example 7 and shown in Figure 5, as
measured in Cynomolgus monkeys, the terminal elimination half-life observed for
an example of the anti-PD1 antibodies of the present invention at an intravenous
dose of 1 mg/kg was 1.5 to 2-fold higher than the reference prior art anti-PD1

antibodies.
In contrast to the anti-PD1 antibodies known in the art, this suggests that the anti-

PD1 antibodies of the invention have a serum half-life of 11 days. This is in

contrast to the known reference anti-PD1 antibody molecules which typically have
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a half-life of 4 to 6 days in the dose range 0.3-3 mg/kg, as can be seen from the
accompanying examples. This surprising feature of the claimed antibody
molecules may allow for a patient to be treated with the antibodies of the
invention less frequently than those of the art, which can translate to a reduction
in the amount of antibody which has to be supplied, either in the form of reduced
frequency of administration or in reduced amount of antibody to be used. Given
that anti-PD1 antibody molecules can induce unwanted side effects in patients,
as discussed above, then the anti-PD1 antibodies of the invention may have a
significant and surprising clinical advantage over the art.

Accordingly therefore a first aspect of the invention provides an anti-PD1 antibody
molecules, comprising:

(a) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:1 (hcCDR1), SEQ ID NO:2 (hcCDR2) and SEQ ID NO:3 (hcCDR3) and has
light chain CDRs comprising the amino acid sequence of SEQ ID NO:4 (IcCDR1),
SEQ ID NO:5 (IcCDR2) and SEQ ID NO:6 (IcCDR3); or,

(b) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:7 (hcCDR1), SEQ ID NO:8 (hcCDR2) and SEQ ID NO:9 (hcCDR3) and has
light chain CDRs comprising the amino acid sequence of SEQ ID NO:10
(IcCDR1), SEQ ID NO:11 (IcCDR2) and SEQ ID NO:12 (IcCDR3); or,

(c) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:13 (hcCDR1), SEQ ID NO:14 (hcCDR2) and SEQ ID NO:15 (hcCDR3) and
has light chain CDRs comprising the amino acid sequence of SEQ ID NO:16
(IcCDR1), SEQ ID NO:17 (IcCDR2) and SEQ ID NO:18 (IcCDR3).

As outlined above, the anti-PD1 antibody molecules of the present invention are
termed PD1-1, PD1-2, PD1-3, PD1-4 and PD1-5. Provided herein is a sequence
table which readily allows identificaiton of individual amino acid sequences to
specific anti-PD1 antibody molecules of the present invention. A summary is
provided in Table 1 in Example 2.
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In addition to the CDR sequences as set out herein, the antibody molecules of
the invention include immunoglobulin framework region (FR) sequences. These
sequences are preferably not immunogenic in humans, and are therefore
preferably human or humanized FR sequences. Suitable human or humanized
FR sequences are known in the art. Specifically preferred FR sequences can be
taken from the embodiments shown herein, disclosing the complete antibody

molecules and thereby CDR sequences as well as FR sequences.

Methods of preparing antibody molecules of the first aspect of the invention are
well known in the art, and the skilled person would readily be able to prepare an
antibody molecule having the characteristic of the first aspect of the invention.

Examples of such methods are provided below.

For production of antibodies comprising two complete heavy and two complete
light chains, like those of the IgG1 or IgG4 type, see Norderhaug et al., J Immunol
Methods 1997, 204 (1): 77-87; Kipriyanow and Le Gall, Molecular Biotechnology
26: 39- 60, 2004; Shukla et al., 2007, J. Chromatography B, 848(1): 28-39.

Processes for manufacturing scFv antibodies by recombinant expression of
nucleic acids encoding scFv constructs in host cells (like E. coli, Pichia pastoris,
or mammalian cell lines, e.g. CHO or NSO0), yielding functional scFv molecules ,
are also known (Rippmann et al., Applied and Environmental Microbiology 1998,
64(12): 4862-4869; Yamawaki et al., J. Biosci. Bioeng. 2007, 104(5): 403-407;
Sonoda et al., Protein Expr. Purif. 2010, 70(2): 248-253).

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

invention.

A preferred embodiment of the first aspect of the invention is wherein the said

antibody molecule is a humanized antibody molecule.
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A further preferred embodiment of the first aspect of the invention is wherein said

antibody molecule is a monoclonal antibody, Fab, F(ab’)2, Fv or scFv.

The terms “humanized”, “Fab”, “F(ab’)2”, “Fv” and “scFv” are well known in the
art and further discussed herein in the Definitions section of the specification.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
constant region selected from the group consisting of IgG1, IgG2, IgG3, IgG4,
IgM, IgA and IgE constant regions. Preferably the heavy chain constant region is
IgG4 with a S241P mutation.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

constant region which is kappa or lambda.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising an amino acid sequence at least 85% identical to any
of SEQ ID NOs: 19, 21, 23, 25 and 27. Preferably said antibody molecule has a
heavy chain variable domain comprising an amino acid sequence of any of SEQ
ID NOs: 19, 21, 23, 25 and 27.

In a preferred embodiment the anti-PD1 antibody molecules has a light chain
variable domain comprising an amino acid sequence at least 85% identical to any
of SEQ ID NOs: 20, 22, 24, 26 and 28. Preferably said antibody molecule has a
light chain variable domain comprising the amino acid sequence of SEQ ID NOs:
20, 22, 24, 26 and 28.

Methods of calculating amino acid sequence identities are well known in the art

and further discussed herein in the Definitions section of the specification.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 19.
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In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 29.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 21.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 23.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 33.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 25.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 35.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 27.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 37.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 20.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 30.
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In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 22.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 32.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 24.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 34.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 26.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 36.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 28.

In a preferred embodiment, the anti-PD1 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 38.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 19 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
20.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 21 and a
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light chain variable domain comprising the amino acid sequence of SEQ ID NO:
22.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 23 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
24.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 25 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
26.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 27 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
28.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 29 and a light chain
comprising the amino acid sequence of SEQ ID NO: 30.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31 and a light chain
comprising the amino acid sequence of SEQ ID NO: 32.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 33 and a light chain
comprising the amino acid sequence of SEQ ID NO: 34.
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In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 35 and a light chain
comprising the amino acid sequence of SEQ ID NO: 36.

In a preferred embodiment, the anti-PD1 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 37 and a light chain
comprising the amino acid sequence of SEQ ID NO: 38.

For all of the above embodiments it shall be understood that, by using the term
"comprising", it is intended to also include an embodiment in which the respective

domain or molecule "consists" of the amino acid sequence as indicated.

In a preferred embodiment, the anti-PD1 antibody molecule is capable of binding

to human PD1 with a dissociation constant (KD) of less than 10 nM.

In some embodiments, the anti-PD1 antibody molecule is capable of binding to
human PD1 and cynomolgus monkey PD1 with high affinity. In some
embodiments, high affinity refers to a Kp of less than 10nM e.g. 9, 8, 7, 6 or lower,
as measured by SPR. A protocol for determining Kp using SPR is provided in the
accompanying examples.

In a preferred embodiment, the anti-PD1 antibody molecule does not bind to

mouse PD1.

In a preferred embodiment, the anti-PD1 antibody molecule is capable of
reducing the binding of human PD-L1/L2 with human PD1. An assay to
determine binding of human PD-L1/L2 with human PD1 is provided in the

accompanying examples.

In some embodiments, the anti-PD1 antibody molecule is capable of inhibiting the
binding of ligands PD-L1 and PD-L2 to PD1 with an ICg of less than 10 nM, 9, 8,
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7,6, 5 0r4 nMor lower. A protocol for determining ICg is provided in the

accompanying examples.

In a preferred embodiment, the anti-PD1 antibody molecule is capable of
enhancing an antigen-specific T cell response. An assay to determine an

antigen-specific T cell response is provided in Example 4.

A further aspect of the present invention provides isolated nucleic acid molecules
encoding the heavy chain variable domain and/or the light chain variable domain
of an anti-PD1 antibody molecule of any of the first aspect of the invention.

Preferably the nucleic acid molecule comprises the nucleotide sequence of SEQ
ID NOs: 71, 73, 75, 77 or 79 respectively encoding the heavy chain variable
domain of SEQ ID NOs 19, 21, 23, 25 or 27. Preferably the nucleic acid molecule
comprises the nucleotide sequence of SEQ ID NOs: 72, 74, 76, 78 or 80
respectively encoding the light chain variable domain of SEQ ID NOs 20, 22, 24,
26 or 28.

A further aspect of the invention provides an expression vector containing a DNA
molecule comprising the nucleotide sequence encoding the heavy chain variable
domain and/or the light chain variable domain of an anti-PD1 antibody molecule
of the invention. Preferably the expression vector contains a DNA molecule
comprising the nucleotide sequence of SEQ ID NO: 71 and/or SEQ ID NO: 72, or
comprising the nucleotide sequence of SEQ ID NO: 73 and/or SEQ ID NO: 74, or
comprising the nucleotide sequence of SEQ ID NO: 75 and/or SEQ ID NO: 76, or
comprising the nucleotide sequence of SEQ ID NO: 77 and/or SEQ ID NO: 78 or
comprising the nucleotide sequence of SEQ ID NO: 79 and/or SEQ ID NO: 80.

Preferably the expression vector comprises, in addition, a nucleic acid molecule,

preferably a DNA molecule, encoding the constant domains of a heavy chain

and/or the constant domain of a light chain, respectively, linked to the nucleic acid
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molecule, preferably the DNA molecule, encoding the heavy chain variable

domain and/or the light chain variable domain, respectively.

In a specifically preferred embodiment, two expression vectors may be used, one
of them for expression of the heavy chain, the other one for expression of the
light chain, which two expression vectors may then both be transfected into a

host cell for recombinant protein expression.

Preferably, the expression vector will be a vector comprising said nucleic acid
molecule or molecules, operably linked to at least one regulatory sequence,
wherein such regulatory sequence may be a promoter, enhancer, or terminator
sequence, and most preferably a heterologous promotor, enhancer, or terminator

sequence.

The nucleic acids of the invention may be prepared or obtained in a manner
known per se (e.g. by automated DNA synthesis and/or recombinant DNA
technology), based on the information on the amino acid sequences for the

antibodies of the invention given herein.

In another aspect, the invention relates to a host cell having an expression vector
encoding a heavy chain of an anti-PD1 antibody molecule of the invention and an
expression vector encoding a light chain of an anti-PD1 antibody molecule of the

invention.

According to a particularly preferred embodiment, said host cells are eukaryotic
cells such as mammalian cells. In another embodiment, such host cells are

bacterial cells. Other useful cells are yeast cells or other fungal cells.

Suitable mammalian cells include for example CHO cells, BHK cells, HeLa cells,
COS cells, and the like. However, amphibian cells, insect cells, plant cells, and
any other cells used in the art for the expression of heterologous proteins can be

used as well.
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Embodiments of the invention relating to anti-LAG3 antibody molecules and

combination with anti-PD1 antibodies

As detailed above, PD1 plays an important role in regulating T-cell activity and
hence immune system activity. It has been shown in a range of different cancer
settings that antagonistic anti-PD1 antibodies molecules can increase T-cell
activity thereby activating the immune system to attack tumors and so treat

cancer.

It has also been shown that combinations of antagonistic anti-PD1 antibodies with
antibody molecules which target further immune cell checkpoint inhibitors can
potentiate the anti-cancer properties of antagonistic anti-PD1 antibodies. One
such checkpoint inhibitor is called LAG3.

As with PD1, LAG3 appears to play a role in mediating T-cell activity. Moreover,
it is known in the art that duel blockade of the PD1 pathway and LAG3 is more

effective for anti-tumor immunity than blocking either molecule alone.

Against this background, the inventors sought to generate further anti-LAG3
antibody molecules which could be used either alone or in combination with the
anti-PD1 antibody molecules of the present invention. Starting from a progenitor
murine antibody to LAG3 (termed 496G6), they prepared five humanized
derivates, which are the subject anti-LAG3 antibody molecules of the present
invention. The anti-LAG3 antibody molecules of the present invention are termed
LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG3-5.

Using an in-vitro T-cell activation assay (further outlined in Example12) they
examined functional characteristics of representative anti-LAG3 antibody
molecules of the present invention. As can be seen in Example 12 and Figure 8,

the combination of anti-LAG3 antibody molecule of the present invention with
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anti-PD1 antibody molecule of the present invention is surprisingly superior to

reference anti-PD1/LAG3 antibody combinations known in the art.

As can be appreciated, this superiority of the combination of the anti-LAG3
antibody molecules of the present invention with anti-PD1 antibody molecules of
the present invention suggests that they would be able to be used to treat cancer
at a lower dosage level than the prior art antibody therapeutics, which may allow
for a therapeutic application with less unwanted side effects.

Given that anti-PD1 and anti-LAG3 antibody molecules may induce unwanted
side effects in patients, as discussed above, then the anti-PD1 antibodies and
anti-LAG3 antibodies of the invention could have a significant and surprising
clinical advantage over the art by using lower dosage and/or less frequent

administration regimes.

Encouraged by the data, the inventors further investigated various other
functional characteristics of the anti-LAG3 antibody molecules of the invention.
Included in this asssessment was the determination of the epitope bound by
examples of the anti-LAG3 antibody molecules of the present invention. As can
be seen in Example 11 the inventors determined that the anti-LAG3 antibody
molecules of the invention can bind to two distinct regions of human LAG-3,
LLRRAGVT (SEQ ID NO: 111) and/or YRAAVHLRDRA (SEQ ID NO: 112).

To the best of the knowledge of the inventors, no known prior art anti-LAG3
antibody has the same epitope binding profile as the anti-LAG3 antibody
molecules of the invention. While not wishing to be bound to any particular
theory, the inventors speculate that the surprising improved effectiveness of the
combination of the anti-LAG3 antibody molecules of the present invention with
anti-PD1 antibodies of the present invention when compared to the prior art
molecules may be attributable to the epitope binding profile of the anti-LAG3

antibody molecules of the invention.
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Therefore a further aspect of the invention provides an isolated anti-LAG3
antibody molecule, wherein said anti-LAG3 antibody molecule binds an epitope of
human LAG3 comprising the amino acid sequence LLRRAGVT (SEQ ID NO: 111)
and/or YRAAVHLRDRA (SEQ ID NO: 112). Such molecules are termed herein
“anti-LAG3 antibody molecules of the present invention”

Methods of preparing anti-LAG3 antibody molecules having the epitope binding

characteristics of the invention are well known in the art.

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

Using these methods it would be routine for the person skilled in the art to
prepare antibodies having a binding site with the necessary specificity for LAG3.
Candidate antibody molecules can then be screened using epitope mapping to
determine whether they bind to the same epitope sequences as required by the
anti-LAG3 antibodies of the present invention. Such epitope mapping methods
are well known and routine in the art and can be readily adopted by the skilled
person. Furthermore, an example of such methodology is provided in Example

11 in the present specification.
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For the avoidance of doubt, each of the specific embodiments listed below for the
anti-LAG3 antibodies of the present invention can also be considered

independent aspects of the invention.

A preferred embodiment of the first aspect of the invention is wherein the said

antibody molecule is a humanized antibody molecule.

A further preferred embodiment is wherein said antibody molecule is a
monoclonal antibody, Fab, F(ab")2, Fv or scFv.

The terms “humanized”, “Fab”, “F(ab”)2”, “Fv” and “scFv” are well known in the

art and further discussed herein in the Definitions section of the specification.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
constant region selected from the group consisting of IgG1, 1gG2, IgG3, 1gG4,
IgM, IgA and IgE constant regions. Preferably the heavy chain constant region is
IgG4 with a S241P mutation.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain
constant region which is kappa or lambda.

A further preferred embodiment is wherein said anti-LAG3 antibody molecule
comprises:

(a) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:39 (hcCDR1), SEQ ID NO:40 (hcCDR2) and SEQ ID NO:41 (hcCDR3) and
has light chain CDRs comprising the amino acid sequence of SEQ ID NO:42
(IcCDR1), SEQ ID NO:43 (IcCDR2) and SEQ ID NO:44 (IcCDR3); or,

(b) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:45 (hcCDR1), SEQ ID NO:46 (hcCDR2) and SEQ ID NO:47 (hcCDR3) and
has light chain CDRs comprising the amino acid sequence of SEQ ID NO:48
(IcCDR1), SEQ ID NO:49 (IcCDR2) and SEQ ID NO:50 (IcCDR3).
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As outlined above, the anti-LAG3 antibody molecules of the present invention are
termed LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG3-5. Provided herein is a
sequence table which readily allows identification of individual amino acid
sequences to specific anti-LAG3 antibody molecules of the present invention. A
summary is provided in Table 6 in Example 9.

Methods of preparing anti-LAG3 antibody molecules of the present invention are
well known in the art, and the skilled person would readily be able to prepare an
antibody molecule. Examples of such methods are provided above in relation to
the first aspect of the invention.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising an amino acid sequence at least 85% identical to any
of SEQ ID NOs: 51, 53, 55, 57 and 59. Preferably said antibody molecule has a
heavy chain variable domain comprising an amino acid sequence of any of SEQ
ID NOs: 51, 53, 55, 57 and 59.

