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ANTEPDR-L1 MONOCLONAL ANTIBODIES
AND FRAGMENTS THEREOF

Cross-Reference to Related Applications

This application claims the benefit of ULS. Provisional Application No. 61/893 543,
filed on 25 Qctober 2013, the entive contents of said applications 18 incorporated hevein in

its entirety by thas reference,

Statement of Rights

This mnvention was made with goverament support under Grants SPOLATIS6299,
HHSN2T220 1000180, and 34CAT63123A105446 awarded by the National Institutes of
Health, The U.S. government has certain rights in the invention. This statement s included
solely to comply with 37 C.FR. § 401 14(a)H{4) and should not be taken as an assertion or

achmission that the application discloses andfor clatms ouly one mvention.

Background of the Invention

Progranumed cell death 1 Hgand | (PD-L1) is a member of the BT family of
immmanological modalating modecules that has been demonstrated to have an
immunoinhibitory function mediated through interactions with the PD-1 receptor, as well as
to have costimulatory fanction m some contexts through interactions with an as yet
amdentified receptor (LLS. Patent 6,936,704, U5, Pat. Publ. 2609/40317368; Keir et ol
2008) Awrme. Bev, fmnnnal, 260677704, and Xu ef af (2013) PLod One Be56339). PD-1
15 a member of the immuonogtobulin family of molecules (Ishida er ol (1992) EMBO T
113887, Shinohara ef ¢f. (1994) Genomics 23:704) and 15 believed to play arole in
tvmphoeyte survival, e g, during clonal selection (Hongo (1992} Science 258:5391; Agata of
el (1996) Int fovwmannlogy. 8765, Nislumwra ef al. (1996} fne IFnpumology 8:773 ) based
on its function as an inhibitory receptor simitar to that of CTLAL (W er o GUI2) B /.
Riol. Sci. 8:1420-1430). While engagement of a costinnsfatory receptor resalts in a
costinmilatory signal in an tnmune cell, engagomend of an ndhibitory receptor, e g, CFLA-4
ot PD-1 (for example by crosshinking or by aggregation), leads to the transnussion of an
mhibitory signal in an imonne cell, resulting m downmodudation of amune cell responses
and/or in inmnene cell ancrgy. While transmission of an inhibitory signal keads w
dowrmodulation in imnwse cell responses {and a rosulting dowamoedulation m the overall

immune response), the prevention of an inhibitory signal in cells, such as immune cells,
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{eads 1o upmodudation of mmune cell responses (and a resulting ypmodulation of an
INUNBNE FESPONST ).

Numerous blocking antibodies targeting PD-L1 are corrently under review i
climical trials for treating a number of impnne-related disorders {reviewed i Ketr e al.
{2008 drme. Rev, Immuanol, 26677704 Wa et al (2012 Ine J. Biad Sci. 3:1420-1438;
Sakthivel ef af. (2012) Rev. Recent Chin, Triale 7:10-23: Fhies ¢/ al. (2011) Yale J Biol.
Med. 84:400-421; Topahan e af. (20123 Gurr. Opin. Immunol. 24207-212; Sarascla er al.
2012) Crare. Mol Med. 12:259-267; Raella er of. (2012) Am. L Tromsplane 12:2875-2587,
and Inozume G013) Mbon Rinsho Meneki Gokbai Kasishi (2013} 361341383 However,
the anti-PD-L.1 antibodies used mn such tials have several disadvantages, Fust, they
recogmize and bind to the extraceltular domain of PD-L1. While recognizing such epitopes
disrupt interactions with PD-L1 receptors, sach epitopes do not allow the antibody to
distingrash between membranc-bound forms of PD-L1 versus soluble forms of PD-LL
Soluble forms of PIX-L1 have been determined to have distinet structural charactenistics and
biologically relevant functions relative to membrane-bound forms of PR-LI (U5, Patent
6,936,704, Chen er ¢f. (2011 Cyeokine 56:231-238; Frigola er ol (2011 Clin. Cancer Res.
T 1915-1923; and Frigola ef ol {2012} Imanenol, Lett, 142-78-82). For exanple,
concomitant recognition of sohable PD-L1 presents high and undesired backgroumd staining
apon immunohistochenucal analyses of membrane-bound PD-L1 protein. Second, anti-PD-
L1 anthodies targeting the extracethdar domain of PD-L1, which represents the vast
majority of surface availability for antibody mecognition, will bind to and sequester the
protein when administered for therapeutic or other uses, such that additional areas of
protein recogmition useful for contimsed monttoring, diagnosis, and prognosis of PD-L1
expression and activity will be hindered,

Accordingly, there s a need in the art to identify new anti~FD-L1 antibodies having

a specificity and sensitivity for ovtoplasnne portions of membrane-bound PD-LT

Summary of the Invention

The present invention relates i gencral fo ant-PR-L1 monocional antibodics, and
inumunoglobuling, polypeptides, and nucleie acids thereof, useful for the diagnosis,
prognosis, monttoring, and treatment of disorders associated with aberrant PD-L1

gxpression {e.g., cancer).

B
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In one aspect, a monoclonal antibody, or antigen-binding fragment thereof, is
provided, wherein the monoclonal antibody comprises: a) a heavy chain sequence with at
feast about 3% dentity to a heavy chain sequence selected from the group consisting of

the sequences histed 1 Table 1 or b) a hight chamn sequence with at least about 95% identity
5 o a hght cham sequence selected from the group consisting of the sequences Hsted in Table
1. o one embodiment, the monoclonal antibody, or antigen-binding fragment thereot,
comprises: a) a heavy chain CDR sequence with at least gbout 93% identity to a heavy
chain CDR sequence selected from the group consisting of the sequences histed in Table |
or b a haht chain CDR sequence with at least about 93% wdentity to a hight cham CDR
10 sequence sclected from the group consisting of the sequences Hsted in Table 1. In another
embodiment, the monoclonal antibody, or antigen-binding fragment thereof, comprises: aj a
heavy chain sequence selected from the group consisting of the sequences listed in Table 1)
or b)Y a Hght chaio sequence selceted from the group conststing of the sequences bisted in

Table 1. In still another embodiment, the monoclonal antibody, or antigen-binding

L

fragment thereof, comprises: a} a heavy chain CDR sequence selected from the group
consisting of the sequences Hsted in Table 1 or b)Y a ight chain CDR sequence selected
from the group consisting the sequences histed in Table 1. In vet another combodiment, the
monocional antibody, or antigen-bindimg fragment thereof, is chimeric, humanized,
compostie, murine, of hwman. In another embodiment, the monoclonal antbody, or
A antigen-binding fragment thereof, 1s detectably labeled, comprises an effector domain,
comprises an Fo dorain, anddor 1s selected fronn the group consisting of Fyv, Fav, Flab 2},
Fab', dsFv, scPv, sc(Fv)2, and digbodies fragments. In still another embodiment, the
monoclonal atibody, or antigen-binding fragment thereof, inhibits the binding of
cotmnereial antibody to PD-L1, In vet another embodiment, the monoclonal antibody, or
25 antigen-binding fragment thereof, is obtainable from hybridoma deposited under
deposit accession number
In another aspect, an imnunoglobalin beavy andfor light chain of any monoclonal
antibaddy, or antigen-binding fragment thereof, desceribed heran, is provided.
in stil another aspect, an 1solated nucleic acid molecule that hvbridizes, under
W stringent conditions, with the comiplement of a nucleic acid encoding a polypeptide selected
from the group consisting of the sequences histed in Table 1, or a sequence with at least
about 95% homology to a nucleic acid encoding a polyvpeptide sclected trom the group

cousisting of the sequences histed in Table 1, is provided.

¥
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In vet another aspect, a vector conywising sach an isolated nucleie acid 1s provided.

In another aspect, a host cell which conmprises an isolated nucleie acid, a vector,
expresses a monocional antibody, or antigen-binding fragment thereof or 1s accessible
under deposit access number . deseribed herem, s provided.

3 In stilf another aspeet, a device or kit comprising at least one monoclonal antihody
or antigen-binding fragment thereof, described herein is provided, wherein said device or
kit optionally comprising a label to detect the at least one monacional antibody of antigen-
binding fragment thereof, or a complex comprising the monoclonal anubody or antigen-
nding fragment thercof,

i It yet another aspect, a method of producing an antibody, or antigen-binding
fragment thereof, described herem, which method comprises the steps oft (1) culturing a
transformed host cell which has been transformed by a nucleic acid comprising a sequence
encoding a monoclonal anttbody according to claim 1 under conditions sintable to allow

expression of said antibody, or antigen-hinding fragment thereof) and (1) recovering the

L

cxpressed antibody, or antigen-binding fragment thereof,

In ancther aspect, a method of detecting the presence or lovel of a PD-LI
polypeptide is provided, wherein said method comprises obtaining a sample and detecting
sard polypeptide in a sample by use of at least one monoclonal antibody, or antipen-binding
Fragment thereof, described herein. In one embodiment, the at feast one monocional

N

A antibody, or antigen-binding fragment thereof, forms a complex with a PD-L1 polypeptide
amd the complex s detected in the form of an enzyme linked immunosorbent assay
{ELISA), radiotmanime assay {(RIA), mmonochemically, or using an intracelivlar flow
assay.
I stifl another aspect, a method for momtoring the progression of a disorder
25 associated with aberrant PD-L1 expression n a subject is provided, wherein the method
comprises: @) detecting in a subject sample at a fivst pont in time the level of expression of
PD-L1 using at least one monoclonal antibody, or antigen-binding fragment thereof,
described herein; b) repeating step a) at 3 subscquent pomnt in time; and o} comparing the
level of expression of said PD-L1 defected in steps a) and b)Y to monitor the progression of
W the disorder in the subject. In one method, the subject has undergone treatment fo
amehorate the disorder between the fisst point in time and the subsequent point in time.
In yet another aspect, a method for predicting the clinical outcome of a subject

affticted with a disorder associated with aberrant PD-L1 is provided, wherein the method
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comprises: a) deternuning the level of expression of PD-L1 i a patient sample using at
feast one monoclonal antibody, or antigen-hinding fragment thereof, described herein; b)
deternining the level of expression of PD-L1 in a sample from a controd subject having a
good clintcal outcome using at least one monoclonal antibody, or antigen-binding fragment
5 thereof, described herein; and ¢ comparing the level of expression of PD-L1 in the patient
sample and o the sample from the control sabject; wherein a sigrnefreantly higher level of
expression w the pationt sample as compared to the expression level in the sample from the
control subject s an mdication that the patient has a poor chinical outcome.
in another aspect, a method of assessing the efficacy of a thevapy for a disorder
10 associated with aberrant PD-L1 in a subject 1s provided, wherein the method comprises
comparing: &) the level of expression of PI-LI using at least one monoclonal antibody, or
antigen-binding fragment thereof, deserthed hevein, in a fivst sample obtained from the
subjuct prior to providing at least a portion of the therapy to the subject, and b) the level of

expression of PD-L1 0 a sccond sample obtained from the subject following provision of

L

the portion of the therapy, wheren a significantly lower level of expression of PE-L1 in the
sceond sample, relative to the first sample, is an indication that the therapy is efficaciouns for
nhibiting the disorder in the subjeet.

In still apother aspect, & method of assessing the efficacy of a test compomd for
hibiting a disorder associated with aberrant PD-L1 mn a subject is provided, wherein the
Ay method comprises comparing: a) the level of expression of PD-L.1 using at least ong
mwmeclonal antibody, or antigon-bindiing fragment thereof, described herein, g first
sample obtained from the subject and exposed to the test compound; and b} the levelt of
expression of PD-LI in a second sample obtained from the subject, wheren the second
sample is nof exposed to the test commpound, and a stgnificantly lower level of expression of
25 PD-L1, relative to the second sample, Is an indication that the test conpound is efficacious

for intubiting the disorder in the subject. In one embodiment, the first and sccond samples
ave portions of a single sample obtained from the subject or portions of pooled samples
obtained from the subject.
For any aspect of the prosent mvention deseribed herein, corimn specific
3 embodiments are contemplated. For example, s one embodiment, the disorder is a cancer.
In another embodiment, the sample comprises cells, senum, portumoral tissue, andfor
infratumoral tissue obtained from the subject. 1o stil another embodinent, g sigoificant

increase comprises an at least twenty percent increase bewween the level of expression of

¥
L
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PD-L1 in the subject sample relative to the normal level of expression of PD-L1 in the
sample from the control subject. In yet another embodiment, the subject is a human.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is not to be taken as an admission that
any or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present disclosure as it existed before the priority

date of each of the appended claims.

Brief Description of Figures

Figure 1 shows Western blot results of anti-PD-L.1 monoclonal antibody, 9A11,
and other anti-human PD-L1 monoclonal antibodies used to detect protein lysates
derived from 300.19 cells stably transfected with human PD-L1 or Caki-2 cells, a
human renal clear cell carcinoma cell line which naturally expresses a low level of PD-
L1 protein typical of solid tumor cell lines.

Figures 2A-2D show the results of immunohistochemistry analyses of paraffin-
embedded classical Hodgkin lymphoma using the 405.9A11 mAb (Figures 2A-2B) or
the 339.7G11 mAb (Figures 2C-2D).

Figure 3 shows the results of 300.19 and 300-hPD-L1 transfected cells that
were fixed, permeabilized, and incubated for 30 minutes with the following mAbs:
405.9A11, a hPD-L1 cytoplasmic domain-specific mAb; 29E.2A3, a hPD-L1
extracellular domain-specific mAb, and MOPC31C, an isotype control mouse IgG1.
Cells were then washed, incubated with goat anti-mouse IgG-PE for 30 min, washed,
and analyzed by flow cytometry.

Figure 4 shows a schematic diagram of the specificities of various anti-PD-L1
antibodies. mAbs 9A11 and E1L3 are directed against the cytoplasmic tail of PD-L1
while others are directed against the extracellular domain of PD-L1.

Figure 5 shows the result of Western blot analyses of hematologic (HDLM2,
L428, OC1-LY1), kidney (Caki-2, UMRC-6, 769C, SK12N), ovarian (36M2, A2780-
C70, OVCAR3), and breast cancer cell lines (MDA231, SKBR3, BT474) with the anti-
PD-L1 mAbs, 5A4 (10 ug/ml), 7G11 (20 ug/ml), and 9A11 (5 ug/ml), or an anti-B-actin
antibody.
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Figure 6 shows the results of immunophenotyping of RCC and ovarian tumor
cell lines with anti-PD-L1 (clone 2A3 results depicted).

Figures 7A-R show representative photomicrographs of select tumors stained
with anti-PD-L 1 antibodies. Reed-Sternberg cells of classical Hodgkin lymphoma (A-
D), renal cell carcinoma (E-H), lung adenocarcinoma (I-L), and diffuse large B-cell
lymphoma (M-P) stained with monoclonal antibodies 9A11 (A, E, I, M), 7G11 (B, F,
J,N), EIL3N (C, G, K, O), and 015 (D, H, L, P) are shown. The Reed-Sternberg cells
of Hodgkin lymphoma and the tumor cells of renal cell carcinoma (RCC) and lung

adenocarcinoma show distinctly
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membrane staining {coloration) that is not observed in the tamor cells of diffuse large B-
cell lymphoma, Weak cyvtoplasmic staiming and weak extraceliular stamning is present with
the 7G11 and 015 antibodics and {argely absent with the AT and E1L3N antibodies.
Figures 7Q-7R show staining of sections from the same RCC tumor with A LL or 7G1H as
mndicated.

Figures 8A-8D show the results of FFPE samples {Figure 8A: positive control -
PD-L1 positive; Figure 8B negative control ~ PD-L1 neganve; Figure 8C: PD-L1 posttive
n tumor cell membrane; and Figure 8D PD-LT positive m TIMCO) as immunostained with
anti-PR-L1 antibody {elone 9A 11

Figure 9 shows a patient flowchart schematic.

Figure 18 shows the results of PD-L1 expression relative to TIMC and OS.

Figares 11A-11F show PD-L1 expression in FFPE samples {Figure 11A: positive
cell line contrel; Figure 11B: negative cell line control; Figure 11 chromophobe ROC
Figure 11D papillary ROC; and Figures HE-TEF Xp11.2 translocation RCC) as
inumunstained with anti-FI-L1 antibody (clone 405.9A11). Positive staming in tumor cell
membranes are shown i Figawwes 1TC-HE, In Figure HF, tomor cell membranes are

negative for PD-L1 and tumor Infiltrating imonae cells are positive for PD-LLL
Figures 12A-12B show corrclation of PD-L1 expression and OS (univariate
analysis) i non-ccRCC {(Figwe 12A) and correlanon of PD-L1 expression and TTR
{onivanate analysis) i non-ocROC (Figure 12B).
Figures 13A-13J show the results of differential expression of LKB1, PD-L1, and

PD-L2 in KRASmutant non-small cell hing cancer i never-smokers.

Detailed Description of the Invention

The present mvention s based in part on the discovery of new anti~PD-L1
monoctonal antibodies that can bind to and detect the eytoplasimic domain of membrane-
hound PD-L1. Morcover, such antthodies provide an wunexpectedly superior ability to
detect mambrance-bourgd PI-L1 polypeptides i detection assavs (e.g., Westorn blot,
mwnehistochemistry, flow cviometry, and the bike) and may alter PD-L1 function by
mochelating its itracelular signaling. Such antibodies exhibit much lower background
signal due to traditional detection of both eytoplasmic and membrane-bound PD-L1T by
existing anti-PD-L1 antibodies and robustly detect PD-L1 eyvtoplasmic domaias 1 non~

fresh tissue samples (e, paraffinized tssues, fixed tissues, ete). Such antthodies are
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further useful for the multiplex {e.g., combinatorial) detection of other immunomoedulatory
molecufes, such as PD-1, PD-L2, CTLA4, B7-1, B7-2, and the like, and for functionally
modulating PD-L1 signaling, thereby functioning to modulate in vigro, ex vivo, andfor i

Vivo IMOWIDG FESPONSES.

1. Definitions

The articles “87 and “an™ arc used hervein to refer to one or o more than one {f.e o
at least ong} of the grammatical object of the article. By way of example, “an element”
nicans one clement or more than one element.

i The term “alicred amount”™ of a marker refors o increased or decreasod copy
number of a marker and/or inercased or deereased nucleic acid lovel of g particular marker
gone oF genes i a sample, as compared &0 that of the marker in a control sample, The torm
“altered wmoont” of a marker also meludes an increased or decreased protem level of a

marker in a sample, as compared to the protein level of the marker i a normal, control

LA

sample.

The term “altered activity” of a prarker refers to an activity of a mwarker which is
mereased or decreased in a disease state, ¢ g, i a biological sample, as compared to the
activity of the marker i a normal, control sample. Altered activity of a marker may be the
result of, for example, altered expression of the marker, altered protein level of the marker,
20 altered structure of the marker, or, e.g, an altered interaction with other proteins involved
w the same or different pathway as the marker, or altered iteraction with transcriptional
activators ot inhibttors.

The term "altered structure”™ of 3 marker refers to the presence of mutations or
allelic varants within the marker gene or maker protein, e.g, mutations which affect
expression or activity of the marker, as compared to the normal or wild-type gene or
protein. For example, mutations include, but gre not hinuted to substitutions, deletions, or
addition mutations. Mutations may be present in the coding or non-coding region of the
marker.

The term “altered subcelhdar localization™ ot a marker refors to the mislocalization
6 of the martker within a coll relative (o the normal koealization withun the cell e g within a
healthy andfor wild-type cell. Anindication of normal focalization of the mavker can he
determined through an analysis of subeeliular localization motfs known in the field that are
harbored by marker polypeptides or, for example, through celhdar analyses sach as

mternalization of normally extraceliular mature finctional PD-LL

-R-
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Unless otherwise specified bere within, the terms “antibody™ and “antibodies”™
broadly encompass natarally-occurring forms of antibodies (e.g. 1eG, Igd, IgM, IgE) and
recombinant antibodies such as single-chain antibodics, chimeric and humanized antibodics
and multi-specific antibodies, as well as fragments and derivatives of all of the foregoing,
which fragments and dervatives have at least an antigenic binding site. Anubody
dertvatives may comprise a protein or cheonucal nwiety conjugated fo an antibody. An
“sutibody” refers to a glveoprotem comprising at least two heavy (H) chains and two light
{I.} chains mier-connected by disulfide bonds, or an antigen binding portion thereof. Each
heavy chain is comprised of @ heavy chain variable region {abbreviated herein as Vi and a
heavy chain constant region. The heavy chain constant region is comprised of three
domains, CHI, CH2 and CH3. Each hght chain s comprised of a light chain variable
region {abbreviated herein as Vi) and a light chain constant region. The hight chain
constant regiom 18 comprised of oenc domain, CL. The Vi and ¥y regions can be further
subdivided tnto regrons of hypervariability, termed complementarity deternuning regions
{CDR), mterspersed with regions that e more conserved, tenmed framework regions {FR).
Each Vi and Vi, is composed of three UDRs and four FRs, arranged from amine-terminus
to carboxy-terminus in the following order: FRI, CDRI, FR2Z, CDR2, FR3, CDR3, FR4.
The variable regions of the heavy and liglt chams contain a binding domamn that nHeracts
with an antigen. “Inactivating antthodies™ refers to antibodies that do not induce the
complenent system.

The torm “anttbody™ as used heretn also mcludes an “antigen-binding portion” of an
antibody {or stuply “antthody portion”™). The tenm “antigen-binding portion™, as used
herein, refers to one ov more fragments of an antibody that retain the ability to specifically
hind to an antigen {e.g., PD-L1 polvpeptide or fragment thereof}, H has been shown that
the antigen-bindmg function of an antibody can be performed by fragments of a full-length
antibody. Examples of binding fragments encompassed within the term “antigen-binding
portion” of an antthody include (1) a Fab fragment, a monovalent fragment consisting of the
Vi, VH, CL and CHI domains; (i1} a Flab’)> fragment, a bivalent fragment conprising two
Fab fragments linked by a disulfide bridge at the tunge region; (i1t} a Fd fragment
consisting of the VH and CHI domains; {iv) a Fyv fragment consisting of the VL and VH
dontains of a single arm of an antibody, (v) a dAb fragment (Ward ef o, (1989} Nasere
341:544-346), which consists of a VH domain; and {(v1) an isolated complematanity

deternuning vegion {CDR). Fuwthermore, although the two domans of the Fv fragment, VL

o

G-
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and VH, are coded for by separate genes, they can be joined, using vecombinant methods,
by a synthetic linker that enables them to be wade as a single protein chain in which the VL
and VH regions pair to form monovalent polypeptides (known as single chain Fyv (sebv)
see e.g., Bird ¢f ol (198R) Nefence 242:423-426; and Huston er of. {1988} FProe. Natl Acad.
Sci, US4 85:3879-5883; and Osbowrn et al. 1998, Natwe Biotechnology 16: 778} Such
stngle chain antibodies are also intended to be encompassed within the term “aaiigen-
binding portion” of gn antibody, Any VH and VL sequences of specific seFv can be linked
to buman mmpunoglobulin constant region ¢cDNA or genonue seguences, in order to
generate expression vectors encoding complete IeG polyvpeptides or other isotyvpes, VH and
VL can also be ysed in the generation of Fab | Fv or other fragments of immanoglobuling
using either protein chemistry or recombinant DNA technology. Other forms of single
chain antghodies, such as diabodies are also encompassed. Dhabodies are bivalent,
bispecific antibodics in which VH and VL domains are expressed on a single polypeptide
chain, but using a linker that is too short to alfow for pairing between the two domains on
the same chain, thereby foreing the domains to pair with complementary domamns of
another chain and creating two antigen binding sites {see e.g., Holliger, P, et af {1993)
Proc. Newl dead. Ser. US4 90:6444-6448; Poljak, R 1, e af (1994) Sorucnre 21121-
1123}

Still farther, an antibody or antigen-binding portion thereof may be part of larger
immunoadhesion polypeptides, formed by covalent or noncovalent association of the
antiboddy or andibody portion with one or more other proteins or peptides. Examoples of such
innmunoadheston polypeptides inchide use of the streptavidin core region to make a
tetrameric seF v polypeptide (Kiprivanov, S M., ¢ el (1995} Fhraman Astibodies and
Hybridomas 6:93-101) and uvse of a cysteine residue, 3 marker peptide and a C-ternunal
polvhistidine tag to make bivalent and biotinylated scFv polypeptides (iprivanov, S M., ef
al. (1994) Mol Impumol, 31:1047-1058), Antibody portions, such as Fab and Flab'),
fragments, can be prepared from whole antibodics using conventional technigues, sach as
papan or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion polypeptides can be obtamed using standard
recombinant DNA technigues, as desertbed heren,

Antibodics may be polyclonal or monoclonal; xenogeneic, allogeneic, or svngeneic;
ot modified forms thereof (e g, humanized, clumerie, ete.). Antibodies mayv also be fully

hutran. In one embodiment, antibodies of the present invention bind specifically or
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substantially specifically to PD-L1 polypeptides or fragments thereof. The terms
“monocional ansbodies™ and “monoclonal antibody composition™, as used herein, refer w a
population of antibody polypeptides that contain only one species of an antigen binding site
capable of impmmoreacting with a particular epitope of an antigen, whereas the ferm
5 “polyvcional antibodies” and “polyclonal antibody composition™ refer to a population of
antibody polypeptides that contain multiple specics of antigen binding sites capable of
interacting with a particular antigen. A monoclonal antibody composition typicatly
displays a single binding affimty for o particular antigen with which 1t impnmoreacts.
The term “body flud™ refors to hads that are exereted or secereted from the body as
10 well as Minds that are normally not {e.g. ampiotic fluid, agueous humor, bile, blood and
blood plasma, cercbrospinal fluid, cerumen and carwax, cowper's flmd or pre-cjaculatory
fluid, chyle, chvme, stool, female eyaculate, intersutial fluid, mtracelular flaid, lymph,
menses, breast onlk, mucas, pleural fhud, pus, saliva, sebwm, semen, serum, sweat,

svnovial fluid, tears, urine, vagingl lubrication, vitreous humor, vomit).

L

The terms “cancer” or “tumor” or “hyperprobiferative disorder” refer to the presence
of cells possessing characteristics typical of cancer-causing cells, sach as uncontrolied
proliferation, immortality, motastatic potential, rapid growth and proliferation rate, and
certain characteristic morphological features. Cancer cells are often in the form of a tumor,
bat sach cells may exist alone within an animal, or may be a son-tamorigenic cancer cell
A such as a leukemia cell. Cancers inchude, but are not Himited to, B celf cancer, e g, mulaple
myclona, Waldeastedm's macroglhulinenuy, the heavy chain diseases, such as, for
example, alpha chan disease, ganima chain disease. and mu chiun disease, benign
monoclonal gammopathy, and memanocytic amylotdosts, melanomas, breast cancer, lung
cacer, bronchus cancer, colorectal cancer, prosiate cancer, pancreglic cancer, stonrach
35 cancer, ovarian cancer, urinary bladder cancer, brain or central nervous svstern cancer,

peripheral norvous system cancer, esophageal cancer, cervical cancer, wierine or

endometrial cancer, cancer of the oral cavity or pharyix, liver cancer, kidney cancer,

testicular cancer, bibiary tract cancer, singll bowel or appendix cancer, salivary gland

cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma, cancer
W of hematologic tissues, and the like. Other non-luniting examples of types of cancers
applicabli to the methods encompassed by the present vention inchwde heman sarcomas
and carcinomas, e.g., fibrosgromma, myxesarcomna, liposarcoing, chondrosarcoma,

osteogenic sareoma, chordoms, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,

~ 1}~
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iymphangioendotheliosarcoma, synovioma, mesothehoma, Ewing's temor,
felomyosarcoma, rhabdomyosarcoma, colon carcinoma, colorectal cancer, pancreatic
cancer, breast cancer, ovarian cancer, prosiate cancer, sguamous cell carcinoma, hasal celt
carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinora, papitlary
5 carcinoma, papitlary adenocarcinonag, evstadenocarcinoma, medullary carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, liver cancer,
choriocarcinoma, seminoma, cmbryonal carcinoma, Wilms' tumeor, corvical cancer, bone
cancer, brain tumor, testicular cancer, lung carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinonmsg, glioma, astrocytoma, medalioblastoma,
10 cramopharyngioma, ependymoma, pincaloma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma, neuroblastoma, retinoblastoma; leukemias,
e, acute lymphocytic lenkemia and acute myelocytic lenkemia (mveloblastic,
promyeiocyiic, swvelomonveytic, monceytic and erythroleskemia); chronie leukenua

{chronic myelocvtic (granulocvtic) leukenua and chromic lvmphocytic leukemia), and

L

polveythenua vera, lvmphoma (Hodekin's disease and non-Hodgkin's discase), multiple
myeloma, Waldenstrom's macroglobudinenua, and heavy chain discase. In some
embodiments, cancers are epithlelial in nature and melude but are not limited to, bladder
cancer, breast cancer, cervical cancer, colon ganger, gynecologic cancers, renal canger,
laryngeal cancer, lang cancer, oral cancer, head and neck cancer, ovarian cancer, pancreatic
23 cancer, prostate cancer, or skin cancer. In other embodiments, the cancer s breast cancer,
prostate cancer, fong cancer, or colon cancer. In still other cmbodiments, the epithelial
cancer is non-smali-celt fang cancer, nonpapillary renal cell carcinoma, cervical carcinona,
ovarian carcinoma (e g, serons ovarian carcinomal, or breast carcinoma. The epithelial
cancers may be characterized o variows other ways including, bt not timited to, serous,

35 endometriowd, mucinous, clear cell, Bronner, or undifferentiated.

The terms “CDR™, and its plural "CDRs”, refer to a complementarity deternuning
region {CDR) of which three make up the binding character of a light chain vaviable region
{CDR-LE, COR-L2 and CDR-L3) and three make up the binding character of 2 heavy chain
variahie region (COR-R1, COR-H2 and CDR-H3}. CDRs contnibute o the funciional

3 activity of an antibody molecule and are separated by amino acid sequences that comprise
scaffolding or framework regions. The exact definitional DR boundarics and {engths are
subjesct to ditferent classification and mumbering systems, CDORs may therefore be referred

to by Kabat, Chothua, contact or any other boundary definitions. Despite differing
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boundaries, cach of these systems has some degree of overlap in what constitutes the so
called “hypervariable regions”™ within the vanable sequences. CDR defimtions according to
these systems may therefore differ in longth and boundary arcas with respect to the adjacent
framework region. See for exanple Kabat, Chothua, andéor MacCallum er of . {(Kabat et gl
S in“Sequences of Proteins of Immunological Interest,” 3% Edition, U.S. Department of
Health and Huwnan Services, 1992; Chotlua ef ol {1987} 1, Mol Biol. 196, 901; and
MacCallomoer of 1. Mol. Biol. (1996) 262, 732, cach of which 15 meorporated by reference
n its entirety),
As used herein, the term “classifying”™ includes “to associate™ or “to categorize”™ a
10 sample with a discase staie. In cortain instances, “classifying™ is based on stafistical
evidence, empiri:cal evidence, or both. In cortain embodiments, the methods and systems of
classifving use of a so-called training set of samples having known disease states. Onee
estabhished, the training data set serves as  hasis, swdel, or template against which the

atures of an unknown sample are compared, tn order to classify the unknown discase state

L

of the sample. In certam mstances, classifying the sample s akan to diagnosing the disease
state of the sample. In cortain other instances, classiving the sample s akinto
differentiating the discase state of the sample from another discase state.

As used herein, the term “coding region™ refers o regions of a muwleotide sequence
comprising codons which are translated into anuno acid residues, whereas the term
A “poncoding region” refers to regions of a nucleotide sequence that ave not transiated into
amine acids {e.g., ' and 3" untranslated regions).

“Complementary”™ refers to the broad concept of sequence complementanity between
regions of two nacleie acid strands or between two regions of the same noclere acid strand.
It is known that an adenine residue of a first nuclete acid region s capable of forming
25 speeific hydrogen bonds (“hase pairing ™) with a residue of 2 second nucleie acid region

which 15 antiparatle] to the first region it the residue is thymine or wracil. Similardy, itis

known that a cvtosine residue of a first noaclere acid strand 15 capable of base pairing with a

residue of a second nuclete acid strand which s antsparalicl to the first strand i the residue

18 guanine. A first region of a nucleic acid is complementary to a second region of the same
W or a different nucleie acid if, when the two regions are myvanged in an antiparallel fashion, at
least one pacleotide residuc of the first region is capable of base pairing with a restdug of
the second region, In ouc embodiment, the first region comprises a first portion and the

second region comprises a second portion, whereby, when the first and second portions are
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arranged in an antiparatlel fashion, at least about 30%, and preferably at least about 758%, at
feast about 90%, or at least about 93% of the nucleotide residues of the first portion are
capable of base pawing with nueleotide restdues i the second portion, In ancther
embodiment, all nucleotide residues of the first portion are capable of base pairing with

5 nocleotide residues in the second portion,

As used herein, the term “composite anttbody™ refers to an antibody which has
variable regions comprising germline or non~germiine mmmunoglobulin sequences from two
or more wirelated variable regions, Additionally, the term “composite, buman antibody™
vefers to an antibody which has constant regions devived from human gormshineg or non-

10 germbine nwnuwnnglobuiin sequences and variable regions comprising human germbing or
non-germline sequences from two or more wwelated buman varmable regions, A composite,
homan antibody 1s useful as an effective component in a therapeatic agent according to the
preseat invention since the anfigenictly of the composite, buman antibody in the lneuan

body is lowered.

L

The term “control” refers to any reference standard suitable to provide a comparison
to the expression products in the test sample. In one embodiment, the control compriscs
obtatning a “control sample™ from which expression product levels are detected and
compared to the expression product levels from the test sample. Such a control sample may
comprise any suitable sample, including but not himited to a sample from a control cancer
A patient {can be stored sample or previons sample measuwrement) with a known outcome;
normal tissue ot cefls isolated from a subject, such as a normal patient or the cancer patient,
caltored primary cells/tissues isolated from a subject such as a normal subject or the cancer
patient, adjacent normal cellsftissues obtained from the same organ or body location of the
cancer patient, a tssuc or cell sample 1olated from a normal sebject, or a primary
25 cellsftissues obtained from a depository. In another preferred embodiment, the control may

comprise a reference standard expression product level from any suttable source, including
bat not timited 0 housckeeping genes, an expression prodact fevel range from normal
tissue {or other previoushy analyzed control sample}, a proviously deternuned exprossion
product level range within a test sample from a group of patients, or a set of patients with a
W certain ontcome (for example, survival for one, two, three, four vears, otc ) or receiving a
certain treatment (for oxample, standard of care cancer therapy). 1t will be understood by
those of skill in the art that such control samples and reference standard expression product

levels can be used in combination as controls in the methods of the present invention. In

~ 1 -
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one embodiment, the control may comprise normal or non-cancerous celffissue sample. In
another preferred embodiment, the control may comprise an expression fevel for a set of
patients, such as a set of cancer pationts, or for a sct of cancer patients recciving a certain
weatment, or for a set of patients with one outcome versus another outcome. In the former
5§ case, the specific expression product level of each patient can be assigned to & percentife
fevel of expression, or expressed as either higher or lower than the mean or average of the
reference standard expression lovel. In another preferred embodiment, the control may
comprise normal cells, cells from patients treated with combination chemotherapy, and
cells from patients having bogn cancer. 1o another embodiment, the control may also
10 conywise a measwred value for example, average lovel of expression of a particular gene in
a population compared to the level of expression of @ housckeeping gene i the same
population. Sach a population may comprise normal sebjects, cancer patients who have not
godergone any treatment (Le, reatiment aaive), cancer pationts wdergoing standard of care

therapy, or patients having benign cancer. In another preferred embodiment, the control

L

comprises a ratio transformation of expression product levels, meluding but not inted to
determining a ratio of expression product levels of two genes in the test sample and
comparing i {o any saitable ratio of the same two genes in a reference standard;
determining oxpression prodact fevels of the two or more genes in the test sample and
determining a difference 1n expression product levels b any suitable control; and
A determining expression product fevels of the two or more genes in the test sample,
normalizing their expression to expressivn of housckeoping genes m the tost sample, and
comparing to any suitable control. In particudarly preferred embodiments, the control
comprises a control sample which is of the same lineage andior tvpe as the test sanple. In
another embodiment, the control may comprise expression product levels grouped as
25 pereentiles within or based on a set of patient smoples, such as all patients with cancer. In
one embodiment a controf expression product level 1s established wherein hagher or Tower
levels of expression product refative to, for instance, a particular percentile, are used as the
basis for predicting outcome. i another prefored embodiment, a confro! expression
product level is established using expression product levels from cancer condrol patients
W with a known outeorme, and the expression product levels from the test sample are
compared fo the control expression product level as the hasis for predicting outcome. As

demonstrated by the data below, the mcthoeds of the invention are not Hinited to use of a
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specific cut-point in comparing the level of expression product n the test samiple to the
control.

As used herein, the term “Fe region™ is used to define a C-terminal region of an
tmmunoglobulin heavy chain, mncluding native-sequence Fe regions and variant Fo regions.
Althoagh the boundaries of the Fe region of an immunoglobulin heavy chain nught vary,
the lrnan {gQ beavy-chain Fo regron 1s wsually defined to stretch from an aming acid
resicue at position Cys226, or from Pro23), to the carboxyl-terminus thercof, Suitable
native-sequence Fo reglons for use i the antibodses of the present fnvention include homan
leGl, IgG2 QgG2A, 1gG2B), 1963 and [gG4.

