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(54) Title: HUMANIZED ANTI-CD40 ANTIBODIES AND USES THEREOF

Description:
Heavy chain (signal peptide + V-region)
Al [CTTeT 21 TGICAGY

(57) Abstract: The present disclosure relates to anti-CD40 antibodies, such

Mouse anti-CD40 cione 2010

Protein
MERIH

as humanized anti-CD-40 antibodies, that may be used in various therapeut-
ic, prophylactic and diagnostic methods. The antibodies generally block the
ability of CD40 to bind CD154 and do so without activating the cell ex-
pressing CD40 (e.g., a B cell). The present antibodies or fragments thereof
may be used to reduce complications associated with organ or tissue trans-
plantation.
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HUMANIZED ANTECDY48 ANTIBODIES AND USES THEREQF

Cross Reference to Related Application

This apphcation claims priosity to ULS, Provisional Application No, 63/214,411 #iled on

Reptember 4, 2015, the disclosure of which is incorporated herein by reference n iy entirety.

Sequence Listing
‘This application contains a Sequence Listing which has been filed slectronically in ASCH
format and is hereby fncorporated by reference dnits entivety, Saud ASCH copy, created

on September 1, 2016, s named T2 12-008211-WO0 St and is 33 948 bydes in size,

Field
The invention relates o humanized sut-C4O antibodies and uses of such antibodies, for
example, to reduce the hikelihood of, or treat, transplant rejection, 1o induce imumunosuppression,

or o treat an autoinimune disorder.

Background of the Inveniion

Suppression of the immune systen, particniarly the humeoral mmune system, is
beneficial i organ transplantation and treativent of astoimmune disorders. Organ
transplamation has emerged as a proferred method of testioent for roany forms of hife-
threatening diseases that mvolve organ damage, However, transplantation rejection may occur
when an organisin receiving transplanted cells or tissue mounts an undesived namuone response ©
that tissue. Transplant rejection may be minimized by tissue-type matching, but even matched
tissue can be rejected by the donor. Thus, immunoesuppressive therapies are now used for
virtually all cases of tssue transplantation.

Improved resolts in clinical transplantation have been achieved primarily through the
development of increasingly potent non-specific immunosuppressive drugs 1o inhibit rejection
responses. While short-term resulis have improved, long-term outcomes remain inadequate.

Life-long immwnosuppressive agents may be required (o combat chronic rejection of the
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transplanted organ, and the vse of these agents dramatically ncreases the risks of cardiovascalar
disease, infections, and malignancies,

Que potential target for reducing transplantation rejechion 1s the CD40/CDI54
interaction. TD40 13 expressed primarily on the surface of B lymphocovies and other antigen-
presenting cells (APCs) such as dendritic cells and macrophages. CD154 is expressed primarily
on the surface of T cells, The interaction between these two proteins is assoctated with B cell
activation, which triggers cytoking expression as well as expression of cell surface markers
mchiding D23, CDRA, and CNRG. Kehry M. R UD40-mediated signaling in B cells.
Balanving cell survival, growth, and death. J. Immunel, 1996, 1560 23452348 Blockade of this
intergetion using anti-CD154 gntibodies has been shown to reduce or sliminate rejection of
transplanted tissues in non-human primates.

For any type of inmunosuppression {e.g,, in a tansplantation procedure), a balance
between efficacy and toxicity is 8 key factor for its clinical acceptance, Thus, there is a need for
therapies that specifically target the immunclogical pathways invelved in, for example,

transplant rejection and autoimmane disorders.
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Summary

The present disclosure provides for a humanized anti-CD40 antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region, wherein the heavy chain
variable reglon comprises three CDRs, CDRI, CDR2 and CDR3, having amino acid sequences
about 8% to about 100% wdentical to the amino acid sequences set forth m SEQ ID NOs: 13, 14
and 15, respectively.

The present disclosure also provides for a humanized anti-CD40 antibody, or an antigen-
binding portion thereof, comprising a Heht chain variable region, whersin the Hght chain variable
region comprises three CDRs, CDRY, CDR2 gnd CDR3, having amino acid sequences abowt
B0% to about 100%: identical o the amino acid sequences set forth in SEQ 1D NOs: 16, 17 and
18, respectively.

Also encompassed by the present disclosure 18 a bumanized ant-C D40 antthody, oran
antigen-hinding portion thereof, comprising a heavy chain variable region and a light cham
variable region, wherein the beavy chain variable region comprises three complementarity
determining regions {CDRs), CDRY, CDR2 and CDR3, having amine acid sequences about 80%
o about 100% ideniical to the amino acid sequences set forth in SEQ 1D NOw 13, 1dand 15,
respectively, and wherein the Hight chain vatiable region comprises thyee CDRs, CDRI, CDR2
and CDR32, having amino goid sequences about 80% to about 100% identical to the annno acid
sequences set forth in SEQ 1D NQOs: 16, 17 and 18, respectively.

The present disclosure provides for a humanized anti-CD40 antibody, or an sntigen-
bmding portion thereof, comprising a heavy chain variable region and a light chain variable
region, wherein the heavy chatn variable region comprises an amino acid segquence about 80% e
about 1009 dentical to any one of the anvino acid sequences set forth in SEQ 1D NOs: 11,19,
20, 31,24, 25 gnd 36,

The present disclosere provides for @ humanmzed anti-CD40 antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region and a light chain variable
region, wherein the lght chain variable region comprises an amino acid sequence about 80% to
about 100% dentical to any one of the anmino acid sequences set forth m SEQ ID NOs: 12, 22,

23,27,28 and 29,
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The present disclosure provides for a bunanized anti-CD48 anttbody, oran antigen-
binding portion thereof, comprising a heavy chain vanable region and a tight chain variable
region, wherein the heavy chain variable region comprises an amine acid sequence gbout 830% to
about 100% wdentical to any one of the amino acid seguences set forth in SEQ D NOs: 11,19,
20, 21, 24, 25 and 26, and wherein the Hght chain variable region comprises an amino acid
sequence about B0% to aboat 100% identical 1o any one of the amino acid sequences set forth in
SEQID NOs: 12,22, 23,27, 2R and 29,

The present disclosure provides for a humanized anti-CD40 antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region and a hight chain vanable
region, wherein the heavy chain vartable region comprises an amino scid sequence abowt 80% to
about 1009 identical to any one of the amino acid sequences set forth m SEQ 1D NOs: 18, 20
and 21, and wherein the light chain variable region comprises an amino acid sequence about 80%
{0 about 160% identical to gither of the amino acid sequences set forth in SEC 1D NQOs: 22 and

The present disclosure provides for 2 humanized anti-CDH4) antthody, or an antigen-
binding portion thereof, comprising a heavy chain variable repon and a hight cham variable
region, wherein the heavy chain variable region comprises an aminoe acid sequence aboot 80% w0
about 100% identical to any one of the amine acid sequences set forth in SEQ 1D NOw: 24, 25
and 26, and wherean the Nght cham varigble region comprises an amino said sequence about 80%
to about 100% identical to any one of the amino acid sequences set forth tn SEQ D NOs: 27, 28
and 29

The present disclosure provides for o hamanized anti-UD40 antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region and a Hght chain vanable
region, wherein the heavy chain variable region comprises an amino acid sequence about 80% to
about 100% 1dentical to the amine acid sequences set forth m SEQ 1D NO: 21, and wherein the
Light chain vartable region comprises an amino acid sequence about 80%% o about 100% wdenticsl]
1o the anuine acid sequences set forth in SEQ D NO: 23

The dissociation constant (Kp) of the antthody, or antigen-binding portion thereof, may

be less than about Tx 107 M, or less than about 1 x 107 M.
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The present antibody or antigen-binding portion thereof may be: (8} a whole
inununcglobulin molecule; () an sckyv; (o) a Fab fragment; {d) an Fab")2; and/or (o) a disulfide
huked Fv.

‘The present antibady or antigen-binding portion thersof may comprise at {east one
constant domain selected from: a) an IgG constant domain; and (b) an IzA constant domain,

The present antibody or antigen-binding portion thereof may comprise at least one human
constant domain.

The present antibody or antigen-binding portion thercof may bind to CD4E extracellular
dematn.

The CD40 may be human or thesus CD4D.

The present antibody or antigen-binding portioa thereof nway block B lymphocyte

The present anttbody or antigen-binding portion thereof may inhibit B lvmphocvte CD23,
CDRO, or CDS6 expression.

Also encompassed by the present disclosure i3 a composition comprising the present
antibody or antigen-binding portion thereof, and at {2gst one pharmaceutically acceptable camer.

The present disclosure provides for a pelynaclestide encoding the present antibody or
antigen-binding portion theveof. The present disclosure provides for a vector comprising the
present polynucieotide, and a cell comprising the vector,

The present disclosure provides for an isolated polypeptide comprising the present
antibody or antigen-binding portion thereof.

Also encompassed by the present disclosure 18 8 method of producing the present
antibody or antigen-binding portion thereof. The method may comprise the following steps:

{a) colturing the present cells m culture medivm wder conditions wherein the polynucieotide
enceding the present antibody or antigen-binding poriiow thereof s expressed, thereby preducing
at least one poalypeptide comprising the antibody or antigen-binding portion thereof; and (b)

recovering the polypeptide from the cells or cultuve medinm.
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The present disclosure also provides for & method of suppressing the immune system in a
subject, comprising the step of administering to the subject an effective amount of the present
antibody or antigen-binding portion thereof.

‘The present disclosure provides for a methed of treating or treating prophylactically
transplant rejection, or increasing the dusation of time before transplant rejection ncours, in g
subject in need thereof, the method comprising the step of administering to the subject an
affective amount of the present antthody or antigen-binding portion thereof.

The present disclosure provides for a method of freating or treating prophylactically
graftversus-host disease in a subject in need thereof, the method comprising the step of
administering to the subject an effective amount of the present antibody or antigen-binding
portion thereof,

The present disclosure provides for a method of treating or treating prophyvlactically an
avtonmune disorder i a subject i need thereof, the yoethod comprising the step of
administering to the subject an effective amount of the present antibady or antigen-binding
portion thereof,

The subject may have received, or is in need of, an organ transplantation, andfor a tissue
fransplamation. The organ may be a heart, Kidney, ong, liver, pancreas, intestine, and thymus, or
a portion thereof. The tissue may be bone, tendon, cornes, skin, heart valve, vein, or bone
TATTOW,

The subject may be a lnpman or & manunal.

The administration ntay be commenced prior 1o the transplantation. The administration
may continge for at least one month following the wansplantation. The administration may
continue for at least six months following the transplantation of the graft,

The autoimmune dworder may be associated with or caused by the presence of an
autcantibody.

The autoinemuae disorder may be systemic lupos erythematosus (SLE), CREST
syndrome {calcinosts, Raynaud’s syndrome, esophageal dysmotility, sclerodactyl, and
telangiectasia), opsoclonus, mfammatory myopathy (e.g., polymyositis, dermatomyositis, and
inclusion-body myositis), systemic scleroderma, primary biliary cirrhosis, celiac diszase {e.g.,

gluten senstive enteropathy), dermatitis herpetiformis, Miller-Fisher Syndrome, acute motor
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axonal neuropathy (AMAN], mudtifocal motoy newropathy with conduction block, autobnmune
hepatitis, antiphospholipid syndrome, Wegener's granulomatosis, microscopic polvangiitis,
Churg-Strauss svadrome, theumatoid arthrihis, chronie sulonnmune hepatitis, sclerpmyvositis,

myasthenia gravis, Lambert-Eaton myasthenic syadrome, Hashimeoto™s thyroiditis, Graves’

P

disease, Parancoplastic cercbellar degeneration, Suff person syndrome, Hmbic encephalitis,

Isaacs Syndrome, Sydenham’s choren, pedisivic antoimmune neyropsychiatric disease associated

with Streptococcus (PANDAS), encephalitis, dinbetes mellitus type 1, and/or Neuromyelitis

optica.
‘The autotmmune disorder may be pernicious anemia, Addison’s disease, psoriasis,

10 inflammatory bowel disease, psoriatic arthritis, Sjdgren’s syndrome, Tupus erythematosus {e.g.,
discoid lupus ervthematosus, drug-induced lupus ervthematosus, and neonatal hupus
ervihematosus), multiple sclerosts, andfor regctive arthritis.

The avtommmume disorder may be polvmvositis, dermatomyositis, multiple endocrine
failture, Schinidt’s syndrome, autoimmune uveitis, adrenalitis, thyroiditis, antoinmune thyroid

15 disease, gasivic atvophy, chronie hepatitis, lupoid hepatitis, atherosclerosis, presenile dementia,
demvelinating diseases, subacute cutaneous lupus ervthematosus, hypoparathyreidism,
Dressler’s svndrome, autoimmune thromboeytopenia, idiopathic thrombocyiopenic purpura,
hemolytic anenua, peraphigus vulgaris, pemphigus, alopecia arcata, peraphigoid, sclerodenma,
progressive systemic solerosis, adalt onset digbetes mellitus {e.g., type I diabetes), male and

2 female autolmnune infertility, ankviosing spondolytis, nlcerative colitis, Crobn's disease, mixed
connective tissue disease, polvarteritis nedoss, systemic necrotizing vasculitis, juvenile onset
rheamatoid arthritis, glomendonephrits, atopic dermatits, afopic thiniis, Goodpastare’s
syndrome, Chagas’ disease, sarcoidosis, thewmnatic fover, asthma, recurrent sbortion, anti-
phospholipid syndrome, favimer’s lang, ervthema mpslitforme, post cardiotomy syndrone,

35 Cushing’s syndrome, autommuune chropte sctive hepattis, bird-faneter’s lung, allergic disesse,

allerpic encephalomyelitts, toxic epidermal necrolysis, alopecta, Alport’s syndrome, alveohitis,

allergic alveolitis, fibrosing alveolitis, interstitial lung disease, erythema nodosum, pyoderma
cangrenoswn, transfusion reaction, leprosy, walavia, leishmaniasis, trypanosomiasis, Takayasu's

arteritis, polymyalgia rheumatica, temporal arteritis, schistosonuasis, giant cell arteritis,

ies
<

ascariasis, aspergillosts, Sampler’s svodrome, sezema, lynphomatoid pranulomatosis, Behceet's
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disease, Caplan’s syndrome, Kawasaki's disease, dengue, endocardits, endomyocardial fibrosis,
endophthalmitis, ervthema elevatim of diutinum, ervthroblastosis fetalis, sosinophilic faciits,
Shulman’s svadrome, Feliy's svndrome, filactasis, cyclitis, chronie oyehis, heterochronic
cyclitiy, Fuch’s cvelitis, IgA nephropathy, Henoch-Schonlein purpura, graft versus host disease,
transplantation rejection, human immmoedeficiency virus infection, echovirus mfection,
cardiomyopathy, Alzheimer's disease, parvovires infection, rubella virus infection, post
vaccmatien syndromes, congenttal rubells infection, Hodglan's and non-Hodgkin's lymaphoiaa,
renal cell carcinoma, multiple myeloma, Eaton-Lambert syndrome, relapsing polvchondritis,
malignant sxclanoma, crvoglobulinenya, Waildenstrom's macreglobulemia, Epstemn-Barr virus
nfection, mumps, Evan’s syadrome, and/or autoimmune gonadal failure,

The adnunistration may be parenteral, intravenous, subcutangous, intramuscular,
iransdermal, oral, topical, intrathecal, or local,

The present method may further comprise administration of an nunosuppressant
within six months of the admmistration of the presemt anttbody or antigen-binding portion
thereotf.

The timmunosuppressant may be ) calomeurn inhibitor, tacrolimus, an mTor tnhibiter,
fingolimod, myriocin, alemtusmab, rituximab, an anti-CD4 monocional antibody, an anti-LFAL
monoclonal antibody, an amti-LFAS3 monoclonal santibody, an anti-CD4S antibody, an anti-CEAR
antibody, monabatacept, belatacept, indolyl-ASC; azathioprine, lymphocyte immune globulin
and anti-thymocyte globulin fequine], mycophenolate mwtetil, mycophenolate soduun,
dachzomab, bastliximab, cyclophosphanude, predmisone, prednisolone, leflunomide, FK778,
FR779, 15-deoxyspergnalin, busulfan, findarabine, methotrexate, 6-mercaptopurine, 15-
deoxyspergualin, LE15-0193 bredinin, brequinar, and/or muromonab-CD3. The calcineurin
whibitor may be cyclosporin A or eyclosporine G, The mTor inhibitor nmy be sirolimus,
temsirelimus, zotarolinms, or everolimus. The anti-CD45 antibody may be an anii-CDY5RB
antibody. In one embodiment, the inmoumosuppressant is belatacept.

The present antibady or antigen-binding portion thereof and the inununosuppressant may

be administered within one month, or within one week, of each other.
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Brief Description of the Prawings
Figure 1 shows the variable regions from the heavy chain and the light chain of the 2C10
antibody. The nucleotide sequence shows for the heavy cham (SEQ ID NO: 1) nclodes g signal
peptide {nucleotides 1-37; underlined) and the beavy chain variable sequence (nucleotides 5&-
398). The corresponding aming actd sequence is shown below (SEQ ID NO:2), where antino
acids 1-19 corresponding to the signal sequence (undertined) and amino acids 20-132 correspond
to the heavy chain varisble region
The mucleotide sequence shown for the hight chain (SEQ 1D NO:3) includes a signal peptide
{nucleptides 1-66; undertined) and the lght chain vanable sequence {nucleotides 67-384). The
corresponding smino acid sequence is shown below {SEQ D NO4), where amino acids 1422
correspond o the signal peptide {underlined) and amino acids 23-128 correspond to the light

chain varigble region.

Figure 2a 1s a plot showing flew cytometry data confirming the binding of 2C10 to human and
rhesus CD20+ B cells.

Figure 2b 15 3 plot showing (D40 adsorption data from ELISA assays with varying
congentrations of 2C10 to confiom the binding of 2010 to human and rhesus CDA0 as detected

using goat anti-mouse IgG-HRP.

Figure 3 is & graph showing the dose-dependent inhibition of CD 154 binding to human B cells
by 2010 B cells were analyzed for CD1U3 hinding by incubating with histidine-tagged soluble
OS54 and analyeing for istidine expression. Results are representative of multiple repetitions.

of the experiment.

Figure 4 is a schematic diagram and graphs showing the principle of the assay involving rhesus

or human peripheral blood mononuctear cells (PBMOUs) and Jurkat cells,

Figure § i aset of graphs showing CD23 expression m CD207 cells faken Hom co-cudtares of
rhesus PBMCs and Jurkat cells in the presence of variable concentrations of 3AR, 308, or 2C10

antibodies.
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Figure 6 is a set of graphs showing CDS6 expression in CD207 cells taken from co-cultures of
human PBMCs and Jurkat cells in the presence of vartable concentrations of 348, 5C8, or 2C10

antibodies.

Figure 7 s a set of graphs showing CDR23 expression CD2O cells from either human or thesus

PBMCs cultured without Jurkat cells in the presence of cither the 3A8 or the 2C10 antibody.

Figure 8 13 a graph showing peripheral B cell count of thesus macaques treated with mouse-
thesas chimeric forms of 2C10 engineered to contain either rhesus [pG1 (2CIOR 1) or IpG4
{2CTORA) heavy chain constant regions, and chimeric IpGl forms of anti-CD4G 3AB (3A8R Y or

anti-CDH40 Chi220 (Chi22g).

Figure 9 is a graph showing T cell-dependent antibody responsés in macaque monkeys treated
with 2C10R 1, 20 10R4, or 3ABR! antibody. Al animals were immunived with 4-hydroxy-3-
nitrophenviacetyl-conjugated kevhole limpet hemocyanin (KLH) after the first antibody

freatment.

Figure 10 18 a diagram showing the standard macague model of allogeneie et transplantation.
Diabetes was induced 1o macaque monkeys using streptozotocin. [habetic monkeys were

transplanted with allogeneic islets and tnymunosuppression mitiated with basiliamab and

sirghumus. Experimental animals received 2C10R4 treatment on days 0 and 7 post-

transplantation.

Figure 11a ix g plot showing free blood glucose levels (FBG) in 4 macaques fellowmg isdet
fransplantation, background immunosuppression, aud treatiment with 2C10R4, The sohd hoe on
the plot reprasents the level of 2C10 m the plasma.

Figure 11b 15 a plot showing FBG in macaques that received only background

IRUNOSUPREESIIon,

10
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Figure 12 is a graph showing results from a competitive blockade assay using human PBMUs
incubated with moreasing concentrations of 2010, 3A8, or Chi220 antibodies and stamned with an

APC-conjugated 2010 1o assess the ability of each antibody to cross-blogk 3C10,

Figures 13a and 136 show sequence alignment of humanized 2C10 variable regions, Figure
13a Murine 2010 VH sequence was aligned against human genmling VH 1.3 and three
humanized sequences 2010 I, 2C10_h2, and 2CT1Q B3, Figure 13b: Murine 2C10 VL sequence
was aligned against human germbine VH3-11 and tvo humanized seguences 2C10 1 and

210 12, The 2010 CDRs are bolded. The muring residues in humanized sequences are

underhned;

Figure 14 shows amino acid changes in framework 3 between 2CHOHP and 2CT0HBY, a5 well

as 2CTOHRB2 constructs,

Figure 18 shows the sequences of heavy chain and Hght chain variable regions for humanized
2010 antibodies. The heavy chain and hight chain variable regions inchude 2CI0HP, 2CIOHBI,
2CI0HB2, 2CIOKP, 2C10K B, and 2C10KB2.

Figure 16 shows binding affinity of huwmanized 2C10 antibody to CD40 from different primate

species. Hmmanized 2C 10 antibodies (h2(°10} were omobilized to the surface of CMS chip by
anune couphing. Different concentrations of CD40-MBP fusions of hwman, thesus, and baboon

were analyzed for affintty on 8 BIACore 3000, The binding affintty was caloplated with

BlAsvaluation software version 4.1 .1,

Figure 17 shows that induction of anti-KLH antibody response {IxM and 1pQ) was determined
i moukeys immuanized with KLH 3 hes alter regetving either saling, 10 or 25 mg'kg h2C10. All
control antmals exhibited 1gG or 1gM antibody responses to the KLH antigen. Individual
monkevs treated with 10 mgfkg, but no animals treated with 23 mg/kg 2010 developed either an

lpGror IpgM antibody responses to KLH.

11
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Figure 18, Whole blood was used for phenotyping B and T lymphocvte subsets after treatment
with 253 mgtkg h2C 10 (Top row) or 10 mp'hg R2C 10 (Middle row), or control animals (Bottom
Row}. Netther dose of h2C10 had any appavent effect on the lymphoceyte populations.

The absence of appreciable B cell depletion was also evident in the sarlier, dose~response
evatuation of the primate chimerie form that included a detailed avalysis of mature and immature

B cell popudations.

Figure 19, Day 28 Humanized 2C10 fully saturated C D40 bindimg sttes on Boells, H2C10
administered i vive completely blocked the binding of Huorescently labeled 2C10 binding to B
cells, Data lustrate resulis from hunanized 2C 10~ weated and conirol monkeys 28 days after a
single dose of 25 mu'ke (top row), 10 my/ky (middle row} or O mgka (control; bottom row}.

Simitar results were obtained on Days 3,7, 14, and 21 post infusion.

Figure 20. Mean serum concentrations of R2C10 for up o 28 days after treatment of monkeys
with either 10 or 25 mg'kg Concentrations of 2010 slowly decline over time, and levels are

detected over the entire duration of the study.

Figures 21a and 21b show the DNA and amino acid sequences of the humanized 2C10 (h2C10)
i the stabilized IgG4 format. Figure 21a shows the DNA and amino acid sequences of the
heavy chain. Figure 21b shows the DNA and amine acid sequences of the light chain. SEQ ID
N 32: DNA sequence of the heavy chain; 8EQ ID NQ: 33 amine acid sequence of the heavy
chain; SEQ D NQO: 34; DNA sequence of the light chain: REQ ID NO: 35 amino acid sequence

of the light chain,
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Detailed Description

The present disclosure relates fo anti-CD40 antibodies and antibody tragments {e.g.,
antigen-binding portions of the antibody) that may be used in vanous therapeutic, prophyiactic,
diagnostic and other methods. The antibodies can block the ability of D40 to bind CD154 and
do so without activating the cell expressing €D40 (e.g. a B cell). The present antibodies or
fragments thereof may be used to reduce complications associated with organ or tissue
transplantation.

The antibodies, or antigen-binding portions thereof, include, but are not Umited to,
humamzed antibodies, human antibodies, menecional antibodies, chimernic anttbodies, polyclonal
antibodies, recombingmily expressed antibodies, as well as sntigen-binding portions of the
forepoing. An antigen-binding portion of an antibody may include a portion of an antibody that
specifically binds to CDH40.

‘The present disclosure also provides for compositions and methods forreducing the
tikelthood of transplant rejection, treat wansplant rejection, induciny immunosuppression, andfor
treating an myoimmane disorder. The compasitions contain antibodies or fragments thereof that
specifically bind TD40.

In one embodiment, the present disclosure provides for a method of weating or
ameliorating graft-versus-host disgase andfor transplant rejection in & subject comprising
administering to the manunal a composition comprising an antibody of the nvention {or its
fragment) in an amount sufficient to decrease one or more of the symptoms of graft-versus-host
disease anddor transplant rejection in the subject,

In another embodiment, the antibody or antigen-binding fragment is administered to a
subject having an inflammatory disease or an insmune diserder such as an autoimmune disease.
The mflanmatory disease or autoimmune disease may be associated with CDd0-expressing
cells.

The tnvention features methods of reducing the Hkelihood of transplant rejection, treat
fransplant rejection, inducing immunosuppression, and/or treating an autoimmune disorder ina
subject by administering to the subject the present antibedy or antigen-binding portion thereo{ in
an effective amount.

Also encompassed by the present disclosure 18 a wethod of blocking the function of

13
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CD40 I a mammal comprising administering to the mammal a composition comprising the
present antibodies, or antigen-binding portions thereof, in an amount sufficient to block a CD40-
mediated mmune response i the mammal.

Another method of the disclosure relates to inhibiting the growih andfor differentiation of
cells expressing (D40, comprising administering the present antibody or antigen-binding
fragment 1o the cells, wherein the binding of the antibody or antigen-binding fragment to UD40
inhibits the growth andior differentiation of the cells.

The present disclosure provides for a method of freating a subject having a CD40-
assoctated disorder, comprising administering to the subject the present antibody or autigen-
binding fragment, wherein the binding of the antibody or antigen-binding fragment to CD40
inhibits the growth andfor differentiation of cells of the CD40-associated disorder. The cells may
be, but are not limited to, B lymphoblastoid cells, pancreatic, fong cells, breast cells, ovarian
cells, colon cells, prostate cells, skan cells, head and neck celly, bladder cells, bone cells or
kidney cells.

The present method may be used to treat chronic lvmphocytic lenkemia, Burkitt's
tvmphoma, multiple myeloma, a T cell lvmphoms, Non-Hodgkin's Lymphoma, Hodgln's
Diisease, Waldenstromy's macroglobulinemia or Kaposi's ssrcoma,

Additional methods of the present disclosure include inhibiting antibody production by B
cells v a subject comprising administering to the subject an effective gmount of gn anti-CDH40
antibody or its fragment of the present disclosure. In one embodunent, the antibody is
adnunistered in an amount effective to inhibit B cell differentiation and antibody sotype
switching inthe subject. Inanother embodiment, the antibody is administered in an amownt
effective to inhibit cytoking and chemokine production, and/or mhibit up-regolation of adbesion
molecules in Tecells and macrophages in the subject. In 8 third embodinent, the antibody 13
gdmimstered in an amount effective to inhibit activation of dendntic cells 1o the subject.

In addition to the preseat antibody or its fragment, the present methods may Ruther
comptise administering & second therapeutic agent such as an immunosuppressant, 3 twmor
necrosis factor antagonist (s TNF-antagonist), 8 CTLA4-antagowst, an anti-1L-6 recepior

The present antibodies, or antigen-binding portions thereof, may specifically bind to
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human C140 and/or thesuy CDAB, sncluding recombinant and native hunan CD4G,

As used herein, a cell that exprasses €40 is any cell characterized by the surface
expression of CD40, including, but not limuted to, normal and neoplastic B cells, mterdigitating
cells, basal epithelial cells, carcinoma cells, macrophages, endothelial cells, follicular dendritic

cells, tonsit cells, and bone marrow-dertved plasma cells,

Humanized antibodies

The humanired antibody of the present disclosure i an antibody from 8 non-lnunan
species where the aniine acid sequences in the non-antigen binding regions {and/or the antigen-
binding regions} have been altered so that the antibody more closely resembles a human
antibody, and still retains its original binding ability.

An antibody Hght or heavy chain variable region consists of three hypervariable regions,
referred t0 as complementartty determining regions {CDRs). CDRxs are supported within the
region {or Hght chain variable region} containg three CDRs and four framework regions {(FRg),
arranged from amine-terminus to carbosyl-terminug in the following order: FR1, CDRI, FR2,
CDR2, FR3, CDR3, FR4. Kabat, E. A, of of. Sequences of Proteins of mmunological Interest,
Fifth Edition, 1.5, Department of Health and Human Services, NIH Pullication No. 91-3242,
1991, Chothia, C.erad, 1 Mol Biol 196:901-917, 1987,

in certamn embodiments, bumanized antibodies are antibody molecules from non-human
species having one, two, three or gll CDRs from the non-human species, and one, two, three, four
ot all framework regions from a human immumnoglobulin molecnle.

The CDRs of the present antibodies or antigen-binding portions thergof can be trom &
non-human or lnaman source, The framework of the present antibodies or antigen-binding
portions thereof can be human, humanized, non-human {e.g., 3 morine framewerk modified o
decrease antigeniotly in humans), or @ synihetic framewerk (e.g., 3 consensus seguence).

Iy one embodiment, the present antibodies, or antigen-binding portions thereof, contain at least
one hegvy chain variable region andéor at least one light chain variable region.

