ANTAGONIST ANTI-CD40 MONOCLONAL ANTIBODIES AND METHODS FOR THEIR USE FIELD
OF THE INVENTION The invention relates to human antibodies capable of binding to CD40, methods
of using the antibodies, and methods for treatment of diseases mediated by stimulation of 5 CD40
signaling on CD40-expressing cells. BACKGROUND OF THE INVENTION B cells play an important
role during the normal in vivo immune response. A foreign antigen will bind to surface
immunoglobulins on specific B cells, triggering a 10 chain of events including endocytosis, processing,
presentation of processed peptides on MHC-class Il molecules, and up-regulation of the B7 antigen
on the B cell surface. A specific T cell then binds to the B cell via T cell receptor (TCR) recognition of
the processed antigen presented on the MHC-class Il molecule. Stimulation through the TCR
activates the T cell and initiates T-cell cytokine production. A second signal that 15 further activates
the T cell is an interaction between the CD28 antigen on T cells and the B7 antigen on B cells. When
the above-mentioned signals are received, the CD40 ligand (CD40L or CD 154), which is not

expressed on restingﬁ{wﬂg% NS HSAI HPBY I @ﬁ@b S eAI,\ﬂ,l %1 i Q of the CD40 ligand
to the CD40 antigen on the d-ceﬁsurélcedrstirr?u?zéltest e ceA'E causllrng t eégce,qﬁto mature into a
plasma cell secreting high levels 20 o¥EoltRMhfaRotBPRIY IED40 is a 55 kDa cell-surface antigen

present on the surface of both normal and neoplastic human B cells, dendritic cells, antigen
presenting cells (APCs), endothelial cells, monocytic and epithelial cells. Transformed cells from

patients with low- and high-grade B-celdymrhemas Rroelhasoiq lymphoblastic leukemia, multiple
myeloma, -1 chronic lymphocytic leukemia, and Hodgkin's disease express CD40. CD40 expression

is also detected in twe-fhhtiohacie weibirstiarepkenRciphnamh§dcd 40 Daetiatied

lymphomas. Malignant B cells from several tumors of B-cell Jineage express a high degree of CD40
and appear 8 GRIPEREA ORISR HEIUR IR Al DB RS S BRO UL PO B ER

lymphoghas @paoaiiiistiiscon Conomereingsad. individuals such as allograft recipients and
others receiving long-term immunosuppressive therapy, AIDS patients, and patients with primary
immunodeficiency syndromes such as X-linked lymphoproliferative syndrome or Wiscott-Aldrich
syndrome BACKGROUND OF THE INVENTION

B cells play an important role during the noramavivoimmune response. A
foreign antigen will bind to surface immunoglobulion specific B cells, triggering a
10 chain of events including endocytosis, procesgingsentation of processed peptides on
MHC-class Il molecules, and up-regulation of thedifigen on the B cell surface. A
specific T cell then binds to the B cell via T aateptor (TCR) recognition of the
processed antigen presented on the MHC-class Bcutd. Stimulation through the
TCR activates the T cell and initiates T-cell cytekproduction. A second signal that
15 further activates the T cell is an interaction kegw the CD28 antigen on T cells and the
B7 antigen on B cells. When the above-mentiongdads are received, the CD40 ligand
(CD40L or CD154), which is not expressed on restinman T cells, is up-regulated on
the T-cell surface. Binding of the CD40 ligandhe CD40 antigen on the B cell surface
stimulates the B cell, causing the B cell to matate a plasma cell secreting high levels
20  of soluble immunoglobulin.
CDA40 is a 55 kDa cell-surface antigen present ersthiface of both normal and
neoplastic human B cells, dendritic cells, antigegsenting cells (APCs), endothelial
cells, monocytic and epithelial cells. Transfornoetls from patients with low- and

high-grade B-cell lymphomas, B-cell acute lymphshtaleukemia, multiple myeloma,



10 (Thomas et al. (1991)Adv. Cancer Res. 57:329; Straus et al. (1993)Ann. Intern. Med. 118:45). The
CD40 antigen is related to the human nerve growth factor (NGF) receptor, tumor necrosis factor-a
(TNF-a) receptor, and Fas, suggesting that CD40 is a receptor for a ligand with important functions in
B-cell activation. CD40 expression on APCs plays 15 an important co-stimulatory role in the activation
of both T-helper and cytotoxic T lymphocytes. The CD40 receptor is expressed on activated T cells,
activated platelets, and inflamed vascular smooth muscle cells. CD40 receptors can also be found on

eosinophils, synovial membranes in rheumatoid aythritjs, dermal fibrohlasts, and gther non-lymphoid
cell types. ERRERRLF OYEEIRTYG IRUFEBIR PECLHRAC S ReeRREET SoL oI PAREF S@ientiation
antibody praslatsiodeteatypdrswitsinglsaofcaBuoe in yetshaistigemimtase 8 Rid 5 S0 MMABRS- OF THE

INVENTION ositions and methods.are vided for treating disea mediated by 25
cimtation CF AALbNaT A AHGRSR B e 2L MR BSOSO | eases,

and transpldnghejiegtioaf Chmpasitibagpasudalemerat om Sl Ridtinodies stapiaialeaotibinding to a human
CD40 agtig??é%%qgﬂn the surface of a human CD40-expressing cell, wherein the binding prevents
the growth or differentiation of the cell. Compositions also include monoclonal antibodies capable of
specifically 30 bindmgttnahestaB Bty arienasdiessssdy ArResIHace WNBramsen
CD4_O-_exprqﬁgﬂgjﬁg,§%q ggog]%%ﬂ@agwg Qﬁ@&ﬁ&ggﬁ@g%@g@ﬁﬁgomst activity, whe_re_ln -2
administration of said monoclonal antibody results in significantly less tumor volume than a similar
concentratidMBTURRSEIRPRRFRI\UhHLEIBRY MEHD PRt S RPERBISILE REPEY jimirstageefis iR Ynouse

xenograft tusyAHFBAME] HSEPdADS Raksh DB srbliRNagHE 62 liReofapRAtioRa IR include

antigen-binding fragments of these monoclonal 5 antibodies, hybridoma cell lines producing these
antibodfes, ARPARKIRLAHIARALYY CABRS RS ddin AHeLAtINb 23U 88 (AL M these

monoclor!al mgthggiigs. The _invention further. includes pharamaceptical compositions cqmprising
breventing or reatl b AR e MRS LY LSO L0 I AN G S5FRSRLfg eating the
patient with @umantnéitpisafatbmeliT NiFar) recgger;kindifrgsTaggedting that (DBYUS septet&gnificant
agonist actyhOARGTAR AR EHA RIS B AP LA EBAB Expressn G hRisegags mediated
15 animportant co-stimulatory role in the activatmirboth T-helper and cytotoxic
T lymphocytes. The CD40 receptor is expressedctmesed T cells, activated platelets,
and inflamed vascular smooth muscle cells. CD46ptors can also be found on
eosinophils, synovial membranes in rheumatoid aighdermal fibroblasts, and other
non-lymphoid cell types. Binding of CD40L to th®40 receptor stimulates B-cell
20 proliferation and differentiation, antibody prodioct, isotype switching, and B-cell

memory generation.

BRIEF SUMMARY OF THE INVENTION
Compositions and methods are provided for treatisgases mediated by

25 stimulation of CD40 signaling on CD40-expressintis¢éncluding lymphomas,
autoimmune diseases, and transplant rejectionsap@sitions include monoclonal
antibodies capable of binding to a human CD40 antigcated on the surface of a
human CD40-expressing cell, wherein the bindinggmes the growth or differentiation
of the cell. Compositions also include monoclaaibodies capable of specifically

30 binding to a human CD40 antigen expressed on ttiacguof a human CD40-expressing

cell, said monoclonal antibody being free of sigraiht agonist activity, wherein



CD40-expressing cells include autoimmune diseases, cancers, and organ and tissue graft rejections.
Lymphomas that can be treated or prevented by a method of the present 15 invention include
non-Hodgkin's lymphomas (high-grade lymphomas, intermediate- grade lymphomas, and low-grade
lymphomas), Hodgkin's disease, acute lymphoblastic leukemias, myelomas, chronic lymphocytic
leukemias, and myeloblastic leukemias. Particular autoimmune diseases contemplated for treatment
using the methods of the invention include systemic lupus erythematosus (SLE), rheumatoid arthritis,
Crohn's 20 disease, psoriasis, .gutoimmune thrombocytopenic purpura, multiple sclerosis, ankylosing
spondylis, AVALIREAHCR R G B SR R AR e B SR MR T sed to
prevent rejetttinan$iangancanddissatogr aftthbychippressifiiutomaciunal sespodgdDHEC GRS
lymphomas by deprivi alignant B lymphaocytes of th ivating signal prgvided by D40, and to
deliver o0 £ Lo SR R X R TR R BT M R
differentiatiarg|divd orGuoijfesdiomsafisumaltudd estigemdifgifinpibitintg ahthestymoodettivd by B cells in
a humap pa 'ﬁp r Wﬁy | ﬁ)% H r}ip'ii'!ﬂg r r? fl r %s ﬁ B-cell
Iineag:.g Me%oﬁ?ﬁc%giﬁ nti %ﬁr@éﬁo‘ﬁ%%@ atl}%vé ar%tagoﬁ‘gt%(%%tf%o@v%%%ﬁ% -%%(gessing cells
are also 30PEIRGHRE ERqUENG GRS ABHRP AciTbsakaRRIcSMeRE|ANR VOGN Affthity for CD40

and are chasaelaiized RhéG ﬂiéﬁﬂﬁééti&{h%%Q@é&%&@aﬁ%ﬁ%ﬁ%ﬁA&%ﬁ%&@'&d}ﬂcﬁf@éerab'y at
least about 107 M to about 10-8 M, more &referably at least about 10-8 M to about 10-12 M.

Monoclonal 3MRRSHRSSIRRPERTaSHIHaMY BESRPREMICIABIEST that are 5 suitable for use in the
methods of the invgriiRpRrareapANac fRasIEGaNYIMINGHMG 0iRiRHRa mMed4e apjaamexrispsed on

the surface of a human cell. They are free of  significant agonlst activity but exhibit antagonist activity

when BOundPid-EAY FI9RaYBaC IR MIFINEH AN G BAISHHI R &Rt ARt GRARPAY Qhaody or
fragment theleRjexbibdm@ntagaoiat taetiviy thinas heerghiiceil4enidgasthmyaimeal tiwimand cells. In

another 10 e iment, the anti-CD40 antibody or fragment, thereof exhibits antagonist activity when
pount to CEMO N GON S RAT AL A e & BB O EIGRUA A RTEL RAE e
constant rediw)-preferstitygtioellsditscl iy awibioliy on @ ditediyekiensanize o fgam enwd tissegignaftand
most preferably are fully human antibodies qr_antigen-binding fragmenis of. Examples of such
monocional Sitses wrt HERES RA Gt HEREL G RR CABRRIT ST GRS 5. e

monocldnaliaméibtidiemclude non-Hodgkin’s lymphomas (high-dgdymphomas, intermediate-

grade lymphomas, and low-grade lymphomas), Hodgldisease, acute lymphoblastic
leukemias, myelomas, chronic lymphocytic leukemagams] myeloblastic leukemias.
Particular autoimmune diseases contemplated fatmrent using the methods of
the invention include systemic lupus erythematdSlg), rheumatoid arthritis, Crohn’s
20 disease, psoriasis, autoimmune thrombocytopenjoupay multiple sclerosis, ankylosing
spondylitis, myasthenia gravis, and pemphigus vidgaSuch antibodies could also be
used to prevent rejection of organ and tissue gfaftsuppressing autoimmune
responses, to treat lymphomas by depriving maligBdgmphocytes of the activating
signal provided by CD40, and to deliver toxins 104D-bearing cells in a specific
25 manner.
Methods for inhibiting the growth, differentiatioand/or proliferation of human
B cells and for inhibiting antibody production bycBlls in a human patient are provided,
as are methods for inhibiting the growth of caraadis of a B-cell lineage. Methods for
identifying antibodies that have antagonist actitttward CD40-expressing cells are also
30 provided.



produced by the hybridoma cell lines designated 131.2F8.5.9 (referred to herein as the cell line 5.9)
and 153.8E2.D10.D6.12.12 (referred to herein as the cell line 12.12); a monoclonal antibody
comprising an amino acid sequence selected from the group consisting of the sequence shown in
SEQ ID NO:6, the sequence shown in SEQ ID 20 NO:7, the sequence shown in SEQ ID NO:8, both
the sequence shown in SEQ ID NO:6 and SEQ ID NO:7, and both the sequence shown in SEQ ID
NO:6 and SEQ ID NO:8; a monoclonal antibody comprising an amino acid sequence selected from

the group consisting of the sequence shaown in SEQ ID NO;2, the sequence shown in SEQ ID NO:4,
oo sorc eSS S s R R b eco

4, an ¢harsetprerece Q13S0 ia astrbomoclonal antibody
comprising an amino agid sequenc coded b cleic acid maolecule comprisin ucleotide
sequence sgreec?efﬁz A e W B R AR R e equence
shown in SEQA@D NQ:B|. akidhotiotia asdipodreseasttbamtiye SHQ ADNCeitstH e tatNDe3; and
angend ndRImP N o Helhosh suenasiponl anibaias et sealodfe SRRl b speciticaly
binding to human CD40, and W?]ic are free of significant agonist activity but exhibit a%tagonist activity

-4 when bouhmanCB¢40amiitgen @xpigssefcnshe surfateirduesimoheyleraf@tidbdies also
include a m%!t???eﬁ#f&'&ﬁ't %@%%qyaﬁﬂﬁﬁ@iBGFéQrﬂ&%@B%@B@%d\H&H%UH&WS copiPsifRAlpntibody

produced by hybridoma cell line’12.12; a monoclonal anti 3/ that binds to an epitope comprising

residues 82HYBIMRE &#lIRo HcRNeINRALENSbVIRaRBIsERRBAon lagnmrbtierred expibits
monocional el ikGRTRAS NG C19N0ERAABHARY IR E2dR. N SasRiLve
ona

binding assay; and a monoc | antibody that is an antigen-binding. fragment of the CHIR- 12.12

monoctdnal SREEYHI 4RG BAtHE PAR GoHRP RO ERMRFRHHMRIBIDHREH g0 RLFHEIY retains the
capability ofiwpeediitaity T tarthgeAusnanGgkhantigem Br@sisiiieehshtitoad recognize that 10

the antagonist antibodies and antigen-binding fragments of these antibodies disclosed herein include
antibocios ACTERHE BT TR RERE S e T B E Fe H PSR methods wel
known in théamaarziediefsaniazebhie re oidrad pan dnt snpheter afdyfehampieamentibodied antibodies
e SR R o A it fp e o e
a pharhfaceanthodiesnpesigiont ed imgésingssuitdBle Srmagdbi@RaitireDionactibaliestdoalirigien-binding
produced by the hybridoma cell lines designated2F.5.9 (referred to herein as the
cell line 5.9) and 153.8E2.D10.D6.12.12 (referetherein as the cell line 12.12); a
monoclonal antibody comprising an amino acid seqgeeelected from the group
consisting of the sequence shown in SEQ ID NO® stlquence shown in SEQ ID
20 NO:7, the sequence shown in SEQ ID NO:8, both dlggience shown in SEQ ID NO:6
and SEQ ID NO:7, and both the sequence shown inIBEQD:6 and SEQ ID NO:&
monoclonal antibody comprising an amino acid seqgeeelected from the group
consisting of the sequence shown in SEQ ID NO® s#quence shown in SEQ ID
NO:4, the sequence shown in SEQ ID NO:5, both dggisnce shown in SEQ ID NO:2
25 and SEQ ID NO:4, and both the sequence shown inIBEQD:2 and SEQ ID NO:5; a
monoclonal antibody comprising an amino acid seqae@mncoded by a nucleic acid
molecule comprising a nucleotide sequence seldéaeadthe group consisting of the
sequence shown in SEQ ID NO:1, the sequence sho®E® ID NO:3, and both the
sequence shown in SEQ ID NO:1 and SEQ ID NO:3;amidjen-binding fragments of
30 these monoclonal antibodies that retain the cajpabii specifically binding to human

CD40, and which are free of significant agonishaigt but exhibit antagonist activity



fragments thereof. A therapeutically effective dose of the anti-CD40 antibody or fragment thereof is in
the range from about 0.01 mg/kg to about 40 mg/kg, from about 20 0.01 mg/kg to about 30 mg/kg,
from about 0.1 mg/kg to about 30 mg/kg, from about 1 mg/kg to about 30 mg/kg, from about 3 mg/kg
to about 30 mg/kg, from about 3 mg/kg to about 25 mg/kg, from about 3 mg/kg to about 20 mg/kg,
from about 5 mg/kg to about 15 mg/kg, or from about 7 mg/kg to about 12 mg/kg. It is recognized that
the method of treatment may comprise a single administration of a therapeutically effective dose or 25

multiple admi str tlo of a therapeutica ffectlve ose of the antagonis ntl D4 tibody or
antigen g BN eS FHEST Bl BHRA o B EAISTR AR IREA AR S being
suitable for am)lmdlhelmmthodeabtﬁthanVBdethabﬂlh)@srtwﬂlllﬁmda ddpdifieadiopiadihthese antagonist
anti- CD40 antibo |es buta mited to | munolog active ch| erl an CD40
B G 8 e R e SRRl

antibodies, mjmanlzea ar?t active munne an
antlbodles tﬁammsmfmmp@wmﬁrmﬁ mﬁWMQMInmaM§Mngecﬁfmwm% 9 and

CHIR-12. fs/ | Ei
om and 35 A R b e & R B R Cono
antibodies rmmlmmm'b@éudllﬁl&i@ AR shaweiattiyRing asTHIRBIRanenosimal2. 12
monoclonal gy ﬁéP.Q%Jh%H{ %%%arﬁasméntsahﬁmem EPARHgaBHARAIb dyovre 2B

shows that the CHIR-5.9 and CH 2.12 monoclonal antibodies can compete off CD40’ligand

pre-bound t8¥ePistiedecegeing. %\%9@4\ Mipadieh o pB itz RRRife GintadhararrREBbnBhoclonal
antibodies LB&eil- Binamh & 1ol el AR A0@IDACANEGE 65 BRIM i haRh heesgrvid apHodgkin's

lymphoma (NHL) patients. Enriched NK cells from a normal volunteer donor either fresh after isolation

(Figurd@a) BieAAg0RIF A IRRYIGg NG aveeRilinding Mot fhegeanitpodiss LRsIHPads assay. As
NHL cells alserexpiiesadeRefibbsidarged antlg@n BRTditig>iragis (Relexnhs) aﬁ’@ﬁr@cﬁ@@dw of the

aatiiy of miAoA AT Hale PR hREAFAR 12 S AR LoHTit DR using an
unstaged nudeludey fw eoeimgiaﬂnﬁmettlt;maphnmmdwaml\rmmmellFqurzﬁhmmamﬂoem in vivo
anti-tumor a%%%gﬁgnqp crlco)g gntlbodles CHIR-
15 In one embodiment of the invention, methods ofttregat comprise
administering to a patient a therapeutically effectiose of a pharmaceutical
composition comprising suitable antagonist anti-GR#tibodies or antigen-binding
fragments thereof. A therapeutically effective@o$the anti-CD40 antibody or
fragment thereof is in the range from about 0.0Zkgpgp about 40 mg/kg, from about
20 0.01 mg/kg to about 30 mg/kg, from about 0.1 mdtkgbout 30 mg/kg, from about 1
mg/kg to about 30 mg/kg, from about 3 mg/kg to al8umg/kg, from about 3 mg/kg to
about 25 mg/kg, from about 3 mg/kg to about 20 mgftom about 5 mg/kg to about 15
mg/kg, or from about 7 mg/kg to about 12 mg/kgis tecognized that the method of
treatment may comprise a single administration thiesapeutically effective dose or
25 multiple administrations of a therapeutically etfee dose of the antagonist anti-CD40
antibody or antigen-binding fragment thereof.
The antagonist anti-CD40 antibodies identified hreas being suitable for use in
the methods of the invention may be modified. Modtions of these antagonist anti-
CD40 antibodies include, but are not limited tomiomologically active chimeric anti-
30 CD40 antibodies, humanized anti-CD40 antibodied,ianmunologically active murine
anti-CD40 antibodies.



20 5.9 and CHIR-12.12 compared to that of rituximab using an unstaged nude mouse xenograft B cell
lymphoma (Daudi) model. RC, resistance to tumor challenge. Figure 6 demonstrates in vivo anti-tumor
activity of monoclonal antibodies CHIR- 5.9 and CHIR-12.12 compared to that of rituximab using a
staged nude mouse xenograft B cell lymphoma (Daudi) model. CR, complete regression. 25 Figure 7
shows the protocol used for determining the number of CD20 and CD40 molecules on Namalwa and
Daudi cells. Figure 8 shows comparative ADCC of the mAb CHIR-12.12 and rituximab against Daudi
lymphoma cells. Figure 9 sets forth the amino acid sequences for the light and heavy chains of the 30
mAb CHIR-12.12. The leader (?é%\ﬁﬁe@ﬁ%% %FNW%)R%MB%Eésidues 21- 132 of SEQ ID
NO:2), and constafriguesid s didathgfds BRI IR NO a2)d €HvRs10f 1avemhghtintibod@retshown in
Figure 9A. T Jsadne{h%fsigtues %]Ey? of SEQ ID l%:él Rvarlrr]ia le (residues 20-139 of SEQ ID NO:4),
and constant (résidues 140-469 OF EB}] %Y‘ reglons of the heavy chain are shown in Figure 9B.
The alternative cortstanesegfoartdr Ehidustete oivadingfttop enddx @HR 3.9 sinoWPHIRFIQUE2 9B

fl itution .of .8 5 serj ' ' iue: iti f SF. 0:4. Th
complet S T B BRI b2 A RPN S 1o
NO:5. Figuref1orFo®9 rdcatiity Léddenoa dolomal RgiboniasdtsufaceoRD4L QraveNS:1) and heavy
chain (Figur&%@@q&é@d‘éﬂﬂf&a&an}miﬁg%lfcghwz@&%w&%wmaé%mmglm'ﬂﬂo acid

sequences for the light and heavy chains of mAb CHIR-5.9. The leader (residues 1-20 of SEQ ID
NO:6), varidbRQesiaaanpipodies aREeMBLIGP B CRAY Hersaimynssiased $35aes0d?4EQ ID NO:6)

regions of the lightrfiaks R 8RaVR iISHoIRUS &t activRyeFdRE CRAIEHRD AotRRAISRRIBINS:7),
variable (residues 20-144 of SE%ID NO:7), and constant (residues 145-474 of SEQ ID NO:7) 15
&sh T(ggpf@k'fﬁé heavy

regiond®f te HBavy @At WA RPRIGEFEANCH. calls HREARDR BeAER:At Reg
chain of the |[gmghGindR 0.3 pavienis FrnieHtBNEflsdls Rarkatiaitian nfiaesaonerresidie for the

Chain of the TR ORI S R ST T S T8 NS ENOT 3 Mol S Squence
(Figure 12AuSE aieNK0t8) twilthim shisrassajorks OfHHLcElD EFe{a @Dtk samerargighown in
Figure 12I3;f§rE r?u%m%%kﬂ?%xan@), ADCC activity of the canite mAbs was compared with that
15 of rituximab.
Figure 4 demonstratés vivo anti-tumor activity of monoclonal antibodies CHIR-
5.9 and CHIR-12.12 compared to that of rituximaimgsn unstaged nude mouse
xenograft B cell ymphoma (Namalwa) model.
Figure 5 demonstratés vivo anti-tumor activity of monoclonal antibodies CHIR-
20 5.9 and CHIR-12.12 compared to that of rituximaimgsn unstaged nude mouse
xenograft B cell ymphoma (Daudi) model. RC, r&sise to tumor challenge.
Figure 6 demonstratés vivo anti-tumor activity of monoclonal antibodies CHIR-
5.9 and CHIR-12.12 compared to that of rituximaimgs staged nude mouse xenograft
B cell ymphoma (Daudi) model. CR, complete regi@s.
25 Figure 7 shows the protocol used for determiniggrtumber of CD20 and CD40
molecules on Namalwa and Daudi cells.
Figure 8 shows comparative ADCC of the mAb CHIR1P2and rituximab
against Daudi lymphoma cells.
Figure 9 sets forth the amino acid sequencesilight and heavy chains of the
30 mAb CHIR-12.12. The leader (residues 1-20 of SBQND:2), variable (residues 21-
132 of SEQ ID NO:2), and constant (residues 133&3REQ ID NO:2) regions of the
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and the coding sequence (Figure 12C; SEQ ID NO: 11) for the long isoform of human CD40 (amino
acid sequence shown in Figure 12D). Figure 13 shows thermal melting temperature of CHIR-12.12 in
different pH 25 formulations measured by differential scanning calorimetry (DSC). DETAILED
DESCRIPTION OF THE INVENTION "Tumor," as used herein, refers to all neoplastic cell growth and
proliferation, whether malignant or benign, and all pre-cancerous and cancerous cells and tissues. -7
The terms "cancer" and "cancerous" refer to or describe the physiological condition in mammals that

is typically characterized by unregulated cell gr . Examples of cancer include but are not limited to
lymphoma al@ﬁé:u%rﬁﬁé? 'm%]é%gﬂ%gﬁmﬁﬁ%gﬁ%{;ﬁn&%e%ééga% 55501;9&!8@ h\éﬁ‘flﬁg‘ e same
5 structural (lesidoter B30c39\diiEEDEDAI@:! Exhibicbimsdirgupacifitiy) 89 af 8R(YED NDHunoglobulins
include both antibodoi?ﬁ_'aerhd other anti%cgdy-like moltf:cules t Iei\ck a tigen s&g%i{i%%bﬁ%{peptides of

the latter kind %{Pen,sfor examepaf\efyf):n)a u&dq 3??6’\\5\? 'Irévégsuﬁ%/ e @/Fﬁgﬁasly\//stgpnnand atincreased levels

by myelomabeTeatarehzamiib dog'his\bseld IR- i1z shdest seRs@Rneflecie s Subgtidsiembfed 10
antibodies, anti ' [ g JVaS in, antibodies,
diabodie§s), ggﬂhrge%%%@%gﬁ?t&%ﬁiﬁﬂi&o?n%r@%ggﬁg%g@éé?% %?@éﬁ%mﬁ%%ﬁ)ﬁgg%tibody" as
used hereinsedeenge dardhisosaiieobelitrel nfavy &sipabksh o 4BbEabdiaspeioeityénekie
antibodies, iig.\fBgsindividual antibodies comprising the population are identical except for possible
naturally occurring mutations 15 that may be present in minor amounts. "Native antibodies" and

"native immunogloblgHE Kt shRyaIheadNS sarvanceyior Hin SR G1igwsut A503FQ Haltons,
composed q{&yv9)idRAtHEAIgbhE cERNG AT twpddantigel HiemyYrAh ehams: Eagh light chain is

linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies

amongtthe heavy J09K8ihd SEEHARINHATIRG AGKLFRAYERG ROk ANLRGAN FIGIMTRGIN also has
regularly spagsiel awEcisan diselfidaibrigdesrisach Peay B ERIDBASAFahRgRsbRIvasialla 3pomain

(VH) followe n er of constant domains, Each lig i a variable domain gt one end
(VL) anct o B R hT OV o T SRRl d R AR o e R QRS DBl G wit the
first constantitmaie shoinwenhiediyoleain Aanthibécbgler 2feshiki@d/afiSEE dorND7)s aligakie with the

variable domaln fldteeny shaln, e, a8 ASkhIqE pase PRIRYES 1o Rig AN inerface

15 regions of the heavy chain are shown in Figure 1IBe alternative constant region for
the heavy chain of the mAb CHIR-5.9 shown in Figli® reflects a substitution of a
serine residue for the alanine residue at positEfhof SEQ ID NO:7. The complete
sequence for this variant of the heavy chain otiAd CHIR-5.9 is set forth in SEQ ID
NO:8.

20 Figure 12 shows the coding sequence (Figure 18 B NO:9) for the short
isoform of human CD40 (amino acid sequence showigare 12B; SEQ ID NO:10),
and the coding sequence (Figure 12C; SEQ ID NGdrlhe long isoform of human
CD40 (amino acid sequence shown in Figure 12D).

Figure 13 shows thermal melting temperature of GHR2.12 in different pH

25 formulations measured by differential scanning caietry (DSC).