As used herem, “Fe receptor”™ or "FeR™ describes a receptor that binds to the Fe
region of an antibody. The preferred FeR is a native sequence human FeR. Moreover, a
preferred FeR i one which binds an [gQ antbody (a gamma receptor) and includes
receptors of the FoyRI, FoyRH, and FoyRIiM subclasses, inchuding allelic variants and
alternatively spliced forms of these receptors, FeyRI receptors melude FoyRUHA (an
“activating receptor” )} and FeyRIIB (an “inhibiting receptor™), which have simlar ammo
actd scguences that differ primarily in the evtoplastie domains thereofl Activating
recepior FeyRIA contains an mmunoreceptor tyrosing-based activation motif GTAM) in
#ts oytoplasmic domain, Inhibiting receptor FoyRIIB contains an imypunorcceptor tyrosing-
based inhibition motif (ITIM) 1 #s eytoplasmic domain {(see M. Dadron, dame Rev,
Immenol. 15:203-234 (1997, FeRs are reviewed m Raveteh and Kinet, dnme Rev.
Dmnnenad. $0 43792 (1991); Capel ef &d., fmmunamethods 4 25-34 (1994); and de Haas e
al, J Lab. Clin. Med. 126: 330-41 (1995). Other FeRs, including those to be identified n
the future, are encompassed by the term “FeR™ herein

A molecule 1s “ixed” or “affixed” © a substrate 111 is covalently or non-covalently
assoctated with the substrate such the substrate can be rinsed with a floid {e.g. standard
saline citrate, pH 7.4) without a substantial fraction of the molecule dissociating from the
substrate.

As used berein, “Framowork™ or “FR” residucs are those vanablo-domain residucs
other than the HVR residues as herein defined.

“Function-conservative vartants” are those in which a given amino acid residue in a
protein of enzyvime has boen changed withowt altering the overall conformation and fimction
of the polypeptide, inchading, but not limited to, replacement of an amino ackl with one

having similar properties {such as, for example, polarity, hvdrogen bonding potential,
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acudic, basie, hvdrophobic, aromatic, and the like). Amino acids other than those indicated
as conserved may differ in a protein so that the percent protein or amino acid sequence
similarity between any two proteins of similar function may vary and may be, for exanmple,
from 70% to 99% as determined according to an alignment scheme such as by the Cluster
5 Method, wherein simitarity 1s based on the MEGALIGN algorithm. A “fanction-
conservative varant” alse includes a polypeptide which has at least 60% amuno acd

=~
¢

wlentity as deteroined by BLAST or FASTA algorithms, preferably at least 75%, more
preferably at least 85%, still preferably at least 90%, and even more preferably at least 95%,
and which has the same or substantially similar properties or fiunctions as the native or
10 parent proteia to which it is compared.

As used herein, the term “heterologous antibody™ 18 defined in velation to the
transgenic non-human orgamism producing sach an antthody. This term refers to an
antibody having an anuno acid sequence or an encoding nucleic aeid sequence

corresponding to that found m an organism not consisting of the transgenic non-human

L

animal, and generally from a species other than that of the transgenic non-human anmimal.
“Hormologows™ as used herein, refers to nucleotide sequence similarity between twao

regions of the same mucleic acid strand or between regions of two different pacleic acid

strands. When a nucieotide residue position in both regions is occupied by the same

nucleotide residue, then the regions are homologous at that positton. A first region i

A homologous to a second region if at {east one pucleotide residue position of cach region is

occupicd by the same residae. Homology bebween two regtons 1s expressed in torms of the

propuortion of nucleotide residue positions of the two regions that are occupied by the same
mucleotide residue. By way of example, a region having the nucleotide sequence ¥'-

ATTGCC-3 and a region having the mecleotide sequence -TATGGC-3 share 30%

25 homology. Preferably, the first region comprises a first portion and the second region
comprises a sccond portion, whereby, at feast about 0%, and preferably at least about 75%,
at feast about %%, or at least about 95% of the nucleotide residue positions of each of the
portions arc occupiced by the same nucleotide residue. More preferably, all nucleotide
residuc positions of each of the portions are occupied by the same nuclentide residuc,

) As used berein, the term “host cell” 15 mitended 1o refer 1o & cell into which a nuclere

acid of the present invention, such as a recombinant expression vector of the prosent

wvention, has been mtroduced, The terms “host cell™ and “recombinant host cell”™ are used

interchangeably hevein. It should be understood that such terms refer not only to the
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particuiar sabject cell but to the progeny or potential progeny of such a cell. Beeause
certain modifications may ocow 1n seceeeding generations due to either mutation oy
environmental infloences, such progeny may not, m fact, be ientical to the parent cell, but
are still included within the scope of the term as used heresn,

5 The term “humanized antibody™, as ased herein, is intended to include antibodies
made by a non-huroan cell baving vanable and constant regions wihach have been altered to
maore closely resemble antibodies that would be made by a human cell. For example, by
altering the non-human antibody anuno acid sequence to incorporate amino acids found
maman germbine mmaoglobdin sequences. Humanized antibodies may nchade aminoe

;

10 acad residues not encoded by homan germbine immunoglﬂbuiin sequences {e.g., nmiations
mtroduced by random or site-spectfic mutagenesis i vigro or by somatic mutation in vive),
for example in the CDRs. The term “hamanized ami‘ibady”, as used herein, also inchudes
antibodics i which CDR sequences derived from the germbine of another manunalian

species, such as g mouse, have been grafted onto buman framewaork sequences.

L

As used herein, the term “hypervariable region,” “HVR, " or "HV,” refers 1o the
regions of an anttbody-variable domain that are hypervariable s sequence and/or form
structurally defined loops. Generally, antibodics comprise six HVRs: three in the VH {H1,
H2, H3j, and three in the VL (L1, L2, L3} In native antibodies, H3 and L3 display the
most diversity of the six HVRs, and H3 bn partcular is beheved to play a unique role n
A conforring fine specificity to antthodies. See, eg., Xu ef ol {2000} Imnumity 13, 37-45;
Johnson and Wu in Methods n Molecular Biology 248, 1-25 (Lo, ed., Human Press,
Totowa, NI, 20030, Indeed, natorally ocourring camelid anttbodies consisting of a heavy
chain only ave functional and stable m the absence of Hght chain {see, ez, Hamers-
Casterman ¢ af. {1993) Nature 363:446-448 {1993} and Sheniff ¢f ol (1996) Nature Struct.
35 Biol 3, 733-736).

As used herein, the term “tmmune cell™ refers to cells that play avole i the mmune
response. Inunene cells are of hematopoietie origin, and inchade tymphooyvies, such as B
cells and T cells: natural killer cells; myeloid cells, such as monocytes, macrophages,
cosinophils, mast cells, basophils, and granulecytes,
Y As used herein, the term “impnme checkpoints™ means a group of molecules on the
cell surface of CD4+ and COR+ T cells. These molecudes fine-tune tnumane responses by
down-roodulating or inlubiting an anti-tumor oawne response.  Imnuae checkpoint

proteins are well known in the art and include, without Himitation, PD-L1, as well as CTLA-
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4, PD-1, VISTA, B7-H2, BT-H3, B7-H4, B7-Heo, 2B4, 1COS, HVEM, PD-L2, CD1st,
gpd9B, PIR-B, KIR, TIM-3, LAG-3, HHLAZ, butyrophiling, and BTLA (see, for example,
WO 2012/177624).
As used herein, the term “immune disorder™ includes impume discases, conditions,
5 and predispositions to, including, but not hnuted to, cancer, chromie mflammatory disease
and disorders {chading, e g, Crohn's disease, inflaromatory bowel discase, reactive
artheitis, and Lyme disease), insulin-dependent diabetes, organ specific astoimmumnity
{inchuding, e.g., multiple sclevosis, Hashimoto's thyrorditis, autoimmune uveins, and
Grave's disease), contact denmatitts, psoriasts, graft rejection, graft versus host disease,
10 sarcoidosis, atopic conditions (including, e g., asthma and allergy including, but not limited
to, allergic rhinitis and gastrointestinal allergies such as food allergies), eosinophilia,
conjanctivitis, glomerular nephritis, systensic hupus ervibematosus, scleroderma, certain
pathogen susceptibifitics sach as belminthue (including, e.g., laishmaniasis) and eertain viral

infections {inchuding, e.g., HIV and bacterial mfections such as tubereulosis and

L

lepromatous leprosy) and malaria.

As used hereln, the toom “innmang response” includes T ool mediated andfor B cell
mediated mune responses. Excmplary Impmune responses inchude T eell responses, e.g.,
cytokine production, and cellular cvtotoxicity. In addition, the term Inmune response
mchudes inumune responses that are indirectly effected by T cell activation, e.g., antibody
A production {humoral responses} and activation of eyvtokine responsive cells, e.g.,
n:mon:q}hage&

used herein, the term “inlubiting” and gramnatical equivalents thereof refer
decrease, hinuting, and/or blocking a particular action, function, or interaction. In one
cmbodiment, the term refers to reducing the fevel of a given output or parameter to g
35 guantity {e.g., background staining, PD-L1 signaling, PD-L.1 mmowmoinhibitory function,
and the like) which s at least 10%, 15%, 2006, 23%, 30%, 35%, 40%, 45%, 50%, 55%
60%, 65%, 7%, 75%, B0%, R3%, 90%, 95%, 99% or less than the quantity in a
corresponshing control. A reduced level of a grven output or paramcter need net, although it
may, mean ai absohute absence of the output or parameter. The invention does not require,
3 and 1s not linted 1o, methods that wholly elimunate the output or parameter. The given
cutput or parameter can be determined using methods well known in the att, incloding,
withowt Iimutation, immunchistochenuieal, molecular biological, cell binlogical, clinical,

and biochenuical assays, as discussed herein and in the examples. The opposite terms

~ 19~



WO 2015/061668 PCT/US2014/062149

.

“promoting,” “inereasing,” and graromatical equivalents thereof refer to the increase m the
fevel of a given output or parmmeter that is the reverse of that deseribed for infubition or
decrease.

As used herein, the term “interaction”, when referring to an interaction between two

5 molecales, refors to the physical contact (e, binding) of the molecudes with one another.
Generally, such an intergetion results i an activity {which produces a binlogical effect) of
one or both of said molecules. The activity may be a divect activity of one or both of the
molecules, (e g, signal transduction). Allematively, one or both molecules in the
mteraction may be prevented from binding their hgand, and thas be held imactive with

10 regpect to Hgand binding activity (eg., buxling its bgamd and triggering or inhibiting an

tromune response), To inhubit such an mteraction results in the disruption of the actvity of
one or more molecales involved in the imteraction. To enhance such any imteraction is to
prolong ot ncrease the hkehhood of said physical contact, and prolong or increase the

likelithood of satd activity.

L

As used herein, the term an “isolated antibody™ 1s mntended 1o refer 1o an antibody
which is substantially free of other antibodics having difforent antigenic speetficities (e.g.,
an isolated antibody that specificatly binds to the evtoplasmic domain of lnanan PD-L1 and
is substantially free of antibodies that do not bind to the cytoplasmic domam of PD-L1}
Anisolated antibody that specifically binds to a cytoplasmic epitope of human PD-L1 may,
A however, have cross-reactivity to other PDR-L1 proteins, respectively, from different species.
However, in somwe embodiments, the antibody maintaiss ligher or indeed specific affimty
and selectivity for haman PD-LY. In addivion, an isolated antibody is typically substantially
free of other cellular material andfor chemicals. In one embodiment of the present
wvention, a combination of “isolated” monoclonal antibodics having different specificities
25 to munan PD-LI are combined in 2 well defined composition.

As used herein, an “isolated protem” refers (o a protein that is substantially free of
other proteins, cetlular material, separation mediany, and culture medivwm when isolated
from cells or produced by recombiinant DNA techaigues, or chenucal precursors or other
chemicals when chemically synthesized. An “iselated” or “purificd”™ protein or biclogically

3} active portion thereof is substantially free of eolhular material or other contaminating
proteing from the cell or tissae sowrce from which the antibody, polypeptide, peptide o
fusion profein is derived, or substantially free from chomical precursors or other cherieals

when chemically syathesized, The language “substantially free of cellular waterial”
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mclades preparations of a target polypeptide (e.g., immunoglobuhn} or fragment thereof, m
which the protein is sepavated froms celfalar components of the cells from which it g
isolated or recombinantly prodeced. In one embodiment, the language “substantially free
of cellular matersal” mcludes preparations of target protein or fragment thereof, having less
S5 than about 30% (by dry weight) of non-target protein {also referred to heremn as a
“contasunating protein”), more preferably fess than about 20% of non-target protein, still
more preferably less than about 10% of non-target protem, and most preferably less than
about 5% non-target protein. When antibody, polypeptide, peptide or fusion protein or
fragment thereof, e.g., a biologically active fragment thereof, is recombinantly produced, #
10 s also preferably substantially free of culture mediam, 7 e, cultyre medien represents less
than about 20%,, more preferably less than about [0%%, and most preferably less than about
% of the volame of the protein preparation.
As used herein, the term “tsotype” refers to the antibody class {e g, 1gM or IpG)

that 15 encoded by heavy chamn constant region genes.

L

As used herein, the term “Kyy™ s intended to refer to the dissociation equilibrium
constant of a particular antibody-antigen interaction. The binding affinity of antibodies of
the disclosed invention may be measwred or determined by standard anttbody-antigen
assavs, for exampie, competitive assavs, saturation assays, of standard immunoassavs such
as ELISA or RIA
24 Asused herein, a "kt s any manufactwre (e.g. a package or container) comprising
at feast one reagomt, g 3 probe, for specifically detecting or modulating the expression of
a marker of the present im‘ention. The kit may be promoted, distributed, or sold as a umit
for performing the methods of the present invention.

As ysed herein, the form “monocional anttbody™, refers to an anttbody which
25 displays a single binding specificity and affinity for a particular epitope. Accordingly, the
term “human monoclonal antibody™ refers to an antibody which displays a single binding
specificity and which bas variable and constant regions derived from human germiine or
non-germbine mununoglobulin sequences. i one embodiment, lunnan monocional
antihadies are produced by a hybridoma which includes a B ccll obfained from a transgenic

W pon~huwman mumal, ep

P N

a transgenic mouse, having a genome comprising a human heavy
chain transgene and a light chain transgene fused to an immortalized cell
A “market” i5 a gone whoese altered level of expression in a tissue or coll from s

expression level in normal or healthy tissue or cell is associated with a disease state, such ag
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cancer. A “marker nucleie aaid” is a nucleic acid {eg, mRNA ocDNA}Y encoded by or
corresponding to a marker of the present invention. Such marker nacleic acids include
DNA (e.g.. cDNA) comprising the entire or a partial sequence of any of the mucleic acid
sequences set forth i the Sequence Listing or the conplement of such a sequence. The
5 marker nucleic acids also inclade RNA comprising the entire or a partial sequence of any of
the rmucleie acid sequences set forth m the Sequence Listing or the complement of such a
sequence, wherein all thvinidine restdues are replaced with uridine restdues. A “marker
protem’” Is & protein encoded by or corresponding o a marker of the present invention. A
wmarker protem comprises the entire or a partiad sequence of my of the sequences set forth
10 in the Sequence Lasting, The terass “protem”™ and “polypeptide™ are used mterchangeabtly,
As used herein, the torm “modulate” inchudes up-regdation and down-regulation,
e.g., enhancing or infubiting 4 response.
The “normal™ level of expression of a marker 1s the level of expression of the

marker m cells of a subject, ez, a hurnan patient, not afflicted with a viral-associated

L
o
],
E-w-\d
ot
-\..J
=
v
o
=
e}
T
f}
¢
3
.3
i
=
-,
2
24
2
=h
Le]
o3
=5
=l
L
=
0
o
[y
bac}
ot
e
-
<8
5
bace’
5
W
]
o
o
Z.
=
-,
<
=ty
2
=
=
=
[y
bac}

refers to an expression lovel in a fest sample that is greater than the standard error of the
assay emploved to assess expression, and s preforably at least twice, and more preferably
three, four, five or ten times the expression level of the marker i a control sample {e.g.,
sample from a healthy subjects not having the marker associated discase) and preferably,
A the average expression level of the marker in several control samples. A “sigmificantly
lower level of expression”™ of a marker refers to an expression level in a tost sauple that s
at least twice, and more preferably three, four, five or ten times fower than the expression
level of the warker in a control sample (e g, sample from a healthy sebject nothaving the
marker associated discase) and preferably, the average expression fevel of the marker m
35 several control samples.

As used herein, the term “nucleie acid molecnte™ is intended to inchide DNA
mofecoles and RNA miolecules. A nucleie acid molecule may be single~stranded or double-
stranded, bat preferably ts double-stranded DNA. As used herein, the term “isolated
nucleic acid molecule™ in reforence to mucleic acids encoding antibedics or antibody

W portions {e.g., Vu Vi, CUDR3) that bind to the evtoplasnue domam of PD-LI, is intended to
refer to a mucleic acid molecude m which the mucleotide sequences encoding the antibody or

antibody portion are free of other nuclentide sequences encoding antibodies or antibody

~ 32
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portions that bind antigens other than PD-L1, which other sequences may natorally flank
the nucletc acid m nanan genomic DNAL

A nuocleie acid ts “operably Hinked”™ when #t is placed into a fenctional relationship
with another nucleic acid sequence. For instance, a promoter or enhancer 1s operably linked
to 4 coding sequence i it affects the wanscription of the sequence. With respect to
ganscription regudatory sequences, operably inked means that the DNA sequences being
linked are contiguous and, where necessary fo join two protein coding regions, contiguous
and in reading frame. For switch sequences, operably linked indicates that the sequences
are capable of effecting switeh recombination.

An “over-expression” or Usigruficantly higher level of expresston™ of a marker
refers to an expression level in a test sample that 1s greater than the standard error of the
assay employed to assess expression, and is preferably at least twice, and more preferably
2,222,232, 25 26,27, 28,29, 3,35, 4,45 5,55, 6,065 7,75 8,85 9,95 10,
0.5, TE 12, 13, 14, 18, 16, 17, 18,19, 20 times or more higher than the expression achivity
ot level of the marker in a control sample (e g, sample from a healthy subject not having
the marker associated discase) and preferably, the average expression lovel of the marker in
several comtrol samples. A Tsignificantly lower level of expression” of a marker refors to
an expression level in 2 test sample that is at least twice, and more preferably 2.1, 2.2, 23
24,25, 2627 28,293 354 45,5, 55,665 7,75, 8 859,95, 10, 105, 11,12,
13, 14, 15, 16, 17, 18, 19, 20 umes or move fower than the expression fevel of the marker in
a control saple {e.g., sample from a healthy subject not baving the marker associated
discase) and preferably, the average cxpression level of the marker in several control
samples.

The terms “polypeptide fragment”™ or “fragment”, when used in reference to g
reference polypeptide, refers to a polypeptide i which anuno acid residoes are deleted as
compared to the reference polypeptide tsclf, but where the remaining amino acid sequence
is usually Wdenticat to the corresponding positions i the reference polypeptide. Such
deletions may ooouwr af the amino-ternunus, interaalty, or at the carboxy-ternunus of the
reference polypepiide, or altcrnatively both. Fragments typically arc atleast 5,6, 8 or 10
amuno acids long, at least 14 amino acids long, at least 20, 30, 40 or 30 amino acids long, at
feast 75 aminoe acids long, or at least 100, 154, 200, 340, 300 or more amino acids long.
They can be, tor example, at least andior melading 10, 13, 20, 25,30, 35, 40, 45, 30, 553, 60,

65, 70, 73, 86, 85, 06, 95, 106, 120, 140, 160, 180, 200, 220, 246, 260, 280, 300, 320, 340,
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360, 380, 400, 420, 430, 460, 480, 500, 520, 540, 5661, 580, 6(0, 620, 640, 660, HRO. 700,
720, 740, 760, TR, 800, 820, 840, 860, R8O, 900, 926, 940, 9601, 9RO, 1000, 1026, 1040,
1060, TOSO, 1100, 1120, 1140, 116, 1IRO, 1200, 1220, 1240, 1260, 1280, 1300, 1320,
1340 or more long so long s they are less than the length of the full-length polypeptide.
Alternatively, they can be no longer than andfor exchsding such & range so fong as they are
less than the length of the full-length polypeptide.

The term “probe” refers 1o any molecule which is capable of selectively binding to a

o

pecifically ntended target molecule, for example, a nucleotide transeript or protein
eacoded by or corresponding to a marker. Probes can be cither syuthesized by one skalled
i the art, or dertved from appropriaie liclogical preparations. For purposes of detection of
the target molecule, probes may be specifically designed to be labeled, as described herein.
Examples of molecales that can be utilized as probes inclade, bot are not hinuted to, RNA,
DNA, proieins, aatibodies, and organic molecales.

As used heren, the torm “rearranged” refors to g configuration of a heavy chan or
light chamn moumoglobulm focus wherem a Vo segment is posittoned inwoediately adjacent
to a £-J or F scgment in a conformation cacoding essentially a complete Vy and Vi domain,
respectively. A rearranged imanmoeglobulin gene locus can be identified by comparison fo
sermiime DNAL 2 rearranged locus will have at least one recombimed heptamer/nonamer
homology element.

As used herein, the term “recombinant host celf”™ {or simply “host celf™), is mtended
o refer 1o a ool indo which a recombinant cxpression vecior bas been wtreduced. T should
be understood that such terms are intended to refer not only to the particudar sobject cell bat
to the progeny of such a cell. Becasse certain modifications may occor in succeeding
generations due o etther mutation or environmental influcnces, such progeny may not, in
fact, be identical fo the parent cell, but are still included within the scope of the term “host
cell™ as used herein,

As vsed herein, the term “recombinant huonan mtibody”™ ichudes all human
antiboddics that are prepaved, expressed, created or isolated by recombinant woeans, such as
{a) andibodics isolated from an animal (e.g., a mouse) that is transgenic or
transchromosomal for human immwnoglobulin genes or a hybridoma prepared therefrom
{described further below), (b) antibodies isolated from a host cell transformed fo express the
anitbody, e.g., from a tansfectoma, (o) antibodics isolated from a recombinant,

combinatorial human antibody library, and (d) antibodies prepared, expressed, created or
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isolated by any other means that involve splicing of human imnumoglobulin gene
sequences to other DNA sequences. Such recombinant human antibodies have variable and
consiant regions derived from human germiine andfor nog-germiine immanoglobudin
sequences. In certain embodiments, however, such recombinant human antibodies can be
5 subjected to i viteo mutagenesis {ov, when an animal transgenic for human Ig sequences is
ased, i1 vive somatic mutagenests) and thus the aming acid sequences of the Vi and Vy,
regions of the recombinant antibodics are sequences that, while dertved from and related to
human germbine Vi and ¥y sequences. may not naturally exist within the huiman antibody
germiline reperiowe i vivo,
io The presceat invention “response” i1s generally related to for example, deternining
the effects on progression, efficacy, or outcome of a clinical mtervention. In some
embodiments, responses relate direetly to a change 1n tumor mass and/or volane after
uutiation of chinical nfervention {e.g., adoinistration of an anti-PD-L1 monocional

anttbady). For example, hyperprohiferative disorder responses may be assessed according

L

to the size of a tumor afier systemic intervention compared to the imtial size and
dimensions as measared by CT, PET, mananogram, ultrasound or palpation. Response
may also be assessed by calipor measurgment or pathological examunation of the twmor
after biopsy or surgical resection. Response may be recorded in & quantitative fashion like

fon VS

pereentage change in tumor volume or 18 a qualitative fashion ike “pathological complete
2 response” {(pCR), “clinical complete remission” (cCR), “climical partial remission” (¢PR},
“chinical stable disease™ {¢SD, “clinteal progressive discase” {(PD) or other qualitative
criterin. Assessment may be done carly after the onset of the chnical intervention, e,
after a fow hours, days, weeks or preferably after a few months. A typical endpoint for
response asseasment is apon fernunation of the chinical intervention or upon surgical

35 removal of restdual tumor cells andfor the tumor bed.

As vsed herein, the term “specific binding” refers 1o antthody binding to a
predetermined antigen. Typically, the antibody binds with an affinity (Kp) of approximately
tess than 107 M. such as approximately less than 107 M, 107 M or 107° M or even lower
when determined by surface plasmon resonance {SPR) technology in a BIACORER: assay

W instrument wsang human PD-L1 as the analyvte and the antibody as the ligand, and binds to
the predetermined antigen with an affinity that s atleast 1.1-, 1.2-, 1.3-, 1.4-, 1.5-, 1.6,
P~ L8, 19- 2.0+ 2.5 3.0-, 3.5+, 4.0-, 4.5, 3.0~ 6.0-, 7.0~, 8.0-, 9.0- or 10.0-fold or

greater than its affinity for binding to a son-specific antigen (e.g., BSA| casein) other than
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the predetermined antigen or a closely-related antigen. The phrases “an antibody
recognizing an antigen” and “an anutbody specifie for an antigen”™ ave used interchangeably
heretn with the torm “an antibody which binds specifically to an antigen.”™
As used herein, “subject” refers to any healthy animal, mavwmal or human, or any
5 ammal, mammal or homan afflicted with a viral-associated PTLD, e g, EBV-associated
PTLD. The term “subject” is interchangeable with “patient”. The term “non-haman
animal” includes all vertchrates, e g, mammals and non-mamsmals, such as non~-human
primates, sheep, dog, cow, chickens, amphibians, repules, eic.
The language “substantially free of chemical precursors or other chonucals™
160 nclades preparations of antibody, polypeptide, peptide or fusion protem 1 which the
protein 1s separated from chemical precursors or other chemicals which are mvolved in the
synthesis of the protein. In one embodiment, the langoage “sebstantially free of chemical
precursors of other chomicals™ inclades preparations of antibody, polypeptide, peptide or

fusion protein having less than about 30% {hy dry weight) of chenucal precursors or non-

L

antibody, polypeptide, peptide or fusion protein chemuieals, more preferably less than about
20% chemieal procursors or non-antibody, polypeptide, peptide or fusion protein chonicals,
stil more preferably less than abowt 10% chemical precarsors or non-anttbody, pelypeptide,
peptide or fasion protein chemicals, and most preferably less than about 5% chenucal
precursors of non- antibody, polypeptide, peptide or fusion protein chemicals,

24 As ased herein, the term “soarvival” includes all of the following: survival until
mrtality, also known as overall survival (wherein said mortality may be cither irrespective

of cause or tumor related ) “recurrence~-free survival” (wherein the ferm recurrence shall

include both localized and distant recurrence}; metastasis free survival; disease free sarvival

{wherein the torm disease shall include cancer and discases assoiated therewith), The

25 length of said swrvival may be caleulated by reference to a defined start pomt (e.g. time of
diagnosts or start of treatment) and end point {e.g. death, recarrence or metastagis). In
addition, criteria for efficacy of treatment can be expanded to include response o
chemaotherapy, probability of survival, probability of metastasis within a given time period,
ard probability of tunor recurrence.

Y A “rranscribed polynucleotide”™ or “nucleotide transcript” is a polvnucleotide {e g
an mRNA, lRNA, 3 ¢cDNA, or an analog of such RNA or ¢DNA) which is complementary

to or homologous with all or a portion of a mature mRNA made by transeription of a
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marker of the present invention and nonmal post-transeriptional processing (e g splicing), if
any, of the RNA transcript, and reverse transcription of the RNA transeript.
As used hevein, the term ™7 cell” includes D4+ T colls and CD8+ T eells, The
term T cell also includes both T helper 1 type T cells and T helper 2 type T cells. The term
5 Vantigen presenting cell” includes professional antigen presenting celis {e g, B
ymphocyies, monocytes, dendritic cells, Langerhans cells) as well as other antigen
presenting cells {e.g., keratinocytes, endothelial cells, astrocyies, fibroblasts,
oligodendrocytes).
As wsed herein, the term “unrearranged” or “germline configuation” n reference to
10 a3V segment refers to the configuration wherein the V segment 15 not recombined so gs o
be mmmediately adjacent to a D or J segment.
As used herein, the ferm “vector™ refers fo a nucleie acid capable of transporting
another mueleie acid to which i has beon linked. One type of vector is 3 “plasmid”™, which

refers to a circular double stranded DNA loop into which additional DNA scgments may be

L

ligated. Another type of vector 1s a viral veator, wherein additional DNA segments may be
ligated o the viral genome, Cortaimn vectors are capable of autonomous replication in a
host cell into which they are introduced (e, bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors), Other vectors {2.2.. non-episomal
mammalian vectors) are integrated into the genome of a bost cell upon introduction into the
A host cell, and thereby are replicated along with the host genome. Moreover, certain vectors
are capable of dircoting the expressiom of gones to which they are operatively Haked., Such
veetors are referved to herein as “recombinant expression vectors”™ or simply “expression
vectors™. In general, expression vectors of utility in recombinant DNA techniques are often
i the form of plasomids, o the present speetfication, “plasmid” and “vector”™ may be ased
25 inferchangeably as the plasmid is the most commonly used form of vector. However, the
mvention is intended to include such other forms of expression vectors, such as viral
vectors {e.g., replication defective retrovivuses, adenovirases and adeno-associated virases),
which serve equivalent functions.

For nuclele acids, the term “substantial homology™ tudicates that twa nucloie acids,
3 or designated sequences thereof, when optimally ahigned and compared, are ientical, with
appropriate nucleotide insertions or deletions, in af least abowt 0% of the muelcotides,
usually at least about 81%, 82%, 83%, Bd%, 83%, 86T, 7%, 8%, 89%, 90%, 91%, 92%,

3%, DA%, U8, 86%, or mare of the nucleotides, and more preferably ot least abowt 97%,,

fed
by



WO 2015/061668 PCT/US2014/062149

io

L

24

[l
N

30

YE%, 99% or more of the nucleotides. Alternatively, substantial homology exists when the
segments will hvbridize wnder selective hybridization conditons, to the complement of the
strand.

The percent identity between two sequences Is a function of the munber of identical
positions shared by the sequences (e, % wdentity= & of identical positions/total # of
positions x 100), taking nio account the number of gaps, and the length of each gap, which
aced to be introduced for optimal alignment of the two sequences. The comparison of
sequences and deternnnation of percent dentity between two sequences can be
accomplished using 2 mathematical algorithm, as desenbed i the non-hmitting examples
below.

The percent identity between two nucleotide sequences can be determined using the
GAP program in the GOG software package {(available on the world wide web at the GCG
company website}, using a NWSgapdna UMP matrix and 3 gap weight of 44, 3G, 64, 70, or
%0 and a length weight of 2, 3,4, 5, or 6. The percent sdentity between two nucleotide or
amine acid seguences can also be determuned using the algorithm of E. Meyers and W,
Miller {CABIOS, 4:11 17 (1989)) which has been incorporated inte the ALIGN program
{version 2.0}, using 8 PAMIZ20 weight residue table, a gap length penalty of 12 and a gap
penaity of 4. In addition, the percent identity between two amino acid sequences can be
determined using the Needlernan and Wansch (J. Mol Biol. (48):444 453 (1970)) algorithm
which has been neorporated into the GAP program mn the GCG software package
{avaitlable on the world wide web at the GUG company website), using either a Bloswen 62
matrix ov 8 PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weightof 1, 2,3, 4, 5, or 6.

The nucleic acid and protein sequences of the present mvention can further be used
as o “query sequence’” to perform a search against public databases o, for example, idennfy
refated sequences. Such searches can be performed using the NBLAST and XBLAST
programs {version 2.0) of Altschul, ef ol {19903 ], Mol Biol. 215403 10. BLAST
nucleotide scarches can be performed with the NBLAST program, score=1iM,
wordlength=12 to obtain nuclestide sequences homologous to the nucleic acid molecules of
the present mvention. BLAST protein searches can be performed with the XBLAST
program, score=30, wordlength=3 o obtain amine acid sequences homologous to the
profein molecules of the present invention. To obtain gapped alignments for conparison

purposes, Gapped BLAST can be vulized as described in Altschul er o, (1997 Nuoclew
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Acids Res, 25(173:3389 3402, When wolizing BLAST and Gapped BLAST programs, the
defaudt parameters of the respective programs {e.g., XBLAST and NBLASTY) can be used
{available on the world wide web at the NCBI website),

The nucleie acids may be present in whole cells, i a cell ysate, or in a partially
puorified or substanpally pore form. A nacleic acid is “isolated” or “rendered sobstanually
pure” when purified away from other celfular components or other confanunants, e.g., other
cellular nucleic acids or proteins, by standard techniques, including alkaline/SDS treatment,
CsCl banding, columm chromatography, agarose gel electrophoresis and others well known
i the art {see, F. Ausubeld, e ol ed. Current Protocols i Molecular Biology, Greene

Publishing and Wiley Interscience, New York (19873,

11, Monoclonal Antihodics, Immunoglobulins, and Pobmpeptides

The present invention relates, in part, to 1solated monocional antibodies or
fragments thereof that are directed against the eytoplasmic domain of PD-L1. Such
molecules are charactenized in that they exhibit a supernior ability to recogmize PD-LI
profein in diagnostic assavs, such as immanohistochemical (IHC), Western blot,
miereclular flow, ELISA, and the like, compared to known anti-PD-L.1 antibodics that bind
the extracethular domain of PD-L1.

Sequences, structures, domains, blophysical characteristies, and functions of PD-L1
gene and gene products bave been deserthed i the ant. At keast two forms of human PD-L L
mwrieceles have been identified. One foru is a satoerally coowring PD-L1 sohuble
polypeptide, £e, having a short hydrophilic domain and no transmembrane doman or
cytoplasmic domain, and is referred to herein as PD-LAS (shown in Table 2). The second
form i a cell-assoctated polypeptide, 7.e., having a transmembrane and cytoplasmic
domain, referred to herem as PD-LIM (shown in Table 2). The nucleie acid and amino
acid sequences of representative human PD-L1 blomarkers regarding PD-LIM are also
available to the public at the GenBank database under NM_014143.3 and NP_054862.1.
P3-L1 proteins comprise a signal sequenee, an IgV domain, and an 1gC domain.
Mewmbrane-bound forras of PD-L1 further comprise a transmembrane domaimn and a
cyvtoplasmic domain. While soluble forows of PIX-L1 maintam sequences other than a signal
sequence, an gV doamain, and an IgC donrain, such sequences do not represont evioplasmic
dennains as soluble forms of PR-L1 are generally secreted and are not maintamed within the

evtoplasm as is the case with menwbrane-bound forms of PDML1. The signal sequence of

- 29
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PD-L1S 1n Table 2 is shown from about anuno acid 1 o about anuno actd 1R, The signal
sequence of PD-LIM in Table 2 1s shown from about amino acid 1 to about amino acid 18,
The IgV domam of PD-L15 is shown from abowt amino acid 19 to about amine acid 134
and the IgV domain of PD-LIM is shown from about amino actd 19 to about amino acid
134, The 1o domain of PD-LIS is shown from about anuno acid 135 tw about amino acid
227 and the fgC domain of PI3-L 1M is shown from abowt amino acid 135 to about aming
acid 227, The hydrophitic tail of PD-LIS exemplificd in Table 2 comprises a hydrophalic
tail shown from about amine acid 228 to about amine acid 245, The PD-L1IM exemplified
i Table 2 comprises a transmembrane domain shown from about amino acids 239 1o abowt
anuno acid 259 and a ovtoplasauc domain shown from about anuno acid 260 to about
amino acid 290, In addition, nuclele acid and polypeptide sequences of PD-L1 orthologs in
organisms other than bumans are well known and include, for example, mouse PD-L1
(NM. 0218933 and NP_068693,1), tat PD-L1 (NM_001191954.1 and NP_001178883.1),
dog PD-L1{XM 5413023 and XP_541302.3), cow PI-L1 (NM 0011634121 and

NP 001156884 1), and chucken PD-L1 (XM_424811 3 and XP_424811.3).