In a preferred embodiment the anti-LAG3 antibody molecule has a light chain
variable domain comprising an amino acid sequence at least 85% identical to any
of SEQ ID NOs: 52, 54, 56, 58 and 60. Preferably said antibody molecule has a
light chain variable domain comprising the amino acid sequence of SEQ ID NOs:
52, 54, 56, 58 and 60.

Methods of calculating amino acid sequence identities are well known in the art
and further discussed herein in the Definitions section of the specification.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 51.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 61.
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In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 53.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 63.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 55.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 65.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO: 57.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 67.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 59.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 69.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 52.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 62.

In a preferred embodiment, the anti-LAG3 antibody has a light chain variable

domain comprising the amino acid sequence of SEQ ID NO: 54.
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In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

comprising the amino acid sequence of SEQ ID NO: 64.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 56.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain
comprising the amino acid sequence of SEQ ID NO: 66.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 58.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain
comprising the amino acid sequence of SEQ ID NO: 68.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain

variable domain comprising the amino acid sequence of SEQ ID NO: 60.

In a preferred embodiment, the anti-LAG3 antibody molecule has a light chain
comprising the amino acid sequence of SEQ ID NO: 70.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 51 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
52.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 53 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
54.
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In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 55 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
56.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 57 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
58.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 59 and a
light chain variable domain comprising the amino acid sequence of SEQ ID NO:
60.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 61 and a light chain

comprising the amino acid sequence of SEQ ID NO: 62.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 63 and a light chain
comprising the amino acid sequence of SEQ ID NO: 64.

In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 65 and a light chain

comprising the amino acid sequence of SEQ ID NO: 66.
In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain

comprising the amino acid sequence of SEQ ID NO: 67 and a light chain
comprising the amino acid sequence of SEQ ID NO: 68.
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In a preferred embodiment, the anti-LAG3 antibody molecule has a heavy chain
comprising the amino acid sequence of SEQ ID NO: 69 and a light chain

comprising the amino acid sequence of SEQ ID NO: 70.

For all of the above embodiments it shall be understood that, by using the term
"comprising", it is intended to also include an embodiment in which the respective

molecule or domain "consists" of the amino acid sequence as indicated.

In a preferred embodiment, the anti-LAG3 antibody molecule is capable of
binding to human LAG3 with a dissociation constant (KD) of less than 1 nM.

In some embodiments, the anti-LAG3 antibody molecule is capable of binding to
human LAG3 and cynomolgus monkey LAG3 with high affinity. In some
embodiments, high affinity refers to a Kp of less than 0.5 nM, e.g. 0.4,0.3, 0.2,
0.1, 0.09, 0.08, 0.07 or lower, as measured by SPR. A protocol for determining

Kb using SPR is provided in the accompanying examples.

In a further embodiment, the anti-LAG3 antibody molecule does not bind to
mouse LAG3.

In a further embodiment, the anti-LAG3 antibody molecule is capable of one or
more of the following properties: (i) binding to cynomolgus monkey LAG3; (ii) lack
of binding to murine LAG3; (iii) inhibits binding of LAG3 to MHC II; and (iv)

stimulates an immune response.

A further aspect of the invention provides an anti-LAG3 antibody molecule of the

invention for use in medicine.

A further aspect of the present invention provides isolated nucleic acid molecules
encoding the heavy chain variable domain and/or the light chain variable domain
of an anti-LAG3 antibody molecule of the invention. Preferably the nucleic acid

molecule comprises the nucleotide sequence of SEQ ID NOs: 91, 93, 95, 97 or
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99 respectively encoding the heavy chain variable domain of SEQ ID NOs: 51, 53,
55, 57 or 59. Preferably the nucleic acid molecule comprises the nucleotide
sequence of SEQ ID NOs: 92, 94, 96, 98 or 100 respectively encoding the light
chain variable domain of SEQ ID NOs: 52, 54, 56, 58 or 60.

A further aspect of the invention provides an expression vector containing a DNA
molecule comprising the nucleotide sequence encoding the heavy chain and/or
the light chain of an anti-LAG3 antibody molecule of the invention. Preferably the
expression vector contains a DNA molecule comprising the nucleotide sequence
of SEQ ID NO: 101 and/or SEQ ID NO: 102, or comprising the nucleotide
sequence of SEQ ID NO: 103 and/or SEQ ID NO: 104, or comprising the
nucleotide sequence of SEQ ID NO: 105 and/or SEQ ID NO: 106, or comprising
the nucleotide sequence of SEQ ID NO: 107 and/or SEQ ID NO: 108 or
comprising the nucleotide sequence of SEQ ID NO: 109 and/or SEQ ID NO: 110.

In a specifically preferred embodiment, two expression vectors may be used, one
of them for expression of the heavy chain, the other one for expression of the
light chain, which two expression vectors may then both be transfected into a

host cell for recombinant protein expression.

Preferably, the expression vector will be a vector comprising said nucleic acid
molecule or molecules, operably linked to at least one regulatory sequence,
wherein such regulatory sequence may be a promoter, enhancer, or terminator
sequence, and most preferably a heterologous promotor, enhancer, or terminator

sequence.

The nucleic acids of the invention may be prepared or obtained in a manner
known per se (e.g. by automated DNA synthesis and/or recombinant DNA
technology), based on the information on the amino acid sequences for the
antibodies of the invention given herein, as described further above in relation to

anti-PD1 antibodies of the present invention.
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In another aspect, the invention relates to a host cell having an expression vector
encoding a heavy chain of an anti-LAG3 antibody molecule of the invention and
an expression vector encoding a light chain of an anti-LAG3 antibody molecule of
the invention.

According to a particularly preferred embodiment, said host cells are eukaryotic
cells such as mammalian cells, e.g. those already set out above in connection
with the anti-PD1 antibodies embodiment. In another embodiment, such host
cells are bacterial cells. Other useful cells are yeast cells or other fungal cells.

Embodiments of the invention relating to pharmaceutical compositions including
anti-PD1 and anti-LAG3 antibodies, kit of parts, methods and uses.

A further aspect of the invention provides a kit of parts comprising an anti-PD1
antibody molecule of the invention and an anti-LAG3 antibody molecule.
Preferably the anti-LAG3 antibody molecule is an anti-LAG3 antibody molecule of

the invention.

A further aspect of the invention provides a kit of parts comprising an anti-LAG3
antibody molecule of the invention and an anti-PD1 antibody molecule.
Preferably the anti-PD1 antibody molecule is an anti-PD1 antibody molecule of
the invention. Alternatively, another anti-PD1 antibody, such as pembrolizumab
or nivolumab, can be used in such kit of parts.

A further aspect of the invention provides a pharmaceutical composition
comprising an anti-PD1 antibody molecule of the invention. An embodiment of the
invention is wherein the pharmaceutical composition further comprises an anti-
LAG3 antibody molecule. Preferably the anti-LAG3 antibody molecule is an anti-

LAG3 antibody molecule of the invention.
A further aspect of the invention provides a pharmaceutical composition

comprising an anti-LAG3 antibody molecule of the invention. An embodiment of

the invention is wherein the pharmaceutical composition further comprises an
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anti-PD1 antibody molecule. Preferably the anti-PD1 antibody molecule is an
anti-PD1 antibody molecule of the invention. Alternatively, another anti-PD1
antibody, such as pembrolizumab or nivolumab, can be used in such

pharmaceutical composition.

It will be clear to the skilled person that based on the above, there are also
disclosed herewith pharmaceutical compositions for the treatment of a disease
(as specified in more detail below) using the antibody molecules of the invention
set out above, as well as methods of treating a disease (as specified in more
detail below) making use of such pharmaceutical compositions or antibody

molecules of the invention.

For the avoidance of doubt, the kit of parts and the pharmaceutical composition of
the invention may comprise any of the specific anti-PD1 antibody molecules of
the invention and/or anti-LAG3 antibody molecule of the invention as described

above.

When the anti-PD1 antibody molecule of the invention and the anti-LAG3
antibody molecule of the invention are to be administered simultaneously via the
same route of administration, they may be administered as different
pharmaceutical formulations or compositions or as part of a combined
pharmaceutical formulation or composition. Also, when the anti-PD1 antibody
molecule of the invention and the anti-LAG3 antibody molecule of the invention
are to be used as part of a combined treatment regimen, each of the antibodies
may be administered in the same amount and according to the same regimen as
used when one of the antibodies is used on its own, and such combined use may
or may not lead to a synergistic effect. However, when the combined use of the
antibodies leads to a synergistic effect, it may also be possible to reduce the
amount of one or both of the antibodies, while still achieving the desired
therapeutic action. This may for example be useful for avoiding, limiting or

reducing any unwanted side-effects that are associated with the use of one or
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both of the antibodies when they are used in their usual amounts, while still

obtaining the desired pharmacological or therapeutic effect.

Pharmaceutical compositions, methods of administration, dosages

The invention further relates to pharmaceutical compositions for the treatment of
a diseases (as specified in more detail below), wherein such compositions
comprise at least one antibody molecule of the invention. The invention further
encompasses methods of treating a disease (as specified in more detail below)
using at least one antibody molecule of the invention or pharmaceutical
composition as set out before, and further encompasses the preparation of a
medicament for the treatment of such disease by using such antibody

molecule(s) of the invention or pharmaceutical composition.

The antibody molecules of the invention and/or the compositions comprising the
same can be administered to a patient in need thereof in any suitable manner,
depending on the specific pharmaceutical formulation or composition to be used.
Thus, the antibody molecules of the invention and/or the compositions comprising
the same can for example be administered intravenously (i.v.), subcutaneously
(s.c.), intramuscularly (i.m.), intraperitoneally (i.p.), transdermally, orally,
sublingually (e.g. in the form of a sublingual tablet, spray or drop placed under the
tongue and adsorbed through the mucus membranes into the capillary network
under the tongue), (intra-)nasally (e.g. in the form of a nasal spray and/or as an
aerosol), topically, by means of a suppository, by inhalation, or any other suitable

manner in an effective amount or dose.

The antibody molecules of the invention and/or the compositions comprising the
same are administered according to a regimen of treatment that is suitable for
treating and/or alleviating the disease, disorder or condition to be treated or
alleviated. The clinician will generally be able to determine a suitable treatment
regimen, depending on factors such as the disease, disorder or condition to be

treated or alleviated, the severity of the disease, the severity of the symptoms
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thereof, the specific antibody molecules of the invention to be used, the specific
route of administration and pharmaceutical formulation or composition to be used,
the age, gender, weight, diet, general condition of the patient, and similar factors
well known to the clinician. Generally, the treatment regimen will comprise the
administration of one or more antibody molecules of the invention, or of one or
more compositions comprising the same, in therapeutically effective amounts or

doses.

Generally, for the treatment and/or alleviation of the diseases, disorders and
conditions mentioned herein and depending on the specific disease, disorder or
condition to be treated, the potency of the specific antibody molecule of the
invention to be used, the specific route of administration and the specific
pharmaceutical formulation or composition used, the antibody molecules of the
invention will generally be administered in an amount between 0.005 and 20.0 mg
per kilogram of body weight and dose, preferably between 0.05 and 10.0
mg/kg/dose, and more preferably between 0.5 and 10 mg/kg/dose, either
continuously (e.g. by infusion) or more preferably as single doses (such as e.g.
twice a week, weekly, or monthly doses; cf. below), but can significantly vary,
especially, depending on the before-mentioned parameters. Thus, in some cases
it may be sufficient to use less than the minimum dose given above, whereas in
other cases the upper limit may have to be exceeded. When administering large
amounts it may be advisable to divide them up into a number of smaller doses

spread over the day.

Depending on the specific antibody molecule of the invention and its specific
pharmacokinetic and other properties, it may be administered daily, every
second, third, fourth, fifth or sixth day, weekly, monthly, and the like. An
administration regimen could include long-term, weekly treatment. By "long-term"

is meant at least two weeks and preferably months, or years of duration.

The efficacy of the antibody molecules of the invention, and of compositions
comprising the same, can be tested using any suitable in vitro assay, cell-based
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assay, in vivo assay and/or animal model known per se, or any combination
thereof, depending on the specific disease involved. Suitable assays and animal
models will be clear to the skilled person, and for example include the assays and

animal models used in the Examples below.
Formulations

For pharmaceutical use, the antibody molecules of the invention may be
formulated as a pharmaceutical preparation comprising (i) at least one antibody
of the invention (i.e. an anti-PD1 antibody of the invention or an anti-LAG3
antibody of the invention or both types of antibodies of the invention together) and
(i) at least one pharmaceutically acceptable carrier, diluent, excipient, adjuvant,
and/or stabilizer, and (iii) optionally one or more further pharmacologically active
polypeptides and/or compounds. By "pharmaceutically acceptable" is meant that
the respective material does not show any biological or otherwise undesirable
effects when administered to an individual and does not interact in a deleterious
manner with any of the other components of the pharmaceutical composition
(such as e.g. the pharmaceutically active ingredient) in which it is contained.
Specific examples can be found in standard handbooks, such as e.g.
Remington's Pharmaceutical Sciences, 18" Ed., Mack Publishing Company, USA
(1990). For example, the antibodies of the invention may be formulated and
administered in any manner known per se for conventional antibodies and
antibody fragments and other pharmaceutically active proteins. Thus, according
to a further embodiment, the invention relates to a pharmaceutical composition or
preparation that contains at least one antibodys of the invention and at least one
pharmaceutically acceptable carrier, diluent, excipient, adjuvant and/or stabilizer,

and optionally one or more further pharmacologically active substances.

Pharmaceutical preparations for parenteral administration, such as intravenous,
intramuscular, subcutaneous injection or intravenous infusion may for example be
sterile solutions, suspensions, dispersions, emulsions, or powders which

comprise the active ingredient and which are suitable, optionally after a further

46



10

15

20

25

30

WO 2017/198741 PCT/EP2017/061901

dissolution or dilution step, for infusion or injection. Suitable carriers or diluents
for such preparations for example include, without limitation, sterile water and
pharmaceutically acceptable aqueous buffers and solutions such as physiological
phosphate-buffered saline, Ringer's solutions, dextrose solution, and Hank's
solution; water oils; glycerol; ethanol; glycols such as propylene glycol, as well as
mineral oils, animal oils and vegetable oils, for example peanut oil, soybean oil,

as well as suitable mixtures thereof.

Solutions of the antibody molecules of the invention may also contain a
preservative to prevent the growth of microorganisms, such as antibacterial and
antifungal agents, for example, p-hydroxybenzoates, parabens, chlorobutanol,
phenol, sorbic acid, thiomersal, (alkali metal salts of) ethylenediamine tetraacetic
acid, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, buffers or sodium chloride. Optionally, emulsifiers and/or
dispersants may be used. The proper fluidity can be maintained, for example, by
the formation of liposomes, by the maintenance of the required particle size in the
case of dispersions or by the use of surfactants. Other agents delaying
absorption, for example, aluminum monostearate and gelatin, may also be
added. The solutions may be filled into injection vials, ampoules, infusion bottles,
and the like.

In all cases, the ultimate dosage form must be sterile, fluid and stable under the
conditions of manufacture and storage. Sterile injectable solutions are prepared
by incorporating the active compound in the required amount in the appropriate
solvent with various of the other ingredients enumerated above, as required,
followed by filter sterilization. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a powder of the active
ingredient plus any additional desired ingredient present in the previously sterile-
filtered solutions.

Usually, agueous solutions or suspensions will be preferred. Generally, suitable
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formulations for therapeutic proteins such as the antibodies of the invention are
buffered protein solutions, such as solutions including the protein in a suitable
concentration (such as from 0.001 to 400 mg/ml, preferably from 0.005 to

200 mg/ml, more preferably 0.01 to 200 mg/ml, more preferably 1.0 - 100 mg/ml,
such as 1.0 mg/ml (i.v. administration) or 100 mg/ml (s.c. administration) and an
aqueous buffer such as:

- phosphate buffered saline, pH 7.4,

- other phosphate buffers, pH 6.2 to 8.2,

- acetate buffers, pH 3.2 to 7.5, preferably pH 4.8 t0 5.5

histidine buffers, pH 5.5 10 7.0,

succinate buffers, pH 3.2 to 6.6, and

citrate buffers, pH 2.1 10 6.2,

and, optionally, salts (e.g. NaCl) and/or sugars (such as e.g. sucrose and

trehalose) and/or other polyalcohols (such as e.g. mannitol and glycerol) for
providing isotonicity of the solution.