The humanized antibodies of the present disclosure can be produced by methods known

in the art, For example, ¢ bumanized antibody can have one or more amine aoid residues
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introduced o # from a soprce which is non-human. These non-haman aminge acid residues are
often referred to as “unport” restdues, which are typically taken from an “import” variable
domain, Humanization can be performed following the method of Winter and co-workers (Jones
et al., Natwre 321:522-5, 1986; Riechmann et al., Nodwre 332:323-7, 1988 Verhoeyen et al|
Science 239:1534-6, 1988), by substituting hypervariable region sequences for the corresponding
sequences of 8 human antibody, Accordingly, in sach nimanized antibodies, substantially less
than an itact baman variable domain has been substituted by the corresponding sequence fran a
non-human species. In certarn embodiments, humanized antibodies are human antibodies in
which at {east some hypervariable region residugs as well as other varialde region residues are
substitnied by residues from analogous sties in non-human antibodies.

The choice of human variable domains, both light and heavy, to be used in nwking the
humanized antibodies, may reduce antigenicity, According to the “best-fit” method, the
sequence of the varisble domain of a non-human {e.g., rodent such as mouse) antibody is
screened agamnst the entire library of known human varisble domain sequences. The human
sequence which is closest to that of the non-human is then accepted as the hwman framework for
the humanized antibody. See, e.g., Sims etal, L Ispnunel 131:2296-308, 1993, Chothna et al,, /.
Mo, Biol. 196:901-17, 1987, Ancther method uses a pariicular framework derived from the
consensus sequence of all buman antihodies of a particular subgroup of Hght or heavy chains.
The same framework may be used for several different huimanized antibodies. See, g, Carter et
al., Proc, Nafl dead. Sci US4 89:4285-9, 1992; Presta et al, J Inomuned 181:2623-32, 1993,

Humanized antibodies can be generated by replacing sequences of the variable region
that are not divectly involved in antigen binding with equivalent sequences from human variable
regions. Those methods wiclude isolating, tanipulating, and expressing the nuclete aad
sequences that encode all or part of variable regions from at least one of 8 heavy or light chain,
Scurces of such nucleic acid are well kuewn to those skilled in the art and, for example, may be
obtained from a hybridema producing an anitbedy against CD40. The recombinant DNA
encoding the humanized antibady, or fragment thereof, can then be cloned into an appropriate
EXPTESSION VeLtor.

in another example, once non-human {e.g., murine) antibodies are obiained, variable

regions can be sequenced, and the location of the CDRs and framework residues determined.
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Rabat, E. &, e el (1991 Sequences of Proteins of lnynunological Interest, Fifth BEditton, UK,
Department of Health and Human Services, NIH Publication No. 81-3242. Chothia, C. ef al.
{19873 J. Mol. Biol,, 196901817, The light and heavy chain vaniable regions can, optionally, be
lipated 1o corresponding constant vegions. CDR-grafted antibody molecules can be produced by
CPDR-grafting or CDR substitution. One, two, three or alt CDRs of an immunoglobulin chain can
be replaced, For example, all of the CDRs of 8 particolar antibody may be from at least a portion
of a non-human animal {e.2., mouse such as CDRs shown in Table 1) or only some of the CDRs
may be replaced. It 1s only necessary 1o keep the CDRs required for binding of the antibody fo a
predeternuned antigens {e.g., C40). Mormison, 8. L. 1985, Science, 23%:1202-1207. (et al,
1986, BioTechmiques, 4:214. UK, Patent Nos, 5,385,08%; 5225 539; 5,693,761 and 5,693,762,
EP 519596, Jones er af , 1986, Nature, 321:552-5258. Verhoevan ef al., 1988, Scignce, 2391534,
Beidler er af, 1988, J. Inmsunol, 141:4053-4060.

I may be desirable that antibodies be hamanmized with retention of high affinity for the
antigen and other favorable biclogical properties. To achieve this goal, according to one method,
humanized antthodies are prepared by a process of analysis of the parental sequences and various
conceptual humanized products using three-dimensional models of the parental and humanized
sequences. Three-dimensional immmoglobulin models are commonly avatlable and are familiar
to those skilled in the art. Computer programs are availatle which illustrate and display probable
three-dimensional conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displavs peroits analysis of the likely role of the residues in the functioning
of the candidate immunoglobulin sequence, 1e,, the analysis of residues that infloence the ability
of the candidate immunoglobulin to bind its antigen. Tu this way, FR residues can be selected
and conthined from the recipient and import sequences so that the desired antibody
characieristic, such as increased affivity for the farget antigen{s}, 13 achieved.

in some embodiments, 8 humanized anti-CD40 antibody alse mcludes at least a portion
of an tmmunoglobulin coustant region, typically that of g huntan mvmumoglobulin, In one
embodiment, the antibady will contain both the light chain as well as at least the variable domam
of a heavy chain. The sntibody alse may inclade one or more of the constant domain CH I, hinge,

CH2, CH3, and/or CH4 of the heavy chain, as appropriate.
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I some aspects of the present disclosure, one or more domaing of the humanized
antibodies will be recombinantly expressed. Such recombinant expression may employ one or
more control sequences, Lo, polynucleotide sequences necessary for expression of an operably
linked coding sequence 11y a particular host organism. The control seguences suitable for use n
prokarvotic cells include, for example, promoter, operator, and ribosome binding stte sequences,
Eukaryotic control sequences inchude, but are not limited to, promoters, polyadenylation signals,
and enbancers. These control sequences can be ntihized for expression and production of
humantred anti-C D40 antibody in prokaryotic and eukarvotic host cells,

Also encompassed by the present disclosure are antibodies, or antigen-binding portions
thereof, containing one, two, or all CDRs as disclosed herein, with the other regions replaced by
sequences from at least one different species including, but not limited to, humag, rabbits, sheep,
dogs, vats, cows, horses, goats, pigs, monkeys, apes, gorillas, chimpanzees, dacks, geese,

chickens, aphibians, reptiles and other animals.

Haman antibodies

Human antibodies of the disclosure can be constructed by combining Fy clone variable
domain sequenge(s) selected from haman-derived phage display libraries with known human
constant domain sequences{s) {Hoogenbhoom et al., J Mol Biol 227:381-8, 1992; Marks ef al,, &
Mol Bid, 222:581-97_ 1991 ). Alernatively, human antibodies can be made by the hybridoms
methed. Human myeloma and mouse-human heteromyeloma cell lines for the production of
human monoclonal antibodies have been described, for example, by Kozbor, J lamunn!,
133:3001-5, 1984; Brodeur et al., Monockmal dutibady Production Techniques amd
Applications, pp. S1-63 {(Marcel Dekker, Inc. New York, 1987); and Boerner et al. /. fmmunol,
147: 86-95, 1991.

11 is possible to produce wansgenie animals (e g, mice) that are capable, upon
innnunization, of producing a full reperiaire of human antibodies 1 the ahsence of endogenous
immunogiobulin production. For examyple, it has been described that the homozygous deletion of
the antibody heavy-chain joining region (JH) gene tn chimeric and germ-line mutant mice resulls
in complete inhibition of endogenous antibody production. Transfer of the human germ-ling

inununeglobulin gene array in such gene-ling mutant mice will result i1 the production of human
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antibodies ppon antigen challenge. See, e.g., Jakobovits et al., Proc. Nl dead. Scil 154
925515, 1993; Jakobovits et al, Mafre 362:255-8, 1993; Bripgemann et al., Yegr Imsnowl,
7:33-40, 1993,

Gene shuffling can also be used to derive human antibodies from non-hwman, e.g.,
rodent, antibodies, where the human antibody has similar affinities and specificiiies to the
starting non-human antibody. According to this methed, which is also called Yepitope
aprinting,” etther the heavy or bt chiain variable region of a non-human antibody fragment
obtained by phage display technigues as desceibed herein i replaced with a reperiotre of human
V domain genes, oresting a population of non-human chain/buman chain seFv or Fab chimeras.
Fab where the human chain restores the antigen binding site destroved upon removal of the
corresponding non-haman chain in the primory phage display clone, Le., the epitope governs
{imprints} the choice of the human chain partner. When the process is repeated in order to
replace the remaining non-human chain, 8 human antibody is obtained (see PCT Publication WQ
93/06213). Unlike traditional huomanization of non-human antibodies by CDR grafting, this
techiigue provides completely human antibodies, which bave no FR or CDR residues of non-

human origin.

Chimeric Antibodies

A chaneric antibody 15 a molecule inwhich different portions are dertved trom different
animal species. For example, an antibody may contain g vanable region derived from a murine
antibody and a buman impusoglobutin constant region. Chimeric antibodies can be produced by
recombinant DNA techniques. Morrison, et al, Proc Natl Acad Sci, 81:6831-6855 (1984} For

wested

w

example, a gene encoding a murine {or other species) monoclonal antibody molecule is &
with restriction enzyines o remove the region encoding the muring Fo, and the equivalent
portion of & gene encoding a huanan Fo counstant vegion is substituted. Chumerie anitbodies can
also be created by recombinant DNA techniques where DNA encoding murine 'V regions can be
Hgated to DNA encoding the burnan constant regions. Better et al,, Science, 1988, 240:1041 -
1043, Liuetal PNAS, 1987 §4:3439.3443. Liv et al., L Immunel,, 1887, 139:3521-3526. Sun
gtal. PNAS, 1987, 84:214-218. Nishimura et al., Canc. Res,, 1987, 47:999-1003. Wood eral
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Nature, 1985, 314:446-449. Shaw et al, 1. Natl. Cancer Inst,, 1988, 8071833-15538. Internafional
Patent Publication Nos, WO1987002671 and WO 86/01533. European Patent AppHvation Nos.
184, IB7: 171,496, 125,023, and 173,494, US. Patent No. 4,816,567

Variable Regions and CDRs

The heavy chain vartable regions, Heht chain variable regions and CDRy of the nuwing

2010 antibedy and certain humanized anti-CD40 antibodies, are shown m Table L

Table 1 SEQ 1D Nos. 11 - 31

Name

- Chiain,

- Region

Seqguence

1D NO.

210
{Murine

antibody)

- Heavy chain,

variable region

QVQLOOSGAELAKPGASVKMSCKASGY TET
NYWMHWVKORPGQGLEWIGYINFSNDYTKY

NOEFRDKATLTADKSSNTAYMOLGSLTSEDS
AVYYCARDGEPY WGQGTLVTVEA

i1

2010

| Light chan,

variable region

HWYHORSGTSPKRWIYDISKLASGVPARFSG
SGSGTSYSLTISSMEAEDAATYYCHQLSSDPE

12

2010

- Heavy chain,

 CDR1

YTFINYWMH

13

2010

- Heavy chain,
CDR2

YINPSNDYTKYNOKFKD

Y

2010

- Heavy chain,

CDR3

QGEPY

201N

| Light cham,

 CDR

SASSSVSYMH

16

210

- Light cham,
CDRY

2C10

- Light chain,

HOLASDPET

i8
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CRR3

2C10 ki

- Heavy chain,

| variable region

MY WMHWVROAPGORLEWMGYINPSNDYTK
YNORERDRVTITRDTSASTAYMELSSLRSEDT

AVYYCAR QUGEFRYWGOGTLVTVSS

19

2C10_ 12

Heavy chain,

vartable region

OYOLVOSGAEVRKPGASVREVSCKASG
YTETNYWMH WVRQAPGQRLEWMG
YINPSNDYTKYNQRFKD
RVTITADKSASTAYMELSSLREEDTAVYYCA
R QOEPY WGOQUGTLVTVSS

2010 h3

- Heavy chain,

| varigble region

QYQLYOSGAEVKRPGASVRVECKASG
YTFINYWMH WVRQAPGQRLEWIG
YINPSNDYTEYNQKFKD
RATLTADKSANTAYM
EBLSSLRSEDTAVYYCAR QGFPY

2C10 1

- Light chain,

| vartable region

EIVLTOSPATLSLSPGERATLSC SASSSVS
YMH WYQOKPGQAPRLLIY DTSKLAS
GIPARFSGSGSGTRFTLTISSLEPEDFAVYYC
HOLSSDPFT FGGGTKVEIK

C10 12

- Light cham,

- variable region

EIWVLTQSPATLILSPGERATLSC
SASSSVEYMH WYQOQKPGOAPRRWLY
DISKLAS

GVPARFSGSGSGTDY TLTISSLEPEDFAVY YO
HOLSSDPEY FGGUGTKVEIR

CH0HP

- Heavy chain,

| variable region

QVOQLVOQSGAEVEKPGASVRKVICKASGYTET
NYWMHWVROAPGORLEWIGYINPONDYTKY
NOKFKDRATLTADKSANTAYMELSSLRSEDT

AVYYCARQGEPYWOGOGTLVTIVES

24

2C10HBY

- Heavy chain,

QVOLVOSGAEYKKPGASVRVSCKASGYTET

21
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- variable region

| NYWMHWVRGQAPGORLEWIGYINPSNDYTRY

NOKFKDRATLTADTSTNTAYMELSSLRSEDT
AVYYCARQGFPYWGQGTLYTVSS

2C10HB2

- Heavy chain,

 varfable region

OVOLVOSGAEVKKPGSSVRVSCKASGYTEIN
YWMHWVROAPGOGLEWIGY INPSNDYTRYN
QKEKBKATITADESTNTAYMELSSLRSEDTA
VYYCARQUGEPYWOQOTLVTVES

2CTOKP

Lightchamn,

- variable region

EIVLTOSPATLSLSPGERATLSCSASSSVSYMH
WYQQRKPGOAPRRWIVDTSKLASGVPARFSGS
GSGTDYTLTISSLEPEDFAVYYCHQLSSDPETF
GOOGTEVEIR

27

2C10KB1

- Light chain,

variable region

DIQMTQSPSTLOASVOGDRVTITCSASSSVEYM
HWYQOKPORAPKLLIVRDTSKLASGVPARESG
SGSGTEFTLTISSLOPDDEATYYCHOQLSSDPET
FGOQGTKVEVK

28

2C10KB2

- Light chain,

- variable region

EIVLTOSPATLSLSPGERATLSCSASSSVSY M
WYQOQKPGQAPRLLIYDISKLASGIPARFSGSG
SGTDFTLTISSLEPEDFAVYYCHOLSSDPFTFG

QGTKLEIK

VH1-3

- Heavy chain,

- variable region

QVOLVOQSGAEVKKPGASVKVBCKASGYTFTS
YAMHWVROAPGORLEWMGWINAGNGNTK
YSQRFQGRVTITRDTSASTAYMELSSLRSEDT
AVYYCARWGOQGTLVTVSS

- Light chain,

| variable region

EIVLTQSPATLSLSPGERATLSCRASQSVESYL
AWYQOQKPGOQAPRLUIVDASNRATGIPARESG

SGSGTDEFTLTISSLEPEDFAVYYCFGGGTRVEL
K

31

in certam embodiments, the antibodies or antigen-binding portions thersof mclude 2
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heavy chan variable region comprising an aming acid sequence ai least about 70%;, at least abowt
T5%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 99%, gbout 70%, about 75%, about B0%, about 81%, ghout 2%, about 83%, about 84%
about 85%;, about 86%, about 87%:, about 88%:, about 89%, about 80%, about ¥1%, abowt *?2%
about 93%, about 94%, about 93%, about 96%, about 97%, about 98%, about 99% or about
100% identical 10 & heavy chain vartable region amino acid sequence as set forth m any of SEQ
IDNQg 11,19, 20,21, 24, 25 and 26.

In certarn embodiments, the antibodies or antigen-binding portions thereof inclade a Hght
chain variable region comyprising ap mnine acid sequence at least about 70%, at least abour 75%,
at least about 80%, at least about 83%, at least sbout 90%, at least sbout 958%, at least about

7
¥

99%, about T0%, about 75%, about 80%, about 81%, about 2%, about 83%, about 84%, shout

83%, about 86%, about 87%, about §8%, about 89%, about 90%, about 91%, aboul 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% ot about 1D0%
identical to g light chain variable region amino acid seguence as set forth in any of SEQ 1D NOs:
12,22, 23,27 28 and 29,

In certam smbodiments, the antibodies or antigen-binding portions thereof each melude
both a heavy chain variable region comprising an amino acid sequence at least about 70%, at
feast about 78%:, at least about 30%;, at least about 3%, at least abwout 90%, at least sbowut 95%
at least about 99%, about T0%, about 75%, about 80%, about §1%, about §2%, abont 83%, sbout
4%, about 85%, about 86%;, about 87%, about 88%, about 38%, about 80%, ahout 91%, showt
92%, about 93%, about 94%, about 95%, gbout 36%, about 97%, dbout 98%, about 99% or
abouat 100% identical w8 heavy chain vaniable region amine acid sequence as set forth i any of
SEQ D NOs: 11,19, 20, 21, 24, 25 and 26, and a light chain variable region including an aming
acid sequence at least about 70%, at least about 7%, at least about 80%;, at least about §5%, at
least shont 80%, at least about 95%, at vast about 39%%, about 70%, about 75%%, about 80%,
ahout 81%, about 82%, about 83%, about 84%, about 85%, about 86%%, about B7%, about 88%,
about 89%;, about 90%, about 91%s, about 92%:, about 93%, about 94%, about V5%, about 6%,
about 97%, about 98%, about 99% or gboat 100% identical to g varighle hight chain amino acid
sequence as sef forth in SEQ 1D NOs: 12, 22, 23,27, 28 and 29,

A heavy chain variable region of the antibodies or antipen-binding portions thereof can
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comprise ong, two, three or more complementarity determining regions {CDRs) that are at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 30%, at

least about 95%, at least about 99%, about 70%, about 75%, about 80%, about 81%%, about 82%,
about 83%;, about 84%, about 85%:, about 86%:, about 87%, about 88%, about 89%;, about 0%,
about 91%%, about 92%, about 939%%, about 94%, about 83%, about 96%, aboul 97%, sbout 98%,
about 89% or about 100% identical to the UDRs of & heavy chain variable region of the 2010
antibody (CDR, CDRY and CDR3 as set forth in SEQ 1D NQs: 13, 14, 15, respectively),

A bight chain variable region of the antibodies or antigen-binding portions thereof can
comprise ong, two, three or more CDRs that are at least about 70%, at least about 75%, at least
about 80%, at least about §5%, at least abont 90%, at least gbout 95%, st least about 99%;, sbowt

70%, about 75%, about 30%, about 81%, about 82%, about 83%, about 84%, about §85%, abowt
86%, about 8§7%, about 88%, about §9%, about 90%, about 91%, about 92%, about 93%, sbout
94%, about 95%, about 96%, about 97%, about 98%, about 99% or about 100% identical 1o the
CDRs of a light chain variable region of the 2C10 antibody (CDRY, CDRY gnd CDR3 as set
forth in SEQ DY NOs: 16, 17, 18, respectively).

A heavy chain variable region of the present antibodies, or antigen-binding portions
thereof, can comprise one, two, three or more complementarity deterninng regions {TDRs that
are at teast about 70%, at least about 75%, at least abous 8%, at least about 85%, at least about
0%, af least about 95%, at least about 99%, about 70%, about 75%%, about 80%, about §1%
about €2%, abont 83%, about 84%0, about 83%, about 86%, about 87%, about 88%, about 39’%,
about 90%, about 91%, about 92%, about 3%, about 94%, shout 95%, about 96%%, about 97%,
about 98% about 99% or about 100% identical to the CDRs of a heavy chain variable region of
the 2C10 antibody (CDRY, CDRY and CDR3 as set forth in SEQ 1D NOs: 13, 14, 15,
respectively), and a bight chain variable region of the antibodies or antigm*binﬁiing portions
therecf can comprise one, two, three or more CDRs that are at least about 7(0%, at least gbout
73%, at least about 80%, at least about §5%, at least about B0%, at least about 95%, ai least
about 99%;, about 70%, about 73%, about 80%:, about S1%, about 82%, about $3%, about 84%,
about 83%, about 86%%, gbout 8§7%, ubout §8%, about §9%, sbout 90%, about 91%, aboul 92%,
about 93%, about 94%%, about 95%, about 96%, about 7%, about 98%, about 99% or about

100% identical to the CDRs of a light chain variable region of the 2C 10 antibody (CDR 1, CDR2
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ard COR3 as set forth in SEQ 1D NQs: 16, 17, 18 respectivelyl.

A heavy chain variable region of the antibodies or antigen-binding portions thereof can
include three CTDRs that are gt least about 70%, af Teast about 75%, at least about 80%, at feast
about 85%, at least about 90%, at least about 95%, at least shout 99%, about 70%, about 75%,
about 80%, about 819%, about §2%, about §3%, about 84%, about §85%, about §6%, about §7%,
abiout &8%, abiout 899, about 80%, about 91%, about 22%. about 3%, about 24%., about 3%,
ahout 95%, abowt 97%, about 98%, about 99% ar about 100% identical to the CDRs of a heavy
chain variable region of the 2C10 antibody {CDR Y, CDR2 and COR3 as set forth in SEQ ID
NQOs: 13, 14, 15, respectivaly).

In one embodiment, a light chain variable region of the antibodies or antigen-binding
portions thereof includes three CDRs that are at least about 70%, at least about 75%, at least
about 30%, at Teast about 85%, ar least about 90%, at least about 93%, at least about 99%, about
T(%, about 75%, about 80%, about 81%, about 82%, about §3%, about 84%, about 83%, aboat
&%, about 87%, aboput 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about
4%, about 95%, about 96%:, about 97%%, about 98%, abowt 99% or about 100% dentical to the
CDRs of a light chain variable region of the 2C10 antibody (CDR1, CDR2 and CDR3 as sat
forth e SEQ ID NGs: 16, 17, 18, respectively).

In one embodiment, a heavy cham variable region of the antibodies or antigen-hinding
portions thereof includes three CDRs that are at least about 70%, at least about 75%, at least
about 0%, at least about 85%, at least about 90%, at least about 95%, at least about 99%, about
70%, about 73%, about 80%, about 1%, sbout §82%, about 83%, about 84%, about 85%, sbout
&69%0, about 879, about &8%%, about 89%, about 9%, about 91%, about 92%, about 93%, about
%%, about 95%, about 96%, about 7%, about 98%, about 99% or about 100% identical to the
CDRs of a heavy chain varable region of the 2C10 antibody (CDRI, CDR2 and CDR3 as set
forth i SEQ 1D KOs 13, 14, 15, respectively), and a light chain vartable region of the
antibodies or andi gen»biuémg portions thereaf includes three CDRs that are at least gbout 70%, at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 85%,
at least gbout 99%, about 70%, about 75%, about 80%, about §1%, aboui §2%, about 83%, sbouwt
84%, about 85%, about 6%, about 87%, about 88%, about 8%, about 80%, about 81%, about

92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 9% or
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about 100% identical to the CDRy of a hght chain variable region of the 2010 anttbody (CDRY,
CDR2 and CDR3 as set forth 1o SEQ 1D NOs: 16, 17, 18, respectivaly).,

In certain embodiments, & heavy chain variable region of the antibodies or anligen-
binding portions thereof includes three CDRs that are identical to CDRs of 3 heavy cham
variable region of the 2C10 gntibody {CDR 1, CDR2 and CDR3 as set forth in SEQ ID NOs: |
14, 15, respectively), and a light chain variable region of the antibodies or antigen-binding
portions thereof includes three CDRs that are identical o CDRs of g light chain variable region
of the 2010 antibody (CDR 1, CDR2 and CDIR3 as set forth in SEQ 1D NOs: 16, 17, 18,
respectively).

Encompassed by the present discloswre are gntibodies with g heavy chain variable region
and 8 light chain variable region having amino acid sequences at least about 70%, at least about
T3%, at least about 80%, at least about 85%, at least shont D0%, at least about 95%, ai least
about 99%, about 70%, about 75%, about B0, about 81%, about 32%, about 83%;, about 34%,
about 85%;, about 86%, about 87%, about 88%, about §9%, about 90%, about 91%, about 92%,
about 93%, about 4%, about 93%, abont 96%, about 97%, about 98%, about 99%, or about
100%, identical to the heavy cham variable region (SEQ 1D NO: 11) and light cham variable
region {SEQ I NO: 12) of the antibody 2C10, respectively.

In related embodiments, anti-CD40 antibodies or antigen-binding portions thereof
nclade, for example, the CDRs of heavy chain variable regions andfor hight cham variable
regions of 2C10.

In one embodiment, the antibody or antigen-binding portion thereof contains a heavy
chain variable region and a tight chain variable region identical 10 a heavy chain variable region
and light chain variable region of the 2C10 antibody (SEQ 1D NO: 11 and SEQ 1D NG:12,
respectively}.

3

in various embodiments, the antibodies or antigen-binding porticus thereof specifically

& -

P‘1

bind to an epitope that everlaps with, or are at least about 70%, at least about 73%, at least about
&%, at least about 85%, at least about 9094, at least about 95%, at least about 99%;, about 70%,
about 73%, about 80%, about §1%, gbout 82%, about §3%, gbout §4%%, aboul §53%, about §6%,
about 7%, about $8%, about 89%, about 90%, about 919, about 92%, about 93%, about 94%,

about 95%, about 96%, about 97%, about 98%, about 99% ar about 100%, identical to an
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epitope bovnd by the 2C 10 antibody.  The epitope may be present within the sequence of SEQ

1D NOY 6, or may be present within the sequence of amino acids &-40 of SEQ IDNG: 6.

In certain embodiments, CDRs corresponding o the CDRs in Table 1 have sequence
variations, For example, CDRs, inwhich 1, 2 3, 4, 5, 6, 7 or 8 residues, or less than 20%, less
than 30%, or less than about 40%, of total residues n the CDR, are substituted or deleted can be
present it an antibody {or amtigen-binding portion therent) that binds CD40.

Also within the scope of the disclosure are antibodies or antigen-binding portions thereof
m which specific aminoe acids have been substituted, deleted or added. These alternations do not
fave & substantial effect on the peptide’s biplogical properties such gs binding activity, For
example, antibodies may have amino acid substitutions in the framework region, such as to
tmprove binding to the antigen. In another example, a selected, small mamber of avcepior
framework residues can be replaced by the corresponding donor amine acids, The donor
framework can be a mature or germline human antibody famework sequence or a consensus
sequence. Uuidance concerning how to make phenotypically silent amino acid substitutions is
provided i Bowie ef af., Science, 247 13006-1310 (1990). Cunningham f &/, Science, 244
JO81-10R83 (1989). Ansubel {ed ), Carrent Protocols in Molecolar Biology, John Wiley and Sons,
Ine. {1994). T. Mandatis, E. F_ Fritsch and §. Sambrook, Moelecular Cloning: A Laboratory
Manpal, Cold Spring Harbor laboratory, Cold Spring Harbor, NUY. (1989). Pearson, Methods
Mol Biol 243:307-31 (1994). Gonnet er gf , Ncignce 256:1443-43 (1992),

The present pephides may be the functionally active vartant of antibodies of antigen-
binding portions thereof disclosed herein, v.g., with less than about 30%, about 23%, about 20%,
about 153%, about 10%, about 3% or gbout 1% anuno acid residues substituted or deleted but
retain essentially the same numological properties including, but not Hmited to, binding to
CD4a.

The amibodies or antigen-binding portions thereof may alse include varianis, analogs,
orthalogs, homelogs and derivatives of peptides, that exhibit 8 biological activity, e.g., binding
of an antigen such as CD40. The peptides may conigin one of more analogs of an amino aod
(including, for example, non-naturally occurring amino acids, amino acids which only poour

naturally i an unrelated biological system, modified amino acids from mammalian systens
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ete.), peptides with substituted linkages, as well as other modifications known i the art,

The antibody, or antigen-binding portion therenf, can be derivatized or linked to another
functional molecude. For example, an antibody can be fuactionally tmked (by chamical conpling,
genetic fusion, noncovalent interaction, ic.) t one or more other molecular entities, such as
another anttbody, a detectable agent, arommunosuppressant, 8 cytotoxic agent, a pharmaceutical
agent, a protein or peptide that can mediate association with another molecule {(such as a
streptavidin core vegion or a polyhistiding tag), anuno acid linkers, signal sequences,
mnmumegenic carviers, or Hgands wseful in protein purification, such as ghutathione-S-transferase,
histidine tag, and staphylocoscal protein A, Cytotoxic agents may include radioactive salopes,
chemotherapeutic agents, and toxing such as enrymatically active toxins of bacterial, fungal,
plant, or antmal origin, and fragments thereof. Such cvtotoxic agents can be coupled to the
homantzed gntibodies of the present disclosure using standard procedures, and used, for
example, to treat a patient indicated for therapy with the antibody.

One type of derivatized protein is produced by crosslinking twe or more proteins (of the
same type or of different types). Suitable crosstinkery include those that are heterobifunctional,
having two distinct reactive groups separated by an appropriate spacer {e.g., m-
maletnidobenzovi-M-hydroxysacemimide ester) or homobifunctional {e. g, disuccinimidyl
suberate). Useful detectabile agents with which a protein can be derivatized {or labeled} include
fluorescent agents, various enzvnies, prosthetic groups, luminescent materials, biotaminescent
materials, and radioactive materials. Non-limiting, exemplary fluorescent detectable agents
include fluorescein, Huorescein isothiocyanate, thodaming, and, phveoerythrin A protein or
antibody can also be derivatized with deteciable enzymes, sach a5 alkaling phosphatase,
horseradish peroxidase, beta-galactosidase, acetylcholinesterase, glucose oxidase and the ike. A
protein can also be derivatized with a prosthetic group {e.g., steptavidinbiotin and
aviduvbiotin}.

In another embodiment, the humanized anti-CD40 antibody or #s fragment s used
wiiiabeled and detected with a labeled anttbody that binds the humanized anti-CD40 antibody or

its fragment.
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Antibody fragments

The antibodies can be full-length or can include s fragment (or fragments) of the antibody
having an antigen-binding portion, including, but not Huted to, Fab, F(ab')2, Fab’, Flab)', Fv,
single chain Fv (scFv}, bivalent scFv {(bi-scFv}, trivalent scFy (tri-scFy), Fd, dAb fragment (e g,
Ward et al., Nature, 341:544-546 {1989)), an isolated CDR, diabodies, triabodies, tetrabodies,
linear antibodies, single~chain antibody molecuales, and multspecific antibodies formed from
autibody fragments. Single chiain antibodies produced by joming sntibody fragiuents usmg
recombinant methods, or g synthetic lnker, are also encompassed by The present disclosure.
Bird gt al. Science, 1988, 242:423-426. Huston et &b, Froc Natl Avad. Sci. USA, 1988,
8S5:SR7Q-5883.