DETAILED DESCRIPTION OF THE INVENTION
"Tumor,” as used herein, refers to all neoplagitgrowth and proliferation,

whether malignant or benign, and all pre-canceamascancerous cells and tissues.



variable domains. The term "variable" refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and 30 specificity of each
particular antibody for its particular antigen. However, the variability is not evenly distributed
throughout the variable domains of antibodies. It is concentrated -8 in three segments called
complementarity determining regions (CDRS) or hypervariable regions both in the light-chain and the
heavy-chain variable domains. The more highly conserved portions of variable domains are called the
framework (FR) regions. The, variable domains of native heav d light chains each comprise four
FR regions, largely BBt 1261280 CEARGRHAoN SiEr IR AR T RV EedCGlhich form loops
connecting, @tliticspimenaases o thangs pavical) vk 48astetitss incdgeaiBloecEiDitevnteach chain are
held together in clgse BFO)Q”@Q( %t@gerRtrg ion ~ﬁmd %éﬂe CDRs f%)d‘% the_other chain, contribute

nsﬁ S HRa"S 'SUFE593) NIH Publ. No.

to the formalion of the an%d‘en-b'mc]mg site 8 antibodies tse
91-3242, Vol. |, palfestibedies dant0 immewrmrgtintidsinidss are gigcopeoisdhdingdihe isdmeding an
antibody to ' ihit vari - i - Ny - binding,
participgtiongg{J g"{ﬂe}'lgﬁ%i‘%o ﬁﬁﬁgﬁoﬁﬂgggﬁéﬁﬁ%ﬁm&gﬁ%ﬁﬁﬁgﬁ%ﬁ lation of

complementraepaegenWinethicite bath makhedicsegehatidialyTHe oreaweethatiksie region”
when used BetRiad %&ééi%iﬁb?ﬁ&@ﬂ@@?@s@ tREIRHRS R ﬂﬂt@%ﬁf@tp%%@ée%ﬁw for antigen

binding. The hypervariable region” comprises amino acid residues from a "complementarity
determining'@¥§lsPydPe RPN iSyStRsBiane L INIL e IspetBY@IoMand 89-97 (L3) in the light-chain

variable domain ande3i?8 (oGS (58 anthaBrAREsRdRdbaheaiRhakuRiiaRle domain;

Kabat et al. (1991) Sequences of Proteins of Immunological Interest (5th ed., Public Health 20

. . (5t
ServictONafBHEP gﬁttﬁ@t'(g’loﬁléglﬁg,'ﬁeéﬁ%%,%'ﬂ)?'QHQ‘?‘BF(%eE@Qidﬁé@kﬁg?’n single sB38riable loop"
(i.e., residuesmBBodé))diafdeied)2 hrancb 8dnRSir(aa) e piic dgdaisiahalie vareddegomain and 26-32(Hl),

2350 (1) end s o eyl Vel dhmal oo it cskagnn 3 vl s
hypervariabfeoragiqroibatésidafesu i statitiatly iy owrted asrpitse isepatiomdivadualtactibodizsdy,
et g SR e e e
15 that may be present in minor amounts.
"Native antibodies" and "native immunoglobulinsé arsually heterotetrameric
glycoproteins of about 150,000 daltons, composéddofidentical light (L) chains and
two identical heavy (H) chains. Each light chaitinked to a heavy chain by one
covalent disulfide bond, while the number of digldflinkages varies among the heavy
20 chains of different immunoglobulin isotypes. Ea@awy and light chain also has
regularly spaced intrachain disulfide bridges. Elaghvy chain has at one end a variable
domain (M) followed by a number of constant domains. Eaghtlchain has a variable
domain at one end (Y and a constant domain at its other end; the aahsiomain of the
light chain is aligned with the first constant domaf the heavy chain, and the light
25 chain variable domain is aligned with the variatdenain of the heavy chain. Particular
amino acid residues are believed to form an intertzetween the light- and heavy-chain
variable domains.
The term "variable" refers to the fact that cerfamtions of the variable domains
differ extensively in sequence among antibodiesaardised in the binding and
30 specificity of each particular antibody for its peunlar antigen. However, the variability

is not evenly distributed throughout the variabdendins of antibodies. It is concentrated
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(1995) Protein Eng. 8(10):1057-1062); single-chain antibody molecules; and 30 multispecific
antibodies formed from antibody fragments. Papain digestion of antibodies produces two identical
antigen-binding fragments, called "Fab" fragments, each with a -9 single antigen-binding site, and a
residual "Fc" fragment, whose name reflects its ability to crystallize readily. Pepsin treatment yields an
F(ab")2 fragment that has two antigen- combining sites and is still capable of cross-linking antigen.
"Fv" is the minimum antibody fragment that contains a complete antigen 5 recognition and binding site.
In a two-chain Fv species, this region consists of a dimer of .one heayy- and one light-chain variable
domain i tURTHESEHUARIN SELCEAHORD B LA e PIPBRe L<DRRS A VB M e
light-chain vaigdne dothainthanidiet-cloxial endytliskeshby- Hwailidd leapsideiisk@hsutlodaighty light and
heavy chaingo%%n a5 ocir It((;:nin gf'\'/dim%{ II(jStrrrl]Ja(:ltusr%faenal(ﬂ snt]%\',[\poar‘(igz%ﬁvyg-?hﬁgnfﬁlespecies. Itisin
this 10 conflguraﬁon B three TBRS SPERTRR ArabiE domain interact to aenne an antigen- binding
site on the suafetaeofdneairid-oflndime hecoeatddightivh ams@EDasrmef toua iy eeglmingjhargelycificity to
the antipody; . ' ' i é r F ising only three CDRs
specificgfor grﬁ%q@%% ﬁi‘gt %@E%@%ﬁgﬁgggﬁ%@% ?{)'Erd?dé gnetiflg%%s,’ mgﬁaﬁ lower affinity than
the entire bipdigsited, 1 & THE sRIbdregseSiOHRI0 T oatAPIE thikeebAttaIY b rhAm OPRe igkdehain and
the first congtant deniy (Gatkhef iheibsaprahainy Bysgsnisatifear oM e faggiatiby the

addition of a few residues at the carboxy terminus of the heavy-chain CH1 domain including one or
more cysteiREXER SRRACARLIRIHES HNGE fegimiqnef BaFhindieg giaRrrERadies (B88' in which the

cysteine resichi{gt @fl @ oeNsANbgeMInDhesr 20 @ fregdhial grquped)ab’)2 antibody fragments
originally were produced as pairs of Fab' fragments that have hinge cysteines between them. Other

chemid@ couplingd BFGHISHYY FUYABRR S RCLISY UNEH AR SRR ARIRA NI BRIes
(immunoglolptigehfren exnibietsisatedrrtigsufandirpsaidRe ddocpisr OFER) Isigdity distinct types,
called kappa (K) and.lamhd ()?%6. 25 based on the amino acid sequences of their constant domains.
Depencing BRI MRS SOLHEHe LR R SR T ORI SR AR
immunoglohuitizioambecagsigmedtdehdadsnt dastegicihdomase doledagianutdaisses of human
immunoglobulins: IgA, 1gD, IgE, 1gG, and IgM. and several of the be further diyided into
subclasses (isotyplgg)é, %egrgnlI I%é? 5érfqﬁgj§"(?§g\%%l¥ﬁﬂ§ ,u?fr?éf é& @%\rz@.ﬁﬁg %é\}ggcﬁ(dé@r(l constant
domaiié thaessiwespaimhtarntibadifféhahstarssgoosible fogam binding. The hypervariable region

comprises amino acid residues from a "complemewptdetermining region” or"CDR"

(i.e., residues 24-34 (L1), 50-56 (L2), and 89-B3)(in the light-chain variable domain

and 31-35 (H1), 50-65 (H2), and 95-102 (H3) inleavy-chain variable domain; Kabat

et al.(1991)Sequences of Proteins of Immunological Intefg#t ed., Public Health

iC
<]
S

20 Service, National Institute of Health, Bethesda, NiDd/or those residues from a
"hypervariable loop" (i.e., residues 26-32(L1),BD{L2), and 91-96 (L3) in the light-
chain variable domain and 26-32(H1), 53-55 (H2y @6-101 (H3) in the heavy-chain
variable domain; Clothia and Lesk (1987Mol. Biol. 196:901-917). "Framework" or
"FR" residues are those variable domain residussr dhan the hypervariable region

25 residues.

"Antibody fragments" comprise a portion of an intantibody, preferably the
antigen-binding or variable region of the intactilbody. Examples of antibody fragments
include Fab, Fab', F(ab")2, and Fv fragments; dias linear antibodies (Zapattal.
(1995)Protein Eng8(10):1057-1062); single-chain antibody molecuses]

30 multispecific antibodies formed from antibody fragmts. Papain digestion of antibodies

produces two identical antigen-binding fragmenédled "Fab" fragments, each with a
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immunoglobulins are called alpha, delta, epsilon, gamma, and mu, respectively. The -10 subunit
structures and three-dimensional configurations of different classes of immunoglobulins are well
known. Different isotypes have different effector functions. For example, human IgGi and IgG3
isotypes mediate antibody-dependent cell-mediated cytotoxicity (ADCC) activity. 5 The word "label”
when used herein refers to a detectable compound or composition that is conjugated directly or
indirectly to the antibody so as to generate a "labeled" antibody. The label may be detectable by itself
(e.g., radioisotope lahels or. fluorescent labels oé, in the case of an enzxématic# bel,_m%@atalyze

|

chemical alt& 8@%@3%’@6’% Q%S&?m?)% fd o7 ﬁhpgggfgﬁ%d‘f’ ge(eeRBIE RS S 85 that can

serve 10 astdaisciziiiedabatiilindhepaiforezarapteidid FhabL2Badridl, tfa® DR eatB8n iR @186, At-
211, Cu-67, Bi-212, and Pd-1009. Ttyﬁ label rpi% t also tii?%? nen-detectable entity such as a toxin. The
S sl ble ke

" comiining sites capa CrosSs- igen. :
term "antagonist” IS used in ebroadegtosense, andin es%ny molecule that partially or fully

blocks, inhibits, or fredtialize sraniologiaatibotlyifyaghzenatival rgeenséniseleseutiperein or the
transcriptio nslation it f carriers’ in.i r i ble
carere e B e R T t the
dosages an@n®heanitafion S eenlittychadivaiigiieptiyialaghtbngracoupiani@ssedigtiznatn aqueous pH

buffered solyipye ExaRRIGS SEAYSIiRgal ASHANAL RARIRIRBRG A e Such as

phosphate, citrate, succinate, and other organic acids; antioxidants including ascorbic acid; low
molecular weRyAtqMBsl et BYHRIBIea8alEs) InkShantias shedighéingd HRav ¥ sRaRmMEAMumin,
gelatin, or irggu&RRE RUANSMKACHIHC RAY AHID OGS tEnR0NBIRHRN Tolidpasicaming artAssuch as

lutamine, asparagine, arginine or_lysine; monasaccharides, disaccharides, and other

lycine, ] . )
géﬂgﬁﬁra@%ﬂﬂ%ﬁﬂw diridhe BEmaMTRR ol SAERMANEDERIL NG AgkIRSEHRR 38 BHPRNsUgar

alcohols sugiryansiti tie VBHOE SEINEWNIHprRUTSIVITSYCcthasBOGIDRY @odfer nonionic
surfactants such as, TWEEN é)coﬂﬁethillene lycol PE@% and PluronicsI Admini tion "i

) . t
combinatior P BN R SRS e SRR B BNE G R P FUAUBRE HRMAIRS and
consecutivehadininastriat co nmpaisingroely 80ek GDRefiecitic dseahtigezinheaféns whiitytoroorganism or

2 eukery ol SEUAE B TGRS OIS 4PL MBS HRoe R RARY aed o @

15 The Fab fragment also contains the constant doofdhe light chain and the first
constant domain (1) of the heavy chain. Fab fragments differ frorb'Feagments by
the addition of a few residues at the carboxy teusiof the heavy-chaing domain
including one or more cysteines from the antibonhgé region. Fab'-SH is the
designation herein for Fab' in which the cystee®due(s) of the constant domains bear

20 afree thiol group. F(ab’)2 antibody fragments ioady were produced as pairs of Fab’
fragments that have hinge cysteines between théiner ©hemical couplings of antibody
fragments are also known.

The "light chains" of antibodies (immunoglobulifm any vertebrate species
can be assigned to one of two clearly distinct $ypalled kappak( and lambdaX,

25 based on the amino acid sequences of their corchbamins.

Depending on the amino acid sequence of the cansdtamain of their heavy
chains, immunoglobulins can be assigned to diffeckasses. There are five major
classes of human immunoglobulins: IgA, IgD, IgEG|@and IgM, and several of these
may be further divided into subclasses (isotypes), IgG1, 1gG2, IgG3, 1gG4, IgA, and

30 IgA2. The heavy-chain constant domains that cooedpo the different classes of

immunoglobulins are called alpha, delta, epsil@amma, and mu, respectively. The
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recombinant vector or other transfer polynucleotides, and include the progeny of the original cell that
has been transfected. It is understood that the progeny of a single cell may not necessarily be
completely identical in morphology or in genomic or total DNA complement as the original parent, due
to natural, accidental, or deliberate mutation. 5 "Human effector cells" are leukocytes that express one
or more FcRs and perform effector functions. Preferably, the cells express at least FcyRIIl and carry
out antigen- dependent cell-mediated cyotoxicity (ADCC) effector function. Examples of human

leukocytes that mediate ADCC include peripheral blJood mononuclear cells (PBMC), natural killer (NK)
cells, momo SR GBS T LR TE TSI MA RN Gh N 6 PBRAESEMBINK celle being
pref_e_rred. A’lmlibm_mﬁieglcbltn@lliha\meﬁ\w@mhinilymmtyptdaﬂwmdg@im!g@ﬂeotypetiﬁ&e that in
addiion to isglafing JgG! and g3 anibodies. -sush ADCCmediating antbadics gan b mage by
engineering a variable region from a  non- antibody or variable région fragmentto an IgGl or
lgG3 isotypedotstanity (AHOE)1A&cTVityterms "Fc receptor” or "FcR" are used to describe a receptor

that binds to the F ion.of ' r s tive- human FcR.
Moreov%r, a prefeﬁre{%%%%j islé(a)grl?eﬁ ftwg? ﬁi%‘éé%%%ﬁa%‘%ﬁ éa%aﬂr%rgmgﬁand includes
receptors of@IRSIRINAEFRA, camiHB el iseeity-wsiedlipetuiie galleqdy ad asttoagen elitéeratively
spliced forme.piiRR5E AGEERIP PNE BB HeSF BIOtRtREIBRESH TG, (RAREsGThEiM eeEPtor) and

FcyRIIB (an "inhibiting re@tor"), which have similar amino “acid Sequences that differ primarily in the

cytoplasmicTisessRHBRRS) Rbtiaiiitcasedn epgmmatichmay<CaiR #h GRsMREaH ’IIAIRMe-based
activation mefij dhibdvthte dEngeR@INISAPBSHbARRRYREaIRECRIMIbRYBIR SaEatmatve

immunoreceptor tyrosine-based inhibition motif (ITIM) in its cytoplasmic domain (see Dacron (1997)

25 Anitd. RES HiSIABIS 18bshs dusle: fer exXAMGeAlan Ridverch 2RdRGrtd¢1 681 Btk Rev.

Immunol. 9:457;49241981L210apater @l1(89 M) dmpenenatied s #2s-ddeanbreeminps @itahd 1995) J.
Lab. Clin. Med. 126:330-341. Other FcRs, including those to be identified in the future, are

encompassgot%}%e term "FCR" herein. The term also includes the neonatal receptor, FcRn, which is
responsible for theTihensien dhnagenisi'39 Uged it tthe Heiadd S yeamskiradludEy 6y nholeautel. 117:587

Zgﬁb*;‘é?eit '(-)ar‘tl?(az{?rﬁ}flﬁ- Arr“f&\\g”&'m %Zﬁ%i&?g‘é@n‘e% T*T%eé Rlodlca m&e\wa’%’ %Vr?éi‘?vr?“%‘@e*l“m?‘”
: pte, secreting célls can be immortalized by mfection with the Epstein-Barr virus
(EBV)1BHowdigstpsed herein or the transcription or transtatiwereof.
"Carriers" as used herein include pharmaceuticabeptable carriers, excipients,
or stabilizers that are nontoxic to the cell or maahbeing exposed thereto at the
dosages and concentrations employed. Often thegibgially acceptable carrier is an
aqueous pH buffered solution. Examples of physichity acceptable carriers include
20 buffers such as phosphate, citrate, succinateptedt organic acids; antioxidants
including ascorbic acid; low molecular weight (I¢lsan about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin, or immglotulins; hydrophilic polymers such
as polyvinylpyrrolidone; amino acids such as glgciglutamine, asparagine, arginine or
lysine; monosaccharides, disaccharides, and ottbobydrates including glucose,
25 mannose, or dextrins; chelating agents such as EBiUdar alcohols such as mannitol or
sorbitol; salt-forming counterions such as sodiamg/or nonionic surfactants such as
TWEEN, polyethylene glycol (PEG), and Pluronicsdnéinistration "in combination
with" one or more further therapeutic agents inekidimultaneous (concurrent) and
consecutive administration in any order.
30 A "host cell,” as used herein, refers to a micraaigm or a eukaryotic cell or cell

line cultured as a unicellular entity that can drehas been, used as a recipient for a
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EBV-infected cells are difficult to clone and usually produce only relatively low yields of
immunoglobulin (James and Bell (1987) J. Immunol. Methods 100:5-40). In the future, 5 the
immortalization of human B cells might possibly be achieved by introducing a defined combination of
transforming genes. Such a possibility is highlighted by a recent demonstration that the expression of
the telomerase catalytic subunit together with the SV40 large oncoprotein and an oncogenic allele of
H-ras resulted in the tumorigenic conversion of normal human epithelial and fibroblast cells (Hahn et

al. (1999) Nature 10 400:464-468). |t is now possible to produce, tranggenic animals (e.g., mice) that
are capabld R RATIFSIRION, CH ST SO £PORMARE BPFL NS B TRISIAAL (sonca of
endogenousiigmainasglahatih gy baectivansfektdm vitsisiratb (PP Meatyire g86%:36a-8h8ldcslberg and
Huszar (1995) Int. Rev, Immup I.13:65-£?3f' Fisi Wri1|tc|i S{al. 1996) Nﬁ%- Biﬁtecpnorl.tlﬁ'qé@}?ﬂ;
Mendez et a’ﬂ)ﬂé‘é?%)”ﬁ%‘%? é%??ﬁ%?ﬂ%i&l% FRERA & TUEB9Y o SR e AL A 1 23,
Tomizuka ecam@@oenPaschi atlighcd ghaent, dSA e hagk=idEntaliendslibe tdtdarattatiq@000)

immung). Today 21304237 0hER EXATRIS ILAR DRSS IBFNamAZAR S fslgtion of the

antibody heavy-chain joining region ) gene In chimeric and germ-line mutant mice tsin

complete irgliigiEion binstiaogemsatesahiyoiie melifexprsRacibwiRiY end cernogyraatgemtl. Acad. 20
Sci. USA 90i23alrerr 2kl St 8 A SHERGTAB LT B dBmEROR! ain Se8 AfadR such

germ-line mutant mice results in the production of human antibodies upon an(tilﬁ)en challenge

(Jakobovits 8LkPQie 3N A INFEIFE S B uliR-RaER e aP sy nNEedcee ABRNM@)s: 146-156)
have generajgghliRRe () GaRIGHOIKE RS, WhriGHRlRRERH NI, AR @RLABDBRBERARS high

affinity fully human antibodies. This was achieved by _25ﬁ§';erm-line integration of meﬁg}base human

heavythair M GEREHAI $685iRRINAiRERI deftiRriicidmisyaRGds ARy AR BEYBScribed
ﬁbove. Ihesaf mhé:ﬁge@apm@ss&(wﬂ)etemmelm (ﬁbﬁ@ﬂi&h%ﬁﬁ@@ﬂg@a‘ié@mi@ma&rﬁmw%@ kb ofOI
uman heavy-chai us containing.approximately 66 VH genes, complete DH and JH regions, an
three diffor Ao R LA DR PN O GRS BIVEAEN # RS AT Gio gones.
Jx 30 segmeots,AdhdCargitroely. diheadablzodigoprivdgeenhindg@e onigSel tsmlypresenttdathat seen in
humans in all reosrpects, including gene rearrangement, assembly, and repertoire. -13 The human

antibodies arreeglpre‘ferentially expressed over endogenous antibodies due to deletion in endogenous
segmelii that prevaing gems (Earrangptor mrinFtiR rmweinedddaglbsucte asiptonihgthandsmbaitieed with

an antigen gt PAGEHUHAPLAHH Gt E AR R AL RERH I ZEHA0INALY AL P RGP RERIBEGtIDOdY

reactivity
a preferred FcR is one that binds an IgG antibadyafnma receptor) and includes

receptors of the RRI, FeyRIl, and FgRIII subclasses, including allelic variants and
alternatively spliced forms of these receptorgRitreceptors include FRIIA (an

20 “activating receptor") and FRIIB (an "inhibiting receptor”), which have similamino
acid sequences that differ primarily in the cyteptéc domains thereof. Activating
receptor FgRIIA contains an immunoreceptor tyrosine-basedvatibn motif (ITAM) in
its cytoplasmic domain. Inhibiting receptoryR#IB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its cyttgsmic domain (see Daeron (1997)

25 Annu. Rev. Immunol5:203-234). FcRs are reviewed in Ravetch andt{it@91)Annu.
Rev. Immunol9:457-492 (1991); Capet al. (1994)Immunomethod4:25-34; and de
Haaset al.(1995)J. Lab. Clin. Med126:330-341. Other FcRs, including those to be
identified in the future, are encompassed by tha t&cR" herein. The term also
includes the neonatal receptor, FcRn, which isaesiple for the transfer of maternal

30 1gGs to the fetus (Guyet al.(1976)J. Immunol117:587 and Kinet al. (1994)J.
Immunol.24:249 (1994)).
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5 against the initial antigen. Lymphocytes may be isolated from lymph nodes or spleen cells and may
further be selected for B cells by selecting for CD 138-negative and CD19- positive cells. In one
aspect, such B cell cultures (BCCs) may be fused to myeloma cells to generate hybridomas as
detailed above. In another aspect, such B cell cultures may be screened further for reactivity 10
against the initial antigen, preferably. Such screening includes ELISA with the target/antigen protein, a
competition assay with known antibodies that bind the antigen of interest, and in vitro binding to

t iently t fected CHO th |Is that he t t antigen. Th t invention i
directe to compod1GHE A ALRGRL PP PR g TN 18 SRR AR RGN ed by

stimulation et eHhdigrialngrosizdodd exjaragaingiticels. HimeBaathvds (EBWe Heatwent with an

anti-CD40 ibpdy of the inventio r antigen-binding fragment thereof, where administration of

e antinoc BB e e R D

patient undenguinggodulistilsuneisthechpell ADSSZ DU andb ddédbasiiitibie 40). usdha thturaethods 20 of

the inventio ifi j ' 3 man cell and
R e PN R B e B Y LR

are free of significant agonist activity, to the CD40 antigen

on a humande sl eqeisAIgT 6l FRSSer BVTTBAES aSHpo@E s dnabshRddg Tagenénts
thereof are (R{RfERA AN SHhAhENURIRRSLATHADARRTIBRAIRS SitsihARheEs e, but are ot

limited to, the fully human 25 monoclonal antibodies CHIR-5.9 and CHIR-12.12 described below and
monoclonal SXbEHRS MNEAREPIRE IREiAY eRsPAGRIESHIalPRtdRSHIEHAI b BHINYIEENR-5.9 and

CHIR-12.12¢dhnssiskibeddnrig ﬁ\ﬁh’f&ﬁ%ﬁi‘ﬂﬁélﬁl%ﬁﬂ%@l@ﬁ%@%@@ﬂﬁi@@@b%ﬂ@@n'binding
fragments of these antibodies disclosed herein include antibodies and antigen-binding fragments

thereof that 4°8'ARAIAEEY SR RERRIIRIIRFRHERL ANPRB RIS 8- tHRICH 1Rl 88cribed herein
below, and inghatiee fapexampieninaretienprodntibrficfpldttr hihanddatiiBdles 12 that have been

CHIR. 5.5 AR ERR T2 T HAHE SR L AR LA RO W SRS €40 anclor
binq the samezp_l_iﬁpﬁsgas@iﬂéﬁg&acahkﬂlﬁbhlngﬂﬂ)zaé&nmarhshmﬁ;ﬁfﬁd%l,emmmmwalether an
ook PRSI BISHERGRAIE S DSl Ad e e el e

15  (1999)J. Immunol. Method231:11-23; Tomizukat al.(2000)Proc. Natl. Acad. Sci.
USA97:722-727; reviewed in Littlet al. (2000)Immunol. Today1:364-370). For
example, it has been described that the homozydeleton of the antibody heavy-chain
joining region (4) gene in chimeric and germ-line mutant mice rasaltcomplete
inhibition of endogenous antibody production (Jakots et al. (1993)Proc. Natl. Acad.

20 Sci. USAB0:2551-2555). Transfer of the human germ-line imaglobulin gene array in
such germ-line mutant mice results in the productibhuman antibodies upon antigen
challenge (Jakobovitst al. (1993)Nature362:255-258). Mendeet al.(1997) (Nature
Geneticsl5:146-156) have generated a line of transgenie thiat, when challenged
with an antigen, generates high affinity fully humantibodies. This was achieved by

25 germ-line integration of megabase human heavy-duadhlight-chain loci into mice with
deletion into endogenoug degment as described above. These mice (XenoMduse
technology (Abgenix; Fremont, California)) harbgd20 kb of human heavy-chain locus
containing approximately 66 Mgenes, complete fand J, regions, and three different
constant regions, and also harbors 800 kb of humacous containing 32 ¥ genes, g

30 segments, andiKgenes. The antibodies produced in these micelglossemble that

seen in humans in all respects, including geneaegement, assembly, and repertoire.
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as human B cells, the antibodies are free of significant agonist activity; in some embodiments, their
binding to CD40 displayed on the surface of human cells results in inhibition of proliferation and
differentiation of these human cells. Thus, the antagonist 10 anti-CD40 antibodies suitable for use in
the methods of the invention include those monoclonal antibodies that can exhibit antagonist activity
toward normal and malignant human cells expressing the cell-surface CD40 antigen. In some
embodiments, the anti-CD40 antibodies of the invention exhibit increased anti-tumor activity relative to
the chimeric anti-CD20 monoclonal antibody 15 IDEC-C2B8, where anti-tumgr activity is assayed with
equivalent aﬁ& 03 ABLR AR SRR S A m&%?&%@d}geﬂ%ﬂ%‘ﬁ%ﬁ%‘? SR G tRian
lymphoma addiidities inl DEdode2Bay gt Etahansmitats genean deamneDideg thCalifdraocasnmercially

available unger the.tradenawe.Rituxan r, al%o refer{ed to as r'é?xirpab;is a chimeric anti- CD20
u?h jce JIay.De imimuiiiz glt ar antgen o interest. . .
monoclonal antibody containig human fgGi and Kappa constant regions with 20 murine variable

regions isolated fréara fremrsentiirCD20zed Aocivr alraayibedsc esmeshiB8dRefhetialy (1994) Blood

83:435-445),, Rijtuxi )is i df : | Ili

non-Ho gki)r?’ @ﬂn%?prﬁgﬁn@@l Iéﬁ@%ﬁe %@g@%}ﬁ%% %%E%gwﬁ%ﬁi% |g%§§§-%6rﬁ%ﬁ%t?\;ity
compared t¢#tisLaimeandy) tothardraswdaniedfqprBechseinstiBbiocdriodBtheegayveramddidmphomas,
particularly B &l R0%eAS, HRMHHEMS JURtPBOENAR S IRbiS EEE RIS FERRSRIb LM deifsnclude

those using the human Burkitt's lymphoma cell lines known as Namalwa and Daudi. Preferred
embodiment8 eRIRIEMVRIHBMAS ORIl et@ReVBude mouse xenograft tumor model using the

Daudi human lymphamsaltieas sirgsehes! herrircBatey iasaeralend? d Ragagude 30 mouse

xenograft tumor. model using the Daudi I)%wphoma cell line is more effective at distinguishing the

therap&Bitic BRIAEY BF AN AHAHBLRFTRIAY ar T BRBR RFYHE S L1938 Withigtaged model
antibody dogingegantigdac abiraftes thepktion hasagaditnharimpesisaiiatsned thdhmtigstaged

palpable P ST AL THE SN oA RO, (BT P RARA T o Bl reasec
anti-tumor attrgity pimtigénstaged model is a strong indication that the antibody will be more
ety o e A PR S I PR
the anfisCDs@tenisodyhofigeaseeméotioted Risian(@lionD4Csignaling on CD40-expressing
cells. The methods involve treatment with an-&i#40 antibody of the invention, or an
antigen-binding fragment thereof, where adminigiradf the antibody or antigen-
binding fragment thereof promotes a positive theudip response within the patient
undergoing this method of therapy. Anti-CD40 andiies suitable for use in the methods
20 of the invention specifically bind a human CD40igem expressed on the surface of a
human cell and are free of significant agonistvatgti but exhibit antagonist activity
when bound to the CD40 antigen on a human CD40essprg cell. These anti-CD40
antibodies and antigen-binding fragments theredfteferred to herein as antagonist anti-
CD40 antibodies. Such antibodies include, bunatdimited to, the fully human
25 monoclonal antibodies CHIR-5.9 and CHIR-12.12 déscl below and monoclonal
antibodies having the binding characteristics ohoaonal antibodies CHIR-5.9 and
CHIR-12.12. Those skilled in the art recognizd tha antagonist antibodies and
antigen-binding fragments of these antibodies dged herein include antibodies and
antigen-binding fragments thereof that are produeedmbinantly using methods well
30 known in the art and described herein below, aotlide, for example, monoclonal
antibodies CHIR-5.9 and CHIR-12.12 that have beeombinantly produced.
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is intended the same mg dose is administered on a per weight basis. Thus, where the 10 anti-CD40
antibody of the invention is dosed at 0.01 mg/kg body weight of the mouse used in the tumor model,
Rituxan(r) is also dosed at 0.01 mg/kg body weight of the mouse. Similarly, where the
anti-CD40antibody of the invention is dosed at 0.1, 1, or 10 mg/kg body weight of the mouse used in
the tumor model, the Rituxan(r) is also dosed at 0.1, 1, or 10 mg/kg, respectively, of the body weight
of the mouse. 15 When administered in the nude mouse xenograft tumor model, some antibodies of

the invention result in significantly less tumor volume than an equivalent amount of. Rituxan(r). Thus,
for example, the 1N IRIHLES AGhOGEmATSATIY CHREIS 5C BRI IR BALPATBS i hsase in
anti-tumor aGitvayidelive 10 mtrmum\mmmm@mtr@qwmpmmmermammlmm @bedyed in the

staged nudem Usg. r@qﬁgraﬁrﬁg@égrﬁg%mgev i gwaxla]ag%\&gma Jdvoap 8” line in the

manner desthbed i xamp A can e A5 Tnuch as a /)Ef'o 60% increase in
anti-tumor adatétyninetiibetbsaynTansinoche asetpattivielyniotedtivity SHERectedriCHIR gr2dt2r reduction

in tumqg v%ugm%o%@g gqj anti-CD4O antibody of the invention when compared to the
equivalent dose uxanf@ hus, for example, depending upon the length of time 25 after tumor
inoculation, the mdNb@I@rﬁfa‘F%m@Mbymﬂ RiNg D42 disRrlapachaithiecuioinegacRIlabsitone-third to
about one-half it abaerund felehaauNaeRIRsE Bf JRilHKagENiA ARy difersnge in antibody

efficacy is to measure in vitro the concentration of antibody needed to obtain the maximum lysis of

tumor cells i‘ﬁ"\‘/‘&%*'fﬁ‘?ﬁé’sp?@%M%@@@é@l@'sﬂﬂy‘?ﬂa‘?ﬁﬁ@%@ ahiiucACalRiFRIES BY the
invention reaeJRNBURONEIRH 2 Paidr ISR PENESSA R ESEANaN s A Riatesahiv 114, and

most preferably, 1/10 the concentration of thuxané In addjtion to the monoclonal antibody

CHIR-19.123BIREP4RREHATISRRLHRE (Aot oI ehRRHRK AR ArsertinginebideiRgsignificantly

greater efficagntivionalediivatans muats@tr%tumrdgbmh@as&m Aeserdven dhmryinaiude, but
are not Iim| ed to: (1 he monoclon anti (%Jéﬁg aﬁthe hybridoma cell line 12.12; (2) a

monoclonal WB‘B Br%ﬁ?@ﬁﬂ%t Fft 58 H9%ted from the group consisting of the
sequence |n SEQ Ib $60ne cimbodiquantse thre SAEQ UD NDaAti Huelisspieheation$&RQIHD NO:5, both the

sequence i SEQIDNGI2 AN SEQ D Noid Sckheth e J9. seence ok DAGiZ and SEQ 1D

NO:5; (3) a mono on aving g an amino acid sequence encoded by & nucl &It 4cid molecule
comprising {DCHESREB where anti- tumor activity is assayedmm’quwalent amounts of these

antibodies in a nude mouse xenograft tumor modegusuman lymphoma cell lines.
IDEC-C2B8 (IDEC Pharmaceuticals Corp., San Diegdif@nia; commercially
available under the tradename Rituxan®, also refeiw as rituximab) is a chimeric anti-
CD20 monoclonal antibody containing human IgG1 kayopa constant regions with

20 murine variable regions isolated from a murine-&i20 monoclonal antibody, IDEC-
2B8 (Reffet al (1994)Blood 83:435-445). Rituximab® is licensed for treatmeht
relapsed B cell low-grade or follicular non-Hodgkitymphoma (NHL). The discovery
of antibodies with superior anti-tumor activity cpamed to Rituximab® could drastically
improve methods of cancer therapy for B cell lymplas, particularly B cell non-

25 Hodgkin's lymphoma.

Suitable nude mouse xenograft tumor models inclhdse using the human

Burkitt's lymphoma cell lines known as Namalwa dwaldi. Preferred embodiments
assay anti-tumor activity in a staged nude mousegmft tumor model using the Daudi
human lymphoma cell line as described herein batolaxample 17. A staged nude