Preferred buffered protein solutions are solutions including about 0.05 mg/ml of
the antibody of the invention dissolved in 25 mM phosphate buffer, pH 6.5,
adjusted to isotonicity by adding 220 mM trehalose. In addition, other agents such
as a detergent, e.g. 0.02 % Tween-20 or Tween-80, may be included in such
solutions. Formulations for subcutaneous application may include significantly
higher concentrations of the antibody of the invention, such as up to 100 mg/ml or
even above 100 mg/ml. However, it will be clear to the person skilled in the art
that the ingredients and the amounts thereof as given above do only represent
one, preferred option. Alternatives and variations thereof will be immediately
apparent to the skilled person, or can easily be conceived starting from the above

disclosure.
According to a further aspect of the invention, an antibody molecule of the

invention may be used in combination with a device useful for the administration

of the antibody, such as a syringe, injector pen, micropump, or other device.
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Therapeutic uses

A further aspect of the invention provides a method of treating cancer comprising
administering to a patient in need thereof a therapeutically effective amount of the
anti-PD1 antibody molecule of the invention. In a preferred embodiment the
method further comprises administering to such patient an anti-LAG3 antibody
molecule. Preferably the anti-LAG3 antibody molecule is an anti-LAG3 antibody

molecule of the invention.

A further aspect of the invention provides an anti-PD1 antibody molecule of the
invention for use in a method of treating cancer. In a preferred embodiment the
aspect further comprises the additional use of an anti-LAG3 antibody molecule.
Preferably the anti-LAG3 antibody molecule is an anti-LAG3 antibody molecule of
the invention.

A further aspect of the invention is the use of the anti-PD1 antibody molecule of
the invention for preparing a pharmaceutical composition for treating cancer. In a
preferred embodiment the aspect further comprises the additional use of an anti-
LAG3 antibody molecule. Preferably the anti-LAG3 antibody molecule is an anti-
LAG3 antibody molecule of the invention.

In an embodiment the anti-PD1 antibody molecule is to be administered
simultaneously, concurrently, sequentially, successively, alternatively or
separately, with the anti-LAG3 antibody molecule.

A further aspect of the invention provides a method of treating cancer comprising
administering to a patient in need thereof a therapeutically effective amount of the
anti-LAG3 antibody molecule of the invention. In a preferred embodiment the
method further comprises administering to such patient an anti-PD1 antibody
molecule. Preferably the anti-LAG3 antibody molecule is an anti-PD1 antibody

molecule of the invention.
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A further aspect of the invention provides an anti-LAG3 antibody molecule of the
invention for use in a method of treating cancer. In a preferred embodiment the
aspect further comprises the additional use of an anti-PD1 antibody molecule.
Preferably the anti-PD1 antibody molecule is an anti-PD1 antibody molecule of

the invention.

A further aspect of the invention is the use of the anti-LAG3 antibody molecule of
the invention for preparing a pharmaceutical composition for treating cancer. In a
preferred embodiment the aspect further comprises the additional use of an anti-
PD1 antibody molecule. Preferably the anti-PD1 antibody molecule is an anti-
PD1 antibody molecule of the invention.

In an embodiment the anti-LAG3 antibody molecule is to be administered
simultaneously, concurrently, sequentially, successively, alternatively or

separately, with the anti-PD1 antibody molecule.

For the avoidance of doubt, the medical uses aspects of the invention may
comprise any of the specific anti-PD1 antibody molecule of the invention and/or

anti-LAG3 antibody molecule of the invention as described above.

Due to their biological properties, the antibodies of the invention are suitable for
treating diseases characterised by excessive or abnormal cell proliferation, such

as cancer.

As used herein, the term "cancer" is meant to include all types of cancerous
growths or oncogenic processes, metastatic tissues or malignantly transformed
cells, tissues, or organs, irrespective of histopathologic type or stage of
invasiveness. Examples of cancerous disorders include, but are not limited to,
solid tumors, hematological cancers, soft tissue tumors, and metastatic lesions.
Examples of solid tumors include malignancies, e.g. , sarcomas, and carcinomas
(including adenocarcinomas and squamous cell carcinomas) of the various organ

systems, such as those affecting liver, lung, breast, lymphoid, gastrointestinal
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(e.g., colon), genitourinary tract (e.g. , renal, urothelial cells), prostate and
pharynx. Adenocarcinomas include malignancies such as most colon cancers,
rectal cancer, renal-cell carcinoma, liver cancer, non-small cell carcinoma of the
lung, cancer of the small intestine and cancer of the esophagus. Squamous cell
carcinomas include malignancies, e.g., in the lung, esophagus, skin, head and
neck region, oral cavity, anus, and cervix. In one embodiment, the cancer is a
melanoma, e.g., an advanced stage melanoma. Metastatic lesions of the
aforementioned cancers can also be treated or prevented using the methods and
compositions described herein.

Exemplary cancers whose growth can be inhibited using the antibody molecules

disclosed herein include cancers typically responsive to immunotherapy.

For example, the following cancers, tumors, and other proliferative diseases may
be treated with antibodies according to the invention, without being restricted

thereto:

Cancers of the head and neck; Cancers of the lung, such as e.g. non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC); Neoplasms of the
mediastinum, such as e.g. neurogenic tumors and mesenchymal tumors;
Cancers of the gastrointestinal (Gl) tract, such as e.g. cancers of the esophagus,
stomach (gastric cancer), pancreas, liver and biliary tree (including e.g.
hepatocellular carcinoma (HCC)), and the small and large intestine (including e.g.
colorectal cancer); Cancers of the prostate; Cancers of the testis; Gynecologic
cancers, such as e.g. cancers of the ovary; Cancers of the breast, such as e.g.
mammary carcinoma, hormone receptor positive breast cancer, Her2 positive
breast cancer, and triple negative breast cancer; Cancers of the endocrine
system; Sarcomas of the soft tissues, such as e.g. fibrosarcoma,
rhabdomyosarcoma, angiosarcoma, Kaposi’'s sarcoma; Sarcomas of the bone,
such as e.g. myeloma, osteosarcoma, Ewing’s tumor, fibrosarcoma,

osteochondroma, osteoblastoma, and chondroblastoma; Mesotheliomas;
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Cancers of the skin, such as e.g. basal cell carcinoma, squamous cell carcinoma,
Merkel’s cell carcinoma, and melanoma; Neoplasms of the central nervous
system and brain, such as e.g. astrocytoma, glioblastoma, gliomas
neuroblastomas, and retinoblastomas; Lymphomas and leukemias such as e.g.
B-cell non-Hodgkin lymphomas (NHL), T-cell non-Hodgkin lymphomas, chronic
B-cell lymphocytic leukemia (B-CLL), chronic T-cell lymphocytic leukemia (T-CLL),
Hodgkin's disease (HD), large granular lymphocyte leukemia (LGL), chronic
myelogenous leukemia (CML), acute myelogenous/myeloid leukemia (AML),
acute lymphatic/lymphoblastic leukemia (ALL), multiple myeloma (MM),
plasmacytoma, and myelodysplastic syndromes (MDS); and cancers of unknown

primary site.

In a preferred embodiment of the invention the cancer is lung cancer, preferably

non-small cell lung cancer (NSCLC).

All cancers, tumors, neoplasms, etc., mentioned above which are characterized
by their specific location/origin in the body are meant to include both the primary

tumors and the metastatic tumors derived therefrom.

It is possible that a patient is more likely to respond to treatment with an antibody
molecule of the invention (as described herein) if that patient has a cancer which
is characterized by having a high expression of PD-L1, and/or where the cancer
is infiltrated by anti-tumor immune cells, e.g. tumor-infiltrating lymphocytes.
Hence an embodiment of the invention is wherein the patient to be treated has a
cancer which is characterized by having a high expression of PD-L1 and/or where

the cancer is infiltrated by anti-tumor immune cells.

Furthermore, it is possible that a patient is more likely to respond to treatment
with an antibody molecule of the invention (as described herein) if that patient has
a cancer which is characterized by having a high-mutational burden. Examples
of how high mutational burden can be assessed include determining whether the

cancer is characterized by having microsatellite instabilities, or poor DNA
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mismatch repair efficiencies. It is thought that such cancers are more
immunogenic and hence are more likely to respond to treatment with
immunomodulatory therapeutic regimes, such as an antibody molecule of the
invention. Hence an embodiment of the invention is wherein the patient to be

treated has a cancer which is characterized by having a high-mutational burden.

The antibody molecules of the invention may be used in therapeutic regimens in
the context of first line, second line, or any further line treatments.

The antibody molecules of the invention may be used for the prevention, short-
term or long-term treatment of the above-mentioned diseases, optionally also in

combination with radiotherapy and/or surgery.

Of course, the above also includes the use of the antibody molecules of the
invention in various methods of treating the above diseases by administering a
therapeutically effective dose to a patient in need thereof, as well as the use of
these antibody molecules for the manufacture of medicaments for the treatment
of such diseases, as well as pharmaceutical compositions including such
antibody molecules of the inventions, as well as the preparation and/or
manufacture of medicaments including such antibodies of the invention, and the
like.

Combinations with other active substances or treatments

An antibody molecule of the invention, or the combination of an anti-PD1 antibody
of the invention and an anti-LAG3 antibody of the invention, may be used on its
own or in combination with one or more additional therapeutic agents, in
particular selected from chemotherapeutic agents like DNA damaging agents or
therapeutically active compounds that inhibit angiogenesis, signal transduction
pathways or mitotic checkpoints in cancer cells.

The additional therapeutic agent may be administered simultaneously with,
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optionally as a component of the same pharmaceutical preparation, or before or

after administration of the antibody molecule.

In certain embodiments, the additional therapeutic agent may be, without
limitation, one or more inhibitors selected from the group of inhibitors of EGFR,
VEGFR, HER2-neu, Her3, AuroraA, AuroraB, PLK and PI3 kinase, FGFR,
PDGFR, Raf, Ras, KSP, PDK1, PTK2, IGF-R or IR.

Further examples of additional therapeutic agents are inhibitors of CDK, Akt,
src/ber abl, cKit, cMet/HGF, c-Myc, FIt3, HSP90, hedgehog antagonists, inhibitors
of JAK/STAT, Mek, mTor, NFkappaB, the proteasome, Rho, an inhibitor of wnt
signaling or an inhibitor of the ubiquitination pathway or another inhibitor of the
Notch signaling pathway.

Examples for Aurora inhibitors are, without limitation, PHA-739358, AZD-1152,
AT 9283, CYC-116, R-763, VX-680, VX-667, MLN-8045, PF-3814735.

An example for a PLK inhibitor is GSK-461364.
Examples for raf inhibitors are BAY-73-4506 (also a VEGFR inhibitor), PLX 4032,
RAF-265 (also in addition a VEGFR inhibitor), sorafenib (also in addition a

VEGFR inhibitor), and XL 281.

Examples for KSP inhibitors are ispinesib, ARRY-520, AZD-4877, CK-1122697,
GSK 246053A, GSK-923295, MK-0731, and SB-743921.

Examples for a src and/or ber-abl inhibitors are dasatinib, AZD-0530, bosutinib,
XL 228 (also an IGF-1R inhibitor), nilotinib (also a PDGFR and cKit inhibitor),

imatinib (also a cKit inhibitor), and NS-187.

An example for a PDK1 inhibitor is BX-517.
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An example for a Rho inhibitor is BA-210.

Examples for PI3 kinase inhibitors are PX-866, BEZ-235 (also an mTor inhibitor),
XL 418 (also an Akt inhibitor), XL-147, and XL 765 (also an mTor inhibitor).

Examples for inhibitors of cMet or HGF are XL-184 (also an inhibitor of VEGFR,
cKit, FIt3), PF-2341066, MK-2461, XL-880 (also an inhibitor of VEGFR),
MGCD-265 (also an inhibitor of VEGFR, Ron, Tie2), SU-11274, PHA-665752,
AMG-102, and AV-299.

An example for a c-Myc inhibitor is CX-3543.

Examples for FIt3 inhibitors are AC-220 (also an inhibitor of cKit and PDGFR),
KW 2449, lestaurtinib (also an inhibitor of VEGFR, PDGFR, PKC), TG-101348
(also an inhibitor of JAK2), XL-999 (also an inhibitor of cKit, FGFR, PDGFR and
VEGFR), sunitinib (also an inhibitor of PDGFR, VEGFR and cKit), and tandutinib
(also an inhibitor of PDGFR, and cKit).

Examples for HSP90 inhibitors are tanespimycin, alvespimycin, IPI-504 and
CNF 2024.

Examples for JAK/STAT inhibitors are CYT-997 (also interacting with tubulin),
TG 101348 (also an inhibitor of FIt3), and XL-019.

Examples for Mek inhibitors are ARRY-142886, PD-325901, AZD-8330, and
XL 518.

Examples for mTor inhibitors are temsirolimus, AP-23573 (which also acts as a
VEGF inhibitor), everolimus (a VEGF inhibitor in addition). XL-765 (also a

PI3 kinase inhibitor), and BEZ-235 (also a PI3 kinase inhibitor).

Examples for Akt inhibitors are perifosine, GSK-690693, RX-0201, and triciribine.
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Examples for cKit inhibitors are AB-1010, OSI-930 (also acts as a VEGFR
inhibitor), AC-220 (also an inhibitor of FIt3 and PDGFR), tandutinib (also an
inhibitor of FIt3 and PDGFR), axitinib (also an inhibitor of VEGFR and PDGFR),
XL-999 (also an inhibitor of FIt3, PDGFR, VEGFR, FGFR), sunitinib (also an
inhibitor of FIt3, PDGFR, VEGFR), and XL-820 (also acts as a VEGFR- and
PDGFR inhibitor), imatinib (also a bcr-abl inhibitor), nilotinib (also an inhibitor of
bcr-abl and PDGFR).

Examples for hedgehog antagonists are IPI-609 and CUR-61414.

Examples for CDK inhibitors are seliciclib, AT-7519, P-276, ZK-CDK (also
inhibiting VEGFR2 and PDGFR), PD-332991, R-547, SNS-032, PHA-690509,
and AG 024322.

Examples for proteasome inhibitors are bortezomib, carfilzomib, and NPI-0052
(also an inhibitor of NFkappaB).

An example for an NFkappaB pathway inhibitor is NPI-0052.

An example for an ubiquitination pathway inhibitor is HBX-41108.

In preferred embodiments, the additional therapeutic agent is an anti-angiogenic

agent.

Examples for anti-angiogenic agents are inhibitors of the FGFR, PDGFR and
VEGEFR or the respective ligands (e.g VEGF inhibitors like pegaptanib or the anti-
VEGF antibody bevacizumab), and thalidomides, such agents being selected
from, without limitation, nintedanib, bevacizumab, motesanib, CDP-791, SU-
14813, telatinib, KRN-951, ZK-CDK (also an inhibitor of CDK), ABT-869, BMS-
690514, RAF-265, IMC-KDR, IMC-18F1, IMiDs (immunomodulatory drugs),
thalidomide derivative CC-4047, lenalidomide, ENMD 0995, IMC-D11, Ki 23057,
brivanib, cediranib, XL-999 (also an inhibitor of cKit and FIt3), 1B3, CP 868596,
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IMC 3G3, R-1530 (also an inhibitor of FIt3), sunitinib (also an inhibitor of cKit and
FIt3), axitinib (also an inhibitor of cKit), lestaurtinib (also an inhibitor of FIt3 and
PKC), vatalanib, tandutinib (also an inhibitor of FIt3 and cKit), pazopanib, GW
786034, PF-337210, IMC-1121B, AVE-0005, AG-13736, E-7080, CHIR 258,
sorafenib tosylate (also an inhibitor of Raf), RAF-265 (also an inhibitor of Raf),
vandetanib, CP-547632, OSI-930, AEE-788 (also an inhibitor of EGFR and Her2),
BAY-57-9352 (also an inhibitor of Raf), BAY-73-4506 (also an inhibitor of Raf), XL
880 (also an inhibitor of cMet), XL-647 (also an inhibitor of EGFR and EphB4), XL
820 (also an inhibitor of cKit), and nilotinib (also an inhibitor of cKit and brc-abl).

The additional therapeutic agent may also be selected from EGFR inhibitors, it
may be a small molecule EGFR inhibitor or an anti-EGFR antibody. Examples for
anti-EGFR antibodies, without limitation, are cetuximab, panitumumab,
matuzumab; examples for a small molecule EGFR inhibitor, without limitation, are
gefitinib, afatinib, osimertinib and olmutinib. Another example for an EGFR

modulator is the EGF fusion toxin.

Among the EGFR and Her2 inhibitors useful for combination with the antibody
molecule of the invention are lapatinib, gefitinib, erlotinib, cetuximab,
trastuzumab, nimotuzumab, zalutumumab, vandetanib (also an inhibitor of
VEGFR), pertuzumab, XL-647, HKI-272, BMS-599626 ARRY-334543, AV 412,
mAB-806, BMS-690514, JNJ-26483327, AEE-788 (also an inhibitor of VEGFR),
ARRY-333786, IMC-11F8, Zemab.