Papain digestion of antibodies produces two identical antigen-binding fragments, called
“Fab” fragments, each with a single antigen-binding site, and g residual “Fe” fragment, whose
name reflects iy ability 1o crystallive readily. Pepsin treatment yields an F(ab™); fragment that
has two antigen-combining sites and is still capable of cross-linking antigen.

Fy is the minimum antibody fragment which contains a complete antigen-binding site. Tn
one embodiment, & two-chain Fyv species consists of a dimer of one heavy- and one light-cham
variable domain i tight, non-covalent assoctation. In a single-chain Fv (scFv) species, one
heavy~and one Hght-cham variable domam can be covalently linked by a flexible peptide Hnker
sach that the hght and heavy chains can associate m a “dimeric” structure snalogons fo thatina
two-chain Fv species. It is in this configuration that the three CDRs of each variable domain
tnferact to define an antigen-binding site on the surface of the V-V dimer, Collectively, the six
CDRs confer antigen-binding specificity to the antibady. However, even a single variabde
domain (or half of an Fv comprising only three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower afBnity than the entire binding stie.

The Fab fragment contsins the heavy- and light-chain variable domaing gud alse contains
the constant domain of the bght chain and the first constant domain (CH1) of the heavy chain.
Falb’ fragments differ from Fab fragments by the addition of a fow residues at the carboxyl
termings of the heavy chain CHI domain inchuding one or more gystetnes from the antibody
hinge region. Fab'-5H is the designation for Faly’ in which the cystaine residue(s) of the

constant dorraing bear a free thiol group. F(ab”) ; antibody fragments originally were produced as
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pairs of Fab’ fragments which have hinge cysteines between them Other chemical couplings of
antibody fragiments are aleo known,
Sinple-chain Fv of soFv antibody fragments comprise the Vy and Vi, domatns of
B yirag P

antibody, where these domains are present n a single polypeptide chain. Generally, the schv

P4

polvpeptide further comprises a polypeptide linker between the Vi and V. domains which
enables the scFy to form the desired structure for antigen binding. For a review of scFy, see,
2.8, Pluckthin, w The Pharmacology of Monoclonal dntibodics, vol. 113, Rosenbury and
Moore eds., (Springes-Verlag, New Yok, 1994), pp. 269315,
Diabodies are antibody fragnrents with two antigen-binding sites, which fragments
10 comprise g heavy~chain variable domain (V) connected to g Hght-chain variable domain (Vi) in
the same polypeptide chain (Vi-Vy). By using a Hoker that is too shost to allow pairing between
the two domains on the same chain, the domains are forced to pair with the complementary
domains of another chain and create two antigen-binding sites. Diabodies may be brvalent or
bispecific. Diabodies are described more fully in, for example, European Patent No. 404,097
15 POT Pablication WO 1993/01161; Hudson et al., Nyt Mead 9012934, 2003; and Hollinger et al |
FProg, Natl, dead. Sci US4 90:6444-8, 1993, Triabodies and tetrabodies are also deseribed in
Hudson et al., Nav. Med, 9:129-34, 2003,
Autibody fragments may be generated by traditional means, such as enzymatic digestion,
or by recombinant fechniques. In certain circomstances there are advantages of psing antibody
¢ fragments, rather than whole antibodies. The smaller size of the fragments albows for rapid
clearance, and may lead to tmproved access to solid tumors. For a review of certain antibody
fragments, see Hudson et al, Mo Med. 9:129-134, 2003,
Various techntgues have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteotytic digestion of intact antibodies {see,
35 og, Morimote ot al., J Blochem. Biopias, Meshods 24307-17, 1992, and Brennan et al,,
Sedence 229:81-3, 1885). However, these fragments ¢an now be produced divectly by
recombinant host calls. Fab, Fv, and ScFv antibody fragments can all be expressed in and
secreted from £ cof, thus allowing the facile production of large amonnts of these fragments,
Antibody fragments can be isolated from the antibody phage lbraries. Altematively, Fab’-SH

30 fragments can be divectly recovered from £ coli and chensically coupled to fors F(ab™);
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fragments {Carter et al., RioTechpalogy 10:163-7,1992), In another approach, Fab)
fragments are isolated directly from vecombinant host cell culture. Fab and F(ab™); fragment
with increased in vivo half-life comprising salvage receptor binding epuope residues are
described in US. Patent No. 5,869,046, Other techniques for the production of antibody

fragruents will be apparentio the skilled practitioner.

The present antibody nr amigen-binding portion thereof may comprise at least ong
constant donwain, such as, (&) an IeG constant domam; (b} an {gA constant donain, ete.

All antibody isotypes are encompassed by the present disclosure, mehnding 18G feg.,
1eG1, 1gG2, TeGR, TgGH), TeM, TgA (TgAl, [gdA2), IgD or IgE. The antibodies or antigen-binding
portions thereof may be mammalian {e.g., mouse, human) antibodies or antigen-binding portions
thereof. The light chains of the antibody may be of kappa or lambda type. An slternaiive
humanized anti-CD40 antibody can comprise sequences from more than one mamunoglobulin
class or isotype, and selecting particular constant demains to optimize desired effector funchions
is within the ordinary skill i the art.

The amibodies or antigen-binding portions thereof of The present disclosure mav be
monospecific, bispecific or nuadti-specific. Malti-specific or bi-specific antibodies or fragments
thereof may be specific for different epitopes of one farget polypeptide (2.g., CD30} or may
contain antigen-hinding domains specific for more than one target polypeptide {e.g., antigen-
binding domains specific for CD40 and other antigen relating to transplant rejection or
autciminune disease). In one embodiment, a multispecific antibody or antigen-binding portion
thereof comprises af least two different variable domains, wherein each variable domain 13
capable of specifically binding to a separate antigen or to g difterent epitope on the same antigen,
Tutt et al., 1991, ], Immunol, 147:60-69. Kofer et al., 2004, Trends Biotechnol. 22:238-244, The
present anttbodies can be linked to or co-expressed with another functional nmolecule, 2.g.,
another peptide or protein. For example, an antibody or fragment thereof can be Runctionally
linked {e.g., by chemival coupling, genstic fusion, noncovalent association or otherwise) to one
or more other molecular entifies, such as another antibody or antibody fragment to produce g bi-
specifie or a multspecific antibody with a second tanding specificity. For example, the present

disclosure includes bi-specific antibodies wherein one anm of an imnwnoplobulin is specific for
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D40, and the other arm of the immunoglobulin is specific for a second therapeutic target or 13

conjugated to a therapentic molety such as an immunosapprassant.

Production of Antibodies

The present disclosure provides for methods for making an antibody or antigen-binding
portion thereof that specifically binds 1o CD40,

For example, a non-hwoan ammal s tomunized with a commposition that includes D40,
and then a specific antibody 13 isolated from the animal. The method can forther include
evaluating binding of the anttbody to CD40.

In one embodiment, the present disclosure provides for a method for making a hybridoma
that expresses an antibody that specifically binds to CD40. The method contains the following
steps: immenizing an animal with a composition that inclades CD40 or its fragment; isolating
splenocytes from the animal; generating hybridomas from the splenocyies; and selecting a
hybridonta that produces an antibody that spectfically binds to CD40. Kobler and Milstein,
Nature, 256: 495, 1975 Harlow, E. and Lane, D, Antibodiess A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NUY ., 1988,

In one embodiment, D40 Is used to tmmunize mice intraperitoneally or mirgvenously,

One o more boosts may or may not be given. The titers of the antibodies o the playma can be

momtored by, e.g., ELISA {enzyvme-linked immunosorbent assay? or How oytometry. Mice with

sufficient titers of anti-CIM40 antibodies are used for fusions. Mice may or may not be boosted
with antigen 3 days before sacrifice and removal of the spleen. The mouse splenocytes are
isotated and fused with PEG 1o a mouse myeloma cell line, The resalting hybridomas are then
screened for the production of antigen-specific antibodies. Cells are plated, and then incubated
selective medhun. Supernatants from ndividoal wells are then screeped by ELISA for human
anti-CD40 monoclonal antibodies. The antibedy secreting hybridomas arve replated, sereened
again, and i stll posttive or anti-CDH0 nwnoclonal antibodies, can be subcloned by lmnting
difution.

Adjuvants that naay be used 1o increase the innmmogenicty of CDMO include any agent
or agents that act to mcrease an inunune response to peptides or combination of peptides. Non-

Hintting examples of adjnvants include shum, alominuns phosphate, aluminam hydroxade, MES%
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{4.3% wiv squalene, 0.5% wiv polvsorbate 80 {Tween RO), (.5% wiv sorbitan trioleate (Span
85}, CpG-contatning nucleic acid, Q821 {saponin adjuvant), MPL (Monophosphaory! Lipid A},
IDMPL (3-O-degeviated MPL), extracts from Aquilla, ISCOMS (see, e.g., Sjolander o7 al.
{1998} I Leukocvte Biol 64:713; WOR0/03 184 WORG/ 1171, WO 00/48630; WO9B/36TT
WO00/41720; WO06/134423 and WODT/026190), LTCT mutants, poly{ D.L-actide-co-
glycolide) (PLGY microparticles, Quil A, interlevking, Freund's, Neacetyl-muramyl-L-threonyl-
Desoglutaming (the-MDP), Neacetybnor-auramyl-L-glanyl-D-isoglotamine (CGP 11637,
referred to as nos-MDP)Y, N-acetvimuramyl-Lealaoyb-Dhisoglotaminyb-L-alanine-2-(1-2-dip~
almitoylsn-glveere-3-hydroxyphosphoryloxy)-ethvlamine {CGP 19833 A, referred 1o as MTH-
PE}, and RIBIL, which contains three components extracted from bacteria, monophosphory! Hipid
A, trehalose dimyeolate and cell wall skeleton (MPLATDMACWS) in a 2% squalene/Tween 30
emulsion.

The mmunized animal can be any animal that i3 capable of producing recoverable
antibodies when admimnistered an immunogen, such as, but not hmited 1o, tabbits, mice, rats,
hamsters, goats, horses, monkeys, baboons and hamans. In one aspect, the host is ransgenic and
produces humnan antibodies, e.g., & mouse expressing the human bamunoeglobulin gene segments.
US. Patent No. 8 238 311 74825.559 and 5,770 429, the disclosure of cach of which i3
moorporated herein by reference i its entivety. Lonbery of of, Nature 368{8474): 856-859,
1994, Lonberg, N., Handbook of Expertmental Pharmacology 113:49-101, 1994 Lonberg N
and Huszar, D, tatern. Rev. Immunol, 137 65-93, 1998, Harding, ¥. and Lonberg, N, Anmn. NY.
Acad. Sci,, 764:536-546, 1995,

The present antibodies or portions thergof can be produced by host cells ranstormed with
DNA gncoding Hght and heavy chatns {or portions thersof) of a desired antibody. Antibodies {or
portions thereof) can be isolated and purified from these culture supernatants sud/or cells using
standard technigues. For example, a host cell nay be transformed with DNA encoding the hght
chain, the heavy chain, or both, of an antibody. Recombmant DNA technology may also be used
to remove some or all of the DNA encoding af feast a portion of either or both of the light and
heavy chains that is not necessary for binding, e.g., the constant region.

The mvention also encompasses a nucleic acid or polynucleotide encoding at least one of
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the present antibody or antigen-binding poriion thereof that specifically binds to CD40. The
nucleic acid may be expressed i a cell to produce the present antibody or antigen-~binding
portion thereof, The solated nucleic acid or pelyrucicotide of the present disclosure comprises

at least one sequence encoding a peptide af least about 70%, at least abowut 75%, at least about

1.3

80%, at least about 85%, at least about 90%, at least about 93%, at least about 99%, about 70%
about 73%, about §0%, about 81%, about §2%, about &3%, gbout §4%, about 83%, about §6%,
ghont 87%, about 88%, about 89%, about 9%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, abouwt 99% or about 100% identical to any of
SEQ D NOs: 11 -39,
10 The mvention also features expression vectors including at least one nucleic geid or
polynucleotide encoding a peptide at least about 70%, at least about 75%, at least about 86%, at
Ieast ahout 85%, at least about 90%, at least about 95%, at least about 99%%, about 70%, about
73%, about 8%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
about 88%, about 89%, about 90%, about 91%%, ghout 92%, about 93%, about 94%, about
15 93%, ahout 96%:, shout 97%:, about 88%, about 99% or about 100% identical to any of SEQ 1D
NOs 11 -39,

Nuecleie acid molecnles encoding a functionally active variant of the present antibody or
antigen-binding portion theveof are also encompassed by the present disclosure. These nucleic
acid molecules may hvbridize with a nucleic acid encoding any of the present antibody or

¢ antigen-bindmg portion thereof under medium stringency, high stringency, or very high
stringency conditions. Guidance for performing hvbridization regctions can be found i Current
Protocols in Molecular Biology, John Wilev & Sonsg, NY. 6.3.1-6.3.6, 1989, which is
mcorporated herein by reference. Specific hybridization conditions referred to herein arve as
follows: {1} medinm sivingency hybridization conditions; 6XSSC at about 453°C, followed by one
25 ormere washes i 0.2X8SC, 0.1% SD8 ar 60°C; () high stringency hybridization conditions:
GX8SC at about 45°C, followed by one or more washes in 02XS8C, 0.1% SDS at 65°C; and (3}
very high stringency hybridization conditions: 0.5 M sodium phosphate, 7% SDS at 65°C,
followed by one or more washes at 0.2XS8C, 196 SDS a1 65°C.
A niwleir actd or polynucleotide encoding the present antibody or antigen-binding

30 portion thereot may be introduced nfo an expression vector that can be expressed in a suitable
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expression system, followed by isolation or purification of the expressed antibody or antigen-
binding portion thereof. Optionally, a nucleie acid encoding the present antibody or antigen-
binding portion thereof can be translated in a cell-free translation svstem. ULS. Patent No.
4,816,567, Omeen o oo, Proc Natt Acad Sci US4 86:10029-10033 (1989},

The present nucleic acids can be expressed i various suitable cells, including prokarvotic
andd enkaryotic cells, e.g, bacterial cells, (e.g., B coli), yeast cells, plant cells, insect cells, and
manunalian cells. A pumber of manuualian cell lines are known fun the art and include
mmmmortalized cell ines avatlable from the American Type Cultwre Collection (ATCC). Non-
Hmiting examples of the cells include all cell lings of mammalian origin or mammatian-tike
characteristics, including but not limited o, parental cells, dertvatives andfor engineered variants
of monkey kidney cells (COS, e g, COS-1, COS-T), HEK293, baby hamster kidney (BHK, e.g.,
cells {e.g., Hep G2}, SP2/0, Hel.a, Madin-Darby bovine kidney (MDBK), myveloma and
tymphoiaa cells. The engineered vartants include, e 8., glvean profile modified andfor site-
specific integration sie derivatives,

The present disclosure also provides for cells comprising the nuclerc actds described
herein. The cells may be g hybridoma or transfectant. The present antibody or sntigen-binding
portion thereof can be expressed in various cells. The types of the cells are discussed herein,

When using recombinant technigques to produce, e.g., the humamized antibody or the
antigen-binding portion thereof, the antibody oy its portion can be produced mtraceliularly, in the
periplasnuc space, or divectly secreted into the medivan, I the antibody is prodoced
intracelfularty, the vells may be disrupted to release protein as g first step. Particulate debnis,
either host cells or Ivsed fragments, can be removed, for example, by centrifugation or
ultrafiltration. Carter et al., 1992, Bio/Technology 11163-187 descnibes a procedure for isolating
antibodies that are secreted to the periplasmic space of E. coli. Brietly, cell paste ix thawed i the
presence of sodivm acetate {pH 3.5), BOTA, and phenylmethyladfonyifluonide (PMSF) over
about 30 minutes. Cell debris can be removed by cennrifugation. Where the antibody is secreted
nto the medium, sopernatants from such expression systems may be first concenirated using g
conunerciatly available protein concentration filter, for example, an Amicon ar Millipore

Pellicon nlirafilivation uni. A variety of methods can be vsed to isolate the antibody from the
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host cell.

The antibody or #ts portion prepared from the cells can be purified using, for example,
hydeoxylapatite chromatography, gel electrophoresis, dialysis, and affinity clvomatography, with
affinity chromatography being a typical purification technique. The suitabulity of protein A as an
affinity ligand depends on the species and isotvpe of any inununeglobulin Fo domain that i
present in the antibody. Protein A can be used to purify antibodies that ave based on human
ganunal, camma?, or anmumad heavy chains (gee, e.g.. Lindmark et al., 1983 J. Inuaunol. Meth
62:1~13). Protein G is recommended for all mouse isotvpes and for man ganumal (see, e.g.,
Guss et al., 1986 EMRBO 1 5 1567-1575), A mairix 1o which an affinity Hgand is sttached ix most
often agarose, but other matrices are avgilable. Mechanically stable matrices such as controlled
pore glass or polyv{styrenedivinyhbenzene allow for faster flow vates and shorter processing
times than can be achieved with agarose. Where the antibody comprises a Cosub.H3 domain, the
Bakerbond ABX TM_resin {J. T, Baker, Phillipsburg, N 1.} 15 useful for purnification. Other
techniques for protein purification such as fracticnation on an ion-exchange column, ethanol
precipitation, reverse phase HPLO, chromatography on sitica, chromatography on heparin
SEPHAROSE TM. chromatography on an amon or cation exchange resin (such as a polvaspartic
acid colwmn}, chromatofocusing, SDS-PAGE, and anunoniwy sulfaie precipitation are also
available depending on the antibody to be recoversd.

Following any prelinunary purification step(s), the mixture comprising the antibody of
interest and contaminams may be subjected to low pH hvdrophobic interaction chromatography
nsing an elution buffer at a pH between about 2.5-4.5, typically performed at low salt
concentrations {e.g., front about 0-0.25M salt).

Hybridomas or other cells that produce antibodies that bind, preferably with high affinity,
to U140 can then be subcloned and further characterized. One clone from each hybridoma or
cedl, which refains the reactivity of the parent cells {(by ELISA), can then be chosen for making a

celt bank, and for aptibody partfication.
Alternatively, the present antibody or antigen-hinding portion thereof tan be symthesized

by solid phase procedures well known in the art. Solid Phase Peptide Synthesist A Fractical

Approach by E. Atherton and R. C. Sheppard, poblished by IRL at Oxford Umiversity Press
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{1989). Methods in Molecular Biclogy, Vol. 38 Peptide Synthesis Protocels (ed. M.

W . Pennington and B. M. Dunn}, chapter 7. Solid Phase Peptide Synthesis, 2nd Ed., Pierce
Chemical Co., Rockford 1L {1984}, G, Barany and R. B. Memifield, The Peptides: Analysis,
Synthesis, Biology, editors E. (Gross and 1. Mefenhoter, Vol. 1 and Vol 2, Academic Press, New
York, {1980, pp. 3-254, M. Bodansky, Principles of Peptide Synthesis, Springer-Verlag, Berlin
{1984),

Additional antibodies (e.g., monoclonal, polyclonal, poly-specific, or mono-specific

antibodies) against the CD4Q eptiope recognized by 2010 can be made, 8., using a suitaltde

method for naking antibodies. In an example, & coding sequence for an epitope recognized by
the 2010 antibody s expressed as a C-terminal fusion with glutathione S-transferase (GST)
{Semith et al., Gene 67.31-40, 1988). The fusion protein is purified on glutethione-Sepharose
beads, cluted with glotathione, cleaved with thrombin {at an engineered cleavage site), and
purified for immunization of rabbits. Primary tmmunizations are carried out with Freund’s
complete adiuvant and subsequent immunizations with Freund’s incomplete adjuvant. Antibody
titers are montored by Western blot and smmunoprecipitation analyses using the thrombin-
cleaved projein fagment of the GXRT fusion protein, Immune sera gre affinity purified using
{NB-Sepharose~-coupled protem.  Antiserum specificity can be determined using a panel of
unrelated GST protemns.

As an alternate or adjunet tamunogen to GST fusion proteins, peptides corresponding 1o
relatively tnique immumogenic regions of a polypeptide of the invention can be generated and
coupled to kevhole limpet hemocyanin (KLH} through an tnwwoduced C-terminal lysine.
Antiserum to each of these peptides 1s similarly affinity purified on peptides conjugated to BSA,
and specificity is tested by ELISA or Western blot analysis using peptide conjugates, or by
Western blot or immunoprecipiiation using the polypeplide expressed as a G8T fusion protem.

Alternatively, monoclons! antibodies that spectfically bind the CD40 epitope recognized
by the 2019 antibody van be prepared using standard hybridoma technology (see, e.g., Kohler et
al., Noture 256:495-7, 1975, Kober et al., Bur. J Ioomored, 6:311-9, 1976, Kobler et al,, Eur L
Immnel. 6:292-5, 1976; Hanumerling et al., Monoclona! Antibodies and T Cell Hvbridenus,

Elsevier, NY, 1981}, Once produced, monoclonal antibodies can alsa be tested for specific
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recoguition by Western blot or immumoprecipitation analysis. Alernatively, monoclonal
antibodies can be prepared using the polypeptide of the mvention described above and a phage
display hibrary (Vaughan ef al., Nat, Bintechnol. 14:309-14, 1998},

Epitopic fragments can be generated by standard techniques, e.g., using PCR and cloning
the fragment into 8 pGEX expression vector. Posion proteins are expressed in £, coff and
purified psing a glutathione agarose affinity mattix. To minimize potential problems of tow
affinity or specificiiy of antisera, two ar three such fusions are generated for pach protein, and
each fusion is injected into at least two rabbits. Antisera ave raised by infections in a series, and
can melnde, for example, at least three booster injections.

In order to generate polyelong! sniibodies on g large scale and gt a low cost, an
appropriate animal species can be chosen. Polyclonal antibodies can be isolated from the nulk oy
colostram of, e.g | invmunized cows. Bovine colostrom contains 28 g of IpG per Nter, while
bovine milk contains 1.5 g of 1g( per Iiter (Onisouka et al, J. Dairy Scf. 86:2005-11, 2003}
Polyclonal antibodies can also be isolated from the volk of eggs from immunized chickens

{Rarker et al. | 4 Pedictr. Gasproenterol. Aar. 321923, 2601}

Assays

Various methods can be used to assay the antibodies or antigen-binding portions thereof
to confirm their specificity for the antigen of interest andfor to study their properties. One
method of conducting such assays is @ sera screen assay as desceribed in UK, Patent Publication
No. 2004/0126829. Anti-CD40 antibodies can be characterized for binding to CD40 by a vaniety
of known technigques. For example, in an ELISA, nsicrotiter plates ave coated with CD4 or a
fragment of CD40 in PBS, and then blocked with wrelevant proteins such as bovine serum
atbunin (BSA) dituted in PBS. Dilwtions of plasma from CD40-immunized mice {or sohutiong
containing anit-C D40 antibodies) are added o each well and incubated. The plates are washed
and then incubated with a secondary antibody conjugated o an enzyme {e.g., atkaline
phosphatase}. After washing, the plates ave developed with the enzyme’s substrate (.., ABTS},
and analyveed at a specitic OD. In other embodiments, to determine if the selected monoclonal
antibodies bind to unique spitopes, the antibody can be biotinylated which can then be detected

with a streptavidin labeled probe. Anti-CD40 antibodies van be tested for reactivity with CD4D
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by Western blotting.
Antibodies, or antigen-binding fragments, vartans or derivatives thereof of the present
disclosure can also be described or specified w terms of their binding affinity 1o an antigen. The

affinity of an antibody for an antigen can be determined experimentally using any suitable

P4

method (see, e.g, Berzofsky e of, “Antibody-Antigen Interactions,” In Fundamental

Immunology, Paxd, W, B Bd| Raven Press; New York, NJY, (1934); Koby, Janis Innnunology,

W. H. Freeman and Company: New York, NJY. (1992}, and methods described herein). The

measured affinity of a particalar antibody-antigen mferaction can vary if measured under

different conditions {¢.g., salt concentration, pH). Thus, measuremenis of affinity and other

10 antigen-binding pavameters (e, Ky, K, Ky are preferably made with standardized solutions of
antibody and antigen, and a standardized buffer.

The present antibodies or antigen-binding portions thereof specifically bind to CDAO with
a dissociation constant {Kp) of less than about 107 M, less than about 107 M, less than about 1
” M. less than about 107 M. less than about 107 M, less than about 107 M, from abous 107 M

15 toabout 1077 M, from about 107 M to about 1071 M, from abowt 107 M to aboat 1077 M, or
from about 107 M to-abont 1677 M.

Assays may also beused to test the ability of an anttbody (or Hs fragment) to block
€40 binding to CD1A, or inhibit or dectease CD40-mediated responges.
As used herein, the terms "inhibits binding” and "blocks binding™ (e,

20 inhibitiondblocking of binding of CD154 to C40) are used interchangeably and encompass both
partial and complete imhibition/blocking. Inhibition and blocking are also intended to include any
measurable decrease n the binding of C154 10 CD40 when in contact with an anti-CD40
antibody or portions thereof as disclosed herein as compared to ligand net in contact with an
anti-CD40 antibody, e.g., the blocking of CI 54 1o C1240 by at feast about 109, 20%;, 30%,

25 0%, 50%, 60%, 5%, 70%, T3, 80%, 88%, 00%, ¥1%, 92%, Ri%, 04%, 95%, 96%, 97%,

08%, 8%, or 10,

In one embodiment, activation of B cells, or inhibition thereof, may be determined by
imeasuniug expression of one or wore markers selecied frorn CO23, CDRO, CDRE, and any
additional suitable marker on CD20+ cells.

30 The present antthodies or fragments thereof may be charascterized by their effects on T
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cell-medinted antibody responses. For exanple, the antibodies or fragments thersof may inlubit
faM andfor IgG production in amammal, when the antibody, or an antigen-tinding portion
thereof, is administered to the mammal at a dosage ranging from about 1 mg/kyg body weight to
about 30 mg'kg body weight, fronr about 2 mg/kg body weight to about 40 ma'kg body weight,

from about 3 my/kg body weight to ahout 30 mgdkg body welght, from about 3 melkg body

Py

R

weight to about 20 medke body weight, from about 8 mg/kg body weight 1o about 13 mgdkg body
wetht, about 1 magdky body weighy, about 2 mp/ke body weight, abowt § myg'ky body weight,
about 10 my/kg body weight, about 15 mg/ky body weight, about 20 mg/kg body weight, about
25 myp/ky body weight, abowt 30 myp'ky body weight, about 35 mp/ke body weight, about 40
myky body weight, about 50 mg'kyg body weight, about 60 my'ky body weight, about 70 mg'ke
body weight, or about 8¢ mgdky body weight.

The present antibodies or fragments thereof may be charscterized by their effects on
profonging graft survival post transplantation. The present anttbodies or fragments thereof, alone
or in combination with one or more other Immunosuppressants, may prolong graft survival by
about 30%, about 409, about 30%%, about 60%, about 7%, about 80%, about 90%, about 2 fold,
ahout S fold, about 10 fold, about 15 fold, about 20 fold, about 23 fold, shout 30 fold, about 35
fold, abowt 40 fold, about 45 fold, abowt 30 fold, abowut 33 fold, greater than abowt 40%, greater
than about 50%, greater than about 60%, préater than about 70%, greater than about S0%, or
greater than abouwt 90%, greater than shout 2 fold, greater than about 5 fold, greater than shout 10
fold, greater than about 20 fold, greater than about 30 fold, or greater than abeout 40 fold. Far
example, the present anfibodies or fragments thereof may prolong islet allograft survival

In vertain embodiments, the present antibody, or antigen-binding fragment thereof’ a)
may block binding of CD40 © CD 54 ¢ may black activation of antigen presenting cells {eg.,
B cells, dendritic cells, macrophages, ete.); di may or may not induce depletion of B cells; &)
oy or may not inhibit or decrease oytokine release from antigen presenting cells; £ mnay or way
not wduce tumor cell apoptosis; g may or may not whibit tumor cell proliferation; b} may or
may not kills tumor cell; 1) may or may not stimulate anti-twmor T cell responses; andfor 3} may
or may not reduce established tumors. The antibodies described herein may have or indoce a
combination of any one or more of these attributes or activities. Tai, et al, Cancer Res, 2005, 1;

631315898906, Lugman et al | Blood 112:711-720, 2008 The antibodies or portions thereof
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described herein may also be tested for effects on CDA0 nfernalization, in vitro and i vivoe
efficacy, etc. Such assays may be performed using well-established protocols known to the
skilled person (see g, Current Protocols in Molecular Biclogy (Greene Pybl. Assoc, Ine, &
John Wiley & Sans, Inc, NY, NY ) Curvent Protocols m Invounology (Edited by John E
Coligan, Ada M. Kruisbeek, David H, Margaolies, Ethag M. Shevach, Warten Strober 2001 John

Wiley & Sons, NY, N.Y ), or commercially avatlable kits.

Conditions to be treated

‘The present anttbadies or antigen-binding portions thereof have in vifre and i vve
therapentic, prophylactic, and/or diagnostic utitities. For example, cells can be cultored in o
in culture medium and contacted by the anti-C D40 antibody or fragment thereof. The amtibodies
or antigen-binding portions thereof can be admimistered 1 a subject, as part of an &v vivo {e.g.,
therapeutic or prophylactic) protocol. For in vive embodiments, the contacting step 13 effected n
a subject and includes administering an anti-CD40 antibody or portion thereof to the subject
under comditions effective to permit binding of the antibody, or portion thereof, 1o U340 in the
subject. The antibodies or antigen-binding portivns thereof can be administered 1o reduce the
tikelthood of, or tncrease the duration prior o, transplant refection, inducing
mpnosuppression, or treating an autoimmane disorder.

The antibodies or antibody fragmenis described herein mav be used in any sitnation in
which inununosuppression is desired (g.g., transplant rejection or autpimmune disorders). These
antibodies are particelarly useful for treating transplant rejection, e.g., reducing the likelhhood
ihat a particular transplant is rejected by the host or increasing the time before rejection {akes
place. The antibodies or antibody fragiments described herein can be used in conjunction with
transplantation of any organ or any tissue that is suitable for transplantation. Non-limiting
exemplary organs include hear, kidney, lung, liver, pancreas, ntesting, and thymus; non-luniting
exenplary tissues tnolude bone, tendon, comea, skin, heart valve, vemn, and bone marrow.