30 mouse xenograft tumor model using the Daudi lymphaesil line is more effective at

distinguishing the therapeutic efficacy of a giwariibody than is an unstaged model, as
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sequence selected from the group consisting of the nucleotide sequence in SEQ ID NO: 1, the
nucleotide sequence in SEQ ID NO:3, and both the sequence in SEQ ID NO:1 and SEQ ID NO:3; (4)
a monoclonal antibody that binds to an epitope capable of binding the 15 monoclonal antibody
produced by the hybridoma cell line 12.12; (5) a monoclonal antibody that binds to an epitope
comprising residues 82-87 of the amino acid sequence in SEQ ID NO: 10 or SEQ ID NO: 12; (6) a
monoclonal antibody that competes with the monoclonal antibody CHIR-12.12 in a competitive

binding assay; and (7) a monoclonal antibody that is. an antjgen-binding fragment of the CHIR- 12.12
oo BB S e e ROy Al Al L AU SR A TERRIPD ey mbere e
fragment retedas trebtapedellitihahepectagdy biodelgaotithedighiwiniGixéa gatigesily Avittligonist
Anti-CD40 Antibodies The monoclonal antibodi HIR-5 d CHIR-12.12 represent.suitable 25
thgonist A R A A Sk e s Tkt s PRSP RED S oo
CHIR-12.12amabiiiely soeofuhe tiommaR inntCD 4@ monexhineieastidathit s uoichadt@lyswtyge produced

f the hyhri L ljr ings.t j -

1r5(3)g.]8E .Dyl%%%g%ﬁ? %!g?eearr%e%%tﬁ%r%%g@ﬁgggﬁ\ ir%gﬁ q%ﬁlf% tﬁﬁg{ﬁ%ﬁ%@g@é& re created using

splenocyteseftigstiiainati RitxanSty pitoreres0rtitdiangitnge roh&PRIG I Bgehish locus and the

human K chgj ) X iferi@). The spleen cells were
RILICHHS (S ERHNQUSE o PN LG ARICASIIRY Rl A IO )

fused with the mouse -17 myeloma SP2/0 cells (Sierra BioSource). The resuiting hybridomas were

sub-cloned severdPYinGSs/iAIGRLEEPIENST A I BBRGESEME] aBlihpdyieE dnygation BnddriExaRBoodies of

the inventiops mayreR AR S SIMBAIbsHINEdRIFRstEIBadEN WeidhPBES TATKIRGEEPBYHR loci or by
other methods known in the art and/or described herein. 5 The nucleotide and amino acid sequences

of the V3riat8 RS AtitPedy 9irkNe Byentinfds fP e AT SN QTHES SRNS S ariable
regions of thgséetHRiteQuatitaddehRitizalo®ad dMdoradzaaieu aidyk dsoanineigisidseguences for the

cot Tori in ISR SAARGGE oG B Ll e AP RO AN ekd £ LddeRbd o the
light chain ofioykd mdmﬁfd'ghfbfﬂmﬂmN@%éddmmetmmube f@itubtm@eia\q,lsc_hatrsw anAb
L A T RIS DS ORI i ey e o i
residuéat position\Wb8oh8BEQiHDerRidI hE el e chentidexsaggenit ésnemed dingtherigiadiaaiof and
heavy Chaintlﬁ%riﬁ‘\éhtion result in significantly less tumodwme than an equivalent amount of
Rituxan®. Thus, for example, the fully human mdoaal antibody CHIR-12.12
exhibits at least a 20% increase in anti-tumowégtrelative to that observed with an
equivalent dose of Rituxan when assayed in theedtagde mouse xenograft tumor
20 model using the Daudi human lymphoma cell linenimm tnanner described in Examples
herein below, and can exhibit as much as a 50%9% iBicrease in anti-tumor activity in
this assay. This increased anti-tumor activitseffected in the greater reduction in
tumor volume observed with the anti-CD40 antibotithe invention when compared to
the equivalent dose of Rituxan®. Thus, for examgépending upon the length of time
25 after tumor inoculation, the monoclonal antibodylRFH.2.12 can exhibit a tumor
volume that is about one-third to about one-hadt thbserved for an equivalent dose of
Rituxan®.
Another difference in antibody efficacy is to me@sua vitro the concentration of
antibody needed to obtain the maximum lysis of tuoalsin vitro in the presence of

30 NKcells. For example, the anti-CD40 antibodieshef invention reach maximum lysis
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15 CHIR-12.12 are set forth in Figures 11A and 11B, respectively. See also SEQ ID NO:1 (coding
sequence for the light chain for mAb CHIR-12.12), and SEQ ID NO:3 (coding sequence for the heavy
chain for mAb CHIR-12.12). The amino acid sequences for the leader, variable, and constant regions
for the light chain and heavy chain of the CHIR-5.9 mAb are set forth in Figures 10A and 10B,
respectively. See also SEQ ID NO:6 20 (complete sequence for the light chain of mAb CHIR-5.9),
SEQ ID NO:7 (complete sequence for the heavy chain of mAb CHIR-5.9), and SEQ ID NO:8

(complete sequence for a variant of the heavy chain of mAlh CHIR-5.9 set forth in SEQ ID NO:7,
et tho Vo SRR CLaR et B A0 fo Q-EPARR i 80 MRohP HOBHA S OREE @ 1D
NO:7). Furthendeiiratonas Rigressdg CHIR-5.9 and CHIR-12.12 antibodies have been 25 deposited

with the ATCC with a patent deposit designation of PTA-R54 TA-5543._ respectively. In addition
to antagonist activil o TE e b B R B R A nare R
mechanism thbaetmncegansitbamimmactdli Fmseidrapieg Begivdy QréRes Sftcat CHER 12.12 antibodies

nave ARCC i ALREANEY A6 YAHRLIP AR KRB BEHACHIR B A0Y GHB 112 antbodies

can be expr on another antibody Isotype that activity. 1t'Is also possible to conjugate

native formdimiigrssdmiemaoneionst antigedyreihgehlasnarsdarammiSioeot THIR2)212 to a

cytotoxin a isgeriiF AR8BY'AASSRRIUR BIRIAL B @ sEdaiRIgRs RTHEyRRIEN below. The
CHIR-5.9 and CHIR-12.12 monoclonal antibodies bind soluble CD40 in 5 ELISA-type assays, prevent

the binding SPCTHNGPiMESMICEGAARSED LD, MR fEp EReRi: SRQUBUNP GDS-F§SHANES

determined jpydiety EYIQDEEARIAYSseGiiResiaSED HNOa@kD! B-4d 12 sAmB6iR wih each other
for binding to CD40 but not with 15B8, the anti-CD40 monoclonal antibody described in U.S.

Provisithal SEIHRATR SERIRSGar28 S5Q dhl G-Rik P ARREDBIRRHY M09 flkd October 10
2, 2000, anchifnb Hurersatiosatépplicaiienty e MCid 28 HSednaisitites ntitismigeAnti-CD40

Anibodes S Oce0s 2 20k (e Conke e PSR 000, e R R e
from normalthe maciesitioie cisq @aide- th B&EQ IDI-NB-:_BLZaﬁld h(ﬂiﬁﬂuﬂldl&gﬂ)fﬂﬁlﬁ@ikﬂﬂ&l@haﬁbodies.
o R A L R P RS MR AEARn L A ee
dependent eefiokelonal antibody produced by the hybridomalos# 12.12; (5) a monoclonal

antibody that binds to an epitope comprising ressd82-87 of the amino acid sequence

in SEQ ID NO:10 or SEQ ID NO:12; (6) a monoclonalibody that competes with the

monoclonal antibody CHIR-12.12 in a competitivedimg assay; and (7) a monoclonal

antibody that is an antigen-binding fragment of @#R-12.12 monoclonal antibody or

20 the foregoing monoclonal antibodies in precediegd (1)-(6), where the fragment

retains the capability of specifically binding teethuman CD40 antigen.

Antagonist Anti-CD40 Antibodies
The monoclonal antibodies CHIR-5.9 and CHIR-12d@esent suitable
25 antagonist anti-CD40 antibodies for use in the weésiof the present invention. The
CHIR-5.9 and CHIR-12.12 antibodies are fully hunaati-CD40 monoclonal antibodies
of the 1gG isotype produced from the hybridoma cell lines.288.5.9 (referred to
herein as the cell line 5.9) and 153.8E2.D10.D@4 Zreferred to herein as the cell line

12.12). These cell lines were created using splgee from immunized xenotypic mice
30 containing the human IgGeavy chain locus and the humanhain locus (XenoMousSe

technology; Abgenix; Fremont, California). Theegn cells were fused with the mouse

17-



cytotoxicity (ADCC). The binding affinity of CHIR-5.9 for human CD40 is 1.2x10$ M and the binding
affinity of CHIR-12.12 is 5x10 10 M, as determined by the BiacoreTM assay. 20 Suitable antagonist
anti-CD40 antibodies for use in the methods of the present invention exhibit a strong single-site
binding affinity for the CD40 cell-surface antigen. The monoclonal antibodies of the invention exhibit a
dissociation equilibrium constant (KD) for CD40 of at least 165 M, at least 3 X 10-5 M, preferably at
least 166 M to 10-7 M, more preferably at least 10-8 M to about 10-12 M, measured using a standard

assay such as 25 BiacoreTM. Biacore analysis is known in the art gnd details are provided in the
BinaoplcatIHRAGOI SRS AR v, LD 140 GR 38 15Eh 3 BtiELe the
binding affinsvésl {Chettantigate, tHE Bré0leatenutdoradinkigeth 9 50D40. 0 eQidiet antiGoHOs isf
intended a't gslmgmprrqne agl)@;ﬁrrgtei'% Hﬁat b%l[cfn sitno the tumor ne rogbs rTI;actor (TNF) 30 receptor
family (see, Tor examp?e,rﬂ. e os.%r,@ ,X aﬁdml%g,%ﬁi; Sidmerkovic et al. (1989) EMBO
8:1403; Clarkn(a9n0yoiadirel dntiydns@bed InstandskeowhIetntldsvpmtescabeddyeechntigen Facts

Book (2d ed.; Aca ic Pr ' . W isofar e alternatively
spliced2§anscript \ﬁ;n{garﬁt@éggtﬂfg%@(r?eé?ﬂg@e%:eeﬁélgg%é}%%ﬁwm%%fkﬁ%m%eﬁ%n as the "long
isoform" or Rdantibpyerpbtreaning avraafiierses prtighisoregitnscpiie GSHB-MNO:12 5
(first report%ﬁsﬁnm&%géaiommg‘%@% t > RERR el RNt Sz Bank

Accession No. NP_001241), encoded by ‘NO: 11 (see GenBank Accession Nos. X60592 and
NM_0012505ri@hienanssce Rbnal estiorh i (BBriaetaaE\hapvyirsainfpsdR & HiRs kddénd isoform

(also knownggs Hae {9 ThIERIOFEY’ OA ARRIOMN réshi MBEES SRSOASERL IS NP AcBfig BrECcUrsor
polypeptide (SEQ ID NO: f()@GenBank 10 AccesEion No. NP_690593), encodgcd b?SEQ ID NO:9

(GenBiAk ARGULNGH (85 thegN S8 MKEHIE H4sLSERANQGLEGRRAE I SEIMBRCE Fhe first 19
residues. ThRepieguyssiape inpeptdesiaiRiieseyvaisPSEDIDHwHRPI 60 4@ gha@iedfsiammon their

first 165' residues (i.e., residues -16? o.f SEQ 1D NO: 10 and SE O: 12). The pr cursor
polypeptlde\fﬁrfﬂgtgﬁmei Yeh ﬂ%ﬂrung%%\?@:%%% %gée%%%érgnya?ﬁ%%evarlant (SEQ
ID NO:9) thara_m:klsmmpxdisgss&g_mi_am,smbkthdﬁadmtadiammmmfmmesmwt;m o€ SHMIPCDA40
A B R AT B R e U
purposés of GhRrEdiat dneaetidortthie Figures 11A and 11Bpestively. See also SEQ ID NO:1
(coding sequence for the light chain for mAb CHIR4R), and SEQ ID NO:3 (coding
sequence for the heavy chain for mAb CHIR-12.1IH)e amino acid sequences for the
leader, variable, and constant regions for the leflain and heavy chain of the CHIR-5.9
mAD are set forth in Figures 10A and 10B, respetyiv See also SEQ ID NO:6
20 (complete sequence for the light chain of mAb CHIR}, SEQ ID NO:7 (complete
sequence for the heavy chain of mAb CHIR-5.9), 8B ID NO:8 (complete sequence
for a variant of the heavy chain of mAb CHIR-5.9 feeth in SEQ ID NO:7, where the
variant comprises a serine substitution for thaiaresidue at position 158 of SEQ ID
NO:7). Further, hybridomas expressing CHIR-5.9 @rtlR-12.12 antibodies have been
25 deposited with the ATCC with a patent deposit destign of PTA-5542 and PTA-5543,
respectively.
In addition to antagonist activity, it is prefelaihat anti-CD40 antibodies of this
invention have another mechanism of action againsior cell. For example, native
CHIR-5.9 and CHIR-12.12 antibodies have ADCC attiviAlternatively, the variable
30 regions of the CHIR-5.9 and CHIR-12.12 antibodias be expressed on another

antibody isotype that has ADCC activity. It is@|sossible to conjugate native forms,
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term "CD40 antigen," "CD40 cell surface antigen," "CD40 receptor," or "CD40" 20 encompasses both
the short and long isoforms of CD40. The anti-CD40 antibodies of the present invention bind to an
epitope of human CD40 that resides at the same location within either the short isoform or long
isoform of this cell surface antigen as noted herein below. The CD40 antigen is displayed on the
surface of a variety of cell types, as 25 described elsewhere herein. By "displayed on the surface" and
"expressed on the surface" is intended that all or a portion of the CD40 antigen is exposed to the

exterior of the cell, The displayed or expressed CD40 antigen may be fully or partially glycosylated. By
vagonist acti P O PRIA T dt AR A RIREI SRR IR A S I gohalt Bmbines with a
receptor on eytsthanddrthisigscatie acien, @r activilip dobt éatdbrsoniladiwisat dipe sasneoasithatenitiated by
the receptor'se%atural ligand. An agonist of CD40 induces any or all of, but not limited to, the following

responses: B celf-20 proliferation and differentiation, antibody production, intercellular adhesion, B cell
memory generatioi his &y PR swlteimeh §; HiRrdg Ul dtionrafobetiad aritibe diEprssibledE MHGN Class 1l and
CD80/8g, a refi -i ' Q0 1L-12, E "antagonist
activityE';gis ir%rﬁgds{ﬁ%ﬁ%fseaﬁb@gg%@?ﬁggwﬁgﬁﬁﬁta on(fs%t'.I k?}%r?té‘%%sbt{o D40 prevents

or reduces ifltsitdien tbediig-ootrdredyhdganthcrceatenuneiipRy eyteeetmassa sptor to an agonist

ligand, partigasyfeR 49l B anpeenist pay edurRIBdHHIRRAERRY AR COIdhs fesponses
to agonist binding by 5%,10%,15%, 20%, 25%, 30%, 35%, preferably 40%, 45%, 50%, 55%, 60%,

more prefeRBIWIH0dD BB0NS Y- GR haNHE AN beRg peEdEdIody. B RBHdsIANRkhods for 10
measuring aghRAGRSERRAKANERR0sEganddinmRe IRCHC0ANSBBEAGSMN! @sibE are known

to one of skill in the art and include, but are not limjted to, standard competitive binding assays,

assayd for moAtnghRahdgishiAtcsatARBYCaHIE ditts PEIN 3PBREralRa-dsgdygian

Banchereaualiikes B 4@ Ihptiplifeiedi arasseydel zeldmEiqatt@srayd dekantibo P pamioe)idnth
co-stimulatio? o([]JB cell proliferation assa ?ssa s 15 for u%re %gon of B cell activation
¥ A8

ng rein rty ? End r | S r
markers. Se%, %@(3 d]'g, %Gcﬂ%%?gyg 8% HEEG W(S"d@/q% U.t§. }ggté(ﬁf g! 6,087,329,
herein incorpfieatshypreféeestien Bf/Bsighsfitant nagomishakvbyast#t€riRebat agbaisliRetivity of at

e L T R T Ui
cell redponsdo Patfiedinte, Skiyrdfipatife segom sifdutiviay iyanyies fisrecduital subjects. These
antibodies are able to kill CD40-expressing tangdis by antibody dependent cellular
cytotoxicity (ADCC). The binding affinity of CHIF5.9 for human CD40 is 1.2xEM
and the binding affinity of CHIR-12.12 is 5x1%M, as determined by the Biacore™
assay.
20 Suitable antagonist anti-CD40 antibodies for usthé methods of the present
invention exhibit a strong single-site binding aftly for the CD40 cell-surface antigen.
The monoclonal antibodies of the invention exhébatissociation equilibrium constant
(Kp) for CD40 of at least TOM, at least 3 X 18 M, preferably at least 10M to 10° M,
more preferably at least £ to about 1d? M, measured using a standard assay such as
25 Biacore™. Biacore analysis is known in the art dathils are provided in the
"BlAapplications handbook." Methods described in \WW0O27160 can be used to
modulate the binding affinity.
By "CD40 antigen," "CD40 cell surface antigen,' D@D receptor,” or "CD40" is
intended a transmembrane glycoprotein that belomgse tumor necrosis factor (TNF)
30 receptor family (see, for example, U.S. Patent 9¢&74,492 and 4,708,871
Stamenkoviet al (1989)EMBO 8:1403; Clark (1990fissue Antigen86:33; Barclayet
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that is at least 2-fold greater or at least 3-fold greater than the agonist activity induced by a neutral
substance or negative control as measured in an assay of a B cell response. Thus, for example,
where the B cell response of interest is B cell proliferation, "significant" agonist activity would be
induction of a level of B cell proliferation that is at 25 least 2-fold greater or at least 3-fold greater than
the level of B cell proliferation induced by a neutral substance or negative control. In one embodiment,
a non-specific immunoglobulin, for example 1gGi, that does not bind to CD40 serves as the negative

control. A substance "free of significant agonist activity" would exhibit an agonjst activity of not more
than about PRk LA S AUCEB S BBy ARl SD Ea5o s bt
control, prefevabigafotrmood hluanaat@DmEO&(mgmdatEbylﬁ%rg@wmetm’ameapweﬁ‘%rgseﬁ@&_ﬂsl_%
greater, 0.5y, qreaier. qrevenngtmare iah AP0 dutuih Areaterban e agonisy activty induced
by a neutral’Substancé or negative control'as 'méasured in an assay of a B°cell response. The
antagonist dimpoDd( gnsilsopikessraefad m 2(he andtimdsid itk pelypapine (BB A N@E&L3f significant

it activi i o7l > bodi t
o the et R O e one ool
response. Iro@nGaek deerssivr NN GRieition ente detbin AERENE-ICHae @eitisiKis free of
significant agepilRG WysIhawiRys M dnere BIR80% Btk 6 Q4G ubndy Plf e

differentiation, or proliferation, differentiatior, and antibody pro uction). 10 As used herein "anti-CD40
antibody" erBBirsidSeeaislanidbiey seranpisafray i amimas dehehe b Rel Yuirierihtgen,

including pOb"?'@f@lJZ&@gQ@Qiﬁ&d@i@ﬁfﬁﬁﬁ-ﬁ@iW@&ﬁséW@E@ﬂ?Wiﬂ&O%@éﬁ@ﬁm@mS thereof
such as Fab, F(ab)2, F, and_other fragments which retain the antlégglfbinding function of the parent

anti-CBA0 AP ON BRI SRR ML SERIIR MM BRR K RACSRESINNP anti-CD40 15
antibodies digglossgigsaneimiiiah shesentredosnghag shraster i dbihthamreaonasiqusbodies
CHIR-5.9 and CHIR-12.12 described above. Such antibodies include, but are not limited tq the
o (R R S e S S BT oo Shaie o aLam Aie B e 5.0

(referred to hebeiasidudbe (Cell, iveidu@)sard6ES3f SEXD DONTARIPSEXY iefei@d ). hehaipasstheoeell line
I%ZT,%\ZS)SZ?%%SI%EC%%@E;%?( %aép-rll-??rt%gz%%%l tgén}tlllgliegeé)y%ggm r.ilssljr-\:%%igg?ﬁn%ggiafgerétq%agnsgc:ritgggded from
the grdip comsistir(Goxhe By ticat sheksrain@iiQ HoguEmicth eadqierckaisiaiomiSE® 1D
shift; the resulting CD40 isoform contains a shoated distinct C-terminus (residues
166-203 of SEQ ID NO:10) from that contained in lidveg isoform of CD40 (C-terminus
shown in residues 166-277 of SEQ ID NO:12). Fappsees of the present invention, the
term "CD40 antigen," "CD40 cell surface antiger¢D40 receptor,” or "CD40"
20 encompasses both the short and long isoforms oOCD4e anti-CD40 antibodies of the
present invention bind to an epitope of human Cié resides at the same location
within either the short isoform or long isoformtbfs cell surface antigen as noted herein
below.
The CD40 antigen is displayed on the surface argety of cell types, as
25 described elsewhere herein. By "displayed on tinase" and "expressed on the
surface" is intended that all or a portion of tH24D antigen is exposed to the exterior of
the cell. The displayed or expressed CD40 antigay be fully or partially glycosylated.
By "agonist activity" is intended that the substifunctions as an agonist. An
agonist combines with a receptor on a cell andbiieis a reaction or activity that is
30 similar to or the same as that initiated by theep¢or’s natural ligand. An agonist of

CD40 induces any or all of, but not limited to, fbBowing responses: B cell
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NO:4, the sequence shown in SEQ ID NO:5, both the sequences shown in SEQ ID NO:2 and SEQ ID
NO:4, and both the sequences shown in SEQ ID NO:2 and SEQ ID NO:5; 25 (3) a monoclonal
antibody comprising an amino acid sequence selected from the group consisting of the sequence
shown in SEQ ID NO:6, the sequence shown in SEQ ID NO:7, the sequence shown in SEQ ID NO:8,
both the sequences shown in SEQ ID NO:6 and SEQ ID NO:7, and both the sequences shown in
SEQ ID NO:6 and SEQ ID NO:8; (4) a monoclonal antibody having an amino acid sequence encoded

by a nucleic acijd 30 molecuyle. comprising a nucleotide sequence selected from the groyp consisting of
the  nucleotRl8 LEHISHEE ShBITRTR SRS CRCRoD Y RE FIRIe B R SUEbACE SHBM S Q 1D -2
NO:3, and hetdnibeysgsneration, Sbotypars\GitdDitg, Nip:ie guld i€l HBUN&:8 eff)ras siamot et antibody
that binds to-an epjto of binding the monoclonal antibody . produced_by t yhridoma cell
plpeye i ictes ML R S B I A
comprising a¥EidUNE .8 B\B 7Tanfaperashiactigiplic seigneedd itosui ftaBECMIDANANS1@saSEQ ID NO: 12;

(7) a mgnoc tibo - ' L anti - r -12.12ina
com pet%ive qﬁ%ﬁ’ggfé,s%)@;g&%%@ﬁﬁ%%@ﬂ%%ﬁﬁ%@ﬁ%ﬁggﬁbﬁ? r% grfc%zat_%&n]egétS of the
CHIR-12.12i¢\@eiRe s Wndirbeldhal GhRdboegenttiddsre gai@ancn daldieal ahticeHes - il peeceding

items (1)-(7 : BRI Siansi i ifi gl @ponm CD40
antigen. Pr(}(ijrm%%ﬁ I(%??Rfé ag onist ﬁ\%@ﬁ%ﬁntl odﬁgseﬁiﬁn%g%g%%%agrﬁgg’%bﬂ antilé)odies

disclosed hdherant0fér 8&6r2P% nioftio 39 % Bedpirsierahly CHVhepréd e TG any
antibody progufdiapietgddovevesta, badhassetqfrakiidniihenss, Bus, Bpiei0palMEfAJNSYOPE

prepared by conventional methods. In general, a solution containing the CD40 antigen is first used to

immuntZe a GRS AR EE PFOarngdy At P8 IBass O RRRETIRELBRY BPESRISe preferred for
the preparagieivio) RedykIRIH $eEndust Kkithie vieduareaisiateHebiaibaldeianddhe, avaiakitity of
il prefEo N S B E Ruhea Y RS DGR S Gl N B e, S cells
expressing E BelDprodifasaitbasatizaysinBancyere dov keiBapdiiicaatais absaps fonpl dhélpenixing or
crust S AU SR A A e
intramiiSculéohyipAemdatisibo BOCeY/anjtcatonisngicssheStficsamnple, such assays disclosed in
WO 00/75348 and U.S. Patent No. 6,087,329, hengiorporated by reference.
By "significant" agonist activity is intended anasugst activity of at least 30%,
35%, 40%, 45%, 50%, 60%, 70%, 75%, 80%, 85%, 9@, Dr 100% greater than the
agonist activity induced by a neutral substanceegative control as measured in an
20 assay of a B cell response. Preferably, "sigmtitagonist activity is an agonist activity
that is at least 2-fold greater or at least 3-fpiglater than the agonist activity induced by
a neutral substance or negative control as measugedassay of a B cell response.
Thus, for example, where the B cell response efr@dt is B cell proliferation,
"significant" agonist activity would be inductior @ level of B cell proliferation that is at
25 least 2-fold greater or at least 3-fold greatenttiee level of B cell proliferation induced
by a neutral substance or negative control. Inenbodiment, a non-specific
immunoglobulin, for example 1gG1, that does notdhio CD40 serves as the negative
control. A substance "free of significant agomistivity" would exhibit an agonist
activity of not more than about 25% greater thanagonist activity induced by a neutral
30 substance or negative control, preferably not ntema about 20% greater, 15% greater,

10% greater, 5% greater, 1% greater, 0.5% greatenen not more than about 0.1%
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Immunization is generally boosted 2-6 weeks later with one or more injections of the protein in saline,
preferably using Freund's incomplete adjuvant. One may alternatively generate antibodies by in vitro
immunization using methods known in the art, which for the purposes of this invention is considered
equivalent to in vivo immunization. 30 Polyclonal antisera are obtained by bleeding the immunized
animal into a glass or plastic container, incubating the blood at 25C for one hour, followed by
incubating at 4C for 2- -23 18 hours. The serum is recovered by centrifugation (e.g., 1,000 x g for 10
minutes). About 20-50 ml per bleed may be obtained from ragbits. Production of the Sf 9
(Spodopter HGEIREINE LR ROMISLRSMIN S Cao Y TSI BCSSY. TGt SRARLn by
reference. Briefigused|ireanassaygofiia @ luath ses pdbiBE0 TimyemiecantbDbd Ordatibbdicid asens! irsing

transfer vecERrs. The Ias?}'ds were Co- trantsfected (j/vith ﬁ}/_}z%%étxpe baculovi u? DNA into, St 9 cells.
e i

Recombinant BACUIOVITS! infelled SHe Cetis Wer identiied and ¢ Oﬁ‘éufyaﬁd}’i LGP N9 YRe

antibody is mvbaodionabitoretiixd Byriigenarion ALarib odly: his dnteadieteah ciritibodyenti@inétefrom a

population of sBSIALH Y. PIMBAGNRRE 1O ALLBRUIirkSndhRINAMAAL AibBLIE] comprising the
population are identical except for possible naturally 0ccurring mutations that may be present in minor
amounts. THeSpoMaEs Hoenelied esredims mekihecieentitariadniss amtisdeO phdheey is

encompassgawBplegRURCSlphNnadDel BsdiaunRliailiRs by ekl e gnd others

which retain the antigen bindi_n? function of the antibody. Monoclonal antibodies 15 are highly specific,
being directBEPHpAMRAAGIETarRRjA e, Prolifgiatiopiiierepiiatignasathanyeady the present
invention. FYrtheIeagre, in contrast to conventional (polyclonal) antibody preparations that typically
include different antibodies directed against different determinants (epi_topesgtlheach maonoclonal

antibod{ is directe@S4SRENS" SR GEEHD AP OAYHENGABRAS SERAMH NSRRI indicates
the characteeeb@tizbe taticodp as deing ehtained jeomitciithsipttaly AaipogriReatsnperration of

e R S Bl o oA R L e ot by gt
may be madeHzy theghdonrtd avhichmetteia tirs taadigenbisid dggifiohler gieapd St PnNadbde256:495, or may
e T O A AR R s
exampl®, Clastisodies dikqlbged)Nertin¢as 3i6a4-8rshindigacteasistits @f Yie Mon®itinak2:581-597;
and U.S. antibodies CHIR-5.9 and CHIR-12.12 described ab8ueh antibodies include, but are
not limited to the following: (1) the monoclonaitéodies produced by the hybridoma
cell lines designated 131.2F8.5.9 (referred toihas the cell line 5.9) and
153.8E2.D10.D6.12.12 (referred to herein as thidioel 12.12), deposited with the
20 ATCC as Patent Deposit No. PTA-5542 and Patent Bieplm. PTA-5543, respectively;
(2) a monoclonal antibody comprising an amino aeiduence selected from the group
consisting of the sequence shown in SEQ ID NO® s#quence shown in SEQ ID
NO:4, the sequence shown in SEQ ID NO:5, both ¢éggisnces shown in SEQ ID NO:2
and SEQ ID NO:4, and both the sequences shown@ISENO:2 and SEQ ID NO:5;
25 (3) a monoclonal antibody comprising an amino aeiquence selected from the group
consisting of the sequence shown in SEQ ID NO® séquence shown in SEQ ID
NO:7, the sequence shown in SEQ ID NO:8, both ¢éggisnces shown in SEQ ID NO:6
and SEQ ID NO:7, and both the sequences shown@ISENO:6 and SEQ ID NO:8;
(4) a monoclonal antibody having an amino acid saga encoded by a nucleic acid
30 molecule comprising a nucleotide sequence seldéatadthe group consisting of the

nucleotide sequence shown in SEQ ID NO:1, the wtide sequence shown in SEQ ID
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Patent No. 5,514,548. By "epitope" is intended the part of an antigenic molecule to which an antibody
is 30 produced and to which the antibody will bind. Epitopes can comprise linear amino acid residues
(i.e., residues within the epitope are arranged sequentially one after another in a -24 linear fashion),
nonlinear amino acid residues (referred to herein as "nonlinear epitopes”; these epitopes are not
arranged sequentially), or both linear and nonlinear amino acid residues. Monoclonal antibodies can
be prepared using the method of Kohler et al. (1975) 5 Nature 256:495-496, or a modification thereof.
Typically, a mquse is immunized with a solution containing a tigen, Immunization can be
performed W%ﬁ(lﬁa%P%ﬁ f?ﬁ@‘ﬁ{écﬁﬁﬁ QWQérﬁ%ﬁl%bgsH | l:%MQ,%r@r%bw in an adjuvant
such as Frenodscomapietébadiy tsatt bants injectisgitbpencxpaibirdmyutiséom paceidrahiiwntibogdymethod
of immunization, known in the art.may be used btain the monoclonal tinQdies of the invention.
ater mmon U B O e ST TR TG 42 EAnH foctos) are removed
and dissociatexhaniorsihglatibelly. thhtEphiseto gelEpitupelzospg cerdusp &2p8/imf theelhsospension to a

plate orgNeIIa%ﬁ)@%e%(éMV'ﬂb Shﬁ\ﬂmﬁ%%fdnﬁszﬁﬁ@Sr%%‘?ﬁzgw&qﬁléﬁ%@gﬁ%ﬁ‘%e

immunoglobulin cific for the antigen bind to the plat are not rinsed away. Resulting B cells, or

all dissociaté@_:ﬁ!l_goé,blwﬁsc‘efilﬁ @@Wﬂﬁ@wm@hﬂﬁﬂﬁbwg t_b Mﬁmﬁﬁiﬁwﬁmas, and
are cultureghin fnseieGive IRadsy rm%@l%w&@n%%%é‘ﬁﬁmi@ns@m@'i%‘f gfeh@ssayed

for the production of antibodies that specifically bind the antigen of interest (and that do not bind to

unrelated arftigErd)2 HROESEL RS A oMaSHIA RIBRAARARERQRSMPRSRAshAYIBPEIBRen cultured
either in vitrg, (Sr8ceifitig HepaUiyLer DAt OfelrhRllrBhtiRsiRRasAREDIHIBF 1 ¥peximampcites in mice).

Where the antaqgonist anti-CD40 antibodies of the invention are to be prepared using recombinant

DNA n&tho8149 BNREALBRASREGBIHGEBnal antibodies is readily isolated and sequenced using

ligk s of myrine antibodies). The hybridoma cells described
: RISt HIUSGPAR AN 9R0lated, the DNA may be placed into
expression vectorsTehistiaayenikearttia@8i40tadtintaliessdiselts sd drersi Eocotec all thsiméaho@OS cells,
Chinese Hamsier Quany (110N e8lls. 0 mysloma.cels ek np! SIRTAISH RISASSSIBm Rosiobulin
protein, to obtain the synthesis of monoclonal antibodiesn tihe
15 those of skill in the art. Thus, polyclonal seraynbe prepared by conventional methods.

)

In general, a solution containing the CD40 antigefirst used to immunize a suitable
animal, preferably a mouse, rat, rabbit, or gdRébbits or goats are preferred for the
preparation of polyclonal sera due to the volumseastim obtainable, and the availability
of labeled anti-rabbit and anti-goat antibodies.

20 Polyclonal sera can be prepared in a transgenimanpreferably a mouse
bearing human immunoglobulin loci. In a prefereadbodiment, Sf9 cells expressing
CDA40 are used as the immunogen. Immunization lsanb& performed by mixing or
emulsifying the antigen-containing solution in sali preferably in an adjuvant such as
Freund's complete adjuvant, and injecting the mexar emulsion parenterally (generally

25 subcutaneously or intramuscularly). A dose of B042g/injection is typically sufficient.
Immunization is generally boosted 2-6 weeks lat# wne or more injections of the
protein in saline, preferably using Freund's inctatgpadjuvant. One may alternatively
generate antibodies ly vitro immunization using methods known in the art, wHimh
the purposes of this invention is considered edentdoin vivoimmunization.