Other agents that may be advantageously combined in a therapy with the
antibody molecules of the invention are tositumumab and ibritumomab tiuxetan
(two radiolabelled anti-CD20 antibodies), alemtuzumab (an anti-CD52 antibody),
denosumab, (an osteoclast differentiation factor ligand inhibitor), galiximab (a
CDB80 antagonist), ofatumumab (a CD20 inhibitor), zanolimumab (a CD4
antagonist), SGN40 (a CD40 ligand receptor modulator), rituximab (a CD20

inhibitor) or mapatumumab (a TRAIL-1 receptor agonist).
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molecules of the present invention are selected from, but not limited to hormones,
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hormonal analogues and antihormonals (e.g. tamoxifen, toremifene, raloxifene,
fulvestrant, megestrol acetate, flutamide, nilutamide, bicalutamide, cyproterone
acetate, finasteride, buserelin acetate, fludrocortisone, fluoxymesterone,
medroxyprogesterone, octreotide, arzoxifene, pasireotide, vapreotide), aromatase
inhibitors (e.g. anastrozole, letrozole, liarozole, exemestane, atamestane,
formestane), LHRH agonists and antagonists (e.g. goserelin acetate, leuprolide,
abarelix, cetrorelix, deslorelin, histrelin, triptorelin), antimetabolites (e.g.
antifolates like methotrexate, pemetrexed, pyrimidine analogues like 5
fluorouracil, capecitabine, decitabine, nelarabine, and gemcitabine, purine and
adenosine analogues such as mercaptopurine thioguanine, cladribine and
pentostatin, cytarabine, fludarabine); antitumor antibiotics (e.g. anthracyclines like
doxorubicin, daunorubicin, epirubicin and idarubicin, mitomycin-C, bleomycin
dactinomycin, plicamycin, mitoxantrone, pixantrone, streptozocin); platinum
derivatives (e.g. cisplatin, oxaliplatin, carboplatin, lobaplatin, satraplatin);
alkylating agents (e.g. estramustine, meclorethamine, melphalan, chlorambucil,
busulphan, dacarbazine, cyclophosphamide, ifosfamide, hydroxyurea,
temozolomide, nitrosoureas such as carmustine and lomustine, thiotepa);
antimitotic agents (e.g. vinca alkaloids like vinblastine, vindesine, vinorelbine,
vinflunine and vincristine; and taxanes like paclitaxel, docetaxel and their
formulations, larotaxel; simotaxel, and epothilones like ixabepilone, patupilone,
ZK-EPOQ); topoisomerase inhibitors (e.g. epipodophyllotoxins like etoposide and
etopophos, teniposide, amsacrine, topotecan, irinotecan) and miscellaneous
chemotherapeutics such as amifostine, anagrelide, interferone alpha,

procarbazine, mitotane, and porfimer, bexarotene, celecoxib.

In certain embodiments, the additional therapeutic agent may be a further
immunotherapeutic agent, such as modulators of the following checkpoint
inhibitors: TIM3, PD-L1 (e.g. atezolizumab, avelumab or durvalumab), PD-L2,
CTLA-4, VISTA, BTLA, TIGIT, CD160, LAIR1, 2B4, CEACAM.
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In other embodiments the immunotherapeutic agent may be a cancer vaccine.

When two or more substances or principles are to be used as part of a combined
treatment regimen, they can be administered via the same route of administration
or via different routes of administration, at essentially the same time (i.e.

simultaneously, concurrently) or at different times (e.g. sequentially, successively,

alternately, consecutively, or according to any other sort of alternating regime).

When the substances or principles are to be administered simultaneously via the
same route of administration, they may be administered as different
pharmaceutical formulations or compositions or as part of a combined
pharmaceutical formulation or composition. Also, when two or more active
substances or principles are to be used as part of a combined treatment regimen,
each of the substances or principles may be administered in the same amount
and according to the same regimen as used when the compound or principle is
used on its own, and such combined use may or may not lead to a synergistic
effect. However, when the combined use of the two or more active substances or
principles leads to a synergistic effect, it may also be possible to reduce the
amount of one, more or all of the substances or principles to be administered,
while still achieving the desired therapeutic action. This may for example be
useful for avoiding, limiting or reducing any unwanted side-effects that are
associated with the use of one or more of the substances or principles when they
are used in their usual amounts, while still obtaining the desired pharmacological
or therapeutic effect.

Of course, the above includes the preparation, and methods of preparing, the
antibodies of the invention for the combined use with the above combination
partners. Also included are the preparation, and methods of preparing, the above-
mentioned combination partners for the combined use with the antibodies of the

invention.
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The antibody molecules of the invention may be used on their own or in
combination with other treatment regimes, for example surgery and/or radiation

therapy.

Kits and methods of manufacture and purification

The invention also encompasses kits comprising at least one antibody of the
invention and one or more other components selected from the group consisting
of other drugs used for the treatment of the diseases and disorders as described

above.

In one embodiment, the kit includes a composition containing an effective amount
of an anti-PD1 antibody molecule of the invention in unit dosage form. In another
embodiment, the kit includes a composition containing an effective amount of an
anti-LAG3 antibody molecule of the invention in unit dosage form. In a further
embodiment the kit includes both a composition containing an effective amount of
an anti-PD1 antibody molecule of the invention in unit dosage form and a
composition containing an effective amount of an anti-LAG3 antibody molecule of

the invention in unit dosage form.

In some embodiments, the kit comprises a sterile container which contains such a
composition; such containers can be boxes, ampoules, bottles, vials, tubes, bags,
pouches, blister-packs, or other suitable container forms known in the art. Such
containers can be made of plastic, glass, laminated paper, metal foil, or other

materials suitable for holding medicaments.

If desired, an antibody molecule of the invention, or a combination of both types
of antibodies of the invention, are provided together with instructions for
administering the antibody / antibodies to a subject having cancer. The
instructions will generally include information about the use of the composition for
the treatment or prevention of an cancer. In other embodiments, the instructions

include at least one of the following: description of the therapeutic agent; dosage
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schedule and administration for treatment or prevention of cancer or symptoms
thereof; precautions; warnings; indications; counter-indications; overdosage
information; adverse reactions; animal pharmacology; clinical studies; and/or
references. The instructions may be printed directly on the container (when
present), or as a label applied to the container, or as a separate sheet, pamphlet,

card, or folder supplied in or with the container.

The invention further provides methods of manufacturing an antibody molecule of
the invention, such methods generally comprising the steps of:

- culturing host cells comprising an expression vector comprising a nucleic acid
encoding an antibody molecule of the invention under conditions that allow
formation of the antibody of the invention; and,

- recovering the antibody molecule expressed by the host cells from the culture;
and

- optionally further purifying and/or modifying and/or formulating the antibody

molecule of the invention.

A nucleic acid of the invention can e.g. be a DNA molecule comprising coding
sequences as well as regulatory sequences and optionally natural or artificial
introns, or can be a cDNA molecule. It may have its original codons or may have
an optimized codon usage that has been specifically adapted for expression in
the intended host cell or host organism. According to one embodiment of the
invention, the nucleic acid of the invention is in essentially isolated form, as

defined above.
The nucleic acid of the invention will typically be incorporated into an expression
vector, i.e. a vector that can provide for expression of the polypeptide when

transfected into a suitable host cell or other expression system.

For manufacturing the antibodies of the invention, the skilled artisan may choose

from a great variety of expression systems well known in the art, e.g. those
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reviewed by Kipriyanow and Le Gall, 2004.

Expression vectors include plasmids, retroviruses, cosmids, EBV derived
episomes, and the like. The expression vector and expression control sequences
are selected to be compatible with the host cell. The antibody light chain gene
and the antibody heavy chain gene can be inserted into separate vectors. In
certain embodiments, both DNA sequences are inserted into the same

expression vector.

Convenient vectors are those that encode a functionally complete human CH
(constant heavy) or CL (constant light) immunoglobulin sequence, with
appropriate restriction sites engineered so that any VH (variable heavy) or VL
(variable light) sequence can be easily inserted and expressed, as described
above. For the antibody heavy chain, it can be, without limitation, any IgG isotype
(IgG1, 1gG2, 1gG3, 1gG4) or other immunoglobulins, including allelic variants.

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

antibody chain may already contain a signal peptide sequence.

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

alternatively, 3’'UTRs of immunoglobulin genes etc. can be used.

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

electroporation or transfer by viral vectors.

Preferably, the DNA molecules encoding the heavy chain and the light chain are
present on two expression vectors which are co-transfected into the host cell,

preferably a mammalian cell.

Mammalian cell lines available as hosts for expression are well known in the art
and include, inter alia, Chinese hamster ovary (CHO) cells, NSO, SP2/0 cells,
Hela cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human
carcinoma cells (e. g., Hep G2 and A-549 cells), 3T3 cells or the
derivatives/progenies of any such cell line. Other mammalian cells, including but
not limited to human, mice, rat, monkey and rodent cells lines, or other eukaryotic
cells, including but not limited to yeast, insect and plant cells, or prokaryotic cells
such as bacteria may be used.

The antibody molecules of the invention are produced by culturing the host cells
for a period of time sufficient to allow for expression of the antibody molecule in
the host cells. Antibody molecules are preferably recovered from the culture

medium as a secreted polypeptide or it can be recovered from host cell lysates if

63



10

15

20

25

30

WO 2017/198741 PCT/EP2017/061901

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

described below for therapeutic applications.

EXAMPLES

Example 1: Generation of mouse antibodies binding to PD1 and blocking
PDL-1 binding to PD1.

The extracellular domain (ECD) of human PD1 protein (amino acids 21-170 of
GenBank accession number AAO63583.1) was synthesized and prepared as an
immunogen. Mice were then immunized and then boosted with human PD1 ECD

protein following standard laboratory immunization techniques.

Plasma was then harvested from the immunized mice and screened to identify
individuals with sufficient titre of anti-PD1 immunoglobulin. Following standard
laboratory methods, lymphocytes from the selected mice were harvested and
fused with mouse myeloma cells to generate hybridomas. These hybridomas
were subsequently screened to identify hybridomal lines which produced antibody
molecules which exhibited binding in low nM affinity range to human PD1 (ECD),
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and also blocked the binding of human PD-L1 to PD1, using the assays
described herein below.

Several hybridomas which produced antibodies that bound to human PD1 and
blocked binding to human PD-L1 were selected, the antibody variable domains
isolated and cloned using standard PCR primer sets.

From this study a murine hybridomal line, termed 77E11, was identified which
produced monoclonal antibodies exhibiting low nM binding affinities to human
PD1 (ECD) and also blocked the binding of PD-L1 to PD1.

The amino acids sequence of the variable domain of monoclonal antibody
produced by 77E11 is shown in Figure 1.

Example 2: Generation of humanized anti-PD1 antibodies

V-genes of murine 77E11 hybridomal cell line were identified following PCR and
sequencing protocols well known in the art. The V-genes were then fused to
closest matching human germline genes, using standard molecular biology
technigues. Inthe case of 77E11, this resulted in chimeric murine/human
antibody molecules having of mouse Vk and Vh amino acid residues fused to

human Ck and Ch1 amino acid residues.

Once prepared, the chimeric murine/human antibody was then subjected to
“humanization” protocols. Here, mutated amino acid libraries of the chimeric
77E11 Fab clones were prepared. Additional library positions were also prepared
s0 as to remove sequence liabilities (i.e. amino acid residues known to be
immunogenic or to create potential manufacturing problems). These mutated
libraries usually have 5 to 10 binary (mouse vs human) positions per V-region.
Several smaller libraries can be built to address specific liabilities in more
complex V-regions. Such libraries are prepared using standard methods in the
art, and can be readily used by the skilled person.
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Following completion of this stage, a number of different “humanized” Fabs
derived from the original murine 77E11 Fab sequence were prepared. These
humanized Fabs were tested for their ability to bind human PD1 and block the
interaction of PD-L1 with PD1. Genetically engineered Fabs that perform equal to,
or better than, the corresponding chimeric Fab were subsequently selected. Their
amino acid sequence was analysed for percentage human sequence, probable

immunogenicity, and removed sequence liabilities.

Following selection of the most favorable humanized Fabs, these were then
placed in the human 1gG4 (Pro) or IgG1KO immunoglobulin format. 19G4 (Pro)
differs from canonical human IgG4 sequence by having serine 241 altered to
proline, this alteration has been demonstrated to minimize dynamic Fab arm
exchange between 1IgG4 molecules. 1gG1KO differs from canonical human IgG1
sequence by two amino acid substitutions (L234A, L235A) known to minimize

effector function of antibody molecules.

On completion of this study, 5 different humanized versions of the original
chimeric murine/human 77E11 Fab had been prepared. These are termed: PD1-1,
PD1-2, PD1-3, PD1-4 and PD1-5.

The amino acids sequence of the CDRs for PD1-1, PD1-2, PD1-3, PD1-4 and
PD1-5, the VH and VL sequences and the full HC and LC sequences are
presented in the table at the end of this application. For the avoidance of doubt,
a correlation between the antibodies and their SEQ ID number is also presented

in the table below:

TABLE 1: SEQ ID NOs for the anti-PD1 antibodies of the invention

anti-PD1 CDR VH VL HC LC
antibody sequences |sequences | sequences |sequences | sequences
PD1-1 1-6 19 20 29 30
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PD1-2 7-12 21 22 31 32
PD1-3 13-18 23 24 33 34
PD1-4 13-18 25 26 35 36
PD1-5 13-18 27 28 37 38

Example 3: Antibody binding to human PD1 and blocking of PD1 ligand

interaction

The binding of the representative humanized anti-PD1 antibodies derived from
murine 77E11 hybridoma (as described in Example 2) to human PD1 was
determined.

Binding affinities to recombinant monomeric human PD1 were measured by SPR
using a ProteOn XPR36 instrument. PD1-1, PD1-2 and PD1-3 antibodies were
captured on Protein A/G surfaces that was amine coupled to the surface. Human
PD1 ECD was injected over the captured antibodies for 600 sec at a flowrate of
30 ul/min and a dissociation for 1200 sec. The concentrations of human PD1
ECD were 0 nM, 6.25 nM, 12.5 nM, 25 nM, 50 nM, and 100 nM. The background
was substracted from the raw data and sensorgrams were then fit globally to 1:1

Langmuir binding to provide affinity (KD) values.

Using that protocol, it was determined that antibodies PD1-1, PD1-2 and PD1-3
bind to human PD1 as presented in the table below.

TABLE 2: Binding to recombinant human PD1 (K, nM)

Antibody Kb, nM
PD1-1 16.6
PD1-2 61.8
PD1-3 6.0
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PD1 antibodies of the invention were then tested for the ability to block binding of
human PD-L1/2 to human PD1 expressed on the surface CHO cells. PD1
expressing CHO cells were incubated with fixed concentration of recombinant
biotin labeled PD-L1 or PD-L2 in the presence of anti-PD1 antibodies of the
invention (PD1-to PD1-5). The mixture was incubated for 1 hour at 37 degrees
celsius. Cell bound PD-L1/L2 was detected with Europium labeled Streptavidin
and fluorescence measured using Perkin Elmer Victor X4 plate reader. Data is
displayed as percentage inhibition. 0% inhibition is defined as the fluorescence
value of cells incubated with the ligand with no antibodies, and 100% inhibition
was defined as the signal obtained with just cells without labeled ligands and
antibodies. Percentage inhibition values were calculated in Excel and curve fitting
was done with GraphPad Prism. Data points of the curve are mean values of

triplicate measurements.

Inhibition curves and mAb concentrations needed to achieve 90% inhibition (ICgp)

of ligand blocking are shown in Figure 2 and Table 3.

TABLE 3: Ligand blocking activities of PD1 mAbs

Antibody PD-L1 ICe ("M) | PD-L2 ICeo (NM)
PD1-1 2.12 2.09
PD1-2 2.97 3.64
PD1-3 1.68 1.95
PD1-4 2.04 2.71
PD1-5 2.09 3.31

From this analysis it is clear that the humanized PD1 antibodies of the invention
exhibit potent binding properties to PD1, and also efficiently inhibited the
interaction of PD-1 with PD-L1 and PD-L2.

Example 4: Stimulation of antigen-specific T cell response by anti-PD1

antibody
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Humanized anti-PD1 antibodies prepared according to the methods described
above were subsequently tested for their ability to stimulate cytokine production

of Tetanus specific CD4 memory T cells.

For this assay, T cells from PBMCs derived from healthy donors were expanded
in the presence of tetanus toxoid and co-cultured with autologous mature
dendritic cells (DCs) loaded with tetanus toxoid for 2 days. The co-culture step
was repeated a second time in a similar manner in the presence of representative
anti-PD1 antibodies of the invention. At the end of the second co-culture step,
supernatants were analysed for IFN-gamma by ELISA and results are shown in
Figure 3.

All the PD1 antibodies of the invention tested show a clear dose dependent very
potent activation of T cells as measured by IFN-gamma release. When the PD1
antibodies of the invention are combined with anti-LAG3 antibodies, superior
activity can be observed when compared to reference prior art anti-PD1 antibody

combinations (see Example 12 and Figure 8).

Example 5: Epitope mapping of the humanized anti-PD1 monoclonal
antibodies.

The epitope of a representative anti-PD1 antibody of the invention and a
reference prior art antibody molecule having the same amino acid sequence as
nivolumab were analyzed by hydrogen-deuterium exchange (HDX) experiments,
which reveals epitope differences at individual amino acid level in antibody

epitopes.