The antibodies and antibody Sagments can also be used to freat autoimmune disordess. In one
embodiment, the satoinumme disorder may be associated with or cansed by the presence of an
autoantibody. Autoimmune diseases that may be treated with the present anttbodies or fragments

thereof include, but are not himited to, svstenuc tupus ervibermatosus (SLE), CREST syndrome
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{ealoinosis, Ravoaud's syadrome, esophageal dysimotibity, sclerodactyl, and telangiectania),
opsaclonus, inflamumatory myvopathy {e.g., polymyositis, dermatomyositis, and inclusion-body
myositis), systenuic scleroderma, primary bilary circhosis, celiac disease (e.g., gluten sensitive
enteropathy}, dermatitis herpetiformis, Miller-Fisher Syndrome, acute motor axonal neuropathy
{AMAN], multitocal motor neuropathy with conduction block, autotmmune hepatitis,
antiphospholipid syndrome, Wegener’s granulomatosis, microscopic polyangiitis, Chuorg-Strauss
syndrome, theumatowd arthritis, chronic awtommnung hepatitis, scleromyvositis, mvasthenia
gravis, Lambert-Eaton mvasthenic syndrome, Hashimoto™s thyroiditis, Graves® disease,
Paransoplastic cerebellar degeneration, S8 person syndrome, Himbic encephalitis, Issacs
Syndrome, Svdenham’s chorea, pediatric antoinmnune neuropsyehiatric disease associated with
Streptococcus {PANDAR), encephalitis, diabetes mellitus type 1, and Neuwromyelitis optica.
Other autoimmune disorders include pernicious anemia, Addison’s disease, psoriasis,
mflammatory bowed disease, psoviatic arthritts, Siéeren’s syndrome, lupus ervibematosus (e,
discotd tupus erythematosus, drug-indoced lupus erythematosus, and neonatal lupus
ervthematosas ), multiple sclerosis, and reactive arthritis.

Additional disorders that may be treated using the methods of the prosent disclosure
mnelude, for cxample, polymvositis, dermatesnyositis, multiple endocrine failore, Schmidt's

svadrome, antoinumune pveitis, adrenalitis, thyroiditis, autoimmune thyroid disease, gastric

diseases, subacute cutaneous tupus erythernatosus, hypoparathyroidisin, Dressler’s syndrome,
autetmnune thrombocyiopenia, wiopathic thrombocyiopenic purpura, hersolytic anemia,
pemphigas vulgaris, pemphigus, alopecia arcata, pemphigoid, sclerodenma, progressive systemic
sclerosis, adult ouset disbetes mellitus {e.g. tvpe 1 diabetes), male and fomale autoimnmume
infertility, ankylosing spondolyis, wleerative colitis, Crobn’s disease, mixed connective tissue
disease, polyarteritis nedosa, systeruic neerotizing vaseulitis, juvenile onset theumatoid arthritis,
glomerulonephritis, atopic dermatitis, atopic rhinitts, Gondpasture’s syndrome, Chagas’ disease,
sarcoidosis, theumatic fever, asthma, recurrent sbortion, anti-phospholipid syadrome, farmer’s
fung, ervthema muliforme, post cardivtomy syndrome, Cushing’s syndrome, anfoimmune
chronic active hepatitis, bird-fancier’s lung, allergic disease, allergic encephalomyelitis, foxic

gpidermal necrolysis, alopecia, Alport’s syndrome, alvechiis, allergic alveolitis, fibvosing
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alveolitls, mterstitial hang disease, erythema nodosem, pyoderna gangrenosum, transfasion
reaction, leprosy, malaria, leishimaniasis, trypanosomiasis, Takayasu's anteritis, polymyalpia
rheamatica, femporal arteritis, schistosonuasis, giant cell arteritis, ascarss, aspergiliosis,
Sampter’'s syndrome, eozema, lvmphomatoid granulomatosis, Behoet's disease, Caplan’s
syndrome, Kawasaki’s disease, dengue, endocarditis, endomyocardial fibrosis, endophthalmitis,
erythema elevatur et divtinum, ervthroblastosis fetalis, eosinophilic faciitis, Shulman’s
syndronie, Felty's syndrome, filartasis, cychitis, chronic cyelitis, heterochromic eyelitis, Fuch's
cyelitis, IgA nephropathy, Henoch-Schonlewn purpura, graft versus host disease, transplantation
rejection, humas inmnunodeficiency virus miection, schovirus infection, cardiemyopathy,
Alzheimer’s disease, parvovirus infection, rubella virus infection, post vaccination syndromes,
congenital rubetla mfection, Hodgkin’s and non-Hodgkin's ymphonsa, renal cell carcinoma,
multiple myeloma, Eaton-Lambert syndrome, relapsing polychondritis, malignan melanons,
cryoglobulineniia, Waldenstrom®s macroglobulemia, Epstein-Bary virgs infection, mumps,

Evan's svadrome, and autoimmune gonadal fatlure,

1n another embodiment, the present antibody or its fragment can be used in the treatment
of varivus disorders associated with the expression of CD40.

A disorder may be any condition that would beaefit fom treatment with the present
antibody or its fragment. This imclodes chronic and goute disorders or disegses including those
pathological conditions that predispose the mammal to the disorder iy question. Non-limiting
examiples of disorders to be treated herein include auntonmmune diseases, immunologic disorders,
mflanymatory disorders, cancer, hemasological malignancies, benign and malignant tamors,
leukentas, lvmphotd malignancies, and anginpenic disorders.

As used herein, the term "CUD40-associated disorder™ or "CD40-associated disesse” vefers
to & condition in which modification or elinvinatien of cells expressing CD40 is indicated. These
melhude CIM¥0-expressing cells demonstrating abuormal proliferation or CD40-expressing cells
that are associated with cancerons or malignant growth. CD40-associated disorders include, but
are noi Hmited to, diseases and disorders of the immune system, such as autoimmune disorders
and inflammatory disorders. Such conditions include, but are not limited to, rheumatoid arthuitls

{RA}, systemic lupus ervthematosus {SLE), scleroderma, Sjogren's syndrome, nudtiple sclerosis,
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psortasis, mflampatory bowel disease (e.g., nlcerative colitis and Crohn's disease), pulmonary
inflaznmation, asthma, and wdiopathic thrombocytopenic purara (ITP). More particular examples
of cancers that demonstrate abnormal expression of CD40 antigen include B hymphoblastoid
cells, Burkitt's lymphoma, multiple myeloma, T cell lyraphomas, Kaposi's sarcoma,
osteosareoma, epidermal and endothelial tamors, pancreatic, lung, breast, ovarian, colon,
prostate, head and neck, skin (melanomay), bladder, and kidney cancers. Such disorders also
inclade, but are not himited to, leukenuas, lymphomas, includimg B cell lymphorma and nox-
Hodgkm's lymphoma, multiple myeloma, Waldenstrom's macroglobulinenuia; solid tumors,
including sarcomas, such gs psteosarcoma, BEwing's sarcomma, malignant melanoma,
adenocarcinoma, wckding ovarian adenocarcinoms, Kapost's sarcoma/Kaposi's tumor and
squamous cell carcinoma. ULS. Patert No. 9,080,696,

CD40-expressing cancers that can be treated or prevented by the present antibodies or
fragments thereof also include, for example, leukemia, such as acute leukenua, acute
tymphooytic leukentia, acute myelooytic lenkeniia (e.g . myeleblastic, promyelocvtic,
myvetomonooytic, monocytie, or erythrolenkemia), chronic leakemia, chronic myelocytic
{granulocytic) leukemia, or chronic lymphocytic leukemia; Polyeythemia vera, Lymphoma (e.g.,
Hodgkin's disease or Non-Hodgkin's disease): multiple myeloma, Waldenstrom's
macroglobulinenuia; heavy cham disease; sohd tumors such sarcomas and carcinemas {e.g.,
fibrosarcoma, myxosarcoms, hiposarconia, chondrosarcoma, 0StCOZENIC Sarcoma, OSICOSINComa,
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
vmphangtoendothehiosarcoma, svnovioma, mesothehoms, Ewing's tumor, lelomyosarcoma,
rhabdomyvosarcoma, colon carcinoma, colorectal carcinoma, pancreatic cancer, breast cancer,
OVArian ¢ancer, prostate cancer, squammous cell carcinoma, basal cell carcinoma, adenocarcinoma,
sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillavy
adencgarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic carcinema, renal
cell carcinoma, hepatoma, bile duct carcinemna, choriocarcinoma, sentinoma, embryvonal
carcinona, Wilnw' tumor, cervical cancer, uterine cancer, testicular tumor, lung carcinoma, small
cell lung carcinoma, non-small cell fung carcinoma, bladder carcinoma, eptthehal carcinoma,

glioma, astrocytoma, medulloblastoma, cranjopharyngioma, spendymoma, pinealoma,
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hemangioblastoma, acoustic newroma, oligodendroglioms, menangioma, melanomas,

neurpblastoma, retinoblastoma, nasopharyngeal carcinoma, or esophageal carcinoma).

Also encompassed are tnethods of treating disorders of B lymphocytes {e.g., systemic
lupus erythematosus, Goodpasture's syidrome, rhewnatoid arthritis, and type § diabetes), of Thi-
tymphocoytes (e.g., thewmatoid arthritis, multiple sclerosis, psoriasts, Sjorgren's syndrome,
Hashimeto's thyroiditis, Grave's disease, primmary biliary cliirhosts, Wegener's granulomatosis,
tuberculosts, or gralt versus host disease}, or of Th2-lvmphooyies {e.g., atopic denmasitis,
systenyic lupus ervihematosus, atopic asthona, rhinoconjunctivitis, allergic rhintis, Oumenn's
syndromme, svstemic sclerosis, or chronre graft versus host disease).

In some embodiments, the immunelogical disorder is ¢ T cell-medinted immunological
disorder, such as a T cell disorder in which activated T cells associated with the disorder express
Ch40. Anti~CD40 antibodies or agents can be sdnumistered to deplete such CD40-expressing
activated T cells. Ina specific embodiment, administration of anti-CD40 antibodies of agents can
deplete CD40-expressing activated T cells, while resting T cells are not substantially depleted by
the anti-{CD40 or agent. Tn this context, "not substantially depleted” means that less than about

60%:, or fess than about 70% or less than about 80%6 af resting T cells are not depleted.

Combination Therapy

The present antibody or antigen-binding portion thereof can be sdministered alone or in
combination with one or more other therapeutic agents {e.g., @ second therapeutic agent}). In
some embodiments, the pharmacentical compositions comprising the anti-CDA40 antibody or s
fragiment can further comprise 8 second therapeutic agent, either conjugated or unconjugated to
the antibody or its fragment. In one embodiment, the second agent is ancther monoclonal or
polvclonal antibody or antigen-binding portion thereof, In another embodiment, the second
agent is gn immunosuppressant. In g third embodiment, the second agent is 8 oviotoxic or
complex other than CIM0 on the surface of activated lymphocytes, dendritic cells or CD40-
expressing cancer cells,

Such combination therapy can have an additive or synergistic effect on condition

pargmeters {e g, severity of a symptom, the munber of symptoms, or frequency of refapse).
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The present anti-CDHY antibody or its fragment may be administered concurrently with
the second therapeutic agent. In another specific embodiment, the second therapeutic agent is
adninistered prior or subsequent to administration of the anti-CUD40 antibody or its fragment.

The antibodies and antibody fragments desenbed herein can be fornudated or

£

administered mn combination with an immunosuppressant.  Examples of invmunosuppressants

include, but are not limited to, calcineurin inhibitors (e g, cyclosporin A {-San(ﬁ?.{l?ﬂl;_lnﬁ@'},

cyelosporine G tacrolinus (Prograf™, Protopit:@}}, wTor inlubitors (e.g., sirolimus (Rapamune”,

Neoral™, temsirolivms (Torisel” ), votarolimus, and everobimug {(Zerticaﬂ@l}‘ fingolimod

{Cilenya™), mvricein, alemtuzumab {C ampath MahC 3mpai‘h?‘ Campath-1H™), rituximaly

10 (Rituxan”, MabThera™), an anti-UD4 moneclonal antibody (g, HuMax-CD4), an anti-LFAL
monoclonal anttbody {e.g, CD11a), an anti-LFA3 monoclonal antibody, an anti-CD43 antibody
{e.g . an anti-CD45RB antibody), an anti-CD19 antibody (see, eg, US. Patent Publication
2006/0280738), rmnabamﬁept {Orencia™), belatacept, indolyl-ASCT (32-indole ether derivatives
of tacrolimus and ascomvein), azathioprine (Azesan”, Imuran®™), lymphocyte immune globulin

15 and anti-thymocyte globulin Jequine] (Atgam™), mycophenolate mofetil {Cellcept™),
myeophenolate sodium (myfortic™), daclizumab (Zenapax™), basiliximab (Simulect™),
cvclophosphamide (Endoxan”, Cytoxan”, Neosar™, Procytox™, Revimmune™), preduisone,
preduisolong, leflunomide {Arava’ ™ FK778, FK779, 18-deoxyspersualin (DSG), busulfan
(Myleran”™, Busulfex™), fludarabine {Fludara®), methotrexate (Rhenmatrex™, Trexall™),

20 eanercept (Enbrel™), adalimumab (Humira®™), 6-mercaptopurine (Purinethol™), 15-
deoxysperguahn {Gusperinus), LF15-0195, bredinin, brequinar, and muwromonab-CD3
{Orthoclone™).

Methods for assessing immunosuppressive sctivity of an agent are known in the art. For
example, the length of the survival time of the transplanted organ in vivo with and withowt

35 pharmacological intervention serves as @ quantitative measure for the suppression of the imunune

response. In vitro assays may also be used, for example, a mixed bemphooyvie reaction (MLR)

assay {see, e.g., Fathman et al, J Imewmrefd, 118:1232-8, 1977); a CD3 assay {specific activation
of immune cells via an anti-CD3 antibody (e.g, OKT3)) (see, e.g, Khanug et al,,

Transplantation 67:882-9, 1999; Khanna et al. (1999) Transplaniaiion 67T.558); and an IL-2R
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assay {specific activation of ymmune cells with the exogenously added cytokine TL-2) {see, e.g.,
Farrar et sl fownunol 126:1120-5, 1981

Cyelosponne A {CsA; CAS No. 59865-13-3; ULS. Patent No. 3,737.433) and ifs analogs
may be psed as an immunosuppressant. A number of other cyclosporines and thelr derivatives
and analogs that exhibit immunosuppressive activity are knpwn, COyvclosporines and their
formulations are described, for example, in 2004 Physicians” Desk Reference™ ( 20033 Thomson
Henlthicare, 38th ed., and U.S. Patent Nos, 5,766,629, 5,827,822; 4220 641, 4,638 434;
4,289,851, 4,384,996 5,047 396; 4 388 307, 4.970,076; 4 990,337, 4,822 61R; 4,576,284,
5,120,710; and 4,894 235,

Tacrolimus (FK505) is a macrolide which exerts effects largely similar to CsA, both with
regard {0 its molecular mode of action and #s clincal efficacy {Liu, Imoninel. Todiy 1429045,
1993; Schretber et al, Ismmnol. Today, 13:136-42, 1992); however, these effects are exhibited at
doses that are 20 1o 100 times lower than UsA (Peters et al., Drugs 46:746-94, 1993). Tacrolimus
and its formulations are described, for example, in 2004 Physicians® Desk Refarence”™ (2003)
Thomson Healtheare, 3&th ed., and UK. Patent Nos. 4,894,366, 4.929.611; and 5,164 495,

SiroHinus {rapamycin} s an Immunocsuppressive lactam macrolide produceable, for
example, by Streptomvees iygroscopions, Numserons derivatives of sirolimus and its analogs and
their formulations are known and described, for example, in 2004 Physicians’ Desk Reference™
{2003} Thomson Healthcare, 538th ed., Ewropean Patent EP 0467606; PCT Publication Nos, WO
9402136, WO 9409010, WO 92/053179, WO 93/11 130, WO 94/02385, WO 95/14023, and WO
O4/02136, and U.S. Patemt Nos, 5,023,262; 5,120,725, 5120727, 5,177 203; 5§ 258.38%;
5,118,677, 5,118,678, 5,100,883; 5,151,413; 5,120,842 and 5,256,790,

In soumie eanbodiments, the second agent is a cytotoxic agent which may be a conventional
chemotherapeutic such as, for example, doxorubicin, pachtaxel, melphalan, vinca alkaloids,
methotrexate, nutomyein O or etopeside. In addition, potent agents such as CC-1065 analogues,
calicheamicin, mayvtansing, analogues of dolastatin 10, rhizoxin, and palytoxin can be tmked t©
the anti-CD40 antibodies or agents thersof.

o additional embodiments, the second agent 15 8 humanmzed antti-HER2 monoclonal
antibody; RITUXAN {ritusimab; Gensntech, Inc., South San Francisco, Califl); & chimeric anti-
CH20 monocional antibody )y OVAREX (AltaRex Corporation, Ma )Y, PANOREX {Glaxo
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Wellcome, NC; a nurine IgG2a antibody); ERBITUX {cetuximab) (Imelone Systems Ine, NY,
an anti-EGEFR 1gG chimeric antibody); VITAXIN (Medlmmune, Inc., MD); CAMPATH IFH
{Leukosite, MA, a huntanized [gGl antibody); Smart MI9S (Protein Design Labs, Inc., CAL s
bumanized anti-CD33 Ig( antibody); LymphoCide (Immunomedics, Inc., NJ; a humanized anti~
D22 Tplx anttbody ), Smart ID10 (Protein Design Labs, Ine., CA; a humanized anti-HLA-DR
antibody); Oncolym (Techniclone, Inc, CA; 2 radiclabeled murine anti-HLA-Dr 18 antibody);
ALLOMUNE {BioTransplant, CA; a humanized anti-CD2 mAbY, AVASTIN {Genentech, Inc.,
CA; an anti-VEGF hamanized antibody); Epraturamab (hmunomedics, Ine., NI and Amgen,
€4; an amit-CD22 antibody ), and CEAcide (Immunomedies, NI a humanaized anti-CEA
antibody).

{ther suitable antibodies that may be used as the second agent include, but are not
Hmtied to, antibodies against the following antigens: CA12S5, CA15.3, CA199, L6, Lewis Y,
Lewis X, alpha fetoprotem, TA 242, placental alkalime phosphatase, prostate specific antigen,
prostatic acid phosphatase, opidermal growth factor, MAGE-1, MAGE-2, MAGE-3, MAGEA4,
AL

anti-iransferrin receptor, p97, MUCT-KLH, O ep 00, MARTE, Prostate Specific Antigen,
1L-2 receptor, CD20, CDE2, CD33, CD22, human chorionic gonadotropin, CD38, mucm, P21,

MPG, and Neu oncogens product,

Naon-Therapeutic Uses

The antibodies described herein are useful as affinity purification agents. In this process,
the antibodies or fragments thereof are immobihized on g solid phase such a Protein A resin,
using methods well known in the art. The immobilized antibody or its fragment is contacted with
a samiple contaiming the CD40 protem (or fragment thereof} © be puribed, and thereatter the
sapport 13 washed with a suitable solvent that will remove substantially all the material in the
sample except the CD40 protern, which 1s bound o the tmumobilized anttbody. Finally, the
support is washed with another suitable selvent that will release the CD4( protein from the
antibody.

The present anti-CD40 antibodies are alse useful in diagnostic assays to detect anddor
guantify C140 protein, for example, detecting €40 expression in specific cells, tissues, or

SETHNL

48



P4

1@

20

WO 2017/040932 PCT/US2016/050114

The antibodies desertbed heretny may be employed in any knowst assay method, such as
competitive binding assays, direct and indirect sandwich assays, and tnmunoprecipitation
assays. Seg, o.¢., Zola, Monoclonal Antibodies: A Manuoal of Techniques, pp. 147-138 (CRC

).

~J

Prass, Ine. 198

Pharmaceutical compositions

The present disclosure provides a composition, 2.g., a pharmaceutical composition,
conjaining an antibody, or antigen-binding portion(s) thereof, of The present disclosure,
formulated together with a pharmaceutically acceptable parvier. In another emibodiment, the
composition may contain an solated nacleic acid encoding the present antibody or antigen-
bindiny portion thereof, and a pharmaceutically acceptable carrier. The composition may be
effective to redace the likehbood of, or increase the duration prior to, transplant rejection, 1o
induce pUMUNOSUPPIession, of 1o reat an autoimnune disorder i a subject. The present
composition may be effective in any of the methads described herein.

Pharmacestically acceptable carriers include any and afl suitable solvents, dispersion
miedia, coatings, antibacterial and antifungal apents, isotonic and absorption delaving agents, and
the like that are physiologically compatible. Depending on the route of administration, the
present antibadies {or antigen-binding portion{s} thereof} may be coated m ainaterial to protect
the antibodies {or antigen-binding portion{s) thereof) from the action of acids and other natual
conditions that may inactivate the anttbodies {or antigen-binding portion(s) thereot}. The carrier
can be g solvent or dispersion meduen contamning, for example, water, ethanol, polyol (for
example, glyeerol, propylene glveol, and Houdd polyvethvlene glveol, and the like}, and sanable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of g coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. In certain embodiments, the present composition may include isctonie
agents, for example, sugars, polvalcohols such a8 manmitol, sorbitol, or sodiwn chieride in the
composition. Prolonged absorption of the injectable compositions can be brought shout by
inclading i the composition an agent that delays absorption, for example, monostearate salts and

gelatin,
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Pharmacentical compositions of the invention may contain the present antibody orits
fragment, and the second therapsutic agent as described berein (e.g., one or more
INHTUROSUPPTEsSAnts ).

‘The composition may be in the form of & solution, a suspension, an emulsion, an infusion
device, or 4 delivery device for iraplantation, or it may be presented as a solid form {e.g., a dry
powder) 1o be reconstinnted with water or another sultable vehicle before use. The compositions
may be i the form of an o emulsion, water-n-oil eraulsion, water-in-oil-in-water emulsion,
site-specific enmlsion, long-residence emulsion, stickyemulsion, microemulsion, nancemulsion,
liposome, microparticle, nxcrosphere, nanosphere, nanoparticle and various natural or syathetic
pobymers, such as nonresorbable impermeable polymers such as ethylenevinyl acetale
copolvorers and Hytrel® copolymers, swellable polymers such as idrogels, or resorbable
polymers such as collagen and certain polvacids or polvesters such as those used to make
resorbable sutares, that allow for sustained release of the vacome.

The composition can be in the form of a pill, tablet, capsule, Hquid, or sustained release
tablet for oral admindstration; or a liquid for intravenos, intrathecal, subentanecus or parenteral
adnunistration; or a polvmer or other sustained release vehicle for local administration.

In one aspect, & solution of the composition is dissolved in a pharmaceutically accepiable
carrier, &g, an aguecus carrier if the composition is water-solutde. Examples of agueous
solutions mclode, e.g., water, saline, phosphate bulfered sabine, Hank’s solution, Rmger’
solution, dextrose/saline, glucose solutions and the like. The formulations can consain
pharmaceutically scceplable awxliary substances ag required {o approximate physiological
conditions, such as buffering agents, tonicity adjusting agents, wetling agents, detergents and the
like. Additives can also include additional active ingredients such as hactericidal agents, or
stabilizers. For example, the solution can contain sodium acetate, sodium lactate, sodinm
chicride, potassinm chloride, calctum chloride, sorbitan moenolaurate or tristhanolaming oleate.
Solud formulations can be used tn The present disclosure. They can be formulated as, ¢ g pills,
tablets, powders or capsules. For solid compositions, conventional sobid carriers can be used
which iclude, e g, mannitol, lactose, starch, magnesium stearate, sodium saecharin, talcum,
cellulose, glucose, suctose, magnesium carbonate, and the like, Suitable pharmaceutical

gxcipients include e.g., starch, cellulose, tale, glucose, lactose, sucrase, gelatin, mall, rice, Hlour,
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chalk, silica gel, magnesium stearate, sodiom stearate, glycerol monostearate, sodivwn chloride,
dried skim milk, glycerol, propylene glyeel, water, ethanol.

Methods well known in the art for malang formalations are found, for example, in
“Remington: The Science and Practice of Pharmacy” (20th ed., ed. A R. Gennaro AR, 2000,
Lippincott Williams & Wilkins, Philadelphia, PA)Y,

I one aspect, the pharmacentical fornulations comprising compositions or nucleic acids,
polvpeptides, or autibodies of the invention are mmrporatﬁ:{i i lipid monolavers or bilavers, eg.,
Hposomes, UK, Patent Nos, 6,110,490, 6.096,716; 5,283,185 and 3,279,833, Aspects of the
mvention alse provide formulations in which water s@ﬁiubﬁie nuclels acids, peptides or
polvpeptides of the invention have been gttached to the swrface of the monolayer or bilayer. For
example, peptides can be attached to hydrazide-PEG-{distearoyiphosphatidyl) ethanolamme-
comfaming liposomes (seg, e.g., Zalipsky, Bioconjug, Chem. 6: 705708, 1995}, Liposomes or
any form of bpid membrane, such as planar lipid membranes or the cell membrane of an intact
cell, ez, a red blood cell, can be used. Liposomal formulations can be by any means, including
administration miravenously, transdernally (ses, g, Vutla, I Pharm Soi. 83: 3-8, 1996),
transmucosally, or orally. The invention also provides pharmaceutical preparations in which the
mucleic acid, peptides andfor polypeptides of the invention are incorporated within picelles
and/or hiposomes (see, 2@, Suntres, 1 Pharm. Pharmacol. 46; 23.28, 1994 Woodle, Pharm. Res.
D0 260-265, 1992). Liposomes and liposomal formulations can be prepared m;:eordii}g to standard
methods and are alse well known in the art. Akimary, Cyvtokines Mol Ther. 1: 197.210, 1995
Alving, Immunoel. Rev, 145 5-31, 1995, Szoka, Ann. Rev, Biophys, Bioeng. 91 467 1980 U.S.
Patent Nos, 4, 235,871, 4,501,728 and 4,837,028,

I one aspect, the composttions are prepared with carriers that will protect the peptide
against rapid elimination from the body, such as a conirolled release formulation, welading
tmplants and microencapsulated delivery systems. Biodegradable, biocompatible polymers can
be used, such as ethylene vinyl acetate, polyanhydrides, polyglyeolic acid, collagen,
polyarthoesters, and polylactie acid. Methods for preparation of such foromlations will be
apparent to those skilled i the wt, Liposomal suspensions can also be used as phavmaceutically

acceptable carriers. 118, Patent No, 4,522,811,
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A composition of The present disclosure can be adnnistered by a variety of methods

known in the art. As will be appreciated by the skalled artisan, the route andéor mode of

adnumistration will vary depending upon the desired results. Admimstration may be parenteral,
mtravenous, intrathecal, subcwtaneous, oral, topical, local, inframuscular, intradermal,

transdermal, subdermal, rectal, spinal, or epidermal. Intravenocus delivery by contimuous infusion

is one exemplary method R administering the present antibodies.

To asdminister the present agent by certain routes of admunistration, i may be necessary

{0 coat the agent with, or co-adnainister the agent with, a material to prevent its inactivation. For

example, the agent may be adnunistered to a subject in an appropriate camvier, for example,
fiposomes, or g diluent. Pharmaceuwtically acceptable diluents mclude saline and agpeous buffer
solutions. Liposomes include water-in-oil-in-water CGF emulsions as well as conventional
Hiposomes {Strejan ot al, J Newroimmnmol. 7:27-41, 1984}

Parenteral administration can include modes of admumsiration other than enteral and
topical administration, usually by injection, and nclude, without limitation, intravenous,
intramuscular, intraacterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intrapenitoneal, transtracheal, subcutansous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural and intrastemal injection and infosion. Examples of suitable
agueous and nonaguecus carviers which may be employved in the pharmaceutical compositions of
the ivention include water, ethanol, polvels (such as glycerol, propylene glyeol, polyethylene
gi col, and the like), and suitabile mixtures thereof, vegetable oils, such as olive oil, and

njectable organic esters, such as ethyl oleate. Proper floidity can be mamtained, for example, by
ihe wse of coating materials, such as Jecithin, by the maintenance of the required particle size in
the case of dispersions, and by the use of surfactants.

Methods for preparing parenterally administrable compositions will be known or
apparent to those skilled in the art and gre described in detail. Bai, § Newrcimnmunol. 80 63-75,
1997, Warren, . Newol, S0 152: 3138, 1997, Tonegawa, 1. Exp. Med. 1861 507-515, 1997,
Formulations for parenteral adnunistration may, for example, contain excipients, sterile water,

saling, polyalkylene glycols such as polvethylene glycol, oils of vegetable origin, or

hydrogenated napthalenss. Biocompatible, biodegradable lactide polymer, lactide/glvoplide

copolymer, or polvoxyethvlene-polvoxvpropylene copolymers may be used to control the release
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of the present agent. Nanoparticulate formudations {&.g., biodegradable nanoparticles, solid lipid
nanoparticles, Hposomes) may be used to control the bindistribution of the present agent. Other
potentially useful delivery svstenw include ethylene-vinyl acetate copolymer particles, osmotic
pumps, intrathecal pumps, implantable infusion systems, and liposomes. The concentration of
the agent in the formulation varies depending upon a namber of factors, including the dosage of
the drog to be administered, and the route of administration,

Sterile wyectable solutions can be prepared by mcorperating the present agent inthe
required amount it an appropriate sobvent with one or a combination of ingredients emmerated
above, as requived, followed by sterilization microfilirstion. Generally, dispersions arve prepared
by incorporating the present agent into g sterile vehicle that contains § basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injeciable solutions, the methods of preparation include vacuum
drying and freeze-dryimg (Iyophilization} that vield a powder of the active ingredient plus any
additional desired mgredient from a previously stertle-fittered solution thereof. Dosage regimens
are adjusted to provide the optimum desived response {e.g., a therapeutic response). For
example, a single bolus may be administered, several divided doses may be administered over
fime or the dose may be proportionally reduced or increased as indicated by the exigencies of the
therapeutic situation. For example, the antibodies of the invention may be admuustered once oy
twice weekly by subcutancous injection or once or twice monthly by subcutaneous injection,
Parenteral compositions may be formulated in dosage unit form for ease of administration and
gniformity of dosage. Dosage umit form as used heren refers to physicatly discrete units suited
as unitary dosages for the sabjects to be treated; each unit contains a predetermined quantity of
active ggent calculated to produce the desired therapeuntic effect in association with the required
pharsacentical carrter. The specification for the dosage unit forms of the invention are dictated
by and directly dependent on () the unique chamacleristios of the aotive agent and the particular
therapeutic effect to be aclueved, and (b the Himdtations inherent in the art of agenting such an
active agent for the treatient of sensitivity in individuals.