30 Polyclonal antisera are obtained by bleeding theumized animal into a glass or plastic

container, incubating the blood at 25°C for onerhtallowed by incubating at 4°C for 2-
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30 recombinant host cells. Review articles on recombinant expression in bacteria of DNA encoding
the antibody include Skerra et al. (1993) Curr. Opinion in Immunol. 5:256 and -25 Phickthun (1992)
Immunol. Revs. 130:151. Alternatively, antibody can be produced in a cell line such as a CHO cell
line, as disclosed in U.S. Patent Nos. 5,545,403; 5,545,405; and 5,998,144; incorporated herein by
reference. Briefly the cell line is transfected with vectors capable of expressing a light chain and a
heavy chain, respectively. By 5 transfecting the two proteins on separate vectors, chimeric antibodies

can be prod Anqgther advantage is the rect sylation of the a tlbod In some
ermbodiments TRH A A ISR AT G TGR G thaO LR o BRTR 5.0 antibody,
or antigen- Mnmeammmwdmpmmﬂtﬂméﬂ-fE@mﬁ)bsmg the GS gene expression system
(Lonza Biologics, Rortsmout W m Wthh luta th e arker.
oo, als0 U.. patbht L0 5355 5h AR d G e R R B RD TS TR A CEe.
5,891,693; vl GSQIBH.%:EB lmermlmedshefwmt:h m‘brtmmafacaenumtedswn@émmMelr entirety.

I\B/I%re(ljlcalt%:gle% m%ﬂﬁ@ﬁ%%%ﬂg%&%gg?%& %cl)ﬁpﬁ/ cr)scgtg yping II % ﬁ%@%%,‘ﬂ!&% d nlverscljt)fo

Press, New tvair&iecied. WithievitdNygexevzu! agu S IHRA, 089 3619, 186€ 6056 BB DAIOYILSFI395;
Internationa] Fahlicedipg Nas: WG 04428888 ahd CW,% 04; Gordon et al. (1988) J. Immunol.

140:1425; Valle et al. f(1989) Eur. J. Immunol. 19: 1463 lark et al. (1986) PNAS 83:4494; Pantie et
al. (1989) J. ImmuRseTerablpde anfibedyesanqrogenaiip DaiwidRONacionsanikeahs i al. (1990) J.

EXP. 20 Megh:7adBah #iB0aEbBlalla® Ko HEBHNRkid4 G 83 RiArReAbeEALA4g9L) J. Immunol

147:8; Banchereau et al. (1991) Clin. Immunol. Spectrum 3:8; and Banchereau et al. (1991) Science

25170 %1 AWRRAS ﬁerH?ﬁ IHQMBHPA@W'B&‘?‘?Qéﬁé?i?@gé?ep%qﬁetﬁﬁPﬂt?éPe@l%t% préseht

invention arﬂ)tnﬁ)@@t&leqraatrany&iaéﬂlagtmgtaeenelﬁﬁomn@@ntthahﬁh@remmmIrrsme
characteristics of the qeslj;)nal a tlbo ies 25 CHIR-5. 9 nd Cng é 15 described above. The term
Gha

"CDA40- antléSH%bﬁtBBE "Hg E%gﬁé FerRG6'SMORY %ﬁﬁ% Q otfem}nunoreactlwty with
the anti- CDMmmpn:slseahmdlbodtemnbg”Mmmmgweemwmggmhm(a@mlanﬁ@ﬁ)ﬁsew and

e S AN SRS IS PR AR o
short o’l@opemldiml)oagepéptlbelngmhmt&;:(eé agajaniacempiyenls aitdchanithiz Giz48midbody binding
surface antigen in the present invention. Furtloeemin contrast to conventional
(polyclonal) antibody preparations that typicatiglude different antibodies directed
against different determinants (epitopes), eachaolonal antibody is directed against a
single determinant on the antigen. The modifieotioclonal” indicates the character of
20 the antibody as being obtained from a substantieiypogeneous population of
antibodies, and is not to be construed as requpinduction of the antibody by any
particular method. For example, the monoclonabanies to be used in accordance
with the present invention may be made by the laglonia method first described by
Kohleret al. (1975)Nature256:495, or may be made by recombinant DNA methods
25 (seege.g, U.S. Patent No. 4,816,567). The "monoclonalbanties” may also be isolated
from phage antibody libraries using the techniquescribed in, for example, Clacksen
al. (1991)Nature352:624-628; Markst al.(1991)J. Mol. Biol.222:581-597; and U.S.
Patent No. 5,514,548.
By "epitope” is intended the part of an antigenmeunule to which an antibody is
30 produced and to which the antibody will bind. Bpis can comprise linear amino acid

residues (i.e., residues within the epitope arenged sequentially one after another in a
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-26 properties of the CD40 antigen), or combinations thereof. Suitable oligopeptide mimics are
described, inter alia, in PCT application US 91/04282. Additionally, the term "anti-CD40 antibody" as
used herein encompasses chimeric anti-CD40 antibodies; such chimeric anti-CD40 antibodies for use
in the 5 methods of the invention have the binding characteristics of the CHIR-5.9 and CHIR- 12.12
monoclonal antibodies described herein. By "chimeric" antibodies is intended antibodies that are most
preferably derived using recombinant deoxyribonucleic acid techniques and which comprise both

human (inclyding jmmunologically "related” species, e.g., chimpanzee) and non-human components.
T, the cOREE R GTURE LA AR E S0y ESSHEE B0 o RUIARER RISHES o the
constant reglmsofepitopts alrburoparenigEtiye the naalbidebrénezn ahtheothinear @amtibadidis most
preferably drggi.\(/ﬁ%grom a non-human source and has the desired antigenic specificity to the CD40

cell-surface an{lgen.'The non-human source can be any vertebrate source that can be used to
generate antibodiel!tmachnmabantiDetasetiasuipia peepatige nisin ghtitb nadafdtobtiaietcah (19 Thiman CD40

Il- ' -h S | b imi .., rabbit, rat,
mouse. to L e D e b e e
non-human $PlHie Seatginoman ent gaonkeynunizatisie. ceabrforese My eixing dPatent Nos.
5,750,105 agf aitREGIRNGIRIR IRCHTRMRE SOV EBIERSRER brof 4T ih%ﬁiad%?ggwam as

"immunologically active" when 20 used in reference to chimeric anti-CD40 antibodies means a

chimeric anfitb8e)dist BRIt hARNYAEDAR EHRFHEIRE BRI AT 8 AR RIEBAE b ANS are also
encompassegkiyoieftffimuatatdrihanitedy aa ks NsE] RGN Clie FRUROEIBSFOMPrise

segments of antibodies derived from different species. Rituxan(r) is an example of a chimeric 25

antibod) wiiiRedifRfARaHVeBHRSh AMIPL RAYZEARIAR -G, 1B SRIFRIRRGORIRRENYed
forms of antséved) RIRGEPgiesHinddeeNtaia rMived a6 RNssHRED wRilfeorslRONTRENpIRen

imm.u'noglobul'p sequences. For the most part, humanized antibodies are human immu oglobulins
(recipient amBAT PR el AR R SRRNTIO N B NSRS B AL G RAGHR L WU mentarty
determiningaetien of BQct43R) Dih¢he cediperirassirepacatd pueadiduasifrogiobdlirpspeaifablerregion of
o B G A 3 R Ao gt 7
15 spleen cells, are then induced to fuse with myeloetia to form hybridomas, and are
cultured in a selective medium. The resultingscate plated by serial dilution and are
assayed for the production of antibodies that $igadly bind the antigen of interest (and
that do not bind to unrelated antigens). The setemonoclonal antibody (mADb)-
secreting hybridomas are then cultured eithesitro (e.g., in tissue culture bottles or
20 hollow fiber reactors), an vivo (as ascites in mice).
Where the antagonist anti-CD40 antibodies of therition are to be prepared
using recombinant DNA methods, the DNA encodingrttemnoclonal antibodies is
readily isolated and sequenced using conventiaiaigguresd.g, by using
oligonucleotide probes that are capable of bindimecifically to genes encoding the
25 heavy and light chains of murine antibodies). Tileridoma cells described herein serve
as a preferred source of such DNA. Once isoldbedDNA may be placed into
expression vectors, which are then transfectedhast cells such ds. coli cells, simian
COS cells, Chinese Hamster Ovary (CHO) cells, oelompa cells that do not otherwise
produce immunoglobulin protein, to obtain the swsih of monoclonal antibodies in the
30 recombinant host cells. Review articles on recomati expression in bacteria of DNA
encoding the antibody include Skeeataal. (1993)Curr. Opinion in Immunol5:256 and
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region” refers to amino acid sequences which together define the binding affinity and specificity of the
natural Fv region of a native immunoglobulin binding site. See, e.g., Chothia et al ( 1987) J. Mol. Biol.
196:901-917; Kabat et al (1991) U. S. Dept. of Health 5 and Human Services, NIH Publication No.
91-3242). The phrase "constant region” refers to the portion of the antibody molecule that confers
effector functions. In previous work directed towards producing non-immunogenic antibodies for use
in therapy of human disease, mouse constant regions were substituted by human constant regions.

The constant regions of the subject humanized antibodies were derived from human 10

g oR R oG B Al eV A o L Qe v G I BT AR Rty
dangerous iogthiine seshairse CHO el dshdiselvssagoPaina oy 5, 5406z &gsai3ti4CH 40
antibodies for ' 1ethods of the present invention h bindjpg characteristics,similar to those
exhibiied by AR S O A Ao Nt g e LB S Py ezt
can be essergyspeafminie dffekpvass ngearhghih ot aoh \Alietayeridicorespeetriggljordy et al. (1986)

Nalure 321508 72c ISR AT B A FEEL MRS B ARR 2 NGB o) Science

239:15 stituting rodent or mutant roden _ sequences for the
correspondifg¥bguedvestans ruineusosiesh oiEosy@EpshatABtiFRgtent Nos. 5,225,539; 5,585,089;

5,693,761; 51693ﬂﬁ%cﬁﬂé&?&%ﬂﬁéh&@ﬁé%ﬁ%ﬁ%@%ﬁ-@@&ﬁ bﬂ&%ﬂ;@t%es, residues

within the framework regions of one or more variable regions of the human immunoglobulin are

replaced by ebifzdigohdifgHdRnenhaRtHaerhiu O psKig el @ent hesgaine Rxlusesss 089;
5,693,761; THRS JAR RARPRSGE QnELERRERNER L)4em AesanRadies 5HRATNIEE residues

that are not found in_the recipient antibody or in the donor 25 antibody. These modifications are made

to furtHSt refENRSGy PUHBNRER HUE Y NS YHASE GUBPRIRRRS) AT Y thard ARAHPRanized
antibody wilscorprese s\gstear@lly, cHBOf5Y; I8astB80 A5 EHF; 8ty B85, Fsableodomadns, in which all
O R s R e e i oot
sequence. The huivanizeldraaitiaibp digsooalp A areikrampnshadeasta padmnplef tie
R 50 RS AN MO e B e el
(1992)1Gurr 204 \BfudorBibinReeByFRRSse My iviade) di e & aie aeben £6.482¢ 61 8ifgRB2uch
"huma“izedé,%?‘}‘??&‘?%fﬁéé’,%@?% 00/63395; Internationddlieation Nos. WO 02/28905 and
WO 02/28904Gordonet al. (1988)J. Immunol 140:1425; Valleet al. (1989)Eur. J.
Immunol.19:1463; Clarlet al. (1986)PNAS83:4494; Pauliet al.(1989)J. Immunal
142:590; Gordoret al.(1987)Eur. J. Immunol17:1535; Jabarat al (1990)J. Exp.
20 Med.172:1861; Zhanegt al.(1991)J. Immunal 146:1836; Gascaet al (1991)J.
Immunol 147:8; Banchereaet al.(1991)Clin. Immunol. Spectrur8:8; and Banchereau
et al (1991)Science251:70; all of which are herein incorporated bigrence. Of
particular interest to the present invention aseghtagonist anti-CD40 antibodies
disclosed herein that share the binding charatiterisf the monoclonal antibodies
25 CHIR-5.9 and CHIR-12.12 described above.
The term "CD40-antigen epitope” as used hereirrgefea molecule that is
capable of immunoreactivity with the anti-CD40 molomal antibodies of this invention,
excluding the CD40 antigen itself. CD40-antigeitages may comprise proteins,
protein fragments, peptides, carbohydrates, li@ds, other molecules, but for the
30 purposes of the present invention are most comnymoligins, short oligopeptides,

oligopeptide mimics (i e, organic compounds whidmia the antibody binding
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antibodies wherein substantially less than an intact human variable domain has been 5 substituted by
the corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodies in which some CDR residues and possibly some framework residues are
substituted by residues from analogous sites in rodent antibodies. See, for example, U.S. Patent Nos.
5,225,539; 5,585,089; 5,693,761; 5,693,762; 5,859,205. See also U.S. Patent No. 6,180,370, and
International Publication 10 No. WO 01/27160, where humanized antibodies and techniques for

producing humanized antibodies having improved affinjty for a predetermined antigen are disclosed.
Alo0 encomPRREH oy SiTEstr AN FLRSHD aRLE OB FEAR gerute A LURED e i 55
antibodies paiceldesdribeal nivitehatiza mnPCmaplidiodiost, Uddd@grrticularly a transgenic mouse,
characterized by inactivated endogenous imr lohulin,(lg) loci; In 15 such transgenic animals,
competent endogen SO e R R R e e S SIS rmumogionuins
are renderedmme-fcrastio G40 dilipslitgeauitichineedn & di4 suhubodre srionwrsegioiidin loci. These

transgepic gni tihodies: | j of. I} r y host
immunoggIozka)rﬁ}#1P’Fléll§tﬁgug)r(?i(t!bl.(g %Qvgﬁgiheﬁg\r)r%@% g‘@@i@ﬁﬁ@? ?@ﬁ?%@%ﬁi%%&%@g? herein
incorporated Byl 20n@ienioine!. Fréveies Jdancs heshheraint sBiiey v emipdies ddiateadas immunizing

transgenic %%&%%H&Fd}@%@%@r%? SR L SERMRYTRENBEBROIDA (ARG Bky Fremont,
California), and is disclosed in U.S. Patent NOs. 6,075,181, 6,091,001, and 6,114,598, all of which are

incorporatedasOrifBS P MNED. criTbRRIE8thE HRBDdHER dmgndiealyrdRlaiatte transgenic for
the human IgG4aeauyChairpaHS ANLIRERIMAMS HighBAENRS R VesRIMAYEIEH BitAST 9 cells

expressing human CD40. Mice can also be transgenic for other isotypes. Fully human antibodies

useful 19 the"RBRBTI@HRRLY feduant Mekiably sdbstapLaenyed 1 Bmany RidpE#8s Shdlar to those
exhibited byrigerél HiRaPaanib sy Ré2:ddamenegionadahinedicardisetppeimese|irefét dsggments of

the anti-CD40 antibodies are suitable for use in the methods of the . invention so lo they retain the
desired afilg) Pt AT AT MO0y 8 N MR St NG S GOR  rtain
the ability tockiirduddbe &1lidérB Thd mnfacenantgrmcSuampagrenttass ola tiote taedkyuseaperties
e o g SRS R R A B SRR
signifidént algoman cividyaelltsxfaloir antiggonistechivionoembmmidctide, but are not limited
to, rodents (e.g., rabbit, rat, mouse, etc.; seexXample, U.S. Patent No. 4,816,567,
herein incorporated by reference) and non-humanates (e.g., Old World Monkey,
Ape, etc.; see, for example, U.S. Patent Nos. 510&0and 5,756,096; herein
incorporated by reference). As used herein, thaggh"immunologically active” when
20 used in reference to chimeric anti-CD40 antibodiesins a chimeric antibody that binds
human CD40.
Chimeric and humanized anti-CD40 antibodies are atecompassed by the term
anti-CD40 antibody as used herein. Chimeric axligmcomprise segments of
antibodies derived from different species. Ritu@®asan example of a chimeric
25 antibody with a murine variable region and a hurmamstant region.
By "humanized" is intended forms of anti-CD40 aatles that contain minimal
sequence derived from non-human immunoglobulinsecgs. For the most part,
humanized antibodies are human immunoglobulinsgiestt antibody) in which residues
from a hypervariable region (also known as complaargy determining region or
30 CDR) of the recipient are replaced by residues feomypervariable region of a non-

human species (donor antibody) such as mousealddit, or nonhuman primate having
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CD40 antigen on a human CD40-expressing cell. Such fragments are referred to herein as
"antigen-binding" fragments. Suitable antigen-binding fragments of an antibody comprise a portion of a
full- length antibody, generally the antigen-binding or variable region thereof. Examples of 10 antibody
fragments include, but are not limited to, Fab, F(ab’)2, and Fv fragments and single-chain antibody
molecules. By "Fab" is intended a monovalent antigen-binding fragment of an immunoglobulin that is
composed of the light chain and part of the heavy chain. By F(ab")2 is intended a bivalent
antigen-bindjng fragment of an.immunoglobulin that contains bogh light chains and part of both heavy
chaine. By “LIFgIE IR P s ALY AP RELE A R SRR SRR RGN the v
and VL domaigioof arie entibadynavheirtsethese domhicls mgathifisenhinansingjexfiioiypeaptide chain.
See, for example, U.S. Patent Nos. 4,946,778, 5,260,203, 5,455 030, .and 5,856,456, herein
ncorporateq By LA TR Y 0k 8 GG nalo R bR 95 528 8 cer
between theClibthindt\AlL(dr8d)dsNuat Brohldles: 8 v td<tdvat thid IH1)ed. shruayte gfdHealtntigen
binding-For lewof SEXnee Rl 148 4N' B%l 25@; folagy. R Antibadies,
Vol. 113, edé?ﬂ?aggelﬁrﬁ’)%rgéagnd% %%’o% pbbil)r?ger-%]er agg, ee:‘;\l/?/ (?}113 é%%e%’é%{% Ar%gﬁl%n ing

fragments ofaiieeapradpmiet hetirCiwonnipledide taricos@ifecieifueaticiso beriemjagawanto a
cytotoxin 10 GHEGEKHRGLENS SRAAShEHERIMTRIRo g HE St ISI R B R R RiRRgies or

antibody fragments can be isolated from antibody phage libraries generated using the techniques
described irfif5136Ra MBS ARSIy NS 96 SupsiitaBsRsEc088 1AM 589PARd TS, Patent No.

5,514,548. GlaekanpebRinGlooh: Nasjea BonBAMERa AMshiaEkaaha (99 Rldddol. Biol

222:581-597 describe the isolation of murine and human antibodies, respectively, using phage

librarie® 30 SYTHERRIERY bl AR e e RO AR RO HEBISY R PR T ROfhan
antibodies byotbaiiashaEgerovaikenelse. (@EhsBiol TrehacipardlN 6/ 91688 ofastivel. -30 as

orarics (WAUFBOCE S Pa 00 LB S L et s SRR L LA cs are
viable alternsindésgtoheaddionstics mhodamal thioksecskhibisydten@HIReb8iguesEotlBdlatish of monoclonal

antibodies. 5 Vﬁri Lclﬁ) t?gﬂﬁﬁbuaqgshggec%gda gg}/elnoped for the production of antibody fragments.

Traditionallyr,nt eose ggmen S were derived via p}oteolytic digestion of intact antibodies (see, e.g.,

Morimdfo et al. (1992indnmizatdoicBivbreraisitmiy Bavfsysichiollowtmg method of Winter and
co-workers (Jonest al. (1986)Nature321:522-525; Riechmaret al. (1988)Nature
332:323-327; Verhoeyest al. (1988)Science239:1534-1536), by substituting rodent or
mutant rodent CDRs or CDR sequences for the carebpg sequences of a human
antibody. See also U.S. Patent Nos. 5,225,53855)89; 5,693,761; 5,693,762;

20 5,859,205; herein incorporated by reference. mesmstances, residues within the
framework regions of one or more variable regionthe human immunoglobulin are
replaced by corresponding non-human residues f@seexample, U.S. Patent Nos.
5,585,089; 5,693,761; 5,693,762; and 6,180,370Q)ythErmore, humanized antibodies
may comprise residues that are not found in thipiexd antibody or in the donor

25 antibody. These modifications are made to furteéne antibody performance (e.g., to
obtain desired affinity). In general, the humadiaatibody will comprise substantially
all of at least one, and typically two, variablen@ns, in which all or substantially all of
the hypervariable regions correspond to thosermfrahuman immunoglobulin and all or
substantially all of the framework regions are thofa human immunoglobulin

30 sequence. The humanized antibody optionally aii@camprise at least a portion of an

immunoglobulin constant region (Fc), typically tleéta human immunoglobulin. For
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Methods 24:107-117 (1992) and Brennan et al. (1985) Science 229:81). However, these fragments
can now be produced directly by recombinant host cells. For example, the 10 antibody fragments can
be isolated from the antibody phage libraries discussed above. Alternatively, Fab'-SH fragments can
be directly recovered from E. coli and chemically coupled to form F(ab’)2 fragments (Carter et al.
(1992) Bio/Technology 10:163-167). According to another approach, F(ab")2 fragments can be
isolated directly from recombinant host cell culture. Other techniques for the production of antibody

fragments 15 will be apparent to the skjll ractitioner. Antagonist. anti-CD40 antibodies useful in the
methods of HE QIR SER ROl 1 LIS 8 20d ETr I HD HBHBL ki anbodies
disclosed haevatores 3% 8 26 329tilodi &5 atitte (riiym dps Simtibo didiz5e3b9eghdeie DRs; and

antibodies with one ?r
corporated

ors qmine acid addiion(s), delefonie) ot sybstutionc) wherein the
antagonist ZAR-18 IVItY IS measired yin iBRIGH JrBcel prc[ﬂl Eration and/or diferentiation. The
invention alsmirodiepHatsssidsulvstaniiabyl laptaiiani streinteCRA Y anibledies) auhicascheeibe produced

as descgibed e A1 REARIAIS RISERIGNTAR UBUGRIRR Nos, R, S/52976 21 Y 0034317; herein
lfll) P nt IS%]% mﬁ{h - 6

incorporated by reference. nner, residues wit e antagonist anti antibodies of the

invention aréuﬁmﬁ@ﬂ_w&@q@%mgﬁmmwmm@di@ﬁtihﬂﬁﬁwh@bsc@mﬁuﬁaﬁgrﬁ@iWﬁamqlm while
retaining theiragiRgABisiAr MMy IR G483 COMARYRIBIRING SHhm WhaISJb SY hactiyity is

measured by assays noted elsewhere herein. Also included within the scope of the claims are fusion

proteins cofREREINHRHESy0PRS dALiRXBME!8nkhedy FEBiDlkdantion, DPE B8 aRA3erBdt, which

fusion proteiiggande syptbesizedauLxRSEsSd HaBheNERSPRNNG RRaphioieplifmivarsars, as is
known in the art. Such fusion proteins are described with reference to conjugation of antibodies as

noted BBlowNB VRO HRHEEHI Y & BYRESiAR G RRA e ATAIADEE (RIeRQAVS RGBT PRt ed

using methagigidegrrdravingfonreveplgiinajeiolr Buhtertigdast éh G@83isI8setd WO 00/34317, and
WO 98/52976, incor@orated herein %y reft rence. For_gﬁggole, Jhgﬁf been shown thataé. ences
within the CDR care‘ USRI RAGBE )PYO e 1O MG Sl %Siﬁaﬁg?%ﬂ%ﬂ(/\}gﬂ elper

T-cell respoasé-@Deiinaptivaiiiessooshitcdio ncan aildw rtren antimmfildetr etaire pacdiogladynaty yet lose its
e e L N0
the resifitingsuanititiansge ni dalvathicahwpstopeofitige muesniierie® lex passrantibgoiesndan be
heavy subunits of host immunoglobulins are rendadfunctional and substituted with
the analogous human immunoglobulin loci. Thesesganic animals produce human
antibodies in the substantial absence of lighteavly host immunoglobulin subunits.
See, for example, U.S. Patent Nos. 5,877,397 @89%598, herein incorporated by
20 reference.
Preferably, fully human antibodies to CD40 are otgd by immunizing
transgenic mice. One such mouse is obtained d@ngMousé€ technology (Abgenix;
Fremont, California), and is disclosed in U.S. Raios. 6,075,181, 6,091,001, and
6,114,598, all of which are incorporated hereirrdéfgrence. To produce the antibodies
25 disclosed herein, mice transgenic for the humaa;lgeavy chain locus and the human
light chain locus were immunized with Sf 9 cellpesssing human CD40. Mice can also
be transgenic for other isotypes. Fully humanbamties useful in the methods of the
present invention are characterized by binding @rigs similar to those exhibited by the
CHIR-5.9 and CHIR-12.12 monoclonal antibodies diset herein.
30 Fragments of the anti-CD40 antibodies are suitiislese in the methods of the
invention so long as they retain the desired dffiof the full-length antibody. Thus, a
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10 routinely tested for antagonist activity, affinity, and specificity using methods described herein. An
antibody produced by any of the methods described above, or any other method not disclosed herein,
will fall within the scope of the invention if it possesses at least one of the following biological
activities: inhibition of immunoglobulin secretion 15 by normal human peripheral B cells stimulated by
T cells; inhibition of survival and/or proliferation of normal human peripheral B cells stimulated by
Jurkat T cells; inhibition of survival and/or proliferation of normal human peripheral B cells stimulated

by CD40L-expressing. cells or soluble CD40 ligand (sCD40L); inhibition of "survival" anti- apoptotic
inracelllar CAFERTTDAA) 2O SR REAR KRG L RARB L 4E IO AR of G0
signal transgucfice méggreetbupofriigatansatie s6ar40teloiy ik tibasntliBA . thend inhibition of
proliferation of human malignant B cells as noted be hese assays cap be performed as
Goscribed 1 M RO s W gt B R o ol B R RS 0BG, o e,
Acad. Sci. UPAHR: 8D DHR avh iDeaitod (24 Can( i8S Rerdasetiomusisian oReo LB diveels anel. (2000) J.

g L Ry Ty
et al. (1993)GRHLAIOEY PO: 230 QR eXPreasinoNed. Shepmens:aie BfearO82 heeeHn

incorporate%gya[ﬁﬁ?@ggﬁ]d‘fhbegpggﬁqgﬁg/_e assay to detect antagonist anti-CD40 antibodies specific
) .

to the 30 CD40-antigen epitopes identified herein is a "competitive binding assay." Cometitive

binding assays are3HRINR)RAIRRABRINYHRIMPINERTRS AttibetbrrssaaPatianitiRdWy -32 their
ability to inhigHdtepimesbay A enabgieghknewgdioandiing arapss fcoriRRABof NisxisrpRe @ferred to as

a competitive inhibition assay. In a representative competitive binding assagr, labeled CD40

polypettide 0 REEH IAAT T NditiaePih be Meslimie R Ry aldhy L agnesmdation with
monoclonal gintjkodiesakeitbagainsiteneor Byneuhepitiies ohtbadnaretlanayentiiadieg of the

Screening a CAEE GrOL AN BURAURAVES LUk Sne A CPABHBACS! DB oRD
comprising tteaiparfigéalEpdope od ddea @il pt cleiiy ef-biedes). flagmesanupte nfon dgiotaxi D40,
e o oA AR R L s Sl SR ges o e
ID NO150), kot dedibhydnhé agmests és seteiodddifr&mests atsmy the \; and . domains of an

antibody, wherein these domains are present inglespolypeptide chain. See, for

example, U.S. Patent Nos. 4,946,778, 5,260,20353)80, and 5,856,456, herein

incorporated by reference. Generally, the Fv pepyjale further comprises a polypeptide

linker between the Yand \{ domains that enables the sFv to form the destredtare

20 for antigen binding. For a review of sFv see Plhak (1994) inThe Pharmacology of
Monoclonal AntibodigsVol. 113, ed. Rosenburg and Moore (Springer-\gridew
York), pp. 269-315. Antigen-binding fragments lo¢ tantagonist anti-CD40 antibodies
disclosed herein can also be conjugated to a cytoto effect killing of the target cancer
cells, as described herein below.

25 Antibodies or antibody fragments can be isolatechfantibody phage libraries
generated using the techniques described in, fmmple, McCaffertyet al. (1990)
Nature348:552-554 (1990) and U.S. Patent No. 5,514,%2l8cksonret al. (1991)
Nature352:624-628 and Marlet al. (1991)J. Mol. Biol.222:581-597 describe the
isolation of murine and human antibodies, respebtjwsing phage libraries.