HDX analysis showed that the anti-PD1 antibody of the invention and the
reference prior art antibody molecule bind to similar and overlapping regions of
human PD1. However, the epitopes are not identical, with representative PD1
antibody of the invention binding to an additional sequence element as detailed in
Table 4.
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Table 4: Epitope Mapping of anti-PD1 antibody molecules by Hydrogen-

Deuterium Exchange Mass Spectrometry

] PD-1 Binding Epitope
Antibody .
Regions (aa *)

reference antibody for 195138 A125ISLAPKAQIKESL **

nivolumab (SEQ ID NO:115)
AAFPEDRSQPGQDCRF
(SEQ ID NO:116)

PD1-3 80-95, 125-138
A125ISLAPKAQIKESL **
(SEQ ID NO:115)

* PD1 used for numbering: GenBank AAO63583.1
** Amino acids involved in binding are shown in bold, differences are underlined

Example 6: In vivo efficacy of anti-PD1 antibody molecules of the invention
in a hPD-1 knock-in mouse model

The purpose of the study was to measure the efficacy of the anti-PD1 antibody
molecules of the invention using a fully immune competent mouse harboring a
genetic modification which replaces the extracellular domain of mouse PD1 with
the corresponding region of human PD1. The mouse C57BL/6NTac-
PDCD1"™MFPCPAMe | sed for this experiment was provided by ISIS INNOVATION
LIMITED, Oxford, England and is termed from now on “hPD1 knock in mouse”.

MC-38 cells were subcutaneously injected into the flank of hPD1 knock-in mice
and treatment started at day 6 post cell injection. The mice received PBS, Isotype
control or anti-PD1 antibody molecule of the invention at a dose of 10 mg/kg
twice weekly (g3or4d) or PD1-3 was administered only once.
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Figure 4 shows the tumor volume over time for individual hPD1 knock-in mice
implanted with MC38 and Table 5 summarizes tumor growth inhibition (TGI) at
day 23 post cell injection and complete responses observed at the end of the

study.

Complete response (CR) is defined when (i) the tumor size is the same or
smaller compared to the first measurement and (ii) visual inspection of residual
carrier material (matrigel) shows no tumor tissue. It could be demonstrated that
the single dosing regiment of PD1-3 showed strong and anti-tumor effects
(TGI=90%; with 2 mice showing a CR) equivalent as compared to twice weekly
dosing regime. This study shows that even a single dose of anti-PD1 antibody
molecule of the invention is sufficient to achieve efficacy, which could be a

consequence of longer half life.

Table 5: TGl for PD1

TGl [%] CR [n/10]
PBS - 0
PD-1 Isotype 12 0
PD1-3 (q3or4d) 83 3
PD1-3 (once) 90 2

Example 7: Preclinical pharmacokinetics of anti-PD1 antibody molecules of

the invention.

Pharmacokinetic (PK) properties of the anti-PD1 antibody molecule of the

invention were determined in a single dose i.v. PK study in Cynomolgus monkeys.

Anti-PD1 antibody molecule of the invention administered with a dose of 1 mg/kg
i.v. displays a mean plasma clearance (CL) of 0.28 ml/h/kg. The mean volume of
distribution (Vss) for PD1-3 was 58 ml/kg. The mean terminal half-life for PD1-3
was 11 d.
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AUC and cmax of PD1-3 at 1 mg/kg in Cynomolgus monkeys are nearly identical
to the corresponding parameters of the IgG4Pro PD-1 antibodies nivolumab
(BMS-936558, published in Wang, C. et al., Cancer Immunol. Res. 2:846-856,
2014) and pembrolizumab (MK-3475, published in FDA BLA document
1255140rig1s000 Pharmacology Review, 2014) in a comparable dose range.

Surprisingly and unexpectedly, the terminal half-live observed for PD1-3 was 1.5-
2-fold higher than for nivolumab as shown in Figure 5. This suggests that the
anti-PD1 antibodies of the invention have a serum half-life of 11 days. This is in
contrast to the known reference anti-PD1 antibody molecules which typically have
a half-life of 4 to 6 days in the dose range 0.3-3 mg/kg. This surprising feature of
the antibody molecules of the invention may allow for a patient to be treated with
the antibody molecules of the invention less frequently than those of the art,
which can translate to a reduction in the amount of antibody which has to be
supplied, either in the form of reduced frequency of administration or in reduced
amount of antibody to be used. Given that anti-PD1 antibody molecules can
induce unwanted side effects in patients, as discussed above, then the anti-PD1
antibodies of the invention may have a significant and surprising clinical
advantage over the art.

Example 8: Identification of mouse antibodies binding to LAG3

The extracellular domain (ECD) of human LAG3 protein (amino acids 23-450 of
GenBank accession number NP_002277) was synthesized and prepared as an
immunogen. Mice were then immunized and then boosted with human LAG3

ECD protein following standard laboratory immunization techniques.

Plasma was then harvested from the immunized mice and screened to identify
individuals with sufficient titre of anti-LAG3 immunoglobulin. Following standard
laboratory methods, lymphocytes from the selected mice were harvested and

fused with mouse myeloma cells to generate hybridomas.
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Several hybridomas which produced antibodies that specifically bound to human
LAG3 were selected, the antibody variable domains isolated and cloned using

standard PCR primer sets.

From this study a murine hybridomal line, termed 496G6, which produced
monoclonal antibodies exhibiting low nM binding affinities to human LAG3 (ECD)
was identified and selected for further study.

The amino acids sequence of the variable domain of monoclonal antibody
produced by 496G6 is shown in Figure 6.

Example 9: Generation of humanized anti-LAG3 antibodies

In this example, the methods and results for the development of humanized
derivatives of the monoclonal antibody produced by murine hybridoma line

496G6, described in Example 8, are provided.

V-genes of murine 496G6 hybridoma were identified following PCR and
sequencing protocols well known in the art. The V-genes are then fused to
closest matching human germline genes, using standard molecular biology
techniques. In the case of 496G6, this resulted in chimeric murine/human
antibody having of mouse Vk and Vh amino acid residues fused to human Ck and

Ch1 amino acid residues.

Once prepared, the chimeric murine/human antibody was then subjected to
standard “humanization” protocols well known in the art. In this method, mutated
amino acid libraries of the chimeric 496G6 Fab clones were prepared. Additional
library positions were also prepared so as to remove sequence liabilities (i.e.
amino acid residues known to be immunogenic or to create potential
manufacturing problems). These mutated libraries usually have 5 to 10 binary

(mouse vs human) positions per V-region. Several smaller libraries can be built to
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address specific liabilities in more complex V-regions. Such libraries are
prepared using standard methods in the art, and can be readily used by the

skilled person.

Following completion of this stage, a number of different “humanized” Fabs
derived from the original murine 496G6 Fab sequence were prepared. These
humanized Fabs were tested for their ability to bind human LAG3 and block the
interaction of MHCII with LAG3. Genetically engineered Fabs that perform equal
to, or better than, the corresponding chimeric Fab were subsequently selected.
Their amino acid sequence was analysed for percentage human sequence,

probable immunogenicity, and removed sequence liabilities.

Following selection of the most favourable humanized Fabs, these were then
placed in the Human IgG4 (Pro) immunoglobulin format. 1gG4 (Pro) differs from
canonical Human IgG4 sequence by having serine 241 altered to proline, this
alteration has been demonstrated to minimize dynamic Fab arm exchange

between IgG4 molecules.

On completion of this study, 5 different humanized antibody versions of the
original chimeric murine/human 496G6 Fab had been prepared. These were
termed: LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG3-5.

The amino acids sequence of the CDRs for LAG3-1, LAG3-2, LAG3-3, LAG3-4,
LAG3-5, the VH and VL sequences and the full HC and LC sequences are

presented in the table at the end of this application. For the avoidance of doubt,
a correlation between the antibodies and their SEQ ID number is also presented

in the table below:

TABLE 6: SEQ ID NOs for the anti-LAG3 antibodies of the invention

anti-LAG3 CDR VH VL HC LC
antibody sequences | sequences | sequences |sequences | sequences
LAG3-1 39-44 51 52 61 62
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LAG3-2 39-44 53 54 63 64
LAG3-3 39-44 55 56 65 66
LAG3-4 39-44 57 58 67 68
LAG3-5 45-50 59 60 69 70

Example 10: Antibody binding to human LAG3 and blocking of LAG3 ligand

interaction

Binding affinities to recombinant monomeric human LAG3 were measured using
SPR.

LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG3-5 antibodies were captured on
Protein A/G surfaces. Human LAG3 ECD-Fc was injected over the captured
antibodies for 300 sec at a flowrate of 30 ul/min and a dissociation for 1800 sec.
The concentrations of human LAG3 ECD were 0 nM, 0.625 nM, 1.25 nM, 2.5 nM,
and 5 nM. The background was subtracted from the raw data and sensorgrams
were then fit globally to 1:1 Langmuir binding to provide affinity (KD) values.

Using this protocol, antibodies LAG3-1, LAG3-2, LAG3-3, LAG3-4 and LAG-3-5
were determined to bind to human LAG-3 with high affinity, as presented in the
table below.

TABLE 7: Binding to recombinant human LAG3 (K, nM)

Antibody Kp, nM
LAG3-1 0.125
LAG3-2 0.09
LAG3-3 0.12
LAG3-4 0.1
LAG3-5 0.07
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LAG3 antibodies of the invention were tested for blocking the binding of
recombinant human LAG3 protein to Raji cells expressing its ligand MHC Il using
FACS. Recombinant human LAG3 extracellular domain fused to human Fc
(hLAG3-hlgFc) was incubated with LAG3 antibodies LAG3-1, LAG3-2, LAG3-3,
LAG3-4 and LAG3-5 for 15 minutes at room temperature (RT) prior to adding to
Raji cells followed by further incubation for 30 minutes at 4 °C. Cells were
washed 3 times. HLAG3-mligFc binding to Raji cells was detected using a PE
labelled anti-human IgG. Analysis of HLAG3-mIgFc binding was carried out with a
FACS Canto | (BD Bioscience). The results are summarized in Figure 7 and
demonstrate that all LAG3 antibodies of the invention tested selectively and
effectively inhibit the binding of LAG3 to MHC II.

EXAMPLE 11: Epitope mapping of the humanized anti-LAG3 monoclonal
antibodies.

The epitope of a representative anti-LAG3 antibody of the invention and a
reference antibody molecule having the same amino acid sequence as BMS-
986016 (a prior art reference anti-LAG3 antibody molecule) were analyzed using
a “competition binding” assay. The results showed no competition for binding to
LAG3, which shows that the anti-LAG3 antibody of the invention binds to a
different epitope than the prior art reference anti-LAG3 antibody molecule.

The epitope of representative anti-LAG3 antibody of the invention was further
refined by hydrogen-deuterium exchange (HDX) experiments, which reveals

epitope differences at individual amino acid level in antibody epitopes.

HDX analysis showed that the representative anti-LAG3 antibody of the invention

binds to two distinct regions of human LAG3 as detailed in the Table 8.

Table 8: Epitope Mapping of anti-LAG3 mAbs by Hydrogen-Deuterium Exchange
Mass Spectrometry
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. LAG3 Binding Epitope
Antibody .
Regions (aa*)
LLRRAGVT (SEQ ID NO: 111) and
LAG3-1 33-40 and 125-135
YRAAVHLRDRA (SEQ ID NO: 112)

*LAG-3 used for numbering: GenBank NP_002277

EXAMPLE 12: Stimulation of antigen-specific T cell response with anti-PD1
and anti-LAG3 antibodies.

Individual anti-PD1 and anti-LAG3 antibodies of the invention, and combinations
of these antibodies, were tested for their ability to stimulate cytokine production of
Tetanus specific CD4 memory T cells by ELISA and compared with prior art anti-
PD1 and anti-LAG3 antibodies

For this assay, T cells from healthy donor PBMCs were expanded in the
presence of tetanus toxoid and co-cultured with autologous mature dendritic cells
(DCs) loaded with tetanus toxoid for 2 days. The co-culture step was repeated a
second time in a similar manner in the presence of anti-PD1, anti-LAG3 and a
combination of anti-PD1 and anti-LAG3 antibody molecules using fixed amount of
anti-PD1 mAb (200nM) with increasing amounts of anti-LAG3 antibodies. At the
end of the second co-culture step supernatants were analysed for IFN-gamma

secretion.

Using this assay, the combination of anti-PD1 and anti-LAG3 antibodies of the
invention was compared to nivolumab (Opdivo (R)) (PD1 mAb) plus an antibody
having the same amino acid sequence as BMS-986016 (LAG3 mAD) in 4 different
donors. Increasing amounts of anti-LAG3 antibodies were used in combination
with a fixed dose of anti-PD1 mAbs. The data shown was normalized to a anti-
PD1 antibody used at saturating concentration indicated as 100% and results are
shown in Figure 8.
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This data demonstrates that a combination of anti-PD1 and anti-LAG3 antibodies
of the invention leads to a 1.5 - 2 fold increase of IFN-gamma production when
compared to anti-PD1 mAb alone. Surprisingly the combination of anti-PD1 and
anti-LAG3 antibodies of the invention is superior than that of the prior art anti-PD1
and anti-LAG3 antibodies.

Furthermore the data shows that in 3 out of 4 donors anti-PD1-3 (a representative
of the PD1 antibody of the invention) is superior to nivolumab (Opdivo (R)) as
seen in the higher levels of IFN-gamma secretion at very low anti-LAG3 mAB

levels (Figure 8).

As can be appreciated, this superiority of the combination of the anti-LAG3

antibody molecules of the present invention with anti-PD1 antibody molecules of
the present invention suggests that they would be able to be used to treat cancer
at a lower dosage level than the prior art antibody therapeutics, which may allow

for a therapeutic application with less unwanted side effects.

Given that anti-PD1 and anti-LAG3 antibody molecules may induce unwanted
side effects in patients, as discussed above, then the anti-PD1 antibodies and
anti-LAG3 antibodies of the invention could have a significant and surprising
clinical advantage over the art by using lower dosage and/or less frequent

administration regimes.

EXAMPLE 13: In vivo efficacy of combination therapy of anti-PD1 and anti-
LAG3 antibodies in syngeneic tumor models

To test whether the combination treatment of anti-PD1 and anti-LAG3 antibodies
of the invention results in superior efficacy in vivo, several preclinical tumor
mouse models were treated with anti-PD1 and anti-LAG3 mAbs. All mouse
tumor cell lines (MC38, Colon-26 colon-, B16F10 melanoma, LL/2 (LLC1) Lewis
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Lung- and 4T1 breast-cancer) were injected subcutaneously in either C57BL/6 or
BALB/c depending on the origin of mouse tumor cell line. On day 3 post cell
injection mice were treated intraperitoneally (ip) followed by twice weekly dosing.
All antibodies were dosed at 10 mg/kg and the combination of anti-LAG3 and
anti-PD1 antibodies of the invention was dosed at 10 mg/kg each. Antibodies
used in this study were all obtained from BioXCell, West Lebanon, NH, USA. The
control group was treated with a rat IgG2a antibody (clone 2A3), the anti-PD1
antibody used has a rat IgG2a Fc part (clone RMP1-14) and the anti-LAG3 used
in the study was on a rat IgG1 Fc part (clone CO9B7W). Tumor size was measured
at least three times per week in two dimensions (length x width) and the tumor
volumes were calculated. Animals were euthanized if the volume of the tumor

reached 1500 mm? or if tumors were ulcerated.

The results for the TGl and CR summarized in Table 9 and Figure 9 are showing
the tumor volume over time for individual mice. In conclusion the study shows
that an anti-PD1 treatment alone shows efficacy in the MC 38 but not in the other
models tested. However, with the exception of the LL/2 model, the combination
treatment of anti-PD1 and anti-LAG3 antibodies of the invention substantially
improved the efficacy of anti-PD1 monotherapy and several mice were tumor free
at the end of the study in the MC-38, Colon-26 and 4T1 model. Of particular note
is that in the PD1 resistant 4T1 model the combination shows a superior effect on

the tumor growth and 3 out of 5 mice were complete tumor free.

Table 9: Summary of the tumor growth inhibition of all syngeneic models tested

Cell line LL/2
MC38 B16-F10 Colon-26 | 4T1
(LLC1)

Mousstrain | ce7BL/6 | c57BL6 | C57BL6 | BALBIc | BALB/G

Day of TGI
_ 19 22 22 24 31
calculation
TGI [%]
81 38 0 42 5
for PD1
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TGI [%]
47 Not tested | Not tested | Nottested | Not tested
for LAG3
TGI [%]
forPD1 + |99 58 29 99 99
LAG3
CR for PD1
or 1(10) 0 (10) 0 (10) 1(10) 0 (10)
CR for
0(10) Not tested | Not tested | Not tested | Not tested
LAG3
CR for PD- 4 (10) 0(10) 0(10) 3(5) 3(5)
1+ LAG3

Example 14: Pharmaceutical formulation for s.c. administration

Any of the above antibody molecules of the invention can be selected for the

manufacture of a pharmaceutical formulation for subcutaneous application having

a composition as follows:

Drug substance:

Acetate buffer:

Trehalose:
Tween-20:

100 mg/ml (1 to 3 nmol/ml)
25 mM

220 mM

0.02 %

Drug substance is formulated in a solution having the above composition,

sterilized and stored at 2 to 8 °C.