When adrministered orally, the present compositions may be profected from digestion.
This can be accomplished either by complexing the antibody or antigen-binding portion thergof

with a composition to render it resistant to acidic and enzymatic hvdrolysis or by packaging the
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antibody or antigen-binding portion thereof in an appropriately resistant carcier such sy a
hiposome. Means of protecting agents from digestion are well known in the art. Fix, Pharm Res.
13 1760-1764, 1996, Samanen, J. Phaym, Pharmacol. 48 119-135, 1996, U5, Patent No,
5,391,377

For wransmucosal o transdermal adnupistration, pensirants appropriate o the bartier o
be permeated can be wsed in the formulation. Such penetrants are generally known o the art, and
mnclude, ez, for transmucosal administration, bile salts and fusidic acid derivatives. In addition,
detergents can be used fo facilitate permeation, Transmucosal administration can be through
nasal sprays or using suppositories. Sayang, Crit. Rev. Ther, Bvug Carcier Syst. 13: 83184, 1996
For topical, transdermal administration, the agents gre formulated into ointments, cregms, sabves,
powders and gels. Transdermal delivery systems can also include, e g, patches.

The present compositions can also be adnunistered i sustained delivery or sustained
release mechanisis, For example, biodegradeable microspheres or capsules or other
biodegradeable polymer configurations capable of sustained delivery of a peptide can be
included in the formulations of the invention {see, e, Putney, Nat. Biotechnol. 16: 153157,
1998).

For inhalation, the present compositions can be delivered wsing any system known in the
art, including diy powder gerosols, Huuids dedivery systems, air jet nebmlizers, propeliant
systemss, and the like. Pation, Biotechniques 167 141-143, 1998, Also can be vsed in The present
disclosure are product and inhalation delivery systems for polypeptide macromolecuies by, eg.,
Dura Phanmaceuticals (San Diggo, Califl), Aradigm (Hayward, Calif), Aerogen (Santa Clara,
Calif), Inhale Therapeustic Svaterss (San Carlos, Calif), and the hike, For example, the
pharmaceutical formaulation can be administered in the form of an aerosoel or nust. For serasol
admnistration, the formulation can be supplied in finely divided form along with a surfactant
and propellant. In another aspect, the device for delivering the formulation o respiratory uissue s
an nhaler in which the formulation vaporizes. Other Hawid delivery systems include, 2.g., air jet
nebulizers.

Compositions can be administered in 2 single dose treatinent or in multiple dose
treatmants on a schedule and over 3 time petiod appropriate to the age, weight and condition of

the subject, the particular compostiion used, and the route of admmistration. The frequency of
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administration can vary depending on any of a vadiety of factors, e g, severity of the symptoms,
degree of immunoprotection desired, whether the composition is used for prophylactic or
curative purposes, eie. For example, in one embodiment, the composition according to the
imvention s administered once pey month, twice per month, three times per month, every other
week (qow), once per week {gw), twice per week (biw), three Hines per week (tiw), four times
per week, five times per week, six thmes per week, every other day {god), daily (gd), twice a day
{qusd), or three times a day {(1nd).

The duration of administration of a polypeptide according to the mvention, e.g., the
period of time over which the composition s administered, can vary, depending on any of a
variety of factors, e.g., subject response, ete. For example, the composition can be administered
over a period of time ranging from about one day to about one week, from about two weeks 1o
about four weeks, from gbhoot one month to gbowt two months, from about two months o abowt
four months, from about foar moenths to about stx months, fom about six months {o about eight
months, from about eight months o about 1 vear, from about 1 vear to about 2 vears, or from
about 2 years to about 4 years, or more.

1t is advantageous to formulate oral or parenteral compositions in dosage unit form for
ease of adminisiration and wiformity of dosage. Dosage wit form as nsed herein refers to
physically discrete units suited as unitary dosages for the subject to be treated; sach unit
containing a predetermined guamtity of active agent calenlated to produce the desired therapeutic
effect in association with the required pharmaceutical carrier.

Actual dosage levels of the active ingredients i the pharmaceutical compositions of The
present disclosure may be varied 3o 43 to obtain an amount of the active ingredient which 13
effective to achieve the desired therapeutic response for a particular patient, coraposibion, and
mode of administration, withowt being toxic to the patient. The selected dosage tevel will
depend upon a variety of pharmacokinetic factors inchuding the activity of the particular
compositions of The present disclosure employed, or the ester, salt or amide thereof, the route of
administration, the tine of administration, the rate of excretion of the particular agent being
employed, the duration of the freatment, other drugs, agens and/or materials used i combination
with the particular compositions employed, the age, sex, weight, condition, general health and

prior medica! bistory of the patient bemng treated, and like factors well kuown in the medical arts,
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A physictan or veterinarian having ordinary skill in the art can readily determine and preseribe
the effective amount of the pharmacentical composition required. For example, the physician or
veterinarian can start doses of the agents of the invention enyploved i the pharmaceutical
composition at levels lower than that required m order Yo achieve the desived therapeutic effect
and gradually increase the dosage until the desired effect is achieved. In general, a suitable daily
dose of a composition of the Invention will be that amount of the agent which is the lowest dose
affective to produce a therapeutic effect. Such an effective dose will generally depend upon the
factors described above. If desired, the effective daily dose of a therapentic composiition may be
adminiatered as owo, three, four, five, six or more sub-doses adnunistered separately at
appropriate intervals throughout the day, optionally, in unit dosage forms.

The data obtained from the cell culture assays and animal studies can be used in
formulating 8 range of dosage for use in humans. In one embodiment, the dosage of such agents
Hies within a range of circolating concentrations that nclude the EDag with little or no toxicity,
The dosage can vary within this range depending upon the dosage form emploved sad the route
of administration uitlized. In another embodiment, the therapeatically effective dose can be
estimated mitially from cell culture assays. & dose can be formulated in animal models ©
achieve a circulating plasma concentration range that inclades the I (£ e, the concentration of
the test agent which achieves g halt-mazimal miubitiom of svmptoms) as deterniined in cell
cultare. Sonderstrap, Springer, Sem, Immunopathol. 250 35-45, 2003, Nikagda et ol Inkal
Toxicol 4{12) 123533, 2000,

An exemplary, non-iniling range for a therapeutically or prophylactically effective
amounnt of an antihody or antigen-binding portion of the invention 18 from about §.001 to about
100 mpkg body wetht or more, about .1 0 about 100 mg'ke body weight, about 0.01 to about
80 mg'ke body weight, about 8.001 to about 60 mg'ke body weight, about 0.01 to about 30
mg'ke bedy weight, about 0.01 1o about 25 mg'ke body weight, abont 0.3 1o about 25 mg'kg
body weight, about 9.1 10 about 13 mg/kg body weight, about 0.1 to about 20 mg'kg bady
weight, about 10 to about 20 mg/kg body weight, about .75 to abowt 10 mygkyg body weight,

about 1 to about 10 my/ke body weight, about 2 to gbout 9 medke body weight, about 1 1o about

2 mgfkg body weight,about 3 to about 8 mg'kg body weight, about 4 to about 7 mu'ky body

wetght, about § 1o about 6 me'kg bodyv weiglt, about 8 to sbout 13 mgkg body weight, about 83
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to aboat 12,5 mg'kg body weight, about 4 to about 6 tmg/kg body weight, shout 4.2 to about 8.3
myg/ky body weight, about 1.6 to abount 2.5 mg'kg body weight, about 2 to about 3 mp/ke body
weight, or about 10 mu'ka body weight. The dosage adminisiered to a subject may also be abowt
0.1 myg'kg 1o about 50 mg'ky, about | mpdke to about 30 mg'kg, about 1 mgikg 1o showt 20
mg'ke, about 1 mg'ke to about 15 mgke, or sbout 1 medke to about 10 mg/ky of the subject’s
body weight. Exemplary doses include, bot are not nuted to, from 1 ngikg to 100 mg/kg. In
some embodiments, a dose is about 0.5 mg'kg. about 1 mgike, about 2 mgtke, sbont 3 mpkyg,
about 4 mgikg, about § mygdky, about 6 my'ky, about 7 me'ke, about 8 mgike, about ¥ myikg,
about 10 mg'kg, sbout 11 mp'ke, about 12 mg'kg, about 13 mg'kg, shout 14 mpfke, about 13
mg'kg or aboat 16 medkg of the subject’s body weight. WO 94/04188,

The composition is formulated to contain an effective amount of the present antibody or
antigen-binding portion thereof, wherein the amount depends on the gnimal to be treated and the
condriion to be {reated. In one embodiment, the present antibody or antigen-binding portion
therent s administered at & dose ranging from ghout 0.01 myg to gbowt 10 g, from about 0.1 my to
about @ g, from about 1 mg to about 8 g, from about 1 mg to about 7 g, from about § mg o about
6 g, from about 10 myg to sbout 5 g, Rom about 20 my to about 1 g, frony about 50 mg 0 about
800 myg, from about 100 mg to about 500 mg, from about 0.01mg to about 10 g, from about 0.05
iR toabout 1.5 my, from about 10 py fo about § mg proteln, from sbout 30 gy to shout 300 gy,
from about 40 pg to about 300 pg, from about .1 pg to about 200 myg, from abouwt 6.1 pgto
about & pg, from about § pg to about 10 pg, from abeut 10 pg to about 25 pg, from about 25 ye
1o about 50 pg, from abowt 50 pg to about 100 pg, from about 100 pyg 1o about 500 pg, from
about 300 ug to about 1 myg, from about 1 my to about 2 mg.  The specific dose level for any
particular subject depends upon a variety of factors inchuding the activity of the specific peptide,
the age, body weight, general health, sex, digt, tine of adnunistration, route of administration,
and rate of excretion, drag combination and the severity of the particelar disease undergoing

therapy.
Arxticles of Manulacture

in another aspect, an anticle of manufacture containing materials useful for the treatment

of the conditions or disorders described herem is included. The adticle of manufacture comprises
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a container and 8 label. Suitable containers include, for example, hottles, vials, syringes, and test
tubgs. The containers may be formed from a variety of materials such as glass or plastic. The
container holds @ composition that 1s effechive for treating the condition and may have a stenle
access port. For example, the contaimner may be an intravenous solution bag or a vial having a
stopper plerceable by a hypodermic injection needle. The active agent in the composition may be
the hamanized anti-UD40 antibody or its fragment, or any other antibody or its fragment ag
described herein. The label on or gssecuated with the contaner indicates that the coraposifion iy

used for treating the condition of choice, The article of manufacture may further comprise &

second contatner comprising a pharmaceutically-acveptable buffer, such as phosphate-butfored

saline, Ringer's solution, and dextrose solution, It may further inclode other materials desirable

from a commercial and user standpoint, including other buffers, diluents, filters, needles,

syringes, and package inserts with instructions for use,

In one embodunent, the invention provides for a kit containing an anti-{040 antibody or
antigen-binding portion thergof. Additional components of the kits may inclode one or ntore of
the following: instructions for use; other reagents, a therapeutic agent, or an agent usefal for
coupling an antibody to a label or therapentic agent, or other materials for preparing the antibody
for administration; pharmaceutically acceptable carriers; and devices or other materials for
administration 10 a subject.

The kit may or may not contain the second therapewtic agent as desceribed herein. The
agents can be mixed together, or packaged separately within the kit

The kit may or may not contain st least one nucleie acid encoding anti-CD40 antibodies
or fragment thereof, and instructions for expression of the nucleic acids. Other possible
componenits of the kit include expression vectors and cells,

The present antibody or its fragment can be used in a diagnostic kit, Le, a packaged
combination of reagents o predeternuined amounts with msiructions for performing the
diagnostic assay. Where the antibody 1s labeled with an enzyme, the kit may include substrates
and cofactors required by the snzyme such as a substrate precursor that provides the detectable

chromophore or Huorophore. In addition, other additives may be incloded such a3 stabilizers,

buffers (for example a block budfer or lysis buffer), and the like. The relative amounts of the

varipus reagents may be varied widely 1o provide for concentrations in solution of the reagents
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that substantially optimize the sensitivity of the assay. The reagents may be provided as dey
powders, usually lyophilized, including excipients that on dissclution will provide a reagent

sofution having the appropriate concentration.

14%

Epitope mapping
Methods for wdentifying the particular epifope to which an antibody binds are known to
those skilled i the art. Standard techniques include peptide scanning, in which overlapping,
short peplides (for example, 10-30 amino acids, e.g., 20, in length) derived from the full length
protein to which the antibody binds are individually tested for thetr ability to bind the antibody.
10 From such experiments, the region of the protein to which the antibody binds can then be
detersinegd.

Site-directed mutagenesis can also be vsed to identify the antigenic region{s) of'a
particudar protein, In this approach, poit mutations are systematically introduced nto the target
polypeptide and the ability of the amibody to bind the peptide with mutations at various positions

15 isused to determine whether a particular region of that protein contains the epitope 1o which the
antibody binds.

Antibody epitopes can also be identified using high-throughpet mutagenesis techniques,
such as Shotgun Mutagenesis (Integral Molecular, Inc., Philadelphia, Pa ), which can be used to
generate large numbers of mutations within the target protein. Such methodologies pernt

20 efficient identification of epitopes withm the protein.
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To determine i vanious anttbodies to CD40 hind simitar epitopes, an I vies competitive
blockade assay may be perfornmed. In one embodiment, the antibodies 2C10, 3A8 and ChiZ20, a
chimerie 1gG1 CD40-specific antibody, were used m the assay. 2010 was conjugated to
allophycocvanin {APC) nsing the Lightning Link antibody labeling kit (Novus Biologics,
Littleton, CO). Human PRMCs were incubated with escalating concentrations of 2C10, 3AR, or
Chi220, and then stained with the APT-conjugated 2010 to assess the ability of each antibody to
cross-hlock 2C10. Binding of APC-conjugated 2010 decreased with increasing concentrations
of 2010 but not Chi220 or 3A8 as shown i Figure 12, The result indicates that 2C10 binds a

wigue epitope distinet from either Chi2 20 or AR

CI8 fragments

The tnvention also featwes fragmenis of CD40 that include the epitope that is specifically
bound by the 2C10 antibody. The 2C10 antibody was rased against the extraceliular postion of
the CD40 polypeptide. The 2C1T0 antibody reacts with a portion of this sequence (SEQ ID
NS and 6).

The disclosure therefore features CD40 fragments (e.g., fewer than 130, 120, 100, 80, 70,
60, 50,40, 30,20, 18, 15, 12, 11, 10, 9. & or 7} amino scids in length that sre specifically bound
by the 2010 antibody.  In certain embodiments, the fragment 1s 8-10, 8-12, &15, 8-20, 830, &
40, 8-30, 8-60, §-70, 8-80, or 8100 amino acids in length. In other embodiments, the fragment
is 7-19, 712, 7-18, 720, 7-30, 7-40, 730, 7-60, 7-70, 7-80, or 7-100 in length.

The 2C10 antibody binds fo an epitope present within the sequence of amino acids 810, 8-12, 8-
15, 8220, &30, 8-40, §8-30, §-60, 8.70, 8-804, B-100, 7-10, 7-12, 7-1§, 7.20, 730, 748, 7-50, 7~
60, 7-70, 7-80, or 7-100, of SEQ ID NO: 6.

The invention also features fusion protein that includes a fragment described herein and a
heterclogous sequence. In centain embadiments, ene of the fusion partners is the Fo protem (8.,
niouse Foor buman Foy. The fusion may alse be a sequence uselild for antibody production, e g.,
a maltose binding protein or GST. In other embodiments, the fusion profein is a purification or
detection tag, for example, proteins that iy be detected divectly or tndirectly such as green
fluorescent protetn, hemagplutnin, or alkaline phosphatase}, DNA binding domains {for

gxample, GALA or LexA), pene activation domwains {for example, GAL4 or VP16), purification
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tags, or secretion stgnal peptides (e.g., preprotyrypsin signal sequence). i other embuodiments,
the fusion partner may be a tag, such as c-mye, poly histidine, or FLAG. Each fusion partner
iy contain one of more domains, ¢.¢., a preprotrvpsin sigoal sequence and FLAG tag.

The C40 fragments and fusion proteins described herein may be produced by
transformation of a suitable host cell with a polynucieotide molecule encoding the polypeptide
fragment or fusion profein in a sultable expression vehicle.

Any of a wide vanety of expression systems may be used. Exemplary expression
svatems inclade prokaryotic hosts {e.g., £ cofi) and evkaryotic hosts (g2, 5. cerevisive, inssct
cells, g, SE21 cells, or maminalian cells, e g, NIH 313, Helg, or preferably COS cells). Such
cells are available from a wide range of sources (e.g., the American Type Culture Collection,
Manassas, VA). The method of transformation or transfection and the choice of expression
vehicle will depend on the bost system selected. Transformation and transfection methods are
described, e.g., in Kucherlapati et al. (CRC Crit. Rev, Blochem. 16:349-379, 1982) and in DN
Transfer o Cultired Cells (eds., Ravid and Freshney, Wiley-Liss, 1998} and expression
vehicles may be chosen from those provided, e g, in Pecrors: Expression Swstess: Fsseatial
Fechmigues {od., Jones, Wiley & Sons Lid., 1998).

Onee the recombinant CD40 polypeptide fragment or fosion protein is expressed, it can
be isolated, e g, using affintty chronatography. In one example, an antibody spegcific to CD40
{e.g., an antibody or ws fragmernt as described herein) may be attached to a colwmn and used o

isolate the polypeptide fragment or fusion protein. Lysis and fractionation of fragment- or fusion

{see, e.g., Methudsy in Encymology, volume 182, eds., Abelson, Simon, and Deutscher, Blsevier,
19903 Once wolated, the CD40 polvpeptide fragment or fusion protein can, if desired, be further
purified, e.g., by high performance Higuid chromatography {(see e.g., Fisher, Laboratory
Techuigues in Biochemistry and Molecwdar Biology, eds., Work aud Burdon, Elsevier, 1980; and
Scopes, Froreln Puriftcation: Frincipley and Practive, Third Bdition, ed., Cantor, Springer,
19943,

The CD40 polypeptide fragments or fuston profeins can also be produced by chemical

syuthesis {e.g., by the methods described in Sofid Phase Pepride Sywrhesis, 2uad ed., 1984, The
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Pierce Chenncal Co., Rockiord, 1L, and Solid-Phase Synthesis: 4 Practicad Guide, od., Kates

and Albericio, Marcel Dekker Inc., 20003,

The present antibodies, antigen-binding portions thereof, compositions and methods can

P4

be psed o all vertebrates, e.g., mammals and non-mammals, including human, mice, rats, guineg
pigs, hamsters, dogs, caly, cows, horses, goats, sheep, pigs, monkeys, apes, goritlas,

chirmpauzees, rabbits, ducks, geese, chickens, amphibians, repiiles and other antmals.

The following examples of specific aspects for carrying out the present disclosure are
10 offered for illustrative purposes only, and gre not intended to Hmit the scope of The present

disclosure in any way.

Example 1 Production and Identification of Anti-UD48 Murine Aniibodies
Mice {stram AT were immnnized with g fusion protein consisting of the extracelindar
15 domain of rhesus macagque (M sndaria) CD40 {amino acid sequence;
EPPTACREKQYLINSQUCSLCQPGOKLVSDCTEFTETECLPCSESEFLODTWNRETRCHOH
KYCDPNLGLRVOQOKGTSETDTICTCEEGLHOMSESCESCY, SEQ ID NO:S) fused to
maltose bindmg protetn (CL40-MBP). The amino acid sequence in this vegion of the rhesus
macaque CD40 protein differs from haman CD40 protein gt five amino acid postiions (haman
20 amine actd sequence:
EPPTACRERKQYLINSQUOCSLCQPGORLVSDCTEFTETECLPCGESEFLDTWNRETHCHOQH
KYCDPNLGLRVQOEGTSETD TICTCEEGWHOTSEACESCV, SEQIDNO6). UD40-MBP
was adrunistered to mice muultiple times with complete Fround's adiuvant and wcomplete
Freund’s adjuvant. Splenocyies from tmmunized mice were fused with the mouse myelonw cell
35 hine SP2/0 and hybnids selected using standard hvbridoma techaology,
Antibodies were selected for regotivity o a second fusion proteimn consisting of the sane
thesus CD40 domain fused to glutamine synthetase (CD40-GST). Antibodies reactive to CD40-
GST by ELISA were further tested for reactivity to native CD40 expressed on thesus niacague

blood B cells, human blood B cells and rhesus macaque B-lymphoblastoid cell Hoes by flow

3]
<

cviometry, As a final level of selection, antibodies were tested i an m vitro assay for their
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ability to inlubit huean or rhesus macaque B cell activation after coscudtore CDI 8 deexpressing
Jurkat D11 cells. A stable subclone of anti-C1240 antibody 218 was obtained by limiting
dilution. The antibody is a mouse 1gGl-kappa.

Lowe of al., A novel monoctonal antibody to CD40 prolongs islet allograft survival, Am. L
Transplant (2012} 12(8).2079-87,

Autibody cloning

Varighle regions of monoclonal antibodies can be cloned wsing any method known m the art.
PUR-based methods for obigining anitbody variable region sequences for bybridoma vells are
described, for example, w Larrick et al., Nov, Biotechnol. 7:934-8, 1989 and in Orlandi et al,
Froc. Narl, Acad. Sci. US4 86:3833-7, 1989, Using these technigues or similar techniques, the
varigble regions of moneclonal antibodies can be cloned and subject to farther manipulation.
In the present case, the variable sequences from the beavy and light chaing of the 2010 antibody
were cloned and were sequenced. The DNA representing the immunoglobulin heavy and tight
chamn variable regions from the 2010 hybridoma were cloned using 57 RACE PCR employing
the following DNA primers:

Mouse kappa reverse: 57~ CTA ACA CTC ATT CCT GTT GAA GCT CTTGAC (SEQID
NO:7Y

Mouse kappa forward: §7 ~ GCT GAT GUT GUA CCA ACT GTA TCC - 37 (§8EQ ID NO:R)
Mouse 161 reverse: 37 - GGE AAC GTT GCA GGT CTC GO -~ 3 {SEQ 1D NO9}

Mouse lgG1 forward: 37 - CTG GAT CTG CTG COC AAA CTAACT CO -3 (SEQID
NO:10)

PCR products were cloned into & commercial cloning vector and were sequenced using
standard sequencing techwiques. The vesalting sequences are provided in Figure 1.

The immunoeglobulin variable region genes were cloned from the hybridomas secreting
anti=C D40 antibody clone 2C10 and from anti-human CD40 clone 3A8 (Kwekkeboom et al,
Immunology 79:439-44, 1993} (obtained from the American Type Culturg Collection, ATCC,
Vienna, VA)using 3 mapid ainplification of ¢DNA ends-polvmerase chain reaction, The
immunoglobulin heavy and light chain variable regions were subcloned into expression vectors

containing thesus 1gGl or rhesus IgG4 heavy chain and rhesus kappa light cham constant region
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sequences

Recombinant heavy and light chains were subcloned into expression vectors and
packaged i retroviral vectors ased to transduce Chinese hamsier ovary cetls using the GPER™
expression technology (Catalent Pharma Solutions, Middleton, Wi A pool of transduced cells
was grown in sertun-free medinm and secreted antibody was purified by protein A affinity
chromatography. The purified chimeric rhesus IgGE 2CTORT, 3A8RTY and 1gG4 (2C10R4)
antibodies were diafiltered into phosphate buffer; endotoxin levels were confirmed to be less

than 1 endotoxin unit/mg.

Antibody gharacterization

2O binds to CING and prevents binding of (L1154

To assess the ability of 2C10 to bind to both rhesus and buman CD4O, recombinantly
expressed human or rhesus (1340 were adsorbed to ELISA plates and reacted with varying

concentrations of 2010, Bindmg of 2C10 10 CDA0 was detected using goat anti-mouse 1gG-
HRP inan FLISA. The resalis in Figure 28 show that 2C 10 has similar binding affinities to
ability of 2C10 to block binding of its cograte Higand, CDS4, rhesus and hwman B cells were
mcubated with escalating concentrations of 2018 evan isotype control and then mcubated with
histidine-tagged soluble CDIS4 (R&D Systems, Minneapolis, MN) and analyzed for histidine
expression. 2C 10 blocked the binding of (13 54 in a dose-dependent manner {Figure 3},
indicating that 2C10 can effectively block the interaction of T cell-bound CD154 with CD40 on

B cells and antigen-presenting cells.

Table 2 CD40 Receptor Binding Kinetics of 2018

Ani-CI0 2D | 3AS8 : SRz : 4011 Chi2?28
Antibodies

Ko (M 59 73w 10° 0.223 % 107 151 x 10 125100 | (4135 10°

Ko (37) L8 X 107 | 415x107 | LSk 107 | 158x 107 | 25x107
Kp (M) 27350077 1 186X 10T | 10Zx 107 | 228x107 | 807x WX

b | v

¥
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0T blocks B eedl wetivation in rhesus monRey and faman preripheral dlood mononuclear cells

The anti-CD40 anttbody 2010 was characterized with respect to its ability to affect B cell
aetivation both using rhesus roonkey and human penipheral blood mononuctear cells (PBMCx).
€120 expression was chosen as being an indicator of B cells, and expression of CD23, CDEO,
and CDRE is associated with B cell activation, 2C10 was first assessed for its ability to bind to
CD20. Rbesus or human PBMCs were incobated with fluorochrome-conjugated 2010 and an
anti-CD20 antibody. Flow ovtometric analysis was used o confinm the binding of 2010 to
human and rhesus CD20+ B cells (Figure 24), In another set of experiments, PBMUs from
either rhesus monkey or humans were cultured either in the presence or abssnce of CD154°
Jurkat D11 cells, an immontalized T ymophooyte cell line. Activation of B cells was
determined by measuring expression of three markers (CD23, CD80, and CDRO) in TD20+ cells
present in the PBMCs. The general scheme of this assay 1s shown in Figwre 4. As shown in
Figure 4, culturing PBMUCs 1n the presence of Jurkat cells resulted in mereased expression of all
three markers, indicating that B cells are activated by the (D154 Jurkat cells.

To test the ability of anttbodies to block B cell activation, PBMUCs and Jurkat cells were
co-pultured in the presence or gbsence of one of three antibodies: 3AS8, 3C8, and 2C10. The 3A8
antibody Is 8 mouse ante-haman CD40 antibody (ATCC Deposit No. HB~12024), and SCRisan
anti-CD154 antibody (ATCC Deposit No. CRE-109133. Each was used as a positive contiol.
Co-cultures were conducted over a range of five orders of magaitude of antibody concentration
{0.001 upto 10 gu). As shown in Figare 5, 3A8 did not block B cell activation in rhesus
PBMCs, as measured by CD23 expression, whereas both 2C 10 and 5C8 were able to block
activation with similar efficiency. Corresponding changes were also observed with CIDS0 and
D86 expression. These results indicate that 2C10 binds o a different epitope on CD40 than
3A8, These results also indicate that 2C10 acts privaarily as 8 CD40 antagonist in contrast o
AR which has previonsly been shown 10 actas partial agonists with weak stimulatery potential
{Adars eval 4 foeppunel, V74.342-50, 2005, Badell evall, dm J Tramsplant. accepted for
publication, 201 1), When a similar experiment was performed wsing human, rather than rhesus,
PBMUCs, both 2010 and SC8 were agatn observed to block B cell activation, as measured by
CD&6 expression, with simtlar efficiency. Here, the 3A8 antibody, unlike with the thesus

PBMCs, blocked B cell activation (Figure 6}
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The 2010 and 3AR antibodies were also tested for their ability to sctivate B cells in the
absence of Jurkat cells using either rhesus monkey or luman PBMCs. Here, PBMCs were
cultured either in the presence of absence of aather 2CT10 or 3AS. Expression of CD23, CDRY,
and CD86 was then measured in CD20" cells. As shown in Figure 7, CD23 expression in rhesus
cells was increased in the presence of the 3AB, but not the 2C 10, antibody. By contrast, neither
IAE nor 2010 aetivated human B cells. The differences in activity observed between the 3A&
and 2010 antibody insdicate that the 2C10 antibody binds to an epitope different trom that of the

3AR antibody.

310 preventy g T cell-dependent antihody response

Having established that 2C10 binds to 2 unigue epitope on IO, inhibite B cell
activation shnilarly fo an soti-CD154 antibody, and lacks agonistic properties, we then
characterized the effects of 2010 w vivo. Recombinant tmouse-rhesus chumeric forms of 2C10
were generated nsing either thesus TG (2CH0R1) or 1pG4 (2T 10R4) heavy cham and thesus
kappa Hght chain constant region sequences. A chimeric rhesus IgG1 form of 3A8 (3AER 1) was
also generated for use as a control.