Isolated monocional antibodies or fragments thoreof that are divected against PD-L1
are provided. In particudar, the imventors have deposited the mAb 405.9A11 (e, the DAL
antibody} producing hyvbridoma at the American Type Culture Collection (ATCCY, in
accordance with the terms of Budapest Treaty, on | under deposit mumber

The variable domain of the light and heavy chains of the 9A 11 mAb have been
sequenced and the complemendarity deternuining regioms (CDRs} domains thereof are
provided herein and i Table 1. For example, the 9A11 Heht chain variable (vK}
polypeptide sequence, inchuding the signal sequence (shown in bold, highhighted text), is
IVMTOQAAFSNPVTLGTSASISCRSSKSLEHSNGIT
YEYWYLOKPGOQSPOLLIYOMSNLASGVPDRFSGSGSGTDFTLRISRVEAEDVGVYY
CAONLEPPLTFGAGTKLELK, wherein UDR definitions and protein sequence mambering

ave listed according to Kabat nomenclatare and CDR anuno acid sequences are undertined
m order of CORY, CDR2, and CDR3I, respectively. Thus, the Hight chamn variable CDR |}
{CDR-L1) s RSSKSLLHSNGITY LY, CDR-L2 15 OMSNLAS, and CDR-L3 is

AQNLEPPLY. The 9A11 signal {shown in bold, highlighted text) and light chain variable

{vK) polypeptide sequence is encoded by the following mucleic acid sequence:

S S S SO S S S SIS I S
SEUCT QUL SO SRRUOUOON GRrlagiuaa g SOOI UTTTSUA U
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Simifarty, the 9A11 heavy chain vanable {(vH) polypeptide sequence, including the
signal sequence {shown in bold, lughlighted text), is
VOLOQSGAELVRSGASVILSCTAFGINIKDY YIHW
VKORPEQGLEWIGWIDPENGK TAYAPKFQGKATLTAYTSSDTAYLHLSSLTSEDTA
VYYCKTGOYDVYTFLDYWGOGTSVTVSS, wherein, CDR definitions and protein

sequence numbering are listed according to Kabat nomenclature and CDR amino acid

sequences are undertined in order of CDRE, CDR2, and CDR3, respectively. Thus, CDR-~
HI s DYYIH, CDR-H2 15 RIVPONGDTSYNOKFKGWIDPENGETAYAPKFQG, and
COR-H3 is GGYDVYFLDY, The 9A 11 signal (shown in bold, lughlighted text) and heavy

chain variable {(vH) polypeptide sequence 1s encaded by the following nucleic acid

Sequence!

w‘*r\r\x‘fr\r\ttc\\

73

-

<8

Stnee it 1s well known ut the art that antibody heavy and tight cham CDR3 domaiss
play a particularly important role in the binding specificity/affinity of an antibody for an
antigen, the recombinant monoclonal antibodies of the presemt mvention prepared as set
forth above preferably comprise the heavy and lght chain CDR3s of variable regions of the
present invention (e g, ncluding the sequences of Table 1, or portions thereof), The
antibodies further can comprise the CDR2s of vanable regions of the present invention
{e.g., including the sequences of Table 1, or portions thereofy. The antibodies further can
comprisc the CDOR s of variable regions of the present invention {e.¢., including the
sequences of Table 1, or portions thereof). In other embodiments, the antibodies can
comprise any combinations of the CDRs,

The CRRI, 2, andfor 3 regions of the engincered antibodies described above can

comprise the exact anino acid sequence{(s) as those of variable regions of the present
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mvention {e.g., including the sequences of Table 1, or portions thereofy disclosed herem.
However, the ordinarily skilled artisan will appreciate that some deviation from the exact
CDR sequences may be possible while still retaining the ability of the antibody to bind PD-
L1 effectvely {e.g., conservative sequence modifications). Accordingly, in another
5 embodiment, the engineered antibody may be composed of one or more CDRs that are, for
example, 56%,, 60%, T0%, 8O, 83%, 90%, 1%, 92%, 93%, 94%,, 5%, B96%, 97%, B8%,
9%, or 99. 5% wentical to one or more CDRs of the present invention (e.g., mcluding the
sequences of Table 1, or portions thereof).
The structural featres of known, non-hagnan or human antitbodics {e.g., 3 mouse
10 anGi-human PD-L1 antibody) can be used to create stracturally related human anti-human
PD-L1 antibodics that retain at least one functional property of the antibodies of the presen
invention, such as binding the cvtoplasmic domain of PD-L1. Another functional property
mchedes mbibiting binding of the onginal known, noa-human or buman anttbodics i a

competition ELISA assay,

L

in some embodiments, monoclonal antibodies capable of binding the eytoplasmic
domain of human PR-L1 are provided, comprising a beavy chain wherein the variable
domain comprises at least a TDR having a sequence that is at feast BU%, 83%, 90%, 91%,
2%, D3%, 94%,, 953%, D&%, 97%., 8%, D9, 99 5% or 100% identical from the group of
heavy chain variable domain CDRs presented in Table 1.
20 Simtlarty, monoclonal antibodies capable of binding the cvtoplasaue domain of
buman PD-L1, comprising a light chats wherein the variable domain comprises af keast a
CDR having a sequence that is at least 809, 83%, 00%, 919, 92%,, 939%, 94%, 93%, ¥6%,
97%, 98%%, 99%, 99.5% or 100% identical from the group of light chain variable domain
CDRs presenied m Table 1, are also provided.
25 Monoclonal antibodics capable of bindmyg the cytoplasmic doman of human PD-
L1 comprising a heavy chain wherein the variable domain comprises at least a CDR having
a sequence that 1s at least R0%, 85%,, 90%, 9196, 92%, 9306, 94% 95%,, 96%, 979, 98Y%,
9%, 99.5% or 100% identizal from the group of heavy chatir variable domain CORs
presented in Table 1; and comprising a hight cham wherain the variable domain comprise
W at least a CDR having a sequence that is at feast 80%, 85%, 90%6, 1%, 92%,, 93%, 94%,,
93%, 06%, 7%, 98%, 99%, 99.5% o 100% dentical from the group of light chain

vartable domain CDRs presented in Table 1. are also provided.
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A skilted artisan will note that such percentage homology is equovalent to and can

~
f

be achieved by introducng 1, 2, 3,4, 5,6, 7, &, ¢, 10, or more conservative amino acid
substitutions within a given CDR.

The monoclonal antibodies of the present mvention can comprise a heavy chain,
wherein the vanable domain comprises at feast a CDR having a sequence selected from the
group consisting of the heavy chain vanable domain CDRs presented in Table 1 and a Hght
chain, wherein the vanable domain comprises at least 2 CDR having a sequence selected
from the group consisting of the Hght cham vartable domam CDRs presented i Table 1

Such monoclonal antthodies can comprise a Heht chan, wheromn the variable
domain comprises at least a CDR having a sequence sefected from the groap consisting of
CDR-L1, CDR-L2, and CDR-L3, as desenbed herein; andfor a heavy chain, wherein the
vartable domain comprises at least a CDR having a sequence selected from the group
consisting of CRR-H1, CDR-H2, and CDR-H3, as described herein, Ia some
cmbodiments, the monoclonal antibodics capable of binding the cyvtoplasmic domain of
human PD-L1 comprises or consists of CDR-L1, CDR-1.2, CDR-L3, CDR-HI, CDR-H2,
and CDR-H3, as described herein

The heavy chain variable domain of the monoclonal antibodies of the present
mvention can comprise or consist of the vH amino acid sequence set forth in Table | andfor
the fight chain vanable domain of the monoclonal antbodies of the present invention can
comprise or consist of the v anuno acid sequence set forth in Table L

The monaclonal antibodics of the presont ipvention can be produced and modified
by any technique well known in the art. For example, such monoclonal antibodies can be
mgrine antibodies, such ag those obtaimable from the hybridoma deposited on with

the ATCC as deposit . Sinularly, such monoclonal antibodies can be chimerie,

preferably chimeric mouse/human anttbodies. In some embodiments, the monocional
antibodies are humanized antibodies such that the vanable domain comprises human
acceptor frameworks regions, and optionally human constant domain where present, and
non~-human donor CDRs, such as mouse CDRs as defined above.

The present invention further provides fragments of said monoclonal antibodies
which mclude, but are not limited o, Fv, Fab, Fabn2, Fab', dsFv, scFv, se(Fv)! and
diabodics; and mudoispecific antibodies formed from antibody fragments. For example, a

munber of romuncinbibitory nmolecudes, such gs PD-L2, PD-1, CTLA-4, and the ke, can

[

‘2

5
[
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be detected in a bispecific or maltispecific manner i order to efficiently charactenize the
expression of such molecuies.

Other fragments of the monoclonal antibodies of the present invention are also
contemplated. For example, individual impunoglobulin heavy andfor light chains are
provided, wherein the vanable domains thereof comprise at least a CDR presented in Table
1. o one embodinent, the moumoglobulin heavy chain comprises at least 8 CDR having a
sequence that 1s at least 8%, 853%, B0, 1%, 9%, 93%, 94%, 95%, 6%, 97%, 98%,
S9%%, 99.53% or 100% identical from the group of heavy chain or light chain vaniable
damain UDRs presented in Table 1. In another embodiment, an imwmunoglobdin hight
chain comprises af least 3 COR having a scquence that is at least 30%%, 85%, 9%, 91%,
92%, 935, 94%, 95%, Do%, 97%%, 08%, 99%,, 99.5% or 100% dentical from the group of
light cham or heavy chain variable domain CDRs deseribed herein (e.g., presented in Table
1), are also provided.

in somie erubodiments, the immumoghobulin heavy and/or hight chain comprises a
varable domain comprising at least one of COR-LI, CDR-L2, CDR-L3, CDR-HI, (DR~
H2, oo CHR-HS deseribed berein, Such immmonoglobulin beavy chains can comprise or
consist of at least one of COR-HI, CDR-H2, and CDR-H3. Such imsumoeglobalin light
chains can comprise or consist of at least one of CDR-L1, CDR-L2, and CDR-L3,

In other embodiments, an immunoglobulin heavy andfor light chamn according to the
present invention comprises or consists of a vH or vx vanable domain sequence,
respectively, provided in Table 1.

The present imvention further provides polypeptides which have a sequence sefected
front the group consisting of vH variable domain, v variable domain, CDR-LL, CDR-LZ,
CDR-L3, CDR-HI1, CDR-H2, and UDR-H3 sequences described herein,

Antibodies, immunoglobuling, and polypeptides of the invention can be use n an
molated (e.g., purified) form or contained in a vector, such as a membrane or hpid vesicle

{e.. a liposome).

T Nucleic Acids, Vectors, and Recombinant Host Cells

A further object of the invention relates fo nucleie acid sequences encoding
monocional antibodics and fragments thereof, immuncglobeling, and polvpeptides of the

present invention.
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In & particular embodiment, the mrvention relates 1o a naclete acid sequence
encoding the vH domain of mAb 9A 1 or the v dowamn of mAb 9ALL

Typically, said nucleic acid 15 a DNA or RNA moleade, which may be inchaded in
any suitable vector, such as a plasmid, cosmid, episome, artificial chromosome, phage or a
viral vector.

The terms “vector”, “clving vectn™ and “expression vecior” mean the vehicle by
which @ DNA or RNA sequence (e.g. a foreign gene} can be ntroduced o a host cell, so
as to transform the host and promote expression {e.g. transcription and translation) of the
wiraduced sequence. Thas, a further object of the mvention relates to a voctor comprising
3 npelete acid of the present bvvention,

Such vectors may comprise regulatory elements, such as a promater, enhancer,
ternunator and the fike, to cause or divect expression of said polvpeptide upon
adminusteation 1o 3 subjoet. Examples of promoters and enhascers used 1o the expression
vector for anmmal cell include early promoter and enbancer of V40 (Mizukanu T, etall
1987), LTR promoter and enhancer of Moloney mouse leukenun vivus (Kuwana Y et al.
1987}, promoter (Mason § O et al. 1985) and enhancer (Gillies S Dot all 1983 of
inmmanogiobalin H chain and the like.

Any expression vector for anmmal celf can be used. Examples of suitable vectors
mchude pAGETOT (Mivajp H et al. 1990}, pAGEIO3 (Mizukami T et al. 1987), pHSG274
{Brady G et al. 1984}, pKCR(OHare K ot al. 1981, pSGIT beta d2-4-(Mivaji H et al. 1990)
and the like, Other representative exanples of plasroids brchude replicating plasmids
comprising an origin of replication, or integrative plasmids, such as for instance pUC,
peDNA, pBR| and the like. Representative examples of viral vector include adenoviral,
refroviral, herpes vivus and AAV vectors., Such recombinant vivuses may be produced by
technigues known in the art, such as by transfecting packaging cells or by transient
rransfection with helper plasnnds or viruses, Typical examples of vinus packaging cells
inchide PASLT cells, PsiCRIP cells, GPenv-positive cells, 293 cells, ete. Detatted protocols
for producing such replication-defective recombimant viruses may be found for mstance m
WO 95/ 14785, WO 9622378, ULS. Pat, No. 5882877, US. Pat. No. 6 013,516, ULS. Pat.
No. 4861719, US. Pat. No. 5278056 and WO 94/19478.

A further object of the present imvention relates to a cell which has been transfeeted,
infected or transtormed by a nucleic acid and/or a vector according to the invention. The

term “transformation™ means the introduction of & “foreign™ (i.e. extrinsic or extracellular)
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gene, DNA or RNA sequence to & host cell, so that the host cell will express the fntroduced

o,

gene or sequence to produce a desired substance, typically a protein or enzyme coded by
the mtroduced gene or sequence. A host cell that receives and expresses introduced DNA
or RNA has been “transformed.”

The nuclete acids of the present invention may he used to produce a recombinant
polypeptide of the invention in a suitable expression systerm, The term “expression systerm™
means a host cell and compatible vector under suitable conditions, e.g. for the expression of
a protein coded for by foreign DNA carried by the vector and introduced to the host cell.

Common expression svstoms include F. colf host cells and plasoud vectors, msoct
host cells and Bacalovirus vectors, and mammalian host cells and vectors, Other examples
of host cells include, without limitation, prokaryotic cells (such as bactenia) and cukaryotic
cells {sach as yeast cells, mammahian cells, insect cells, plant cells, ete.). Specific examples
mehade £, coll, Kluyveromyces or Saccharomyces yeasts, mammalian cell lines {e.g., Voro
cells, CHO cells, 3T3 cells, COS cells, etc.) as well as primary or established mammalian
cell cultures {2 g, produced from hvmphoblasts, fibroblasts, embryonie cells, epithelial
cells, nervous cells, adipocytes, ete)). Examples also inchide mouse SP24-Agid cell
(ATCCCRLISST), mouse PIXG3-AgR 653 ool (ATCC CRLISS0), CHO cell in which a
dibvdrofolate reductase gene {(heremafter referred to as "DHER gene™) is defective (Urlaub
Getal; 19R0), rat YBZHL P2.GHE16A2.20 ccll {ATCC CRL 1662, hereinafier veferred
to as Y B0 cell”), and the hke. The YB2/4 cell 1 preferved, since ADCC activity of
chimeric or lngnanized antibodies is eshanced whes expressed in this cell

The present invention also relates 1o a method of producing a recombinant host cell
expressing an antibody or a polypeptide of the mwvention according to the invention, sad
method comprising the steps consisting of (3} mtroducing  vifso of ex ¥ive g recombinant
nuclewe acid or a vector as described above mio a competent host cell, (1) culturing in viro
or ex vive the recombinant host cell obtaned and (i), optionally, selecting the cells which
express andfor secrete said antbody or polypeptide. Such recombinant host cells can be
used for the production of anttbodios and polypeptides of the invention.

in ancther aspect, the present wvention provides isolated nucleic acids that
hybridize under selective hybridization conditions to a polynucleotide disclosed herein,
Thas, the polynueleotides of this embodiment can be used for isolating, detecting, andfor
guantfying nucleie acids comprising such polynucleotides, For example, polynucieotides

of the present mvention can be used to identify, isolate, or amplify partial or full-dength
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clones i a depostted Bibrary. In some embodiments, the polynacleotides are genonue or
cDNA sequences isolated, or otherwise complementary to, 2 cDNA from a haman or
mammalian nacleic acid bbrary. Preferably, the cDNA bibrary comprises at least 0% full-
length sequences, preferably. at least 85% or 90% full-length sequences, and, more
5§ preferably, at least 95% full-length sequences. The ¢DNA libraries can be normalized to
prwerease the representation of rare sequences. Low or moderate stringency hybridization
conchitions are typieally, but not exclusively, enploved with sequences having a reduced
sequence identity relative to complementary sequences. Moderate and tugh stringency
condittons can optionatly be enwployved for sequences of greater wdentity. Low stringency
10 condittons allow selective hybridhzation of sequences having about 70% sequence identity
and can be employed to identify orthologous or paralogous sequences. Optionally,
polvnacieotides of this invention will encode at least a portion of an antthody encoded by
the polynucleotides described herein, The polynucicotides of this mvention embrace nucleio

acid sequences that can be emploved for selective hyvbridization to a polvnucleonde

L

encoding an antibody of the present mvention. See, e.g., Ausubel, supra; Colligan, supra,

each entirely Incorporated herein by reference.

IV, Methods of Producing Antibodies

Antibodies and fragments thercof, immanoglobuling, and polypeptides of the
A present imvention may be produced by any technique known i the art, such as, withoat
lmitation, any chemical, biological, genetic or enzymatic techmque, either alone or
combination,

Knowing the amino acid sequence of the desived sequence, one skilled in the art can
readily produce said antibodies or polypeptides, by standard techaigues for production of
25 polypeptides. For instance, they can be synthesized using well-known solud phase method,

preferably vsing a commercially avalable peptide synthesis apparatus (such as that made
by Applied Biosystems, Foster City, Calif)) and following the manufacturer’s instroctions.
Alternatively, antibodics and other polypeptides of the prescnt mvention can be synthesized
by recombinant DNA techaiques as 1s well-known i the art. For example, these fragments
b can be obtained as DNA expression products after incorporation of DNA sequences
encoding the desired {polvjpeptide into expression vectors and introdaction of sach vectors
info suitable cukaryotic or prokaryvotic hosts that will express the desired polvpeptude, from

which they can be later solated wsing well-known techniques.

v
‘2
~d
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In particular, the present mvention further refates to a method of producing an
antibody or a polvpeptide of the mvention, which method comprises the steps consisting of:
{1} celtering a transformed host cell according to the invention ynder conditions suitable to
allow expression of said antsbody or polypeptide; and {11} recovering the expressed antibody
or polvpeptide.

Antibedies and other polypeptides of the present invention are sutably separated
from the culture medium by conventional immunoglobulin purification procedures such as,
for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoress,
daalesis, affimty chwomatography, anunonium sulfaie or cthanol precipitation, acid
exfraction, anion or cation exchange chromatography, phosphocelivlose chromatography,
hydrophobic mieraction clwomatography, hydroxylapatite chromatography and lectin
chromatography. High performance hguid chromatography (CHPLCT)Y can also be
cinploved for purification. See, e.g., Colligan, Current Protocols in Imonmelogy, or
Current Protocols in Protem Science, John Wiley & Sons, NY, NJY ., (1997-2001), eg.,
Chapters 1, 4, 6, 8,9, 1), cach entirely incorporated herein by reference.

Climeric antibodics (e g, mousc-human chimeras} of the present invention can be
prodaced by obtaining nucleic sequences encoding VL6 and VH domains as previousy
described, constructing a buman chimeric antibody expression vector by inserting them into
an expression vector for animal cell having genes encoding haman antibody CH and human
antibody CL., and expressing the coding sequence by introducing the expression vector into
an antmal cell. The CH domain of a human clumeric antibody can be any regivn which
belobgs to hanman wwmenoglobuling such as the IgG class or a subelass theveof, such ag
IeGGl, 12, oGl and IgGd. Similarly, the CL of a human chimeric antibody can be any
regton which belongs to Ig, such as the kappa class or lambda elass. chimernie and
humanized monoclonal antibodies, comprising both lursan and non-hriman portions, which
can be made using standard recombinant DNA techniques, are within the scope of the
invention. Such chimeric and humamized monoclonal antihodies can be produced by
recombinad DNA fechniques kanown in the art, for example using nethods described in
Robinson er af. International Patent Publication PCT/USRAA226%, Akira er ol European
Patent Application 184,187, Taniguchi, M. Ewopean Patont Application 171.496; Morrison
ef . BEuropean Patent Application 173, 494; Neoberger ef o, PCT Application WO
[8G01533; Cabilly er of. US. Patent No. 4,816,567, Cabilly er of. Buropean Patent

Apphecation 125023 Better ef al. (1988) Sefence 24610411043, Lin e ol (1987 Proc.
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Netl, Aoqad. Sor, US4 34343893443 Liw et ol (FI87Y .4 fmpnmol 139:3521-3526; Sun ¢f

al. (1987} Proc. Nl Aead. Sei. 834:214-218; Nishimura of el (1987} Cancer Rex, 47:999-
1S, Wood er af (1985) Nowre 314:446-449; Shaw ef af. (1988YJ Narl, Cancer Inst.
RO:1533-1559); Morrison, S, L. (1983} Nedence 229:1202-1207; Ot er . {1980)
Riotechuigues 4:214; Winter ULS. Patent 53 235,539, Jones er af (19863 Naawre 321:5352-
525; Verhoevan ef af. (1988) Seience 23901534, and Baidler ¢f of. (1988) 2. Immnel.
141:4053~-4060,

in addition, bumanized antibodies can be made according to standard protocols such
as those disclosed U5, Patent 3,565,332, In another embodiment, antibody chans or
speeific binding pair members can be produced by recombination between vectors
compnsing nucleic acid molecules encoding a fusion of a polypeptide cham of a specific
hinding pair member and a component of a replicable generic display package and vectors
containtng melele acid molecules cncoding a second polypeptide chain of a siagle binding
pair member using techniques known n the art, e.g., as deseribed mn ULS. Patents 5365332,
SR71907, or 5,733,743, Humanized antibodies of the present ivention can be produced
by obtaining nucleic acid sequences encoding CDR domains, as previoushy described,
constructing a humanized aniibody expression vector by mserting them into an expression
vector for animal coll having genes encoding (1) a heavy chain constant region identical to
that of a human antibody and (i) a light chain constant region identical to that of a human
antibody, and expressing the genes by inwoducing the expression vector into an animal cell.
The humanized andibody expression vector sy be either of a type by which a gene
encoding an antibody heavy chain and a gene encoding an antibody light chain exists on
separate vectors or of a type i which both genes exist on the same vector (tandem typel.

Methods for producing humanized antibodies based on conventional recombinant
DINA and gene transfection techmques are well known m the art (See, e.g., Riecchmann L. ot
al. 1988, Newberger M S, et al 1985). Antibodies can be humanized using a variety of
techmgues known in the art including, for example, CDR-grafting (EP 238 400 PCT
publication WODIABV67; ULS. Pat. Nos. 5,235,539, 3,536,101 angd 5,385, 08Y), vencering
or resurfiacing (EP 592,106; EP 319.39¢; Padlan EA {1991}, Studmicka G M et al. {1994y
Roguska M A ot al. (1994)), and chain shuffiing (1.5, Pat. No. 5.565.332). The general
recombinant DNA technology for preparation of such antibodics s also known (sce
Eurcepean Patent Apphcation EP 125023 and lnteriational Patent Application WO

96:02576).
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Simsiarly, bispecific or multispecific antibodies described herein can be made
according to standard procedwes. For example, tionas and hybrid hybridomas are two
examples of cell Hines that can secrete bispecific or mudtispecific antibodies. Examples of
bispecific and multispecific antibodies produced by a bybrid hybridoma or a troma are
disclosed 10 U.S. Patent 4,474 893, Such antibodies can also be constructed by chemical
means {Stacrz ef of. (1983} Notwre 314:628, and Peorez of ¢l (1985) Nasre 316:354) and
hybridoma technology (Stacrz and Bevan (1986} Proc. Natl Acad. Sl 1784, 831433 and
Stacrz and Bovan (1986) hemunel Today 7241y, Alternatively, such antibodicscan also be
generated by making heterohvbridomas by fusing hvbridomas or other cells making
different aniibodies, followed by identification of clones producing and co-assembling the
desired antibodies. They can also be generated by chemical or genetic conjugation of
complete invnunoglobudin chains or portions thereof such as Fab and Fyv sequences. The
antiboddy component can bind (¢ a polypeptide or a fragawest thercef of one or more
biomarkers of the mvention, mcluding one or more immunoimhibitory biomarkers deseribed
herein,

In addition, methods for producing antibody fragments are well known, For
example, Fab fragments of the present mvention can be obtained by treating an antibody
which specifically reacts with the cvtoplasmic domain of lunan PI-L1 with a protease,
papaimne. Also, Fabs can be produced by inserting DNA encoding Fabs of the antibody into
a vector for prokarvotic expression systeny, or for cakaryotie expression system, and
introducing the veotor bio a procaryote or cucaryte {as appropriate) to expross the Fabs.

Stmilarty, F(ab')2 fragments of the present mvention can be obtained treating an
antibody which specifically reacts with the evtoplasnuc domain of PD-L1 with a protease,
pepsin. Also, the Flab)2 fragment can be produced by binding Fab' deseribed below via g
thioether bond or a disulfide bond.

Fab' fragments of the present invention can be obtained treating F(ab'y2 which
specificatly reacts with the cytoplasmic doman of human PDR-LT with a reducing agent,
dithiothreitod. Also, the Fab' fragments can be produced by inserting DNA encoding a Fab'
fragmond of the antibody mto an expression vector for prokarvote, or an cxpressien: vector
for cukarvote, and Introducing the veetor into a prokarvote or eukarvote (as appropriate) to
perform Hs expression,

In addition, scFvs of the present invention can be produced by obtaining cDNA

encoding the VH and VL donuains as previously described, constructing DINA encoding

- 40 -
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seFv, inserting the DNA into an expression vector for prokarvote, or an expression vector
for cukarvote, and then infroducing the expression vector into a prokaryote or eekaryote (as
appropriate) to express the sclFv, To generate a humanized scFyv fragment, a well known
technology called COR grafting may be used, which involves selecting the complementary

5 determining regions (CDRs) from a donor scFy fragment, and grafting them onto a human
scFv fragment framework of known three dimensional stracture (see, e.g., WOURES322;
WO B7/02671, ULS, Pat. No. 5,859,205, ULS, Pat. No, 3,585,089, ULS. Pat. No. 4,816,367,
EPO173494),

10 V. Modification of Antibodies, Immunoglobuling, and Poly

Anuno aaid sequence modification(s} of the mtibodics described herein are
contemnplated. For example, it may be desirable to improve the binding affinity andfor
other biological propertics of the antibody. It is known that when a humanized antibody is

produced by simply grafting only CDRs in VH and VL of an antibody derived from a non-

L

human antmal in FRs of the VH and VL of a buman antibody, the antigen binding activity
1s redaced in comparison with that of the original anuboedy derived from a non-inenan
animal. It is considered that several amino acid residues of the VH and VL of the non-
human antibody, not only in CDRs but also in FRs, are directly or indirectly associated with
the antigen binding activity. Hence, substitution of these amino acid restdues with different
A amino acid residues derived from FRs of the VH and VL of the buman antibody would
reduce binding activity and cas be corrected by replacing the aming acids with anino acid
restdues of the original antibody dertved from a non-human animal.

Modifications and changes may be made in the structure of the antibodies of the
present invention, and 1n the DNA sequences encoding them, and stll obtain a functional
25 molecule that encodes an antibody and polypeptide with desirable characteristics. For

example, certam amine acids may be substituted by other amino acids in a protein structure
without appreciable loss of activity. Since the interactive capacity and nature of a protein
define the protein's biclogical functional activity, cortmin amune acid substitutions can be
made in a profein scquence, and, of course, i us DNA encoding sequence, while
W nevertheless obtaining a protein with like properties. |t is thus contemplated that vanous
changes may be made in the antibodies seguences of the invention, or corresponding DNA
sequences wiich sncnde said polyvpeptides, without appreciable loss of thewr binlegical

activity.

- 41 -
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In one embodiment, amino acid changes may be achieved by changing codons i the
DNA sequence to encode conservative substitutions based on conservation of the genetic
code. Specifically, there is a knoven and defimte correspondence between the aminoe acid
sequence of a particular protein and the nucleotide sequences that can code for the protem,
as defined by the genctic code {shown below). Likewise, there is a known and definite
carrespondence between the nuclestide sequence of a particualar nucleie acid and the amino

actd sequence encoded by that nucleie acid, as defined by the genctic code.

GENETIC CODE
Alanine {Ala, A) GCA, GCC, GCG, GO
AGA, ACG, CGA, CQC, CGG, CGT

AAC, AAT

Argime (Arg, R)

Asparagine (Asn, N)

Aspartic acid (Asp, D) GAL, QAT
Cysteine (Cys, O TGC, TGT
Glutanmie acid (Glu, E) GAA, GAG

CAA CAG
GGA, GGC, GGG, GGT

Glutamine (Gln, O

Glyeine {Gly, &)

Histidine (His, H) CAC, CAT
Isoleacne {He, B ATA ATC ATT

Leucme {Leu, L)
Lysine {Lys, K)
Methionine (Met, M}
Phenylalanine (Phe, Fi
Proline (Pro, P}

Serine {Ser, $)
Threomne {(Thr, T)
Trvptophan {Trp, W)
Tyrosine {Tyr, Y)

Valine (Val, V)

CTA, CTC, OTG CTT, TTA, TTG
AAAAAG

ATG

TRC, 1Y

COA, CCCLLCG, CCY

AGC, AGT, TCA, TCC, TCG, 1TCT
ACA, ACC, ACG, ACT

TGG

TAC, TAT

GTA, GTC, GTG, GTY

Termmation signal (end) TAA, TAG, TGA
An important and well kanown feature of the genetic code is its redandancy,
wherehy, for most of the amuno acids used to make proteins, more than one coding

nucleotide triplet may be enmploved GHustrated above). Therefore, a mumber of different
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nycleotide sequences may code for a given amino acid sequence. Sach nucleotide
sequences are considered fumctionally equivalent since they result in the production of the
sarme amino acid sequence in all organisms (although certain organisms may transiate some
sequences more efficiently than they do others). Moreover, occasionally, a methylated
5 vartant of a purine or pyrinadine may be foand in a given nacleotide sequence. Such
methylations do vot affect the coding relationship betereen the fnnucieotide codon and the
coresponding amino acid,
in making the changes in the amino sequences of polypeptide, the hydropathic index
of annne acids may be considered. The imponance of the hydropathic anino acid index
10 conferring interactive biologic function on a protein is generally undersivod in the art, s
accepted that the relative hydropathue character of the amino acid contributes to the
secondary structure of the resultant protein, which in trn defines the interaction of the
protein with other molecules, fir example, cnzymeoes, substrafes, receptors, DNA|

anttbadies, antigens, and the hke. Each anuno acid has been assigned a hydropathic mdex

L

on the basis of their hydrophobicity and charge charactersstics these are: isoleucine (74,5},
valine {+4.2); leucine (+3.8); phenvlatanine (+2.5); cvsteinefoystine (+2.5); methionine
(+1.9Y; alanine (+1.8); glhveine (-0.4); threonine {-0.7); serine {-0.8); trvptophane (<43.9)
tvrosing (-1.3); proline (~1.6); hisudine (-3.2); glutamate (-3.58); glutamine (-3.3); aspartate
{<RTI 3.3); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).
24 It is known in the art that certain amino acids may be substitated by other anuno
acids having a silar hvdropathic index or score and still resudt bt a protein with sinnlar
biological activity, 1.e. still obtain o biological functionally equivalent protein.
As outhined above, amino acid sebstitutions are generally therefore based on the
relative stonlarity of the amine acid side-chain sebstituents, for example, thetr
25 hydrophobicity, hydrophilicity, charge, size, and the bke. Exemplary substitutions which
take various of the foregoing characteristios into consideration are well known to those of
skilt in the art and include: arginine and {ysine; ghaamate and asparntate; serine and
threonine; glufamine and asparaging and vahine, leucine and solcucine.
Another type of amine acid modification of the antibody of the invention may be
W useful for altering the original glveosylation pattern of the antibody to, for example,
mcrease stability. By “altering” is meant deleting one or more carbohvdrate moieties found
in the antibody, andfor addng one or niore glvcosylation sites that are not present fin the

antibody. Glycosylation of antibodies is typically N-linked. “N-linked” refors to the
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attachment of the carbohvdrate molety to the side chain of an asparagine residoue. The
tripeptide sequences asparagine-X-serine and asparagines-X-threonine, where X s any
amino actd except proline, are the recognition sequences for enzyvmatic attachment of the
carbohydrate moiety to the asparagme side chain. Thus, the presence of cither of these
wipeptide sequences i a polypeptide creates a potential ghveosylation site. Addition of
glveosylation sites fo the antibady s convemently accnmplished by aliering the anmino acid
sequence such that it contains one or more of the above~-described tripeptide sequences (for
N-linked glycosylation sites). Another tyvpe of covalent modification mvolves chemically
or enzymatically coupling glveosides to the antibody. These procedures are advantagoous
in that they do nof require production of the antibody in 3 host ccll that has glyveosylation
capabilities for N- or O-linked glycosylation. Depending on the coupling mode used, the
sugar(s) may be attached o (a) arginime and histidine, (b} free carboxyt groaps, (¢) free
sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups sach as those of
serine, threomine, orhydroxyproline, (e} aromatic residucs such as those of phenvialanine,
tyrosine, or tryptophan, or (1) the amide group of glutanune, For example, such methods are
deseribed i WOR7A5330,

Similarty, removal of any carbohydrate moieties present on the antibody may be
accompished chemically or enzymatically. Chenueal deglycosylation requires exposure of
the antibody to the compound trifluoromethanesulfonic acid, or an equivalent compound.
Thas treatment vesults in the cleavage of most or all sagars except the linkong sugar (N~
acetylglucosammine or N-acetyigalactosamine), while leaving the antibody infact. Chemical
deglycosviation is deseribed by Sojahy H. et al. (1987} and by Edge, A S et al, {19081
Enzviatic cleavage of carbohydrate moieties on antibodies can be achieved by the wse of &
variety of endo- and exo-glycosidases as deseribed by Thotakara, N R. et al. (1987}

Other modifications can involve the formation of immunoconpuigates. For example,
i one type of covalent modification, antibodies or proteing are covalently linked to one of a
variety of non protemaceous polyners, e.g., polyethylene glveol, polvpropylene glyeol, or
polvoxyatkylenes, m the manner set forth in U.S. Pat. No. 4.640.835; 4. 496,689, 4,301, 144;
4670417, 4,791,192 or 4179337,

Conjugation of antibodics or other proteins of the present mveation with
heterologons agents ¢an be made using a variety of bifuactional protein coupling agents
including but not limited to N-succiminudy! (2-pyridvidithio) propionate (SPDP),

succinmmidyl (N-maleimidomethylievelohexane--carboxvlate, iminothiolane (IT),
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bifunctional dertvatives of inidoesters {such as dimethyl adipiondate HOL), active esters
{such as disucciminudyl suberate), aldehydes {such as ghataraldehvde), bis-azido
compounds (such as bis (p-azidobenzoyl) hexancdiaming), bis-digzonium denivatives {sach
as bis~(p-diazomumbenzoyl)-ethylenediaming), ditsocyanates {such as toluene 2.6
5 disovyanate, and bis-active fluorine compounds {such as 1,5-diftuore-2 4-dinitrobenzene).
For example, carbon fabeled 1-isothioovanatobenzyvi methyldicthylene trigminepentaacetic
acid (MX-DTPA) 1s an excmplary chelating agent for conjugation of radionucleotide to the
antibody (WO 94/11026).
in another aspect, the present savention featnwes antibodies that specifically bind the
16 cvioplasmic domam of PD-L1 comjugated to o therapeutic motety, such as a eytotoxin, a
drug, andior a radiotsotope. When conjugated to a eytotoxin, these antibody conjugates are
referred o as “hnmunotoxing.” A cytotoxin or cyvtotoxic agent includes any agent that is
detrimental to {e.g., kills) cells. Examples include taxol, cvtochalasin B, grasucidin D,

cthidium bronude, emeting, mitomycin, ctoposide, tenoposide, vineristing, vinblastine,

L

colchicin, doxorubicin, daunorubicin, dihvdroxy antlwacin diong, mitoxantrone,
mithramycin, actinomycin £, -debydrotestosterone, ghicocorticoids, procaine, tetracaing,
lidocaine, propranclod, and puromyvem and analogs or homologs thercof. Therapeutic
agents include, but are not limited to, antimetabolites {e. g., methotrexate, f-mercaptopuring,
6-thioguanine, cytarabine, S-fluorouraci! decarbazine}, alkylating agents (e g.,
2 mechiorethanune, thioepa chlorambuctl, melphalan, carmustne {BSNU) and lomuastine
{CONUY, cvclothosphanide, busaifan, dibromonmannitol, streptozotocin, mitomyein C, and
cis-chichlorodiamine platimum (H) (DDP} cisplating, antheacyelines (e g, daunorubion
{formerly davnomyein) and doxorubicing, antibiotics (&g, dactimomycin (formerly
actinomycin}, bleomycin, mithramycin, and anthramyein (AMO)), and ang-nufotic agents
25 {eg., vineristine and vinblastiae). An antibody of the present invention can be conjugated

to a radioisotope, e.g., radicactive ioding, 1o generate cytotoxic radiopharmaceuticals for

treating a related disorder, such ag a cancer.

Conjugated anti-PE-L1 antibodies can be used diagnosticatly or prognostically to

manitor polypeptide levels in tissue as part of a clinical testing procedure, e.g., to determine
W the efficacy of & given treatment regimen or to sclect patients most likely to response to an
innmanotherapy. For example, cells can be perneabilized i 3 flow eytometry assav to
allow antibodies that bind the cvioplasnuc domain of PD-L1 to target its recogmized

intracellular epttope and allow detection of the binding by analyzing signals emanating
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from the conjugated molecules. Detection can be facibitated by couphing {7 e, physically
{inking) the antibody to a detectable substance. Examples of detectable substances inclade
varkous chzymes, prosthetic groups, fuorescent materials, luminescent niaterials,
bioluminescent materials, and radioactive matenials. Examples of suitable enzymes include
horseradish peroxidase, alkaline phosphatase, P-galactosidase, or acetylchohinesterase;
examples of sintable prosthetic group complexes imclude streptavidinybintin and
avidin/bioting oxanples of suitable fluorescent materials inchude umbelhiferone, fluorescain,
fluorescein sothiocyanate (FITC), rhodanne, dichlorotnammylamine fluorescein, dansyl
chloride or phycoeryvthrin (PE)Y, an example of a luninescent material includes fuminel;
examples of biohuninescent materials mclade luetferase, luetferin, and sequorin, and
examples of suitable radioactive material include ™1 'L 7S, or "H. {0134] As used
heretn, the term “labeled”, with regard to the antibody, s intended to encompass divect
labeling of the avtibody by coupling (1.0, physically Hnking) a detectable substance, such
as a radicactive agent or a fluorophore (e.g. fluorescein sothoeyanate (FITC) or
phycoerythrin {PE) or indocvanine {Cy3}; o the antibody, as well as ndirect labeling of the
antibody by reactivity with a detectable substance.