Example 15: Pharmaceutical formulation for i.v. administration

Any of the above antibody molecules of the invention can be selected for the

manufacture of a pharmaceutical formulation for i.v. application. An example of a

suitbale pharmaceutical formulation for the antibody of the invention is as follows.

80




10

15

20

WO 2017/198741 PCT/EP2017/061901

A 20 mL vial contains 20 mg/mL of the anti-PD1 antibody of the invention, in a
buffer consisting of 21.5 mM sodium acetate, 3.5 mM acetic acid, 240 mM
trehalose, 0.67 mM L-methionine, 0.04% w/v polysorbate 20, and water for
injection (WFI).

A 20 mL vial contains 20 mg/mL of the anti-LAG3 antibody of the invention in a
buffer consisting of 25 mM acetate, 240 mM trehalose, 0.67 mM methionine, 0.04%
(w/v) polysorbate 20, pH 5.5, and water for injection (WFI).

Example 16: Pharmaceutical use in humans

The solutions outlined in Example 15 above is applied to a patient in need thereof,
such as a human being suffering from a cancer, by intravenous infusion (dosage

of 100 to 200 mg) every two to four weeks.

SEQUENCES

SEQUENCE | SEQUENCE | SEQUENGE

NUMBER NAME

1 PD1-1HCDR1 | GFTFSASAMS

2 PD1-1HCDR2 | YISGGGGDTYYSSSVKG
3 PD1-1HCDR3 | HSNVNYYAMDY

4 PD1-1LCDR1 | RASENIDTSGISFMN

5 PD1-1LCDR2 | VASNQGS

6 PD1-1LCDR3 | QQSKEVPWT
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7 PD1-2HCDR1 GFTFSASAMS

8 PD1-2HCDR2 YISGGGGDTYYSSSVKG

9 PD1-2HCDR3 HSNPNYYAMDY

10 PD1-2LCDR1 RASENIDTSGISFMN

11 PD1-2LCDR2 VASNQGS

12 PD1-2LCDR3 QQSKEVPWT

13 PD1-3HCDR1 GFTFSKSAMS

14 PD1-3HCDR2 YISGGGGDTYYSSSVKG

15 PD1-3HCDR3 HSNVNYYAMDY

16 PD1-3LCDR1 RASENIDVSGISFMN

17 PD1-3LCDR2 VASNQGS

18 PD1-3LCDR3 QQSKEVPWT

19 PD1VH1 EVMLVESGGGLVQPGGSLRLSCTASGFTFSASA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSS

20 PD1VLA1 EIVLTQSPATLSLSPGERATMSCRASENIDTSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIK

21 PD1VH2 EVMLVESGGGLVQPGGSLRLSCTASGFTFSASA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNPNYYAMDYWGQGTLVTVSS

22 PD1VL2 EIVLTQSPATLSLSPGERATMSCRASENIDTSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIK

23 PD1VH3 EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA

MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSS
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24

PD1VL3

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIK

25

PD1VH4

EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSS

26

PD1VL4

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIK

27

PD1VH5

EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSS

28

PD1VL5

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIK

29

PD1HC1

EVMLVESGGGLVQPGGSLRLSCTASGFTFSASA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

30

PD1LC1

EIVLTQSPATLSLSPGERATMSCRASENIDTSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC
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31

PD1HC2

EVMLVESGGGLVQPGGSLRLSCTASGFTFSASA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNPNYYAMDYWGQGTLVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVYD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

32

PD1LC2

EIVLTQSPATLSLSPGERATMSCRASENIDTSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

33

PD1HC3

EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

34

PD1LC3

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

35

PD1HC4

EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
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GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

36

PD1LC4

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

37

PD1HC5

EVMLVESGGGLVQPGGSLRLSCTASGFTFSKSA
MSWVRQAPGKGLEWVAYISGGGGDTYYSSSVK
GRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
HSNVNYYAMDYWGQGTLVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

38

PD1LC5

EIVLTQSPATLSLSPGERATMSCRASENIDVSGIS
FMNWYQQKPGQAPKLLIYVASNQGSGIPARFSG
SGSGTDFTLTISRLEPEDFAVYYCQQSKEVPWTF
GQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

39

LAG-1HCDR1

GFSLSTSDMGVG

40

LAG-1HCDR2

HIWWDDVKRYNPALKS
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41 LAG-1HCDR3 IEDYGVSYYFDY

42 LAG-1LCDR1 KASQDVSTAVA

43 LAG-1LCDR2 SASYRYT

44 LAG-1LCDR3 QQHYSIPLT

45 LAG-2HCDR1 GFSLSTSDMGVG

46 LAG-2HCDR2 HIWWDDVKRYNPALKS
47 LAG-2HCDR3 IVDYGVSYYFDY

48 LAG-2LCDR1 KASQDVSTAVA

49 LAG-2LCDR2 SASYRYT

50 LAG-2LCDR3 QQHYSIPLT

51 LAGVH1 QVTLVESGGGVVQPGRSLRLSCAFSGFSLSTSD

MGVGWIRQAPGKGLEWVAHIWWDDVKRYNPAL
KSRFTISRDNSKNTLYLQMNSLRAEDTAVYFCAR
IEDYGVSYYFDYWGQGTTVTVSS

52 LAGVL1 DIQMTQSPSFLSASVGDRVSITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQG

TKLEIK

53 LAGVH2 QVTLKESGPTLVKPTQTLTLTCSFSGFSLSTSDM
GVGWIRQPPGKALEWLAHIWWDDVKRYNPALK
SRLTITKDTSKNQVVLTMTNMDPVDTATYFCARI
EDYGVSYYFDYWGQGTTVTVSS

54 LAGVL2 DIQMTQSPSFLSASVGDRVTFTCKASQDVSTAV

AWYQQKPGKAPKLLIYSASYRYTGVPDRFSGSG
SGTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQ

GTKLEIK

55 LAGVH3 QVTLVESGGGVVQPGRSLSLSCAFSGFSLSTSD
MGVGWVRQPPGKGLEWVAHIWWDDVKRYNPA
LKSRFTISRDNSKNTLYLQMNSLRAEDTATYYCA
RIEDYGVSYYFDYWGQGTTVTVSS

56 LAGVL3 DIQMTQSPSFLSASVGDRVTITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGAGT
KLEIK
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57

LAGVH4

QVTLVESGGGVVQPGRSLRLSCAFSGFSLSTSD
MGVGWIRQAPGKGLEWVAHIWWDDVKRYNPAL
KSRFTISRDNSKNTLYLQMNSLRAEDTATYFCAR
IEDYGVSYYFDYWGQGTTVTVSS

58

LAGVL4

DIVMTQSPSFLSASVGDRVTITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQG

TKLEIK

59

LAGVH5

QVTLKESGPTLVKPTQTLTLTCSFSGFSLSTSDM
GVGWIRQPPGKALEWLAHIWWDDVKRYNPALK
SRLTITKDTSKNQVVLTMTNMDPVDTATYFCARI
VDYGVSYYFDYWGQGTTVTVSS

60

LAGVLS

DIQMTQSPSFLSASVGDRVSITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFAVYYCQQHYSIPLTFGQG
TKLEIK

61

LAGHC1

QVTLVESGGGVVQPGRSLRLSCAFSGFSLSTSD
MGVGWIRQAPGKGLEWVAHIWWDDVKRYNPAL
KSRFTISRDNSKNTLYLQMNSLRAEDTAVYFCAR
IEDYGVSYYFDYWGQGTTVTVSSASTKGPSVFP
LAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLP
SSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLG

62

LAGLC1

DIQMTQSPSFLSASVGDRVSITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQG
TKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL
NNFYPREAKVQWKVYDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFNRGEC

63

LAGHC2

QVTLKESGPTLVKPTQTLTLTCSFSGFSLSTSDM
GVGWIRQPPGKALEWLAHIWWDDVKRYNPALK
SRLTITKDTSKNQVVLTMTNMDPVDTATYFCARI
EDYGVSYYFDYWGQGTTVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
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ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

64

LAGLC2

DIQMTQSPSFLSASVGDRVTFTCKASQDVSTAV
AWYQQKPGKAPKLLIYSASYRYTGVPDRFSGSG
SGTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQ
GTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCL
LNNFYPREAKVQWKVYDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC

65

LAGHC3

QVTLVESGGGVVQPGRSLSLSCAFSGFSLSTSD
MGVGWVRQPPGKGLEWVAHIWWDDVKRYNPA
LKSRFTISRDNSKNTLYLQMNSLRAEDTATYYCA
RIEDYGVSYYFDYWGQGTTVTVSSASTKGPSVF
PLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPC
PAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQ
FNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGL
PSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVM
HEALHNHYTQKSLSLSLG

66

LAGLC3

DIQMTQSPSFLSASVGDRVTITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS

GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGAGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLN

NFYPREAKVQWKVDNALQSGNSQESVTEQDSK

DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSS
PVTKSFNRGEC

67

LAGHCA4

QVTLVESGGGVVQPGRSLRLSCAFSGFSLSTSD
MGVGWIRQAPGKGLEWVAHIWWDDVKRYNPAL
KSRFTISRDNSKNTLYLQMNSLRAEDTATYFCAR
IEDYGVSYYFDYWGQGTTVTVSSASTKGPSVFP

LAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS

GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCP
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APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLP
SSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLG

68

LAGLC4

DIVMTQSPSFLSASVGDRVTITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFATYYCQQHYSIPLTFGQG

TKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL
NNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFNRGEC

69

LAGHCS5

QVTLKESGPTLVKPTQTLTLTCSFSGFSLSTSDM
GVGWIRQPPGKALEWLAHIWWDDVKRYNPALK
SRLTITKDTSKNQVVLTMTNMDPVDTATYFCARI
VDYGVSYYFDYWGQGTTVTVSSASTKGPSVFPL
APCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
KTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLG

70

LAGLCS

DIQMTQSPSFLSASVGDRVSITCKASQDVSTAVA
WYQQKPGKAPKLLIYSASYRYTGVPDRFSGSGS
GTDFTLTISSLQPEDFAVYYCQQHYSIPLTFGQG

TKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL

NNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFNRGEC

71

nPD1VH1

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCGCTA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAAAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
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CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGC

72

nPD1VL1

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACACCA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAG

73

nPD1VH2

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCGCTA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAAAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACCCAAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGC

74

nPD1VL2

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACACCA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAG

75

nPD1VH3

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCAAGA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA

90
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CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGC

76

nPD1VL3

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
AAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACCACA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAG

77

nPD1VH4

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCAAGA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGC

78

nPD1VL4

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
AAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACCACA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAG

79

nPD1VH5

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCAAGA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC

91
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GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGC

80

nPD1VL5

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACGTAA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAAATCAAG

81

nPD1HC1

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCGCTA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAAAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGCGCCTCCACAAAGGGC
CCTTCCGTGTTCCCCCTGGCCCCTTGCTCCCG
GTCCACCTCCGAGTCTACCGCCGCTCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAGCCCGTG
ACCGTGTCCTGGAACTCTGGCGCCCTGACCTC
CGGCGTGCACACCTTCCCTGCTGTGCTGCAGT
CCTCCGGCCTGTACTCCCTGTCCTCCGTCGTG
ACCGTGCCCTCCTCTAGCCTGGGCACCAAGAC
CTACACCTGTAACGTGGACCACAAGCCCTCCA
ACACCAAGGTGGACAAGCGGGTGGAATCTAAG
TACGGCCCTCCCTGCCCCCCCTGCCCTGCCC
CTGAATTTCTGGGCGGACCCTCCGTGTTCCTG
TTCCCCCCAAAGCCCAAGGACACCCTGATGAT
CTCCCGGACCCCCGAAGTGACCTGCGTGGTG
GTGGACGTGTCCCAGGAAGATCCCGAGGTCC
AGTTTAATTGGTACGTGGACGGCGTGGAAGTG
CACAACGCCAAGACCAAGCCCAGAGAGGAAC

92
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AGTTCAACTCCACCTACCGGGTGGTGTCCGTG
CTGACCGTGCTGCACCAGGACTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAG
GGCCTGCCCTCCAGCATCGAAAAGACCATCTC
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAG
GTGTACACCCTGCCTCCAAGCCAGGAAGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGTCTGG
TCAAGGGCTTCTACCCCTCCGATATCGCCGTG
GAATGGGAGTCCAACGGCCAGCCCGAGAACA
ACTACAAGACCACCCCCCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCTCGGCTGAC
CGTGGACAAGTCCCGGTGGCAGGAAGGCAAC
GTCTTCTCCTGCTCCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCCTGTCCC
TGAGCCTGGGC

82

nPD1LCA

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACACCA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAGCGTACTGTGGCTGCA
CCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAATTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAA
AGTACAGTGGAAGGTGGATAACGCCCTCCAAT
CGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCC
ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGC
TTCAACAGGGGAGAGTGT

83

nPD1HC2

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCGCTA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAAAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACCCAAACTACT

93
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ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGCGCCTCCACAAAGGGC
CCTTCCGTGTTCCCCCTGGCCCCTTGCTCCCG
GTCCACCTCCGAGTCTACCGCCGCTCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAGCCCGTG
ACCGTGTCCTGGAACTCTGGCGCCCTGACCTC
CGGCGTGCACACCTTCCCTGCTGTGCTGCAGT
CCTCCGGCCTGTACTCCCTGTCCTCCGTCGTG
ACCGTGCCCTCCTCTAGCCTGGGCACCAAGAC
CTACACCTGTAACGTGGACCACAAGCCCTCCA
ACACCAAGGTGGACAAGCGGGTGGAATCTAAG
TACGGCCCTCCCTGCCCCCCCTGCCCTGCCC
CTGAATTTCTGGGCGGACCCTCCGTGTTCCTG
TTCCCCCCAAAGCCCAAGGACACCCTGATGAT
CTCCCGGACCCCCGAAGTGACCTGCGTGGTG
GTGGACGTGTCCCAGGAAGATCCCGAGGTCC
AGTTTAATTGGTACGTGGACGGCGTGGAAGTG
CACAACGCCAAGACCAAGCCCAGAGAGGAAC
AGTTCAACTCCACCTACCGGGTGGTGTCCGTG
CTGACCGTGCTGCACCAGGACTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAG
GGCCTGCCCTCCAGCATCGAAAAGACCATCTC
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAG
GTGTACACCCTGCCTCCAAGCCAGGAAGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGTCTGG
TCAAGGGCTTCTACCCCTCCGATATCGCCGTG
GAATGGGAGTCCAACGGCCAGCCCGAGAACA
ACTACAAGACCACCCCCCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCTCGGCTGAC
CGTGGACAAGTCCCGGTGGCAGGAAGGCAAC
GTCTTCTCCTGCTCCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCCTGTCCC
TGAGCCTGGGC

84

nPD1LC2

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACACCA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAGCGTACTGTGGCTGCA
CCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAATTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAA

94
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AGTACAGTGGAAGGTGGATAACGCCCTCCAAT
CGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCC
ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGC
TTCAACAGGGGAGAGTGT

85

nPD1HC3

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCAAGA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCTCCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACGTCAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGCGCCTCCACAAAGGGC
CCTTCCGTGTTCCCCCTGGCCCCTTGCTCCCG
GTCCACCTCCGAGTCTACCGCCGCTCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAGCCCGTG
ACCGTGTCCTGGAACTCTGGCGCCCTGACCTC
CGGCGTGCACACCTTCCCTGCTGTGCTGCAGT
CCTCCGGCCTGTACTCCCTGTCCTCCGTCGTG
ACCGTGCCCTCCTCTAGCCTGGGCACCAAGAC
CTACACCTGTAACGTGGACCACAAGCCCTCCA
ACACCAAGGTGGACAAGCGGGTGGAATCTAAG
TACGGCCCTCCCTGCCCCCCCTGCCCTGCCC
CTGAATTTCTGGGCGGACCCTCCGTGTTCCTG
TTCCCCCCAAAGCCCAAGGACACCCTGATGAT
CTCCCGGACCCCCGAAGTGACCTGCGTGGTG
GTGGACGTGTCCCAGGAAGATCCCGAGGTCC
AGTTTAATTGGTACGTGGACGGCGTGGAAGTG
CACAACGCCAAGACCAAGCCCAGAGAGGAAC
AGTTCAACTCCACCTACCGGGTGGTGTCCGTG
CTGACCGTGCTGCACCAGGACTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAG
GGCCTGCCCTCCAGCATCGAAAAGACCATCTC
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAG
GTGTACACCCTGCCTCCAAGCCAGGAAGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGTCTGG
TCAAGGGCTTCTACCCCTCCGATATCGCCGTG
GAATGGGAGTCCAACGGCCAGCCCGAGAACA
ACTACAAGACCACCCCCCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCTCGGCTGAC
CGTGGACAAGTCCCGGTGGCAGGAAGGCAAC

95
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GTCTTCTCCTGCTCCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCCTGTCCC
TGAGCCTGGGC