Rhesus macagues were innunized once on day sero with d-hydroxy-3~
mirophenylacetyl-conjugated kevhole limpet hemocyanin (KLH, 10 mg IM) antigen (Biosearch
Technologies, Novate, CA). Prior to inumanzation and at one week, cohorts of three animals
received an inravenous dose (30 mg/kg) of 2C10R Y, 2CIORS, 3ABRY, or saline. Al animals
were observed for 70 days, and flow eytometry was performed weekly, Treatment with etther
recombinant 201 sotypes resulted in modest change in peripheral B cell counts (Figure 8)
compared to the previously reported significant and prolonged depletion of peripheral B cells
occwrring i animals receiving etther 3A8R1Y (Badell et al, dm. J. Trepsplane, 100214, 2010} or
Chi220 (Adams etal, J fonmamol. 174:5342-50, 2005},

T vell-dependent antihody responses to KLH-NP were tested by ELISA. Plates were
coated with KLH {0.01 my/nil, Sigma, St. Louds, MO) and Hocked with Super Block {Thermo
Scientific, Woodstock, GA). Pre- and post-ireatment plasma samples were sertally diluted,
plated for 1 hr, and washed with phosphate-buffersd saline/0.05% Tween, Anti-KLH antibodies

were detected by incubating for 1 hr with monoclonal auti-rhesus InG-horseradish peroxadase
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{clone IB3, NHP Reagent Resource, Boston, MA}Y. Plates were then toubated with Peroxidase
Substrate Solution (KPL). Stop solution (KPLY was then added, and optical density was read on
an ELISA plate reader at 450 nm. A sample was considered posttive at a given dilution if the
optical density reading of the post-treatment plasma exceeded the optical density of the pre~
tregtrent plasma at the same dilution by 2-fold. Following KLH trmunization, control animals
developed high-titer KL H-specific IgG (Figure 9). Animals that received 3ASRY also developed
anti-K1LH respouses, but titers were approximately 10-fold ower than controls despite significant
depletion of B cells. T contrast, the generation of g0 anti-KLH antibodies was nearly

completely Mocked through day 36 n all animals that received esther 2CTORY or 2C10R4.

2070 significantly prolongs islel allograft sovivel i o macague model of allogeneic sl
ransplantation

We further tested 2C10R4, the €14 purified chimeric thests {pG4 antibody, in g
nonhuman primate allogenic islet transplant mede! (Figure 10}, Rhesus macaques weighing 10-
20 ky underwent donor pancreatectomy one day prior to transplantation via a midline

laparotomy. The pancreas was isolated and placed on ice after the animals were terminally

exsanguinated. Islet isolation was performed using Collagenase/Neutral projease (9530 Wansch
units and 63 upits, respectively; Serva, Heldetberg, Germany). The digested pancreas was
purified on a four Yaver, discominuons Euroficol] gradient (Medintech, Manassas, VA) and Cobe
2991 blood cell processor (CaridianBCT, Lakewood, CO). Samples of the final islet preparation
were counted and expressed s islet equivalents (IEQ).  Isolated tsleds were cultured overnight,
connted and suspended in Transplant Media (Mediatech).

Rhesus macagques weighing 3-3 ki were rendered diabetic nsing streptozotocin (1250
mgim’ IV: Zanosar, Teva Parenteral Medicines, Irvine, CA) four weeks prior to transplantation,
Diabetes was confirmed by itravenous glucose tolerance test {IVOTT) with & 500 mp/kg bolus
of dextrose and measarement of private Copeptide.  Glucose levels were monitored and C-
peptide was measured at baseline and 10, 30, 60 and 90 after injection of dextrose. Diabetes was
confinmed by measurement of elevated blood glucose levels in the absence of detectable serum
Ce-peptide. Diabetic recipients underwent MHC-mismatched islet allotransplantation. A mean of

13,745 (& 4,063) 1EQ were mfused via a small nuidline laparotomy and cannolation of a
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mesenteric vein,

Blood glucose levels were measured twice daily by earstick; NPH (Novolin; Novo
Nordisk, Princeton; NI} and glargine {Lantus; Sanofi-Aventis, Bridgewater, N1} tnsulin were
administered to maintai fasting blood glucose (FBQG) less than 300 mg/dl pre-transplant and
following graft rejection. IVGTT was performed peviodically post-transplant to monitor graft
function. Transplant recipients underwent weekly flow eytometric analysis to monitor T cell
{CD3 V430, CD4 Per(CP-Cya 5, CDB ParCp; BD Bioscience} and B el (CD20 PE, BD
Bioscience) populations. After islet engraftment rejection was defined as FBG greater than 130
mg/dl ontwo consecutive days. Primary endpoint was rejection-tres islet graft survival,

Transplant recipients received either 2C10R4, basiliximab (Stmulect, Novarts, Basel,
Switzerland) and sirolinmus, or basiliximab and sirolimus alone. 2010R4 (50 mg'kg) was
admimistered intravenously on posi-aperative day (POD) 0 and 7. Basiliximab (0.3 mg'kg) was
admymwstered intravenously on POD O and 3. Sirolimus was administered intramuscularly daily
to achieve trough levels of 5-15 ng/mi through POD 120, All three animals receiving
basilinimab and sirolimus alone are historic controls {Badell et al J Clin. hovesr, 12004520312,
2010). Two of these fustoric controls {RQz6 and RILT7) underwent diabetes induction by
pancreatectomy snd recetved oral sirolimus.

Treatment with the regimens deseribed above resulted 10 significantly profonged isles
graft survival (Figore 11A) compared to controls receiving only basilnamab mduction and
sirolimus maintenance therapy (Figure 118}, Median rejection-free graft survival time for
animals receving 2C10R4 15 280 days compared to 8 days for control animals (p=0.010, Table
3). Pharmacokinetic data predict that plasma 2C10R4 levels would be less than 1 pg/ml by POD
100, Because sirolimus was discontinned at POD120, the recipient with the longest survival
{304 days) received no immunosuppression for approximately 24 weeks prior to rejection. No
animals treated with 2C10R4 developed climically relevant infectious complications or weight
logs. These resudts reflect animals that received the 1gG4 isotype of 2C10. Two additional
apimals that received the JgG1 isotype of 2010 (QCIGR 1} in combination with basiliximab and
siroliimus achieved similarly prolonged grafi survival of 220 and 162 days. Given the positive
results with 2010 used as mduction therapy, the next step is to assess the sffects on graft survival

by adounistering 2010 gs maintenance therapy.
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Table 3
Lraft
Regipient Therapy B kg Survteal Comansnt

{davyy

Rapi3 oy ‘
Rdgiz §w sty
RHgi3 Rejoction
R{Gas § g

Rik¥ 8 Rujo
KMl W Hejeotion

Blockade of the CD40/:CN 54 patbrway in conjunctisny with the CD28/B7 parkway

Blockade of the CDMO/CDISE g}aihwa} may prove useful in conjunction with other
block the CDRE/BT costinmlatory pathways, has shown efficacy in nonhuman prima.te models of
renal and islet tansplantation and in phase 1 and T clinical trials in renal fransplantation
{Larsen gt al,, Transploniation 90:1528-35, 2010, Vincentt et al., dm. L Trasplam. 10:335-46,
010, Adams et al, . fovmanol, 17434250, 2005, Adams et gl Dhaberes 51:265-70, 2002,
Larsen ef al, dm . Troasplons, 344383, 2008, Vincenti et al, N Engl J Med 3538.770-81,
2005). The BENEFIT wial revealed superior renal function in pati ents treated with belatacept;
however, these patients bad a higher incidence and more severe grade of biopsy-proven acute
rejection (Larsen et al., Transplapsarion 90 1528-35, 2010, Vincenti et al. dm. L Fransplant.

10:535-46, 2010}, In light of this increased rate of acute refection and the synergy between
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CD40 and B7 blockade (Larsen ot al, Notwre 381:434-8, 1996, we next will test the efficacy of

vombined 2010 and belatacept therapy in nonhuman primate kidney transplantation.

Example 2 Hunmnized Anti-UD4D Antibodies

£

We have developed snd characterized a novel humanized Ab to CDM0 called h2C 10
{homanized 2010 antibody) that was selected as a full fimctional antagonist of CDAO. The
bingding epitopes were caretully designed to confer naique binding properties that distingnish #
from competitor molecules that either activate or deplete B cells or acts as partial agonists. The
early mouse primate chimeric version of the antibody has been tnvestigated in relovam
10 prechinieal i vifro and i vive studies, inchuding multiple studies in nonhuman primates that
demonstrate promising sfficacy against preventing transplant rejection and prolonging both atle-
and xenograft survival, and a favorable nonclinical safety profile. We have also completed the
humantration of 2010 (h2C 10}, which exhibats excellent charactenistics.
To produce the humanized anti-CD40 antibodies, the variable region seguences of the

15 omgine antibody 2010 were used {0 search the human antibody databasze. The VH was found to
be mostly related to germbine antibody sequences VHI-46, VHI-69, and VHI-3 (SEQ ID NO:
30, whereas the VL was mostly related to-germiine antibody sequences VE3-1H{SEQ ID NO:
31, VK39, and VK6-21, The human VHI-3 and VE3-11 were chosen to be the acceptor
framework for CDR grafting because of relative high usage in human repertoire and good

20 conservation at the erttical framework positions. 3D models were butlt with both variable
regions after grafiing the CDRs from the murine 2C10 antibody into the human acceptor
frameworks, Six murine VH framework residues that are differemt from the human counterparts
were tlentified to be potentially in contact of the CDRs: M4, A67_ LY, AT1, K73, and N76.
After modelling, three humanized VH sequences 2C10. b1, 2C10 b2, and 2010 h3 were

25 desipgned to contamnn O, 2, and 6 murine framework resudues, respectively {(Figure 13a). Sinilarly,

five murine VK famework residues were identified o be potentially in contact of the CDRs: Gl

R46, W47, V38, and Y71. After modeling, two humanized VL sequences 2C10_11 and 2010 12

were designed to contam O and 4 mnwrine framework residues, respectively {Figure 13b).

The parental murme 2010 antibody was humanized by CDR grafting. The human

3]
<

antibody VH1-3 and VK3-11 germline frameworks were chosen to be the scceptor. Three YH
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amd two VI sequences were designed and all 6 homanized antibodies were produced and tested
for human CD40 binding.

The 2C10-heavy-3 (2CI0 B3} and 2010-hght-2 (2C10_12) constructs were found to
produce the best anttbody with CD40 binding affinity of 0.39 aM, within 2-fold of that of the
mgine 2C10 {0.22 aM) (Table 2). The humanized variable regions were used to construct the
clinical candidate humanized antibody as an 1gG4 or a stabilized 1gG4, which was cloned into
the SwiMRE expression system.

High producing stable CHO cell lines were isolated by PACS and screened by three
rowds of BLISA and one round of fed-batch culture. Seven clones were isolated that produced
more than 0.8 /L of homanized 2C10 in a fod-batch colture. The best clone 30916 produced
~1.2 ¢/'L, under non-optimized conditions.

=

Construction of antibody expression vectors

The humanized VH sequences were gene synthesized and cloned into vector pFUSE-
CHig-hG2a (Invivogen) contaming the constant region of hwman IgG2 heavy chain to make
expression vector LB300-302. The huminized VK sequences were gene synthesized and cloned
nio an expression vector containing the comstant region of human kappa bight chain to make
expression vector LH303-304. The heavy and light chains were downstream of human EFlg
promoter for strong and constitutive mammalian cell expression. The chimerie 2C10 antibody
was also constructed similarly by using murine VH and VL to make expression vector LB305

and LB306, respectively. The antibody expression vectors were summarized in Table 4

Table 4 Antibody expression vecters

Plasmid YH/VK CHICK Promoter Selection

LB300 2CI0 b hipln CH EF i« Zeogin

LB30 210 h2 hiaGe CH BEFa Zeocin

LR302 3CI0 ha ] higGs CH hEF, ¢ Zeocin

LB303 2CH0 1 K hEF Neomycin

L.B304 2010 12 MK BEF o Neomycin
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LB305 2C10 VH hlpGe CH hEF Zgovin

LB30s | 2C10.VK | hCK ChEFe | Neomycin

LB30% 210 A3 hlgGy CH hEFa Zeovn

LB30% 2010 13 hlpGy CH | hEF Leovin
(82419

Eacl vector in Table 4 contains a heavy chain or Bght chain expression vassette under the
contro} of human EFla promoter. Vectors LB300-302, LB305 comtain the constant region of
human I5G2 heavy chain, Vectors LB308-309 contain the constant region of human TgG4 heavy

chain. Vectors LB303-304, LB306 contain the constant region of human Kappa hight cham.

Production of the humanized 1G4 snnbody

In order to further minimize the potential effector function, the hwmanized antibody with
the best binding activity (2010 h3 and 2C10_12) was convented into human 1gG4 or stabilized
human IgG4 (5241P). The heavy chain varable region 2C10 b3 was fust cloned imto vector
pFUSE-CHIg-hG4 (Invivogen) containing the constant region of human Ig(G4 heavy chain,
before the stabilizing mutation S241P was introduced {Table 43, The humanized ¢G4 and
TeGH(8241 P were purified from 293F cells after transtent transfection. The production vield wag
2835 myp/L, 2-fold higher than that of the 1pG2 antthodies. The 1pG4 antibody appeared to have
small amonnt of half molecule, which was significantly reduced in the stabilized 1gG4 antibody.
The DNA and amino ackd sequence of the stabilized IgG4 antibody 15 shown in Figuee 21

Cloning of the humanized TeGd (8241 %Y antbody m SwiMR expression vector

SwiMR expression was developed for facile development of antibody production cell
Hnes, utilizing a switchable membrane reporter to facildate isolation of highly prodoctive cells
via Fluorescence-activated cell sorting (FACUS). An IRES-medisted bictstronic expression
cassette of membrane-anchored GFP was placed downstream of the gene of interest (GOI). The
IRES-GEP cassette was flanked by LoxP sites for later removal from the chromosome. The GFP

expression level was used to mark the expression level of the GOL Highly productive cells were
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wolated by FAUS and then treated with Cre recombinase o remove the GFP cassete, The
hamanized 2C10 in the stabilized 104 format was cloned the SwiMB expression system to
make vector LB312. The heavy and light chaing were cloned in two separate expression
cassattes under comtrel of human EFle promoters. The IRES-GFP cassetle was placed
downstream of the heavy chain sequence and was flanked by two LoxP sties. The plasmid carrdes
a Puromycin resistant gene for mammalian cell selection and & P-lactamase gene for bacterial

propagation.

Stable selection of the CHO cells and isolation of the high producing cells

100 mi of CHOS cells (1 x 10° cellsiml, Invitrogen) were transfected with 120 ug of
LB312 lnecarized by restniction digestion of Asc I and 120 ul of Freestyle Max regent
{Invitrogen), The cells were selected with 10 - 20 vg/ml of Puromycein for 2 weeks. The GFP
expression profile of the stable pool was chavactertzed by flow cytometry. The top 19 of the
cells with the highest GFP sipnal was sorted cut as Pool #1 containing 100,000 cells, After
cudturing for 2 weeks, the Pool #1 was analyzed again for GFP expression by flow cytometry.
The top 1% of the cells with the highest GFP signal was sorted out apain as Pool #2 containing
100,000 cells, Afler colturing for 2 days, the Pool #2 was treated with 2 M of recombinant
membrane permeable DNA recombinase Cre (TAT-NLS-Cre, Excellgen). The GFP expression
profile was analyzed after 1 week of culturing, ~10% of the cells completely fost the GFP
expression mdicating successful removal of the GFP expression cassette from the chromosome.
The GFP negative cells were sorfed ont as single cells in 384-well plates. After 2 weeks, ~800

colonies grew out from 10 x 384-w plates.

Additional humanized antibodies

Humanized antibodies were alsp generated using two CDR grafted VH and two CTDR
grafted VL sequences cloned into a VHI-69 and a V1.1-39 human germiine framework.
We made two heavy (HBI & HBE2} and two light (KB & KB2} chains in these additional
experiments. The heavy and Hght chain sequences HP + KP serves as the positive control, The
combination of these consiructs was transiently expressed in HEK 293 cells, antibody purified by

protein-A chromatography and fested for BCD40 binding.
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Figure 14 shows amino acid changes in framework 3 between 2C10HP and 2C10HB1,
as well as 2CIO0HBY constructs. Figure 15 shows the sequences of beavy chain and light cham
variable regions for humamzed 2C10 antibodies. The beavy cham gnd light cham varipble
regions moclude 2C10HP, 2C10HBE, 2CI0HB2Z, 2C10KP, 2CI0KB 1, and 2C10KB2. Therefore,
in certain embodiments, an anti-CD40 antibody may include any of the llowing 2C10H-K
combinations;

2CIOHP + 2C1I0KY
2( EOHiﬂ 2( 101&8}
7Ci{}{~i81 + 7CIQE\P
2CTGHB2 + 2C10KB2
2C i{?HB? -+ 2CHIRBY
2CI0HB2 + 2C10KR
2UT0HP + ”’(‘iOK{ﬂ
2CI0HP + 20 10KB2

S5O e b e

© 20

Invitre bindmg of CDAY with purified antibodies

Humanized autibodies and the climenic aatibody were purified after traosient trassfection
of 130 or 200 mi of 293F cells. The antibodies were purified with 8 Protein A column from the

conditioned media harvested 4 days after transfection.

Determination of UD40 binding kingtics

The purified D40 was bmimy}ated and mobilized on Strepmvidin bi(}s&nmrs.

Biomraduction for i vive studv

After transtection of CHO cells and selection of stably transfected cells, the antibody was
purified by Protein A column, and followed by buffer exchange {20 mM Sodium Citrate, 50 mM
NaCl, 5% Mahose, pH 6.0) and 0.2 pm filtration. The Pool #1 was used to setup 250 wave bag
cultwre i UD ForttlCHO media (Invitrogen). The culture was fed three times on day 3, 5, and 7
with 10% CD Efficient Feed € (Invitrogen). The final vield of purified antibody was 1.6 g

total. The antibody was chavacterized by SDE-PAGE and SEC-HPLO amdysig, and was 99.4%

pure as monomernic antibody.
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Cell line development

The stngle cell colonies were scroened by 3 rounds of ELISA and 1 round of fedebatch
praduction. The cells were kept in €D ForttCHO media throughout the screening process. All
colonies from 384-well plates were picked into 96-well plates. 1.2 it of cultwre media fom each
well were used to screen for antibody i ELISA plates coated with anti-human Fo antibody, The
tap 240 clones were expanded tnto 10 x 24-well plates. After culturing for § days, 1.3 @ of
culture media was screened again for antibody level, the top 60 clones were expanded mto 10
G-well plates and cultured 1n shaking incubator, After culwuring for 5 days, the 6-well plates were
duplicated by passaging the cells 110 into g new set of 6-well plates, The cultures in the origingl
set of the o-well plates were allowed to grow 1o extinction, followed by determination of
antibody level by ELISA. The top 24 clones in the daplicated set of 6-well plates were expanded
o 30 mi coltwre in 125 ml shake flasks. The clones were subjected to 30 wl fed-batch
production. The feading strategy was 7.5% of Ex-Cell Advanced CHO Feed 1 (Sigma) on day 3,

5,7, 9, and 11, The top clone 3C9.16 exhibited production fiter of ~1.2 g/L.

We dentified the following important i vire pharmacological attributes for cur lead
candidate
«  Suppression of B-cell activation induced by CDIS4-CI40 engagement
»  No divect activation of B cells
o High affinity antagonist of CDA0 {e.g., Ka is about 107°M or lower, about 107M
to about 107°M, or as described herein)

Through a novel immunization approach and an extensive in vitro screening approach,
we have identified an anti-CD40 antibody that meets these criteria and represents a nop-
deplefing/non-activating antagonist antibody to hunsan CD40.

In vitto gnd in vivo stadies have confirmed that the humanized form retaing excellent
properties,

As described in the previous section, the 2CT0 mAb was humanized by CDR grafting

into a human heavy and lght chain frameworks. To maintain the properties of the original 2C10
- L §' i B!
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mAb, the humanized 2C10 constructs were screened by Biacore for affinity to hwnan CD40. All

three top humantzed 2010 antibodies exhibited only stight reduction in affinity by approxumately
two-fold, refative fo the parent 2010 mAb {Table 5). Most importantly they all maaintained the
exceptional slow off rate of the parent 2010 mAb. Among these antibodies, Clone 21892 which

exhibited the highest affinity a1 390pM, was selected as the lead bunanized mAb (h2CIO)

Table §: CD40 Receplor Binding Kinetics of Humanized Versions of 2018

mAb Ky {M} Koon { UMsY | Ko (148) Rumax Fall X 2 Fall R*2
2010 | 222E-19 1 48E+0S 60108 103124 0384838 | 0.993451
21891 | SUIE-ID POEE+0S5 F83E-04 {.3917 0490639 | 0801111
2.189.2 | 390E-10 L79EA+05 1.28E~04 8.3946 .401784 6991697
21911 | S61E-10 L.84E+0S LSBE-04 0.3924 D.402934 GR92955

Comparing the binding kinetics of humanized 2014 to competitors, the overall affinity of
B2CTO remaing substaniially better than the competitors that have affinities in the nanomolar
range. We also compared binding affiuty of h2C 10 between human €40 and CD40 from those
of nonhwman primate species used i preclinical evaluations. As shown in Figure 16, h2C10 has
comparable affinity for CD40 across these prinate species.

In Vive Characterization of Primate Chimerie and Humanized 2010

The m vive phammacodynanmics, pharmacokinetics and exploratory safety assessments of
2010 were conducted in rhesus monkeys using the primate chimeric constroct of 2C10 and the
chinical candidate humanized h2C 10 antibody. After selection of the lead humanized version of
ICTO (mAb 2.189.2; h2C10) based on in vitro binding kinetics, we advanced h2C1i0 into a
PIAPD study in rhesus monkeys to characterize is addittonal properties. The data generated in
these studies, which cover a broad range of critical experimental endpoints, clearly establish the

excellent properties of hR2C1Q,
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Studies have been completed n rhesus monkeys examining PR, PR, and safety

endpoints. Critical elements of the study designs including key endpoints and objectives are

swiinarized in Table 6 (Pharmacodynamic (PD), Pharmacokinetic {PK) and Safety Studies of

2010 1 Rhesus Monkeys). The key outcomes and relevant comparative assessments on the key

5 expenmental endpoints claded:
s Effect on B and T lvmphocyte number in blood
s Effect on huraoral immune response to the T cell-dependent antigen Keyhole Limpet
Hemocvanin (KLH)
»  CD40 receptor occupancy on blood B eells {(PD)
10 »  Pharmacokinetics (PK)
e Immunogenicity 88 assessed by formation of anti-drug antibodies {ADA}
s Exploratsry toxicology include UBC, serum chemistry and complete necropsy
5
Table 6. PD, PK and Safety Studies of 2018 in Rhesus Monkeys
Expt. | Key - Test | Group | Test Doses/ | Follow-Up | Key Endpoints
# Objective(s} Versions | S Regimen Peried
i Compare | Primate 3 Two Doses; | 56 Dayy CBC
fgGl and - chimeric 50 mkikg, Lymphoeyte Subsets
Ig(34 forms, 2CH IV on Days Primary TDAR
and {rand 7; {anti-KLH)
Competitor Saline~
3A8 - Congrol
2 Dose- Primate 3 | OneDose, |S6Days | CBC
Response chimerie 5, 10, 25,50 Lymphocyte Subsets
Evaluation 2010 mgdky, IV: Detailed B Cell
| TeGd Irrelevant Subsets
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1pG Control TDAR {primary and
recall response to
KELH)
3 Safety | Primate 2 Two Doses; | 14 Days CRC
Assessment’ | chimerie 25 mgikg, after Serunt Chemistry
Exploratory | 2010 IV onDay 0 | second Lymphocyte Sabsets
Toxicology Igle4 and 14; dose (28 Negcropsy
| Historical Days in Gross &
Control Totah Microscopic
Pathology
4 P, PD, - Humaniz 3 One Dose; | 28 Days Receptor Occupancy
Safety ed 2C10 10,25 CBC
1eGd mg'ke, IV Serum Chemistry
| - Saline Lymphocyte Subsets
Control Primary TDAR
{ant-KLHPK
ADA

1Q

The study results are sunumarized in the following section. B2C10 way be used for
treatment of conditions in which selective blockade of CIX0 receptor activation in the absence

of B cell depletion iz expected to provide therapeutic benefit,

To prove in vive that h2C 10 blocks Tecell dependent anttbody responses {TDAR) in vive,
monkeys were impnunized with KLE 6 bours after the adnumstration of i3CTQ Antibedy tilers
against KLH were measured weekly thereafter.
Doses of 10 and 25 mg'ke h2C10 were given o monkeys followsed by 8 KLH challenge.
Both 1gG and TgM ami-KLH titers weve determined weekly vut to Day 28 after treaument. Figure

17 shows that the humanized version of 2C1H0 gelueved complete inhibition of the KLH antibidy
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response gt the highest fest dose, and in most cases gt the 10 myg/ky dose level, Both IgM and

1a( responses were pravented.

Non-Depleting Effects on B Cells

As goagls in the development of an antagonist CD40 gntibody inchaded minimizing the
depletion of targeted, CD40+ cells, we analyzed effects on lymphoeyte subpopulations,
gspecially the effect on B cells.

The treatment of monkeys with 10 or 25 mg'ke of the humanized form of 2010 (h2C10)
also had no appreciable depleting effect on B cells even though the €40 target s fully samwated
by the antibody at these concentrations {see subsequent Section Receptor Qeonpancy).

Despite saturation of 2010 binding sites on B cells lasting until the last day measured
{Day 28), all monkeys that received either dose of h2C10 maintained nornal Band T
Iymphocyte subsets (Figure 18). These resalts demonstrate that injection with a dose as low as 10
mgrkg 2C10 can persistently bind CD40, its therapeuntic target on B cells {(and presumably
monocvtes and other antigen presenting cells) without causing undesived depletion of B cells in
nonkeys.

The demonstration that 2C10 does not deplete B cells suggests a clear advantage over

R

competitors in addition 1o 3AR and Chi220.

Pharmacodpnamics

{0340 Beceptor Odcupangy

CP40 target engagement and ocoupancy by the primate chimeric and humanized versions
of 2C 10 was determined by measuring the available binding sttes for 2010 to CD40 on CD20+
B cells by flow cytometry using fluorescently labeled 2C10 and a labeled, non-competing anti-
CD40 antibody. Blood samples were collected on muliiple days from control monkevs and
monkeys treated with either primate chimeric TpG4 or humanized 2C10 and analyveed by FACS,
The degree of target engagement (% recaptor occupancy} was calculated directly from the mean
fluorescent mtensity recordings.

Humanized 2C10 antibodies were administered intravenously at single doses of 10 and

25 medke. Swrface CD40 on B cells was completely saturated by Day 3, and the effect persisted
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untif the last dey measured {Day 28) v all monkeys that received either dose of h2C 10,
Representative data from the flow cytometry analysis of blood collected from monkeys 28 days
after freatment with humanized 2C10 {8 shown Figare 19,

‘These results demonstrate that 3 single injection of h2C10 at a dose as low as 10 mg'kg

can folly satueate CD40 receptors on B ¢ells for at Teast 28 days.

Phanmasokinetics and Ant-Droug Antibody Response

Toestablish a clear hnk between the pharmacodynamic effects of 2010 based on D40
recepior cecupancy and the pharmacokinetics of 2C 10, plasma concentrations of the 2C10 were
measured in plasma from the same blood samples in which receptor occupancy had been
determined. The plasma concentration analysis also enabled characterization of the
pharmacokinetic profile of 2C10, most importantly its persistence in plasma as determined by #s
hatf-life, This determingtion provides guidance for the frequency of dosing that will be needed to
maintain effective therapgutic concentyations,

The mean seram conventrations determined in monkeys treated with either 10 or 28
mp'kg humanized 2C10 are plotted in Figure 20. These data demonstrate that the animals were
exposed to 2C10 for the entire duration of the stady, and that humanized 2C10 has g halflife in
montkeys of approxtmately 18 days (ranging frons 9-20 dayvs). This half-dife is o the range of that
expected for a therapentic antibody in primates, and should support a relatively infrequent dosing
schedule in clinical investigations (e.¢., no more than once every two weeks). Further modeling
of the complete dataset will enable a robust estimate of the dose and frequency required o
sustatn effective antibody concentrations in inttial chinical studies of h2C 10,

Another assessment of humanized 2010 was the potential development of antibodies
against R2CT0 {ADA}. This can occur when biologics of epitopes from one species 13
adnunistered 1o a different species (eg. Humanized mADb o primates) resulting i rapid clearance
of the drug Brom plasma. In this study there was no evidence from the time course profile that
aptibodies against h2(' 10 were generated, as no animal exhibited measurable anti-2C10 titers

during the study.
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Prelinunary Safetv Evaluation

The experiments described 1 ¢his section wete condacted to determing potential adverse
consequences of h2C10 on the nmmune system and for off-target effects. For biological
therapies, these assessments are among the most eritical for evaluating safety prior to human
exposure (o the drug, and developing visk nutigation plans for clinical testing. The absence of
any unexpectad or undestred outcomes on nmune function or pathology 1w monkeys is viewed
favorably for the overall safety assessment of h2C 10, In addition, routine tests for alterations in
hematolegical parameters, including platelet counts, and serum chemisiry paraneters in monkeys
treated with 2010 were conducted on several days post-dosing, and were unaffected by treatment
with chimeric and humanized 2C10. Two animals that were treated twice with 25 mp/ky primate
chimeric 2C 10 were evaluated for gross and microscopic evidence of treatment related
pathology: no treatment-related pathological changes weve observed. In addition, to rale owt
thromoboemolic complications, all tissues were examined by special stains for fibrin deposition.
No evidenve of subclinical clotting abnormalities was detected. Importantly, relatively high
doses were tested in the studies that appreciably exceaded the doses required o foll ncoupy
UD40 receptors, and therefore approach the dose levels that will be tested in pivotal toxicology
studies conducted during the IND-enabling phase. These preliminary safety gvaluations show
absence of any safety concerns for h2C10,

These combined data demonstrate m a relevam primate moded that h2C 10 has the
desirahle pharmacodynamic, pharmacokinetic and safety atribates for a monoclonal antibody
intended to treat patients, where specific inhibition of CD40 activation 1s desired without cansing
unwanted activation or depletion of CD40+ targets cells and without evidence of off-target

LOXICHY.

While specific aspects of the myvention have been described and Slustrated, such aspecis
should be considered illustiative of the invention only and vt as limiting the invention as
construed in accordance with the accompanying clarms. All publications and paient spplications

cited 1 this specification are herein incorporated by reference in their entivety for all purposes as
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if each individual publication or patent application were specifically and individually
indicated to be incorporated by reference for all purposes. Although the foregoing invention
has been described in some detail by way of illustration and example for purposes of clarity
of understanding, it will be readily apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifications can be made thereto
without departing from the spirit or scope of the appended claims.

Throughout the description and claims of the specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not intended to exclude
other additives, components, integers or steps.