The antibody conjugates of the present invention can be used o modify a given
biolagical response. The therapeutic motety is not to be construed as limited to classical
chenneal therapeutic agents. For example, the drug moiety may be a protein or polypeptide
possessing a desired biological activity. Such proteins may nclade, for example, an
enzytatically active toxin, or active fragment thereof, such as abrin, ricin A, pseadomonas
exotoxin, or diphtheria toxing & protein such as tumor necrosis factor or interferon- ganuna.;
or, biological response modifiers such as, for example, lymphokines, interleckin-1 ("IL-19,
wierleukie2 CIL-27), wterdeskin-6 ("IL-67), gramdocyte macrophage colony stimulating
factor (“GM-CSF™), granulocyte colony stimulating factor (“G-CUSF™), or other eytokines or
growth factors.

Techmigues for conjagating such therapeutic motety to antibodies are well known,
see, e.g., Amon & @f, “Monocional Antibedics For lmmumotargeting OF Drugs n Cancer
Therapy™, in Monoclonal Antibodics And Cancer Therapy, Raisfeld ef af. {eds), pp. 243 56
{Alan R, Liss, Inc. 1985); Hellstrom er ol “Antibodies For Dirug Delivery™, in Controlied
Dinug Delivery (2ad Ed ), Robinson er /. (eds. ), pp. 623 53 (Marcel Dekker, Ine. 1987
Theorpe, “Antthady Carviers Of Cytotoxic Agents In Cancer Therapy: A Review”, in

Monoclonal Antibodies "84 Biological And Clinical Appleations, Pinchera er ¢f. {eds)), pp.
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475 306 (1985); “Analvsis, Resuts, And Future Prospective Of The Therapeutic Use Of
Radiolabeled Antbody In Cancer Therapy ™, in Monoclonal Antthodies For Cancer
Detection And Therapy, Baldwin er al. {eds.), pp. 303 16 (Academic Press 1985), and
Thorpe et ¢, “The Preparation And Cylotoxic Properties Of Antbody-Toxin Conjugates™,
5 Tnomunol Rev, 62:119 S5 (1982).
in some cmbodiments, conjugations can be made asing & “cleavable linked”
facilitating release of the cytotoxic agent or growth mbibitory agent in a cell. For example,
an acid-labile hinker, peptidase-sensitive linker, photolabile linker, dimethy! linker or
disulfide-containing linker (Sec ey US. Pat. No. 3,208,020 may beused. Alternanively, a
160 fusion protein comprising the antibody and cyiotoxic agent or growth inhibitory agent may
be made, by recombmant techmiques or peptide synthesss. The length of DNA may
comprise respective regions encoding the two portions of the conjugate cither adjacent one
another o separated by a region encoding a linker peptide which does not destroy the

destred propertics of the comjugate.

L

VI Uses and Methods of the Invention

The anti-PD-L1 antibodies, immunoglobulins, polvpeptides, and nucleic acids of the
present invention described herein can be used in mumerous predictive medicine assays
{e.g., diagnostic assays, progrostic assays, and monitoring climeal trials) based on detection
A of PD-LY expression and, in some embodiments and can be useful for therapeatic purposes
{e.g., therapeutic and prophylactic) cither alose or when conjugated to toxic compounds or
other therapeutics. The term “detection” as used herein inchudes qualitative andéor
quantitative detection (measaring levels) with or withoot reference to a control. As
deseribed herein, a PD-L1 polypeptide or fragment thereof of the present tnvention has one
35 ovmore of the following activities: 1) binids to andfor modulates the activity of its natural
binding partner(s), such as PD-1 or B7-1: 2} modudates intra- or imterceltolar signating, such
as co-inunanoinhibitory signaling; 3) modelates activation andfor protiferation of
ivmphocytes; 4) modudates the immune response of an organism, e.g., a mammalian
orgarusny, such as a mouse or human; and 5) modulates muowne cell ancrgy.

Y Thus, one aspect of the present invention relates to diagnostic assays for
deternuning PD-L1 polypeptide expression in the comtext of a biological sample {e.g.,
hlood, serum, cells, or tissue} to thereby defermine the level of PI-L1 polyvpeptide in the

sample, to determine whether an individual is afflicted with a disorder andfor to determine
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the state of such a disorder, mdicated by such PD-L1 levels. For example, antibodies of the
present invention are usefud for staging cancer discases associated with aberrant PD-L1
gxpression,

The present invention alse provides for progrostic {ov predictive) assays for
determining whether an individeal is at risk of developing such a disorder. Another aspect
of the present invention pertains (o monitoring the influence of agents {e.g., drags,
compounds) on the expression or activity of PD-L1 in chinical trials.

in any method described berem, PD-LI expression can be detected erther alone or
combination with the expression of other molecules, such as other impnase checkpomt
andfor costimulatory molecules. Combinatonial detection (e.g., sequenally or
simultancously) of several molecules can provide useful information regarding synergies of
therapentic intervention adior personalized, hugher-resolution diagnoses of disorder
subtypes. In some cmbodiments, PD-L.1 1s combmatorially detected with one more markers
selected from the group consisting of immune checkpotnt including, without hinutation,
CTLA-4, PD-1, VISTA, B7-H2, B7-H3, PD-L1, B7-H4, B7-Ho, 2B4, 1COS, HVEM, PD-
L2, CDi6, gpdoB, PIR-B. KIR, TIM-3, LAG-3, HHLAZ, butyrophiling, and BTLA (seg,
for example, WO 2012/177624). 1o some cmbodiments, PD-L1 is combinatorially detected
with one or more markers selected from the group consisting of costimulatory molecules
such as B7-1, B7-2, CD23, and the tike

i Diagnostic Assavs

The presont ipvention provides, inpart, methods, systems, and code for accurately
classifying whether a biological sample expresses cell-restricted PD-L1 andfor whether the
levels of cell-restricted PD-L1 are modelated (e g, upregulated or downregulated}, thereby
ndicative of the state of a disorder of interest, such as cancer. In some embodiments, the
present invendion is useful for classifying a sample {e.g | fron a subject) as associated with
or at risk for cancer or a subtype thereof, mediated by PD-L (known as a PD-LT sample
and) using a statistical algorithm andfor empirical data {e g, the presence, absence, or level
of PD-L1Y,

An exemplary method for detecting the level of exprossion or activity of PD-L or
fragments thereof, and thus useful for classifving whether a sample is associated with a
disease or disorder mediated by PD-L1 or a chnical sabtype thereof involves obtaining &
hiological sample frow a fost subject and contacting the biological sample with an anfibody

or antigen-binding fragment thereof of the present invention capable of detecting PD-LI
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such that the level of expression or activity of PB-L1 15 detected tn the hiological sample.
I some embodiments, at feast one antibody or antigen-binding fragment thereof is used,
wherein two, three, foar, five, six, soven, cight, nine, ten, or more such antibedics or
antibody fragments can be used 1 combination (2.g., m sandwich ELISAs}) or in serial. In
5§ certain nstances, the statisaeal algorithm is a single learning statisticad classifier systenm.
For example, 3 single learing statistical classifier system can be used to classify a sanple
as a PD-L1 sample based upon a prediction or probability value and the presence or level of
PD-L1. The use of a single learning statistical classifier system typically classifies the
sample as a PD-L1 sample with a sensitivity, specificity, positive predictive value, negative
10 predictive value, andfor overall accuracy of af least about 78%, 76%:, T7%, T8%, T9%,
0%, §1%, B2%, 83%, 8d%, B0, 8o%, §7%, 88%, 89%, B0%, 91%, 02%, 93%, 94%,
Q3% 96%, V7%, 98%, or 999,
Other suitable statistical algonthms arc well known 1o those of skill m the art. For

example, learning statistical classifier systems include a machine learning algorithimic

L

technique capable of adapting to complex data sets (e.g., panel of markers of mterest) and

making decisions based upon such data sets. In some enbodiments, a single learning

statistical classifier system such as a classification wee {e.g., random forest) is used. In
other embodiments, a combination of 2, 3,4, 3, 6, 7, 8, 9, 10, or more learing statistical
classifier systems are ased, preferably in tandem.  Examples of leaming statistical classifier

A systems include, bat are not limited to, those using inductive learming {e.g.,

decisiondclassification trees such as random forests, classification and regression trecs

{C&RT), boosted trees, ete.), Probably Approximately Correct {PAC) learning,

comnectiomist learning {e.g., noaral networks (NN3, artficial neural networks {ANN}, nearo

fizey networks (INFN), network structures, perceptrons such as multi-layer perceptrons,

25 nmul-layer feed-forward networks, applications of neural networks, Bayesian learming
belief networks, ete.), reinforcerent learning (e.g., passive learmng ina known
envirommnent such as naive leaming, adaptive dynamic learning, and temporal difference
lcarning, passive learning in an unknown covironment, active fearning in an unknown
crvitonment, learning action-value fnctions, applications of reinforcement legrning, ofc),

W and genctic algonthms and evolutionary programming. Other leaming statistical classifier

systems imnclude support vector machines (e.g., Kemel methods), multivariate adaptive

regression sphines (MARS)Y, Levenberg-Marguardt slgorithms, Gauss-Newton algonthins,

nuxtures of Gaussians, gradient descent algorithms, and learning vector quantization
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(LVQ). In cortain embodiments, the method of the present invention fiwther comprises
sending the PD-LT sanmple classification resalts to a clinician, e.g., 2 histopathologist or an
oncologist.

In another embodinment, the method of the present invention further provides a
diagnosis i the form of a probability that the individual has a condition ov disorder
asseciated with aberrant expression or activity of PD-LE For example, the mdividual can
have about a 0%, 5%, 1%, 13%, 200, 25%, 30%, 38%, 40%, 43%, S0%, 55%, 6%, 65%,
TO%, T5%, 80%, 85%, 90%, 93%, or greater probability of having the condition or
disorder. In ver another embodiment, the method of the present mvention fugther provides a
prognosis of the condition or disorder in the individual, In some instances, the method of
classifying a sample as a PD-L1 sample s further based on the symptoms (e.g., clinical
factors) of the individual from which the sample is obtained. The symptoms or group of
symptoms can be, for exanple, vmphoeyte count, white cell count, erythrooyvie
sedimentation rate, diarrhea, sbdonunal pain, cramping, fover, anemia, weight loss, anxiety,
depression, and combinations thereof. In some embodiments, the dingnosis of an mdividual
as having a condition or disorder associated with aberrant expression or activity of PD-L1 is
follmwed by administering to the individual a therapeatically effective amouant of a drug
usciul for treating ong or more svimptoms associated with the condition or disorder {e g,
chemotherapeatic agents).

In one embodiment, the methods further involve obtaiming a control biologieal
sample {e.g., biological sample fron a subjeet who docs ot have a condition or disorder
mediated by PD-LT), a biological smnple from the subject during remission or before
developing a condition or disorder mediated by PD-L1, or a biological sample from the
subject dering freatment for developing a condition or disorder mediated by PD-L1.

An exemplary method for detecting the presence or absence of PD-L1 polypeptide
or fragments thereof is an antibody of the present invention, or fragment thereof, capable of
binding to & PD-L1 polypeptide, preferably an anttbody with a detectable label. Antibodies
can be polvelonal, or more preferably, monoclonal, Such agents can be fabeled, The term
“labeled”, with regard to the antibody, is infonded to encompass direct labeling of the prohe
or antihody by coupling {£.¢, physically linking) a detectable substance to the probhe or
antibody, as well as indirect labeling of the probe or antibody by reactivity with another
reagent that is directly labeled. Examples of mdireet labeling include detection of a

primary antibody asing a fuorescently labeled secondary antibody. The term “biological



WO 2015/061668

io

L

24

[l
N

30

PCT/US2014/062149

sample” is infended to inchude tssues, cells, and hiological fluids isolated from a subject,
such as sevum, as well as tssues, cells, and fuids present within a subject. That is, the
detection method of the present invention can be used to detect PD-L1, or fragments
thereof, in & biological sample i yigro as well as invihvo. Inwitre techniques for detection
of PD-L1 polvpeptide include enzyme linked immunosorbent assavs (ELISAs), Western
blots, imnnmoprecipiiations, immmunohistochemistry (JHO), intracetluiar flow oytometry
and related techmgues, and imnwnofluorescence. Furthermore, i wivo techaigues for
detection of a PD-L1 polypeptide or a fragment thereof include mtroducing o a subject a
fabaled ana-PD-L1 auntibody, For exmmple, the antibody can be labeled with a radioactive,
faminescent, fuorescent, or other simifar marker whose presence and location m a subject
can be detected by standard imaging techniques, either alone or in combination with
imaging for other molecudes, such as warkers of celf type {e.g, CDS+ T cell markers).

in one embodiment, the biological sample confains polypeptide molecules from the
test subjoct. A prefoerred biclogical sample 18 a serum, tumor micrognvironment,
perttumoral, or mtratumoral, isolated by conventional means from a subject.

In another embodiment, the methods further involve obtaining a contrel biological
sample from a control subjeet, contacting the control sample with a compound or agent
capable of detecting PD-L1 polypeptide, or fragments thereof, such that the presence of
PD-LI polypeptide, or fragments thereof, is detected in the biological sample, and
comparing the presence of PD-L1 polypeptide, or fragments thereof, in the control sample
with the presence of PD-L1 polypeptide, or fragments thereof 1o the test saople.

In stifl other embodiments, the antibodies can be associated with a conponent or
device for the use of the antibodies in an ELISA or RIA. Now-limiting examples inchude
antibodies inunobitized on sobid swiaces for use in these assavs {e.g., hnked andior
conjugated fo a detectable label based on light or radiation emission as described above). In
other embodiments, the antibodies are associated with a device or strip for detection of PD-
L1 by nse of an immunochromatographic or immuonochemical assay, sach as ina
“sandwich” of competitive assay, munnohistochomistry, immnofluorescence
nuerascopy, and the ke, Additional examples of such devices or strips are those designed
for home testing or rapid point of care testing. Fuorther examples include those that are
designed for the simulancous analysis of multiple analvtes in a single sample. For
example, an unlabeled antibody of the invention mav be gpplied to 8 “cape™ PD-LI1

palypeptides in a biclogical sample and the captored {or tmmobilized) PD-L1 polypeptides
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may be bound to a labeled form of an ant-PD-L1 antibody of the invention for detection.
Other standard embodiments of bomunoassays are well knovn the skilled avtisan, including
assays based on, for example, imanmediffusion, immanocleetrophorests,
immunohistopathology, immunohistochenustry, and histopathology.

5 2. Prognosiic Assavs

The diagnostic methods described herein can fothermore be uitlized fo identify
subjects having or at risk of developing a disorder associated with aberrant or undesired
PD-L1 expression levels. As used heremn, the term “aberranmt” meludes a PD-L1 expression
or activity which deviates from the wild type or normal PD-L1 oxpression or activity,

10 Aberrant expression or activity includes mcreased or decreased expression or activity, as
well as expression or activity which does not follow the wild type developmental pattern of
expression or the subcelhular pattern of expression. For example, aberrant PD-L1
cxpression of activity 1s imtended to nclude the cases i which a mutation w the PD-L1

gene or regulatory sequence, or amplification of the chromosomal PR-L1 gene, thereof

L

causes the PD-L pene to be under-expressed or over-expressed and situations in which
such mutations result in 3 non-fanctional PD-L1 polypeptide or a polvpeptide which does
ot function i a wild-type fashion, e.g., a polypeptide missing an intraceliular domain and
thus ot able to interact with a PD-L1 bmnding or signal partner. As used herein, the term
“uwanted” fncludes an unwanted phenomenon involved in a biological response such ag
Ay bnmune cell acthivation. For example, the term winwanted includes a PD-L1 expression ov
activity which is undesivable in a subject.

Many disorders associated with aberrant PD-L1 expression are knows to the skilted
artisan, as explained fiwther i the Examples. PR-L1 is expressed by nudtiple tamor types,
ncluding sclect ymphoid malignancies, viralty-induced cancers, and many sohid tumors,
25 Generally, PD-L1 expression is an adverse prognostic marker because i 1s an innnune

checkpoint regulator that inhibis strong immune responses against conditions n need
thereof. However, immmunoinhibition is desived for downregulating immune responses n
treating a number of disorders, such as autotmmune discases, inflammatory discases, and
the ke,
Y The assavs described herein, such as the preceding diagnostic assavs or the
fodlmwing assays, can be atihized to identify a subject having or at risk of developing a
disorder associated with a misregulation of PD-L1 polypeptide expressionr. Thus, the

present invention provides @ method for identifinng a disorder associated with aberrant or
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unwanted PI-LT expression in which a test sample is obtained from a subject and PD-L1
polypeptide is detected, wherein the presence of PD-L1 polypeptide is diagnostic for a
subject having or af risk of developing the disorder associated with aberrant or unwanted
PD-L1 cxpression or activity. As used herein, 8 “test sample” refers to a biological sample
5 obtained from a sabject of mierest. For example, a test sample can be a biological flaid
{e.g., cerchrospingd fhud or serum), cell sample, or tissue, such as a lustopathological slide
of the umor nyicroenvivonment, peritumoral area, andior miratumoral area. In a preferred
embodiment, the sample compnises cells expressing mature membrane-bound PD-L1 andior
inwmatare ovtoplasmic PD-L1 containing an ntracellalar domain,
10 Furthermore, the prognostic assays described herein can be used to determing
whether a subject can be adounistered an agent (e g, an agonist, antagomist,
peptidonumetic, polypeptide, peptide, nucleie acid, small molecule, or other drug
candidate) to treat such a disorder associated with aberrant or unwanied PD-L1 capression
ot activity. For example, such methods can be used to determine whether a subject can be

effectively treated with one or a combination of agents. Thus, the present invention

L

provides methods for deteoniining whether a subgect can be effcetively treated with one or
more agents for roating a disorder associated with aberrant or winwanted PD-L1 cxpression
in which a test sample is obtained and PD-L1 polvpeptide 1s detected (e.g., wherein the
abundance of PD-L1 polvpeptide expression 1s diagnostic for a subject that can be

A admunistered the agent to treat the disorder assoctated with aherrant or unwanted PD-L1
CXPIEsSIon).

The methods deseribed herein may be performed, for exanple, by vilizing pre-
packaged diagnostic kits comprising at least one antibody reagent described herein, which
may be conventently wsed, e g, it clinical settings o diagnosc patients exhibiting
25 symptoms or family hustory of a disease or iliness involving PD-L1.

Furthermore, any cell type or tissuee in which PD-LT is expressed may be utilized in
the prognostic assays described herein,
Another aspect of the present wnvention includes uses of the compositions and
methads described herem for association and/or stratification analyses in which the
W expression of PD-L1 in biological samples from individuals with a disorder associated with
aberrant PD-L1 expression, are analyzed and the information 1s compared to that of controls
{e.g.. wndividuals who do not have the disorder; controls niay be also referred to as

“healthy” or “normal” individuals or at early timepoints in a given time lapse study) who
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are preferably of similar age and race. The appropriate selection of patients and controls is
important to the success of assocration and/or stratification studies. Thevefore, & pool of
mndividuals with well-chavacterized phenotypes is extremely desirable. Criterta for disease
diagnosis, discase predisposition screening, disease prognosis, determining drug
5§ respousiveness {(pharmacogenomics), drug toxicity screening, ete. are deseribed herein.
Different study designs say be used for genetic association and/or stratification
studies (Modern Epidemiology, Lippincott Williams & Wilkins (1998), 6096223
Observational studies are most frequently carried out in which the response of the patients
is not wterfered with, The first type of observational stady identifics a sample of persons in
160 whom the saspected cause of the discase is present and another sample of persons mn whom
the suspected cause 1s absent, and then the frequency of development of disease 1 the two
samples s compared. These sampled popalations are called cohorts, and the study 1s &
prospective stwly. The other type of observattonal study 15 case-control or a retrospective
study. In typical case-control studics, samples are collected from individuals with the

phenotype of inforest {cases) such as certain manifestations of a discase, and from

L

ndividuals withost the phenotype {controls) in & popalation (target population) that
conclasions are to be draven from. Then the possilide causes of the discase are investigated
retrospectively. As the time and costs of collecting samples m case-controf studies are
considerably less than those for prospective studies, case~-controf studies are the more

A commonly vsed study design i genetic association studies, at least dwring the exploration
arud discovery stage.

After alf relevant phenotypie andfor genotypie information has been obtained,
stapistical analyses are carried out to deternune if there Is any significant correlation
between the presence of an allele or a genotype with the phenotypic characteristics of an
25 individual. Preferably, data inspection and cleaning are first performed before camying out

statistical tests for genetic association. Epidemiotogical and clintcal data of the samples can
he summarized by descriptive statistics with tables and graphs well known in the art. Data
valulation is preferably performed to check for data completion, mconsistent endries, and
outhers. Chi-squared tests and t-tests {Wilcoxon rank-suwm fests if distributions are not
W normal) may then be used to cheek for sigmificant differences between cases and controls
for discrete and continuous variables, respectively.
An mportant decision m the performance of gonetic association tests is the

determination of the significance level at which significant association can be declared
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when the p-value of the tests reaches that level, In an exploratory analysis where positive
bits will be followed ap in subsequent confirmatory testing, an unadiusted p-valoe <0.2 (a
significance fevel on the lenient side}, for example, may be used for generating hypotheses
for significant assoctation of a PD-L1 expression fevel with certam phenotypic
characteristics of a disease. It is preferred that a p-value <003 (a significance level
gaditionally used m the art) i3 achieved i order for the level to be considered to have an
association with a discase. When hits are followed up in confirmatory gnalyses i more
samples of the same source or i different samples from different sources, adjustment for
wmaltiple tosting will be performed as o avoild excess mamber of hits while mantaimng the
cxperiment-wise orror rates at 0.05, While there are differemt methods to adjust for multiple
testing to control for different kinds of error rates, a conumondy used but rather conservative
method 1s Bonferront correction to control the experiment-wise or fanuly-wise error rate
{Maltiple comparisons and mudiiple tosts, Westfall of al, SAS Institute (19943
Permutation fests to control for the false discovery rates, FDR, can be more powerful
{Benjamini and Hochberg, Journal of the Roval Statistical Socicty, Series B 57, 1289-1300,
1995, Resampling-based Mudtiple Testing, Westiall and Young, Wiley (1993)). Such
methods to control for sultiplicly would be preferred when the tests are dependent and
controlling for false discovery rates is sufficient as opposed to controlling for the
CXPRrIMCNE-Wise erTor rates,

Onee individeat risk factors, genetic or non-genetie, have been fooand for the
predisposition to disease, a classificatiovpradiction scheme can be sct up fo predict the
category (for instance, discase or no~-disease) that an ndividual will be m depending on fus
phenotype andfor genotype and other non-genetic rigk factors. Logistic regression for
diserete tratt and Hnear regression for continuous trait are standard techniques for such tasks
{Apphed Regression Analysis, Draper and Smith, Wiley (1998)). Moreover, other
techmgues can also be used for setting up classification. Such techniques mclade, bat are
not limited to, MART, CART, nevral network, and discrintnant anabyses that are sustable
for use m comparing the performance of different methods {(The Elements of Statistical
Leaming, Hastie, Tibslurant & Fricdman, Springer (2002)).

%

3. Momtonng of Effects During Cluucal Trals

Monitoring the influcnce of agents (e g., compoands, drigs or small meleeales) on
the expression or activity of a PD-L1 polypeptide or a fragment thereof (e g, the

nmodulation of cell proliferation andfor migration) can he applied sot only in basic drug
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screening, but also in chinical tnals. For example, the effechiveness of an agent deternuned
by a screening assay as described herein to decrease PD-L1 gene expression, polypeptide
fevels, or downregelate PD-LT activity, can be monittored in chinical trials of sabjects
exhibiting decreased PD-L1 gene expression, polypeptide levels, or downregulated PD-L1
5 activity. Insuch clinical teials, the expression or activity of 3 PD-L1 gene andior symptoms
ot matkers of the disorder of nterest, can be used as a “read owt” or marker of the
phenotype of & particular cell, tissue, or system, Similarly, the effectiveness of an agent
deternuned by a screcning assay as described herein to inerease PDAL1 gene expression,
polypeptide levels, or tncrease PD-LT activity, can be monitored in clinical rials of subjects
160 oxhibiting increased PD-LT gene expression, polypeptide levels, or increased PD-L1
activity. In such clinical trials, the expression or activity of a PD-1.1 gene andfor symptoms
or markers of the disorder of interest, can be used as a “read out™ or marker of the
phenotype of a particudar cell, tissue, or systerm, sach as for an awtormmane disorder.

For example, and not by way of hinutation, genes, including PD-L1, that are

L

modulated in cells by treatment with an agent (e g, compound, drug or small molecule)
which modolates PD-L1 activity (e.g., identified in a scroening assay as described herein)
can be identificd. Thus, to stady the effect of agents on a disorder associated with abeyrant
PE-ET expression, for example, i a chinical trial, cells can be isolated and nucleic acids
and/or protein prepared and analyzed for the levels of expression of PD-L1 andéor other
A genes implicated in the disorder associated with aberrant PD-L1 expression. The levels of
gone cxpression {e.g., a gone exprossion pattern) anatyzed by measaring the amount of
polypeptide produced. by one of the methods as desertbed herein, or by measuring the
levels of activity of PI-L1 or other genes. In this wav, the gene expression pattern can
serve as a marker, indicative of the physiological response of the cells to the agent.
25 Accordingly, this response state may be deternuned before, and af various pouts during
treatment of the individual with the agent,

In a preferred embodiment, the present invention provides a method for monitoring
the cffectiveness of treatiment of a subject with an agent (e.g., an agonist, antagoiust,
peptidoroimetic, polypeptide, peptide, nucleie acid, sewll molecule, or other drug candidate

3 dentified by the screening assays described herein) ieluding the steps of (1) obtaming a
pre-administration sample from a sudect prioy to adminstration of the agent; (1) detecting
the level of expression of 2 PD-L1 polypeptide, or fragments thereof, n the

preadimbustration sample; (1) abiaining one or more post-adnunistration samples from the
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subject; (1v) detecting the level of expression of the PD-L1 polypeptide, or fragments
thercof] in the post-admimstration samples; (v} comparing the fevel of expression or
activity of the PD-L1 polypeptide, or fragments thereod, in the pre-adounistration sanple
with the PD-L1 polypeptide, mRNA, or genomic DNA m the post administration sample or
samples; and (vi) altering the admimstration of the agent to the subject accordingly. For
example, moreased adoimsteation of the agent roay be desirable to decrease the expression
ot activity of PD-L1 to lower levels than detected, L2, to morcase the effectiveness of the
agent. According to such an embodiment, PD-L1 expression or activity may be used as an
wmdicator of the effectivengss of an agent, even in the absence of an observable phenotypic
response, Sunilarly, PD-L1 expression analvsis, such as by immmanoustochemistry (IHC),
can also be used to select patients who will recetve PD-1 andfor PD-L1 immwumotherapy, or
imnumotherapy to inhibit one ore more inunane checkpoints, Patients whose tumors
express PD-LT are more likely to respond fo PD-1 or PO-LT mADb mimmenotherapy, as
desertbd herein. The sunmwmotherapy will inttially result in immume activation and the
activated T cells will express IFN-gamma which tn turn will upregulate PD-LT expression.
Normally this would reselt in PD-1 engagement and down regalation of the anmune
response, but beeause PD-1 s blovked by the PD-1 mAb, the imomne response continges
wirtif a deswed condition, such as a fumor, is climinated. By contrast, mAbs that actively

signal through PD-1 directly dovwnregulate an imoume respomse.

4. Therapeutic Methods and Uses

I some crbodiments, antibodies, fragments or immunoconjugates of the present
mnventon {e.g., anti-PD-L1 antibodies alone or conjugated to therapeutic moieties) we
usciul for reating any disorder (e.g., a cancer) associated with aberrant or sndesired
expression of PDALY. In cortain embodiments, the treatment is of 2 mammeal, such as a
haman. Sech antibodies of the invention may be used alone or in combination with any
suitable agent or appropriate thevapy to treat the disorder of interest. For example,
therapeutic synergies are believed to become mamtested when treating a cell expressing
PD-L1 and another mymune checkpoint or costinulatory mofecule.

It 1s well known that therapeutic monocional antibodies can lead to the depletion of
colls extraceliolacdy bearing the antigen specifically recognized by the antibody. This

depletion can be mediated through at least three mechanisims: andibedy wediated cellular
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eytotoxicity (ADCC), complement dependent Tysis, and direct anti-tamour inhibition of
tamour growth through signals given via the antigen targeted by the antibody.
“Complement dependent eytotoxicity” or "UDUT refers to the lysis of a target cell in
the presence of complement. Activation of the classical complement pathway Is mitiated by
5§ the binding of the first component of the complement system to antibodies which are bound
to thelr cognate antigen, To assess complement activation, a TDC assay, eg. as described
in Gazzano-Santoro ot al, {1997 may be performed.
“Antbody-dependent cell-mediated evtotoxicity™ or "TADCCT refers to a form of
cviotoxieity i which seereted antibodies bound onto Fe receptors (FeRs) present on certain
10 cviotoxie cells {e.g Nataral Baller (NK) cells, neutrophils, and macrophagesy enable these
evtatoxic effector colls to bind specifically to an antigen-bearing target cell and
subsequentty kil the target cell. To assess ADCCU activity of a molecule of interest, an in
vitto ADCC assay, such as that deseribed m ULS, Pat. No. 5,500,362 or 5,821,337 may be

performed, As s well known i the art, the Fe portions can be engineered to effect a

L

desired interaction or lack thereof with Fo receptors.

For antibody-mediated binding, neutralization, andéor modulation of intracclhudar
targets, certain modifications showuld be made.  As described herein, corfain antibody
formnats, such as sFvs and Fabs, are amenable to intracellular oxpression of antithody-like
mofecules. Methods of making and using such adapted antibody-like molecules for
A argeting expression in different compartments of the cell, inchuding the nuclens, ER,
cytoplasin, golgt, plasma membrane, mitochondria, where they counteract antigens o
233110 and 2003-0104402; Marasco e al, {1993) Proc. Nl Avad, Soi. U8 4. 90:7889-
7893; Chen er ol (1994} Fhanan Gene Therapy 5:593-601; Chen ef af. {1994) Proc. Natl
Acerd. S 17N A 91:53932.5936; Mhashilkar ef ol (1995 EMBO T 14:1542-1551; Marasco

molecules in a speeific pathway, are well known (see, at feast US. Pat. Publs. 2008-

et ol {1997} Gene Theropy 411-15; Richardson ef ¢f. (1993} Proc. Narl dead. Sa. TLNA
02:3137-3141; and Duan & af. (1994) Fhanan Gene Therapy 5:1315-1324),
As used heretn, the term “intracellular iomunoglobulin molecule™ 1s a complcte
wanunoglobulin which is the samce as & paturallv-occurring secreted immunoglobulin, but
W which remains inside of the cell following synthesis. An “intraceliular smmuonoglobulin
fragment” refors o any fragment, including single-chain fragments of an mtracelialar
immunoglobulin molecule. Thus, av infraceliular irnnwnoglobulin molecule or fragment

thereof is not secreted or expressed on the outer surface of the cell. Single-chain
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miracelular immaenoglobulin fragments are referred to herein as “single-chain
mwnenogiobuling.” As used hevein, the term “intracelludar bomumoglobulin moleaude or
fragment thereof” 15 vnderstood to encompass an “intracellular immaonoglobulin™ a “single-
chain mtracethular immunoglobulin™ {or fragment thereof), an “intraceliular

5 immumoglobulin fragment,” an “intracelhdar antibody™ {or fragment thereof), and an
“infrabody™ (or fragment thereof}, As sach, the terms “mtracclolar immunoglobudin,™
“intracellular 1g,” “mtracellular antibody,” and “intrabody” may be used mierchangeably
heremn, and are all encompassed by the generic defimition of an “mtracethdar
innnenogiobulin molecale, or fragment thereof”™ An intraceliular immunoglobulin

16 molecute, or fragment thereof of the present invention may, in some embodiments,

conyrise two or more subunit polypeptides, ez, a "first miracellular imammoglobulin

subunit polvpeptide” and a “second intracethdday immunoglobelin subunit polypeptide.™

However, in other embodiments, an intracelielar invnunoglobuding may be a “single-chain

ntraceilular invnunoglobulin®™ including only a single polvpeptide. As used herein, a

L

“single-chmn intracelivlar immumoglobulin™ is defined as any unitary fragment that has a
desived activity, for example, intracethuar binding to an antigen. Thas, single-chain
miracclular immenoglobuling encompass those which comprise both heavy and light chain
variable regions which act together to bind antigen, as well as single~-chain intracelhular
pomunoglobuling which only have a single vanable reglon which binds antigen, for
A example, a “camelized” heavy chain variable region as deseribed herein. An intraceliolar
wmymoeglobulin or Ig fragrocot may be expressed anywhere substantially withio the cell,
such as in the cytoplasnm, on the inner surface of the cell membrane, or in a subcellufar
compartment {also referved to as cell subcomparament or celf compartment) such as the
mclens, golgl, endoplasmic reticulum, endosome, mitochondria, ete. Additional celf
25 subcompartments include those that are described herein and well known i the at.
Such intraceilular immunoglobuling are expressed in a reciprent cell or host cell
contaning the antigen to be targeted. A host cell of the present mvention s preferably a
cukaryotie cell or cell ling, preferably a plant, arimal, vertebrate, manwnalian, rodent,
mirse, privogte, or human cell or cell lne.
Y Without being bound by theory, it 1s believed that mtracellular expression of the
mmuenogiobulin polvpeptides deseribed herem allow for the intracelolar targeting and
hinding of the cytoplasmic portion of PD-L1 1o thereby sterieally modulate the molecule’s

ability to signal by, for example, modulating its ability to propagate signaling upon
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activation hy binding to PD-1, B7-1, and the hike andfor to modulate signaling upon
increasing the local effective concentration of maltiple PD-LI molecales. The effects of
modulating PD-L1 signaling are well kaown in the art (see, for example, PCT Publ. WO
200170145587},

3 In some embodiments, antshodies of the present invention can be comugated to a
therapeutic motely, such as a growth ihibitory agent, eviotoxic agend, or a prodrag-
activating cnzyme as previously described, Antibodies of the imvention can be usefuld for
targeting satd growth inhibitory agent, cytotoxic agent, or a prodrug fo a cell that under- or
over-expresses the desired amount of PR-LL

i Thas, an object of the invendion relates to a method for treating 3 disorder associated

with aberramt PD-L1 expression comprising adnunistering a subject in need thereof with a

therapentically effective amownt of an antibody, fragment or immenoconjugate of the

present mvention,

Alternatively, 1o some embadiments, the antibodies or the antigen-binding

L

fragments of the present mvention are useful for therapeanie applications, in addition to

diagnostic, prognostic, and provention applications regarding upregulating an imonme

response. Upregulation of immname responses can e In the form of enhancing an existing

immune response or cleiting an nitial innmume response. For mstance, enbancing an

iomune response using the sabject compositions and methods is usefud n cases of

A oproving an bnmunological defense against cancer and nfections with microbes {e.g.,

bactoriy, viruses, or parasiics). For example, uprogalation or enbancoment of an inwmuane

response function, as described herein, 15 useful in the induction of tumor Immunity.

In another embodiment, the tnnume response can be stimudated by the methods desenbed

herein, such that preexisting tolerance, clonal deletion, andfor exhaustion {e.g., T cell

25 coxhaustion) is overcome. For example, Inunune responses aganst antigens to which a
subject camiot mount a significant immune response, €.¢., 10 an autologous antigen, such as
a nemor specific antigens can be induced by adnunistering appropriate agents described
herein that upregulate the imimune response. In one embodiment, an autologous antigen,
such as a tumor-specific antigen, can be coadnunistered. o another embodiment, an

W inumune response can be stimulated against an antigen (e.g, an autologous antigen) 1o treat

a nearological disorder. In another crrbodiment, the subject agents can be used as

adjuvants fo boost responses to foreign antigens in the process of active imnwunization,

~ B -
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In certain instances, 1t may be desirable to further adminster other agents that
upregulate imnume responses, for example, forms of other B7 family members that
wransdyce signals via costamulatory receptors, n order to further asgment the immuyne
response. Also, agents that upregulate an immune response can be used prophyiactically in

5 vaccines against various polyvpeptides (e.g., polypepudes devived from pathogens).
Ioenumiy against 3 pathogen {e.g., a virus) can be induced by vaccinating with a viral
protemn along with an agent that upregulates an mnwne resSpoNse, N gu appropriate
adjvant.