30 Subsequent publications describe the productidngtf affinity (nM range) human
antibodies by chain shuffling (Marlet al. (1992)Bio/Technologyl0:779-783), as well
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12A (SEQ ID NO:9; see also GenBank Accession No. NM_152854), or of the long isoform of human
CD40 (see GenBank Accession Nos. CAA43045 and NP_001241) set forth in Figure 12D (SEQ ID
NO: 12), encoded by the sequence set forth in Figure 12C 15 (SEQ ID NO: 11; see GenBank
Accession Nos. X60592 and NM_001250). Alternatively, competitive binding assays with previously
identified suitable antagonist anti-CD40 antibodies could be used to select monoclonal antibodies
comparable to the previously identified antibodies. Antibodies employed in such immunoassays may

be labeled or unlabt()gled. %(i.UFlabeled .%ntibodies nba be employed in a%%lutination; labeled

antibodies rfigy’BE LSRRty T8 ﬁ%!o&ﬁg&/ﬁ%ﬁ%% RV SRS YDetection

of the forma#ige phageibikoils gWgerncosmalei beBdal@in. audids PERARERHEIP 266) am hegitope of

interest can ple fa%ilitﬁtedb attaching a etec{able substance to the antib dg. Slg]uita%le detection
Tt esrfechniques are wala ahernd |ve?&o AT PonocIShal Amibod ypridamd

means includehe use of labels such as radionuclides, enzymes,” 25 coenzymes, fluorescers,

chemiluminésclens]uwts donog@ntiperofymmnsolostehwdiood@sactors, enzyme inhibitors, prosthetic group
complexes, free ragi rtj el itabl es include
horsera%ish pero;ggsﬁé?’gﬂ?a#ﬁm%%%%\é%%%Bdﬁllggéasﬁ@sﬂj%(ﬁo&ﬁ%@?ggerase; examples of
suitable proﬁmm\g@ﬁ%uﬁrgﬁiﬁpr@lbs tmad@gmman@mmmempmg%f suitable
fluorescent gnggriates f0bclig prhsiletneobusaarel of ureeReritihiPBYaaRjg jodamine,

dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a” -33 luminescent

material is IM§hOER&AHSL6f @RS BepneRRlrdi28R RRES8de, hRryremar. dhesgequorin;
and examplgg gheniiaklenragiodetivromaiedialiipelydsy kéebiithe3bee . SForyiEhphelgk reagents

may be used in a variety of well-known assays, such as radioimmunoassays, enzyme immunoassays,

e.g., El@SA,%@%B&EﬁEWﬁH%B%@&@&%%ffﬁé"li‘itl?. YULBRAS IRBIe S CHeseR F05Yes, 766,162;
3,791,932; Aflérha8iveIgnHal L33 HlgmAnis daihed ereetisiieciescribat asshgntishaniicalBA0

vention. TOURIGE 170 bRy SO GOen R TS D RAULR P BRI cLaf: ani-CAO 10
antibody majdoeridibglenl arsitigeaappdoach | &ietitagonentsreah Inbédioiatedmivactly Bgniindirect labeling”
oo R L R IR SR A TR
agentsland witlibewgljthes nidsditieeskitbed practitioner.
Antagonist anti-CD40 antibodies useful in the methof the present invention
include the CHIR-5.9 and CHIR-12.12 monoclonallamdies disclosed herein as well as
antibodies differing from this antibody but retaigithe CDRs; and antibodies with one
or more amino acid addition(s), deletion(s), orstitbtion(s), wherein the antagonist
20 activity is measured by inhibition of B-cell praifation and/or differentiation. The
invention also encompasses de-immunized antagamisCD40 antibodies, which can
be produced as described in, for example, IntesnatiPublication Nos. WO 98/52976
and WO 0034317; herein incorporated by referercehis manner, residues within the
antagonist anti-CD40 antibodies of the inventiom raodified so as to render the
25 antibodies non- or less immunogenic to humans whtlgning their antagonist activity
toward human CD40-expressing cells, wherein sutitiitgcis measured by assays noted
elsewhere herein. Also included within the scop#he claims are fusion proteins
comprising an antagonist anti-CD40 antibody ofithvention, or a fragment thereof,
which fusion proteins can be synthesized or expef®m corresponding
30 polynucleotide vectors, as is known in the artciBiusion proteins are described with

reference to conjugation of antibodies as notedvael
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Srivagtava and Mease (1991) Nucl. Med. Bio. 18:589-603, herein incorporated by 15 reference.
Suitable labels include fluorophores, chromophores, radioactive atoms (particularly 32P and 1251),
electron-dense reagents, enzymes, and ligands having specific binding partners. Enzymes are
typically detected by their activity. For example, horseradish peroxidase is usually detected by its
ability to convert 3,3 ',5,5 '- tetramethylbenzidine (TMB) to a blue pigment, quantifiable with a
spectrophotometer. 20 "Specific binding partner"” refers to a protein capable of binding a ligand
molecule with hig%%ﬁecifi ity, as fﬁr example in the case of ahr%anti en and a monocl naldantibody
specific therefore. &@é@gﬁtﬂ mﬁé) & BV RBHRIL B4R (Yiﬁ”&t'%ﬁe’ﬁ'ig P Ig G and
protein A, andititernetmedeuikesecidrtbir]dandxernple sFdteniiEnidneN ast. BPS0@EE Beduaterstood that
the above dgsaription is not rize the 25 various.lapels into distinct classes, as the
same 1abel 11 S0 DR TR R B BB BT v e
or as an elebtren-slenge thehgent anRes withisghe Gi9 R taynwmaib adyide bifud o i Elatser, one
may cogbi ri I ' . Far I § uj bels in
the. practice ST e B o A S i
avidin labelddendtribogy, torriehnapi il corstivy ity ABt K58 éBili ioH RIYeD Bier nBaieehittations and

possibilities P@Eh@ﬁsr@.aﬁihﬂl%‘ﬂi%ﬂr%ﬁé% ARRRR Yr HEHNEON SR b6 A na A A SRS RIS HAS

equivalents within the scope of the instant invention. Alternatively, the anti-CD40 antibody may be

labeled usindtARERYNERDMLIBPES "aielk B8 HRNPR RRIsFhaEe WamEea fAR AeRUlB%s covalently

attached dirggtlydaias wiRrAPAsnitRIEabs yEARRRTHIBACIHHeSIdHa Brffsseeg adippuclides are
provided in Srivagtava and Mease (1991) supra. The indirect labeling approach is particularly

preferrtdl. SEVUNGY fSeietinpRNAaRR R M iR FRsSTiREY BB1RS FRINaFWRSCHBRDA73,
where a linkggrginised to attach a radioactive label to antibodies; and the labeled forms of anti-CD40
antibodies describ%%tin U.S. Patent No. ,015,545; hereiﬂ}l ila[(?:o(riplt#rated by reference. Further, an
antibody (or fragme %ngé)gf)f RI& Lﬂ)%eg &4 YR 3& e 5'%@’5 AL S{Itotoxin, a
therapeutic agethbdonet diskbesHty @ eneital wilh fail nadivrstiegee oA it dtorintion ¢ ibpasseagestancludes
any agent that | riment cells. Examples include taxol, cytochalasin ramicidin D, ethidium
bromide, erﬂ%%fﬁe?%ié;ﬁrﬁ}%%ﬁ%g'g Bbos%%&f‘zﬁgﬁ\géfe e,h \I%)IT(HZOI’PS nﬁéﬁ\'ﬁ%%ﬁ%ﬂ'ccﬁ%%ﬁcezltﬁc,’raoxorubicin,
daunoiibicihy ddrphbikyraathpaciphdicnds netisxstittradats drighitaninbibjtextinbauyeivaband/or

proliferation of normal human peripheral B cellsmstlated by Jurkat T cells; inhibition

of survival and/or proliferation of normal humarripberal B cells stimulated by
CDA40L-expressing cells or soluble CD40 ligand (sGD¢ inhibition of "survival" anti-
apoptotic intracellular signals in any cell stintelh by sCD40L or solid-phase CD40L,;

20 inhibition of CD40 signal transduction in any cefion ligation with sCD40L or solid-
phase CD40L; and inhibition of proliferation of hammalignant B cells as noted below.
These assays can be performed as described inxémepies herein. See also the assays
described in Schultzet al (1998)Proc. Natl. Acad. Sci. US22:8200-8204; Dentoat
al. (1998)Pediatr. Transplant2:6-15; Evant al.(2000)J. Immunol164:688-697;

25 Noelle (1998)Agents Actions Suppl9:17-22; Ledermast al.(1996)Curr. Opin.
Hematol.3:77-86; Coligaret al.(1991)Current Protocols in Immunologh3:12
Kwekkeboomet al.(1993)Immunology79:439-444; and U.S. Patent Nos. 5,674,492 and
5,847,082; herein incorporated by reference.

A representative assay to detect antagonist ddi@Cantibodies specific to the

30 CD40-antigen epitopes identified herein is a "cotitipe binding assay.” Competitive

binding assayare serological assays in which unknowns are detelntd quantitated by
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dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and
analogs or homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites (e.g.,
methotrexate, 6-mercaptopurine, 6-thioguanine, 20 cytarabine, 5-fluorouracil decarbazine), alkylating
agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) and lomustine
(CCNU), cyclophosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and cis-
dichlorodiamine platinum (1) (DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly

daunomycin) and doxorubi nti lOtCS( dactin forme 25 a tlnom bleomycin,
tramycinh S, AR AR T e T BB T 1 3 O eSO b
Radioisotopgsaiisoluelier izt wamatdumtmiltmehﬁﬁlbltbr@&ﬁ é.25p|’é%t£iefé.88n1®et[t% At-211,

Cu-67, Bi-2 Z?y(?l -213 Pd- }%9 él'é:&$481 p%&fé a the like. T Econ u s of tgednventlon can be

used for mo mgggsgsl\%h I0logica fed? dsruée%igle iISNO ea@ct)'nstrued as limited to

classical 30&ampiese‘tbt‘rmrapmlmdmgem@ﬂ%oex&ﬁhpimmloeldmﬁbm@mym&gdlmalmbmﬂ or
polypepide MB?&%?J?{B & deaieBiokesinal Ayt &’gw{ﬁﬁﬁ RA- @9&8%@5@&%@@% a

toxin such as abrln r| naA, pseuaomonas exotoxin, or p theria toxin; a proteln such as tumor
necrosis fa&@EQH@F&rtﬁﬁ@Mﬁl ﬁﬂeemﬁ@ﬂebétmte@sxet@fmmﬂffadtbv %ﬂé@éf@ﬂd@li?@ﬂegr@ﬁvth factor,

tissue plas r [ glp?él hokines,
interleukin r’%{? {?ﬁgl&)&g |\r/1€é%etjak%e&mgn_ g%ﬁa?gﬁegﬁﬁﬁ&q%@@granulg@)r/t?rﬁg}g(ﬁ) Xa@i colony

stimulating PacHsHEGRRIEOBE 9T Hig {2 IO SN h@’ﬁ%ﬂa@}ﬁ( iaLbuman &rdRer growth

factors. TeCBBIﬂ}b%%f@F iRRSHESIAH PR G &P %@@%ﬁ%ﬂéﬂh@%%ﬁwﬁmﬁ@éﬁmww See, for
example, Amon et aﬁlQSﬁ}PMonoclonal Antibodies for Immunotargeting of 10 Drugﬁs in Cancer

Theraﬂ;Q il RS NN R SRR Y & AR 4Py SERERRK ASPERIN MPaNRBRLIAL.), pp.
243-256; edsdiedatiommegale (198 (S AMIbAIEI 6)F Ecgudeety e ludnécossiaibeth Ry wiguelivery, ed.

Cytotonic AJPRLTE BARBPTerByASR RERAN s RN A AL O B l8Ufal and Ciinial
Applicationssefhribd? imcimara @DaD meeamarﬂeanneegmmmw kialy, Ml@&ﬁ():tmaxlssls
‘?ﬁ:gﬁy anq @Lugglgng?sﬁﬁﬁn%gét\ﬁ Baer1£c3 P elzce% ggé}esjll'lhergegaeq fAn al?:lw rcéaﬁﬁAcademlc
Press, JNeW (‘&EQ, ITOBE); dp . SBE3I 6 amd Ateegsont I&DS(l)QBQ&MﬂDﬂ)lRQO) Alternatively,
competitive binding assays with previously idestifisuitable antagonist anti-CD40
antibodies could be used to select monoclonal adi#s comparable to the previously
identified antibodies.
Antibodies employed in such immunoassays may bedédor unlabeled.
20 Unlabeled antibodies may be employed in agglumatiabeled antibodies may be
employed in a wide variety of assays, employing@ewariety of labels. Detection of
the formation of an antibody-antigen complex betwae anti-CD40 antibody and an
epitope of interest can be facilitated by attaclardgtectable substance to the antibody.
Suitable detection means include the use of lahell as radionuclides, enzymes,
25 coenzymes, fluorescers, chemiluminescers, chronsp@ezyme substrates or co-factors,
enzyme inhibitors, prosthetic group complexes, fegicals, particles, dyes, and the like.
Examples of suitable enzymes include horseradistxjmase, alkaline phosphatape,
galactosidase, or acetylcholinesterase; examplssitble prosthetic group complexes
include streptavidin/biotin and avidin/biotin; exples of suitable fluorescent materials
30 include umbelliferone, fluorescein, fluoresceirntisocyanate, rhodamine,

dichlorotriazinylamine fluorescein, dansyl chloridephycoerythrin; an example of a
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62:119-158. 20 Alternatively, an antibody can be conjugated to a second antibody to form an antibody
heteroconjugate as described in U.S. Patent No. 4,676,980. In addition, linkers may be used between
the labels and the antibodies of the invention (see U.S. Patent No. 4,831,175). Antibodies or,
antigen-binding fragments thereof may be directly labeled with radioactive iodine, indium, yttrium, or
other radioactive particle known in the art 25 (U.S. Patent No. 5,595,721). Treatment may consist of a
combination of treatment with conjugated and nonconjugated antibodies administered simultaneously

or subsequently (WO 00/52031 and WO 00/52473). Variants of Antagonist Anti-CD40 Antibodies 30
Stable bio AP REH R Eh Al SPARE RGBS S0 SRR SRR BRER SR e L FiaRE
methods of theifprasentd rasnimin; SuchevanayitswillsuitabtifbactesiradtedkindindEproperties of the
parent antaggunist anti-CD4Q antibody. Methods fqr making antib ariants are generally available in
fhe art. For oo, i AE S i e T R O AR B el
the CHIR-5.6adioDiHIRFISans mocipmel iamibodasieyiilecgl Helthfikesoe beinthpuspassdysy angtations
in the clone S ng, the i f%’ . f sis and
nucleotlt’ge s%gu'hé%ée% gﬁ??aﬁ%ﬁégﬁeﬁrfgwgé?#kr%\%ﬁ i|)rgpt(?fg‘e art. 2"&%%%’5@ alkgﬁgnd Gaastra, eds.
(1983) Techhigd4@2 Molecular Biology (MacMillan Publishing Company, New York); Kunkel (1985)

Proc. Natl. Acad. W&é&éﬁ%ﬁ%d&m@&%ﬂb@o‘%ﬁ@ MG LeRseBBANEYr Andidag-382;

Sambrook et al. 10 (T989) Molecular Cloning: A Laboratory Manual (Cold Spring Harbor, New York);
U.S. PatenfiReMeaizdneseoh Ampnke srIMIIQLREA HEHSRSTHRRIRAS it RES BV ievaliRR.

Guidance a$/exasip 96 igisRIBING Miﬁt@di%i%MBgtdﬂ&R%Qﬁécér@mﬁﬁﬁhﬁcﬁmmgibe
polypeptide of interest may be found in the model of Dayhoff et al.t%%;S) in Atlas of Protein

Sequette aAYBATEINAY (REalrAsISHEEINE A BAIRE! 1 HPSERRAGISS WngARRFAREhcBhorated by

reference. ConfeivelhR mpstiUiia feGUEDam §6p1R08H R cRM iR BgIchaIEh sy adeithaving similar
properties, may be preferred. Examples.of conservative substitutions.include, but are not limited to,
Ciyanta, vaRBRTLY, SREE0e 0 20U ACH AL oS AU B PSR CEEIA g variants of
the antagoncteiating 2d0rantime qradypeniidethé 20eilatiyegss, anddiidamimictides deadatsdmthat

variants condiu 10 POSRATUS SRRIRH A UMY, &1 818H8 GBS aseAlTNEY ARrLes Bgpadle of
pecifically binding to a human

15 reference. Suitable labels include fluorophoréspmophores, radioactive atoms
(particularly®?P and*®%), electron-dense reagents, enzymes, and ligaadsdspecific
binding partners. Enzymes are typically detectgthbir activity. For example,
horseradish peroxidase is usually detected bybitgyato convert 3,3 ',5,5 '-
tetramethylbenzidine (TMB) to a blue pigment, qifeatile with a spectrophotometer.

20 "Specific binding partner" refers to a protein dalpaof binding a ligand molecule with
high specificity, as for example in the case ofatigen and a monoclonal antibody
specific therefore. Other specific binding pargneiclude biotin and avidin or
streptavidin, Ig G and protein A, and the numen@egptor-ligand couples known in the
art. It should be understood that the above datsani is not meant to categorize the

25 various labels into distinct classes, as the saipel Imay serve in several different
modes. For exampl& may serve as a radioactive label or as an eleatemse
reagent. HRP may serve as enzyme or as antigennigkb. Further, one may combine
various labels for desired effect. For example jasAnd avidin also require labels in the
practice of this invention: thus, one might lab@hAb with biotin, and detect its presence

30  with avidin labeled witH?, or with an anti-biotin mAb labeled with HRP. @t
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CD40 antigen expressed on the surface of a human cell, and being free of significant agonist activity
but exhibiting antagonist activity when bound to a CD40 antigen on a human CD40-expressing cell.
Obviously, any mutations made in the DNA encoding the 25 variant polypeptide must not place the
sequence out of reading frame and preferably will not create complementary regions that could
produce secondary mRNA structure. See EP Patent Application Publication No. 75,444. In addition,
the constant region of an antagonist anti-CD40 antibody can be mutated to alter effector function in a

number of ways. For.example, see U.S. Patent No. 30 6,737,056B 1 gnd U).S. Patent lication
Publisation eS8 AT I SULRe ARET AR & BT H ATTE A VR 1o Fo
receptors. -aTdRiefe@isidaedereqlivasiate nthantiag coighentistpd heattimdy have amino acid
sequences that haye at least, 70% or 75% seguence identity. preferably at least 80% or, 85%
Sequonce dontity TSR e Anf Ry Bon b ISRt o & ety 10
the amino adilfseidabaliedfapiroacke! aviver antagdiniz c bR D ty aitdniuyd diveatlyléo fan example, the
CHIR-59 or_GF . 0 ' i ' : [ e
referengz ar%?ibﬁggy gﬁ%&%@cﬁgy%é}?{% r@ﬂ?ﬁq ?ﬁﬁn@%%ﬁ@?ﬁ%%oﬁﬁéﬁg% %, 67@? ,%8 %0 or 99%
sequence idevividgtEat anepheeseoilPlives e itewstiesh |ghaies epeereit isidarirylaldetermined

using the SQPEFEM\Q%‘%@@%IEBP?B%ﬁﬁﬂ&hrﬁ‘é%ﬁ%ﬁ‘aﬂ%ﬁ)ﬁ%@ﬂﬁ/@%b%% Wi @epp open 10
penalty of 12 and aé;ap extension penalty of 2, BLOSUM matrix of 62. The Smith- Waterman

homology s@2feRHgoiMhnera AU IMUSRRECATERAPACHMER [@lof) 1P A odies: BRAIThe:482-489. A

variant may, {peR¥eHiR shitiekifonnthsreiereseastasenis. pRIERDMG silodyhnasdaw as 1 to 15
amino acid residues, as few as 1 to 10 amino acid residues, such as 6-10, as few as 5, as few as 4, 3,

2, or e¥n 1IBFAIMSTALRS REIRIR¥ Svith respect to optimal alignment of two amino acid sequences,
the contiguous segmemsobinansia @niryadeRvesteapiayateddiianabripnaiecid residues

or deleted aming acid residues with. resp};%ct to the reference amino acid sequence. éihe contiguous

segment usSPIEP P43 P IRE Pe A IRREAPSHIR S AR TH Béﬁt&%evWFtﬁﬁéRfa@e{F‘ RIpPe:
contiguous dnuytotagid tesigteesxiarahsrayrutudes4)oagdtttedeamiant20iacel e siEkeaplésrrections

AL S S e 5o A e oo
capablEbof sprepifisialty tsindprsiGBA0rendtiacaiviny aattadpimns aaoixity peirtictdangwhembound to CD40
antigen on dihydroxy anthracin dione, mitoxantrone, mithranmy@ctinomycin D, 1-
dehydrotestosterone, glucocorticoids, procainead¢atne, lidocaine, propranolol, and
puromycin and analogs or homologs thereof. Ther@pagents include, but are not
limited to, antimetabolites (e.g., methotrexateé&rcaptopurine, 6-thioguanine,
20 cytarabine, 5-fluorouracil decarbazine), alkylatagents (e.g., mechlorethamine, thioepa
chlorambucil, melphalan, carmustine (BSNU) and Istime (CCNU),
cyclophosphamide, busulfan, dibromomannitol, steptocin, mitomycin C, and cis-
dichlorodiamine platinum (llI) (DDP) cisplatin), dméacyclines (e.g., daunorubicin
(formerly daunomycin) and doxorubicin), antibiotiesg., dactinomycin (formerly
25 actinomycin), bleomycin, mithramycin, and anthramy@&MC)), and anti-mitotic agents
(e.g., vincristine and vinblastine). Radioisotopesude, but are not limited to, 1-131, I-
123, 1-125, Y-90, Re-188, Re-186, At-211, Cu-67-2BR, Bi-213, Pd-109, Tc-99, In-
111, and the like. The conjugates of the inventiam be used for modifying a given
biological response; the drug moiety is not to bestrued as limited to classical
30 chemical therapeutic agents. For example, the araigty may be a protein or

polypeptide possessing a desired biological agtiv8uch proteins may include, for

-35-



malignant B cells, depends on a number of factors. As ionizable amino and carboxyl 25 groups are
present in the molecule, a particular polypeptide may be obtained as an acidic or basic salt, or in
neutral form. All such preparations that retain their biological activity when placed in suitable
environmental conditions are included in the definition of antagonist anti-CD40 antibodies as used
herein. Further, the primary amino acid sequence of the polypeptide may be augmented by
derivatization using sugar moieties 30 (glycosylation) or by other supplementary molecules such as

lipids, phosphate, acetyl groups and the like. It may alsp be augmented py conjugation with
o ettt XA, 25 SUEHCER AT R R G OB R B fanslation
processing mystemsuchthe produciagrosistfattuer swetforyatei datéofesoneyeke, mdrodugediih vitro. In any

event, SUCh{g‘&giﬁC?&%ﬁ %Eeriinc udr%d {E he grefipgiﬁ)n L%n gnti- B4t%rantrib5%(o u%%fi herein so long
as the antagonls[’;f)ropeﬁles of e Rl ahh%oaey are rgotnSages?royea.’l IS egpected that such
modificationte spay spiamidifiers|g wrigaslitatieshmalees dythehabiingsr eittierlbf/ lerbiancing or diminishing
the actiyity ide,.in. JOUS ASSaYS. individual ami ' i in the
chaim ey R 2 o g P B T SRR, e
cleaved to &N (iadhriehis theraetwnsdetralphg stinalriasrias (Kattdombadedtiey siawidonist 10
activity do ngfgpaove the polypeptide sequence from the definition of anti-CD40 antibodies of interest
as used herein. The art provides substantial guidance regarding the preparation and use of

polypeptide variantsStABESS 1R SABIAORICD AACHNSERINBIAIGIRAEEBRERIARA FraNeEh HNEXMR readily
determine wdsigh foPEilisABRNSA IR SBENTIYEHY AR sWEIRa ideiBb IR AR LI SeAYenss Will result in

a variant that is suijtable for use as a therapeutically active. component of a pharmaceutical

compotionRI48s IR RNGREG5 e ihMoredppalanitRadiemanh 42Be s hESRPYsRE #R!dAntagonist
Anti-CD40 Adtivqdies & .thednuanjigspMetBatissobhe-Hevananal N girpciedibo dies voe miugntagonist

A ke e T T R e
expr_essing ﬁﬁ)éﬂ?ﬁ{ﬁ@nﬂmmqug%b detﬂzittd_mg' C#@@(ptmmAg@qﬂsira@amr Kihevapin the art
o e LR ERS oR iee BeRaigre Yesien
limited1fo B Béticheleeivatl frorf1§rbphdmditice liiditig, Ibilanotdiahe digBSAaaly il Rgseudie, Biae||
Future Prospective of the Therapeutic Use of Rabigled Antibody in Cancer Therapy,”
in Monoclonal Antibodies for Cancer Detection and Hpgr ed. Baldwinet al.
(Academic Press, New York, 1985), pp. 303-316; Bmorpeet al. (1982)Immunol. Rev.
62:119-158.
20 Alternatively, an antibody can be conjugated seeond antibody to form an
antibody heteroconjugate as described in U.S. PBtend,676,980. In addition, linkers
may be used between the labels and the antibofitae mvention (see U.S. Patent No.
4,831,175). Antibodies or, antigen-binding fragmsathereof may be directly labeled
with radioactive iodine, indium, yttrium, or othexdioactive particle known in the art
25 (U.S. Patent No. 5,595,721). Treatment may cows$igtcombination of treatment with
conjugated and nonconjugated antibodies admindtmsultaneously or subsequently
(WO 00/52031 and WO 00/52473).

Variants of Antagonist Anti-CD40 Antibodies

30 Suitable biologically active variants of the ardaigt anti-CD40 antibodies can be

used in the methods of the present invention. Sadants will retain the desired
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lymphomas, immunoblastic lymphomas, non-Hodgkin's lymphomas, Hodgkin's disease, Epstein-Barr
Virus (EBV) induced lymphomas, and AIDS-related lymphomas, as well as B cell acute lymphoblastic
leukemias, myelomas, chronic lymphocytic leukemias, acute 30 myeloblastic leukemias, and the like.
-39 "Treatment" is herein defined as the application or administration of an antagonist anti-CD40
antibody or antigen-binding fragment thereof to a patient, or application or administration of an
antagonist anti-CD40 antibody or fragment thereof to an isolated tissue or cell line from a patient,

where the patient has a disease, a symptom of a disease, 5 or a predispositign foward a disease,
Where the pFEE FGPEIES RO H A ARSI, SROBHERYSarAUREIRNS i7h B30 or atfect the
disease, theasyipdgmarziritseatisgaseraily thaibléispaigian toward the disease. By "treatment” is also
intended the application or _administration,of tharmaceutlgal %%ﬁo 05|{|on cam BS'Hgbth antagonist

anti-CD40 antibodies 8%‘?%86%9%@'%?86# A Sgﬁgr%%?%ﬁp% ot %rc]itr'ﬁlnls rafion ora'10

pharmaceutfoakzampissitioen CoitiphsIngr tBel idyil-CTm antitioarb od yre gaosbidthereof, toamubésolated

tissue o C.eyggaﬂeoq;bg m%?%nwﬂ?tﬁa%%ﬁé%e%m\ @éﬁ(@ﬂ%&ﬂ@ @h@%%@ﬁ;%dywig@%éposiﬂon
toward a disease, where the purpose is to cure, heal, alleviate, refieve, alter, remedy, ameliorate,
improve, or Kiftkotsdeliseaasehestsyasiditslentine arrugEahtitairWiRpsBRA e dihe disease.

15 By "anti-gaok Actvin i INRIREH-miegustnn, /B dae (R hmalgna iR eisgsing cell

proliferation or accumulation, and hence a decline in growth rate of an existing tumor ofr in a tumor

that arises diaMHamPYPHRRG GosHRRMGINSVEX SN Kietsia8RNiam N REeAS 4 -neiofmed

neoplastic cgligmd denaenka QICassinNaneus RN A/acolba: Benasaurggibri@el Therapy with at
least one anti-CD40 antibody (or 20 antigen-binding{lfragment thereof) causes a p%siolo ical

respon<t tht 98 PMEtrReHINitH ORIt taRAtIRTX AV BR U LG BALREE YRGS R Ytk stiimedation of
CD40 signalingep NoD4@ExpIBsing ¢edsdfepchumasitdditaetbpdia obiveratve njoreférdriese in the

A L o T T U R
to the Workbigt@pnlybéipﬂidelaﬁﬁﬁeeéh&mmhbm?mhaﬁliHnItmdechB_gUltxaﬁmiabr(m?Gaﬁegdaged as low
etk e L e
lymphdéytichshicuieas priikicld dyedtasitnand ©disdarativaigukions, such as exchanging one
amino acid with another having similar propertiesy be preferred. Examples of
conservative substitutions include, but are noitéthto, Gly= Ala, Val < lle = Leu,
Asp< Glu, Lys= Arg, Asn-= GIn, and Phe Trp<= Tyr.
In constructing variants of the antagonist antidOxntibody polypeptide of
20 interest, modifications are made such that varieotdinue to possess the desired
activity, i.e., similar binding affinity and are gable of specifically binding to a human
CD40 antigen expressed on the surface of a huniamed being free of significant
agonist activity but exhibiting antagonist actiwtynen bound to a CD40 antigen on a
human CD40-expressing cell. Obviously, any mutegtimade in the DNA encoding the
25 variant polypeptide must not place the sequencefgading frame and preferably will
not create complementary regions that could prodacendary mRNA structure. See
EP Patent Application Publication No. 75,444.
In addition, the constant region of an antagoast-CD40 antibody can be
mutated to alter effector function in a number afya. For example, see U.S. Patent No.
30 6,737,056B1 and U.S. Patent Application Publicatian 2004/0132101A1, which

disclose Fc mutations that optimize antibody bigdim Fc receptors.
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30 small-cleaved and large cell ymphomas; intermediate-grade lymphomas include follicular large cell,
diffuse small cleaved cell, diffuse mixed small and large cell, and -40 diffuse large cell lymphomas;
and high-grade lymphomas include large cell immunoblastic, lymphoblastic, and small non-cleaved
cell lymphomas of the Burkitt's and non-Burkitt's type. It is recognized that the methods of the
invention are useful in the therapeutic 5 treatment of B cell lymphomas that are classified according to
the Revised European and American Lymphoma Classification (REAL) system. Such B cell

lymphomas include, hut are not limited to, | homas classified as precursor B cell neoplasms, such
25 B lymphoblastiE IERER M NTHBRG- A SHETHRERS B LaH SRR SRR P RRER BHIE
lymphocyticdegkentiessinallHgephoieytst Borpbomeyd wephanidsnaejtoibiat least 80% or
lymphomali nocytoma,. mantle cell lympho L ' r p a_(fallicular)
(ncluding o B ORI e N s LU SR R B B o)
marginal zoredBeeaddyaguitityria (ecanding asisespsnoe daricimnen epleniagypss ataiBDdél| leukemia,
plasmagytomay I iffuse | I nphko ' iastinal
(thymic%yBuréﬁét@pﬁmﬂgﬁ%r%qgghi% %%Lﬁr |tt|%%iﬁ%i%?}ggrggéﬁgﬂg;ﬁ@ﬁ%@?rﬂ%@?ggkemias; acute
|ymphocyticdmm@hbgmyb|@btgsmi§h@nt@mia§pa@ftéﬂm9@mymb@@wermé@gtﬂeonw%cytic leukemia;
myelomonoagf‘etaﬁwé;rﬁm@aﬁ&%ﬁéﬂ@m@h@%@%!%ﬁ%%ﬁg%%&@ﬁ&'%ﬂya feronic
myelocytic leukemia); chronic lymphocytic leukemia; polycythemia vera; multiple myeloma,;
WaldenstroM4RASEF0 hRIMAERTAL INVED UhRRo6HiSEHEERRAL ihERISSHHINE IiNgAGe or

high-grade Bgfihlyinaphemashdnivisgpeeied Hgotermeshefitrrhd %é’&r'&ﬁﬂﬁifﬁ%)’d%\% gl in
preventing further tumor outgrowths arising durin% ther\%pé The methods of the invention are

particutQrly REERINPIHEA RESHR SRPSLEPRIER Y e GrLBL BAEN RiighoMEsSBicularly those
subjects hawingdaianses inioyingesiandagd ehremisthaighyin eumar avedmarcelldgmeomas are more

relapaingirc USSR AR edhdSb Sy LRI A TGP VB G05ts HHEHRL s of the
invention, aamélg340epiibdely Breasdducas into W beninodeiskiaaty .abfearstsidaoididsattitd 40
Coedes SRS EIEN e I e e o LD D e o
erythefdatosus, psvitsiespeettaloptisnal alignment of two aminodasequences, the contiguous
segment of the variant amino acid sequence may dddiéional amino acid residues or
deleted amino acid residues with respect to thereate amino acid sequence. The
contiguous segment used for comparison to theaederamino acid sequence will
include at least 20 contiguous amino acid residareg,may be 30, 40, 50, or more amino
20 acid residues. Corrections for sequence idensisp@ated with conservative residue
substitutions or gaps can be made (see Smith-Watehmmology search algorithm).
The precise chemical structure of a polypeptigembke of specifically binding
CD40 and retaining antagonist activity, particitarhen bound to CD40 antigen on
malignant B cells, depends on a number of fact@isionizable amino and carboxyl
25 groups are present in the molecule, a particulbmpeptide may be obtained as an acidic
or basic salt, or in neutral form. All such preggains that retain their biological activity
when placed in suitable environmental conditioresiacluded in the definition of
antagonist anti-CD40 antibodies as used hereimth&y the primary amino acid
sequence of the polypeptide may be augmented byatieation using sugar moieties
30 (glycosylation) or by other supplementary molecwlesh as lipids, phosphate, acetyl

groups and the like. It may also be augmenteddbyugation with saccharides. Certain
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-41 CREST syndrome, inflammatory myositis, Sjogren's syndrome, mixed connective tissue disease,
rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease, acute respiratory distress
syndrome, pulmonary inflammation, idiopathic pulmonary fibrosis, osteoporosis, delayed type
hypersensitivity, asthma, primary biliary cirrhosis, and 5 idiopathic thrombocytopenic purpura. In
accordance with the methods of the present invention, at least one antagonist anti-CD40 antibody (or
antigen-binding fragment thereof) as defined elsewhere herein is used to promote a positive
therapeutic response with respect to a malignant human B cell. By "positive therapeutic response”
with respecERPERR ! T ALAPIS TRLARGIACE O IR OSSR R ehoRel R 6s5elon with the
anti-tumor asywstigyref o ése protiibedighast freemesis Hhraeoeiifpatmay Eninrpoceid et tihe symptoms
associated i e, disease, M3t s, ap.ant-prolfprative aligel, e prevention otiupther umor -
outgrowths, “a’reduction’Ih tumor size, a reduction n the number of cancer cells; and/or a decrease in
one or moreusgahpryeis steldiageashy stimiagtostofrCperiasphas<ii Oaisticadparésiobserved. Thus,
for example Il rov ' ' m , i ﬂﬂ | I RIESHONSe. By
BPICHEL: g);%é’, ?ﬂi?@%ﬂ%&*ﬂ@d &S %B% Eéﬂé @ﬁa% &%%% 4l

“complete response” is intended an absence of clinically detectable normalization of any
previously a@ifRehiBeractiviyashitesylierhansiig rhaeiovniEhtheaelyitys gh@eipay@stiyesiich a

response mygt Parigh 9sah)eas, RREMRGNIIRAPUHIA L aaHIIGES AFARERGiOAG MeHBdiSh the

invention. Alternatively, 20 an improvement in the disease may be cat%%)srlzed as being a partial

response. BYY 'BaARIORJSOHEEOR HioHRIFST I ERIINHERS 00lYREBHIESE RY RERIERNEHKe tumor
burden (i.e. JaiRurABRTCH EUmaT Gelin RRARE! s lan Siagsthin e RhsRRSRY MMy dARIONS and

persisting for at least one month. Such a response is applicable to measurable tumors only. 25 Tumor

respon<t cAFBYN AL BOLEFIPYRIRG RO MPERIGR RERREYIeE e Bund of #RBi A en, tumor size,
and the like pugisHES g heréechrigded feedims magnetic resonance imaging (MRI) scan,

x-radiographic imagjng, computed tomographic (CT) scan, binlumjnescent imaging, for example,

luciferase imagi nga,9 bﬁ%’%@%&/'ﬁ%&jf{r&%ﬁgﬁﬁ%‘&%&?ﬁ’s@éﬂ%ﬂﬁé ﬁ’ﬁ‘éﬂ%ﬂ@%‘gr‘i‘g %ﬁrrow aspiration

(BMA). In agditype ptdbesei 30kgo ditipee faenag cuti anesp Dk i & aidnest amal of ghiti grtiiesagyy with the

antagonist anti- CD40 antibody or antigen-hinding fra t thereaf may experience the beneficial

ctect 42 o e R R L B I i v,
15 sequence will result in a variant that is suitdbleuse as a therapeutically active

component of a pharmaceutical composition usedemiethods of the present invention.