86

nPD1LC3

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
GAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACGTAA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAAATCAAGCGTACTGTGGCTGCA
CCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAATTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAA
AGTACAGTGGAAGGTGGATAACGCCCTCCAAT
CGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCC
ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGC
TTCAACAGGGGAGAGTGT

87

nPD1HC4

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCCGCA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG
CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCGTCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACTACAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGCGCCTCCACCAAGGGC
CCATCGGTCTTCCCGCTAGCACCCTCCTCCAA
GAGCACCTCTGGGGGCACAGCGGCCCTGGGC
TGCCTGGTCAAGGACTACTTCCCCGAACCGGT
GACGGTGTCGTGGAACTCAGGCGCCCTGACC
AGCGGCGTGCACACCTTCCCGGCTGTCCTACA
GTCCTCAGGACTCTACTCCCTCAGCAGCGTGG
TGACCGTGCCCTCCAGCAGCTTGGGCACCCA
GACCTACATCTGCAACGTGAATCACAAGCCCA
GCAACACCAAGGTGGACAAGCGCGTTGAGCC
CAAATCTTGTGACAAAACTCACACATGCCCACC

96
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GTGCCCAGCACCTGAAGCCGCTGGGGGACCG
TCAGTCTTCCTCTTCCCCCCAAAACCCAAGGA
CACCCTCATGATCTCCCGGACCCCTGAGGTCA
CATGCGTGGTGGTGGACGTGAGCCACGAAGA
CCCTGAGGTCAAGTTCAACTGGTACGTGGACG
GCGTGGAGGTGCATAATGCCAAGACAAAGCCG
CGGGAGGAGCAGTACAACAGCACGTACCGTG
TGGTCAGCGTCCTCACCGTCCTGCACCAGGAC
TGGCTGAATGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAGCCCTCCCAGCCCCCATCGAGA
AAACCATCTCCAAAGCCAAAGGGCAGCCCCGA
GAACCACAGGTGTACACCCTGCCCCCATCCCG
CGAGGAGATGACCAAGAACCAGGTAAGTTTGA
CCTGCCTGGTCAAAGGCTTCTATCCCAGCGAC
ATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTG
CTGGACTCCGACGGCTCCTTCTTCCTCTATAG
CAAGCTCACCGTGGACAAGAGCAGGTGGCAG
CAGGGGAACGTCTTCTCATGCTCCGTGATGCA
TGAGGCTCTGCACAACCACTACACGCAGAAGA
GCCTCTCCCTGTCTCCGGGT

88

nPD1LC4

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
AAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACCACA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA
GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAGCGTACTGTGGCTGCA
CCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAATTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAA
AGTACAGTGGAAGGTGGATAACGCCCTCCAAT
CGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCC
ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGC
TTCAACAGGGGAGAGTGT

89

nPD1HCS

GAGGTGATGCTGGTCGAGAGCGGCGGCGGTC
TCGTGCAGCCAGGCGGTAGCCTGCGCCTCAG
CTGCACCGCCAGCGGCTTCACCTTCAGCCGCA
GCGCCATGAGCTGGGTGCGCCAAGCCCCAGG

97
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CAAGGGCCTGGAGTGGGTGGCCTACATCAGC
GGCGGCGGCGGCGACACCTACTACAGCGTCA
GCGTGAAGGGCCGCTTCACCATCAGCCGCGA
CAACGCCAAGAACAGCCTGTACCTGCAAATGA
ACAGCCTGCGCGCCGAGGACACCGCCGTGTA
CTACTGCGCCCGCCACAGCAACTACAACTACT
ACGCCATGGACTACTGGGGCCAGGGCACCCT
GGTGACCGTGAGCAGCGCCTCCACAAAGGGC
CCTTCCGTGTTCCCCCTGGCCCCTTGCTCCCG
GTCCACCTCCGAGTCTACCGCCGCTCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAGCCCGTG
ACCGTGTCCTGGAACTCTGGCGCCCTGACCTC
CGGCGTGCACACCTTCCCTGCTGTGCTGCAGT
CCTCCGGCCTGTACTCCCTGTCCTCCGTCGTG
ACCGTGCCCTCCTCTAGCCTGGGCACCAAGAC
CTACACCTGTAACGTGGACCACAAGCCCTCCA
ACACCAAGGTGGACAAGCGGGTGGAATCTAAG
TACGGCCCTCCCTGCCCCCCCTGCCCTGCCC
CTGAATTTCTGGGCGGACCCTCCGTGTTCCTG
TTCCCCCCAAAGCCCAAGGACACCCTGATGAT
CTCCCGGACCCCCGAAGTGACCTGCGTGGTG
GTGGACGTGTCCCAGGAAGATCCCGAGGTCC
AGTTTAATTGGTACGTGGACGGCGTGGAAGTG
CACAACGCCAAGACCAAGCCCAGAGAGGAAC
AGTTCAACTCCACCTACCGGGTGGTGTCCGTG
CTGACCGTGCTGCACCAGGACTGGCTGAACG
GCAAAGAGTACAAGTGCAAGGTGTCCAACAAG
GGCCTGCCCTCCAGCATCGAAAAGACCATCTC
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAG
GTGTACACCCTGCCTCCAAGCCAGGAAGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGTCTGG
TCAAGGGCTTCTACCCCTCCGATATCGCCGTG
GAATGGGAGTCCAACGGCCAGCCCGAGAACA
ACTACAAGACCACCCCCCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCTCGGCTGAC
CGTGGACAAGTCCCGGTGGCAGGAAGGCAAC
GTCTTCTCCTGCTCCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCCTGTCCC
TGAGCCTGGGC

90

nPD1LC5

GAGATCGTGCTGACCCAGAGCCCAGCCACCCT
AAGCCTGAGCCCAGGCGAGCGCGCCACCATG
AGCTGCCGCGCCAGCGAGAACATCGACCACA
GCGGCATCAGCTTCATGAACTGGTACCAGCAG
AAGCCAGGCCAGGCCCCAAAGCTGCTGATCTA
CGTGGCCAGCAACCAGGGCAGCGGCATCCCA
GCCCGCTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCCGCCTGGAGCCA

98
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GAGGACTTCGCCGTGTACTACTGCCAGCAGAG
CAAGGAAGTCCCATGGACCTTCGGCCAAGGTA
CTAAGCTGGAGATCAAGCGTACTGTGGCTGCA
CCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAATTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAA
AGTACAGTGGAAGGTGGATAACGCCCTCCAAT
CGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGA
GAAACACAAAGTCTACGCCTGCGAAGTCACCC
ATCAGGGCCTGAGCTCGCCCGTCACAAAGAGC
TTCAACAGGGGAGAGTGT

91 nLAGVH1 CAGGTCACCCTGAAGGAGAGCGGCCCAACCC
TGGTGAAGCCAACCCAGACCCTGACCCTGACC
TGCAGCTTCAGCGGCTTCTCCCTGAGCACCAG
CGACATGGGCGTGGGCTGGATTCGCCAACCA
CCAGGCAAGGCCCTGGAGTGGCTGGCCCACA
TCTGGTGGGACGACGTGAAGCGCTACAACCCA
GCCCTGAAGAGCCGCCTGACCATCACCAAGGA
CACCAGCAAGAACCAGGTGGTGCTGACCATGA
CC

92 nLAGVL1 GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGACCTTC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACC

93 NLAGVH2 CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGAGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGGTCCGCCAACC
ACCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AAC

94 nLAGVL2 ACATCCAGATGACCCAGAGCCCTAGCTTCCTG
AGCGCCAGCGTCGGCGACCGCGTGACGATCA
CCTGCAAGGCCAGCCAGGACGTGAGCACCGC
CGTCGCCTGGTATCAGCAGAAGCCTGGCAAG

99
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GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACC

95

NLAGVH3

CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGCGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGATCCGCCAAGC
CCCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AAC

96

nLAGVL3

GACATCGTGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGACCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACC

97

nLAGVH4

CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGCGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGATCCGCCAAGC
CCCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AAC

98

nLAGVL4

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGAGCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACC

99

nLAGVHS

CAGGTCACCCTGAAGGAGAGCGGCCCAACCC
TGGTGAAGCCAACCCAGACCCTGACCCTGACC

100
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TGCAGCTTCAGCGGCTTCTCCCTGAGCACCAG
CGACATGGGCGTGGGCTGGATTCGCCAACCA
CCAGGCAAGGCCCTGGAGTGGCTGGCCCACA
TCTGGTGGGACGACGTGAAGCGCTACAACCCA
GCCCTGAAGAGCCGCCTGACCATCACCAAGGA
CACCAGCAAGAACCAGGTGGTGCTGACCATGA
CC

100

nLAGVLS

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGAGCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
GTG

101

NLAGHCA1

CAGGTCACCCTGAAGGAGAGCGGCCCAACCC
TGGTGAAGCCAACCCAGACCCTGACCCTGACC
TGCAGCTTCAGCGGCTTCTCCCTGAGCACCAG
CGACATGGGCGTGGGCTGGATTCGCCAACCA
CCAGGCAAGGCCCTGGAGTGGCTGGCCCACA
TCTGGTGGGACGACGTGAAGCGCTACAACCCA
GCCCTGAAGAGCCGCCTGACCATCACCAAGGA
CACCAGCAAGAACCAGGTGGTGCTGACCATGA
CCAACATGGACCCAGTGGACACCGCCACCTAC
TTCTGCGCCCGCATCGAGGACTACGGCGTGA
GCTACTACTTCGACTACTGGGGCCAGGGCACC
ACCGTGACCGTGAGCAGCGCCTCCACAAAGG
GCCCTTCCGTGTTCCCCCTGGCCCCTTGCTCC
CGGTCCACCTCCGAGTCTACCGCCGCTCTGG
GCTGCCTGGTCAAGGACTACTTCCCCGAGCCC
GTGACCGTGTCCTGGAACTCTGGCGCCCTGAC
CTCCGGCGTGCACACCTTCCCTGCTGTGCTGC
AGTCCTCCGGCCTGTACTCCCTGTCCTCCGTC
GTGACCGTGCCCTCCTCTAGCCTGGGCACCAA
GACCTACACCTGTAACGTGGACCACAAGCCCT
CCAACACCAAGGTGGACAAGCGGGTGGAATCT
AAGTACGGCCCTCCCTGCCCCCCCTGCCCTGC
CCCTGAATTTCTGGGCGGACCCTCCGTGTTCC
TGTTCCCCCCAAAGCCCAAGGACACCCTGATG
ATCTCCCGGACCCCCGAAGTGACCTGCGTGGT
GGTGGACGTGTCCCAGGAAGATCCCGAGGTC
CAGTTTAATTGGTACGTGGACGGCGTGGAAGT
GCACAACGCCAAGACCAAGCCCAGAGAGGAA
CAGTTCAACTCCACCTACCGGGTGGTGTCCGT
GCTGACCGTGCTGCACCAGGACTGGCTGAAC
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GGCAAAGAGTACAAGTGCAAGGTGTCCAACAA
GGGCCTGCCCTCCAGCATCGAAAAGACCATCT
CCAAGGCCAAGGGCCAGCCCCGCGAGCCCCA
GGTGTACACCCTGCCTCCAAGCCAGGAAGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTCAAGGGCTTCTACCCCTCCGATATCGCCGT
GGAATGGGAGTCCAACGGCCAGCCCGAGAAC
AACTACAAGACCACCCCCCCTGTGCTGGACTC
CGACGGCTCCTTCTTCCTGTACTCTCGGCTGA
CCGTGGACAAGTCCCGGTGGCAGGAAGGCAA
CGTCTTCTCCTGCTCCGTGATGCACGAGGCCC
TGCACAACCACTACACCCAGAAGTCCCTGTCC
CTGAGCCTGGGC

102

nLAGLC1

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGACCTTC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACCTACTACTGCCAGCAGCACTACAGCATCCC
ACTGACCTTTGGCCAGGGCACCAAGCTGGAGA
TCAAGCGTACTGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAATTGAAATCT
GGAACTGCCTCTGTTGTGTGCCTGCTGAATAA
CTTCTATCCCAGAGAGGCCAAAGTACAGTGGA
AGGTGGATAACGCCCTCCAATCGGGTAACTCC
CAGGAGAGTGTCACAGAGCAGGACAGCAAGG
ACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGT
CTACGCCTGCGAAGTCACCCATCAGGGCCTGA
GCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGT

103

nLAGHC2

CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGAGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGGTCCGCCAACC
ACCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AACAGCCTGCGCGCCGAGGACACCGCCACCT
ACTACTGCGCCCGCATCGAGGACTACGGCGT
GAGCTACTACTTCGACTACTGGGGCCAGGGCA
CCACCGTGACCGTGAGCAGCGCCTCCACAAA
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GGGCCCTTCCGTGTTCCCCCTGGCCCCTTGCT
CCCGGTCCACCTCCGAGTCTACCGCCGCTCTG
GGCTGCCTGGTCAAGGACTACTTCCCCGAGCC
CGTGACCGTGTCCTGGAACTCTGGCGCCCTGA
CCTCCGGCGTGCACACCTTCCCTGCTGTGCTG
CAGTCCTCCGGCCTGTACTCCCTGTCCTCCGT
CGTGACCGTGCCCTCCTCTAGCCTGGGCACCA
AGACCTACACCTGTAACGTGGACCACAAGCCC
TCCAACACCAAGGTGGACAAGCGGGTGGAATC
TAAGTACGGCCCTCCCTGCCCCCCCTGCCCTG
CCCCTGAATTTCTGGGCGGACCCTCCGTGTTC
CTGTTCCCCCCAAAGCCCAAGGACACCCTGAT
GATCTCCCGGACCCCCGAAGTGACCTGCGTG
GTGGTGGACGTGTCCCAGGAAGATCCCGAGG
TCCAGTTTAATTGGTACGTGGACGGCGTGGAA
GTGCACAACGCCAAGACCAAGCCCAGAGAGG
AACAGTTCAACTCCACCTACCGGGTGGTGTCC
GTGCTGACCGTGCTGCACCAGGACTGGCTGAA
CGGCAAAGAGTACAAGTGCAAGGTGTCCAACA
AGGGCCTGCCCTCCAGCATCGAAAAGACCATC
TCCAAGGCCAAGGGCCAGCCCCGCGAGCCCC
AGGTGTACACCCTGCCTCCAAGCCAGGAAGAG
ATGACCAAGAACCAGGTGTCCCTGACCTGTCT
GGTCAAGGGCTTCTACCCCTCCGATATCGCCG
TGGAATGGGAGTCCAACGGCCAGCCCGAGAA
CAACTACAAGACCACCCCCCCTGTGCTGGACT
CCGACGGCTCCTTCTTCCTGTACTCTCGGCTG
ACCGTGGACAAGTCCCGGTGGCAGGAAGGCA
ACGTCTTCTCCTGCTCCGTGATGCACGAGGCC
CTGCACAACCACTACACCCAGAAGTCCCTGTC
CCTGAGCCTGGGC

104

nLAGLC2

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGACGATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACCTACTACTGCCAGCAGCACTACAGCATCCC
ACTGACCTTTGGCGCCGGCACCAAGCTGGAGA
TCAAGCGTACTGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAATTGAAATCT
GGAACTGCCTCTGTTGTGTGCCTGCTGAATAA
CTTCTATCCCAGAGAGGCCAAAGTACAGTGGA
AGGTGGATAACGCCCTCCAATCGGGTAACTCC
CAGGAGAGTGTCACAGAGCAGGACAGCAAGG
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ACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGT
CTACGCCTGCGAAGTCACCCATCAGGGCCTGA
GCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGT

105

nLAGHC3

CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGCGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGATCCGCCAAGC
CCCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AACAGCCTGCGCGCCGAGGACACCGCCACCT
ACTTCTGCGCCCGCATCGAGGACTACGGCGTG
AGCTACTACTTCGACTACTGGGGCCAGGGCAC
CACCGTGACCGTGAGCAGCGCCTCCACAAAG
GGCCCTTCCGTGTTCCCCCTGGCCCCTTGCTC
CCGGTCCACCTCCGAGTCTACCGCCGCTCTGG
GCTGCCTGGTCAAGGACTACTTCCCCGAGCCC
GTGACCGTGTCCTGGAACTCTGGCGCCCTGAC
CTCCGGCGTGCACACCTTCCCTGCTGTGCTGC
AGTCCTCCGGCCTGTACTCCCTGTCCTCCGTC
GTGACCGTGCCCTCCTCTAGCCTGGGCACCAA
GACCTACACCTGTAACGTGGACCACAAGCCCT
CCAACACCAAGGTGGACAAGCGGGTGGAATCT
AAGTACGGCCCTCCCTGCCCCCCCTGCCCTGC
CCCTGAATTTCTGGGCGGACCCTCCGTGTTCC
TGTTCCCCCCAAAGCCCAAGGACACCCTGATG
ATCTCCCGGACCCCCGAAGTGACCTGCGTGGT
GGTGGACGTGTCCCAGGAAGATCCCGAGGTC
CAGTTTAATTGGTACGTGGACGGCGTGGAAGT
GCACAACGCCAAGACCAAGCCCAGAGAGGAA
CAGTTCAACTCCACCTACCGGGTGGTGTCCGT
GCTGACCGTGCTGCACCAGGACTGGCTGAAC
GGCAAAGAGTACAAGTGCAAGGTGTCCAACAA
GGGCCTGCCCTCCAGCATCGAAAAGACCATCT
CCAAGGCCAAGGGCCAGCCCCGCGAGCCCCA
GGTGTACACCCTGCCTCCAAGCCAGGAAGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTCAAGGGCTTCTACCCCTCCGATATCGCCGT
GGAATGGGAGTCCAACGGCCAGCCCGAGAAC
AACTACAAGACCACCCCCCCTGTGCTGGACTC
CGACGGCTCCTTCTTCCTGTACTCTCGGCTGA
CCGTGGACAAGTCCCGGTGGCAGGAAGGCAA
CGTCTTCTCCTGCTCCGTGATGCACGAGGCCC
TGCACAACCACTACACCCAGAAGTCCCTGTCC
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CTGAGCCTGGGC