Alternatively, 1n some embodiments, the antibodies and the antigen-binding

160 fragments of the present mvention are useful for therapeuiic applications, in addition to
diagnostic, progaostic, and prevention applications {such as treating, and delaying the onset
or progression of the discases), fo inlubit diseases that upregulate the immune reaction, for
exampie, asthma, astoinmune diseases (glomenddar nepheitis, arthntis, dilated

cardiomyopathv-like discase, ulceous colitis, Sjogran syndrome, Crohn discase, systemic

L

erythematodes, chronie rhawmatoid arthnus, multiple sclerosss, psorasis, allergic contact
dermatitis, polvmyosits, pachyderma, periarteritis nodosa, rheumatic fover, vitiligo vidgaris,
msulin dependent diabetos mellitas, Beheet discase, Hashimoto disease, Addison discase,
dermatomyositis, myasthenia gravis, Retter syndrome, Graves' discase, anagcimia permiciosa,
Goodpastare syndrome, sterihity discase, chronic acuve hepatitis, perophigus, awtolramune
Ay dwombopenic purpwra, and agtommune bemolytic anemia, active chronie hepatitig,
Addison's discase, anti-phospholipid syndronse, atopic allergy, autoummane atrophic
gastritis, achiorhydea autoimanme, celiac discase, Cushing's syndrome, dermatomyositis,
discoid tupus, ervibematosis, Goodpasture's svodrome, Hashimoto's thyroiditis, idiopathie
adrenal atrophy. wdiopathic thrombocyiopenia, insudin-dependent diabetes, Lambert-Eaton
25 syndrome, hupoid bepatitis, some cases of fymphopema, mixed connective tissue disease,
pemphigoid, pemphigus vudgaris, pernictous anema, phacogenic wveitis, polyarteritis
nodosa, polvelandalar antosyndromes, primary biltary cirhosis, primary sclerosing
cholangitis, Ravnaud's syidrone, relapsing polychondetis, Schimidt's syndrome, Hmited
scleroderma (ov orest syndrome), syinpathetic opbthalimia, systemic Tupus ervihematosts,
3 Takavasu's arterigs, temporal arterigs, thyrotoxicosis, type b insulin resistance, uleerative
colitis and Wegener's granulomatosis),
Strtlarly, the antibodics and the antigen-binding fragments of the present invention

ave usetul for therapeutic applications, in addition to diagnostic, prognostic, and prevention

-6 -
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applications {such as treating, and delaying the onset or progression of the diseases) for
persistent infectious disease (e.g., viral infectious diseases including HPV, HBV, hepatitis
C Virys {HOV), retrovirases such as human impmunedeficiency virus (HIV-1 and HIV-2),
herpes viruses such as Epstemn Barr Virus (EBV), eytomegalovirus ({CMV), HSV-1 and

5 HSV-2, and influenza virus, Other antigens associated with pathogens that can be used as
described herein are antigens of various parasifes, includes malaria, preferably malaria
peptide based on repeats of NANP. In addition, bacterial, fungal and other pathogenic
discases are included, such as Aspergillus, Brugia, Candida, Chlamydia, Cocetdia,
Crypiococens, Dirofilania, Gonococous, Histoplasma, Leishmania, Mycobacterium,

10 Mycoplasma, Parameciuny, Porfussis, Plasmodium, Pacumococcus, Pnoumocystis,

Ricketisia, Salmoneila, Shigella, Staphylococcus, Streptococcus, Toxoplasma and

Vibriocholerae. Exemplary species include Nesseria gonorrhea, Mycobacterian

aherculosts, Candida albicans, Candida fropicabis, Trichomonas vaginalis, Hacmophilus

vagiahis, Group B Streptococcus sp., Microplasma homims, Hemophitus ducreyt,

L

Granuloma inguimale, Lymphopathia vencreum, Treponema pallidum, Brucella abortus.
Brucella melitensis, Brucella swus, Brocella canis, Campylobacter fetas, Campylobacter
fitus intestinalis, Leptospiva pomona, Listeria monocyiogenes, Brucella ovis, Chlamydia
psittac, Trichomonas foetus, Toxopiasma gondiy, Escheniclua coli, Actinobacillus equali,
Salmonella abortus ovis, Salmonelia abortus equu, Psendomonas aeruginosa,
Ay Corvnebacteriim equi, Corvoaebacterium pyogenes, Actinobaccilus semins, Mycoplasma
bovigomtalann, Aspergillus funkgatus, Absidia ramesa, Trvpanosoma cquiperdien, Babesia
caballi, Clostridiem tetant, Clostridiom botuhnum: or, a fungus, such as, e,
Paracoccidioides brastliensis; or other pathogen, ¢.g., Plasmodiam falciparum. Also
cluded are National Institete of Allergy and Infections Discases (INIAID) prionty
25 pathogens. These include Category A agents, such as vanola pwajor (snwllpox), Bacillus
anthracts (anthrad, Yersinia pestis {(plagae), Clostridiom botulingm toxin (botulism},
FranciseHa tularensis (tularaemiay, filovirases (Ebola hemorrhagic fever, Marburg
hemorrhagic fover), arenaviruses (Lassa {Lassa fover), hnun (Argordine hemorrhagic fover)
and related vivasesy; Category B agends, such as Coxiella bumettt (Q foven), Bruccellz
3 species (brucellosis), Burkholderia mallei (glanders), alpbavirases (Venezuelan
encephalomyelitis, castern & western equine encephalomyelitis), ricm toxin from Rictnus
communis (castor beaas), epsilon toxin of Clostridium perfringens; Stapbylococcus

enterotoxin B, Salmonella species, Shigella dvsenteriae, Escherichia coli strain O157:H7,

-2 -
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Vibrio cholerae, Cryptosporidium parvum; Category C agents, such as nipah virus,
hantaviruses, tickborne hemorrhagic fover viruses, tickbome encephalitis viruses, yvellow
fover, and multidrug-resistant tubercalosis; helminths, suach as Schistosoma and Tacnia; and
protozoa, such as Leishmama {e.g., L. mexicana) and Plasmodium.

5 In stilf another embodiment, the antbodies or the antigen-binding fragments of the
present tnvention are useful for therapeutic apphications, in addition o diagnostic,
prognostic, and prevention applications regarding induction of inwnunological tolerance,
organ graft rejection, graft-versus-host discase {GVHDY), allergic disease, and discase
cased by attenuation of immune reactions mediated by PD-L1.

10 in the context of the invention, the torm Mreating™ or “treatment”, as used herein,

means reversing, alleviating, intubiting the progress of, or preventing the disorder or

coundition to which such term applies, or one or more symptoms of such disorder or
corlition. By the term “freating cancer” as used herein is meant the inhibition of the

growth and/or proliferation of cancer cells, Preferably such treatment also leads to the

L

regression of tumor growth (Lo, the decrease n size of a measwrable tumor). Most
proferably, such treatment leads to the complete regression of the tamor,

EL,

In some embodiments, the term “patient” or “patient in need thereot™ s intended for

a human or non-human mammal affected or likely to be affected with a cancer assoctated

with aberrant expression of PD-L1

24 By a “therapeutically effective amownt” of the polypeptide of the nvention i3 meant

a sufficicot amount of the antibody to treat the disorder of interest, such as cancer, ai &

reasonable benefitrisk ratio appheable to any medical treatment. It will be understood,

however, that the total daily wsage of the antibodies and compositions of the present

myention will be decided by the attending physician within the scope of sawnd medical

25 judgment. The specific therapeutically effective dose level for any particular patient will
depend upon a varicty of factors including the disorder being treated and the severity of the
disorder; activity of the specific antibody emploved; the speecific composition emploved, the
age, body weight, goneral health, sex and dict of the pationt; the tine of admmistration,
route of adnunistration, and rate of exaretion of the specific antibody enploved; the

W duration of the treatment; drogs used in combiation or comeidental with the specific
polypeptide emploved; and ke factors well known in the medical arts. For example, it s

well known within the skill of the art to start doses of the compound at levels lower than



WO 2015/061668 PCT/US2014/062149

io

L

24

[l
N

30

those required to achieve the desired therapeutic effect and to gradually increase the dosage
wnti the deswred effect is achieved.

Therapeutic forouslations comprising one or more antibodics of the mvention are
prepared for storage by mixing the antibody having the desired degree of purity with
optional physiofogically acceptable carriers, excipients or stabilizers (Renungton's
Pharmaceutical Sciences 16th edition, Osol, AL Ed. (198833, m the form of fvophilized
formulations or agucous solutions. The antibody composition will be formulated, dosed,
and admimstered in a fashion consistent with good medical practice. Factors for
consideration in this context nclude the particular disorder being treated, the particular
mamnal being treated, the climeal condition of the individeal patient, the cause of the
disorder, the site of delivery of the agent, the method of adpunistration, the scheduling of
administration, and other factors known to wedical practitioners.

The therapeutic dose can b at least about 0.01 pgtkg body woight, at least about
6.05 pg'ky body weight: at least about 6.1 pg'ke hody weight, at least about (.3 pg/ke body
weight, at feast about 1 peky body weight, at least about 2.5 padke body weight, at feast
about § gerke body weight, and not more than about 100 ggfky body weight, o will be
widerstood by one of skill in the art that such guidelines will be adpusted for the molecudar
weight of the active agent, e.z. in the use of antibody fragments, or m the use of antibody
conjugates. The dosage may also be vaned for localized administration, e g ntranasal,
inhalation, ete., or for systemic administration, e.g. Lm., 1p., Ly, and the like.

The composition need not be, but is optiopally formulated with one or mure agonts
that potentiate activity, or that otherwise merease the therapeutic effect. These are
generally used in the same dosages and with administration rouwtes as used hereinbefore or
about from 1 0 9% of the heretofore craploved dosages.

Acceptable carriers, excipients, or stabilizers are non-toxic o recipients at the
dosages and concentrations employed, and include buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic acid and methionime; preservatives
{such as octadecvidimethylbenzyl ammomum chlonde; hexamethomum chilonde;
benzatkonium chloride, benzethontum chloride; phenol, buty! or benayl alcobol; atkyl
parabens such as methvl or propyl parahen; catechol; resorcinol; evelohexanol; 3-pentancl;
and m-cresol); low molecular weight (less than about 10 residacs) polypeptides; proteins,
such as serum albusun, gelatin, or mununoglobuling; hvdrophilic pelymers such as

polyvinvipyrrolidone; anuno acids such as glycine, glutamine, asparagine, histidine,

~ 64 -
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argmine, or ysine; monosaccharides, disaccharides, and other carbobydrates including

glacose, mannose, or dexiring; chelating ag

g agents such as EDTA; sugars such ag sucrose,
mannitod, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes
{e.g, Zn-protein complexes): andior non-sonic surfactants such as TWEEN™,

5 PLURONICS™ or polvethylene glveol {(PEG). Fornustations to be used for in vivo
adminustration most be sterile, This 1s readily accomplished by hltration through stenle
filtration membranes,

The active ingredients can also be entrapped 1n microcapsule prepared, for example,
by coacervation technigaes or by interfacial polvmertzation, for example,

160 hvdroxymethvleelhdose or gelatin-nmcrocapsule and poly-{methylmethacylate)

nucrocapsule, respectively, i colloidal drug delivery systems (for example, iposomes,

albomiin microspheres, microemulsions, nano-particles and nanocapsules) or in
nweroemulsions, Such teehmques are disclosed v Romington's Pharmaceuwtical Scicnces

1oth edition, Osol, A. Ed. {1980},

L

The compositions deseribed herein can be admibmistered by any suitable means,
ncluding parenteral, subawtancous, mtraperitoncal, intrapulmonary, and intranasal.
Parenteval infusions include intrapuscudar, indravenous, infraarterial, intrapetitoncal, or
subcutaneous administration. In addition, the compositions can be suitably admmistered by
pulse mfusion, particelarly with decliming doses of the antibody.

24 For the prevention or weatment of disease, the appropriate dosage of antibody will
depend on the type of discase o be treated, as defined above, the severity and course of the
disease, whether the antibody 15 administered for preventive purposes, previous therapy, the
patient’s chinical history and response to the antthody, and the discretion of the attending
physician. The antibody is suafably administered to the paticn{ at one thne or over 3 series

25 of treatments.

VIL Kits

in addition, the prosent invenfion also encompasses kus for detecting the presence
of a membrance-bound PD-L1 polvpeptide, or fragments thereof, in a biological sample. For
W cxample, the kit can comprise a labeled compound or agent capable of detecting a
membrane-bound PD-L1 polypeptide, or fragments thereof, in a Bological sample; means
for determining the amount of the membrane-bound PD-L1 polvpeptide, or fragments

thereof, in the sample; and means for comparing the amount of the membrane-bound PD-
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L1 polypeptide, or fragments thereof, 1n the sample with a standard. The compound or
agent can be packaged in a switable container. For example, the present invention provides
kits comprising at least one antibody described herein. Kits containing astibodies of the
mvention find use m detecting expression of membrane~bound PD-L1, or m therapeutic or
diagnostic assays. Kits of the invention can contain an antibody coupled to a solid support,
&g, a fissue culture plate or beads {e g, sepharose beads).

A kit can include additional components to facilitate the particular application for
wiuch the kit 1s designed. For example, kits can be provided which contain antibodses for
detection and quantification of membrane-bound PD-L1 s vive, g tnan ELISA or a
Western biot, Additional, exemplary agents that kits can contamn mnclude means of
detecting the label (e g, enzyme substrates for enzymatic labels, filter sets to detect
fluorescent labels, appropriate secondary labels such as a sheep anti-mouse-HRP, ere y and
reagents necessary for controls {e.g., comtrol biological samples or PD-L1 protein
standards). A kit may additionally include buffers and other reagents recognized for use in
a method of the disclosed mvention. Non-hinuting examples include agents 1o reduce non-
speeific binding, such as a carcier protein or a detergent. A kit of the present invention can
also inchude 1nstructional materials disclosing or deseribing the use of the kit or an antibody
of the disclosed mvention i 2 method of the disclosed invention as provided heretn.

Thus tnvention 1s farther lustrated by the following examples which should not he
constreed as hniting. The contents of alf references, patents and published patent
applications cited throughout this application, as well as the Figures, are incorporated

herein by reference.

Examples

Example 1 Anti-PD-L1 monoclonal antihodies that tareet the PD-L1 cvioplasmic

The Programmied death-1, PD-1, pathway is a eritical inwnune checkpoint pathway
mvelved in peripheral folerance, PD-1 is & B7ACUD2Y supertumily receptor expressed on
activated and exhausted T cells, as well as some aetivated B cells, dendnitic cells, and
mongseyies, PD-1 negatively regdates bymphocyie function through signaling triggered by
the interaction with #s hgands, PB-L1 and PD-12 (Brows e ¢f. {2003} J. [mmunod,

1 1257-1266; Freoman of &l 2000 J Exp. Med. 192:1027-1034; Latchman of &, (2001

Nat. fmpmnol, 2226122683, The PD-1 pathway dovwnregudates the intensity and duration of
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mmune responses, PD-L1 s expressed on many hematologie cells inchiding dendritic

cells, macrophages, mesenchymal stem cells, and bone-marrow derived mast cells
(Yamazaki ef of {2002) J Immnod. 169;3338-5545) and is induced on activated T cells
and macrophages. PD-L1 can be mducibly expressed on epithelial and endothehal celis by
iterforons and is constitutively expressed on some sites of impume privilege such as
syacytiotrophoblast and retma. Expression of PB-LT on nonhematelogic cells plays a role
in peripheral tolerance of T cells (Ketr e af. (2006} Fxp. Med. 203:883-895). There s
also opportunsty for cross talk between the PD-1 receptor and s ligands n the hematologic
compartment, such as PD-L1 on tolerogenic dendritic cells inducing T cell tolerance within
the lvmph node (Sharpe er of. 2007} Nar. Immunol. R8:239-245),

Therapeutic bockade of either PD-1 or PD-L1 produces impressive antitwmor
responses 1n Phase 1, I, and HY chinical trials in many different tumors, This has led to US
FDA approval of peasbrolizumab for sxwlasoma and breakthrough desigoation of
atvolumah for Hodgkin Lymphoma and MPDL3280A for bladder cancer (Topalian er of,
(012} N Engl J Med 3662443-2454; Brahmer ef gl (2012} N Engl J Med. 366:2455-
2465; Hamid et af, Q013N Engl J Med 369:134-144; Haoud er of (20133 /. Clin
Oreol. 31{supp}: abstract 9310, Many temors have mercased expression of PD-Li, in
addition to Hodgkin lvmphoma, melanoma, and bladder cancer, inchuding renal celi,
nasopharyngeal, ovarfan and breast carcinoma (Latchman e/ o, Q001 ) Now Jovmunol,
2:261-268; bwat e al. (2002) Proc. Natl, Avad. Sei. US4, 991229312297 Green ef al.
{2010) Blood 116:3268-32773 PD-L1 can be constitutively capressed on epithelial and
hematopoietic tumor cells as a consequence of oncogenic changes and can also be induced
by interferons. Expression of PD-L1 on tumors facilitates immune evasion and also
ncreases tumorigenesis and mvasiveness i vive, In some tumeors such as renal cell and
ovarian carcinoma, mereased expression of PD-L1 on the tumor is associnted with poor
proguosts {Thompson ef af. (2004) Proc. Nod, dead. Sci US4, 101:17174-17179,;
Hamamishi ef al. 2007) Proe. Natl, dcad Sci. U.8. 4. 104:3360-3365). Early climeal
correlative studics describe distinet patterns of PD-L1 twoor expression by
immunobistochemical staining (THC), mecluding cytoplasmic, membranous, or absent
expression {Brahmer er of. (201017 Clin, Onenl, 28:3167-3175; Chen er ol (20130 Clin,
Cancer Res, 19:3462-3473). Expression of membranous PE-L1 on tamors has been
associated with higher response rates to PD-1 checkpomt Blockade with the monecional

antibodies {(mAb) mivolumab and pembrolizumab (Kefford er of. (2014).1 Clis. Oacol,
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32:5s (supp): abstract 3005; Gettinger of af. (201434 Clin, Oncol 32:55 {(supp.): abstract
8244,

One of the limitations of PD-L1 THC is the difficulty m establishing clear oriteria of
expression when trying to distinguish membranous from cytoplasmic statming. PD-Llisa
wansmembrane protein with 7 exons encoding 57 wntranslated, seoretory signal, IgV, 1eC,

1 amino acid stalk plus Gansmembrane, evtoplasmie 1, and eviopiasmic 2 domamns with a
stop codon followed by a 37 untransiated and poly(A) tail. A number of PD-L1 mAbs
agamnst the IgV or 1gC domais have been reported to give a simidar pattern of PD-L1 IHC
of tumor tissue charactertzed by a difficult (o mterpret mixture of evtoplasmic and
membrane staining. These include the SHI mAD used m many imporiant reports as well as
339.7G11 and conwnercial mAbs (clone 15, Smo Biological) (Chen er gl (2013) Clin.
Cancer Rex. 19:3462-3473). By contrast, IHC with new PD-L1 mAbs specific for the
cytoplasmic domam are descnibed horein that give clear sweadbranous staining. These PD-
L1 cvioplasmic domain-specific mAbs are more sensitive and specific for Western blot

analysis of PD-L1.

Materials and Methods

2 Cell Hnes

HD-LM2, 1428, and OCE-LY 1 were caltured respectively in RPMI-20% FRS/pen-
strep/glutamineHEPES, RPMI- 1% FBS/pen~strepd slotamine HEPES/ gentamyein, and
IMDM-10%FBSpen-strep/glutanmine HEPES/gendaroyein as desaribed. Caka-2, SKBR3,
and SKOV3 were mantained i McCov's 5A media-10% FBS, glutmine and antibloties ag
recommended by ATCC, UMRUS was mantained in DMEM-~10%FBS/pen-
strep/glutamine/ HEPES/gentamycein, and SKI2N, BT474 (ATCCO) and MDA-MB-231
{ATCC) without HEPES, OVCARS was mamntamed i DMEM-10% FBS/pen-strepnon~
essential amino acids. Cell hnes 76%-P (ATCC), 36M2 and A2780-C70 were maintained in
RPMI-10%FBS/per-strep. Hematologic celt fines were a gift of Dr. Margavet Shipp. Renal
cell ines were a gt of Dirs. Chuan Shen and Wilhiam Kachin, Ovaran bines were g gift of
. Panos Konstardinopoulos. Adherend epithelial cell ines (ronal, breast, and ovarian
lines) were passed by trypsintzation; however, for imnwunophenotyping and protein tysate
preparation, cells were detached from plastic with 1o EDTA-PBS to minimize cleavage

of extracchiular protein domains,
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b. PD-L1 mabs

Anti-PD-L1 monocional antibodies that recognize the oytoplasmic domain of
human PD-L1 protein were generated by wmmenizmg antmals with a 19-mer peptide having
the sequence, CGIQDTNSKKQSDTHLEET, which represents the last 19 amino acids at
the carboxy-terminus of the human membrane-bound PDR-L1 polypepuide (see Table 2).
Specifically, mus pserhes BALB/ PD-LU™ mice (7.e., PD-L1 deficient mice) were
inmunized miraperitoneatly (1.p.) with 100 nucrograms of peptide coupled to Kevhole
limpet hemocyanin (KLH) i complete Freunds adjuvant. At 2 week intervals for four
mors thmes, the nree were wwmunized 1.p with F00 micrograms of peptide-KLH in
meomplete Freund s adjovant, Twenty-four days after the last imanmization, the mouse
was given S0 micrograms of peptide coupled to bovine serum albumen (BSA ) by the
itravenous (Lv.) route. Fowr days later the spleen and tynmiph nodes were harvested and
ased in a hybridoma fusion with SP2/0 mycloma eells. Cells were caltured in 96 well
plates and assayed by ELISA on peptide-BSA and by Western blot on lvsates of
untransfected and human PD-L1 transfected 300,19 cells,

Clone 405 9A 1 {ie., the 9ALL mouse TG, kappa) antibody was chosen for
further analysis based on its capacity to specifically react with the cytoplasmic domain of
PD-L1 in 3 Western blot format of denatured protein {Figure 1) and detect PD-L1T by flow
eytometry of permeabilized cells. The 9ATL antibody can therefore be used to determine
any form of PD-L1 having the cvtoplasmic domain, sach as a membrane-bound PD-L1
wrecele cxpressed v homan tumors and imflanungiory sttuations.

Anti-PD-L1 cytoplasmic domain mAb E1L3 (rabbit IeG3) was from Cell Stgnaling
Technology. Clones 29E 2A3 (mouse IgG2h, kappal, 339.7G11 and 36RA.5A4 (both
mouse {gGl, Kappa) have been described m Chen ef of. (2013) (lin. Cancer Hes. 19:3462-
3473y and recognize an epitope in the PD-LI IgV domain. Clone 15 (rabbit IzG) was from
Sinoe Biologicals.

¢, Inwnanophenotyping

Cells from culfure were suspended m flow oviometry wash budfer
{PBS/2%FBS/A.02% sodium azide. 3mM EDTA) o nunimize clumping of epithelial cells.
Primary and secondary antibodies were used at 10ug/mi working concentration, isotvpe
controls incladed MOPC-21 (mlgG), CLISA {mleG2a), and MPC T (migG2h). The
anii-PO-L1 antibodics, clone 29E.2A3 {(mlgG2b) have been proviously described. The anti-

PDLE2 antibodies, clone 24F 10012 (nmle02a) and 3.2 (mlgG1) have also been previously

~H9 -
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desoribed. The anti-TIM-1 antibody, clone 1D12 {mig(G1}, has been previousty deseribed.
Anti-MHC class I, W6/32 (migG2a) and MHC class 11, 9.49 {mlg(2a) have been
previously deseribed. After 30 minutes incubation on iee, cells were washed twice and
mcubated with goat ant-mouse IgG anttbody conjugated to PE {cat# 103009, Southern
Biotech} for 30 minutes on ice. Cells were washed twice and resuspended in 2% formalin
it PBS and stored at 4°C wnttl analvzed on a Canto™ H eytometer. Flow cviometry data
was analyzed with Flowlo software.

d. Western analysis

Protein lysates were prepared with RIPA buffer or M-PER per manufacturer’s
mstructions {cat# R9901 and cat¥ 78503, Thermo Scientific), and protease inhibitor cocktatl
was added to the buffer (complete Liltra tablets, mini, EDTA-ree, catd 85892791001,
Roche) prior to tysate preparation. Thirty five ug of hvsates were foaded into a 4-15%
grachent mini-Protean TGX gel {catalog 456-1086, Biorad) and transferred by scmidey
method. Membranes were blocked with TBST with 12% non-fat mulk and 1% goat sera for
1 howr at room temperature.  The membrane was washed with TBST and meubated with the
primary antibody (final concemtration of 20 ug'mi for 339.7G1E, 10 ug/mi for 368544, 5
wgdnd for 405.9A 1L, and 1 agiml for beta-actin, cat ab8226, abcam) in TBST and 1% BSA
at 4°C overnight. Membranes were washed with TBST 3 times at room temperature and
mcobated with secondary antibody (1:4000, goat anti-moase I1gQ cat# 1031-05, Southem
Biotech} in TRST, 6% non-fat milk and 0.5% goat sera for 3 nun. After 3 additional
washes with TBST, a 1.1 ratio of ECL substrate;enhancer was added to the mombrane
{SuperSignal West Pico Stable Peroxide Solution cat¥ 1836135, SuperSignal West Pico
Luminol/Enhancer Sohution cat# 1856136, ThermoScientific) and inmaged on Hyblot CL
autoradiography film (cat# E3018, Denville Sclentific, Inc).

in specific embodiments, protein fysates were made from 300,19 cells stably
fransfected with homan PDA-L1, as well as from Caki-2 cells, Caki+2 15 a lnoman clear cell
renal cell carcinoma (ceRCC) line that displays epithelial morphology and expresses
wildtype von Hippel-Lindau { VHL) tumor-suppressor protein. By flow cytometry, the
Caki-2 cell ine expresses a low lovel of PD-LT tvpical of a solid tumor cell line, Protom
tysates were nm on SDS-PAGE as a single wide lane the width of the gel and blotted onto
nitrocethalose. The blot was mounted in 2 Western blotting apparatus with 24 channels,
The concendrations of anti-hPD-L1 mAbs mdicated in Figure 1 were added to cach channel,

incubated, then washed and developed with antivmounse IgG coupled to HRP. The results
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show that each of the three anti-hPD-L 1 mAbs 9ATL 368 7G 1 {recognizes a PD-LI
extracellular domain epitope}, and 368 544 (recognizes a PD-L1 extracellalar donain
epitope) can detect haan PD-LT (hPD-L1) by Western blot in Caki-2 cells and 300-hPD-
L1 with good specificity and no background bands. The SA4 shows the highest affmity and
gives a detectable band in Caki-2 cells at concentrations as low as 0.02 pg/mi. The 9ATL
shows shightly leas lugh affintty and gives a detectable band m Caki-2 cells at
concentrations as low as 0.06 pgiml. The TG shows even lower affimity and gives a
detectable band in Caki-2 cells only at high concentration, 5 pg/ml. The blot was stripped
and re-probed with anti-actin mAb to verify equal loading. Thaus, the 7611 antibody
recognizes PD-LT with less sensitivity than both the 9A11 and 3A4 anubodies and the
9A11 antibody recognizes PD-L1 with high sensitivity.

As stated above, the 9ATL antthody recognizes a region of PD-L1 that is normally
mside the cell, Tn a five cell dus epitope would not be accessible, bat standard
immumnoebistochamistey protocols contam aleohol dehydration steps, fiung steps, and the
like that permeabilize the cell. In fact, the DALL anttbody was determined to work
sarprisingly well (e g, significantly reduced unwanted background signat relative to
standard PD-L1 antibodies, sach as those that bind to the PR-L1 extracelialar domain) in
immunohistochenustry (1HC) format using formalin-fixed paraffin-embedded human tssue.

e. Tmmunolustochemistry

THC using a rabbit anti-PD-L 1T monoclonal antibody (clone 15, #10084-Ri1 S,

6. 2ug/mi final concendration, Siap Biological, Begjing, China} was performed using $-pm-
thick, FFPE tissue sections on a Benchmark XT antostainer { Ventana Medical Systeny,
Tacson, AZ) with standard antigen retrieval (CC1 buffer, pHR.O, #050-124, Ventana).
UltraView Universal DAB Detection kit (#760-300, Vetana) was used according to the
manufactorer’s instruction. Counterstaining was performed as part of the automated
statning protocol using hematoxyiim (F760-2021, Ventana). THC using the mouse anti-PD-
L1 monoctonal antibody (IgG1l, generated in the laboratory of . Freeman, clone
339.7GH, 69 ug'md final concentration, Boston, MA} was performed using the same
protocol as above, After staining, slides were washed in soap water and distilled water,
dehvdrated in graded alcohol and xvlene, mounted and cover shipped.

IHC wsing a mouse anti-PD-L1 monoclonal anttbody (1eG1, generated in the
laboratory of G. Freeman, clone 405.9A11, 104 ugfod fmal concentration, Boston, MA)

was performed using an automated staining svstem (Bond I, Leiea Biosystems, Buffalo

1
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Grove, 1L} following the manufacturer’s protocol. Foar-um thick paraffin-cmbedded
sections were pre-baked in 60%C for one hour. Adhesive labels for each protocol were
printed and applied to slides. Shides were then {oaded onto Bond IH with “Bond Universal
Covertiles” {Letca Biosystems). PDLT (405.9A 11} monmunostaining was performed with
1:125 dilution (final concentration: 114 pgfml} using Discovery Ab diluent (Ventana
Medial Sysioms). Slides were first dewaxed and rehydrated. Heat induced antigen reinieval
was performed using ER2 solution (pHS) (Leica Biosystems) for 30 nunutes. Primary
antibody was mcubated for total of 2 hours with two separate applications, follow by &
miites of postprimary blocking reagent, 12 mimstes of horseradish peroxidase-labeled
polymer, 5 mimates of peroxidase block, 15 minutes of DAB developing, and 1 munutes of
hematoxylin, All reagents were components of the Bond Polymer Refine detection system
{Leica Biosystems). THC using the rabbit anti-PD-L1 monoclonal antbody (E1IL3N, Cell
Signaling, Beverly, MAY was performed using the sanwe protocol as above, with 1:200
dilution (fingl concentration: 5.dug/mi) using Bond Primary Antibody Diluent. After
stamnimy, slides were taken off from the avtostmner, dehvdrated and coverslipped.

In some embodiments, additional THC procedures were performed. For exampe,
Figure 2A shows that robust PD-L1 signal to background staining using the 9AH antibady
{1.3 mp/ml. stock concentration} was obtained using the following manual

pomunohistochenustry protocol:

Materials:

Steamer {Black & Decker)

EDTA buffer pHS 20X {Invitrogen cat#00-5500}

Dual Endogenous Enzyvme Block {peroxidase block} {Dako cat¥ S2003)
Protein Block Serum Free (Dako catd X090}

Avidin 7 Biotin Blocking Kit {Vector cat#SP-2001)

Discovery Ab Diluent (Ventana cat¥760-10%)

Poly-HRP anti-Mouse secondary {Dako cat# K4007)

TSA (Perkin Blower cat#FP 140 & FPIO5Z)

LSAB Streptavidin-HRP (Dako cat# K1016)

DAB~ Substrate Buffor & Chromogen {Dako catd K401 1)

Stepwise manual IHC protocol:

1, Bake slides for 60 mingtes at 60°C

2. Rehydrate shdes:

=]
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- Xylene: 3 min 2X
w N Ethanotl: 2 man, 2X
95% Ethanol: 2 min
—  {0% Ethanol: 2 nun,
5 - dH0
3. Prepare retrieval solution. Pre-heat retrieval solution in steamer for at least 10 nunutes.
Ensure solution reaches approx. 98°C.
4. Bathe shides in heated retrieval solution, ImM EDTA | and cover with foil. Insert into
steamer and steam at approx. Y8°C for 30 manuies.

16 3 Cool shides, Ringe and bathe wn dHO. Wipe slides with a Kinnwipe and apply
hvdrophobic pen around tissue. Bathe in Ix Tris with Tween-20 buffer for § min. Proceed
with staimng i room femperature.

6. Wipe shides and load bumidifyving chamber. Apply peroxidase block for 5 min.

7. Rinse shdes with DY water and bathe i buffer for 5 min,

L

3. Wipe shides and load huoudifving chamber. Apply Avidin for 5 oun,

9 Rinse shides with buf¥or and bathe in fresh buffer for § min

18, Wipe slides and load humidifving chamber. Apply Biotin for 5 min.

11. Rinsc slides with buifer and bathe in fresh buffer for & min.

12, Wipe slides and load chamber. Apply protein block for 10 nunetes.

A 13, No baffer wash between protein block and primary antibody. Apply primary antibody,
anti-PDLL, diluted 8 Discovery antibody difueats 1175, incubate for 1 .

14, Rinse shides with buffer and bathe in fresh buffer for S nun.

1

¥

- Wipe shides and load chamber. Apply secondary antibody for 30 niin,

16, Rinse shdes with buffor and bathe in fresh baffer for § man,

[l
N
3

7. Wipe slides and load chamber. Apply TSA 1200 for 10 numutes
18, Rinse shdes with baffer and bathe in fresh butfer for 10 mun.
19, Wipe slides and load chamber. Apply Streptavidin for 30 minutes
20, Rinse shides with buffer and batbe in fresh butter for 5 min.
21, Wipe slides and load chamber. Apply chromogen substeate. {1 drop DAB per tmle
W buffen)
22. Rinse off DAB with dH0 into scparate waste container. Bathe slides in dH:0. Proceed
with counterstain.

23, Dehydrate

]
5
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24, Covership

Similarly, Figure 2B shows that robust PD-L1 signal to background staining using
the A 1T antibody (1.3 mg/mb stock concentration) was obtained using & Ventana
Benchmark XT austonrated staining platform using the following protocol:
Materials;

UltraView DAB Detoction Kit (Ventana, Cat® 7605003
Bluimg Reagent (Ventana, Cat# 760-2037)

Hematoxylin {Ventang, Catd 760-20213

EZ prep {(Ventana, Ca# 930-1023,

LCS {Ventana, Catt 650-010),

Reaction Butfer { Ventama, Caté 930-311)

CC (Ventana, Caig 950-124)

Discovery Ab Diluent (Ventana, Cat# 760-108)

Stepwise protoce! programmed on Benchmark X1

* fustall Procedure: XT ultraliew DAB v3 7 sofhware anto the Benchmark XT prior 1o
raniing s protocol

1. Paraffin {select)

il

. Deparaffinization {select)

Tk

. Cell Conditioning (sefect)
- Conditionor #1; short-8 min {select)
- Milder CC1: 30 min (select}
- Standard CCL: 60 min {select)

4, Ab Incubation {select)

]

- Titration {select)
- Hand apply 100al of primary anttbody dilated in Discovery Ab Difuent, 125,
incubate for 1 hour {(final conc. on shdes becomes 13 pg/ml, dee to already
cxisting reagents on siides at time of primary antibody application }

&, Counterstain {sclect)

7. Apply one drop of Hematoxylin, incubate for 4 nun (seleet)

oo

. Post coumierstain (sclect)

W

. Apply one deop of Bhuing Reagent, incubate for 4 min (sclect)

10 Automated procedare ends, remove slides from Benchmark XT

o
¥
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L Wash shdes with soap water, dehydrate, and coverslip

By condrast, Fygwre 20 shows significantly weaker and diffuse PD-L signal o
hackground staining using the mouse anti-human PD-LT antibody, 339.7G11 £0.69 mpg/ml.

stock concentration), which recognizes a PD-L1 extracellular domain epitope, ssing the

T2

foowing manual imoumohistochemistry protocol:
Materials:

Steamer (Black & Decker)

EDTA baffer pHB 20X (Invitrogen catf00-3500}

Dual Endogencus Enzyme Block {peroxidase block} {Dako catd S2003)
1 Protein Block Serum Free {Dako cat# X969}

Avidin / Biotin Blocking Kit { Vector cat#SP-2001}
Discovery Ab Diluent {Ventana catd760-108)

Poly-HRP anti-Mouse secondary {Dako cat# Ka007)

TSA (Porkin Elmer cat#FP 140 & FP1OS2)

LSAB Sweptavidin-HRP {Dako cat# K1016)

DAB+ Substrate Bufter & Chromogen {Dako cat® K4011)

s
R

Stepwise manual IHC protoecol:

1. Bake shides for 60 nunates at 606°C
20 2. Rehvdrate stides:
Xylene: § min 2X
100% Ethanol: 2 min, 2X
—  95% Ethanol: 2 nun.
&0% Ethanol: 2 nun,
25 - dH:0
3. Prepare retrieval solution. Pre-heat retrieval sohution in steamer for at feast 10 minutes.
Ensare sohution reaches approx. 987C.
4. Bathe slides in heated retrieval sodution, TmM EDTA, and cover with foil, Insort into
stearuer and steam at approx. 98°C for 30 minutes.
3 5 Cool slides. Rinse and bathe in dH,O. Wipe shdes with a Kivwipe and apply
hydrophobic pen around tissee. Bathe i 1x Tris with Tween-20 buffer for 3 min. Procecd
with staining in room fomperature,

6. Wipe slides and load bunudifving chamber. Apply peroxidase block for 5 pun.

'

e}

A
'
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7. Rinse shdes with DI water and bathe 1y buffer for 5 min.
8. Wipe shides and load bumidifving chamber. Apply Avidin for § nun.
9. Rinse shides with buffer and bathe in fresh buffer for § min.
10, Wipe slides and load lnnmidifying chamber. Apply Biotin for 5 min.
11. Rinse shdes with baffer and bathe in frech buffer for 5 min
12, Wipe shides and load chamber. Apply protein block for 10 mnetes.
13, No buffer wash between protein block and primary antibody. Apply primary antibody,
anti-PDL1, diluted i Discovery antibody diluents 1110, mcubate for 1 hr.,
14, Rinse shdes with buffor and bathe w fresh baffer for 3 nun.
15, Wipe slides and load chamber. Apply sccondary antibody for 30 min,
16, Rinse shides with buffer and bathe m fresh buffer for § min.
17, Wipe slides and load chamber. Apply TSA 1200 for 10 nunates
18, Ranse shides with buffer and bathe in fresh buffer for 10 min
19, Wipe shides and load chamber. Apply Streptavidin for 30 nunutes
20. Rinse shdes with buffer and bathe in firesh buffer for 5 nun.
21 Wipe shdes and load chamber. Apply chromogen sebstrate. {1 drop DAB per ImL
huffen)
22, Rinse off DAB with dH:0 mnto separate waste contamer. Bathe slides in dH:0. Proceed
with counterstain.
23, Dehydrate
24, Coverslip
Likewise, Figure 2D shows sigmificantly weaker and diffuse PD-LI signal to
backgroand staming using the mouse anti-human PD-L1 antibody, 339.7G 1 (0,69 mgdml
stock concentration), which recognizes a PD-L1 extracellular domain epitope, using a

Ventana Benchmark XT automated stainmyg platform using the followmg protocol:

Matenials:

UliraView DAB Detection Kit (Ventang, Cat# 760-300)
Bluing Reagent (Ventang, Cat# 760-2037)
Hematoxylin (Ventana, Cat# 760-2021)

EZ prep {Ventana, Cat# 950-10),

LOS (Ventana, Cat# 650-010),

Reaction Buffer {Ventana, Cat# 930-300)

CCH {Ventana, Cat# 930-124)
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Discovery Ab Diluent (Ventang, Cat# 760-108)

Stepwise protocol prosrammed on Benchmark XT:

* faxtall Procedure: XT ultra¥iew DAR v37 software onta the Benchmark XT prior ta

3 runming this protocol
1. Paraffin {sclect)
2. Deparaffinization {select}
3. Cell Conditioning (select)
- Conditioner #11 short-8 nun (select)
i - Milder CCE 30 min {select}
- Standard CCL: 60 min {select)
4. Ab Incubation {select)
5. Titration {sclect)
- Hand apply 1000l of primary antibody diluted in Discovery Ab Diduent, 12,5,
is tncabate for 1 hour {(final conc. on shides bovomes 6Yugmd, due 1o already

existing reagents on siides at time of primary antibody application )

6. Counterstan (select)

~]

. Apply one drop of Hematoxyhin, incebate for 4 nun (select)

3. Post counterstain {select)

20 9. Apply one drop of Bluing Reagent, mcubate for 4 min (select)
19, Automated procedure ends, remaove slides from Benchmark XT

11, Wash shides with soap water, dehvdrate, and coverslip

Moreover, the 9AT1 antibody was demonstrated to detect PRALT in fixed,
permeabilized colls using flow cytometry (Flgwe 3).
25 In additton, intracellular delivery of the 9ATT antihody, such as in therapeutic
applications, is expected to modalate PD-L1 function to modelate {e.g., inhibit or enhance)
ntracellular signaling mediated by membrane-bound PD-L1 s interaction with its natural

recepior, such as PD-1, B7-1, and the bike.