Methods of Therapy Using the Antagonist Anti-CD4@6tiBodies of the Invention
Methods of the invention are directed to the Usantagonist anti-CD40
20 antibodies to treat patients having a disease restizy stimulation of CD40 signaling

on CD40-expressing cells. By "CD40-expressing'¢glintended normal and malignant
B cells expressing CD40 antigen. Methods for datgaCD40 expression in cells are
well known in the art and include, but are not texi to, PCR techniques,
immunohistochemistry, flow cytometry, Western bELISA, and the like. By

25 "malignant” B cell is intended any neoplastic Bl.celcluding but not limited to B cells
derived from lymphomas including low-, intermediatend high-grade B cell
lymphomas, immunoblastic lymphomas, non-Hodgkigmphomas, Hodgkin’s disease,
Epstein-Barr Virus (EBV) induced lymphomas, and SHelated lymphomas, as well as
B cell acute lymphoblastic leukemias, myelomasouohr lymphocytic leukemias, acute

30 myeloblastic leukemias, and the like.
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the subject may experience a decrease in the so-called B symptoms, i.e., night sweats, fever, weight
loss, and/or urticaria. By "therapeutically effective dose or amount" or "effective amount" is intended 5
an amount of antagonist anti-CD40 antibody or antigen-binding fragment thereof that, when
administered brings about a positive therapeutic response with respect to treatment of a patient with a
disease comprising stimulation of CD40-expressing cells. In some embodiments of the invention, a
therapeutically effective dose of the anti-CD40 antibody or fragment thereof is in the range from about

0.01 mg/kg to aboyt 40 mg/kg,.from about 10 0.01 mg/kg to about 30 mg/kg, from about 0.1 mg/kg to
bout 3 ik, oML ORGSR A Gl RO A A ALarES Wik, from
about 3 mg/kgtieC BBHOEN2D aag/EQ afrtige etbindid gl o tnabaintoc?d) pagég, troapplicatidn mig/kg to about

15 mg/kg, or from about 7 ma/kg to about 12.r . It is recognized. that the method pf. treatment
ey compre R SR ARG LrRpeaR NP SR S eth e

ministratio erapeu ose or u administrations
of a therapelisgiadipetiettine tiose aptirantabertshamE®bgd @ cintboeyansymtiten-birsdihgeiagment
thereof A f%F*%?tbFéHEgﬂER%W. i F‘?'BV&QHSEé?vUﬂ%Hé 1RGORHARIS AR, AREbAgiSSfor
dlagnostlc monitoring proteln leve S In tissue as part of a clinical testlng proce ure, e.qg., to
determine tIR{@SfiEQDE G, LGI06Ar dieaimprregihalicCdERuse, the Hemycasinbibd dizeaspliog the

antibody to gdelRARDIEIFIRIGE dENBHRIESE! dsjeHahiRicHRIANER SAHEQNBIURRFYMES.

prosthetic groups, fluorescent materials, luminescent materials, bioluminescent materials, and
radioactive ARHARKAEIR RAfARNG RaRaic CAMROS HRILERSMXT seeRMRrOsBISKATEE RiRaline
phosphatasgn{Bealaciasidapre s ﬁf@%’dﬁ'ﬂ@'ﬁ‘ﬁéﬁ@ﬁ@?ﬁi%ﬁmlﬁ%@m%@mﬁ&f @sthetic group

complexes include 25 streptavidin/biotin and avidin/biotln'_examﬁles_of suitable fluorescent materials

includd SumBPOMFRIBFRY YRR CYRRRS HABEATARS IS Sc a4 RS, RGOSR AR P i ine

fluores;:ein, @Eaifyh@ﬂqrm@bpbuntﬁwfrfﬁhg: @:m}@mbﬂal@faadis@&@@gaemmmmi@f gﬂaly@@%I,uminol;
examples of bioluminescent materials inglude luciferase, luciferin, and aeqyorin; and examples of
suitable rad¥RERRRTLP HALL 35735 U6 Tapamet o Ui Bl P IeI S ¥ Eeribea

herein can faltire rde e cogiarate imgagealraaffedatiaal antibaigptbatscainthe disedséroexample,

to identify C?Hg 'r4e3 %ﬁrqﬁgin%&:’g@%gh'% %%ere very useful in det_ermi_ning_ the cell type _of an
unknown sample. Panels of monoclonal antibodies can be used to identify tissue by species and/or
by orgh type. In aByirthiali-fashioctivied isritonieol andcodiéanthe tsteustalatigruast D40-

expressing cell proliferation or accumulation, &eece a decline in growth rate of an
existing tumor or in a tumor that arises duringapg, and/or destruction of existing
neoplastic (tumor) cells or newly formed neoplasetls, and hence a decrease in the
overall size of a tumor during therapy. Therapthvat least one anti-CD40 antibody (or
20 antigen-binding fragment thereof) causes a phygio# response that is beneficial with
respect to treatment of disease states associdtedtinulation of CD40 signaling on
CD40-expressing cells in a human.
The methods of the invention find use in the treatt of non-Hodgkin’s
lymphomas related to abnormal, uncontrollable B palliferation or accumulation. For
25 purposes of the present invention, such lymphonihdevreferred to according to the
Working Formulatiorclassification scheme, that is those B cell lymphes categorized
as low grade, intermediate grade, and high graske'({Bhe Non-Hodgkin’s Lymphoma
Pathologic Classification ProjecCancer49(1982):2112-2135). Thus, low-grade B cell
lymphomas include small lymphocytic, follicular dineleaved cell, and follicular mixed
30 small-cleaved and large cell lymphomas; intermedgaade lymphomas include

follicular large cell, diffuse small cleaved celiffuse mixed small and large cell, and
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tissue culture cells for contamination (i.e., screen for the presence of a mixture of CD40 5 expressing
and non-CD40 expressing cells in a culture). The antagonist anti-CD40 antibodies can be used in
combination with known chemotherapeutics and cytokines for the treatment of disease states
comprising stimulated CD40-expressing cells. For example, the anti-CD40 antibodies of the invention
can be used in combination with cytokines such as interleukin-2. In another 10 embodiment, the
anti-CD40 antibodies of the invention can be used in combination with rituximab (IDEC-C2BS8,;

Rituxan(r); IDEC Pharmaceyticals Corp., San Diego, Californja). In this manner, the antagonist
40 oHHTHSE L  SET LTS P Ok TR ISR APEGR, SEL acminictared n
combinationimvitiias itzstic igngshebleaticeartbarapil, nonketiageit lynmet dimite d tth s Bt or surgical
procedures g%g'n%p%:@%ﬁgx}’/gw hepatectomy, lymphadenectomy, leukophoresis, bone marrow

transplantation, aRd Giation therapy; chemotherapy, optionally in combination with
autologous bone rasreeagmzpichiaithe rmatbivals|efdhenotbetiapestiubgetits thelagepbat are not

limited go. f . f : g
cI:rr?IL?odé%xy@%ﬁ%%%ﬁgﬁﬁﬂﬂ%yciop ogﬁqgcrgﬂl%é?%c%d@/ gﬁt%ﬁ%ﬁ%%%@%%ﬁ%%@oamn inations
thereof, for &xaaiisie) athrigome assitialion (Efahbhsysliem B EAE (ysophasponsiviss,
doxorubicin s edniRAREY (G RKiGHaB RSB pidBCESLIOR nREARLIADCAL Soporubicin)

VAD (vincritsine, doxorubicin, plus dexamethasone), MP (melphalan plus prednlsonela, and other

cytotoxic ani/HPHRIRsHERUASEHE SR e 19 ahP GRbpiasMtokeHieing Biaehshisiim,
idarubicin, A5rAsRaEYEINRSReANE/IHENBIARMBEFH INGIHMAINEMBRgHIDIRRE Ro Ry tarabine,

methotrexate, 5-fluorouracil decarbazine, 6-thioguanine, 6-mercaptopurine, and nelarabine; other anti-

cancerhonBERABABERNNRRAG ARG SR MRRRR D AHYGTRRISIA S2ME)) WP BREPaant-cD52

ar;ltibr?dy targ@tirgmgry (ma@ainglmewgmwp@@rmgmimlimmta&@wﬁ;erﬁemimdﬁmgéan/(r)), the
fully human antibo uMax-CD20, R-1594, IMMU-106, 30 TRU-015, AME-133, tositumomab/I-131
tositumoma E%%ﬁ%ﬂrfé?ﬂ%?mﬁ rﬂ}ﬂfqm%?gﬁe( e?ﬁjﬁw}?'%’ﬁ'@ﬁ%@%ﬁﬁ@r%%‘é i@%?(%':é‘ﬁ 0

antibody targplemicttye ) 2taaptaineukeddbnaiig meay ogliso ara) -G R datgeockil(®cekample,
MT103, a bispecific antibady); anti- CD22 antibo or he humanized monoclonal antibody
epratuzuma@f)?%@v@%%ﬁr%%%@%%ﬁ&”%ﬁy 0 eﬁé%%ﬂ%i@@@éﬂﬁ&y@ﬁEﬂ%gahﬂﬂngn vascular
endotHidial GrakiitSdikehighty@De B aslidgop tgetiag uheke DB antiger yonpinadigitant 5 B cells (for

example, thFeUk%%ﬁ@,%b@%&&%%ﬂ%nﬁ&?@aﬁg%Imﬁﬁqﬁé?ﬁ%myelocyﬂc
leukemia; myelomonocytic leukemia; monocytic leuk&nerythroleukemia;
granulocytic leukemia (chronic myelocytic leukemieh)ronic lymphocytic leukemia;
polycythemia vera; multiple myeloma; Waldenstromiacroglobulinemia; heavy chain
20 disease; and unclassifiable low-grade or high-gedell lymphomas.

It is recognized that the methods of the inventiay be useful in preventing
further tumor outgrowths arising during therapyheTmethods of the invention are
particularly useful in the treatment of subjectsihg low-grade B cell lymphomas,
particularly those subjects having relapses follmpstandard chemotherapy. Low-grade

25 B cell ymphomas are more indolent than the intetiate- and high-grade B cell
lymphomas and are characterized by a relapsingtiegncourse. Thus, treatment of
these lymphomas is improved using the methodseoinvention, as relapse episodes are
reduced in number and severity.

The antagonist anti-CD40 antibodies describedihenay also find use in the

30 treatment of inflammatory diseases and deficienmietisorders of the immune system

including, but not limited to, systemic lupus emsfiatosus, psoriasis, scleroderma,
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antibody targeting macrophage colony stimulating factor; antibodies targeting the receptor activator of
nuclear factor-kappaB (RANK) and its ligand (RANKL), which are overexpressed in multiple myeloma;
anti-CD23 antibody targeting the CD23 antigen on malignant B cells (for example, IDEC-152);
anti-CD80 antibody targeting the CD80 10 antigen (for example, IDEC-114); anti-CD38 antibody
targeting the CD38 antigen on malignant B cells; antibodies targeting major histocompatibility complex
class Il receptors (anti-MHC antibodies) expressed on malignant B cells; other anti-CD40 antibodies

(for example, SGN-40) targeting the CD40 antigen.on_ malignant B cells; and antibodies targeting

tumor necrobR RtV ERF AR R AW OB FEPATS (TR R BB A, the

agonistic hudisesaseg noelonataa tividitis] GRAEIIR St lendsifdRiiaid &/ drqwes sek asea acutder of solid

tumors and tumorsto mato small molecule-b ncer Itheraao%fi@cluding, but not
lo]

respir ofhtﬁs resggieﬁg:rcc)’rﬁri\%in UIRGAGrY mmaﬁ‘c‘?l%da C pulmon Qs
limited to, micr {bal ancti/or to}ﬂmsomer SE TIDItorS (Tor axam e, PRI [8P'Jolastatin

and dolastatistenmiogaies) ¢ty abtylpe biyoinseagivity sasinia Xylhianndrthesispeisdmerase inhibitor
20 aminoca [ - ine hydrochloride), ixabepilone (an epothilone analog,
also re?‘egrre %&@%@ﬁé&g?gﬁﬁgm@& C inhibitors, for example, midostaurin ((PKC-412,
CGP 41251, N-peﬁn@ﬂscgdwﬁb)mmﬁth@dé,otatbﬁanrﬁ%ahmeam;mﬁtcgagmyamﬁé (gallium
nitrate), Thalpmigthh GhiARmAe) JMGUNARafYarapnitidiyss abtiifermidmdr riamae,

revlimid (formerly 25 revimid)), AffinitakTM (antisense inhibitor ‘of protein kinase C-alpha), SDX-101

(R- etodolad!SREUCIRELAIIBIB O EANGHARE IR HRRRY ST eSPESH R Fe RN bR MB GeBside
analogs su%ﬁ%@f@@hﬁ'@@aﬂ»@hm@é%ﬁfr&@dwﬁﬂqaéﬁé&@t@éemi@ﬁﬁ{e’%]bhé ipRe@EFals (for example,
e

the antisense agents oblimersen and Genasense ), proteasome inhibitors (for example, VelcadeTM

(borteZ8mib) RINE RO EURAIGHRRRS f AR RIS 0 A BB I MO AR Y O EREG AR EG F
inhibitors (fasreragnmdet B4t antmel ampigsrolecinbitiipsgraptinas sheekipteteitittthe) 90 (for
example, 17-A%S}3?) sgg;lll -45 molecule iPhibtitors ﬁ)f histone deacetgjfas s (for example, hybrid/polar
cytodifferenﬁléﬁ éH ?ta'ﬁeﬁ% %'?.Jt&'lﬁ)r%' SiBeras AP (g AB‘?'ER& ) and
apoptotic ageptiustioh astlinse rsing| ) aesectotroxitde) mmiiéariteldisptmditin gadoliewsm)n vaccine
/immunotherapy-ba cancer therapies, includin ot limi )% vaccine 5 approaches (for
example, |d&rfgﬁrorﬁggepﬁ%ﬁ@?ﬁ?g%ﬁ'gf?i’%’ gﬁ%@? Cfﬁl%l[%g eﬁggsly E’o(r:%(tﬁc ive | |§type
immundiherapseffeeexdinsiefvigyaxp)eR arsonpiiveemanhiridesse pyayfomcily agsiipedes @TOP-99),
Promune(r) é&'ﬁﬁ&%%sﬁoﬂgghét}c@&HBEJ%QBHE@ is ieiath absence of clinically
detectable disease with normalization of any preslippabnormal radiographic studies,
bone marrow, and cerebrospinal fluid (CSF). Suodsponse must persist for at least
one month following treatment according to the mdthof the invention. Alternatively,
20 an improvement in the disease may be categorizbdiag a partial response. By
"partial response” is intended at least about a 86étease in all measurable tumor
burden (i.e., the number of tumor cells presemhésubject) in the absence of new
lesions and persisting for at least one month.hSu@sponse is applicable to measurable
tumors only.
25 Tumor response can be assessed for changes in toonphology (i.e., overall
tumor burden, tumor size, and the like) using saregetechniques such as magnetic
resonance imaging (MRI) scan, x-radiographic imggaomputed tomographic (CT)
scan, bioluminescent imaging, for example, lucderamaging, bone scan imaging, and
tumor biopsy sampling including bone marrow aspra(BMA). In addition to these
30 positive therapeutic responses, the subject undeggberapy with the antagonist anti-

CD40 antibody or antigen-binding fragment thereafyraxperience the beneficial effect
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receptor 9 (TLR9)), interferon-alpha therapy, interleukin-2 (IL-2) therapy, IL-12 therapy, IL-15 therapy,
and IL-21 therapy; steroid therapy; or other cancer therapy; where the 10 additional cancer therapy is
administered prior to, during, or subsequent to the antagonist anti-CD40 antibody therapy. Thus,
where the combined therapies comprise administration of an antagonist anti-CD40 antibody or
antigen-binding fragment thereof in combination with administration of another therapeutic agent, as
with chemotherapy, radiation therapy, other anti-cancer antibody therapy, small molecule-based

e R SR TR LR R,

and consectitiv & @osuniatgtéxp dnietite natdere Ao dne b dum Etsycispod it i oresegtitiswaation comprise
combined tt}g\r/arevl{/téclz ﬁ%@gnshépersgrgé%rrﬁaoies can be given simultaneously, i.e., the antagonist
anti-CD40 antibody © antlgeh%lnc(i)lng ragment 20 thereof is administered concurrently or within the
same time frame aS\thithethpectcrlbyr effectyy doss theathersiedfdet oangoomiCon dukepddst, but the
antagonist anti-CD4 i rantigepnding. fr ) ' ipister cisely at the
came. e B B L S e
present invention admimigeiesimdingshakftbatnsities ihefdaees rnadvwitisieseagiiotieamnet

subsequentdp Ihe fURRLEHNS i dBS LYo mBASRBLEH AHMIDEFHLR QI IS ARERR! fR8GRISNErapies

may be performed regardless of whether the treated sub'!ect responds to the first course of therapy to

decrease the'PBRYIBIRY D LfEhRIBIRNEP Pe R H3@r aRAEIERL BireaitHia A eARmRody
administratign 4 ghe-ARABRRIS taMiHGDAR qo R KIos LA BHERR RNARe (s MENGhRERe ERout

combination with administration of a cytotoxic 30 agent, preferably the antagonist anti-CD40 antibody

or antig€n-bhing #AgriAP B ROME KRR RPOY I d MId@RPAMERYiIMPLRR EnBt@heudent. -46 In
some embogigIRgt® ciibe: iBYenE g, theraalegaishari C4emntitpagiarosessolies! ngrrintr

i combinat B W A BIRBOLE BAHE o O S TR AH P A oD
chemotherapeyitig, agdrids abayt Fentgddmonaiered 2aengluisiycayeitkdrtbedeheanstimdtaneously (i.e.,
oo oo S o SRS e e e T
chlorodéoxyadéinisiagnioisiridiney, cfaltpepphbitisditie e thee clodront tpecthirgw shaoti-€dodfinations
thereof, for exampiG A URREIGFRIHRIDIMEEGIBERE Such as CAP
A further embodiment of the invention is the usamtagonist anti-CD40
antibodies for diagnostic monitoring of proteindéyin tissue as part of a clinical testing
procedure, e.g., to determine the efficacy of @gitreatment regimen. Detection can be
20 facilitated by coupling the antibody to a deteatafibstance. Examples of detectable
substances include various enzymes, prosthetiqgrdlworescent materials,
luminescent materials, bioluminescent materiald, radioactive materials. Examples of
suitable enzymes include horseradish peroxidakalim® phosphatasp;galactosidase,
or acetylcholinesterase; examples of suitable pedist group complexes include
25 streptavidin/biotin and avidin/biotin; examplessoitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocgm rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride or phycoerythrin; aample of a luminescent material
includes luminol; examples of bioluminescent maitsrinclude luciferase, luciferin, and
aequorin; and examples of suitable radioactive risiaclude®, 4, *s, or*H.
30 The anti-CD40 antibodies described herein caméurbe used to provide
reagents, e.g., labeled antibodies that can be tmeekample, to identify cells

-43-



10 (cyclophosphamide, doxorubicin plus prednisone), CHOP (cyclophosphamide, vincristine,
prednisone plus doxorubicin), VAD (vincritsine, doxorubicin, plus dexamethasone), MP (melphalan
plus prednisone), and other cytotoxic and/or therapeutic agents used in chemotherapy such as
mitoxantrone, daunorubicin, idarubicin, asparaginase, and antimetabolites, including, but not limited
to, cytarabine, methotrexate, 15 5-fluorouracil decarbazine, 6-thioguanine, 6-mercaptopurine, and
nelarabine. In some embodiments, the antagonist anti-CD40 antibody, for example, the monoclonal

antibody CHIR-12.12 or CHIR-5.9, or an antigen-bjnding, fragment thereof is administered prior to
eatment wAHHIRS SO AL Db R A LTy AR DR AT BRI o 2 A OIP bt C A0
antibody is aampistePetheifterf eaiowon avitntibe dies roathistapsielitictify Bas ukn ROsysodbemd/or

embodiments, the chemotherapeutic agent is ﬁminist 5%% imultaneously with the antagonist
- 0040 A B o BB LT RG Fa b T o T S S L e e BrBetments, the
antagonist dras@DeAltaretielth,/ fdo coakamipktjahdiraosocken tieaptisehc € bil R 20 pCEDREG.9, or

antigeng:)in Qgré@%@%ﬁ“ﬂﬁo T@ﬁa#%g;@gw é’glgolm%@j{gn with fludarabine or fludarabine 25

phosphate. [n one s mbodiment, antagonist anti antibody or antigen- binding fragment
thereof is administéfei3niageniatiafHiiSiR4d aditniiasaaand e rusedanipaiopgdpKaaymn alternative

embodiments, dhie, R SAH L ALMELRANHY 1RAIRAYASD Y HRAIBHIShSHRY! IS administered

after treatment with fludarabine or fludarabine phosphate. In yet other embodiments, the fludarabine

or fludarabirfBoBiRssERAR-RXRERRRNG AP sifRIRFRIBAGpHRE B0 aniRMiRe 8hth€D40 antibody or
antigen-bingiyg A Heaiigel nd édmpthaicmpad tpeikiassiing imendernchlormarsiaibran

alkylating drug, is administered in combination with an antagonist anti-CD40 antibody described
hereinlfor EXAAGIEIEAE BRI AMRRAER R 1hs 1BEPEan Resiged inAmBREHYHIKY

fragment theiteafmaone scch ZBsh edinent®thp Botageinishastitc8df) A8 g5 @alidetid)inding
fragment thereof iﬁ administered pﬁi;e)rr to adminjstrati rl}}%échkﬁkarﬁbucij. In alternative embodiments,
the antagonist anti-c hﬁ)'ﬁ%%ﬁ)} %'ﬁ?é’é)ﬁ‘-'ﬁfr?m'g% RS ﬁélpﬁda%ﬁ%tgwﬂl%'treatment

with chloranhingihg frgemetsrtrerdaidare atinthis teindor inminatibis withatisast @ seatlianeansty with the
e B R R R,
and CH®P (wspidetiosphdymigdadenectomy, leukophoresis, bareom transplantation, and the

like); radiation therapy; chemotherapy, optionatiycombination with autologous bone

marrow transplant, where suitable chemotherapaggnts include, but are not limited

to, fludarabine or fludarabine phosphate, chloratiipuincristine pentostatin, 2-

chlorodeoxyadenosine (cladribineyclophosphamide, doxorubicin, prednisone, and

20 combinations thereof, for example, anthracyclinataming regimens such as CAP
(cyclophosphamide, doxorubicin plus prednisone)O®PHcyclophosphamide,
vincristine, prednisone plus doxorubicin), VAD (eritsine, doxorubicin, plus
dexamethasone), MP (melphalan plus prednisone)ptad cytotoxic and/or therapeutic
agents used in chemotherapy such as mitoxantran@odubicin, idarubicin,

25 asparaginase, and antimetabolites, including, bulimited to, cytarabine, methotrexate,
5-fluorouracil decarbazine, 6-thioguanine, 6-metopprine, and nelarabine; other anti-
cancer monoclonal antibody therapy (for examplemalizumab (Campathor other
anti-CD52 antibody targeting the CD52 cell-surfgbeoprotein on malignant B cells;
rituximab (Rituxaff), the fully human antibody HuMax-CD20, R-1594, INUMLO6,

30 TRU-015, AME-133, tositumomab/I-131 tositumomab XB&®), ibritumomab tiuxetan
(Zevalin®), or any other therapeutic anti-CD20 batly targeting the CD20 antigen on
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vincristine, prednisone plus doxorubicin) may be combined with administration of an antagonist
anti-CD40 antibody described herein, for example, the monoclonal antibody CHIR-12.12 or CHIR-5.9,
or antigen-binding fragment thereof. In one such embodiment, 15 the antagonist anti-CD40 antibody or
antigen-binding fragment thereof is administered prior to administration of anthracycline-containing
regimens. In other embodiments, the antagonist anti-CD40 antibody or antigen-binding fragment
thereof is administered after treatment with anthracycline-containing regimens. In yet other

embodiments, the anthracycline-containing regimen is admjnistered simultapneous ith the
tagonis: S0 B B GP A OCITE FaAR Tar S0P TRt Ao dMb M ents, an
antagonist aDDZ2¥ilbodip ¢y elescnite die teimafir ekampted| dntiodyepeaalzanidtegly CHIR-12.12 or
CHIR-5.9, oBeanaalnti ea-%'ﬂ\c/zlir%%n j‘_mg{ﬁ trhgrr]%gf iﬁs%(r:iranri]g}})ségﬂreqihn %mté{ﬂaté%%t‘,’\’gh alemtuzumab
(Campath(r); drrbLe yéler ex L abora OI’IES,%C mond, aﬂ?ornga?)]. amt2imab is a 25
recombinanehdatiaeiizédnmatiotz ot antiHooy Z@atimati-tihgettze Gty DSR2 naigyentexpressed

on malignar B 48l 1,006 ShC & MAORIIBRL Ui ARIADANISALIIR GO0 A pEaigen-binding

fragment thereof is administered prior to administration of uma _ mbodiments, the
antagonist sifigpycatgribibinacHniRas 6rlamySisyiaimdR aviiediesiaioriied heer treatment

with 30 a'e”P&éé%?%dﬂ/é(ﬁ}r%f‘ﬁﬁaEﬁ?qgmmépﬁkﬁsi;dﬂ%?%ﬂrﬁé'ﬂdérﬁﬂ(ﬁiﬂﬁ@[ dyifiéhsipltaneously

with the antagonist anti-CD40 antibody or antigen-bindin fr;igi’ment thereof. In alternative

embodimenfYARRHES§EHIH mﬁlt@@m%%%ﬁ%%%g@ BFgetBiosthentIR2 3 e igsAcional

antibody CHiRibddrt & eidRrdr RxahdiEIfERINCDg: AftRamenitbateekJemyiHistesed in
combination with a therapeutic anti-CD20 antiqugptargeting the CD20 antiBen on malignant B cells,

for exatAple2RtGEMER" RIRRRI P Ble 1Y RIHSY IR HRIdRINL $15 SoPREIFYHaMRIU-106,
TRU-015, AM&idadht Botumemabidictlt tegitnpmajo ( Biweipsibiliey doritpregmabdiuxetan (Zevalin(r)).

acministorelf GBS AR LAA N P e SHHE26 LR SE)OM, G ARAH HOATAO the amtagonist |
anti-CD40 amtitioolyies fotigrarnihelii8Ekag0)aatdbéngnihc a@dmiljsteoadmalign argeBnoeiis vatidthe
o2 BB LS bRl b ol RS SRR B teneousl
15 (TRAIL-R1) (for example, the agonistic human momoal antibody HGS-ETR1) and
TRAIL-R2 expressed on a number of solid tumors tamaors of hematopoietic origin);
small molecule-based cancer therapy, includingnbtitimited to, microtubule and/or
topoisomerase inhibitors (for example, the mitotlubitor dolastatin and dolastatin
analogues; the tubulin-binding agent T900607; XL, =8l the topoisomerase inhibitor
20 aminocamptothecin), SDX-105 (bendamustine hydroddg, ixabepilone (an
epothilone analog, also referred to as BMS-24755@)ein kinase C inhibitors, for
example, midostaurin ((PKC-412, CGP 41251, N-belstayrosporine), pixantrone,
eloxatin (an antineoplastic agent), ganite (galliitrate), Thalomid (thalidomide),
immunomodulatory derivatives of thalidomide (formexple, revlimid (formerly
25 revimid)), Affinitak™ (antisense inhibitor of pratekinase C-alpha), SDX-101 (R-
etodolac, inducing apoptosis of malignant lymphesytsecond-generation purine
nucleoside analogs such as clofarabine, inhib@bmoduction of the protein Bcl-2 by
cancer cells (for example, the antisense agenisetsen and Genaseffeproteasome
inhibitors (for example, Velcade™ (bortezomib)),adhmolecule kinase inhibitors (for
30 example, CHIR-258), small molecule VEGF inhibitfier example, ZD-6474), small
molecule inhibitors of heat shock protein (HSPYf0 example, 17-AAG), small
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15 In alternative embodiments, an antagonist anti-CD40 antibody described herein, for example, the
monoclonal antibody CHIR-12.12 or CHIR-5.9, or antigen-binding fragment thereof, is administered in
combination with a small molecule-based cancer therapy, including, but not limited to, microtubule
and/or topoisomerase inhibitors (for example, the mitotic inhibitor dolastatin and dolastatin analogues;
the tubulin-binding 20 agent T900607; XL119; and the topoisomerase inhibitor aminocamptothecin),
SDX-105 (bendamustine hydrochloride), ixabepilone (an epothilone analog, also referred to as

BMS-24755 C hibit f | id KC-412, P 41251,
b (T bhathbrew rsdeTer R A i e e e

Thalomid(r) ﬂh@)chgedebmmhmmamhxadaﬂﬂtﬂrycdemaaﬂa%ﬂf @\mmummzﬁs)@mwepmwmld

(formerly rewmd@ 'At‘fﬁW'takF_ns ?(%8 isense Wlhl)l%l 2 §59t X{r mgf‘exacﬂ SDX 101 (R-etodolac,
inducing apoptosis 0 |gnan ocytes), generation purlne e03| analogs such as

clofarabine v&duimmfnmoitp’lotﬂlmfapy baﬂmi pmtem BtelrariwwiiludebueHtoi(mnmmpmmmantisense

ts gbl
(borexeminy P Lo s A6 RRgA KT Bl ‘ﬂf&é%% R eE I Res -
inhibitors (fdrrea)@mlélI%ﬂlemmmmem@neémeemmmﬂs é‘arsqmﬁn@dwpmt@ﬁtm@pygo (for
example, 14HMG %‘E@ @%@%Wﬁésoﬁreﬁmﬁwg ﬁ@‘?@%ﬂﬁﬁéﬁ@é{dﬁ@iﬁ!ﬁ BB/ polar

cytodifferentiation é %Qnts such as suberanilohydroxamic acid (SAH nd FR-901228) and
apoptotic ag8REPEICH dd-HPeE(is eirpRatHSRRY. ARk ﬁW@f@%lH—Q%Hﬁﬁfaﬁw In one

such 5 embgdifaank R aRROENISE BEpH4QEaitpabt HEEB PR REC RSN AINcieleof is

administered prior to administration of the small molecule-based cancer therapy. In other

embodtthenfIqRLBRSEBRREERIRBOZFIRIBIGH & RHAGUH Al RIGHERL fRdhsoriiagaRifistered
after treatmentivaib4bastivall ynoleciie-brses! oarm@rttt@mﬁmefab@b@bmmt@dlments the small

molecule-based.cancer thera is administere ltangoysl ith ntagonis D40
oty or ERTICRAGIG T AnCAe L m e b Snap e idensRiac RRaReRch BreE a0
antibody degcabatbimaitéin, idth aﬂanrpﬁeraimmbaoomaaltmwg@hﬂI%slmﬂlﬂcme@dtﬁeﬁaay)r an

antigen- b|nd|n n her sed| at| ith vaccin |mm notherapy-based
cancer therapy wﬁ:‘?rﬁl%néégu?not I?rﬂ? Ce\ga"lgcfn(é § éYls ofgijaem d- Eﬂsr15 oncophage,

wtaletmﬁ_e) mersouaozaammmmhmaﬁwamebased|oa,rpz£a1ﬂyadmmethpqs @bt@a‘m@lﬁnomwax(r)
Personal'Zegr{mlb'agg‘%aaﬂ}‘nifﬂ%#&ﬂ%@%@ﬂa@&ig%ﬁgﬁmw a single pharmaceutical

formulation, or and consecutive administrationither order. Where the methods of the
present invention comprise combined therapeutitregs, these therapies can be given
simultaneously, i.e., the antagonist anti-CD40kady or antigen-binding fragment