106

nLAGLC3

GACATCGTGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGACCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACCTACTACTGCCAGCAGCACTACAGCATCCC
ACTGACCTTTGGCCAGGGCACCAAGCTGGAGA
TCAAGCGTACTGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAATTGAAATCT
GGAACTGCCTCTGTTGTGTGCCTGCTGAATAA
CTTCTATCCCAGAGAGGCCAAAGTACAGTGGA
AGGTGGATAACGCCCTCCAATCGGGTAACTCC
CAGGAGAGTGTCACAGAGCAGGACAGCAAGG
ACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGT
CTACGCCTGCGAAGTCACCCATCAGGGCCTGA
GCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGT

107

nLAGHC4

CAGGTGACCCTGGTGGAGAGCGGCGGCGGCG
TCGTGCAGCCAGGCCGCAGCCTGCGCCTGAG
CTGCGCTTTCAGCGGCTTCAGCCTCAGCACCA
GCGACATGGGCGTGGGCTGGATCCGCCAAGC
CCCAGGCAAGGGCCTGGAGTGGGTGGCCCAC
ATCTGGTGGGACGACGTGAAGCGCTACAACCC
AGCCCTGAAGAGCCGCTTTACCATCAGCCGCG
ACAACAGCAAGAACACCCTGTACCTGCAAATG
AACAGCCTGCGCGCCGAGGACACCGCCGTGT
ACTTCTGCGCCCGCATCGAGGACTACGGCGTG
AGCTACTACTTCGACTACTGGGGCCAGGGCAC
CACCGTGACCGTGAGCAGCGCCTCCACAAAG
GGCCCTTCCGTGTTCCCCCTGGCCCCTTGCTC
CCGGTCCACCTCCGAGTCTACCGCCGCTCTGG
GCTGCCTGGTCAAGGACTACTTCCCCGAGCCC
GTGACCGTGTCCTGGAACTCTGGCGCCCTGAC
CTCCGGCGTGCACACCTTCCCTGCTGTGCTGC
AGTCCTCCGGCCTGTACTCCCTGTCCTCCGTC
GTGACCGTGCCCTCCTCTAGCCTGGGCACCAA
GACCTACACCTGTAACGTGGACCACAAGCCCT
CCAACACCAAGGTGGACAAGCGGGTGGAATCT
AAGTACGGCCCTCCCTGCCCCCCCTGCCCTGC
CCCTGAATTTCTGGGCGGACCCTCCGTGTTCC
TGTTCCCCCCAAAGCCCAAGGACACCCTGATG
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ATCTCCCGGACCCCCGAAGTGACCTGCGTGGT
GGTGGACGTGTCCCAGGAAGATCCCGAGGTC
CAGTTTAATTGGTACGTGGACGGCGTGGAAGT
GCACAACGCCAAGACCAAGCCCAGAGAGGAA
CAGTTCAACTCCACCTACCGGGTGGTGTCCGT
GCTGACCGTGCTGCACCAGGACTGGCTGAAC
GGCAAAGAGTACAAGTGCAAGGTGTCCAACAA
GGGCCTGCCCTCCAGCATCGAAAAGACCATCT
CCAAGGCCAAGGGCCAGCCCCGCGAGCCCCA
GGTGTACACCCTGCCTCCAAGCCAGGAAGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTCAAGGGCTTCTACCCCTCCGATATCGCCGT
GGAATGGGAGTCCAACGGCCAGCCCGAGAAC
AACTACAAGACCACCCCCCCTGTGCTGGACTC
CGACGGCTCCTTCTTCCTGTACTCTCGGCTGA
CCGTGGACAAGTCCCGGTGGCAGGAAGGCAA
CGTCTTCTCCTGCTCCGTGATGCACGAGGCCC
TGCACAACCACTACACCCAGAAGTCCCTGTCC
CTGAGCCTGGGC

108

nLAGLC4

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGAGCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
ACCTACTACTGCCAGCAGCACTACAGCATCCC
ACTGACCTTTGGCCAGGGCACCAAGCTGGAGA
TCAAGCGTACTGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAATTGAAATCT
GGAACTGCCTCTGTTGTGTGCCTGCTGAATAA
CTTCTATCCCAGAGAGGCCAAAGTACAGTGGA
AGGTGGATAACGCCCTCCAATCGGGTAACTCC
CAGGAGAGTGTCACAGAGCAGGACAGCAAGG
ACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGT
CTACGCCTGCGAAGTCACCCATCAGGGCCTGA
GCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGT

109

nLAGHCS

CAGGTCACCCTGAAGGAGAGCGGCCCAACCC
TGGTGAAGCCAACCCAGACCCTGACCCTGACC
TGCAGCTTCAGCGGCTTCTCCCTGAGCACCAG
CGACATGGGCGTGGGCTGGATTCGCCAACCA
CCAGGCAAGGCCCTGGAGTGGCTGGCCCACA
TCTGGTGGGACGACGTGAAGCGCTACAACCCA
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GCCCTGAAGAGCCGCCTGACCATCACCAAGGA
CACCAGCAAGAACCAGGTGGTGCTGACCATGA
CCAACATGGACCCAGTGGACACCGCCACCTAC
TTCTGCGCCCGCATCGTGGACTACGGCGTGAG
CTACTACTTCGACTACTGGGGCCAGGGCACCA
CCGTGACCGTGAGCAGCGCCTCCACAAAGGG
CCCTTCCGTGTTCCCCCTGGCCCCTTGCTCCC
GGTCCACCTCCGAGTCTACCGCCGCTCTGGG
CTGCCTGGTCAAGGACTACTTCCCCGAGCCCG
TGACCGTGTCCTGGAACTCTGGCGCCCTGACC
TCCGGCGTGCACACCTTCCCTGCTGTGCTGCA
GTCCTCCGGCCTGTACTCCCTGTCCTCCGTCG
TGACCGTGCCCTCCTCTAGCCTGGGCACCAAG
ACCTACACCTGTAACGTGGACCACAAGCCCTC
CAACACCAAGGTGGACAAGCGGGTGGAATCTA
AGTACGGCCCTCCCTGCCCCCCCTGCCCTGC
CCCTGAATTTCTGGGCGGACCCTCCGTGTTCC
TGTTCCCCCCAAAGCCCAAGGACACCCTGATG
ATCTCCCGGACCCCCGAAGTGACCTGCGTGGT
GGTGGACGTGTCCCAGGAAGATCCCGAGGTC
CAGTTTAATTGGTACGTGGACGGCGTGGAAGT
GCACAACGCCAAGACCAAGCCCAGAGAGGAA
CAGTTCAACTCCACCTACCGGGTGGTGTCCGT
GCTGACCGTGCTGCACCAGGACTGGCTGAAC
GGCAAAGAGTACAAGTGCAAGGTGTCCAACAA
GGGCCTGCCCTCCAGCATCGAAAAGACCATCT
CCAAGGCCAAGGGCCAGCCCCGCGAGCCCCA
GGTGTACACCCTGCCTCCAAGCCAGGAAGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGTCTG
GTCAAGGGCTTCTACCCCTCCGATATCGCCGT
GGAATGGGAGTCCAACGGCCAGCCCGAGAAC
AACTACAAGACCACCCCCCCTGTGCTGGACTC
CGACGGCTCCTTCTTCCTGTACTCTCGGCTGA
CCGTGGACAAGTCCCGGTGGCAGGAAGGCAA
CGTCTTCTCCTGCTCCGTGATGCACGAGGCCC
TGCACAACCACTACACCCAGAAGTCCCTGTCC
CTGAGCCTGGGC

110

NLAGLCS

GACATCCAGATGACCCAGAGCCCTAGCTTCCT
GAGCGCCAGCGTCGGCGACCGCGTGAGCATC
ACCTGCAAGGCCAGCCAGGACGTGAGCACCG
CCGTCGCCTGGTATCAGCAGAAGCCTGGCAAG
GCCCCAAAGCTGCTGATCTACAGCGCCAGCTA
CCGCTACACCGGCGTGCCAGACCGCTTCAGC
GGCAGCGGCAGCGGCACCGACTTCACCCTGA
CCATCAGCAGCCTGCAACCAGAGGACTTCGCC
GTGTACTACTGCCAGCAGCACTACAGCATCCC
ACTGACCTTTGGCCAGGGCACCAAGCTGGAGA

107




WO 2017/198741

PCT/EP2017/061901

TCAAGCGTACTGTGGCTGCACCATCTGTCTTC
ATCTTCCCGCCATCTGATGAGCAATTGAAATCT
GGAACTGCCTCTGTTGTGTGCCTGCTGAATAA
CTTCTATCCCAGAGAGGCCAAAGTACAGTGGA
AGGTGGATAACGCCCTCCAATCGGGTAACTCC
CAGGAGAGTGTCACAGAGCAGGACAGCAAGG
ACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGT
CTACGCCTGCGAAGTCACCCATCAGGGCCTGA
GCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGT

111

LAG3 epitope1

LLRRAGVT

112

LAG3 epitope2

YRAAVHLRDRA

113

77E11 VK

DIVLTQSPASLAVSLGQRATMSCRASENIDNSGI
SFMNWFQQKPGQPPKLLIYVASNQGSGVPARFS
GSGSGTDFRLTIHPLEEDDTAMYFCQQSKEVPW
TFGGGTKLEIK

114

77E11 VH

EVMLVESGGGLVKPGGSLKLSCTASGFTFSNSA
MSWVRQTPERRLEWVAYISGGGGDTYYSDSVK
GRFTISRDNAKDTLYLHMSSLRSEDTALHYCARH
SNSNYYAMDYWGQGTSVTVSS

115

PD1 epitope

AISLAPKAQIKESL

116

PD1 epitope

AAFPEDRSQPGQDCRF

117

496G6 VK

DIVMTQSHKFMSTSVGDRVSFTCKASQDVNTAV
AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSG
SGTDFTFTISSVQAEDLALYYCQQHYSIPLTFGA
GTKLELK

118

496G6 VH

QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSDM
GVGWIRQPSGKGLEWLAHIWWDDVKRYNPALK
SRLTISKDTSSSQVFLMIASVYDTADTATYFCARIE
DYGVSYYFDYWGQGTTLTVSS
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CLAIMS

1. An anti-PD1 antibody molecule comprising:

(a) a heavy chain variable region having three CDRs comprising the
amino acid sequence of SEQ ID NO:1 (hcCDR1), SEQ ID NO:2 (hcCDR2) and
SEQ ID NO:3 (hcCDR3) and a light chain variable region having three light chain
CDRs comprising the amino acid sequence of SEQ ID NO:4 (IcCDR1), SEQ ID
NO:5 (IcCDR2) and SEQ ID NO:6 (IcCDR3); or,

(b) a heavy chain variable region having three CDRs comprising the amino
acid sequence of SEQ ID NO:7 (hcCDR1), SEQ ID NO:8 (hcCDR2) and SEQ ID
NO:9 (hcCDR3) and a light chain variable region having three light chain CDRs
comprising the amino acid sequence of SEQ ID NO:10 (IcCDR1), SEQ ID NO:11
(IcCDR2) and SEQ ID NO:12 (IcCDR3); or,

(c) a heavy chain variable region having three CDRs comprising the amino
acid sequence of SEQ ID NO:13 (hcCDR1), SEQ ID NO:14 (hcCDR2) and SEQ
ID NO:15 (hcCDR3) and a light chain variable region having three light chain
CDRs comprising the amino acid sequence of SEQ ID NO:16 (IcCDR1), SEQ ID
NO:17 (IcCDR2) and SEQ ID NO:18 (IcCDR3).

2. The anti-PD1 antibody molecule of claim 1 wherein said antibody molecule
has

a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 19 and a light chain variable domain comprising the amino acid sequence of
SEQ ID NO: 20, or

a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 21 and a light chain variable domain comprising the amino acid sequence of
SEQ ID NO: 22, or

a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 23 and a light chain variable domain comprising the amino acid sequence of
SEQ ID NO: 24, or

109



10

15

20

25

30

a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 25 and a light chain variable domain comprising the amino acid sequence of
SEQ ID NO: 26, or

a heavy chain variable domain comprising the amino acid sequence of SEQ ID
NO: 27 and a light chain variable domain comprising the amino acid sequence of
SEQ ID NO: 28.

3. The anti-PD1 antibody molecule of any of the previous claims wherein said
antibody molecule has

a heavy chain comprising the amino acid sequence of SEQ ID NO: 29 and a light
chain comprising the amino acid sequence of SEQ ID NO: 30 or

a heavy chain comprising the amino acid sequence of SEQ ID NO: 31 and a light
chain comprising the amino acid sequence of SEQ ID NO: 32, or

a heavy chain comprising the amino acid sequence of SEQ ID NO: 33 and a light
chain comprising the amino acid sequence of SEQ ID NO:34, or

a heavy chain comprising the amino acid sequence of SEQ ID NO: 35 and a light
chain comprising the amino acid sequence of SEQ ID NO: 36, or

a heavy chain comprising the amino acid sequence of SEQ ID NO: 37 and a light
chain comprising the amino acid sequence of SEQ ID NO: 38.

4, An isolated nucleic acid molecule encoding a heavy chain of an antibody
molecule of any one of claims 1 to 3, and a light chain of an antibody molecule of
any of claims 1 to 3.

5. An expression vector containing a nucleic acid molecule encoding a heavy
chain of an antibody molecule of any one of claims 1 to 3, and a light chain of an
antibody molecule of any one of claims 1 to 3.

6. A host cell having an expression vector encoding a heavy chain of an

antibody molecule of any one of claims 1 to 3, and an expression vector encoding

a light chain of an antibody molecule of any one of claims 1 to 3.
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7. The anti-PD1 antibody molecule of any of claims 1 to 3 for use in medicine.

8. The anti-PD1 antibody molecule of any of claims 1 to 3 for use in treating
cancer.
9. The anti-PD1 antibody molecule of any of claims 1 to 3 for use in treating

cancer, wherein an anti-LAG3 antibody molecule is to be further administered.

10. A pharmaceutical composition comprising an anti-PD1 antibody of any of

claims 1 to 3 and a pharmaceutically acceptable carrier.

11. The pharmaceutical composition of claim 10 further comprising an anti-

LAG3 antibody molecule.

12. A kit of parts comprising an anti-PD1 antibody of any of claims 1 to 3 and

an anti-LAG3 antibody molecule.

13.  The anti-PD1 antibody molecule for use of claim 9, the composition of
claim 11 or the kit of claim 12 wherein said anti-LAG3 antibody molecule binds an
epitope of human LAG3 comprising the amino acid sequence LLRRAGVT (SEQ
ID NO: 111) and/or YRAAVHLRDRA (SEQ ID NO: 112).

14.  The anti-PD1 antibody molecule for use according to claim 12, or the
composition or kit according to claim 12, wherein said anti-LAG3 antibody
molecule comprises:

(a) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:39 (hcCDR1), SEQ ID NO:40 (hcCDR2) and SEQ ID NO:41 (hcCDR3) and
has light chain CDRs comprising the amino acid sequence of SEQ ID NO:42
(IcCDR1), SEQ ID NO:43 (IcCDR2) and SEQ ID NO:44 (IcCDR3);o0r,

(b) heavy chain CDRs comprising the amino acid sequence of SEQ ID
NO:45 (hcCDR1), SEQ ID NO:46 (hcCDR2) and SEQ ID NO:47 (hcCDR3) and
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has light chain CDRs comprising the amino acid sequence of SEQ ID NO:48
(IcCDR1), SEQ ID NO:49 (IcCDR2) and SEQ ID NO:50 (IcCDR3).

15. Use of the anti-PD1 antibody molecule of any of claims 1 to 3 in the

preparation of a medicament for treating cancer.

16. The use of claim 15 further comprising an anti-LAG3 antibody molecule.
17. The anti-PD1 antibody molecule for use of any one of claims 9, 13 or 14 or
use of claim 16 wherein the anti-PD1 antibody molecule is to be administered

simultaneously, concurrently, sequentially, successively, alternatively or

separately, with the anti-LAG3 antibody molecule.
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