$
3 bhelow. In addition, hybridoma cell ine 9A11 was deposited with the Amwerican Type

Cultare Collection {ATCO) and weas received on in accordance with the provisions

of the Budapest Treaty on the International Recogmition of the Deposit of Microorgantsms

for the Purposes of Patent Procedhre under deposit mumber

~d
i
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{f THC stamning evaluation and scoring
Reactivity for PD-L1 was determmed and scorved by two pathologists. Diserepant
results in stabning interpretation (<5% of cases) were resolved 1n a consensus conference.
For cach stained shide, the percentage of tumor cells showing positive staiming for PD-L.1
5 was recorded 1 0% increments {0-100%5). In addition, the mtensity of positive staining
was recorded: (=) = no staining detectad, {14} = weak staining, {24) = moderate staining,
{3+) = strong staining. A case was scored as positive if at least 20% of the tumor cells

stamned positive for PD-1L1 with an intensity of 1+, 2+, or 3+,

1Y Table L Identification and sequencing of the leader and vaabde revions of ami-PD-L1

maonoclonal antibody, 405 9A 11

9A 11 Light Chain Variable (vK) DNA and Aming Acid Sequences™

-
L
|3 B
£33
e
=]
o
b
£3%
4

20

23
Voogegment
W

o

36 slg peptide .. 85

flabel=LE

LLs IR

35

DETLRISRVEARIVEVY

O Y R AT LR LR
PR R S SRR

SR

¥
=
fora)
¥



PCT/US2014/062149

WO 2015/061668

[ A

I b

ES by o i 13

£ ik %5 i i 3.5 1)
i Z & I fedd A Py
R RS I ] 33 3 o
0 o ow 9] o 2

o i it 10 "
EE ] bet! 9] = 3
ES ¥ i 5] FE] e
P % By
- . p
LA Ll fnd P I3
it j 1= 23
7 Y5 1 45 .
ik o ;) W o
it ] 3 TR i 253
i W 153 2] it i}
i3 i A b 4ok
il 5] 44 5 A $x
ik ] 3 ] A
it 44 2
3 3]
it 2] 4x
it i [ 1
el 38 £3 N
R 4 £ oo
e : 1% i
ik i 15 o
i oo £ P o
i i i L&) i fend
it a4l A o 2
3 I Ak
LA Aot a *-
2 [ B ) ] o
by [y} ! r\h b2 Fot
woIn % 2] i n i
i % o 2 Wi . ey
T 5 *a %) ] g FY)
3In At ad R (ST B Pl 5] £ i
.. N 25 1.4 W o .
i3 4 e 1.4 ] 1 . e
iIn ¥ 3 o 533 i s
it e M..V v 2+ P M:
Yees 7 53 T y 75
by 1 P 33 Lo P fob I
9] 4.3 e it i 42
5 w4 45 e ] 53 i3 a1 i
s U 18] LR 3 e
[sZ UooIn oy R EEY 2 43
it oIn 58 i A SIS £ at
o B (S35 S RS eI E] my
¥5 73 7 % w4 o i 4
; I [V o P52 I 23] wi] U
i o L3 ] w3 307 1 o
A 2 wi o0 €2 o
L} 7 by o i
44 » Lok I i) 2] 3y U
i B> il 0l 4
PE 1 Bt I o L
Y ol =4 L1l i
oo 3 7] 53 S Y g
o o ) Fez
deb [ 44 A )
oIn 44 2] EE I 1] el
i ! o] o 2 U
WL 44 ) ZiWn 51 42
% b 24 o] @i i A 5 e
i % %3
b leas goet o] o gt 5 -
Wpoowp S A o4 L3y e is)
L B I ) EPE A beS I
Wy foed 2’ foer) Wy o
-t b oof oy o p




PCT/US2014/062149

WO 2015/061668

Ag

HHIO

HYDMNA and A

anable {v

F

ain ¥

h

¢

Ve’

10

I

o
e

v

bl
e

’

o

14

o

Sme

i

]

.
[

]

12N

ORI

3

I

e b
T
BRI 30

T e ey
SRR e AR L

o
1

oy
¥
)

TS
T

s

o

RN S

3

gutaaaa

3
e
2

&

aga

o~

iy
4

PR,
AT
AN

3
e




PCT/US2014/062149

WO 2015/061668

- 3
2 3
e = bt
ts} & = s i
] = i W
= 53 4 et
T b
f] 275
= :
N R
e L ean]
‘ v o
st C )
2 &
et
5 e =
Lo o 0
s A 2
VI &
" . 2 (v
4 PRS- e,
& g = =
o ; ¥
e L s ¥
o P 7
o~ Tt
K] s - T
P el 3
g “p = (s .
5y w3 A U
o3 ap 2 Z ~
4 & & w3
e s -
% Ao o
4] S f]
P bt ~ D
o3 A [
: 2 U
P et faeg
o e IS (o]
.ﬁ et o
- oo A
[ o -~ =Y
oo b
o a
2] L3 =
=tz
; ) 7
3 B 5
fy Lo o
. et Pl B
E2 8 :
. 2 :
i et = D
e i
ol =
F ] ‘
aact N por =5 o o3
P ’ “ s =
73 < =z z
h mm. v =]
e £ o . 5] =B
4 o & = F
e ] 5 )
- pus j =
4 o= 7 o
St
L3 e o4
M ..
- e B 4
[ D ta Y
. =
iy ‘ L
W v ]
73 4
k3 e o
g < e = "y oy = @
- o ] o4 Lag s =

~ %) -



PCT/US2014/062149

WO 2015/061668

W

<

b

¥

~

e
RS

e
b

FA

el

s
w4
ed

1997
T

A

3t
ool

W
=

P

A
P
2

3

&

)

L

oy
TUAT

,,“m

ot

i

-~

4

3¢

X

£

{3, Ty
i o3
2o a2

d Seguence

i

S0

3o D 4
s 00p el P

DU

i W m
a " b PR S e
By =1 Do 14

2R
Human PD-LIS A

Y f i

BH £ 24

2

wm. e

55 A

a 5
fee Iy = Uy =
=t it W W (e



PCT/US2014/062149

WO 2015/061668

s i o w30 s 0% i
Lol 23] o Gy <5 oy pod] 5
et s i £} a3 =3t By 54
9]
s
Lo Lt oeed £
o A

o
<
y
<

aga

o ey =)
o it Yo
e

u’y

=

i
ed
wod
port i 153 b ot
i T 153 K 4
[ 13w £ e
PRI &1
By
B2 A
i o
e
-
o
L% oy 83
.\ﬂ i1 nw @
4 STRTA e
=
= v i3 2]
C o]
prg: 3
i
P
[
“
-« o] Irs}
b Lo o
LEoed =
i o5 D a4 & Sy heg ¥ (o]
i A o EANECE N 51 oo ) et b
e B i EREIS SR v e v
o
Mo ko ST € - o a0
ko] ook 0 [ k1 &1 T Ihoeed Ey {3 ke
= 4 7ot fiy iq 3 7~ Fooel 3t
Y
AT o e Y ; g I
Ry 4 o 9 H foTaES" (2]
s ¥ & 40 i @G e o3
= 1)
o n )
iy uy b 43 L) S ] > i
ot g jens [T l bsil 43 e FRI 13 ESPRL]
3 1y s s B £ U ovd b2 o ot
e w < Wy < st = W = W =
e Ea Eat o o v Ao W W Re




PCT/US2014/062149

WO 2015/061668

o @

W

nEg

W

w§

oTt

TLaNas

ARJ0S

o

oA

P
- TRTY

o2

s
A

at
&

i

N

o

wi

.

Ak
§
i
P
4
I
oA
Fo
T i

Pty
i

QL

e

Acid Sequence

R

1A

\
h
&

4

o

Human PD-1

3

W
L)

Xy

oy

e

)

ol

™

et

br

2
5
i
F

-~

4

wp

et

b

391

3

Dy
b




WO 2015/061668 PCT/US2014/062149

4

10

Juw
L

20

‘3
(¥ )

The development of PD-LT mAbs for immunchistochemstry (THO) of FFPE ussues
has been difficult with @ mix of membranocus and cytoplasmic staming. It was previously
reported that 7G1 1 and clone 15 (Sine Biologicals) antibodics can detect PD-L1 in FFPE
specimens (Chen ef ol (2013) Clin. Cancer Res. 19:3462-3473) and show a staining pattern
stimilar to that previously described with the 3H1 antthody: membranous and evtoplasnue
expression {Brahmer ef ol (2010 J Clin, Oneol 28:3167-3175). Maltiple other PD-LI
mAhs work poorty or not at all i THC with high background (Gadiot ef . (2011) Cancer
PI7:2192-2201). As all the tested mAbs recognize a determinant in the extracellular
domain, # was reasoned that a mAb specific for the cytoplasmic domain might give more
speecific membranous staining and facilitate the measwrement of tianor cell expression. In
additton, many B7/CD2ZE family proteins have sphice variants that lack the transmembrane
doman {Nielsen ef af. 2003 Cell Inpmunol. 235:109-116; Ueda et ol {2003 Nawwre
423:5306-511). PD-L1 splice variants that lack the transmembrane andfor have deletions in
the lgV oor 1gC domains are presont wn the Genbank database. Whether these PD-L1 splice
variants gre secreted, accumulate intraccliularly, or are unstable and degraded s cunrently
not known.

PD-L1 deficient mice were innmanized with a PD-L1 cvioplasmic domaii peptide
and mAb, 305 8A 1Y, specific for the human PD-L1 cvtoplasmic domain, was generated.
Initial screemng of the antibody for specificity was performed by inwacellular flow
evtometry and Western blot analysis of human PD-L1 transfecied and untransfected cells as
described above. The 9A11 mAb was compared with previously gencrated mAbs against
the extracetiutar domaim (Figure 4) to assess sensitivity and specificity for endogenouns
{evels of native human PD-L1 in Western blots of human tamor cell lines, It was
deternned that 9A 1L s both more sensitive and more spectfic than TG and as sensitive
as SA4 in Western blot analysis of hnenan cell Hnes (Figure 83 mAb 9AT] Westorn blotted
only a single S8 KD band that was also detected by the other PD-L1 mAbs. However,
7G1T also detected several lower MW bands, ranging from 33 10 45KD. While

anglycosylated PD-L1 is expected to be about 23 kDa, mature PD-L1 is expected to be 45-

~ H8.
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S kDa when full glveosylated. While 5A4 1 highly specific for matare hapman PD-L1 by
Western blot and FACS, it does not work 1n THC.

Detection of PD-L1 by Western blot also correlates with its surface expression by
flow cytometry. Antibodies that block the mteraction of PD-1 with its ligand, PD-L1, have
heen essential for characterizing the co-inhibitory function of this pathway. The interaction
betegen PD-1 and PD-L1 1 between the IgV doswin in the extracellular domain of each
protein. The blocking antibodies useful for i virro and i vivo functional assays are often
excellent for inwnunophenotyping cells by flow eytometry. The 29E.2A3 antibody, which
recognizes the IgV domain of PD-L1, has been used to show PD-L1 expression on Hedekin
fvinphoma and a sertes of breast cancer cell ines {Laichown e ol {2001) Nav. Imnumal.
2:261-268; Green et of, (3010} Bload 116:3268-3277, Chen er of, (2013 Clin. Cancer Res.
19:3462-3473). The Hodgkin Ivmphoma cell lines {(HDLM2, 1428) and breast cancer cell
hines (MIDDAZ3E, SKBR3) express PD-LT on the swrface, while the ditfuse large B-cell
lymiphoma OC Lyl and the BT474 breast cancer cells do not (Latchman ¢f o, (2001) Naw.
Bumgnol, 3261-368; Green & of. (20103 Blood 116:3268-3277). The I9E.2.A3 mAb was
used o immunophenotype the renal cell and ovanan carcinoma cell Bines. It was found that
one of four renal cell carcinoma ecll hnes and three of four ovarian cancer cell Hnes
screened express PR-LT on thedr sorface by immnophenotyping (Figure 63, This pattern
of expresston and the relative fold of surface expression was confirmed with another anti-
PD-LI mab. It deseribed herein that lower expressers by immunophenotvping {under 5
fold over isotvpe} are wader the threshoeld for detection by Westers blot analysis. Wiale
flow cytometry proved to be more sensitive than Western blot analysis, the detection by
9A 11 correlated with the surface expression of PD-L 1, as scen with the 29E.2A3 antibody
by flow cytometry of unpermeabitized cells (Figawe 6),

mADb YA 1T also detects surface expression of nunan PD-LT in formalin-fixed
paraffin embedded tissae by immumohistochenusiry. Developing regents for
immunohistochenustry (THC) in FFPE tissues often can be ditficalt, but is necessary sinee
this 1s the primary means of assaying patient specimens. 1t has been previousty reported
that the 7G11 antibody can detect PD-L1 in FFPE specimen (Chen e ol {2013) Clin,
Cancer Res. 193462-3473) and has shown a staining patiom sinular to that previously
deseribed with the SHT antibody: membranous and cvtoplasnsic expression (Brabmer ef of.
20107 Clin, Oneol. 28:3167-3175). In Figure 8, # 13 demonstrated that unbike 9ALL or

3A4, 7G1HE detected multiple bands in Western blot analysis of whole cell tysates, Itis

- 86 -
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unclear whether the mudtple hands or the diffase staming 1o some specimens by 7G 1 is
secondary to detecting splice variants of PD-L1, varable glycosylaton of PD-L1 or merely
a3 fack of spectficity of the antibody. However, there are two anti-PD-L1 antibodies
commercially available reported to detect PD-L1 in IHC. Sino Biologies has a rabbit 1gG
monoctonal antiPD-L1 antibody (clone 13), prodaced by mumanization of the recombinant
BPD-LT (Mot 1-The 2393 Cell Signaling Technoelogies has recently conunercially
distributed a rabbit mAb, E1L3, developed agamst the C-terminal region of PD-L1. This
antibody detects the fidly glyeosylated PD-LT in Western blot analysis (PD-L1 (ETL3M)
XP rablut mAb Q014 Cell Signaling Technology, Product No. mADb 136843 1t has been
reported o detect PD-LT by mmusohistochemical and mmymefluorescent analysis, as well
as flow cytometry when cells are permeabilized.

Many hematologic and solid numors, including melanoma, carcinoma, sarcoma, and
bvmphoma, can overexpress PEB-L1 (Brown e of (20033 £ Dol YTO1257-1266;
Latchman er af (2001 Nag. Immmol. 2:261-268). This may be a mechanisim by which
tumors can mntrinsicatly tolevize T cells and ovade an anti-umor IMORINS rESPONSE.
Exploratory analysis of PD-L1 (B7-H1) expression on solid tumors by
immunohistochemical analyvsis (HHC) with the murine asti-human B7-HI, clone 3HI, as
proviously desernibed in Thompson &f af. (2006) Cancer Res. 56:3381-3385, was possible
with tumor specimen from nine patients in the pilot Phase { study of the ant-PD-1 blocking
antibody mivolumab (Brabumer ef of. (201034 Clin, Oncol 28:3167-3175). PD-L1T was
expressed by tumor cells in 3 patierns: cytoplasmic, smembranous, or none. In dus analysis
the mombranous expression of PD-LT on tuor cells was associated with response fo anti-
PD-1 weatment. Over the past 15 years numerons anti-PD-L1 antibodies have been
developed and fow have been compared directly. Many tumors had ncreased expression of
PD-L1 with a cytoplasmic pattern by THC 1 some of the carly publications with older
antibodies such as 29E.2A3. A strong membranous pattern of PD-L1 was typically only
visualized in tissae with the highest expression (L& syneytiorophoblasts of the placenta)
{Brown ef ol (2003) J. Ipnnuwmol. 170:1237-1266). Thus, a major goal described herein is
to develop better antibodics to answer chinically relevant question: antibodies that are hoth
sensitive, specific, and recognize antigen i FFPE tissue. The pattern of THC in 4 different
lung adenocarcinonia} using 4 differet anti-FD-L1 antibodies: 7G1, Sinobiologics

{SinoQt13), AT and E1L3 1s compared.
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Classical Hodgkin lyraphoraa is an excellent example of a bhunted immune
response: expression of PD-L1 by malignant cells and mmmone evasion, despite a tughly
nflanwnatory microcnvironment. There are many means of tnereasing PD-L1 tumor
expression. Unlike many B-cell non-Hodgkin lymphoma, the classical Hodgkin lymphoma
{¢cHL} Reed-Sternberg cells and mediastinal large B-cell tymphoma (MLBCL} can express
high fevels of PD-L1 and PD-L2 (Green er ol (20103 Blood 116:3268-3277). Genetic
analysis has found a Yp chromosomal copy frequently described i cHL and MLBCL. Not
only does the amplification of neighboring genes encoding PD-L1 and PD-L2 at the 9p24.1,
vesult 1n hugh expression of these Bgands, but upstream of PD-L1 by 322 kilobases Jams
kanase 2 (JAK2) is encoded, amplified, and further apregalated PD-1 hgand cxpression
through IFN-gamma {Green er of. (3010} Blood 116:3268-3277). Both Sinobiologic
{Sinot} 5) and 7G11 recognize the ectodomain of PR-L1. Both stain the Reed Sternbery
cells, but both have sarked evioplasmic statrung witlun the evioplasm of the swrrounding
sea of hymphocoytes (Figure 7D, intermediate with SinoG13, and 78, high with 7G11}
relative to the staming of the Reed Sternberg cells with both YA 1L and ETL3 (Figures 7A-
7C, respectivelyd. With loss evioplasmic staining in the infilirating lymphocovies with 9A L
and E1L3, it is casier to distingaish the membranous staining of somw of the PD-1L.1 positive
immane infiltrate surrowhing the HL, primarily on the monocytic infiltvate. In comparison
to HL, a series of diffuse farge B cell Iymphoma did not express PD-L1 on its sorface by
fHow cvtometry {Green ef of. (2010) Blood 116:3268-3277). It was determined hevein that
PD-L1 was not expressed in whole cell bysates of DLBCL cell ine OCT-LY-1 (Figure 3}
Diffuse large B-celt tymphoma (DLBCL) also proved to be & negative control for 9ALL or
E1L3 as the THC analysis showed no membranous stain and Bitle to no ovioplasmic staining
{Figures 70 and 70, respectively). However, significantly lugher evioplasmic stabiung was
observed with Sino than 7GH (Figure 7P and 7N, respectively). Renal cell carcinoma and
hang adenocarcinoma show distinetly moembrane staining with YA (Figures 7E and 7D
and EILIN antibodies (Figures 7G and 7K). Renal cell carcinonia and hung
adenocarcinoma showed weak cytoplasmic statning and weak extracellular staining with
the 7G11 (Figures 7F and 71) and Sino013 (Fuynwes 7H and 7L antihadies and thus was
largely absent with the 9A11 and E1L3N antibodies.

PD-1 blockade has shown bencfit in patients with non-viral mediated tumors
{Sciwert ef af, (2014) /. Clin. Oncol. 32:5s (supp): abstract 601 1), PD-L1 may be mduced

in tumors by activated various oncogenic pathways, such as JAKD or Akt pathways

-~ HE .
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{Marzec et ol (208) Proc. Nadl Acad. Soi A 105 20852-20857; Parsa ef ¢f. {2007}

Nt Med, 13:84-88). In both non-smal cell hung cancer and renal cell carcinoma, it hag

been demonstrated herein that the 9A 1] and E1TL3 stain tumers cells and immune cells with
much lower stromal staining than Sinobiologics and 7G 11 mAbs (Figures 7TE-TL). Also, i
sections of the renal cell carcinoms {RCC)Y tumor, the 9A T mAb detects the membranous
expression of PD-L1 but the 7G1H mAb recognizes both membranous and oytoplasmie PD-
L1 (Figures 7Q-7R),

The role of PD-L1 as a prodictive biomarker in the field of impwme checkpomt
nhibition has garnered much enthusiasm since the probinunary finding onginal suggested
its role. However, comparing findings in fater climical correlative studies has provento be a
significant comundrum. PD-L1 tumor expression with the 28-8 clone and 2203 clone of
anti-PB-L1 antthody is associated with increased response to PD-1 blockade with
atvolumab and pembrolizumab, respectively, With a third antibody, GenenteelvRoche has
found that PD-L1 expression on the immune miiltrate 1s associated with responsiveness to
anti-PR-L1 antibody, MPDL3280A. However with all three assays, o fraction of PD-L]
“negative” tamors respond.  Whether this negative-tumer response Is due o heterogeneity
of the fumor, technical Bmitation of auwtomated assay, or differences in the affinity for PD-
L1 expressed and modified by different cells has vet to be clarified. Establishing highly
sensitive and specific reagents are essential for better understanding the biology of PD-LA
and 1ts potential role n chinical medicine. It 1s demonstrated hevein that antthodies directed
agatnst cither the extracellular domain or the eytoplasonic regions of PDR-L1 result s
disparate patterns of expression by THC, The membranous pattern of expression is best
dehneated i THO with the antbodies directed agamnst the cytoplasmic tasl, 9411 and E1L3,
The 9ATT antibody s also highly sensitive and speeific for PD-L1 in Western blot analysis
and correlates with surface expression of PI-L1 in these cell lies by flow cytometry.
maAbs 9A11 and E1L3 result in low background, most evident in the IHC of DLBCL. The
cytoplasmuic expression of PD-L1 may prove to be clinically relevant, as a potentially
recrutiabie reserve of PD-L 1, which may be induced with stress, weatment, transformation
of tunior, However, it appears that both 7G1H and Sine lack the specificity necessary for
stringent anabysis of nanors.

Facilitating delineation of membranous versus oytoplasmic PD-L1I appear o alse
hetter distinguish tumor cells, stroma and macrophage. Distinguishing PD-L1 on the tumor

and infiltrating macrophage is believed to be a means of delineating distinet groups of
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tamors, more tikely to respond to PD-1 pathway blockade. Increased tumor-associated
macrophage has been assocrated with infertor outcomes in ¢HL {Tan e al. (2012) Blood
120:3280-3287; Sterdl et af (2010 N Engl J. Med 362:875-885). As discassed above,
PD-L1 positive tumors, imbune miiltrate or tumor surface expression, in some solid numors
has been associated with improved response to PD-LT or PD-1 blockade, respectively
{Glandh e ol 2014) A4CR Anpuad Meeting, p. CT105; Sona of of. (2013} Fwropean
{ancer Congress, abstract 3408). Betier regents will optimally allow development of better

algorithms for assessing potential response 1o these therapies.

Example 2:  PD-L1 expression in primary clear cell renal cell carcinomas (ecRUCs) and

thoir melastases

Clinical trials evaluating anti-PD-1 and ant-PD-L1 antibodies {Abs) in ccRCC have
shown ¢fficacy in a subset of paticnis. Twmor PD-L1 expression increases the bikelihood of
benefit with anti-PD-1 Ab, but fails to identity all responders, One explanation for these
results 1s that predictive biomarkers are usually evaluated i the primary tumors, which may
not accurately reflect expression in the metastases (mets) that are targeted by thevapy,
Accordingly, PD-L1 expression was compared in a series of ¢eRCCs and their mets.

Formalin-tixed paraftin~embedded tissue blocks from 33 primary coRCCs and
corresponding lymph node or distant mets were retrieved. Mualtiple arcas of the primary
nanors, including areas of predonunant and highest Fuhrman noclear grade (FNGJ, were
sclected for analysis. Slhides were immunostained with a validated mouse monoclonal anti-
PD-L1 Ab {405.8A11). Moembranous expression in tumor cells was quantified asing an H-
score and a case was considered posttive when any tumor cell positivity was detected. For
cxpression i intratumoral immuyne cells, a combined score basced on the extent of
inflanymatory infiltrate and percentage of positive cells was used.

PD-LT expression in homor cells of primary tumors and corresponding mets is

summarized n Table 3

Tahle 3

Metastases
Totad
PiL- PO
) Jig A0 8 8 21 2 23
Privoary Tumors
PR-LI 3 7 10
Totul 24 9 33
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The pattern of PD-L1 staining was lughly heterogeneous in the primary fumors and
was restricted to areas of highest FNG. The stwining was more homogeneons in the mets.
In the 12 cases with positive primary tumors andfor mets, PD-L1 expression m tumor cells
tended to be ugher in the mets {median average H-score == 4.5) compared to the primary
tumors (median average Hrscore=1.3) {(p = 0.06}. No statistically significant difference was
found in PDL1 expression in fmmune cells between primary tumors and their mets
{p>8.33. Thus, discordant exprossion of PD-L1 botween the primary tumor and thewr mets
was detected m 5/33 (15%) of cases indicating that accarate assessment of predictive

biomarkers for PIX-1 blockade v ceRCC could require analysis of metastatic lesions,

Exanmmle 3 Association of PD-L1 expression on tumor inhirating monenuclear cells

and overall survival in patients with urotheligd carcinoma

In the United States, there were more than 72,000 new cases of urothelial carcinoma
CUCY i 2013 with 30% of imital cases presenting with muscle-invasive disease (Stein ef ¢f.

20000 Clin, Oneol. 19:666-673). Close to 30%; of those who are diagnosed wiath muscle
wvasive discase will develop metastatic disease. Metastatic UC remains largely incurable
and the mortality rates have not changed substantially over the past two decades (Kaufman
et al. (2009} Lancer. 374:230-249). Although cisplatin-based evtotoxic chemotherapy has
led to improved clinical outcomes. the median OF s 14-15 months and no effective salvage
treatment options ave available. Many targeted therapies have been also studied in
advanced UC (Pons ¢ af. (2014) Fxp. Opin, favest. Deugs 23:115-124), besides the binuted
population with specific genomic alierations that are druggable (fver er &d. 2013} 7 Clin,
Oneol. 31:3133-3140), these agents have produced limuted clinical activity and when
responses ocow, they are usnally transient. Therefore, novel therapeutios are urgently
needed.

in the non-metastatic and metastatic setting, there are many different cluvical and
pathological features that serve as progaostic factors. To date, there have not been any
vahdated and consistently established immunologic markers that can help survival, 1In
patients with focalized muscle-vasive UL, pathologie stage and nodal status are the most
tmportant prognostic factors for progression and overall survival {O8) (Sternberg ef ol
(2007) Urolagy 69:62-79). In the metastatic setting, clinical factors, such as performance

statug, visceral metastases, homoglobin level, or Hver metastases have been used 1o

EETIN
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progrosticate the outcomie i both first and second Hne (Bellmunt et ol (20002 Clin,
Oncol, 28:1850-1853). Although The Cancer Genome Atlas (TCGA) has provided msights
on the genomie profide of arothelial temors, potentially opening new avenues for prognosis
and therapy (Cancer Genome Atlas Research N Negore (2014) S07:315-322), us chinsedd

5 appheation is still in its infancy.

Non-tmuscle invasive U has been recognized as an immungenic aamor for a lonyg
time {Gueguen er af. (1998).7 finpumol. 160:6188-6194). Tumor infillvating mononuciear
cells (TIMO) appear to be mvolved in the local anti-tumor responses (Boble er of. 2003}/
Lienl 170:964-969), Based on thus rational, impumotherapy with Bacillus Calimette-Guenin

10 (BUG) has been widely used to stimulate the mumune systom in preventing local
recurrences and fumor progression m high grade/CES non-invastve discase {Sylvester ef af.
(2005).7 Urel 174:86-92),

Recently, blocking fmmune checkpoint wolecules with monoclonal antibodies has
emerged as a pronusing strategy in advanced urothehial cancer treatment {(Mellman e ol

{201 1) Nature 4R0(7378):480-489). The imteraction of progranmymed cell death-1 (PD-1) on

oo
174

T cells with tts higand PD-LT {B7-H1) on tumor cells and mmune cells limits T eell-
mediated tmmune responses {Keir ef gl (2008) dmme Rey. Ipmumol. 26:677-704).
Therefore, it is believed that the PDB-1U/PD-L1 signaling pathway plays an important role in
imnune system escape by the tumor (Drake ef gl (2014) Nat. Rev. Clin Oneol 11:24-37).
2y PD-L1 has been shown to be expressed i several malignancies mcluding UC (Table 4;

Brown er af. {2003}, Iymanal. 170:1237-12566; Konishi ¢f af (2604) Clin, Cancer

Res 10:3094-5100; Ghebeh of of, (2006) Neoplasia, 3(3):190-198; Hamamshi ¢f ol (2007)
Froc. Narl. Acad. Sei. TUS 4 Y04:3360-3365; Inman er of. 20073 Cancer 109 1499-1503),

Ty addition, it has been suggested that higher PD-L1 expression in tumor cell membrane or

o
W

tamor infilirating mmune cells is associated with different chinico-pathologic foatures and
climical outcome i multiple diffcrent tumor types (McDermott et al {2013) Cancer Med.
2:062-673), However, the prognostic imipact of this bicioarker has not been cstablished
across differcnt ismor types. Recently, blocking PD-L1 signaling in metastatic UC has
shown encouraging efficacy, with improved responses iz those pationts testing PD-L1
30 posinive in TIMC. This has led to the suggestion that PD-L1 expression can serve as a
potential predictive biomarker for responsiveness to anti-PD-L1 therapy.

It hag been determined hevein that PD-L1 expression is correlated with clinico-

pathological features, as well as O, in a large series of patients with UC as well as overall
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survival incloding patients who developed metastatic disease and were subsequently wreated

with platinens based chemotherapy (M1},

Materials and Methods

a. Patients and samples

A total of 160 patients with UC from two institutions, Dana-Farber Cancer nstitute,
Boston, US, and Hospital del Mar, Barcelona, Spain were identified. Formalin fixed
paraffin-embedded (FFPE) blocks were retrieved from the Departments of Pathology.
FFPE specimens were taken from radical cystectomy or transurethral resection of bladder
aamor {TURB). Baseline chinico-pathological charactenstics mchuding smoking history,
prior BCG treatment, TNM stage at diagposis, copy pumber variatton (CNV) at
chronnosome 9, prognrostic factors m patients with metastatic disease, and clinical follow up

data were retrospectively collected from the DFCT database. Instiutional Review Board

approval was obtained at both mstitetions before data acqudsition and tumor staining.
b. Drmmanchistochermstoy

PD-LY expression was evaluated by IHC using 2 mouse monocional anti-PD-L1
antibody (403 9A 1) developed in Dv. Gordon Freeman's laboratory {Dana-Farber Cancer
Institute, Boston, MA) (Figwe 8). This antibody attaches to the PD-L1 ligand m the
cytoplasmic domain, providing a clearer stin on the membrane of cells. The
immunohistochemical assay was validated usimg FFPE cell line controls known to be
pasiiive or negative for PD-L1 expression by flow ovtometry (Green of of. (2010) Blood
T16:3268-3277). A tissue nucroarray { TMAY was constructed with all UC samples. Each
tamer sample o the TMA had three cores punched per tumor sample o represett tunior
heterogeneity. The TMA also included normal wrothehom tissue cores. The TMA was
stained with the ant-PD-LT antibody (final concentration of 3,25 ug/mi} on a Bonchmark
XT awostainer {Ventana Medical Systom, Tucson, AZ) using standard antigen retrieval
{CC1 butter, pHR.0, #950-124, Ventana). UltraView Universal DAB Detection kit (#760-
300, Ventana) was used according to the manufacturer’s instroction. Counterstaining was
performed as part of the automated staining protocol using hematoxylin (#760-2021,
Yendmsa), After staimung, shides were washed in soapy water and distilled water, dehydrated
in graded slcobol and xviene, mounted and cover slipped.

. Scoring of PD-L1 Expression

For cach sample, the percentage of TIMCs infiltrate, and tumor cells or TIMUs with

membranous expression was deternuned by two independent pathologists (88 and MQO)
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blinded to climcal data. PD-L1 tumor positivity was defined as 25% of tumor cell
membrane staining. The extent of TIMCs was agsessed in hematoxyhin and eosin~stained
shides and recorded as absent (), focal (1), mild {2), meoderate (3) and severe £4) with score
0 or 1 considered negative. The extent of PD-Li-positive TIMUs was also assessed using
the same scoring scale (0-4) and samples with a score of 2-4 were constdered PD-L1-
positive. Seventeen samples were non-evahluable fr TIMC extent or PD-L1 stpining
TIMC.

d. Recurrent copy number alterations

Array comparative genomic hybridization was performed on 71 samples as
deseribed in Riester ¢f af. 2014) Clin, Cancer Res. 20:1873-1863. Normalized copy
nurmber data were segmented vsimyg GLAD with default parameters avaslable i
lencPattern version 3.3.3. Genonue Identification of Significant Targets in Cancer
{GISTIO) software (Mermel e ol {2011) Genome Biol 12:R41) (v2.0.12) was then used 1o
wlentify regions of the genome that were significantly gatned or deleted across a set of
samples. The software estimated false discovery rates {g-values), as well as potential
targets (drivers) of the abommations. Copy mumbers of significantdy gained or deleted regions
{g-value < 0.25) were dichotontized based on the standard GISTIC cutoffs for
ampiifications or deletion (log base 2 ratio > 0.9 or <13, respectively). For this analysis,
only GISTIC regions on chiromosome @ were analyzed.
e. Statistical analysis

The primary objective of this study was to correlate the levels of PD-L1 expression
with overalf survival (OS) in patients with metastatic discase and who recaived
chemotherapy in the wetastatic seiting. The secondary endpoints were to correfate PD-LI
expression with climeo-pathological featwres. Patient clinical and pathological
characteristics were summarized as numbers and percentage. OF was defined as the ime
period between the date of the first chemotherapy application and the date of death, or
censored on the date of tast follow up. The time pomt for corrent smokers was at the time
of eystectomy. Current and former smokers were combined mio the smokers” category for
analysis. Fisher's exact tests were used o assess the associations of smoking status, use of
BCG with PD-LY positivity in tumoy eclls and TIMCs. Cox regression mode! was used to
assess the association of PD-L1 positivity and TIMC with OS in both wnivariate and
multivariable analvas adiusting for ECOG status and whether paticats bad visceral discase

or not. Hazard ratio and 953% Clwere also tisted. Al statistical computations were

- G4 -
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performed using SAS v.9.2 (SAS Institute Inc., Cary, NC, USAY and a p value {two-sided)

L

<05 was considered statistically significant.