A reference herein to a patent document or other matter which is given as prior art
is not to be taken as admission that the document or matter was known or that the information
it contains was part of the common general knowledge as at the priority date of any of the

claims.
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What is claimed is:

1.

5.

A humanized anti-CD40 antibody or antigen-binding fragment thereof comprising a heavy
chain variable region comprising an amino acid sequence with at least 80% sequence identity
to the amino acid sequence set forth in any one of SEQ ID NOs: 19, 20, 21, 24, 25, and 26
and a light chain variable region comprising an amino acid sequence with at least 80%
sequence identity to the amino acid sequence set forth in any one of SEQ ID NOs: 22, 23, 27,
28 and 29, wherein the heavy chain variable region comprises a CDR1, CDR2 and CDR3
with the amino acid sequences set forth in SEQ ID NOs: 13, 14 and 15, respectively, and
wherein the light chain variable region comprises a CDR1, CDR2 and CDR3 with the amino
acid sequences set forth in SEQ ID NOs: 16, 17 and 18, respectively.

The antibody or antigen-binding fragment thereof of claim 1, wherein the amino acid
sequence of the heavy chain variable region has at least 85%, 90%, or 95% sequence identity
to the amino acid sequence set forth in any one of SEQ ID NOs: 19, 20, 21, 24, 25 and 26,
and the amino acid sequence of the light chain variable region has at least 85%, 90%, or 95%
sequence identity to the amino acid sequences set forth in any one of SEQ ID NOs: 22, 23,
27,28 and 29.

The antibody or antigen-binding fragment thereof of claim 2, wherein the amino acid
sequence of the heavy chain variable region comprises the amino acid sequence set forth in
any one of SEQ ID NOs: 11, 19, 20, 21, 24, 25, and 26, and the amino acid sequence of the
light chain variable region comprises the amino acid sequence set forth in any one of SEQ ID

NOs: 12,22, 23,27, 28 and 29.

The antibody or antigen-binding fragment thereof of claim 3, wherein the amino acid
sequence of the heavy chain variable region comprises the amino acid sequence set forth in
SEQ ID NO: 21, and the amino acid sequence of the light chain variable region comprises

the amino acid sequence set forth in SEQ ID NO: 23.

The antibody or antigen-binding fragment thereof of any of claims 1-4, wherein:
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6.

7.

8.

9.

(a) the dissociation constant (KD) of the antibody or antigen-binding fragment thereof is less
than about 1x10™° M;

(b) the antibody or antigen-binding fragment thereof is selected from the group consisting of:
(a) a whole immunoglobulin molecule; (b) an scFv; (c) a Fab fragment; (d) an F(ab’)?%;
and (e) a disulfide linked Fv;

(c) the antibody or antigen-binding fragment thereof comprises at least one constant domain
selected from the group consisting of: a) an IgG constant domain; and (b) an IgA constant
domain;

(d) the antibody or antigen-binding fragment thereof comprises at least one human constant
domain;

(e) the antibody or antigen-binding fragment thereof binds to CD40 extracellular domain;

(f) the CDA40 is human or rhesus CD40;

(g) the antibody or antigen-binding fragment thereof blocks B lymphocyte activation by
CD154-expressing Jurkat cells in vitro; and/or

(h) the antibody or antigen-binding fragment thereof inhibits B lymphocyte CD23, CD80, or
CD86 expression.

A composition comprising the antibody or antigen-binding fragment thereof of any of claims

1-5, and a pharmaceutically acceptable carrier.

A polynucleotide encoding the antibody or antigen-binding fragment thereof of any of claims

1-5.

A vector comprising the polynucleotide of claim 7.

A cell comprising the vector of claim 8.

10. A method of suppressing the immune system, treating or treating prophylactically transplant

rejection, or increasing the duration of time before transplant rejection occurs in a subject in

need thereof, comprising administering to the subject the composition of claim 6.
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11.

12.

13.

14.

15.

16.

17.

18.

The method of claim 10, wherein the subject has received, or is in need of, an organ or tissue

transplantation.

The method of claim 11, wherein:
(a) the organ is selected from the group consisting of heart, kidney, lung, liver, pancreas,
intestine, and thymus, or a portion thereof; or

(b) the tissue is bone, tendon, cornea, skin, heart valve, vein, or bone marrow.

The method of any of claims 10-12, wherein the composition is administered prior to the

transplantation.

The method of any of claims 10-13, wherein the composition is administered for at least one

month or six months following the transplantation.

A method of treating or treating prophylactically graft-versus-host disease in a subject in

need thereof, the method comprising administering to the subject the composition of claim 6.

A method of treating or treating prophylactically an autoimmune disorder in a subject in need

thereof, the method comprising administering to the subject the composition of claim 6.

The method of claim 16, wherein the autoimmune disorder is associated with or caused by

the presence of an autoantibody.

The method of claim 16 or 17, wherein the autoimmune disorder is selected from the group
consisting of CREST syndrome (calcinosis, Raynaud’s syndrome, esophageal dysmotility,
sclerodactyl, and telangiectasia), opsoclonus, inflammatory myopathy (e.g., polymyositis,
dermatomyositis, and inclusion-body myositis), systemic scleroderma, primary biliary
cirrhosis, celiac disease, dermatitis herpetiformis, Miller-Fisher Syndrome, acute motor
axonal neuropathy (AMAN), multifocal motor neuropathy with conduction block,
autoimmune hepatitis, antiphospholipid syndrome, Wegener’s granulomatosis, microscopic

polyangiitis, Churg-Strauss syndrome, rheumatoid arthritis, chronic autoimmune hepatitis,
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scleromyositis, myasthenia gravis, Lambert—Eaton myasthenic syndrome, Hashimoto’s
thyroiditis, Graves’ disease, Paraneoplastic cerebellar degeneration, Stiff person syndrome,
limbic encephalitis, Isaacs Syndrome, Sydenham’s chorea, pediatric autoimmune
neuropsychiatric disease associated with Streptococcus (PANDAS), encephalitis, diabetes
mellitus type 1, Neuromyelitis optica, pernicious anemia, Addison's disease, psoriasis,
inflammatory bowel disease, psoriatic arthritis, Sjogren's syndrome, lupus erythematosus,
multiple sclerosis, reactive arthritis, polymyositis, dermatomyositis, multiple endocrine
failure, Schmidt's syndrome, autoimmune uveitis, adrenalitis, thyroiditis, auto— immune
thyroid disease, gastric atrophy, chronic hepatitis, lupoid hepatitis, atherosclerosis, presenile
dementia, demyelinating diseases, subacute cutaneous lupus erythematosus,
hypoparathyroidism, Dressler's syndrome, autoimmune thrombocytopenia, idiopathic
thrombocytopenic purpura, hemolytic anemia, pemphigus vulgaris, pemphigus, alopecia
arcata, pemphigoid, scleroderma, progressive systemic sclerosis, adult onset diabetes
mellitus, male and female autoimmune infertility, ankylosing spondylitis, ulcerative colitis,
Crohn's disease, mixed connective tissue disease, polyarteritis nedosa, systemic necrotizing
vasculitis, juvenile onset rheumatoid arthritis, glomerulonephritis, atopic dermatitis, atopic
rhinitis, Goodpasture's syndrome, Chagas' disease, sarcoidosis, rheumatic fever, asthma,
recurrent abortion, anti-phospholipid syndrome, farmer's lung, erythema multiforme, post
cardiotomy syndrome, Cushing's syndrome, autoimmune chronic active hepatitis, bird-
fancier's lung, allergic disease, allergic encephalomyelitis, toxic epidermal necrolysis,
alopecia, Alport's syndrome, alveolitis, allergic alveolitis, fibrosing alveolitis, interstitial lung
disease, erythema nodosum, pyoderma gangrenosum, transfusion reaction, leprosy, malaria,
leishmaniasis, trypanosomiasis, Takayasu's arteritis, polymyalgia rheumatica, temporal
arteritis, schistosomiasis, giant cell arteritis, ascariasis, aspergillosis, Sampter's syndrome,
eczema, lymphomatoid granulomatosis, Behget's disease, Caplan's syndrome, Kawasaki's
disease, dengue, endocarditis, endomyocardial fibrosis, endophthalmitis, erythema elevatum
et diutinum, erythroblastosis fetalis, eosinophilic fasciitis, Shulman's syndrome, Felty's
syndrome, filariasis, cyclitis, chronic cyclitis, heterochronic cyclitis, Fuch's cyclitis, IgA
nephropathy, Henoch-Schonlein purpura, graft versus host disease, transplantation rejection,
human immunodeficiency virus infection, echovirus infection, cardiomyopathy, Alzheimer's

disease, parvovirus infection, rubella virus infection, post vaccination syndromes, congenital
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19.

20.

21.

22.

23.

24.

rubella infection, Hodgkin's and non-—Hodgkin's lymphoma, renal cell carcinoma, multiple
myeloma, Eaton-Lambert syndrome, relapsing polychondritis, malignant melanoma,
cryoglobulinemia, Waldenstrom's macroglobulemia, Epstein-Barr virus infection, mumps,

Evan's syndrome, and autoimmune gonadal failure.
Yy )

The method of claim 18, wherein the lupus erythematosus is systemic lupus erythematosus
(SLE), discoid lupus erythematosus, drug-induced lupus erythematosus, and neonatal lupus

erythematosus.

The method of any of claims 10-19, wherein the subject is a human.

The method of any of claims 10-20, wherein the composition is administered by parenteral,
intravenous, subcutaneous, intramuscular, transdermal, oral, topical, intrathecal, or local

administration.

The method of any of claims 10-21, wherein the method further comprises administration of

an immunosuppressant within six months of the administration of the composition.

The method of claim 22, wherein the immunosuppressant is selected from the group
consisting of a calcineurin inhibitor, tacrolimus, an mTor inhibitor, fingolimod, myriocin,
alemtuzumab, rituximab, an anti-CD4 monoclonal antibody, an anti-LFA1 monoclonal
antibody, an anti-LFA3 monoclonal antibody, an anti-CD45 antibody, an anti-CD19
antibody, monabatacept, belatacept, indolyl-ASC; azathioprine, lymphocyte immune
globulin and anti-thymocyte globulin, mycophenolate mofetil, mycophenolate sodium,
daclizumab, basiliximab, cyclophosphamide, prednisone, prednisolone, leflunomide, FK778,
FK779, 15-deoxyspergualin, busulfan, fludarabine, methotrexate, 6-mercaptopurine, 15-

deoxyspergualin, LF15-0195, bredinin, brequinar, and muromonab-CD3.

The method of claim 23, wherein:
(a) the calcineurin inhibitor is cyclosporin A or cyclosporine G;

(b) the mTor inhibitor is sirolimus, temsirolimus, zotarolimus, or everolimus;

87



21 Jul 2022

2016315873

25.

26.

27.

28.

(c) the anti-CD45 antibody is an anti-CD45RB antibody; or

(d) the immunosuppressant is belatacept.

The method of any one of claims 22-24, wherein the composition and the

immunosuppressant are administered within one month or one week of each other.

An isolated polypeptide comprising the antibody or antigen-binding fragment thereof of any

of claims 1-5.

A method of producing the antibody or antigen-binding fragment thereof of any of claims 1-
5, the method comprising:

(a) culturing a cell transformed with a polynucleotide encoding the antibody or antigen-
binding fragment thereof of any one of claims 1-5 in culture medium under conditions
wherein the polynucleotide is expressed; and

(b) recovering the polypeptide from the cells or culture medium.

Use of the antibody or antigen-binding fragment thereof of any of claims 1-5 in the

manufacture of a medicament for treating or treating prophylactically graft-versus-host disease in

a subject in need thereof; or for treating or treating prophylactically an autoimmune disorder in a

subject in need thereof.
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Description: Mouse anti-CD40 clone 2C10

Heavy chain (signal peplide + V-region)
ATGEAAAGGCACTGEATCTTITCTCTTCCTGT TG TCAGTAACTGCAGGTGTCCAL
TCCCAGGTCCAGCTGCAACAGTCTGGGGCTGAACTGGLAAAACCTGGGGLCT
CAGTGAAGATGTCCTGTAAGGCTTCTGGCTACACCTTTACTAACTACTGRATGEC
ACTGGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAAT
CCTAGCAATGATTATACTAAGTACAATCAAAAGT TCAAGGACAAGGCCACATTG
ACTGCAGACAAATCCTCCAACACAGCCTACATGCAACTGGGTAGCCTGACATCT
GAGGACTCTGCAGTCTATTATTGTGCAAGACAGGGGTTTCCTTACTGGGGCCA
AGGGACTCTGGTCACTGTCTCT

Protein

MERHWIFLFLLSVTAGYHSQVQLQQSGAEL AKPGASVKMSCRKASGY THTNYW
NHVVKQRPGQULEWIG\IhPSNDYTKYNQKFKDKATLTADKSSJTAYFQLGSL
TSEDSAVYYCARQGFPYWGOGTLVIVS

Light chain (signal peplide + V-region)

DNA
ATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGOTAATCAGTGCCTCAGTCATAA
TATCCAGAGGACAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCC
AGGGGAGAAGGTCACCATGACCTGCAGTGCCAGCTCAAGTGTAAGTTACATGC
ACTGGTACCACCAGAGGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACA
TCCAAACTGRCTTCTGRAGTCCCTGLTCGCT TCAGTGGCAGTGGEATCTGLGAC
CTCTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTAC
TGCCACCAGTTGAGTAGTGACCCATTCACGTTCGGCTCOGGRACAAAGTTGEA
AATAAAA

Protein

MOEQVOIFSFLLISASVIISRGATIVL TASPAIMSASPGEKYTMTCSASSSVSYMHIW
M QRSG”‘”SPKRW"‘“‘TSKLASG\/PARFSGSGSGTSYSLTESSMEAEDAATYYCHQL

FIG. 1
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QVQLQQSGAELAKPGASVKMSCKASG YTFTNYWMH WVKQRPGQGLEWIG YINPSNDYTKYNQKFKD
QVQLVQSGAEVKKPGASVKVSCKASG YTFTSYAMH WVRQRPGQRLEWMG WINAGNGNTKYSQKFQG
QVQLVQSGAEVKKPGASVKVSCKASG YTFTNYWMH WVRQAPGQRLEWMG YINPSNDYTKYNQKFKD
QVQLVQSGAEVKKPGASVKVSCKASG YTFTNYWMH WVRQAPGQRLEWMG YINPSNDYTKYNQKFKD
QVQLVQSGAEVKKPGASVKVSCKASG YTFTNYWMH WVRQAPGQRLEWIG YINPSNDYTKYNQKFKD

KATLTADKSSNTAYMQLGSLTSEDSAVYYCAR QGFPY WGQGTLVTVSA
RVTITRDTSASTAYMELSSLRSEDTAVYYCAR - --- - WGQGTLVTVSS
RVTITRDTSASTAYMELSSLRSEDTAVYYCAR QGFPY WGQGTLVTVSS
RVTITADKSASTAYMELSSLRSEDTAVYYCAR QGFPY WGQGTLVTVSS

FIG. 13A

QIVLTQSPAIMSASPGEKVTMTC SASSSVS-YMH WYHQRSGTSPKRWIY DTSKLAS
EIVLTQSPATLSLSPGERATLSC RASQSVSSYLA WYQQKPGQAPRLLIY DASNRAT
EIVLTQSPATLSLSPGERATLSC SASSSVS-YMH WYQOKPGQAPRLLIY DTSKLAS
EIVLTQSPATLSLSPGERATLSC SASSSVS-YMH WYQOKPGQAPRRWIY DTSKLAS

GVPARFSGSGSGTSYSLTISSMEAEDAATYYC HQLSSDPFT FGSGTKLEIK
GIPARFSGSGSGTDFTLTISSLEAEDFAVYYC --------- FGGGTKVEIK
GIPARFSGSGSGTDFTLTISSLEPEDFAVYYC HQLSSDPFT FGGGTKVEIK
GVPARFSGSGSGTDYTLTISSLEPEDFAVYYC HQLSSDPFT FGGGTKVEIK

FIG. 13B
2CL1OHP: [CDRZJR--L---K-Anvnnmmmmmmeeeaaaas CDR3
2CLOHBL: [CDR2JR- L - -T-Tevvmmmmmmmmeeeee e CDR3
2CL1OHB2: [CDR2] K- - I+ - -E-Tevvmmmmmmmmmmmmeens CDR3
FIG. 14
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2C10HP:
QVQLVQSGAEVKKPGASVKVSCKASGY TFTNYWMHWVRQAPGQRLEWIGY IN

PSNDYTKYNQKFKDRATLTADKSANTAYMELSSLRSEDTAVYYCARQGFPYWGQGTL
VTVSS

2C10HB1:
QVQLVQSGAEVKKPGASVKVSCKASGY TFTNYWMHWVRQAPGQRLEWIGY IN

VTVSS

2C10HB2:
QVQLVQSGAEVKKPGSSVKVSCKASGY TFTNYWMHWVRQAPGQGLEWIGY IN

TVSS

2C10KP:
EIVLTQSPATLSLSPGERATLSCSASSSVSYMHWYQQKPGQAPRRWIYDTSKLAS

GVPARFSGSGSGTDYTLTISSLEPEDFAVYYCHQLSSDPFTFGGGTKVEIK

2C10KB1:
DIQMTQSPSTLSASVGDRVTITCSASSSVSYMHWYQQKPGKAPKLLIYDTSKLAS

GVPARFSGSGSGTEFTLTISSLQPDDFATYYCHQLSSDPFTFGQGTKVEVK

2C10KB2:

EIVLTQSPATLSLSPGERATLSCSASSSVSYMHWYQQKPGQAPRLLIYDTSKLASG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCHQLSSDPFTFGQGTKLEIK

FIG. 15

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/050114

WO 2017/040932

18/26

91 'Old

e

00Z} 0001 008 009 00¥ 00C 0

001~

NUQQ) -
Q08 &
Q'Y -0
Q0T -o-
AUQ'0) -
NUQQ'0 —o-

wu,Gz= Oy
uoogeg

00}
L 00¢
005
002
006
L0044

002} 0001008 009 00¥ 00c 0

wu}9z= Iy
snsayy

00}-
L 001
L 00¢
005
00,
006
L0044

002} 0001008 009 00¥ 00C 0

wug; = Oy
UewnH

00}-
L 00}
L 00¢
L 005
[ 00,
L 006
001}

s)iuf asuodsay

SUBSTITUTE SHEET (RULE 26)



WO 2017/040932 PCT/US2016/050114

19/26
IgG Response IgM Response
1200 1200
151000 151000 - Control
= 800- i= goo-| |™ 10 mg/kg
-+~ 25 mg/k
é 600 < 10 mg/kg é 600 2
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Heavy chain sequence

1 atggactgga cctggaggat tctctttttg

bl

101

151

201

251

301

351

401

451

501

551

601

M D W

ccactcccaa
A H S Q

gtgcctceagt
G A S

tattggatgc
Y W M

cggttatatc
I G Y 1

aggaccgggc
K D R

gaacttagct
E L S

gcagggcttt
R Q G F

ctagcaccaa
AS T

acctccgaga
T S E

cgaaccggtyg
P E PV

acaccttccc
H T F

gtggtgaccg
Vv v T

T W R

gtgcagcttyg
V Q L

aaaggtctcec
V K V S

actgggtgag
H WV

aacccatcta
N P S

cacactgaca
AT L T

ctctgcgaag
S L R

ccttactggg
P Y W

gggcccatceg
K G P S

gcacagcecege
S T A

acggtatcgt
T V S

ggctgtccta
P A V L

tgccctcecag
Vv P S

I L F L

tccagteegg
V Q S

tgcaaggcct
C K A

gcaggctccc
R Q A P

acgattacac
N D Y

gctgataaaa
A D K

cgaggatacc
S ED T

ggcagggcac
G Q G

gtcttccccce
Vv F P

cctgggcetge
AL G C

ggaactcagg
W N S

cagtcctcag
Q S S

cagcttggge
S S L G

FIG. 21a
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gtggcagcag
Vv A A

agccgagatyg
G A EV

ctggctatac
S G Y

ggacagcgec
G Q R

caaatacaat
T K Y N

gcgctaacac
S A N

gctgtatact
AV Y

tctegttact
T L VvV T

tggcgecectyg
L A P

ctggtcaagg
L V K

cgccctgacc
G AL T

gactctactc
G L Y

acgaagacct
T K T

ccacaggtgce
AT G

aaaaagccecyg
K K P

tttcaccaat
T F T N

tcgaatggat
L E W

cagaaattca
Q K F

agcttacatg
T A Y M

actgcgcaag
Y C A

gtgagtagtyg
V S S

ctccaggagce
C S R S

actacttccc
D Y F

agcggcgtygce
S GV

cctcagcagce
S L S S

acacctgcaa
Y T C
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651

/01

/b1

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

25/26

cgtagatcac aagcccagca
NV D H K P S
aatatggtcc cccatgcecca
K'Yy G P P C P
ccatcagtct tectgttece
P SV F L F
ccggacccect gaggtcacgt
S R T P E VT
ccgaggtcca gttcaactgg
P E V Q F N W
aagacaaagc cgcgggagga
K T K P R E
cgtcctcacc gtectgeacce
S v L T V L H

gcaaggtctc

C KV
aaagccaaag
K A K
CCaggaggag
S Q E E
gcttctaccce

G F Y
gagaacaact
E N N
cttcctctac
FF L Y
atgtcttctc

N V F
cagaagagcc
Q K S

caacaaaggc
S N K G
ggcagcccecg
G Q P
atgaccaaga
M T K
cagcgacatc
P S D 1
acaagaccac
Y K T
agcaggctca
S R L
atgctcegtyg
S C SV
tcteectgte
L S L

acaccaaggt
N T K
ccatgcccag
P C P
cccaaaaccce
P P K P
gcgtggtggt
c VvV
tacgtggatyg
Y V D
gcagttcaac
E Q F N
aggactggct
Q D W
ctceegtect
L P S
agagccacag
R E P Q
accaggtcag
N Q V
gccgtggagt
AV E
gcctececegtyg
T P PV
ccgtggacaa
T VD
atgcatgagg
M H E
tccgggtaaa
S P G K

FIG. 21a (Cont.)
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ggacaagaga
Vv D K R
cacctgagtt
A P E
aaggacactc
K D T
ggacgtgagc
VD V S
gcgtggaggt
G V E
agcacgtacc
S T Y
gaacggcaag
L N G K
ccatcgagaa
S I E
gtgtacaccc
V Y T
cctgacctgce
S L T C
gggagagcaa
W E S
ctggactceceg
L D S
gagcaggtgg
K S R W
ctctgcacaa
A L H
tga

SUBSTITUTE SHEET (RULE 26)

gttgagtcca
Vv B S

cctgggggga
F L GG

tcatgatctce
L M 1
caggaagacc
Q E D
gcataatgcc
V-H N A
gtgtggtcag
RV V
gagtacaagt
E Y K
aaccatctcc
K- T I S
tgccceccatce
L P P
ctggtcaaag
L V K
tgggcageeg
N G Q P
acggctcctt
D G S
Cdggagggga
Q E G
ccactacaca
N H Y T
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Light chain sequence

1 atggaagccc cagctcagcet

bl

101

151

201

2b1

301

351

401

451

501

bb1

601

651

/01

M E A
taccaccgga
D T T G
ctceeggcga

S P G
tacatgcact

Y M H
ctatgacaca
I Y D T
caggaagcgg

S G S
gacttcgcag

D F A
tggtggtggt
F G G G
tcttcatctt

V F 1
gttgtgtgce

Vv Vv C
gaaggtggat
W K V D
agcaggacag

E Q D
agcaaagcag

S K A
tcagggectyg
H Q G L
ag

P A Q
gagattgtgc
E I V
gcgtgctaca
E R AT
ggtatcagca
W Y Q
tccaagttygg
S K L
tactgattac
G T D Y
tatactactyg
V Y Y
actaaggtceg
T KV
ccecgecatcet
F P P S
tgctgaataa
L L N
aacgccctcec
N A L
caaggacagc
S K D S
actacgagaa
D Y E
agctcgcececg
S S P

tctettecte
L L F L
tgactcagtc
L T Q
ctgtcctgtt
L S C
aaagccceggce
Q K P G
cttcecggegt
A S G
actttgacca
T L T
ccaccagctyg
C H Q L
agatcaaacg
E I K
gatgagcagt
D E Q
cttctatccc
N F Y P
aatcgggtaa
Q S G
acctacagcec
T Y S
acacaaagtc
K H K V
tcacaaagag
Vv T K

FIG. 21b
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ctgctactct
L L L
accagcaaca
S P AT
ccgcaagcag
S A S
caggcceccca
Q A P
ccecegeacgg
Vv P A R
ttagctctcet
I S §
agttccgatce
S S D
tacggtgget

ggctcccaga
W L P
ctgagtctct
L S L
ctcagtgtcec
S S V. S
gacggtggat
R R W
ttttcaggct
F S G
tgaacctgag
L E P E
cttttacctt
P F T

gcaccatctyg

R T v A A P S

tgaaatctgg
L K S
agagaggcca
R BE A
ctceccaggag
N & Q E
tcagcagcac
L S S
tacgcectgeg
Y A C
cttcaacagg
S F N R

aactgcctct
G T A S
aagtacagtyg

KV Q
agtgtcacag
S VT
cctgacgctyg
T L T L
aagtcaccca

E VT
ggagagtgtt
G B C



<110>
<120>
<130>

<140>
<141>

<150>
<151>

<160> 35

<170>

<210> 1

<211> 396
<212> DNA
<213>

<220>
<223>

PRIMATOPE THERAPEUTICS

11212/005211-W00

62/214,411
2015-

09-04

construct

<400> 1
atggaaaggc

gtccagctge
tgtaaggctt
ggacagggtc
caaaagttca
caactgggta
ccttactggg
<210> 2
<211> 132
<212> PRT
<213>