20 thereof is administered concurrently or within faene time frame as the other cancer
therapy (i.e., the therapies are going on conctlyrdout the antagonist anti-CD40
antibody or antigen-binding fragment thereof is adtninistered precisely at the same
time as the other cancer therapy). Alternativig, antagonist anti-CD40 antibody of the
present invention or antigen-binding fragment tbéreay also be administered prior to

25 or subsequent to the other cancer therapy. Sdagquadiministration of the different
cancer therapies may be performed regardless aheththe treated subject responds to
the first course of therapy to decrease the pdigibf remission or relapse. Where the
combined therapies comprise administration of titagonist anti-CD40 antibody or
antigen-binding fragment thereof in combinationhratiministration of a cytotoxic

30 agent, preferably the antagonist anti-CD40 antibmdgntigen-binding fragment thereof

is administered prior to administering the cytotoagent.
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Promune(r) (CpG 7909, a synthetic agonist for toll-like receptor 9 (TLR9)), interferon- alpha therapy,
interleukin-2 (IL-2) therapy, IL-12 therapy, IL-15 therapy, or IL-21 therapy; or steroid therapy. In one
such embodiment, the antagonist anti-CD40 antibody 20 or antigen-binding fragment thereof is
administered prior to administration of the vaccine/immunotherapy-based cancer therapy. In other
embodiments, the antagonist anti-CD40 antibody or antigen-binding fragment thereof is administered
after treatment with the vaccine/immunotherapy-based cancer therapy. In yet other embodiments, the

vaccine/immunotherapy-based cancer the is administered simultaneoqusly with the 25 antagonist
- 40 antiod AR ARSI A A A RHGER: B AE CAEBR o A ROH ntagonie

anti-CD40 agdiberityeddsamirecbheareige fobidian fieg tinenteatiorienad antisoshe CCid I BodbihatmrCHIR-5.9,
or an antige\pv-iﬁ]incri]ig% ftrﬁl ment thgreof., can be used in co bingtti n with IL-2. IL-2. an agent known to

expand the number of na 3P3f'k?l?er?ﬁ%néafﬁ]¥épo?%e <A l[?(E:“ate %8 A s,bggr? eaggynvinistered 30 prior

to, or concotratasytlgatinnheberteigahs tatithaCy 40 c thib cterbreuioyegaot{) mantigen-binding
fragment ther Thi Qfﬂfﬂﬁq m ctarcell d - L ADCC activity
of the a%mir%éﬁﬁlg%%i?%%n st ar%%hgbﬁfé @f}é}ll& y%raqa%ﬁ%kgﬂgl%ﬁ% ’frcaéglqr%@r%ﬁgr%c[) .Illﬁ%ther
embodimentbelsapesine§ amehe Bxampesdraptahle ahearairstio ageats Kuekidachvirpio gt

administereg gAY AT BRSNS A SFRARAOLY IrssIBRARGIRIRIRY example,the

monoclonal 5 antibody CHIR-12.12 or R-5.9, or an antigen-binding fragment thereof. Further,

combinatiorFtHerapexHRCARPBING (F R eRbIAB IR RN BKIE aA0XPHARSHIsPERANED2® aRflbody
described he%ma@%w%@%mﬁw%ﬁm@ﬁm&ﬁ@ FigRABASTIES S9TANSING

stimulated CD40-expressing cells, for example, B cell-related cancers, and autoimmune and/or

inflamrHator{FURBPAORP RARIIR FAG RIF RSP EiRRe) RIRC R SaBHRion therapy, where

two chemotheiapsiis Reantscre AdsRRIescncVAD BRI thox ANi_ENPRIsANt-CDA0 antibody
(or exampld ST EARA UL O AP B LA ARBU AP SeRAIRIPEATAT BB on with
an antagoniatants GEetDiantizoytdespibsuchaereimitexampeaaddicih, i8arabibimations include, but
o R RS R SRR PR U A
fragméiit thérdofranchgbdesindiiamcoGilniegebiriee 26- mefep@Ataatidowalfabieeanipleomitiximab
(Rituxan ; embodiments, the antagonist anti-CD40 antibodyekample, the monoclonal antibody
CHIR-12.12 or CHIR-5.9, or an antigen-binding fragrhthereof is administered prior to
treatment with the chemotherapeutic agent. Inrstere embodiments, the antagonist
anti-CD40 antibody is administered after treatnweith the chemotherapeutic agent. In
20 yet other embodiments, the chemotherapeutic agexdministered simultaneously with
the antagonist anti-CD40 antibody or antigen-bigdiagment thereof.
Thus, for example, in some embodiments, the antaganti-CD40 antibody, for
example, the monoclonal antibody CHIR-12.12 or CiIR, or antigen-binding
fragment thereof is administered in combinatiorhviiidarabine or fludarabine
25 phosphate. In one such embodiment, the antagamis€CD40 antibody or antigen-
binding fragment thereof is administered prior dongnistration of fludarabine or
fludarabine phosphate. In alternative embodimehé&santagonist anti-CD40 antibody or
antigen-binding fragment thereof is administeradrafeatment with fludarabine or
fludarabine phosphate. In yet other embodimehesfludarabine or fludarabine
30 phosphate is administered simultaneously with titagonist anti-CD40 antibody or

antigen-binding fragment thereof.
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IDEC Pharmaceuticals Corp., San Diego, California), and the antagonist anti-CD40 20 antibody, for
example, the monoclonal antibody CHIR-12.12 or CHIR-5.9 or an antigen- binding fragment thereof.
Pharmaceutical Formulations and Modes of Administration The antagonist anti-CD40 antibodies of this
invention are administered at a 25 concentration that is therapeutically effective to prevent or treat
CD40-expressing cell- mediated diseases such as SLE, PBC, ITP, multiple sclerosis, psoriasis,
Crohn's disease, graft rejection, and B-cell lymphoma. To accomplish this goal, the antibodies may be

f lated usi iety of tabl ipients kn in the art. Typically, th tibodi
administered by in/ScHOR! STRPINDEUEN ST G FRL RIREARYSH RIS & UecBimplsn this

administ_r_atialdmmimmimmn_bmafiandmmsasléhﬁ@gbmarmm thd&lﬂesb:&ipessibteim tmtai_n _
Compos"'onéxvgpﬁ{ﬂé R %%%%9%1%%'2{ 8&%8%8&?%?&?& e Q‘Baé{n‘%.e Sa%"i‘r'%‘?%%’f fransmission
across mucous membranes. Infravenous administration occurs preterably by infusion over a period of
about 1 to ditzgmaot hoensoimdme peeseicibntedtialentt thegamiiriLa8iHOLA) anthaup preferably 5

bput i f - j th
a0 < B B A o e R ey
be given ovéh aligsriaivereipbatiMeridcheanmaenatir B EEtbedy infLRItaS teINGIRG more quickly.
SubsequentiniSignSBAYPR AdminiRiered QY& reBGHRhAliroRhBUQI28RYEP SiRkFS, including, for

example, about 1 to about 4 10 hours, about 1 to about 3 hours, or about 1 to about 2 hours. A

pharmaceutRFBPEIIBERICROE Y AVBHED IS iadBHmISIafed SAMESHYPABI\AHASORIERIEY route of

administratietb A< amipea b Passiia-ntesOl agminstriiesr. include parenteral, (e.g., intravenous
(IV), intramuscular (IM), intradermal, subcutaneous (SC), or infusion), oral and pulmonary (e.g.,

inhalathéh), nasal, {Fb}ﬁ%%%ﬁlﬁéleﬂmgﬁﬂ?ﬂ§tmyﬁgﬁﬁ'ﬁﬂﬂtm%ﬁﬂﬁrﬁgﬁ%ﬁénCéglutions or

suspensiongdyskshfasparanigeald dxsiagesimalusrsebaisanema@pPriisalissheaptasiidie the following
components:.a sterile diluent such as water for injection, saline qu%on fixed oils,é)oiyethylene
alycols, glyllIHSBRSAISHS0R8 s SR uyRiREY R S A TSRO 0P benzy

alcohol or meettad@asabensCBdiioxrdinidystebcad e tereio gianpies adasmdrisulttell 20 dbedyting agents

such as eth [amigete ig,acid; huffers such as ac itrates _or phosphates and agents
for the adiusTESt oG i S o I T T ERef, A SR TR ot

as sodium chlori se. pH can be adjusted with acids or
bases 1Suchte aydhaonikirantciDa0sadibody or antigen-bigdiagment thereof is administered
prior to administration of anthracycline-containiregimens. In other embodiments, the
antagonist anti-CD40 antibody or antigen-bindiragment thereof is administered after
treatment with anthracycline-containing regimehsyet other embodiments, the
anthracycline-containing regimen is administeradutianeously with the antagonist
20 anti-CD40 antibody or antigen-binding fragment dudr
In alternative embodiments, an antagonist anti-Cadtibody described herein,
for example, the monoclonal antibody CHIR-12.1Z61R-5.9, or an antigen-binding
fragment thereof, is administered in combinatiothvelemtuzumab (Campéth
distributed by Berlex Laboratories, Richmond, Gatifa). Alemtuzumab is a
25 recombinant humanized monoclonal antibody (Camféththat targets the CD52
antigen expressed on malignant B cells. In oné satbodiment, the antagonist anti-
CD40 antibody or antigen-binding fragment thersaddministered prior to
administration of alemtuzumab. In other embodirsgtiite antagonist anti-CD40
antibody or antigen-binding fragment thereof is adstered after treatment with

30 alemtuzumab. In yet other embodiments, the aleuntab is administered
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hydroxide. The parenteral preparation can be enclosed in ampoules, disposable syringes, or multiple
dose vials made of glass or plastic. 25 The anti-CD40 antibodies are typically provided by standard
technique within a pharmaceutically acceptable buffer, for example, sterile saline, sterile buffered
water, propylene glycol, combinations of the foregoing, etc. Methods for preparing parenterally
administrable agents are described in Remington's Pharmaceutical Sciences (18th ed.; Mack
Publishing Company, Eaton, Pennsylvania, 1990), herein incorporated by 30 reference. See also, for

example, WQ 98/56418, which describes stabilized antibody pharmaceutical formulations suitable for
(oo i the RGP AL ATARBAI S 85T A MRt S IEE G I BT andbocy or
fragment theheeddb be administered is readily determined by one of ordinary skill in the art without

undue experimentation. Factors influencing the mode of administration and, the respective amount of
atlonst one antagd T SR B 28 LR oo e e B B R i . e
the severity fof #xadipadbeth®histnyad Attt dibeest Raha. ifetdife 5. Beqyrantigeghtiitbagh, and

physicaf congliti inchvi ' EQ&?F@E@( Simj iy ist anti-CD40
antibo§$ or?%%%n%%ﬁ{ta}%r% {g%aéhiﬁér?éﬁ?ed wi gtl g@@ﬁﬂéﬁ%ﬁ%@r‘? t%le Imet)%%bg%aprﬁér%tration
and whethetargetingjie GRIRORISIgRNOSIRMaNRYE Broalfriendoies sibpime R iRituedr tgent.

Generally, af)ighgiShdasasgtANR9ATRAL o1 HAIDA NG9S Iswigfargd with increasing
weight of the subject unde};%omg therapy. The dose of anti-CD40 antibody or fra(];ment thereof to be

administerefPRUHIARAMGEFIRSHHBA0RO0B B Plo ALBURETRR HIRE [RRFEeXBHNR)-tHR PASge of

0.01 mg/kg @ abersttimekg HausdeoRaapechErsfumRENIE ch(inaisgBagenin@lie - 1
mg/kg, 0.3 mg/kg, 0.5 mg/kg, 1 mg/kg, 1.5 m?/kg, 2 mg/kg, 2.5 15 r&g/k , 3 mg/kg, 5 mg/kg, 7 mg/kg,
10 mgAQy, 15 GiSser ReypKipr 38 ﬁ‘}%’/\k‘@j?gé 1RgRES GUBNY/KY IR FRP BHEE MRy /kg. In

another emigeglianeageiithernvemmatp oostopdanieprisgaiadmiaisiatinok auiinlstdeses of
antagonist anti-CD40 antibody qr fragment thereof. The method m omprise admini jon of 1, 2,
s 6, 7 B0 e s A CRAD A GHaCHt IROTE STy Sk, AduLEter
pharmaceutimtlbmdyp&aiﬂnﬂ@mpdsiﬁgmmmagwmhahﬁagmﬂﬁ antikmﬂyl@qfrﬁulgmgrnrth(_a_reof. The
frequency agg duré%grp gm‘ aﬁmlnlgrﬁw@regt multiple doses of the pharmaceutical compositions

comprising anﬁ% R rgr r}ragmen ‘thereof can be readily determined by one of skill in the art
without2indue exgeratiemative embrstiven tseamantiagdizisitjtcC Ritthady clegusingchhpreffective

for example, the monoclonal antibody CHIR-12.1Z#1R-5.9, or antigen-binding
fragment thereof, is administered in combinatiothvai small molecule-based cancer
therapy, including, but not limited to, microtubwed/or topoisomerase inhibitors (for
example, the mitotic inhibitor dolastatin and dtdéis analogues; the tubulin-binding

20 agent T900607; XL119; and the topoisomerase irgnlaiminocamptothecin), SDX-105
(bendamustine hydrochloride), ixabepilone (an epwik analog, also referred to as
BMS-247550), protein kinase C inhibitors, for exaepnidostaurin (PKC-412, CGP
41251, N-benzoylstaurosporine), pixantrone, elox@n antineoplastic agent), ganite
(gallium nitrate), Thalomid (thalidomide), immunomodulatory derivatives of

25 thalidomide (for example, revlimid (formerly revid)), Affinitak™ (antisense inhibitor
of protein kinase C-alpha), SDX-101 (R-etodoladuicing apoptosis of malignant
lymphocytes), second-generation purine nucleosidéogs such as clofarabine,
inhibitors of production of the protein Bcl-2 byrezer cells (for example, the antisense
agents oblimersen and Genasé&jysproteasome inhibitors (for example, Velcade™

30 (bortezomib)), small molecule kinase inhibitorsr @xample, CHIR-258), small
molecule VEGF inhibitors (for example, ZD-6474),ahmolecule inhibitors of heat
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25 amount of an antibody can include a single treatment or, preferably, can include a series of
treatments. In a preferred example, a subject is treated with antagonist anti-CD40 antibody or
antigen-binding fragment thereof in the range of between about 0.1 to 20 mg/kg body weight, once
per week for between about 1 to 10 weeks, preferably between about 2 to 8 weeks, more preferably
between about 3 to 7 weeks, and even more 30 preferably for about 4, 5, or 6 weeks. Treatment may
occur annually to prevent relapse or upon indication of relapse. It will also be appreciated that the

effective dosage of -53 antibody qr antigen-binding fragment thereqf used for treatment may increase
or decreaseSURk BB ELIESTT LOARICEAMPLE e Che s R U6 A BHGS YEBRIA become
apparent fraedbetytssdts (66 rddx@nqsitic agsdyp aladegodiisbdioreP Thagemosectnalsodiment, the
dosing regimen inclydes a first adminjsttatiop,of a I ically effective dose of at least one
a0 AR BT o T o R O A A L e another
embodimenﬂjrihei@gatag"mtEinxiidle]Lﬂtetmﬁté@némmwafha@ad@fratﬂ’nr)ralpsmmieall;cleffective dose of at

least one anjj- ti e Qggﬁ@ : : in a

treatmgft [r)%mé%aél @ﬁ’ﬁé?@%@%ﬁﬁgﬁ}sﬁﬁiu ea g@s‘?r?ﬁe%%%mﬁg\%ﬁzﬂa %&%ﬁ(ﬁ?ﬁ%ﬁﬁion ofa 10

therapeuticaRBN¥fiEtaiRAJUYY oF atIBHYEHA FEApPAEGEIHORI8PYN lAQYRET, 3, 5,
Yreifiisteedauisy o0 adisiistsatoaot o snadiamss-brseshpaesetbrIoPEN gy

and 7 of a V\(@rﬁBdHiﬁmHﬁ@rﬂ%‘bHF‘e{tﬁﬁii& dagleAgLReBdoGheaEL G iR g dFHBIISHaHenef &

therapeutically effective dose of at least one anti-CD40 antibody or fragment thereof on days 1 and 3

of a week inPAMERSRERR EBHHEAHN DI HRR FHIIhGAEGNIEHiRaNkRA S RRY-adMIRIVH#EEON of a
therapeuticaliysdiaaivasiane shaliieasicen® Hnaat-GRAS ahasnPisiaementieres enday 1 of a

week in a treatment period. The treatment period may comprise 1 week, 2 weeks, 3 weeks, a month,
3 monttf, 6B 2YRAARsh 2Rt GIOR R I a) e HIBEdRARERE LSs8Phted from each other
bﬁ/ aday, a \lflveek, 1A \a@ahﬁd ea@mhirﬁemmfé\s,aﬁﬁmﬁm,mmmméaﬁammagﬁﬁmmwhe
therapeutically effective doses qf antagapist angi-CD40 20 antj or antigen-binding fragment
thereof rang%éﬂ@?a@&@@ %%Oﬁl%llﬁgqg%bo%%ﬁg}égo ff?é@%&&ﬁcﬁﬂﬁ%@%‘%@&out 40 mg/kg,
from about Gr&gnnegtkit docaibocarBbBe mgédinframbipatit 6. hithcifvel ito rabnoth2Oapgtigs écboaabeut 0.5
mg/kg to abgut m from about 1 1 to_about 30 ma/kg, from abqut g to about 30
mg/kg, from%gtr)%g)(’é%@g%%%onuL{i@mgékg,’ ?/r%%:'g ot E%%?&%rt%xg@o[ﬁ%%ﬂrﬁg ky, from 25 about
5 mg/Kibto atvmephBgegiitlethine peautralingtkyro ahathetgmateydidivse fionnaxeotiseanive dose of
any one antggpaist ATk GRAD-3 RN Af AR RIS AR9FBRRLI designate@BD9),

Promune® (CpG 7909, a synthetic agonist for ték-lieceptor 9 (TLR9)), interferon-

alpha therapy, interleukin-2 (IL-2) therapy, IL-i#erapy, IL-15 therapy, or IL-21

therapy; or steroid therapy. In one such embodintkee antagonist anti-CD40 antibody
20 or antigen-binding fragment thereof is administgoadr to administration of the

vaccine/immunotherapy-based cancer therapy. lar@mbodiments, the antagonist

anti-CD40 antibody or antigen-binding fragment dafris administered after treatment

with the vaccine/immunotherapy-based cancer therépyet other embodiments, the

vaccine/immunotherapy-based cancer therapy is ast@iad simultaneously with the
25 antagonist anti-CD40 antibody or antigen-bindiragment thereof.

In one such embodiment, an antagonist anti-CD4ib@aty described herein, for
example, the monoclonal antibody CHIR-12.12 or CI8IB, or an antigen-binding
fragment thereof, can be used in combination wWitR.I IL-2, an agent known to expand
the number of natural killer (NK) effector cellstieated patients, can be administered

30 prior to, or concomitantly with, the antagonistig@@D40 antibody of the invention or

antigen-binding fragment thereof. This expandeahimer of NK effector cells may lead
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thereof, for example the anti-CD40 monoclonal antibody CHIR-12.12 or CHIR-5.9 or antigen-binding
fragment thereof, can be 0.003 mg/kg, 0.01 mg/kg, 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 0.5 mg/kg, 1
mg/kg, 1.5 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg, 5 30 mg/kg, 7 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg,
25 mg/kg, 30 mg/kg, 35 mg/kg, 40 mg/kg, 45 mg/kg, 50 mg/kg, or other such doses falling within the
range of about 0.003 -54 mg/kg to about 50 mg/kg. The same therapeutically effective dose of an
antagonist anti- CD40 antibody or antigen-binding fragment thereof can be administered throughout
each week of antibody dosing. Alternatively, different therapeutically effective doses of an antagonist
anti-CD40 ABRER GE LA ARHN HAbH: SRR 2ot ShA AT e of a reatment
period. In othetigenHadditentsdgheimitied el apreotical lyrefiediiae | Hosk sefrassasdapenist anti-CD40
antibody or anti en-&i%din fragment thereof as defined, elsewhere herein can be in the lower dosing
range (Lo SO e B 8 Sl e e S A B R F A R e
dosing rangwitheapfenrtaghiaiat 20thigiId) tardiboaty 533 Criveiogfon examety hembmuinienas, the initial
therapeyticallygiagTvpress b3 cRiRaBYshAal SRR AIHBIAGAIARIAERSGinding fragment thereof
range (1.e7, abou

as defined elsewhere herein can be in the upper dosin t 20 mg/kg to about 50

mg/kg) with subseruidhtid cosbiartienhanapkavidiveyaosng i HEBYIIe 2ge0Bangd/&Q to about 20 15

mg/kg). ThusninRprseaRPeimatih o) abhianeHlraluslierivedlers abitim@itgpgnist ant-CD40
antibody or antigen-binding fragment thereof is about 20 mg/kg to about 35 mg/kg, including about 20

mg/kg, abodteMenker dissases rgkGoRIsGLRImS | XA SEIHSERRIISnToh SrarBRR. Ay

effective dogaq-ad Hierpingenishaatatiarmanidoasty oF inntEsRE hiseinerdagmeriihsssrf are about 5
mg/kg to about 15 mg/kg, 20 includinﬂ about 5 mg/kg, 8 mg/kq, 10 mg/kg, 12 mg/kg, and about 15

mg/kglfh sdEBmsc@amBES BEtHda ATRISeMAHaERM LAY taHR S Ah ERe IR HEC initiated by

administeringganteagingdinsestefdberaceinbihatbantige arkjorincaiadrmy dhebeal tadberipeject in
need of antagonist antj-CD40 antibod 5Hsl?era 8%By "Ioadin% dose’ is intended aﬁrl initjal dtg)sedof the
antagonist IR AT ANIAAS G ERES 289 AteT ek s ae RoRgR el 2Pasthe

subject, whefer theatigsie, clldmetantivadhy iwiuyamtadpe obandrCERShudn) theradimadsténedared falls within
e iter EBANER o MARS TS ASURIL L T SRt e
15 combinations include, but are not limited to, conaltions of fludarabine,
cyclophosphamide, and the antagonist anti-CD4®adtj, for example, the monoclonal
antibody CHIR-12.12 or CHIR-5.9 or an antigen-bimglfragment thereof; and
combinations of fludarabine, an anti-CD20 antibddy,example, rituximab (Ritux&hn
IDEC Pharmaceuticals Corp., San Diego, Califorraay the antagonist anti-CD40
20 antibody, for example, the monoclonal antibody CHIR12 or CHIR-5.9 or an antigen-

binding fragment thereof.

Pharmaceutical Formulations and Modes of Adminiisina

The antagonist anti-CD40 antibodies of this ini@nare administered at a
25 concentration that is therapeutically effectivgtevent or treat CD40-expressing cell-
mediated diseases such as SLE, PBC, ITP, multydecsis, psoriasis, Crohn's disease,
graft rejection, and B-cell lymphoma. To acconipligis goal, the antibodies may be
formulated using a variety of acceptable excipi&ni®wn in the art. Typically, the
antibodies are administered by injection, eith&awvenously or intraperitoneally.
30 Methods to accomplish this administration are knosvthose of ordinary skill in the art.
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binding fragment thereof is administered IV, or as multiple administrations, for example, 30 multiple
infusions where the antibody or antigen-binding fragment thereof is administered 1V, so long as the
complete "loading dose" is administered within about a -55 24-hour period. Following administration of
the "loading dose," the subject is then administered one or more additional therapeutically effective
doses of the antagonist anti- CD40 antibody or antigen-binding fragment thereof. Subsequent
therapeutically effective doses can be administered, for example, according to a weekly dosing

schedule, 5 or once every two weeks, once every three weeks, or once eyery four weeks. In such

embodimentamil QS AERE (B i DI P IR RGRy P SRIFAY ARfate. lower dosing

range (i.e., @dOthivgikglioabbid2thaydika)apdisnafivelys pnsgires s moodimentsn foboesng the

"loading dose, " thj subse%Jsgnt therg e{,lticall eﬁ‘ectiv}e rda%?e% of.the antagonist grg)tg-a(‘bDﬁQ&antibody
u

. . Intraveno ministration QCcurs pre 3on over rno "
or 10 antlgen-bln ing ragmen??hereo are a mlnlstBre accoraing pO aemaf?ﬁ?enance schedule,

wher.e@n the ttheape Utichiyrstfeniveetss aif yhevan tbodydnuan igertsndiren magenerefenabdof is
adminisiered) o, 379U A5 EHBIY-0 UASHS OPREGHRR AL AN EHB0P8 FUeRY 10 weeks, once

every three months, once every 14 weeks, once every four months, once every weeks, once every

five months depea@naryanherstidabdd ariikedshemeoraddemece e Hyitrahioiusionotte keery 8
months, 0”%ﬁYﬁﬁchdﬁé’é\tEénﬁiB‘sﬁ’ti&Y%X}B%‘q%rﬁh%\%}%ﬁéﬁré{b%t”ﬂ%tgﬁom BMRRY RN 12

months. In such embodiments, the therapeutically effective doses of the antag%list anti-CD40

antibody or HBSRAIHHIFE PASIHBINRFRISBRFIAWABKIY- tIRINSRE NibSipRSrEIRYERE. adMIDISiERs kg to

about 20 mg{kg)a PRIY GrbbElED (HASHEEE Héens dacrfiflicadmnistamsLal mesd digaent 20
intervals, for example, once every two weeks to once evera month, or within the higher dosing range

(i.e., froth abSUSPRYkS 18 8BBHE 3AAMGHKGY, FHEHLR! ¥he subsequent doses are
administered at less jiegiueadd0tRiaidenposkmpiEtheheventsohsefiurid deses amimbrstered about

o R e AR T e R LB i oo
native or obiaghedehyanatenahifat tethagunessdid) natysme fao i) yrsades alchidiogtaneounsalian
o o B B A S, AR R R b ices e
cell lin@é5. 30rahenphcrashcandicatEd aposiisinatiosefdahtimesusieod 0$ theethientiare ntesal,
intradermal, or subcutaneous application can irethe following components: a sterile
diluent such as water for injection, saline solutifixed oils, polyethylene glycols,
glycerin, propylene glycol or other synthetic solige antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such esrbg& acid or sodium bisulfite;

20 chelating agents such as ethylenediaminetetrasa@tc buffers such as acetates, citrates
or phosphates and agents for the adjustment dfitgpisuch as sodium chloride or
dextrose. pH can be adjusted with acids or bases$), as hydrochloric acid or sodium
hydroxide. The parenteral preparation can be sedan ampoules, disposable syringes,
or multiple dose vials made of glass or plastic.