Resudts

Paticnt and tumor characteristies arc described in Table 4. One hundred and sixty
patients had tumor sanples and adequate clinical data 1o be evaluated for PD-LI expression
i tamoer colls, Among the 160 total patients, 143 had TIMCs in tamor samples and were
evalaable for PD-L1 expression in TIMUs. Out of the 160 patients, 1 patients developed
nictastatic disease and were treated with platinum based therapy (M1). Qut of the 100 M1
patients, 89 had TIMCs i thetr tumor sanple and were evaluable for PR-LI expression

P TS S o . PR -
TIMCs (M7 Patient groups are sununarized in Figure 9,

Table 4; Pattent characioristics

Al Cohort
(N==160)
N (%)

Clinico-pathological features Patients with
Metastatic Discase
(N=100)

N (%)

Staging Non-Invasive Tumors | 23 (14.4)
T2 60 (37.5)
T3 ST38T)
T4 te {1
Not Available 4{2.5)
Visceral Disease Yes 47 {(47%6)
No 53 (53%)
ECOG PS t 35 (35%)
i 58 (58%%)
2orl 7 (7%}
Chromosome 9 loss Yes 5 (5%
No 66 {66%)
Usnknown 29 29%)
PD-L1 Expression on Negative {<3%:} P28 (3 B (R6%)
Tunior Cell Membranc Positive (25%0) 322 14 (14%)
Extent of TIMC Absent 3(1.9) 2 (2%)

-G8
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Focal 43 (26.9) | 32032%)
Mk 50(31.2) | 28(28%)
Moderate 34212y [ 2H{21%)
Severs 138D 6 (6%}
Not Available F7(106) {11 (11%)
PD-L1 Expression in Absent {19 26 (26%)
TIMC Foeal | R
Mild 42312y 23 (23%)
Muoderate 134202y | B{(R%)
Severe 3{1¢.6) 2 (3%
Not Available 14 {(8.9) HHOLESG)
“Patients with Absent TIMC were not stained for PD-L1 in TIMC

a. PD-L1 expression on tumor ol membrans or tumoy infilirating mononusdear
cells {TIMCs)

In total, 160 patients were amalyzed for PD-LT expression on twmor cells
mendbranes. PD-L1 expression was negative in 12% pationts (80%%) and positive in 32
patients (20%). In the M1 subset, (n = [00) PD-L1 expression was negative in 86 (86%%)
and positive in 14 patients {14%) (Table 4).

Seventeen patients { HL6%) were not evahiable for TIMCs and were not incladed in
the PI-L1 expression analysis. Gut of the 143 patients with TIMCs preseat, PD-L1
expression i TIMCs was scored as absent {0} i 34 patients {21.3%), focal (1} in 5]
patients {31.9%), mild (2} in 42 patients {(26.3%), moderate {3} in 13 patients (8.1%4), and
severe {41 in 3 patients (1.99%). PD-L1 expression in TIMCs was considered negative {0 or
1Y in 83 out of 137 patients (3%} and positive (2-4} 1n 38 patients (37%:}

Among the MU sabset (n = 89}, PD-L1 expression in TIMC were scored as
absent (1) in 25 patents {(28.1%%), focal (1) in 30 patients (33.7%), nuld {2) in 23 patients
{258%), moderate (3} in 8 paticats {9.0%) and severe (43 in 2 patients {2.2%). PR-Lim
TIMCs expression was considered negative (0-1) 1n 536 out of 89 patients (63%%) and
positive {2-4) in 33 out of 89 patients (37.1%%) {Table 4}

b. Association of PD-L1 expression and overall survival in patients with metastatic

disgase

- 96 -
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b the M1 sabset, the presence (score of 2-3) versas the absence (score of 0-1)
of TIMC infilirate was found to be significant in terms of longer overalf survival (11
months ¢s, 18 months p=04.02). Positive PD-L1 expression {score of 2-4) in TIMC was
significantly assoctated with longer O8 (12 vs. 23 months) 1 both wmvarniate (p = 0.04) and
nusttvariable analvsis (p = 0.0007) (adjusting for BECOG statas and visceral disease) (Table
& and Figure 9). PD-L1 expression in tumor cefl sentbrane was not associated with O8 (p
=045} {Table R). Medum follow up was 25 months for M1 patients,

¢. Association of PD-L1 expression and staging

Qverall, 23 paticonts had non-muscle tvvasive bladder cancor (TO and T1) and 133
patients had figh grade muscle trvasive bladder cancer {12}, Staging was not gvailable in
4 patients. For muscle-tnvastve UC, TNM stages 1, I and 1V at diagnosis were found m
60, 57, and 16 patients respectively. There were no statistically sigmificant differences in
PD-L1 expression on TIMC or on tumor cells between non-invasive or nvastve bladder
cancer ($1.8% versus 30%; p = 0.53; §.7% vs, 21.8% p = (.23 {Table 7).

d. Association of PR-L1 expression and BCG treatment

Information regarding the prior use of BCG was available i a subset of 69 owt of
the total 160 patients (43 1%). Out of the 69 patients with information available on prior
BCG use, 17 patients (23%) were treated with at least one BCG mstillation and 32 {70%)
did not receive any BCG therapy {Table 53, All patients who underwent BCG treatment
had their last eatment within one yvear of oystectomyy. There was no correlation with prior
adjovant BOCG exposure and PD-L1 expression in ttunor cell membrane o TIMCs (p=0.12
and p = 099 respectively) (Table 6).

¢. Association of PD-L1 expression and smoking status

It a subset of 73 patients, mformation on smoking history was avatlable. Out of the
73 patients with smoking history available, 9 (12%) were active smokers, 46 {629%) were
former smokers, and 18 (24%) had never smoked. Smoking history was not associated with
PD-L1 expression in tumor cell membrane or TIMCs (p = 0.86 and p = 0.99, respectively)
{Table 6).

. Associgtion of PD-L1 expression gnd copy mumber vattation at chremosome 9

Copy number variation {CNV) data were available for 71 of the 100 M1 patients.
CNV at the PD-LT locus (9p24) was not significant in terms of standard GISTIC
parameters {Table 9). The corrclation with loss of all of chromosomie 9 was also analyzed.

Loss of chromosome 9 was defined as having a loss i al four loci (9p11.2, 9p21.3, 9g343
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and 9p23) that were shown to be significant based on GISTIC cut-offs. Chromosome 9 loss
was identified in § patients. o this anabysis, loss of chromosome 9 did not correlate with

PD-L1 expression in tumor cell membrane nor TIMO (p>0.99),

3 Table 5: Smoking history and use of BCG

Clinico-pathological feature Total 74 UC
N (%)

Prior BCG use Yes 17{23)

No 2 (7

Unknown 3¢Ty
Smioking History Active smokers G{12y

Former Smokers | 46 (62)

‘Never Smoked

Unknown

Table 6: Association of PD-L1 cxprossion with BCG use or smoking history

Clhinical Featsres PD-L1 expression | P- PD-1.1 expression P-
vatoe | TIMC valge
Positive | Negative
Prior BCG | No 3 17 012 121 27 6.99
Yes 15 2 7 ¥
Smoking Active 7 2 086 |4 5 099
history Smokers
Former 32 14 19 23
Smokers
Never 14 4 7 9
smioked

Table 7: Association of PD-L1T expression with staging af thme of radical evstectonyy

Staging PD-Lt Expression in P. P11 Expression P
Tumor Cell Membrane | value | TIMC value
Negative | Positive 0.25 | Negative | Positive | 053
Non-Irvasive 21 2 7 3

- ¥ -
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Table 8 Association of PD-L1 expression and OF i patients who develop wetastatic

disease
N | Deaths | Median { HR and B- HRand | P-
0OSs @3% C1 valo { 93% CL | value
(amivariate) | ¢ {sitivar
table)
PD-LE | Absemt, | 36 |37 | T [87(1.02, [ 004 (339 | 0.000°
Expression | focal 347 {1.64, 7
in 6.2
TIMC Mild, 3314 23 i i
moderate (reference) {referenc
. SeVEre £)
PD-LI <5% 56 |52 14 142(0.87, 1045 {172 (.26
LRPression 3.35) {0.67,
in 440}
Tumeor Cell | 28% 1415 Not i i
Membrane reached | {reference} {referene
)
Table 9: Association of PD-L1 expression with stage and chvomosome 9 loss
PD-L1 % tumor | P-Value | PD-L1MNC cell | Pvalue

<5%

25%

Neg(C-1)

Pos(2-4}

Chromosome 9

Loss >0.99 .53
Without Loss 58 5 37 2
Loss 8 ) 23

Stage

0.56

01

2,34

75

54

- .
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Higher PD-L1 expression i tumor celis has been correlated with both favorable and
unfavorable cutcome in several mahignancies (Zhang ¢ ol 2010y Cell. Mol Bumunal.
7:389-395; Shi er el {2011 Sl T Cancer 128:887-896; Hino e ol (2010) Cancer
116:1757-1766; Schalper ef af. (2014) Clin. Cancer Res. 2002773-2782; Velchett er af.
{2014) Lab Dovese 94:107-116) In UC, PD-L1 expression on tamor cells has been
assoctated with hugh grade, stage, and worse outeome in some reports. However, the
overall smpact of PR-L.1 expression on prognosis remains controversial i UC {Gadiot 1 of.
2011) Cancer 117:2192-2201). No reports have addressed the role of PD-LT n TIMC,
The results described herein are demonstrate that PR-LT expression i TIMC is correlated
with improved OS n patients with UC whe developed metastatic discase and were
homogenenusly treated with platsnum based chemotherapy. PR-LT expression can occuy
on the tumor celf or on TIMCs. When T cells recognize antigen and become activated, they
expross cyiokines such as interferon-y which in turn can induce PD-L1 expression on
surrounding inwmune and tumor cells. The expression of PD-LT on TIMCs 15 consistent
with the wdea that these intratumoral ymphocoytes are tumor antigen-specific and
responding to the tumer.

The correlation between PD-L1 expression in tumors colls and elinical outeoae in
paticnts with UC was firstly reported by Nakanishi and colleagues. PD-L1 expression in
wmor cell membrane were evaluated in 63 patients with UC and positive PD-L1 expression
was significantly associated with worse climical outcome (higher visk of recurrence and
shorter overall survival) (Nakanishi ef ol (2007 Cancer Immunol, Inmunotherap.
$6:1173-1182). I addition, levels of PD-L1 expression were found to be high in
nflammatory cells in 13 randomidy selected patients.

Recently, Boorjian and colleagues reported that higher PD-L1 expression it tumor
cells was associated with the presence of advanced disease i patients with UC. In this
study, PD-L1 expression was also correlated with short overall survival in patients with
organ-confined UC after radical cystectomy {Boovjian ¢f ol (2008) Clin, Cancer
Ker 144800-4808), In another sories, which evaluated 302 UC patients, PD-L1 cxprossion
m fumor cell membrane was not corrclated with recutrence, cancer-specific or overall
survival, However, in pationts with organ-confined UC, higher PD-L1 expression was
associated with an mereased risk of death {p = 0.02) (X yvhinas et af. (2014) Eur. /. Surg.

Cheol #h121-127).
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in bladder cancer, based on the potential predictive role recently described for PD-
L1 expression on mmnune cells in patients receiving cheek point infubitors, attention has
now switched towards the analysis of PD-L1 expression o teumuane colls instead of tamors
cells (Powles er &/, (2014} Clin. Oncol 32:5s {supp; abstract 5011). In the study
described herein, no association between tomor cell PD-L1 expression and chinical outcome
was found. However, in addition to secing a correlation with higher TIMU s infilirate and
survival, higher PD-L1 expression in TIMCs was statistically correlated with longer OS m
the multivaniate analysis in patients who developed metastatic discase and subsequently
veceived chemotherapy.

Recently, Topalian and colicagues reporied the results from g phase 1 irial of an
anti-PD-1 monocional antibody (mivolumab) in solid tomors.  Encouraging responses were
observed in patients with melanoma, non-small celt fang cancer and RCC. Additionally,
the duration of responscs appeared to be greater than that observed with systemic
chematherapics or other targeted therapies. A biomarker analysis was conducted 10 42
randomly selected patients who were treated with this agent. Among these 42 patients, 23
wiere considered PDR-L1 positive in tumor cel membrane. Objective responses were seen in
36% of PD-L1 positive paticnts v, 0% in PD-L1 negative paticnts {p = 0.008) (Topakian et
al (2012) New Engl J. Med. 366:2443-2454).

Most recently, prehnunary results from a phase I'study to evahuate the efficacy of
MPDL3I2RGA, an amti-PD-L1 mAb, in patients with advanced UC were presented. This
study cirolled 67 paticents with aggressive features, The overall response rate was 52%
with nost of the responses ongomng at the cut-off time of analysis. The RR in those patients
who express PD-L1 in bmune cells was 43% vs. 11% m those who were considered PD-
L1 negative {Powles ef ol 2010 2 Chin, Oncol 32:55 (supp; abstract 301 1). These resudis
support the rationale of PD-L 1 expression n imamune cells as a poteatial predictive
biomarker for immunotherapies in UC, However, 27% of patients who stained PD-L]
negative stll had a response to MPDLIZEOA. This highlights the need for better
biomarkers for response to anti-PDO-L1 therapy. Phase 3 studics across the United States
amd Europe are currently ongoing and the resulis regarding efficacy and potential prediciors
of response are eagerly awaited to confirm these findings.

Treatment with BCG, m patients with ligh-risk non-invasive tamors has resulted i
tower risk of recarrence {Castellano e of. (2012) Cancer Trearimeny Rev 3%:431-441). The

suecess of BOG i high-risk non-invasive tumors has highlighted UC as an immune
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sensthive discase. However, the role of inumune checkpoints ke PR-VPD-LT i patients
who recetved this therapeutic strafegy remains unclear (Preseott ef al. {2000) Clin, Dfect.
Dix. 31:591-893). Inman and colleagues evalvated PD-L1 expression in fomor cells m 280
UC of the bladder. In that study PD-L1 expression was associated with high-grade tumors
and tumor mfiltration by mononuclear cells (p=0.009 and p=0.004 respectively). Higher
PD-L1 expression was seent in 11 out of 12 patients who had BCG-indaced pathological
inflanunatory changes and failed BCG treatment suggesting that tumor cells nught e
protected from attack by immune cells through imonmne checkpomts, like PD-L {Jaman e/
af. 2007y Cancer 109:1499-1303). Notably, i the analysis deseribed herein, PD-L
cxpression was not correlated with prior use of BCG,

The PD-L1 gene 1s located on chromosome 9p24. Green and collcagues
demonstrated that PD-L7 amphification was associated with sigmificantly higher PD-1L1
expression on tumor cell membrane of Hodgkin Lymphomas {Green ef af. (2018) Bleod
116:3268-3277), UC s associated with multiple somatic ONV, mcluding frequent
chromosome 9 loss {Fadl-Elnuila er af, (2000) Genes Chiomoson. Cascer 29:256-263).
Therefore, i was belioved that CNV on chromosome 9 may correlate with PD-L1
expression i UC, No correlation was found between copy number changes and PD-L1
cxpression.

Thus, PD-L1 1 widely expressed in tamor cell membrane and TIMC i UC, No
sigmificant correlation was found with prior BCG geatment, smoking fustory, staging, or
clromosome 2 copy number changes. However, PR-LA positivity 1 TIMC and not 1
tumor cells was significantly associated with better overall survival in those patients who
subsequently developed metastatic disease and received treatment with platimum based

chemotherapy,

Example4:  PD-L1 expression in non-clear renal cvll carcinoma

Renal cell carcinoma (RCC) has been widely recognized as an heterogencous
disease encompassing ditferent histological subtypes (Cohen and MceGovern (20053 X
Engl J Med 353:2477-2490. Clear cell RCC {ccRCC) 18 the most common subtype and
acconnts for more than 80% of the tumors that arise from the renal epithelion (Chouein
2011y Hematol, Cncol Cling Novth, Am. 23:x1ii-xiv). The remaining renal epitholial
malignancies, collectively named as non-clear cell RCC {nonceRCO), inchede several
subtypes such as papitlary RCC (10-15%), chromophobe RCC (5%), and the more rare

forms, which include as Xp11.2 ganstocation RCC, wnclassified RCC, and coltecting duct
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carcinoma., among others { World Health Qrgamization (WHO), Ridney Cancer ~
Fuathological Classification. 2004).

In RCC, surgery can be curative for localized discase (Junzen er of. (2003) Lirol
Clin. North Am. 3:843-852). However, about 30%: of patients treated with nephreciomy
will still develop systentic metastases. The risk of recarrence has been associated with
chimical and pathological factors such as tumor-node-metastasis {TNM) staging and
Fuhrman nuclear grading (Zisman ef of. 2001}/ Clin. Oncoll 19:1649-1687). Several
reports suggested that localized non-ccRCC s more bikely to have a favorable prognosis
than ceRCC (Heng and Choueiri (2009} 2 Nadl, Compr. Cane. Netw, 7:659-663).
Paradoxically, some sertes showed that when metastatic, some types of non~ccRCC such ag
papifary and Xpl1.2 wanslocation RCC (Motzer ¢ . (Q002) . Clin. Oneol. 202376~
2381 Bellmunt ef gl (2010 .1 Clin, Oneol. 28:1850-18353), may have an aggressive
climcal cowrse and a shorter overall survival (OS).

Immunotherapy strategies have been used for decades in patients with advanced
RCC, with prolonged survival being seen in a very small proportion of patients treated with
uterferon alpha or high dose 1L-2 thevapy (Fighn (19997 L5 161381-387). Based on
the important role of angiogenesis i coRCC, single-agent therapies Mocking the vascular
endothelial growth factor (VEGF) or its receptors, as well as the mammalian target of
rapamycin {mTOR) produced significant clinical benefit in the magority of metastatic
ccROC, resulting v a wedian OF of 20-30 months, compared to ~13 months reported with
traditional immunotherapy {Meotzer ef /. QU N Engd. J Med, 369:722-731; Sonpavde
and Choueird {2013} Urel. Oncol 32:53-15). Beeause of their relatively low prevalence and
their distinet biology, patients with non-ccRCC have typically been excluded from the
pivotal chinical trials of anti-anglogenic and tamwor targeted agents (Chowdlay er o (20113
Hematol. Oncol. Clin, North, dm. 25:833-869). Although some series have suggesied that
those drugs may also have sctivity m patients with non-ccROC, more effective thempi@s for
this patient population are sceded {(Heng and Chouetri (2009}, Nudl, Compr. Cane. Netw.

7:659-663; Harshman and Choueirt (2013) Cancer J 19316-323; Bellonumt and Dutcher

{2013) Aon, Oncol 24:1730-1740; Dutcher et af. (2009} Med. Oncol. 26:202-209).

The levels and chnieal significance of PD-L1 expression in non~ceRCC subtypes is
stilf unknown. In the study desenibed herein, PD-L1 expression was determined to be

associated with clinical outcome 1 a large series of pationts with non-ceRCC.



WO 2015/061668 PCT/US2014/062149

io

L

20

o
W

Materials and Methods

a. Patients and samples
One hundred and one patients with non-ceRUC (chromophobe RCC, papitlary RCC,
collecting duct carcioma and Xp.11.2 wanslocation RCC) treated surgically at 2
institutions {Brigham and Women's Hospital (BWH) and Mayo Chinic), were identified.
For comparative purposes, 20 patients with encoeytoms or angiommyolipoma treated in the
same Institutions were also evaluated. Formalin fixed paraffin-ombedded (FFPE) blocks
were retrieved and comresponding shides from all cases were re-reviewed by an expert
genftourinary pathologsst (55 at BWH. Baseline clinico-pathological chavactenistics such
as age, gender, banor size, Fehrman grade, pathological TNM stage af tiume of surgery and
follow up data were retrospectively collected for patients with non-ccRCC. Uniform data
cotlection templates were used to ensure consistent data. Institutional Review Board
approval was obtained before data acquisition and tumor staining.

b. Immunohistochemistry

PD-L1 expression was evaluated by immmmohistochemistry using a mouse
monocional anti-PD-L1 antibody (405 9A11) developed in Dr. Gorden Freoman's
iaboratory (Dana-Farber Cancer Iostitute, Boston, MA) (Figure 11). The
immanohistochenucal assay was extensively validated using FFPE cell line controds known
to be positive or negative for PD-L1 expression by flow eytometry {Green ef ol (2010
Blood 116:3268-3277). Four micron-thick tumor sections were stamed with an anti-PD-L1
antibody concentration of 3.25 ug/ml, on a Benclunark XT autostainer (Ventana Medical
System, Tucson, ALY with standard antigen retrigval (CC] buffer, pHE .G, #050-124,
Veotasa) UliraView Universal DAB Detection kit (8760-3)0, Ventana) was used
according to the manufacturer’s instruction. Counterstaining was performed as part of the
agtomated staining protocol using hematoxylin (B760-2021, Ventana). After staining,
slides were then washed i soap water and distitfed water, dehydrated i graded alechoi and
xyicne, mounted and cover slipped.

¢. Quantification of PD-L1 expression on tamor cell membrane

Moembranous expression in fumor cells was quanitificd semi-quantitatively by two
mdependent pathologists (55 and M) blinded o clinical outcome. PD-L1 tumor positivity
was defined as 25% tumor cell membrane staning.

d. Creantification of PD-L1 expression in tumor infilirating mononuclear cells

{TIMC)
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The extent of TIMCs (e, ymphocyites and macrophages) was assessed in
hematoxyvlin and eosin-stained shides and recorded as absent (), focal (1), mild (2),
moderate {3) and marked (4). The percentage of PD-Li-positive TIMC was evaluated
independently by two pathologists {SS and MC), according to three categories (0%=0,
5%l 28%%=2) An adjusted score representing PD-L1 expression was caleulated
nuitaplying the percentage of TIMC that stained positive for PD-L1 and the extent of
mononuciear cell miftlivation,

¢ Statistical analvsis

The primary objective of this study was to characterize the PD-LT oxpression in
patients with non-coRCC and to correlate the levels of expression with clinico-pathological
features as well as disease outcomes. Two endpoints were analyzed: 1) TTR, defined as
tme from diagnosis to the date of development of metastatic disease and 2) O8, defined as
time from disgnosis to death, In the absence of an event, the endpoints were censored at
last follow-up time.  Patient and tumor characteristics were sunwnarized deseriptively. PD-
1.1 tumor positivity was defined as >5% tumor cell membrane statning. For PD-L1
expression i TIMCs, any score greater than zeve was considered positive. Comparisons
between PD-L.1 expression and ¢linicopathological features wire evaluated using Chi-
square of fisher's exact test (when sample size was siali} for categoneal vanables and
Wilcoxon rank-sum test for continuous vanables. Kaplan-Meier method estimated the
distribution of TTR and OS by the PD-L1 positivity. Cox proportional regression assessed
the associations with hazard ratio and 93% conference interval {CI). PD-L1 cxpression in
paticnts with bomign tumors was reported deseniptively and corvelations with climico-
pathological features as well as outcome variables were not performed.

Al statistical computations were performed using SAS v 9.2 {(SAS hstinste Inc.,

Cary, NC, USA} and a p value (two-sided) <0.05 was considered statistically significant.

Resuliy

a. Paticnts and tumor characteristics
Characteristies of patients with non-ccRCC are outhined in Table 10, The study cohort
inchaded a total of 101 patients with non~ccRCC. The histological subtypes inchuded
chromophobe RUC (n = 36}, papillary RCC (v = 30) and Xpi1.2 ranslocation RCC {n =
1) and collecting duct carcinoma {n = 3). The median follow-up time was § vear (infor-

quartife-range (IQR}: 3.5-6.2), and the median age was 39 vears (range 24-81). For non-
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ceROC, TNM cliwead stages 1, H, HH and 1V at dragnosis were wdentified in 54, 19, 18 and 9
patients, respectively. Additionally, 47 patients had high Fubrman grade (I or IV) and 53
had low Fuhrman grade (Lor ). In one tumor sample the definition of tumor grade was
not precisely possible and 1t was not reported. The median tumors’ size was 4. 7em {range
2.8-7.7). For comparative purposes, 24 patients with benign kidney tumors were also
evahated for PD-LI expression, The lustological subtypes mchaded oncoeytoma (= 13)
and angiomyclipoma (v = 7). The median tumor’s size was 3.2 om {range 1.9-3.6}.

Table 1 Non-oeRCC Patient Characteristics
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b. PD-L1 Expression in aumor cells and clinie-pathological featwres

Among 101 patients with non-ccRCC, PD-L1 expression in tumor cell membrane
was negative i 90 patients {89.1%) and positive in 1 patients (10.9%). Specifically, PD-
L1 positivity i tumor cell membrane was detected m 2 of 36 (3%%) chromophobe RCCs, §
of 50 (10%:} papillary RCCs, 3 of 10 (30%) Xp11.2 wanslocation RCC, and 1 of 5 (2094}
collecting duct carcinomas. PD-L1 positivity in taowwr cell membrane was significantly
associated with higher TNM stage (p = 0.01) and Fuhrman grade HIAV (p = 0.03) (Table
11}, Onthe other hand, PI-L1 positivity was not correlated with gender, age at diagnosis,

oF fumor size)d.

Table T

3 Pasiviors Tussor Colf Membraae o Tty sting Manesacdor Cofis

Swavesd

Chavavteriais

povales

N
H

Shage a8

Fulirnvs &

Crade i

st &d

¢. PD-L1 expression in TIMUs and climie-pathological features
Overall, the extent of TIMCs infiltration was: absent in 11 patients, focal in 27

patients, mild 1n 31 patients, moderate in 20 pationts and marked in 12 patients. PD-L1

expression a1 TIMCs was negative (score 0) in 44 panents (43.6%). Fifty-scven patients
{36 4%} were considered PD-L1+ i the TIMCs. Among the s with PD-Li+ TIMCs,

37 patierds had expression in less than 8% of inwnuae cells and 20 patients presented
expression in more than 3% of imnume cells. There was a sigmificant association of
histology subtype and PD-L1 expression levels in TIMCs (p = 0.001). Spectfically, among
paticnts with PD-L 1+, 13 of 36 (36%) had clwemaphobe RCC, 30 of 50 {6(%) had
papitfary RCC, 9 of 10 (90%) Xp11.2 had translocation RCC and 3 of § (194) had
collecting duct carcinoma. PD-L1 positivity in TIMCs was not significantly associated
with TNM stage {p = 0.35} or temwor grade (p = 0.1 1) {Table 11}, In addition, PD-L1

positivity in TIMCs did not correlate with gender, age at diagnosis or fumor size.

= b
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d. PD-L1 expression and climreal outcome in non-ceRCC

The overall median follow ap of the cohort was § vears, 17 patients died and 24
paticnts developed distant metastases, Pationts with PD-L1+ in tamor cells were
sigmficantly associated with increased nisk of death (HR = 6,41, 985 €1 2.17-18.88;
pfL001) compared to patients with PD-L1 negative in tumor cells. A similar trend was
observed when comparing PD-L1 expression in TIMUs, but the resull was not statistically
significant (HR = 2.49_95% C1086-7.2; p = 0.08) (Figure 124). In addition, PD-L1+ on
tumor cell membrane and TIMCUs both were associated with lower TTR (p=0.02 and p=
0.03, respectively) (Figare 12B).

c. PD-L1 expression in benign kidney tumors

PD-L1 expression in tumor cell membrane was positive in 4 of 13 (30.8%)
oncoevtomas and 4 of 7 {0%) anglomyolipomas. In addition, 7 of 13 (33.8%) of
oncoeyioma and 7 of 7 {100%) angiomyolipoma expressed PR-LT in TIMC {score = ().
Correlations with clintcopathologieal features as well as owtcome vanables were not
performed.

Thompson and colleagues were among the first to describe the PD-L1T expression in
ceRCL, in one study of 196 patients, PD-L1 expression was associated with aggressive
featares, such as higher TNM stage, tumor size or Fuhrman grade and moreased risk o
cancer-specific mortality (Thompson ef gl (2004 Proc. Natl. dead. Sei. US4, 10117174~
17179). In another study of 306 patients PD-L1+ was seen in 23%, of cases. Similarly,
PDL1+ tumors were more Hikely to present adverse pathologic features, inchading TNM
stage 1 or IV, higher tumor size and Foluman grade I or IV (p<0.00] {or all), and higher
risk of eancer-specific mortality (RR = 2.8 83% CL 1.27-3.15, p~0.003) adjusting for TNM
stage and grade {Thompson ef ol (2006} Cancer Rey. 66:3381-3385). Interestingly, the
correlation between PDLT expression and adverse prognostie factors, as well as OS was
identified with PD-L1 expression in both timor cell membrane and tumor infiltrating
tvimphoceytes {TILs). Based on these stadies, PD-L1 expression may be considered as an
independent predictor of poor prognosis in ceRCC {Thompson er of. G007} Clin. Cancer
Res. 13:709s-7135s).

Orverconung this adaptive mechanism of tolerance with therapies blocking the PID-1
or PD-L1 could restore the effectivencss of T cell responses agatnst fumor celis {Korman e
al (2006) Adv. Immunol. 90:297-339). A phase | study evaluating the safety and efficacy

of the anti-PD-1 monoclonal antibody (mivolumab) in paticnts with advanced cancer
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produced encouraging Romor responses in patents with RCC and other mahignancies.
Moreover, specimens from 42 patients, inclading 3 patients with RCC were analyzed for
PD-L.1 expression i tumor cells, Overall, 2% of 42 were considered PD-L 1+, Among
these 23 patients, 9 (36%) had objective response. On the other hand, none of the patients
with PD-L1- expression achieved objective response {p = 0.006). These results supported
the hypothesis that PD-L1 may be a pronusing predictive biomarker of response to agents
that target the PDLPD-LT axis (Topalian ef ol QUI2Y N Engl. J. Med. 366:2443-2454).
Singce that landmark stady, 2 other studies in RCC specifically showed that patients with
PO-LI+ tumors have namerically higher response to agents that tavget the PD-LU/PD-L axis
than PD-11 negative tumars, although # 15 important to pote that responses were secn in
PH-Ll-negative tumors {Cho ef ol (2013) Clinical acindty, safety, and Biomarkers of
MPI32804, an engineered PD-LT anttbady in patients with metastatic renal cell
carcinoma (mROCH 2013 ASCO Aanugl Meeting; Chousint ez o, {(2014}.7 Clin. Oneol.
32:5s (supp.; abstract S012N.

The study described herein reports PD-L1 expression m non~-ccRCC and its
correlation with clinical outcome, Consisient with previcusty published ccRCC studics,
PU-L1 expression i twnor cell membrane was correlated with higher Fubmman grade or
TNM stage m patients with non-ccRCC. In addition, on univariate analysis, patients with
PD-L1 postiivity in tumor colls were sigmificantly more hikely to have a shorter OS.
Furthermore, a trend for shorter OS was also observed in patients with PD-L 1+ TIMCs and
both PD-L1 positivity on tumor cell membrane and TIMCs were associated with lower
TTR. Multivariate analyses indicate that tumor stage, Fuhrman grade and histology are
sigmificant effect modifiers for the association of PD-L1 positivity on clinical cutcome. It
has also been confirmied herein that that PD-L1 expression can exist in benign kidney
mors, as previously reported in Boosjian ef of (2009} Urology 7413591364,

hfiltrating mononuclear cells in RCC release eytokines to either promote tumor
growth or impaiv anti-tumor pmune responses. In addition, hugh fevels of Tiks have been
associated with an mereased risk for cancer progression and death (Webster e af. (2006}
Camcer 107:46-33). Similarly, higher expression of PD-L1 in TILs was also associated
with aggressive features such as tomor grade and TNM stage 1o ocRCC (Thompson et of.
(2007 Clin. Cancer Res. 13:1757-1761). Among non-ccRCCs, no statistically significant

association between PD-LT expression in TIMCs and clinico-pathological features or OS

- 109 -



WO 2015/061668 PCT/US2014/062149

20

30

was observed. Nonetheless, the percentage of patients who were considered PD-L1+ by
this method was overall much lugher than with the tumor membrane staining.

In the analysis described herain, PD-L1 expression in non-ccRCC was shown 1o be
heterogeneous and dependent on histology. In 2004, the World Health Organization
{WHO) classification of renal tumors recognized a new subtype of kadney cancer
characterized by translocations wvolving the transeription factor E3 (TFE3} located on
Apli2 gone (Malonf ef af, ZO11)Y L Ol 185:24-29). These tumors share some
marphological features with cocRCC and the real mcidence of this subtype may be
anderestimated (Bellmunt of ol (2N 4 Clin. Oncol. 2818501855 Aggressive climical
course in a younger adult population with a female predonminance has been reported.
Despite anti-VEGFE drogs baving some activity 1n these patients, there is no established
treatment for patients with metastatic discase (Malouf er al (2010) dnn. Oneol 211834~
1838}, In the desoribed herein, 3 out of 10 pationts who had Xp11.2 translocation RCC
{30%%) exhibited PD-L1+ m fimor cells and 9 of 10 (90%) harbored PD-L1+ TIMC.
Collecting duct carcinomas are also a very aggressive disease and up to $0%: of patients
present with metastatie disease at diagnosis {(Bellnnant and Datcher (201 3) dna. Oncol,
24:1730-1740). In our study, 1 out of 3 patients expressed PD-L1 on tumor cells and all of
them were considered positive In TIMC, Thas, it is belioved that PD-L1 plays a kev role in
the biolegy of Xpll.2 tanstocation RCC and collecting duct carcinoma and could represct
an tnportant therapeutic target for these RCC subtypes for which few therapeutic options
are currently available,

I sunpmary, PD-LT expression i tumor and TIMO occars 1n patients with non-
ceRCC depending on histology subtype and twmor niembrane vs. iumune ccll scoring. In
addition, PD- L1 positivity on twmors cell membrane was assoctated with aggressive

climeo-pathelogical features,

Example 5 Differential expression of LEB L PD-L1 and PD-L2 in KRAS-nyutant non-

small cell lune cancer INSCLEO) in never-smokers

KRAS mutation is the most conunon oncogemie alteration in heyg adenocarcinoma
and is detected i 30% of smokers and up to 15% in never-smokers, The tumor suppressor
LKB/ s commonly nustated i NSCLC and LKB] mutations oceur concurrently in 30% of
KEAS puatant NSCLC. In murine models, Krnes mutant tumors with concurrent L&A1 loss

dernonstrated more aggressive phenotype, and more frequent metastasis, and did not

- 110 -



WO 2015/061668 PCT/US2014/062149

io

L

24

[l
N

respond to docetaxeliselumetinub treatment. Tnwnune checkpoint blockade by anti-PD-
UPD-LI monoclonal antibodies (mAb) is being chnically evaluated. Clinical responses to
these agents scoms to correlate with PD-L1 expression and smoking status {Ricly ef &,
{2008 CCR 14:5731-5734, Thie er of. (20123 INCT 104:228-239; Imilemski e¢f ol (2012)
Cell 15:1107-1120; Chen e ol (2012} Nasee 483:613-617; Butaney et al. (2012) JCO
30:supp. {abstract 7388 Topalian ef af. {2012) NAEJM 366:2443-2454). The expression of
LKBL, PD-L1 and PIRL2 i KRAS pautant NSCLC from smokers was determined and
compared {0 never-smokers.

Using an institational database, five hundred and fourtesn KRAS mutant NSULC
paticnts were wdentified and 318 were tested (incwdence 28%) of which 42 were never-
smokers (8% of KRAS mutations). FFPE archival specimens were retneved from 31 never-
smoker patients and 123 smokers patients. The specimens were analyzed for climical and
mriccular characteristics and examined for LKBIL, PD-L1, PD-L2 tumor expression, and
PD-1 tumor-intiltrating bymphocytes (TILs) by invnunohstochemistey (THO) using murine
mabs as follows: LKBI {clone Lev3TD/G6): An THC assay for LKB1 detection in KRAN
NSCEC was optimized and validated. A panel of cell lines that were FFPE, and clinical
samples with known LEBS status were wsed. A dilation 1:115,000 was selected for
subsequent studies. LKB! staining was scored as infact or tost, with any degree of
expression qualifying as intact. PD-L1 {clone 9A T Expression was considered positive if
>5% of cancer cells had cell membrane staiming. PD-L2 {clone 9E3); Expression was
considered positive i > 16% of cancer cclls had oytoplasm staining. Both PD-L1 and PD-
L.2 were scored for intensity (O negative; 1 weak: 20 moderate; 3: intense) and percentage
of positive cancer celis. PD-1 {clone EH33Y: Positive celfs were counted under 20x nuddie
power field. For each slide, 3 representative arcas were chosen to count, and the average
munber was recorded. Tlhs were evaluated by CD3 standard staining.

In addition to smoking status, LKB1 was found toss more frequenty with KRAS
transversion mutations (p = 0.029) with a borderhine tend in stage I'V disease (p = 0.07).
No differences by KRAY mutation or other demographics were found. ARAY mutant
patients with stage TV disease and LR8B! loss had higher number of metastatic sites at the
time of diagnosis (median 2.5 vs. 2.0, p=0.01) and developed bram metastasis more
frequently (8% ve, 25%, p=0.02).

08 and PFS in ARAY mutant patients who received Ist line cytotoxic chemotherapy for

stage TV disease at DFCEin LKB1 intact vs. loss patients were compaved. Patients with <1
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vear prior adjuvant therapy or chemoradiation or yntreated brain metastases were excluded.
PD-L1 wags positive in 29/ R pis (358%; 95%CT, 18-33%) and #t was related to smoking
status, Smokers, especially aqurent smokers, had increased incidence of PD-L1 expression
and also trend towards higher scores. Median percentage of expression did not show
differences between smokers vs, never-smokers (61% vs. 319, respectively).