<220>
<223>

actggatctt
aacagtctgg
ctggctacac
tggaatggat
aggacaaggc
gcctgacatc

gccaagggac

construct

<400> 2

11212-005211-WO0_SL
SEQUENCE LISTING

INC

PatentIn version 3.5

Artificial Sequence

tctcttectg
ggctgaactg
ctttactaac
tggatacatt
cacattgact
tgaggactct

tctggtcact

Artificial Sequence

Description of Artificial

Met Glu Arg His Trp lle Phe Leu
1 5

val

His Ser GIn Val

20

GIn Leu GIn

Pro Gly Ala Ser Val Lys Met Ser

35

40

Thr Asn Tyr Trp Met His Trp Val
50

55

ttgtcagtaa
gcaaaacctg
tactggatgc
aatcctagca
gcagacaaat
gcagtctatt

gtctct

HUMANIZED ANTI-CD40 ANTIBODIES AND USES THEREOF

Description of Artificial Sequence: Synthetic

ctgcaggtgt
gggcctcagt
actgggtaaa
atgattatac
cctccaacac

attgtgcaag

Sequence: Synthetic

ccactcccag
gaagatgtcc
acagaggcct
taagtacaat
agcctacatg

acaggggttt

Phe Leu Leu Ser Val Thr Ala Gly

10

15

GIn Ser Gly Ala Glu Leu Ala Lys

25

30

Cys Lys Ala Ser Gly Tyr Thr Phe
45

Lys GIn Arg Pro Gly GIn Gly Leu
60

Page 1

60
120
180
240
300
360
396



Glu Trp Ile
65

GIn Lys Phe
Thr Ala Tyr
Tyr Tyr Cys

115

Val Thr Val
130

<210> 3
<211> 384
<212> DNA
<213>
<220>
<223>
const

<400> 3
atggattttc

agaggacaaa
gtcaccatga
tcaggcacct
gctcgcttca
gctgaagatg
tcggggacaa
<210> 4
<211> 128
<212> PRT
<213>
<220>
<223>

const

<400> 4

Gly
70

Lys

Met
100

Ser

ruct

aagtgcagat
ttgttctcac
cctgcagtgc
cccccaaaag
gtggcagtgg
ctgccactta

agttggaaat

ruct

11212-005211-WO0_SL

120

Artificial Sequence

tttcagcttc
ccagtctcca
cagctcaagt
atggatttat
gtctgggacc
ttactgccac

aaaa

Artificial Sequence

90

105

ctgctaatca
gcaatcatgt
gtaagttaca
gacacatcca
tcttactctc

cagttgagta

110

Description of Artificial Sequence: Synthetic

gtgcctcagt
ctgcatctcc
tgcactggta
aactggcttc
tcacaatcag

gtgacccatt

Description of Artificial Sequence: Synthetic

Tyr 1le Asn Pro Ser Asn Asp Tyr Thr Lys Tyr Asn
75 80

Asp Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Asn
85

95

GIn Leu Gly Ser Leu Thr Ser Glu Asp Ser Ala Val

Arg GIn Gly Phe Pro Tyr Trp Gly GIn Gly Thr Leu
125

cataatatcc
aggggagaag
ccaccagagg
tggagtccct
cagcatggag

cacgttcggc

Met Asp Phe GIn Val GIn Ile Phe Ser Phe Leu Leu lle Ser Ala Ser

1

val

5

10

25

30

15

Ile lle Ser Arg Gly GIn Ile Val Leu Thr GIn Ser Pro Ala lle

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser

35

Page 2

45

60
120
180
240
300
360
384



Ser Ser
50

Pro Lys

65

Ala Arg

Ser Ser

Ser Ser

<210> 5

val

Arg

Phe

11212-005211-WO0_SL
Ser Tyr Met His Trp Tyr His GIn Arg Ser
55

Trp 1le Tyr Asp Thr
70

Ser Gly Ser Gly Ser
85

Met Glu Ala Glu Asp Ala

Asp
115

<211> 100
<212> PRT
<213> Artificial Sequence

<220>

100

Pro Phe Thr Phe Gly

120

<223> Description of Artificial
construct

<400> 5
Glu Pro
1

Cys Cys

Glu Phe

Asp Thr

50

Pro Asn
65
Thr Ile

Glu Ser

<210> 6

Pro Thr Ala Cys Arg Glu
5

Ser

Thr

35

Trp

Leu

Cys

Cys

<211> 100
<212> PRT
<213> Artificial Sequence

<220>

Leu Cys
20

Glu Thr

Asn Arg

Gly Leu

Thr Cys

85

val
100

GIn

Glu

Glu

Arg

70

Glu

Pro Gly

Cys Leu
40

Thr Arg
55

Val GIn

Glu Gly

Ser

Gly

60

Lys Leu Ala Ser
75

Thr Ser Tyr Ser
90

Ala Thr Tyr Tyr Cys

105

Ser

Gly Thr Lys Leu
125

Sequence: Synthetic

Lys

GIn

25

Pro

Cys

GIn

Leu

GIn Tyr Leu lle
10

Lys Leu Val Ser

Cys Ser Glu Ser
45

His GIn His Lys
60

Lys Gly Thr Ser
75

His Cys Met Ser
90

<223> Description of Artificial Sequence: Synthetic
construct

<400> 6

Page 3

Gly

Gly

Leu

His

110

Glu

Asn

Asp

30

Glu

Tyr

Glu

Glu

Thr

val

Thr

95

GIn

Ile

Ser

15

Phe

Cys

Thr

Ser
95

Ser

Pro

80

Leu

Lys

GIn

Thr

Leu

Asp

Asp

80

Cys



Glu Pro

Cys Cys

Glu Phe

Asp Thr

50

Pro Asn
65
Thr Ile

Glu Ser

<210> 7

<211> 30

Pro

Ser

Thr

35

Trp

Leu

Cys

Cys

<212> DNA
<213> Artificial Sequence

<220>

Thr

Leu

20

Glu

Asn

Gly

Thr

val
100

Thr

Arg

Leu

Cys
85

11212-005211-W00_SL
Cys Arg Glu Lys GIn Tyr Leu lle
10

GIn Pro Gly GIn Lys Leu Val Ser
25

Glu Cys Leu Pro Cys Gly Glu Ser
40 45

Glu Thr His Cys His GIn His Lys
55 60

Arg Val GIn GIn Lys Gly Thr Ser
70 75

Glu Glu Gly Trp His Cys Thr Ser
90

<223> Description of Artificial Sequence: Synthetic
construct

<400> 7

ctaacactca ttcctgttga agctcttgac

<210> 8

<211> 24

<212> DNA
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
construct

<400> 8

gctgatgctg caccaactgt atcc

<210> 9

<211> 20

<212> DNA
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 9

ggcaacgttg caggtctcgc

<210> 10

Page 4

Asn

Asp

30

Glu

Tyr

Glu

Glu

Ser

15

Phe

Cys

Thr

Ala
95

GIn

Thr

Leu

Asp

Asp

80

Cys

30

24

20



<211> 26
<212> DNA

<213> Artificial Sequence

<220>

11212-005211-WO0_SL

<223> Description of Artificial Sequence: Synthetic
construct

<400> 10

ctggatctgc tgcccaaact aactcc

<210> 11
<211> 114
<212> PRT

<213> Mus sp.-

<400> 11
GIn val GIn
1

Ser Val Lys

Trp Met His
35

Gly Tyr lle
50

Lys Asp Lys
65

Met GIn Leu

Ala Arg GIn

Ser Ala

<210> 12
<211> 106
<212> PRT

Leu

Met

20

Trp

Asn

Ala

Gly

Gly
100

<213> Mus sp.-

<400> 12
GIn 1le Vval
1

GIn

Ser

val

Pro

Thr

Ser

85

Phe

GIn

Cys

Lys

Ser

Leu

70

Leu

Pro

Ser

Lys

GIn

Asn

55

Thr

Thr

Tyr

Leu Thr GIn Ser

5

Glu Lys Val Thr Met Thr Cys

20

His Trp Tyr His GIn Arg Ser
35

Gly

Ala

Arg

40

Asp

Ala

Ser

Trp

Pro

Ser

Ala Glu
10

Ser Gly
25

Pro Gly

Tyr Thr

Asp Lys

Glu Asp

90

Gly GIn
105

Leu

Tyr

GIn

Lys

Ser

75

Ser

Gly

Ala

Thr

Gly

Tyr

60

Ser

Ala

Thr

Ala Ile Met Ser

10

Ala Ser Ser Ser

25

Gly Thr Ser Pro Lys
40

Page 5

Lys

Phe

Leu

45

Asn

Asn

Val

Leu

Ala

Val

Arg
45

Pro Gly
15

Thr Asn
30

Glu Trp

GIn Lys

Thr Ala

Tyr Tyr
95

Val Thr
110

Ser Pro
15

Ser Tyr
30

Trp lle

Ala

Tyr

Phe
Tyr
80

Cys

val

Gly

Met

Tyr



Asp Thr Ser Lys
50

Gly Ser Gly Thr
65

Asp Ala Ala Thr

Phe Gly Ser Gly
100

<210> 13
<211> 9
<212> PRT
<213> Mus sp.-

<400> 13
Tyr Thr Phe Thr
1

<210> 14
<211> 17
<212> PRT
<213> Mus sp.-

<400> 14
Tyr 1le Asn Pro
1

Asp

<210> 15
<211> 5
<212> PRT
<213> Mus sp.-

<400> 15
GIn Gly Phe Pro
1

<210> 16
<211> 10
<212> PRT
<213> Mus sp.-

<400> 16
Ser Ala Ser Ser
1

<210> 17
<211> 7
<212> PRT
<213> Mus sp.-

<400> 17
Asp Thr Ser Lys
1

Leu
Ser

Tyr
85

Thr

Asn

Ser

Tyr
5

Ala
Tyr
70

Tyr

Lys

Tyr

Asn

11212-005211-W00_SL
Ser Gly Val Pro Ala Arg Phe Ser Gly Ser
55 60

Ser Leu Thr Ile Ser Ser Met Glu Ala Glu
75 80

Cys His GIn Leu Ser Ser Asp Pro Phe Thr
90 95

Leu Glu lle Lys
105

Trp Met His

Asp Tyr Thr Lys Tyr Asn GIn Lys Phe Lys
10 15

Ser Val Ser Tyr Met His

5

10

Leu Ala Ser

5

Page 6



<210> 18
<211> 9
<212> PRT

<213> Mus sp.-

<400> 18

11212-005211-WO0_SL

His GIn Leu Ser Ser Asp Pro Phe

1

<210> 19
<211> 114
<212> PRT

5

<213> Artificial Sequence

<220>

<223> Description of Artificial
polypeptide

<400> 19

GIn val GIn Leu Val GIn Ser Gly

1

Ser Val Lys

Trp Met His
35

Gly Tyr lle
50

Lys Asp Arg
65

Met Glu Leu

Ala Arg GIn

Ser Ser

<210> 20
<211> 114
<212> PRT

val

20

Trp

Asn

val

Ser

Gly
100

5

Ser

val

Pro

Thr

Ser

85

Phe

Cys

Arg

Ser

Ile

70

Leu

Pro

Lys

GIn

Asn

55

Thr

Arg

Tyr

<213> Artificial Sequence

<220>

Ala

Ala

40

Asp

Arg

Ser

Trp

Thr

Sequence: Synthetic

Ala

Ser

25

Pro

Tyr

Asp

Glu

Gly
105

Glu val Lys
10

Gly

Gly

Thr

Thr

Asp

90

GIn

Tyr

GIn

Lys

Ser

75

Thr

Gly

Thr

Arg

Tyr

60

Ala

Ala

Thr

Lys

Phe

Leu

45

Asn

Ser

Val

Leu

<223> Description of Artificial Sequence: Synthetic
polypeptide

<400> 20

Pro

Thr

30

Glu

GlIn

Thr

Tyr

val
110

Gly

15

Asn

Trp

Lys

Ala

Tyr

95

Thr

Ala

Tyr

Met

Phe

Tyr

80

Cys

val

GIn val GIn Leu Val GIn Ser Gly Ala Glu vVal Lys Lys Pro Gly Ala

1

5

10

Page 7

15



Ser

Trp

Gly

Lys

65

Met

Ala

Ser

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

val

Met

Tyr

50

Asp

Glu

Arg

Ser

<220>

<223>

<400>

21

114
PRT
Artificial Sequence

Lys

His

35

Arg

Leu

GIn

val

20

Trp

Asn

val

Ser

Gly
100

Ser

val

Pro

Thr

Ser

85

Phe

polypeptide

21

Cys

Arg

Ser

Ile

70

Leu

Pro

Lys

GIn

Asn

55

Thr

Arg

Tyr

11212-005211-W00_SL
Ala Ser Gly Tyr Thr Phe
25

Ala

40

Asp

Ala

Ser

Trp

Description of Artificial

GIn val GIn Leu Val GIn Ser Gly

1

Ser

Trp

Gly

Lys

65

Met

Ala

Ser

val

Met

Tyr

50

Asp

Glu

Arg

Ser

Lys

His

35

Arg

Leu

GIn

val

20

Trp

Asn

Ala

Ser

Gly
100

5

Ser

val

Pro

Thr

Ser

85

Phe

Cys

Arg

Ser

Leu

70

Leu

Pro

Lys

GIn

Asn

55

Thr

Arg

Tyr

Ala

Ala

40

Asp

Ala

Ser

Trp

Pro Gly GIn

Tyr Thr Lys

Asp Lys Ser
75

Glu Asp Thr

90

Gly GIn Gly

105

Sequence:

Ala

Ser

25

Pro

Tyr

Asp

Glu

Gly
105

Arg

Tyr

60

Ala

Ala

Thr

Glu val Lys

10

Gly

Gly

Thr

Lys

Asp

90

GIn

Tyr

GIn

Lys

Ser

75

Thr

Gly

Page 8

Thr

Arg

Tyr

60

Ala

Ala

Thr

Leu

45

Asn

Ser

val

Leu

Synthetic

Lys

Phe

Leu

45

Asn

Asn

val

Leu

Thr

30

Glu

GlIn

Thr

Tyr

val
110

Pro

Thr

30

Glu

GlIn

Thr

Tyr

val
110

Asn

Trp

Lys

Ala

Tyr

95

Thr

Gly

15

Asn

Trp

Lys

Ala

Tyr

95

Thr

Tyr

Met

Phe

Tyr

80

Cys

val

Phe
Tyr
80

Cys

val



11212-005211-WO0_SL

<210> 22

<211> 106

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial
polypeptide

<400> 22

Glu Ile val Leu Thr GIn Ser Pro
1 5

Glu Arg Ala Thr Leu Ser Cys Ser
20

His Trp Tyr GIn GIn Lys Pro Gly
35 40

Asp Thr Ser Lys Leu Ala Ser Gly
50 55

Gly Ser Gly Thr Asp Phe Thr Leu
65 70

Asp Phe Ala Val Tyr Tyr Cys His
85

Phe Gly Gly Gly Thr Lys Val Glu

100
<210> 23
<211> 106
<212> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial
polypeptide
<400> 23
Glu Ile val Leu Thr GIn Ser Pro
1 5

Glu Arg Ala Thr Leu Ser Cys Ser
20

His Trp Tyr GIn GIn Lys Pro Gly
35 40

Asp Thr Ser Lys Leu Ala Ser Gly
50 55

Gly Ser Gly Thr Asp Tyr Thr Leu
65 70

Sequence: Synthetic

Ala Thr Leu Ser Leu
10

Ala Ser Ser Ser Val
25

GIn Ala Pro Arg Leu
45

Ile Pro Ala Arg Phe
60

Thr Ile Ser Ser Leu
75

GIn Leu Ser Ser Asp
90

Ile Lys
105

Sequence: Synthetic

Ala Thr Leu Ser Leu
10

Ala Ser Ser Ser Val
25

GIn Ala Pro Arg Arg
45

Val Pro Ala Arg Phe
60

Thr Ile Ser Ser Leu
75

Page 9

Ser

Ser

30

Leu

Ser

Glu

Pro

Ser

Ser

30

Trp

Ser

Glu

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Pro

15

Tyr

Ile

Gly

Pro

Gly

Met

Tyr

Ser

Glu

80

Thr

Gly

Met

Tyr

Ser

Glu
80



11212-005211-WO0_SL

Asp Phe Ala Val Tyr Tyr Cys His GIn
85

Phe Gly Gly Gly Thr Lys Val Glu
100

<210> 24
<211> 114
<212> PRT

<213>

<220>

<223>

polypeptide

<400> 24
GIn val GIn Leu Val GIn Ser Gly

1

Ser

Trp

Gly

Lys

65

Met

Ala

Ser

Val Lys
Met His

35

Tyr lle

50

Asp Arg

Glu Leu

Arg GIn

Ser

<210> 25
<211> 114
<212> PRT

<213>

<220>

<223>

val

20

Trp

Asn

Ala

Ser

Gly
100

5

Ser

val

Pro

Thr

Ser

85

Phe

polypeptide

<400> 25
GIn val GIn Leu Val GIn Ser Gly

1

5

Cys

Arg

Ser

Leu

70

Leu

Pro

Artificial Sequence

Lys

GIn

Asn

55

Thr

Arg

Tyr

Artificial Sequence

Description of Artificial

Ala

Ala

40

Asp

Ala

Ser

Trp

Description of Artificial

Ser Val Lys Val Ser Cys Lys Ala
20

Ile
105

Leu Ser Ser Asp Pro Phe Thr

90

Lys

Sequence: Synthetic

Ala

Ser

25

Pro

Tyr

Asp

Glu

Gly
105

Glu

10

Gly

Gly

Thr

Lys

Asp

90

GIn

Val Lys Lys

Tyr Thr Phe

GIn Arg Leu
45

Lys Tyr Asn
60

Ser Ala Asn
75

Thr Ala Val

Gly Thr Leu

Sequence: Synthetic

Pro

Thr

30

Glu

GlIn

Thr

Tyr

val
110

95

Gly

15

Asn

Trp

Lys

Ala

Tyr

95

Thr

Ala

Tyr

Ile

Phe

Tyr

80

val

Ala Glu val Lys Lys Pro Gly Ala

10

Ser Gly Tyr Thr Phe
25

Page 10

15

Thr Asn Tyr

30



11212-005211-WO0_SL

Trp Met His Trp Val Arg GIn Ala Pro Gly GIn Arg Leu

35 40

Gly Tyr Ile Asn Pro Ser Asn Asp
50

55

Lys Asp Arg Ala Thr Leu Thr Ala
65

70

Met Glu Leu Ser Ser Leu Arg Ser

85

Ala Arg GIn Gly Phe Pro Tyr Trp

100

Ser Ser

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

<220>
<223>

<400>

26

114

PRT

Artificial Sequence

Description of Artificial
polypeptide

26

GIn val GIn Leu Val GIn Ser Gly

1

5

Ser Val Lys Val Ser Cys Lys Ala

20

Trp Met His Trp Val Arg GIn Ala

35 40

Gly Tyr Ile Asn Pro Ser Asn Asp

50

55

Lys Asp Lys Ala Thr Ile Thr Ala

65

70

Met Glu Leu Ser Ser Leu Arg Ser

85

Ala Arg GIn Gly Phe Pro Tyr Trp

100

Ser Ser

45

Tyr Thr Lys Tyr Asn
60

Asp Thr Ser Thr Asn

75

Glu Asp Thr Ala Vval

90

Gly GIn Gly Thr Leu

105

Sequence:

Ala

Ser

25

Pro

Tyr

Asp

Glu

Gly
105

Glu Vval
10

Gly Tyr
Gly GIn
Thr Lys
Glu Ser

75

Asp Thr
90

GIn Gly

Page 11

Lys

Thr

Gly

Tyr

60

Thr

Ala

Thr

Synthetic

Lys

Phe

Leu

45

Asn

Asn

val

Leu

Glu

GlIn

Thr

Tyr

val
110

Pro

Thr

30

Glu

GlIn

Thr

Tyr

val
110

Trp

Lys

Ala

Tyr

95

Thr

Gly

15

Asn

Trp

Lys

Ala

Tyr

95

Thr

Phe
Tyr
80

Cys

val

Ser

Tyr

Phe
Tyr
80

Cys

val



<210> 27
<211> 106
<212> PRT

<213> Artificial Sequence

<220>

11212-005211-WO0_SL

<223> Description of Artificial
polypeptide

<400> 27
Glu Ile val
1

Glu Arg Ala

His Trp Tyr
35

Asp Thr Ser
50

Gly Ser Gly
65

Asp Phe Ala

Phe Gly Gly

<210> 28
<211> 106
<212> PRT

Leu

Thr

20

GIn

Lys

Thr

val

Gly
100

Thr

5

Leu

GIn

Leu

Asp

Tyr

85

Thr

GIn

Ser

Lys

Ala

Tyr

70

Tyr

Lys

Ser

Cys

Pro

Ser

55

Thr

Cys

Val

<213> Artificial Sequence

<220>

Pro

Ser

Gly

40

Leu

His

Glu

<223> Description of Artificial
polypeptide

<400> 28

Asp lle GIn Met Thr GIn Ser Pro

1

5

Asp Arg Val Thr l1le Thr Cys Ser
20

His Trp Tyr GIn GIn Lys Pro Gly
35 40

Asp Thr Ser Lys Leu Ala
50

Gly Ser Gly Thr Glu
65

Ser
55

Gly

Phe Thr Leu

70

Sequence: Synthetic

Ala Thr
10

Ala Ser
25

GIn Ala

Val Pro

Thr Ile

GIn Leu

90

Ile Lys
105

Leu Ser

Ser Ser

Pro Arg

Ala Arg
60

Ser Ser
75

Ser Ser

Leu

val

Arg

45

Phe

Leu

Asp

Sequence: Synthetic

Ser Thr
10

Ala Ser
25
Lys Ala

Val Pro

Thr Ile

Leu Ser

Ser Ser

Pro Lys

Ala Arg

60

Ser Ser
75

Page 12

Ala

Val

Leu

45

Phe

Leu

Ser

Ser

30

Trp

Ser

Glu

Pro

Ser

Ser

30

Leu

Ser

GlIn

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

val

15

Tyr

Ile

Gly

Pro

Met

Tyr

Ser

Glu

80

Thr

Met

Tyr

Ser

Asp
80



11212-005211-W00_SL
Leu Ser Ser Asp Pro Phe Thr

Asp Phe Ala Thr Tyr Tyr Cys His GIn
85

Phe Gly GIn Gly Thr Lys Val Glu
100

<210> 29
<211> 106
<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial

polypeptide
<400> 29

Glu Ile val Leu Thr GIn Ser Pro

1 5

Glu Arg Ala Thr Leu
20

His Trp Tyr GIn GIn
35

Asp Thr Ser Lys Leu
50

Gly Ser Gly Thr Asp
65

Asp Phe Ala Vval Tyr
85

Phe Gly GIn Gly Thr
100

<210> 30

<211> 109

<212> PRT

<213> Homo sapiens

<400> 30

GIn val GIn Leu Val
1 5

Ser Val Lys Vval Ser
20

Ala Met His Trp Vval
35

Gly Trp Ile Asn Ala
50

Ser

Lys

Ala

Phe

70

Tyr

Lys

GIn

Cys

Arg

Gly

Cys

Pro

Ser

55

Thr

Cys

Leu

Ser

Lys

GIn

Asn
55

Ser

Gly

40

Leu

His

Glu

Gly

Ala

Ala
40

Val
105

90

Lys

Sequence: Synthetic

Ala

Ala

25

GIn

Ile

Thr

GIn

Ile
105

Ala

Ser

25

Pro

Asn

Thr

10

Ser

Ala

Pro

Ile

Leu

90

Lys

Glu
10
Gly

Gly

Thr

Page 13

Leu

Ser

Pro

Ala

Ser

75

Ser

Val

Tyr

GIn

Lys

Ser

Ser

Arg

Arg

60

Ser

Ser

Lys

Thr

Arg

Tyr
60

Leu

Val

Leu

45

Phe

Leu

Asp

Lys

Phe

Leu

45

Ser

Ser

Ser

30

Leu

Ser

Glu

Pro

Pro

Thr

30

Glu

GlIn

95

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Gly
15
Ser

Trp

Lys

Met

Tyr

Ser

Glu

80

Thr

Ala

Tyr

Met

Phe



11212-005211-WO0_SL

GIn Gly Arg Val Thr 1le Thr Arg Asp Thr Ser Ala Ser Thr
65 70 75
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Vval Tyr
85 90
Ala Arg Trp Gly GIn Gly Thr Leu Val Thr Vval Ser Ser
100 105
<210> 31
<211> 98
<212> PRT
<213> Homo sapiens
<400> 31
Glu Ile val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser
1 5 10
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GIn Ser Vval Ser
20 25 30
Leu Ala Trp Tyr GIn GIn Lys Pro Gly GIn Ala Pro Arg Leu
35 40 45
Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 1le Ser Ser Leu
65 70 75
Glu Asp Phe Ala Val Tyr Tyr Cys Phe Gly Gly Gly Thr Lys
85 90
Ile Lys
<210> 32
<211> 1383
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide
<400> 32
atggactgga cctggaggat tctctttttg gtggcagcag ccacaggtgc
gtgcagcttg tccagtccgg agccgaggtg aaaaagcccg gtgcctcagt
tgcaaggcct ctggctatac tttcaccaat tattggatgc actgggtgag
ggacagcgcc tcgaatggat cggttatatc aacccatcta acgattacac
cagaaattca aggaccgggc cacactgaca gctgataaaa gcgctaacac
gaacttagct ctctgcgaag cgaggatacc gctgtatact actgcgcaag

Page 14

Ala Tyr
80

Tyr Cys
95

Pro
15

Gly

Ser Tyr

Leu

Ser Gly

Glu Pro

80

val
95

Glu

ccactcccaa
aaaggtctcc
gcaggctccc
caaatacaat
agcttacatg

gcagggcttt

60
120
180
240
300
360



ccttactggg
gtcttccccce
ctggtcaagg
agcggcegtge
gtggtgaccg
aagcccagca
ccatgcccag
aaggacactc
caggaagacc
aagacaaagc
gtcctgcacc
ctcccgtect
gtgtacaccc
ctggtcaaag
gagaacaact
agcaggctca
atgcatgagg
tga

<210>
<211>

<212>
<213>

33
460
PRT

<220>
<223>

ggcagggcac
tggcgecctg
actacttccc
acaccttccc
tgccctccag
acaccaaggt
cacctgagtt
tcatgatctc
ccgaggtcca
cgcgggagga
aggactggct
ccatcgagaa
tgcccccatc
gcttctaccc
acaagaccac
ccgtggacaa

ctctgcacaa

polypeptide

<400> 33

Met Asp Trp Thr Trp Arg lle
1 5

Ala

Pro
35

Thr

Glu
65

GIn

His Ser GIn Val

20

Gly Ala Ser Val Lys

Asn Tyr Trp Met His

50

Trp 1le Gly Tyr lle
70

Lys Phe Lys Asp Arg

GIn

11212-005211-WO0_SL

tctcgttact
ctccaggagc
cgaaccggtg
ggctgtccta
cagcttgggc
ggacaagaga
cctgggggga
ccggacccct
gttcaactgg
gcagttcaac
gaacggcaag
aaccatctcc
ccaggaggag
cagcgacatc
gcctccegtg
gagcaggtgg

ccactacaca

Artificial Sequence

Description of Artificial

Leu

Leu Val

Phe

GIn

gtgagtagtg
acctccgaga
acggtgtcgt
cagtcctcag
acgaagacct
gttgagtcca
ccatcagtct
gaggtcacgt
tacgtggatg
agcacgtacc
gagtacaagt
aaagccaaag
atgaccaaga
gccgtggagt
ctggactccg

caggagggga

cagaagagcc

10

25

Val Ser

40

Trp Val

55

Asn Pro

Ala Thr

Cys

Ser

Leu

Lys Ala
GIn Ala

Asn Asp
75

Page 15

Leu Val Ala

Ser Gly Ala

Thr Ala Asp

ctagcaccaa
gcacagccgc
ggaactcagg
gactctactc
acacctgcaa
aatatggtcc
tcctgttccc
gcgtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc
ggcagccccg
accaggtcag
gggagagcaa
acggctcctt
atgtcttctc

tctcectgte

Sequence: Synthetic

Ala Ala

Glu Vval

30

Ser Tyr

Pro GIn

60

Tyr Thr Lys

Lys Ser

gggcccatcg
cctgggctge
cgccctgacc
cctcagcagc
cgtagatcac
cccatgccca
cccaaaaccc
ggacgtgagc
gcataatgcc
cgtcctcacc
caacaaaggc
agagccacag
cctgacctge
tgggcagccg
cttcctctac
atgctccgtg

tccgggtaaa

Thr
15

Gly
Lys Lys
Thr Phe
Leu

Arg

Asn
80

Tyr

Ala Asn

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1383



Thr

Tyr

vVal

Ala

145

Leu

Gly

Ser

Leu

Thr

225

Pro

Pro

Thr

Asn

Arg

305

val

Ser

Lys

Ala

Tyr

Thr

130

Pro

Val

Ala

Gly

Cys

Pro

Cys

290

Glu

Leu

Asn

Gly

Tyr

Cys

115

Val

Cys

Lys

Leu

Leu

195

Thr

Val

Pro

Lys

Val

275

Tyr

Glu

Lys

GIn

Met

100

Ala

Ser

Ser

Asp

Thr

180

Tyr

Lys

Asp

Ala

Pro

260

Val

Val

GIn

GIn

Gly

340

Pro

85

Glu

Arg

Ser

Arg

Tyr

165

Ser

Ser

Thr

Lys

Pro

245

Lys

Val

Asp

Phe

Asp

Leu

Arg

Leu

GIn

Ala

Ser

150

Phe

Gly

Leu

Tyr

Arg

230

Glu

Asp

Asp

Gly

Asn

310

Pro

Glu

Ser

Gly

Ser

135

Thr

Pro

Val

Ser

Thr

215

Val

Phe

Thr

Val

Val

295

Ser

Leu

Ser

Pro

11212-005211-WO0_SL

Ser

Phe

120

Thr

Ser

Glu

Ser

200

Cys

Glu

Leu

Leu

Ser

280

Glu

Thr

Asn

Ser

GIn

Leu

105

Pro

Lys

Glu

Pro

Thr

185

Val

Asn

Ser

Gly

Met

265

GIn

Val

Tyr

Gly

lle
345

90

Arg Ser

Tyr Trp

Gly Pro

Ser Thr
155

Val Thr
170

Phe Pro

Val Thr

Val Asp

Lys Tyr

235

Gly Pro

Ile Ser

Glu Asp

His Asn

Arg Val
315

Lys Glu
330

Glu Lys

Glu

Gly

Ser

140

Ala

Val

Ala

Val

His

220

Ser

Arg

Pro

Ala

300

Val

Tyr

Thr

Val Tyr Thr Leu

Page 16

Asp

GIn

125

Val

Ala

Ser

Val

Pro

205

Lys

Pro

Val

Thr

Glu

285

Lys

Ser

Lys

Ile

Pro

Thr

110

Gly

Phe

Leu

Trp

Leu

190

Ser

Pro

Pro

Phe

Pro

270

Val

Thr

Val

Cys

Ser

350

Pro

95

Ala

Thr

Pro

Gly

Asn

175

GIn

Ser

Ser

Cys

Leu

255

Glu

GIn

Lys

Leu

Lys

335

Lys

Ser

Val

Leu

Leu

Cys

160

Ser

Ser

Ser

Asn

Pro

240

Phe

Val

Phe

Pro

Thr

320

Val

GIn



11212-005211-WO0_SL

355 360 365
Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val
370 375 380
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
385 390 395
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
405 410
Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
420 425 430
Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
435 440 445
Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455 460
<210> 34
<211> 702
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide
<400> 34
atggaagccc cagctcagct tctcttcctc ctgctactct ggctcccaga
gagattgtgc tgactcagtc accagcaaca ctgagtctct ctcccggcga
ctgtcctgtt ccgcaagcag ctcagtgtcc tacatgcact ggtatcagca
caggccccca gacggtggat ctatgacaca tccaagttgg cttccggegt
ttttcaggct caggaagcgg tactgattac actttgacca ttagctctct
gacttcgcag tatactactg ccaccagctg agttccgatc cttttacctt
actaaggtcg agatcaaacg tacggtggct gcaccatctg tcttcatctt
gatgagcagt tgaaatctgg aactgcctct gttgtgtgcc tgctgaataa
agagaggcca aagtacagtg gaaggtggat aacgccctcc aatcgggtaa
agtgtcacag agcaggacag caaggacagc acctacagcc tcagcagcac
agcaaagcag actacgagaa acacaaagtc tacgcctgcg aagtcaccca
agctcgcccg tcacaaagag cttcaacagg ggagagtgtt ag
<210> 35
<211> 233
<212> PRT
<213> Artificial Sequence
<220>

Page 17

Lys Gly

GIn Pro
400

Gly Ser
415

GIn Glu

Asn His

taccaccgga
gcgtgctaca
aaagcccggc
ccccgcacgg
tgaacctgag
tggtggtggt
cccgccatct
cttctatccc
ctcccaggag
cctgacgctg

tcagggcctg

60
120
180
240
300
360
420
480
540
600
660
702



<400> 35
Met Glu Ala Pro Ala GIn Leu Leu

1

Asp

Leu

val

Arg

65

Phe

Leu

Asp

val

Lys

145

Arg

Asn

Ser

Lys

Thr
225

Thr

Ser

Ser

50

Trp

Ser

Glu

Pro

Ala

130

Ser

Glu

Ser

Leu

val

210

Lys

Thr
Pro

35

Tyr

Gly

Pro

Phe

115

Ala

Gly

Ala

GIn

Ser

195

Tyr

Ser

Gly

20

Gly

Met

Tyr

Ser

Glu

100

Thr

Pro

Thr

Lys

Glu

180

Ser

Ala

Phe

5

Glu

Glu

His

Asp

Gly

85

Asp

Phe

Ser

Ala

val

165

Ser

Thr

Cys

Asn

Arg

Trp

Thr

70

Ser

Phe

Gly

Val

Ser

150

GIn

Val

Leu

Glu

Arg
230

Val

Ala

Tyr

55

Ser

Gly

Ala

Gly

Phe

135

Val

Trp

Thr

Thr

Val

215

Gly

11212-005211-WO0_SL
<223> Description of Artificial Sequence: Synthetic
polypeptide

Leu

Thr

40

GIn

Lys

Thr

Val

Gly

120

Ile

Val

Lys

Glu

Leu

200

Thr

Glu

Phe

Thr

25

Leu

GIn

Leu

Asp

Tyr

105

Thr

Phe

Cys
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