PD-L2 was positive in 3471 14 pis ($7%; 93%CT 38%-56%%) and it was not related o
smoking status. Neither intensity or median percentage of PD-L2 tumor expression varied
between smokers and never-smokers (43% vs, 49%). Nether PD-L1 or PD-L2 expression
was associated with the tvpe of KRAY mutation,

PD-1 posttive TILs were found in up fo 93% of PD-L1 and PD-L2 positive samples
{median 24 and 13 counts, respectively) but only i the group of PDR-Li+ and IHC-3+ were
there were more PD-1+ cells. There was no clesr association between PD-LT and PD-L2
CXPTEssion.

Thus, KRAS mutant NSCLC appears to be a heterogencous disegse. KRAS
mutations also occur m pever-smokers with an incidence of 10% in the Caucasian
population. No clintcal differences versus smokers were observed, bat a different
matational profile was observed. LKB1 mutations were related to smoking and loss ocours
frequently in smokers versus never-smokers. LKBI oss confers poor prognosis to stage IV
patients (e.g., shorter OS and increased sites of metastasis, inchuding brain metastasis}, PD-
L1 expression in KRAS mutant NSCLC was low and related to smoking status. PD-L2 was
necarly double expressed than PD-LT in KRA mutant NSCLC but was not related to

smoking status.

Example 6. Expression of the mamunosuppreasive molecule PD-L1 in HPV and HPV-

vubvar squamous eell carcinoma

Select tumors express programmed death hgand 1 {(PD-LD to engage P+l on T
cells and inhibit anti-tomor inunanity. Blockade of PD-1 signalimg with therapeutic anti-
P3-L1 or anti-PFD-1 antibodics has resulied in durable clinical responsces n a subset of
patienis with hung adenecarcinoma, renal cell carcinoma, and meclanoma. PD-L1 &
upregulated m many ERVY and HHVE+ lymphomas consistent with the notion that viral-
driven tumors can co-opt the PD-1 signalmyg axis for immune cvasion.  In this study,

whethor PD-L1 cxpression is characteristic of HPVH and HPV- valvar squamous cell



WO 2015/061668 PCT/US2014/062149

io

L

i
L)

caveinoma (SCC) was amalyzed 1 ovder to determine whether patients with these tumors
are rational candidates for inunanotherapy.

Whole tissae sections from 50 vulvar SCC (14 HPV+; 36 HPV-} were evaluated for
PD-L1 expression using invnunchistochesustry {clone YA l1). Sepu-quantitative scoring
was performed for intensity {0 = negative, 1 = weak, 2 = moderate, 3 = strong) and
percentage of tumors cell positive (G <10%, 1:10-50%, and 2=>30%%). For statistical
analysis, all positive cases were defined as > 10% positivity, and those with »50% positivity
were considered “strong positive” cases.

Twelve SCC 4% 5 HPV+ 7 HPV-) showed <10% positsvity, 24 SCC (48%; @
HPV4, 15 HPY-) showed 10-30% positivity, and 14 C&%,; 0 HPV -+ {4 HPV-) showed
»50% positivity for PD-LT. Strong positive cases (530% wmor cells expressing PD-L1)
were significantly associated with HPV negative status (p = 0.003),

Thus, vulvar SCC freguently express PD-L and the regjonity of patients with thus
tunmor-type are rational candidates for anti-PD-L1 or an-PD-1 immunotherapy.
Surprisingly, PD-L1 expression in vobvar SCC was inversely correlated with HPV status,

ndicating that HPV+ qumors utilize alicmate mechanisms for impmume ovasion.

Incorporation by Reference

All publications, patents, and patent applications mentioned herein are hereby
ncorporated by reference in thewr entirety as if cach mdividual publication, patent or patent
apphication was specifically and individually indicated to be incorporated by reference. In
case of contlict, the present application, includimg any definitions herein, will control.

Also mcorporated by reference i their entirety are any polynucieotide and
polypeptide sequences which reference an accession number correlating to an enfry in a
public database, such as those matmtained by The Institate for Genomie Research (TIGR)
on the world wide web at tigr.org and/or the National Center for Biotechnology Information

{NCBI) on the world wide web at nebt.alm nth.gov.

Equivalents

Those skilled in the art will recognize, or be able fo ascertain asing no more than
routine experimentation, many cquivalents to the speetfic embodiments of the present
invention described herein. Such equivalents are intended to be encompassed by the

following clamms.


tigr.org
ncbi.rdm.mh.gov
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What is claimed is:

1. A monoclonal antibody, or antigen-binding fragment thereof, wherein the
monoclonal antibody comprises:

a) a heavy chain variable region (VH) comprising a complementarity
determining region (“CDR”)-H1 as set forth in SEQ ID NO: 20, a CDR-H2 as set forth
in SEQ ID NO: 23, and a CDR-H3 as set forth in SEQ ID NO: 26; and

b) a light chain variable region (VL) comprising a CDR-L1 as set forth in SEQ
ID NO: 7, a CDR-L2 as set forth in SEQ ID NO: 10, and a CDR-L3 as set forth in SEQ
ID NO: 13.

2. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1,
wherein the monoclonal antibody, or antigen-binding fragment thereof, comprises an

Fc¢ domain.

3. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1,
wherein the monoclonal antibody, or antigen-binding fragment thereof, comprises:
(i) the VL region comprising the amino acid sequence of SEQ ID NO: 2; and/or
(i1) the VH region comprising the amino acid sequence of SEQ ID NO: 15.

4. A composition comprising the monoclonal antibody, or antigen-binding

fragment thereof, of claim 1 and a carrier, excipient and/or stabilizer.

5. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1,
wherein the monoclonal antibody or antigen-binding fragment thereof is chimeric,

humanized, composite, murine, or human.

6. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1,
wherein the monoclonal antibody, or antigen-binding fragment thereof, is detectably
labeled, comprises an effector domain, comprises an Fc domain, and/or is selected from
the group consisting of Fv, Fav, F(ab’)2), Fab’, dsFv, scFv, sc(Fv)2, and diabodies

fragments.

7. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1,
wherein the monoclonal antibody or antigen-binding fragment thereof inhibits the

binding of commercial antibody to PD-L1.

114 -
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8. An immunoconjugate comprising;:
(1) a monoclonal antibody, or antigen-binding fragment thereof, of claim 1; and
(ii) a radioisotope, an enzyme, a prosthetic group, fluorescent material,

luminescent material, or bioluminescent material.

9. An isolated nucleic acid molecule encoding the monoclonal antibody, or

antigen-binding fragment thereof, according to any one of claims 1-8.

10. A vector comprising the isolated nucleic acid of claim 9.

11. A host cell which comprises the isolated nucleic acid of claim 9, comprises the
vector of claim 10, or expresses the antibody or antigen-binding fragment thereof of

claim 1.

12. A device or kit comprising at least one monoclonal antibody, or antigen-binding
fragment thereof, according to claim 1, or at least one immunoconjugate of claim 8§,
said device or kit optionally comprising a label to detect the at least one monoclonal
antibody or antigen-binding fragment thereof, or a complex comprising the monoclonal

antibody or antigen-binding fragment thereof.

13. A method of producing at least one monoclonal antibody, or antigen-binding
fragment thereof, according to claim 1, which method comprises the steps of: (i)
culturing a transformed host cell which has been transformed by a nucleic acid
comprising a sequence encoding a monoclonal antibody according to claim 1 under
conditions suitable to allow expression of said antibody, or antigen-binding fragment
thereof; and (ii) recovering the expressed antibody, or antigen-binding fragment
thereof.

14. A method of detecting the presence or level of a PD-L.1 polypeptide said
method comprising obtaining a sample and detecting said polypeptide in a sample by
use of at least one monoclonal antibody, or antigen-binding fragment thereof, according

to claim 1, or at least one immunoconjugate of claim 8.

15, The method of claim 14, wherein the at least one monoclonal antibody, or
antigen-binding fragment thereof, or at least one immunoconjugate forms a complex

with a PD-L1 polypeptide and the complex is detected by an enzyme linked

- 115 -
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immunosorbent assay (ELISA), radioimmune assay (RIA), immunochemically, using

an intracellular flow assay, or an immunohistochemistry (IHC) assay.

16. A method for monitoring the progression of a disorder associated with aberrant
PD-L1 expression in a subject, the method comprising:

a) detecting in a subject sample at a first point in time the level of expression of
PD-L1 using at least one monoclonal antibody, or antigen-binding fragment thereof,
according to claim 1, or at least one immunoconjugate of claim 8;

b) repeating step a) at a subsequent point in time; and

c) comparing the level of expression of said PD-L1 detected in steps a) and b) to

monitor the progression of the disorder in the subject.

17. The method of claim 16, wherein between the first point in time and the
subsequent point in time, the subject has undergone treatment to ameliorate the

disorder.

18. A method for predicting the clinical outcome of a subject afflicted with a
disorder associated with aberrant PD-L1, the method comprising:

a) determining the level of expression of PD-L1 in a patient sample using at
least one monoclonal antibody, or antigen-binding fragment thereof, according to claim
1, or at least one immunoconjugate of claim §;

b) determining the level of expression of PD-L1 in a sample from a control
subject having a good clinical outcome using at least one monoclonal antibody, or
antigen-binding fragment thereof, according to claim 1, or at least one
immunoconjugate of claim §; and

c¢) comparing the level of expression of PD-L1 in the patient sample and in the
sample from the control subject;
wherein a significantly higher level of expression in the patient sample as compared to
the expression level in the sample from the control subject is an indication that the

patient has a poor clinical outcome.

19. A method of assessing the efficacy of a therapy for a disorder associated with
aberrant PD-L1 in a subject, the method comprising comparing:
a) the level of expression of PD-L1 using at least one monoclonal antibody, or

antigen-binding fragment thereof, according to claim 1, or at least one

-116 -
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immunoconjugate of claim 8§, in a first sample obtained from the subject prior to
providing at least a portion of the therapy to the subject, and

b) the level of expression of PD-L1 in a second sample obtained from the
subject following provision of the portion of the therapy,
wherein a significantly lower level of expression of PD-L1 in the second sample,
relative to the first sample, is an indication that the therapy is efficacious for inhibiting

the disorder in the subject.

20. A method of assessing the efficacy of a test compound for inhibiting a disorder
associated with aberrant PD-L1 in a subject, the method comprising comparing:

a) the level of expression of PD-L1 using at least one monoclonal antibody, or
antigen-binding fragment thereof, according to claim 1, or at least one
immunoconjugate of claim 8§, in a first sample obtained from the subject and exposed to
the test compound; and

b) the level of expression of PD-L1 in a second sample obtained from the
subject,
wherein the second sample is not exposed to the test compound, and a significantly
lower level of expression of PD-L1, relative to the second sample, is an indication that

the test compound is efficacious for inhibiting the disorder in the subject.

21. The method of claim 20, wherein the first and second samples are portions of a
single sample obtained from the subject or portions of pooled samples obtained from
the subject.

22. The method of claim 16, 18, 19, or 20, wherein the disorder is a cancer.

23. The method of claim 16, 18, 19, or 20, wherein the sample comprises cells,

serum, peritumoral tissue, and/or intratumoral tissue obtained from the subject.
24, The method of claim 16, 18, 19, or 20, wherein said significant increase
comprises an at least twenty percent increase between the level of expression of PD-L1
in the subject sample relative to the normal level of expression of PD-L1 in the sample

from the control subject.

25. The method of claim 16, 18, 19, or 20, wherein the subject is a human.

- 117 -
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DFS12625SequenceListing. txt
SEQUENCE LISTING

<110> DANA-FARBER CANCER INSTITUTE, INC.
<120> Anti-PD-L1 Monoclonal Antibodies And Fragments Thereof
<130> DFS-126.25

<140> PCT/US2014/062149
<141> 2014-10-24

<150> 61/895,543
<151> 2013-10-25

<160> 31

<170> PatentIn version 3.5

<210> 1
<211> 19
<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: Homo sapiens PD-Ll1m
C-terminal peptide"

<400> 1

Cys Gly ITle Gln Asp Thr Asn Ser Lys Lys Gln Ser Asp Thr His Leu

1 5 10 15

Glu Glu Thr

<210> 2

<211> 132

<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vK amino acid
sequence"

<400> 2

Met Arg Cys Leu val Gln Phe Leu Gly Leu Leu val Leu Trp Ile Pro
1 5 10 15

Gly ser Thr Ala Asp Ile val Met Thr Gln Ala Ala Phe Ser Asn Pro
20 25 30

val Thr Leu Gly Thr Ser Ala Ser Ile Ser Cys Arg Ser Ser Lys Ser
35 40 45

Leu Leu His Ser Asn Gly Ile Thr Tyr Leu Tyr Trp Tyr Leu Gln Lys
50 55 60

Pro Gly GIn Ser Pro Gln Leu Leu Ile Tyr Gln Met Ser Asn Leu Ala
65 70 75 80

Page 1
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Ser Gly val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
85 90 95
Thr Leu Arg Ile Ser Arg val Glu Ala Glu Asp val Gly val Tyr Tyr
100 105 110
Cys Ala Gln Asn Leu Glu Pro Pro Leu Thr Phe Gly Ala Gly Thr Lys
115 125

Leu Glu Leu Lys

130
<210> 3
<211> 396
<212> DNA
<213> Artificial Sequence
<220>
<223> /note="Description of Artificial Sequence: 9Al1ll vK cDNA sequence"
<400> 3
atgaggtgcc ttgttcagtt tctggggctg cttgtgctct ggatccctgg atccactgca 60
gatattgtga tgacgcaggc tgcattctcc aatccagtca ctcttggaac atcagcttcc 120
atctcctgca ggtccagtaa gagtctccta catagtaatg gcatcactta tttgtattgg 180
tatctgcaga agccaggcca gtctcctcag ctcctgattt atcagatgtc caaccttgcc 240
tcaggagtcc cagacaggtt cagtggcagt gggtcaggaa ctgatttcac actgagaatc 300
agcagagtgg aggctgagga tgtgggtgtt tattactgtg ctcaaaatct agaacctccg 360
ctcacgttcg gtgctgggac caagctggag ctgaaa 396
<210> 4
<211> 60
<212> DNA
<213> Artificial Sequence
<220>
<223> /note="Description of Artificial Sequence: 9All vK signhal peptide

CDNA sequence”
<400> 4
atgaggtgcc ttgttcagtt tctggggctg cttgtgctct ggatccctgg atccactgca 60
<210> 5
<211> 69
<212> DNA
<213> Artificial Sequence
<220>
<223> /note="Description of Artificial Sequence: 9Al1ll vK framework 1
CDNA sequence”

<400> 5
gatattgtga tgacgcaggc tgcattctcc aatccagtca ctcttggaac atcagcttcc 60
atctcctgc 69

Page 2
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<210> 6

<211> 48

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9A1l vK CDR-L1 cDNA
sequence"

<400> 6

aggtccagta agagtctcct acatagtaat ggcatcactt atttgtat

<210> 7

<211> 16

<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vK CDR-L1 amino
acid sequence”

<400> 7

Arg Ser Ser Lys Ser Leu Leu His Ser Asn Gly Ile Thr Tyr Leu Tyr

1 5 10 15

<210> 8

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> /note="Description of Artificial Sequence: 9Al1ll vK framework 2
CDNA sequence”

<400> 8
tggtatctgc agaagccagg ccagtctcct cagctcctga tttat

<210> 9

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9A1l vK CDR-L2 cDNA
sequence"

<400> 9

cagatgtcca accttgcctc a

<210> 10
<211> 7
<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vK CDR-L2 amino
acid sequence”

<400> 10

Gln Met Ser Asn Leu Ala Ser
1 5

Page 3
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<210> 11

<211> 96

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vK framework 3
CDNA sequence”

<400> 11

ggagtcccag acaggttcag tggcagtggg tcaggaactg atttcacact gagaatcagc 60

agagtggagg ctgaggatgt gggtgtttat tactgt 96

<210> 12

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9A1l vK CDR-L3 cDNA
sequence"

<400> 12

gctcaaaatc tagaacctcc gctcacg 27

<210> 13

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence:
acid sequence”

<400> 13

Ala Gln Asn Leu Glu Pro Pro Leu Thr

1 5

<210> 14

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence:
sequence"

<400> 14

ttcggtgctg ggaccaagct ggagctgaaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

138

PRT

Artificial Sequence

/note="Description of Artificial Sequence:

sequence"

15

Page 4

9A11 vK CDR-L3 amino

9A11 vK J segment cDNA

30

9A11 vH amino acid
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Met Lys Cys Ser Trp val

1 5

Ile Asn Ser Glu val GIn Leu Gln

20
Ser Gly Ala ser val Lys Leu Ser
35 40

Lys Asp Tyr Tyr Ile His Trp val
50 55

Glu Trp Ile Gly Trp Ile Asp Pro

65 70

Pro Lys Phe GIn Gly Lys Ala Thr

85
Thr Ala Tyr Leu His Leu Ser Ser
100
Tyr Tyr Cys Lys Thr Gly Gly Tyr
115 120

Gly Gln Gly Thr ser val Thr val
130 135

<210> 16

<211> 414

<212> DNA

<213> Artificial Sequence

<220>

<223>

<400> 16

atgaaatgca gctgggtcat cgtcttcctg

gttcagctgc agcagtctgg ggcagagctt

tgcacagctt ttggcctcaa cattaaagac

gaacagggcc tggagtggat tggatggatt

ccgaagttcc agggcaaggc cactctgact

cacctcagca gcctgacatc tgaggacact

gacgtctatt ttctggacta ctggggtcaa

<210> 17

<211> 57

<212> DNA

<213> Artificial Sequence

<220>

<223>

CDNA

sequence"”

10

Gln
25

Ser Gly

Cys Thr Ala

Lys GIln Arg

Glu Asn Gly

75

Thr Ala

90

Leu

Leu Thr ser

105

Asp val Tyr

Ser Ser

atggcagtgg
gtgaggtcag
tactatatac
gatcctgaga
gcatacacgt
gccgtctatt

ggaacctcag

Page 5

ITe val Phe Leu Met Ala val val

Ala Glu Leu

30

Phe Gly

45

Leu

Pro Glu Gln

60

Lys Thr Ala

Tyr Thr Ser

Thr
110

Glu Asp

Phe Leu

125

Asp

/note="Description of Artificial Sequence: 9All

ttataggaat
gggcctcagt
actgggtaaa
atggtaaaac
cctccgacac
actgtaagac

tcaccgtctc

/note="Description of Artificial Sequence: 9All

Ile
15

Gly
val Arg
Asn Ile
Leu

Gly

Ala
80

Tyr

Ser
95

Asp
val

Ala

Tyr Trp

VvH cDNA sequence"

caattcagag
caagttgtcc
acagaggcct
tgcatatgcc
agcctacctg
tggtggttac

ctca

60
120
180
240
300
360
414

vH signal peptide
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<400> 17

atgaaatgca gctgggtcat cgtcttcctg atggcagtgg ttataggaat caattca 57

<210> 18

<211> 90

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vH framework 1
CDNA sequence”

<400> 18

gaggttcagc tgcagcagtc tggggcagag cttgtgaggt caggggcctc agtcaagttg 60

tcctgcacag cttttggcct caacattaaa 90

<210> 19

<211> 15

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9A1l vH CDR-H1l cDNA
sequence"

<400> 19

gactactata tacac 15

<210> 20

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vH CDR-H1l amino
acid sequence”

<400> 20

Asp Tyr Tyr Ile His

1 5

<210> 21

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vH framework 2
CDNA sequence”

<400> 21

tgggtaaaac agaggcctga acagggcctg gagtggattg ga 42

<210>
<211>
<212>
<213>

<220>
<223>

22

51

DNA

Artificial Sequence

/note="Description of Artificial Sequence:

Page 6

9A11 vH CDR-H2 cDNA
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sequence"
<400> 22
tggattgatc ctgagaatgg taaaactgca tatgccccga agttccaggg c 51
<210> 23
<211> 17
<212> PRT

<213> Artificial Sequence

<220>
<223> /note="Description of Artificial Sequence: 9All vH CDR-H2 amino
acid sequence”

<400> 23

Trp IT1e Asp Pro Glu Asn Gly Lys Thr Ala Tyr Ala Pro Lys Phe GIn
1 5 10 15

Gly

<210> 24

<211> 96

<212> DNA

<213> Artificial Sequence

<220>
<223> /note="Description of Artificial Sequence: 9Al1ll vH framework 3
CDNA sequence”

<400> 24

aaggccactc tgactgcata cacgtcctcc gacacagcct acctgcacct cagcagcctg 60

acatctgagg acactgccgt ctattactgt aagact 96

<210> 25

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9A1l vH CDR-H3 cDNA
sequence"

<400> 25

ggtggttacg acgtctattt tctggactac 30

<210> 26

<211> 10

<212> PRT

<213> Artificial Sequence

<220>

<223> /note="Description of Artificial Sequence: 9Al1ll vH CDR-H3 amino
acid sequence”

<400> 26

Gly Gly Tyr Asp val Tyr Phe Leu Asp Tyr
1 5 10

Page 7
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<210>
<211>
<212>
<213>

<220>
<223>

<400>
tggggtcaag gaacctcagt caccgtctcc tca

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
gcttcccgag gctccgcacc agccgcgcett ctgtccgect

atg
Met

gac
Asp

att
Ile
65

tac
Tyr

gct
Ala

cgc
Arg

aaa
Lys

gat
Asp
145

CcCcC
Pro

agg
Arg

gca
Ala

agc
ser

ctg
Leu
50

caa
Gln

aga
Arg

gca
Ala

tgc
Cys

gtc
val
130

cCa
Pro

aag
Lys

27
33
DNA

DFS12625SequenceListing. txt

Artificial Sequence

/note="Description of Artificial Sequence: 9Al1ll vH ] segment CDNA

sequence"

27

28
968
DNA

Homo sapiens

exon

(59)..(793)

28

ata
Ile

ttt
Phe

aat
Asn
35

gct
Ala

ttt
Phe

cag
Gln

ctt
Leu

atg
Met
115

aat
Asn

gtc
val

gcc
Ala

ttt
Phe

act
Thr
20

atg
Met

gca
Ala

gtg
val

agg
Arg

cag
Gln
100

atc
Ile

gcc
Ala

acc
Thr

gaa
Glu

gct gtc ttt
Ala val Phe

5

gtc
val

aca
Thr

cta
Leu

C@t
H1s

gcc
Ala
85

atc
Ile

agc
ser

cCa
Pro

tct
Ser

gtc
val

acg
Thr

att
Ile

att
Ile

gga
Gly
70

€gg
Arg

aca
Thr

tat
Tyr

tac
Tyr

gaa
Glu
150

atc
Ile

gtt
val

gaa
Glu

gtc
val
55

gag
Glu

ctg
Leu

gat
Asp

ggt
Gly

aac
Asn
135

C@t
H1s

tgg
Trp

ata ttc
ITe Phe

ccc aag
Pro Lys
25

tgc aaa
Cys Lys
40

tat tgg
Tyr Trp

gaa gac
Glu Asp

ttg aag
Leu Lys

gtg aaa
val Lys
105

ggt gcc
Gly Ala
120

aaa atc
Lys Ile

gaa ctg
Glu Leu

aca agc
Thr Ser

atg acc
Met Thr
10

gac cta
Asp Leu

ttc cca
Phe Pro

gaa atg
Glu Met

ctg aag
Leu Lys
75

gac cag
Asp Gln
90

ttg cag
Leu GIn

gac tac
Asp Tyr

aac caa
Asn Gln

aca tgt
Thr Cys
155

agt gac
Sser Asp

Page 8§

gcagggcatt ccagaaag

tac
Tyr

tat
Tyr

gta
val

gag
Glu
60

gtt
val

ctc
Leu

gat
Asp

aag
Lys

aga
Arg
140

cag
Gln

C@t
H1s

tgg
Trp

gtg
val

gaa
Glu
45

gat
Asp

cag
Gln

tcc
Ser

gca
Ala

cga
Arg
125

att
Ile

gct
Ala

caa
Gln

C@t
H1s

gta
val
30

aaa
Lys

aag
Lys

C@t
H1s

ctg
Leu

ggg
Gly
110

att
Ile

ttg
Leu

gag
Glu

gtc
val

ttg
Leu
15

gag
Glu

caa
Gln

aac
Asn

agt
ser

gga
Gly
95

gtg

act
Thr

gtt
val

ctg
Leu

ctg
Leu

tat
Tyr

tta
Leu

att
Ile

agc
ser
80

aat
Asn

tac
Tyr

gtg
val

gtg
val

tac
Tyr
160

agt
ser

33

58
106

154

202

250

298

346

394

442

490

538

586
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tgc
Cys

gtc
val
225

ctg
Leu

gaataaatga atgaatgaat aacactatgt ttacaaaata tatcctaatt cctcacctcc

attcatccaa accatattgt tacttaataa acattcagca gatatttatg gaataaaaaa

aag
Lys

acc
Thr

act
Thr
210

atc
Ile

tcc
Ser

acc
Thr

agc
ser
195

ttt
Phe

cCa
Pro

cct
Pro

acc
Thr
180

aca
Thr

agg
Arg

ggt
Gly

agc
ser

165

acc
Thr

ctg
Leu

aga
Arg

aat
Asn

acc
Thr
245

ddaadaddadaa aaaaa

<210>
<211>
<212>
<213>

<400>

29
245
PRT
Homo

29

Met Arg Ile

1

Asn

Gly

Asp

Ile

65

Tyr

Ala

Arg

Ala

Ser

Leu

50

Gln

Arg

Ala

Cys

Phe

Asn

35

Ala

Phe

Gln

Leu

Met
115

sapiens

Phe

Thr

20

Met

Ala

val

Arg

Gln

100

Ile

Ala

5

val

Thr

Leu

His

Ala

85

Ser

acc
Thr

aga
Arg

tta
Leu

att
Ile
230

DFS12625SequenceListing.txt

aat
Asn

atc
Ile

gat
Asp
215

ctg
Leu

tcc
Ser

aac
Asn
200

cct
Pro

aat
Asn

aag
Lys
185

aca
Thr

gag
Glu

gtg
val

170

aga gag
Arg Glu

aca act
Thr Thr

gaa aac
Glu Asn

tcc att
ser Ile
235

gag
Glu

aat
Asn

cat
His
220

aaa
Lys

aag
Lys

gag
Glu
205

aca
Thr

ata
Ile

ctt
Leu
190

att
Ile

gct
Ala

tgt
Cys

175
ttc
Phe

ttc
Phe

gaa
Glu

cta
Leu

aat
Asn

tac
Tyr

ttg
Leu

aca
Thr
240

tagcatgatg tctgcctatc atagtcattc agtgattgtt

val

Thr

Ile

Ile

Gly

70

Arg

Thr

Tyr

Phe

val

val

55

Glu

Leu

Asp

Gly

Pro

Cys

40

Tyr

Glu

Leu

val

Gly

Phe

Lys

Trp

Asp

Lys

Lys

105

Ala

Met Thr

10

Asp Leu

Phe Pro

Glu Met

Leu Lys

Asp Gln

90

Leu Gln

Asp Tyr

Page 9

Tyr

Tyr

val

Glu

60

val

Leu

Asp

Lys

Trp

val

Glu

45

Asp

Gln

Ser

Ala

Arg

His

val

30

Lys

Lys

His

Leu

Gly
110

Leu

15

Glu

Gln

Asn

Ser

Gly

95

val

Thr

Leu

Tyr

Leu

Ile

Ser

80

Asn

Tyr

val

634

682

730

778

833

893

953
968
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Lys val Asn Ala Pro Tyr Asn Lys Ile Asn Gln Arg Ile Leu Vval val
130 135 140

Asp Pro val Thr Ser Glu His Glu Leu Thr Cys Gln Ala Glu Gly Tyr
145 150 155 160

Pro Lys Ala Glu val I1e Trp Thr Ser Ser Asp His Gln val Leu Ser
165 170 175

Gly Lys Thr Thr Thr Thr Asn Ser Lys Arg Glu Glu Lys Leu Phe Asn
180 185 190

val Thr Ser Thr Leu Arg Ile Asn Thr Thr Thr Asn Glu Ile Phe Tyr
195 200 205

Cys Thr Phe Arg Arg Leu Asp Pro Glu Glu Asn His Thr Ala Glu Leu
210 215 220

val Ile Pro Gly Asn Ile Leu Asn val Ser Ile Lys Ile Cys Leu Thr
225 230 235 240

Leu Ser Pro Ser Thr

245
<210> 30
<211> 1553
<212> DNA

<213> Homo sapiens

<220>
<221> exon
<222> (53)..(0922)

<400> 30
cgaggctccg caccagccgc gcttctgtcc gcctgcaggg cattccagaa ag atg agg 58
Met Arg
1
ata ttt gct gtc ttt ata ttc atg acc tac tgg cat ttg ctg aac gca 106
Ile Phe Ala val Phe Ile Phe Met Thr Tyr Trp His Leu Leu Ash Ala
5 10 15
ttt act gtc acg gtt ccc aag gac cta tat gtg gta gag tat ggt agc 154
Phe Thr val Thr val Pro Lys Asp Leu Tyr Vval val Glu Tyr Gly Ser
20 25 30
aat atg aca att gaa tgc aaa ttc cca gta gaa aaa caa tta gac ctg 202
Asn Met Thr Ile Glu Cys Lys Phe Pro val Glu Lys Glnh Leu Asp Leu
35 40 45 50
gct gca cta att gtc tat tgg gaa atg gag gat aag aac att att caa 250
Ala Ala Leu Ile val Tyr Trp Glu Met Glu Asp Lys Asn Ile Ile Gln
55 60 65
ttt gtg cat gga gag gaa gac ctg aag gtt cag cat agt agc tac aga 298
Phe val His Gly Glu Glu Asp Leu Lys Val Gln His Ser Ser Tyr Arg
70 75 80
cag agg gcc cgg ctg ttg aag gac cag ctc tcc ctg gga aat gct gca 346

Page 10
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Ala
85

Gln Arg

ctt
Leu

atc
Ile

cag
Gln
100

atc
Ile

atg
Met
115

agc
ser

aat
Asn

gcc
Ala

cCca
Pro

tct
Ser

gtc
val

acc
Thr

gcc
Ala

gaa
Glu

gtc
val
165

acc
Thr

acc
Thr
180

acc
Thr

agc
ser
195

aca
Thr

ctg
Leu

ttt
Phe

agg
Arg

aga
Arg

cta
Leu

cCca
Pro

gaa
Glu

att
Ile

ctg
Leu

gga
Gly
245

ttc
Phe

tta
Leu

cgt
Arg
260

caa
Gln
275

aca
Thr

gat
Asp
taatccagca
tcatcggggc
acttaaaagg
aagatggagt
ctcatcgacg
catccattgc
cagaagtgcc
cagtgttgga

ggtcttcttg

Arg Leu

aca
Thr

gat
Asp

tat
Tyr

ggt
Gly

ggt
Gly

DFS12625SequenceListing.txt

aaa
Lys
105

ttg
Leu

gcc
Ala

gac
Asp

120

tac
Tyr

aac
Asn
135

Ce'ilt
H1s

gaa
Glu
150

atc
Ile

tgg
Trp

aat
Asn

acc
Thr

atc
Ile

aga
Arg

aaa
Lys

gaa
Glu

aca
Thr

tcc
Ser

aac
Asn

atc
Ile

aac
Asn

ctg
Leu

aca
Thr

agt
ser
170

agc
ser

aag
Lys
185

aga
Arg

aca
Thr

aca
Thr

200

tta
Leu

gat
Asp
215

cct
Pro
230

ctg
Leu

atc
Ile

gcc
Ala

aga
Arg

aaa
Lys

tca
Ser

aac
Asn

cct
Pro

gca
Ala

tta
Leu

jelefe}
Gly

aag
Lys

gag
Glu

gaa
Glu

cct
Pro

Ce'ilt
H1s

tta
Leu

tgc
Cys
250

atg
Met

aga
Arg
265

caa
Gln

aag
Lys

280

ttggaacttc
tgagcgtgac
cccaagcact
caaacaggga
cctgtgacag
tcatcctagg
ctttgcctcc
acgggacagt

tcatgtgagt

tgatcttcaa
aagaggaagg
gaaaatggaa
gcctggaggg
ggagaaagga
aagacgggtt
actcaatgcc

atttatgtat

gtggttgtga

cag
Gln

gat gca
Asp Ala

tac
Tyr

aag
Lys

cga
Arg
125

att
Ile

caa
Gln

aga
Arg
140

tgt
Cys
155

cag
Gln

gct
Ala

Ce'ilt
H1s

caa
Gln

gac
Asp

gag
Glu

gag
Glu

aag
Lys

aat
Asn

act
Thr

gag
Glu
205

cat
His
220

aac
Asn

aca
Thr

aat
Asn

cca
Pro
235

gaa
Glu

ctt
Leu

gta
val

ggt
Gly

atg
Met

gat
Asp

gtg
val

aca
Thr
285

agt
ser

gat
Asp
gcagggattc
aatgggcccg
cctggcgaaa
agaccttgat
tacttctgaa
gagaatccct
tcaatttgtt
gagtttttcc

atgatttctt

Page 11

Lys Asp Glnh Leu Ser Leu Gly Asn
90

95

tac
Tyr

gtg
val

ggd
Gly
110

att
Ile

act
Thr

ttg
Leu

gtt
val

tac
Tyr
160

gag
Glu

ggc
Gly

gtc
val

ctg
Leu
175

agt
ser

ctt
Leu
190

ttc
Phe

aat
Asn

att
Ile

ttc
Phe

tac
Tyr

gct
Ala

ttg
Leu

gaa
Glu

act
Thr

cac
His
240

agg
Arg

aca
Thr

ctg
Leu
255

gca
Ala

aaa
Lys
270

aaa
Lys

tgt
Cys

Ce'ilt
H1s

ttg
Leu

gag
Glu

tcaacctgtg
tgggatgcag
gcagaggagg
actttcaaat
caaggagcct
aatttgaggg
ttctgcatga
tatttatttt

ttgaagatat

Ala Ala

tgc
Cys

cgc
Arg

aaa
Lys

gtc
val
130

gat
Asp
145

cCca
Pro

CcCcC
Pro

aag
Lys

aag
Lys

acc
Thr

act
Thr
210

tgc
Cys

atc
Ile

gtc
val
225

ttg
Leu

gta
val

ttc
Phe

atc
Ile

atc
Ile

ggc
Gly

gag
Glu

acg
Thr
290

gtttaggggt
gcaatgtggg
agaatgaaga
gcctgagggg
ccaagcaaat
tcagttcctg
ctgagagtct
gagtctgtga

attgtagtag

394

442

490

538

586

634

682

730

778

826

874

922

982

1042

1102

1162

1222

1282

1342

1402
1462
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atgttacaat tttgtcgcca aactaaactt gctgcttaat gatttgctca catctagtaa 1522
aacatggagt atttgtaaaa aaaaaaaaaa a 1553
<210> 31
<211> 290
<212> PRT

<213> Homo sapiens

<400> 31

Met Arg Ile Phe Ala val Phe I1e Phe Met Thr Tyr Trp His Leu Leu
1 5 10 15

Asn Ala Phe Thr val Thr val Pro Lys Asp Leu Tyr val val Glu Tyr
20 25 30

Gly Ser Asn Met Thr Ile Glu Cys Lys Phe Pro val Glu Lys GIn Leu
35 40 45

Asp Leu Ala Ala Leu Ile val Tyr Trp Glu Met Glu Asp Lys Asn Ile
50 55 60

Ile Gln Phe val His Gly Glu Glu Asp Leu Lys val Gln His Ser Ser
65 70 75 80

Tyr Arg GIn Arg Ala Arg Leu Leu Lys Asp GIn Leu Ser Leu Gly Asn
85 90 95

Ala Ala Leu Gln Ile Thr Asp val Lys Leu Gln Asp Ala Gly val Tyr
100 105 110

Arg Cys Met Ile Ser Tyr Gly Gly Ala Asp Tyr Lys Arg Ile Thr val
115 120 125

Lys val Asn Ala Pro Tyr Asn Lys Ile Asn Gln Arg Ile Leu Vval val
130 135 140

Asp Pro val Thr Ser Glu His Glu Leu Thr Cys Gln Ala Glu Gly Tyr
145 150 155 160

Pro Lys Ala Glu val Ile Trp Thr Ser Ser Asp His Gln val Leu Ser
165 170 175

Gly Lys Thr Thr Thr Thr Asn Ser Lys Arg Glu Glu Lys Leu Phe Asn
180 185 190

val Thr Ser Thr Leu Arg Ile Asn Thr Thr Thr Asn Glu Ile Phe Tyr
195 200 205

Cys Thr Phe Arg Arg Leu Asp Pro Glu Glu Asn His Thr Ala Glu Leu
210 215 220

Page 12
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val ITe

225

Leu val

Phe Ile

Gly 1Ile

Glu Thr
290

Pro Glu

ITe Leu

Phe Arg
260

Gln Asp
275

DFS12625SequenceListing. txt

Leu Pro Leu Ala His Pro Pro Asn Glu Arg
230 235

Gly Ala Ile Leu Leu Cys Leu Gly val Ala
245 250

Leu Arg Lys Gly Arg Met Met Asp val Lys
265 270

Thr Asn Ser Lys Lys Gln Ser Asp Thr His
280 285

Page 13

Thr

Leu

255

Lys

Leu

His
240

Thr

Cys