25 The anti-CD40 antibodies are typically providedstgndard technique within a
pharmaceutically acceptable buffer, for examplexilst saline, sterile buffered water,
propylene glycol, combinations of the foregoing. eMethods for preparing parenterally
administrable agents are describe®emington’s Pharmaceutical Scien¢@8" ed.;

Mack Publishing Company, Eaton, Pennsylvania, 199€&ein incorporated by
30 reference. See also, for example, WO 98/56418;iwthescribes stabilized antibody

pharmaceutical formulations suitable for use inrtfethods of the present invention.
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comprise biologically active variants of the antagonist anti-CD40 antibodies of the -56 invention. Such
variants should retain the desired biological activity of the native polypeptide such that the
pharmaceutical composition comprising the variant polypeptide has the same therapeutic effect as the
pharmaceutical composition comprising the native polypeptide when administered to a subject. That
is, the variant anti-CD40 antibody will 5 serve as a therapeutically active component in the
pharmaceutical composition in a manner similar to that observed for the native antagonist antibody,

for example CHIR-5,9 or CHIR-12.12 as expressed by the hybridoma cell line 5.9 or 12.12,
respectively. Methbi ARPLTARAAL A ThE te N G OFGRR 3 DIFIERLTEC D40 antibody
retains the desiedsteotobicatadiiyitictandihenty seryes asliakieinpes tcalljthctivaridueomponent in
the pharmaceutical compositipn. Biological activity of antibody.variants_cgn,be measured using
asony spodhBaTy O e e DB ST B B g mssays
described iratheprestat ieashtios aftagphstraaticliiddl aotitfoosithgmenttbesaug) ancirtagbuist

anti-CD40 anij - ingt indi i ibed:herei PEU] ive
compongént %b gggl@ﬂ%&sﬁ‘e?g&ﬁéﬁgﬂ%&%@g@ﬂﬁ%ﬁ/ﬁ%ﬂ%@%@lﬁéﬁﬁfc{@%ﬁtgﬂﬂgﬁ% y-dried
compositionkeightphisiahtoReasihiire physicantageiienarindbidoalnindriaeitg theranyention may be
prepared asgymagHeoHs MBRRREHSALSBAILTIQRREBHRPSHRIPS: A FHESEMEEL ApiRistration to a

subject in accordarice with the methods of the invention. Each of these compositions will comprise at

least one of 3HBVHIEERJ6HI ¥ RE-EENENIENAMASHHIRS BTt PlasERtiPR ahtonhahefHEmpeRigsally or
prOphylaCtiQﬁl'VLﬁfﬁiB’@OCQ@ﬁ@@%s@b?%ﬁﬂﬁﬁ@&@@gg & ﬁﬁfﬁ%ﬂiﬁﬁ@@@ﬁtﬁ@éﬁé@ﬂ%@ﬂﬂ@ﬁéﬁ

intended the anti-CD40 antibody is specifically incorporated into the compaosition to bring about a

desiredtherdperie 3 HESHYAL AOTROIY N M R e PR Eer RV B Vs RSN DV eIt sis of a
disease or apeditipfevtithider goibig thayhpy. the e kivse ageiidaleoimeds biofagfmeadniristeisd to that

et or SO PHINIRISE LA <aLEab ERD AN L et oL A vty
during prepmatmmldmagagmgrmmaqm mm@@mhmmmmemmmm comprising
o oo B RS B R he BRE IR S0
bulkind agemg/y.e3erggikgcarbwikdr atesitkcutie gy, drssogg#Rk0-Bip/kg, 25 mg/kg, 30 mg/kg,
35 mg/kg, 40 mg/kg, 45 mg/kg, or 50 mg/kg.
In another embodiment of the invention, the metbaaprises administration of
multiple doses of antagonist anti-CD40 antibodjragment thereof. The method may
comprise administration of 1, 2, 3, 4, 5, 6, @810, 15, 20, 25, 30, 35, 40, or more
20 therapeutically effective doses of a pharmaceutoalposition comprising an antagonist
anti-CD40 antibody or fragment thereof. The fraggyeand duration of administration
of multiple doses of the pharmaceutical compos#ticomprising anti-CD40 antibody or
fragment thereof can be readily determined by drekit in the art without undue
experimentation. Moreover, treatment of a subjetit a therapeutically effective
25 amount of an antibody can include a single treatragmreferably, can include a series
of treatments. In a preferred example, a subgeteated with antagonist anti-CD40
antibody or antigen-binding fragment thereof in taege of between about 0.1 to 20
mg/kg body weight, once per week for between athidot10 weeks, preferably between
about 2 to 8 weeks, more preferably between abtw{73veeks, and even more
30 preferably for about 4, 5, or 6 weeks. Treatmeay wccur annually to prevent relapse

or upon indication of relapse. It will also be egxpated that the effective dosage of
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alcohols such as mono-, di-, or polysaccharides, or water soluble glucans. The saccharides or
glucans can include fructose, glucose, mannose, sorbose, xylose, maltose, sucrose, dextran, pullulan,
dextrin, a and (3 cyclodextrin, soluble starch, hydroxyethyl starch, and carboxymethylcellulose, or
mixtures thereof. "Sugar alcohol” is defined as a 5 C4 to C8 hydrocarbon having a hydroxyl group and
includes galactitol, inositol, mannitol, xylitol, sorbitol, glycerol, and arabitol. These sugars or sugar
alcohols may be used individually or in combination. The sugar or sugar alcohol concentration is

bet 1.0% and 7% w/ ferably bet 0% d 6.0% wi/v. Preferabl id
imelud ovoP R PGB AN AHGIARC oL BT et GRS AL iy be

added. Prefexredipoyooese mwmnmawmehdoméﬁy@sagb aryanasaganddecolaeweight
between 2,000 and OOO S\pa average molecular weight between
a

r ttsh%ﬁ a(%gg gl (g’EG with..an
3,000 and 53(?(5)8 @?Jr acrpa nts {ﬁ can e Sﬂsﬂ T%rmll}?afjon are shown in EP Nos. 270,799 and
268,110. Additionalligpaniibockesnchadiaehic the albsing difgohey e aliding tcatjuigaticatitn &f 85 polymer

beptides. e D e A A B S L R N e e
all hereby ird@ypdratedb\aruictb i@ ifiapteahpesinss. Prereapd Qdiperishe spsnoxgeimgated
polyols and |Helﬁaﬁy§ﬂ%ﬂaﬁ?ﬂln@ﬁa%npd¥§ﬂﬁe’?@b@!ﬁ;&&ﬁf&&ﬁf@&é@@'ﬁftﬁm@ﬁ%ﬂé ARl has the

general formula: R(O- 2 R where R can be hydrogen, or a protective group such as

an alkyl or Q%F@FGQEYI@FJ@:%WW@W&&H@@@&U@kﬁsﬁ)éﬁ}éérpiaaw@@(dﬁrﬁé@tmé%

preferably itigipathiAurting rfneelimin e Reglive ém%gﬁgg PERfRRARhGREANSIeR MRSt iBRGfRore
preferably between 2 and 500. The PEG has a preferre average molecular welaht between 1,000

and 40:800, N6ARSHERA YR BERNR S LR RRIFR S PSR BOBNA DL RO @%Wand
12,000. Preﬁay@ly BEGdrs abieanteerahydroxhisoUpeaadrsy esgiatdy lhtﬂummralmaéthydroxy

group. It is thi dro hich is er activ 0 react with a mlno on the
ibitor, HONERISITATb8! BAEEARSUALY BEER e SRR S e A A e LU oy be
varied to acfr%mymmtd:bm@itbnaﬂnysgamnﬂ BEﬁ;éaweleadyaftthat ppmwum ammbahunef@fbd\/dtberﬂspluble
polyoxyethyla e lyo re al h entl |nc I lated
sorbitol, polyo§ﬁé§1‘9% grlgcosf:(ras péiyol%/sg ﬁtl ycer gﬁ‘gcé 8?&9?%%&
preferrial. omauramaswm@usem@wmmrmmbm @fq!e%xyethﬁat&@gﬂmlodlsfhe same
backbone Oﬁ%larm{]ﬁyr@gynﬁ'ayf%mprise 1 week, 2 weeks,ékgyea month, 3 months, 6 months,

or a year. Treatment periods may be subsequesgiparrated from each other by a day, a
week, 2 weeks, a month, 3 months, 6 months, oan ye
In some embodiments, the therapeutically effeaieges of antagonist anti-CD40

20 antibody or antigen-binding fragment thereof ranfgesh about 0.003 mg/kg to about 50
mg/kg, from about 0.01 mg/kg to about 40 mg/kggrfrabout 0.01 mg/kg to about 30
mg/kg, from about 0.1 mg/kg to about 30 mg/kg, fralmout 0.5 mg/kg to about 30
mg/kg, from about 1 mg/kg to about 30 mg/kg, frdmat 3 mg/kg to about 30 mg/kg,
from about 3 mg/kg to about 25 mg/kg, from about@kg to about 20 mg/kg, from

25 about 5 mg/kg to about 15 mg/kg, or from about 7kagdgo about 12 mg/kg. Thus, for
example, the dose of any one antagonist anti-Cdibady or antigen-binding fragment
thereof, for example the anti-CD40 monoclonal adpCHIR-12.12 or CHIR-5.9 or
antigen-binding fragment thereof, can be 0.003 ggdk01 mg/kg, 0.03 mg/kg, 0.1
mg/kg, 0.3 mg/kg, 0.5 mg/kg, 1 mg/kg, 1.5 mg/kgn@kg, 2.5 mg/kg, 3 mg/kg, 5

30 mg/kg, 7 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25kgg30 mg/kg, 35 mg/kg, 40
mg/kg, 45 mg/kg, 50 mg/kg, or other such dosesmfallithin the range of about 0.003
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example, animals and humans in mono-, di-, triglycerides. Therefore, this branching would not
necessarily be seen as a foreign agent in the body. The POG has a preferred 5 molecular weight in
the same range as PEG. The structure for POG is shown in Knauf et al. (1988) J. Bio. Chem.
263:15064-15070, and a discussion of POG/IL-2 conjugates is found in U.S. Patent No. 4,766,106,
both of which are hereby incorporated by reference in their entireties. Another drug delivery system
for increasing circulatory half-life is the liposome. 10 Methods of preparing liposome delivery systems

are discussed in Gabizon et al. (1982)_Cancer Research 42:4734; Cafiso (1981) Biochem Bjophys
et 6401 25O & AN RO K T TG o AR B NS O PN SRl e
known in theCad Oasnttinoel ylescnittiee mbiadindoagaesitreirani b &) ninig ddedithry fsysientadR. L.
Juliano, ed., Oxford, N.Y.).pp, 253-315: Poznansky.(1984) Pharm Revs 36:277..15 The formulants to
o meorpo- gt A aflidoRatie S Wi di RS Hitrand R R B A osc b T o
anti-CD40 amtitagayist antigein46i raditigo dhagnaertgbierdeiof]imdn &t tthe muboamise astCO40 daatibody or

antigen i”déegrﬁégmﬂ‘e;;%@ﬁf %.Hd retain its physical and/or chemical stability and have the
desired biological activity, I.e., orle or more of the antagonist activities defined herein above, including,

but 20 not limited tth @thgsiesnbetimeniaodiebulivldéerepsntineiieaive HosmafFsriphaapmsicells
stimulated by.F; egY3piaRiHEAY of é_H[l‘(jléﬁ'—lﬁﬂﬂ(gP ﬂ:}é(’#fﬁéﬂ?%&@@?ﬂ?é@%@@@vhﬁ%i%%m_ga?le"S

stimulated by Jurkat T cells; inhibition of survival' a groliferatlon of normal human peripheral B

cells stimuld18dHNE OU@r-doprEERGR 4118 -0PBBHIKIL & IRRME EOPABO): ilisHBResS N rvival”

anti-apoptotiEuEaeRivtARRHIN AR IRi gAY 2R SRl THRYEAIRER BB /R8i@-ahage5eD40L; inhibition
of CD40 signal transduction in any cell upon ligation with sCD40L or solid-phase CD40L; and
inhibitidA of P6f@&ration of human malignant B cells as noted elsewhere herein. Methods for

monitoring protein piapidtyiaresveeHdaumpnesthreantitde thdripeysreplectilangsdd 993hAdv. Drug
e A A S o SR R
measured aheremosam b bttt ppedu o fin g speef{ed. padipoh gfdine aimopiteso rmegl laghbdtiments, a
et VAt gl o B PR R ooy
monthlat leaxy/Bahohthss, on ankasti@diorhs, thadidiakt peilic altyatftectB dose of the
antagonist anti-CD40 antibody or antigen-bindiragfment thereof is about 20 mg/kg to
about 35 mg/kg, including about 20 mg/kg, aboutrigikg, about 30 mg/kg, and about
35 mg/kg, and subsequent therapeutically effectoses of the antagonist anti-CD40
antibody or antigen binding fragment thereof areudtb mg/kg to about 15 mg/kg,
20 including about 5 mg/kg, 8 mg/kg, 10 mg/kg, 12 ngg/&and about 15 mg/kg.
In some embodiments of the invention, antagomst@D40 antibody therapy is
initiated by administering a “loading dose” of thetibody or antigen-binding fragment
thereof to the subject in need of antagonist ab#Cantibody therapy. By “loading
dose” is intended an initial dose of the antagoamgi-CD40 antibody or antigen-binding
25 fragment thereof that is administered to the supjecere the dose of the antibody or
antigen-binding fragment thereof administered fafiihin the higher dosing range (i.e.,
from about 20 mg/kg to about 50 mg/kg). The “loapddose” can be administered as a
single administration, for example, a single infusihere the antibody or antigen-
binding fragment thereof is administered IV, onadtiple administrations, for example,
30 multiple infusions where the antibody or antigenebdng fragment thereof is

administered 1V, so long as the complete “loadingeal is administered within about a
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5 at least 6 months, at least 9 months, at least 12 months, at least 18 months, at least 24 months. A
protein such as an antibody, when formulated in a pharmaceutical composition, is considered to retain
its physical stability at a given point in time if it shows no visual signs (i.e., discoloration or loss of
clarity) or measurable signs (for example, using size 10 exclusion chromatography (SEC) or UV light
scattering) of precipitation, aggregation, and/or denaturation in that pharmaceutical composition. With
respect to chemical stability, a protein such as an antibody, when formulated in a pharmaceutical
composition, is consideraﬁj to retain its chemical stability at a given pojnt in time if . measurements of
Chernioal SUZATR B Ha ATHAD e PRI e S SEh) e 1B e Biefo ety of
interest in thadmimiste st otiead comEosdiditiohé thedspleutinafigdiven d cdengeh éaheguonaltsiatiility are
well known 'ELJJ% %ﬁt%nd mclud% but are not limited Hhmggé%ds to detect chem{calll altered forms of

eIr %e-%]f& ,§r€8‘?%ﬁ° matrix-assisted

the : oﬂyfor antigen- mdmg fra}%men
protein such as result’ from clgpplng, using, Tor example,
laser desorpffontionidesiestandefdtighinisiassdsgectrananiy rait)de gradktidy desiog seteide,20
changeg in | a : ' ;ﬂ g‘f@mi ion), US| or € ple,
ion-excéang%goéﬁr%gér%gt%%?am&g%éﬁé’ E)}g §x§r%3?§,@r§gr\¥gt ods dls\%%gﬁj ﬁerelngbelﬂ)w. n antagonist
anti-CD40 a@filsegynar iatidenshiPrEAY i dhesapendically aifeeisemasaesaliv falpwithinadsutical
compositiongis j q%@gi@ig 9.6'@?5‘?&/1@{%1’6’@5@& tivity at a given point in time if the
desired biological activity at that time is within about 30%, preferably within about 20% of the desired
biological activity eXifsRaHVRIXnE saReeRE"BREIMEREu{REP WEIE PHRRCHIOHRSDrefifed as determined in

a suitable aggmydaldhetHeRIRA HAIRY KR AR DHsAS TIMREGH MR IFHIBD teLiRiBises biological activity
of the antagonist antj-CD4Q antibodies disclosed herein, and antigen-bindi_ncT; fragments thereof, 30

can betBerfGMig8 L IadgiFagmeideran! R Ml EEbalndie asmalagaaltbed in Schultze et

al. (1998) Prenicdiiath, AnadréntitHdIRePa8El0alY (4idoprdarnetid. 44980y -60anageirbinansplant.
2:6-15; Evans et al. (2000 fi Immunol, 164:688-697; Noelleg%%QaNA ents Actions Supé)l. 49:17-22;
. tal.

Lederman eftr%ﬂrf‘f@ﬁ CLor DR SeAT I.01§]:C/e7?8g10'8€|i8 1?%1%‘???5%\{ cols in
Immunologynid1it®;, kneklkekopiDetedksl WRe buaryniotogysfamdS elbdy dddid sksPatert dNesy

7492 o P STE R M 0 MeRRRLe Re RIS R 5 I ST RRE! edrvention

15 every six months, once every 7 months, once evenpi@&hs, once every 9 months, once
every 10 months, once every 11 months, or onceyéh2months. In such embodiments,
the therapeutically effective doses of the antagjamti-CD40 antibody or antigen-
binding fragment thereof fall within the lower dogirange (i.e., 0.003 mg/kg to about 20
mg/kg), particularly when the subsequent dosesdmanistered at more frequent

20 intervals, for example, once every two weeks tceasery month, or within the higher
dosing range (i.e., from about 20 mg/kg to aboutg@kg), particularly when the
subsequent doses are administered at less fremuemals, for example, where
subsequent doses are administered about one nwoalfotit 12 months apart.

The antagonist anti-CD40 antibodies present irpttegmaceutical compositions

25 described herein for use in the methods of thentiee may be native or obtained by
recombinant techniques, and may be from any sourcelding mammalian sources such
as, e.g., mouse, rat, rabbit, primate, pig, anddruniPreferably such polypeptides are
derived from a human source, and more preferalelyerombinant, human proteins from
hybridoma cell lines.

30 The pharmaceutical compositions useful in the odghof the invention may

comprise biologically active variants of the antaigbanti-CD40 antibodies of the
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example, the CHIR-12.12 or CHIR-5.9 monoclonal antibody, or antigen-binding fragment thereof is
formulated in a liquid pharmaceutical formulation. The antagonist anti-CD40 antibody or antigen
binding fragment thereof can be prepared using any 10 method known in the art, including those
methods disclosed herein above. In one embodiment, the antagonist anti-CD40 antibody, for
example, the CHIR-12.12 or CHIR- 5.9 monoclonal antibody, or antigen-binding fragment thereof is
recombinantly produced in a CHO cell line. Following its preparation and purification, the antagonist

anti-CD40 antibody or 15 antigen-binding fragment thereof can be formulated as a liquid
harmaceutEUE T USHEN VRIS R SR CErAB  SETRHER, AN SO AN CDAO antibody
or antigen-piolgingptidgmastt thatrelod isHarbestonéchpeonarisdomprisiatiaheivadarhe figpeptide
example, ath< ZF%C and then thavvted e# room %ﬁm I;?rature fo .furthetr formulation. 'me Iig{.lid
pharmaceutiCal formatation Comprises aeﬁwear%pe%ﬁca"i\i{/”gﬁ%%‘ﬁ‘v” arnount of BOThE antagonist
anti-CD40 apailypeptaeantigeratiimuhiistefied) nens thgeetf. THisthiamaurmn taintiribdyeotibotgevilbinding
fragmen theiaobRIESER e AR IR KGR O CHRITRIANDE (BHiE Y Amipstration and
desired dose volume. In this mannetf, the liqui [?harmac utical composition comprises the antagonist
anti-CD40 am@noey Siotilexdmiblat ehservpriarzhe naticegmgsbanitissty for examgele @6 Rridg
fragment theyeef gka 60N GBI hypadBhia &@H@Qr%?ﬂé‘ﬂe%?@é{S OF\% mg/ml to about

40.0 mg/ml, about 1.0 mg/ml to about 30.0 mg/ml, about 5.0 mg/ml to about 25.0 mg/ml, about 5.0
mg/ml to abMatpeds aig/Rvadrkisdnithe artierAetesaisi@sies sn@HANIRelRO4hBaIReN s, the

liquid pham}@%HHQﬂb@é@P@aiw}ogw@MlﬁﬁﬁtW%WW@@@&@%@%B@UE@Q Q{cgptigen-binding
fragment thereof at a 30 concentration of about 0.1 mg/ml to_about 5.0 mg/ml, about 5,0 mg/ml to
about 8.0 FRGMRANEHLIR %@H?é?ﬂﬂ%%ﬁ@h‘f‘i@ﬂ?ﬁiﬁ%l,%@fﬁ?ﬁt}‘r@ﬁﬂ%%om%?ésmg/ml, -61

about 20.0 rgipktenabeutethbuimg4akBsosictiicamgtakigrpet 3 meHuy alpened @i%emng/ml to
about 35.0 mg/ml about 3 .O{ﬁnﬁ]/mlt about 40§rﬂn%%/mé;tfbout 40.0 mg/ml to about 45.0 mg/ml, or

about 45.0 M m%'%{t%ﬂ ﬁl N BERAYS %Pﬁ%“hdﬂ{a Pirmaceutical composition
comprises the antayonstantaCidicd eotipadytion axothgyersvigdingdregnaett ¢i4ec i dpncentration

e e A B e LA B RO, o
mg/ml1%he tigoibdghsechattheioxtibop osiienmanpeisedithehdyagbiized, or spray-dried
compositions comprising one or more of the antagamti-CD40 antibodies of the
invention may be prepared as an aqueous or nonas|getution or suspension for
subsequent administration to a subject in accoedarth the methods of the invention.
Each of these compositions will comprise at least of the antagonist anti-CD40
20 antibodies of the present invention as a therapaliytior prophylactically active
component. By "therapeutically or prophylacticalgtive component” is intended the
anti-CD40 antibody is specifically incorporatedairthe composition to bring about a
desired therapeutic or prophylactic response veigfard to treatment, prevention, or
diagnosis of a disease or condition within a subjéten the pharmaceutical composition
25 is administered to that subject. Preferably therpiaceutical compositions comprise
appropriate stabilizing agents, bulking agentdaih to minimize problems associated
with loss of protein stability and biological agtiwduring preparation and storage.
Formulants may be added to pharmaceutical composicomprising an
antagonist anti-CD40 antibody of the invention.e3& formulants may include, but are
30 not limited to, oils, polymers, vitamins, carbohgths, amine acids, salts, buffers,

albumin, surfactants, or bulking agents. Prefgrablfbohydrates include sugar or sugar
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anti-CD40 antibody, for example, the CHIR- 12.12 or CHIR-5.9 antibody, or antigen 10 binding
fragment thereof and a buffer that maintains the pH of the formulation in the range of about pH 5.0 to
about pH 7.0, including about pH 5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7,5.8,5.9, 6.0, 6.1, 6.2, 6.3, 6.4,
6.5, 6.6, 6.7, 6.8, 6.9, 7.0, and other such values within the range of about pH 5.0 to about pH 7.0. In
some embodiments, the buffer maintains the pH of the formulation in the range of about pH 5.0 to
about pH 6.5, about pH 5.0 to 15 about pH 6.0, about pH 5.0 to about pH 5.5, about pH 5.5 to about

7.0, about pH 5.5 to about pH 6.5, or.about pH 5.5 t t pH 6.0 itable buffer that maintai
the oH of bR IR B30 51 bcHly ThHDSEEH i MERGS I BB S0 LDbout pH 7.0 can

be use_d in tbadmmidatiqn,gﬁmwmgcaa ihel\_wdiersﬁaontsﬂngmbembibsegedrdesbeﬂyhiemgwtmivity of
the antibody 20 are rgte)l(l{}ed as pqted erein aboye glclabge bUffEJ mc{ud tr]ut L are n%{,lfmted to,

conventional AEIa ARG STS IRATAG WHETC AL LOGHEST Ton CAn Be T6r eXample! Soatim potassium,

ammonium,statciurandroaidgmesiethy Exdmpses of coxveesinfl ' stidaaaidobaltdshiatioddrat aan be
used tobuff i [e]]1 ioR nclu imited tq, inic acid or
succina%z:, c%éggdngé@%%?t@%@ééwiﬁ{ g? Eé)?é/tggé% %ﬁﬁlﬁr@%ﬂgg{@bmﬂb acid or
phosphate, g}{ﬂt@inﬁp@k@i@logb’w&h@eg glakitalc abmamma@ra@pahmswqmb%padate, maleic
acid or malagify AN Pl 2R ERALC fidfersal be Qg panantiipmeiiubLig damulation can
be from about 1 mM to about 50 mM, including about 1 mM, 2 mM, 5 mM, 8 mM, 10 mM, 15 mM, 20
mM, 25 mM1 8 nand ig/orﬁw-4@%%9@%'¥3@W§%@&W@9%W(¥alLf’é§f§®6\mﬁ%rﬂﬁ8 BER of

about 1 mMitRiaheysast oy (0)Semsesnbarimestartiniantiascraneendation e thmiasmulation is

from about 5 mM to about 15 mM, including -62 about . . _
5mM, 6, AFKE SR RAARAR T rEIeHAcBANM S SR ity TFRRA OB JRYPAYE Alues within the
ra;]nge of abwteiﬁfagé\/&ﬁm@mm ﬂqﬁer@hﬂbkﬁtwsmezemmgtm, |. Wf Iﬁ%%éﬁétﬂviéh@mmith
pharmaceutical formulation comprises a therapeuti effective amount of the antaggnist anti-CD40
Ptbody. o YRR e LA S BT DB B RO P R SIS
fragment thenedband|ationinadeshoffer iorEmistes bp7ie7ataacim@ntration that maintains the pH of the
formulation in the r of apbout pH 5.0 to abput pH 7.0, preferably abo H.5.0 to ab H 6.5. By
A LA SR AL B AR A R B R o BRI B

{
mn H 1] e
succinate buffer" orcitraté uffer prisin asa% Of succimic acid or a salt of

citric atid, reshpotvdtyinereaseefbeaie dild iy Hiafdiie rtmsasupltinReedecacbpe yowersrantis the
sodium Cati%ﬁ%ﬂé%%ﬁ&ﬁlﬁgf&% to peptides, are shownSn Ratent Nos. 4,766,106; 4,179,337;
4,495,285; and 4,609,546; which are all herebyrpoxated by reference in their
entireties. Preferred polymers are polyoxyethylatelyols and polyethylene glycol
(PEG). PEG is soluble in water at room temperaancthas the general formula: R(O--
20 CH,;--CH,), O--R where R can be hydrogen, or a protectivegsuch as an alkyl or
alkanol group. Preferably, the protective group between 1 and 8 carbons, more
preferably it is methyl. The symbol n is a pogtinteger, preferably between 1 and
1,000, more preferably between 2 and 500. The P& preferred average molecular
weight between 1,000 and 40,000, more preferalilyden 2,000 and 20,000, most
25 preferably between 3,000 and 12,000. Preferaldd$ Ras at least one hydroxy group,
more preferably it is a terminal hydroxy group.slthis hydroxy group which is
preferably activated to react with a free aminougron the inhibitor. However, it will be
understood that the type and amount of the reagtiveps may be varied to achieve a
covalently conjugated PEG/antibody of the presevemtion.
30 Water-soluble polyoxyethylated polyols are alscfuise the present invention.

They include polyoxyethylated sorbitol, polyoxyetted glucose, polyoxyethylated
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is sodium succinate or sodium citrate, respectively. However, any cation is expected to be effective.
Other possible succinate or citrate cations include, but are not limited to, potassium, ammonium,
calcium, and magnesium. As noted above, the succinate or citrate buffer concentration within the
formulation can be from about 1 mM to about 50 15 mM, including about 1 mM, 2 mM, 5 mM, 8 mM,
10 mM, 15 mM, 20 mM, 25 mM, 30 mM, 35 mM, 40 mM, 45 mM, 50 mM, or other such values within
the range of about 1 mM to about 50 mM. In some embodiments, the buffer concentration within the

f lati f '[15|\/| bout 5 mM, 6 mM, M, 8 mM, 9 mM, 10
e S Gl v il o SN o A SR O Rt e
pharmaceuthaxlldbﬂmmMl@ﬂym(yamméhegwmmm%arﬁaﬁ%@n@mmwn@nammpim,tl‘m

CHIR-12.12ec))(%CH,R -5.9 mo I anr;ubl%dl)é %%)_r%%y d;dlngrﬁ %rg)eet h%r Pa{na a_concentration
of about 0.1 mgmrﬁ %o arbm?t /m 31 'abours bout 2520 mg) Rcinate or
citrate buffewdutobuahn@eessedlyrhesseematea)iose@lmmlgatratmwffé'mamnmmratm‘arwdibout 1
mM to gbo r 0 r desirable
for the %gwﬁa%ra{ac%ﬁ?@ﬂﬁm%%g %ﬁ%%ﬁoﬁ ?éﬁée( |IC|l?$5 éhagrrrgnwgc\:)gwmﬁ: oérfnulatlon
comprising &ltH{éPEFedtiBENy ETRIvHeS éﬁ%ﬁﬂ@ﬂlﬁe%ﬁ@g@ﬁ@ﬂ%@@@@ﬁ%@d@f@ﬁ &ample, the
CHIR-L2.121g0, IR PRRRAGRNY, PoBterd iR e 9iobiEhBa, TRGBIBBL AN e rapba e to

maintain the 30 pH of the formulation within the range of about pH’5.0 to about pH 7.0 can further
comprlse ariRgiAmrelies isotonizing agent sufficient to render the formulation near -63 isotonic. By

“near isotonic” is inipReERst e RALBRGS ySetRioN e a8 R tRianh af- Iﬁb%“tt?é‘ﬂdﬁﬁ&ﬂ‘(@g to about
360 mmol/kg, preferably about 240 to about 340 mmol/kg, more preferab ?éabout 250 to about 330

mmol/RG, e MGhRste YrBrERBIPAHBREIEE ﬁ?'%(ﬁéﬂ?é%mﬁl’@s%ﬂll% gty 8hout 270 to
about 310 mmab%yRﬂ@é@@m’ﬁedeeamalnmm|mmwpﬁﬁ§mbm BP9 kiVBZgkEose skilled in

the art. S t Am. Pharm. A 48:628. Th killed in the art
aro tamiar HORORTG f HOR A AR AR) 2 DI O RS G P A IR B iy n
pharmaceutaal aoerqhammbesl @tga Boronizskget &l g hdeajCivepDy ieagehysepdlle afdidosting the

osmotic pre%%urg)o{ dge UId IPPS gggr 55:% ;‘g@h@ %Pf t‘g}% \Pé%sf’ﬁ invention to a value nearly

equal to that of'a B8 eS|r éto use a gically accéptable isotonizing agent. Thus,
the liglid pharmad’élmﬁahfmlmmmtmhecmwmm@jm@pbmapdmnpeahmmhmﬂdqe

provide for the stability of the antagonist anti-@Dantibody or antigen-binding
fragment thereof. That is, the antagonist anti-CBAtibody or antigen-binding fragment
thereof should retain its physical and/or chemstability and have the desired biological
activity, i.e., one or more of the antagonist dtitg defined herein above, including, but

20 not limited to, inhibition of immunoglobulin secreh by normal human peripheral B
cells stimulated by T cells; inhibition of survivahd/or proliferation of normal human
peripheral B cells stimulated by Jurkat T cellgiiloition of survival and/or proliferation
of normal human peripheral B cells stimulated by4dOD-expressing cells or soluble
CDA40 ligand (sCD40L); inhibition of "survival" argipoptotic intracellular signals in any

25 cell stimulated by sCD40L or solid-phase CD40L;ilomon of CD40 signal transduction
in any cell upon ligation with sCD40L or solid-pleaSD40L; and inhibition of
proliferation of human malignant B cells as notestehere herein.

Methods for monitoring protein stability are wetldwn in the art. See, for

example, Jones (19984dv. Drug Delivery Re\10:29-90; Lee, ed. (199Peptide and

30 Protein Drug DeliveryMarcel Dekker, Inc., New York, New York); and tsbility

assays disclosed herein below. Generally, prataibility is measured at a chosen

-590-



antagonist anti-CD40 antibody, for example, the CHIR-12.12 or CHIR-5.9 monoclonal antibody, or
antigen-binding fragment thereof, and a buffer to maintain the pH of the 15 formulation within the
range of about pH 5.0 to about pH 7.0, can further comprise components that can be used to provide
isotonicity, for example, sodium chloride; amino acids such as alanine, valine, and glycine; sugars and
sugar alcohols (polyols), including, but not limited to, glucose, dextrose, fructose, sucrose, maltose,
mannitol, trehalose, glycerol, sorbitol, and xylitol; acetic acid, other organic acids or their salts, and

relatively 20 minor amounts of citrgtes or phosphates. The ordinary skilled person would know of
eitional ol RS 2 PR SHAG KL PR DRt SIS o Do MRS A AT A0
preferredferr?badﬁiaeatﬁiddﬂa‘diqgmagbarpgauemmﬁ' f rfsrammultlmwamugmfc mngaattimmn@eaminlaédy)eﬁec}ivel
amount of the antaganist anti-CD40. antibo or. exam the CHIR-12.12 or IR:5.9 monoclona
oty or GG 5 M Eah AR L SXGT R et e Rl Y A cion
within the rdrgstdf nadailr, pHISaStt8 atwouhpH 720 |daghainsoarsticess stallenat lallooidic2a8°thdasotonizing

agent. ghe gapcepizalionALseriuaLSHlaB,n tedamuaion il depenian Ige sgnyoution of

other components to tonicity. In some embodiments, the concentration o C e is about 50
mM to abouf®MOh& M, about 50 mM to about 250 mM, about 30 50 mM to about 200 mM, about 50

mM to about 175 miv,3hgHtspRArid é‘?}%‘?ﬁ’i‘tﬁb&l?pwm1fﬁﬁﬂkﬂa¥ ihabPeuid-A3:aMboRRRIH, 75 MM

to about 150 mM, about 100 mM to -64 about 175 mM, about 100 mM to about 200 mM, about 100
mM to aboulS1IEHFARrebhéueITIs Ravphy e riaEHnI R AANIIS HING thIEBBRINES Mt about 130
MM to abougigAQ (M. RRBIEEHS Y 53 Rp elakR)) HdAsaPaE LignR bRt SesilysizBout 140

mM to about 155 mM, or about 145 mM to about 155 mM. In one such embodiment, the 5

concetfPatidh OLSIITRTeAIBIRAE 3O RL GE L3 @Y. IHSREAUIGN BFRGIRI AT 99CUa i ntration of
sodium chlosiglgyds abastutatomiv, tiie pudenis sontantsnqamaleior reogiencidiateniualifer at a

concentration of about 5 mM to about 15 mM, the liquid gharmaceutical formulation comprises a
therapeticang T B e S AL G WHACEAS LN TORERBle, the CHIR-12.12 or

CHIR-5.9 monmoglosiabiiactinsidisred aotigenirbitsdih g ririagibitiy bithee gpod naol rihi fommaufation has a pH
of about pH 5,010, Bhautte 1,0: ARouLphl ) 10 ARANLREL: rABRLRH 2w A3 AR0ULAELE-S. In

Neas
other embodiments, thé liquid pharmaceutical formulation comprises the antagonist-anti- CD40

antibodp, fothexhivlolgicel@QiditfR-AArtRres Gkl tRab harorasitehad sapitsdinn . oMertiglsnidinding fragment
thereof, at %8&?&%@@98@&%&%@’ gﬂéﬂﬂlﬁpgf’g *&bwn in the art and include, but are
not limited to, methods to detect chemically aliei@ms of the protein such as result
from clipping, using, for example, SDS-PAGE, SEfQq/ar matrix-assisted laser
desorption ionization/time of flight mass spectromyreand degradation associated with
20 changes in molecular charge (for example, assatwitth deamidation), using, for
example, ion-exchange chromatography. See, fanpbea the methods disclosed herein
below.
An antagonist anti-CD40 antibody or antigen-bindiraggment thereof, when
formulated in a pharmaceutical composition, is aered to retain a desired biological
25 activity at a given point in time if the desiredlugical activity at that time is within
about 30%, preferably within about 20% of the dssiniological activity exhibited at the
time the pharmaceutical composition was preparetetsmined in a suitable assay for
the desired biological activity. Assays for measyithe desired biological activity of the
antagonist anti-CD40 antibodies disclosed hereid,antigen-binding fragments thereof,
30 can be performed as described in the ExamplesrheBse also the assays described in
Schultzeet al. (1998)Proc. Natl. Acad. Sci. US®2:8200-8204; Dentoeat al.(1998)
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15 mg/ml or about 5.0 mg/ml to about 25.0 mg/ml, about 150 mM sodium chloride, and about 10 mM
sodium succinate or sodium citrate, at a pH of about pH 5.5. Protein degradation due to freeze thawing
or mechanical shearing during processing of a liquid pharmaceutical formulations of the present
invention can be inhibited by incorporation of surfactants into the formulation in order to lower the
surface 20 tension at the solution-air interface. Thus, in some embodiments, the liquid pharmaceutical
formulation comprises a therapeutically effective amount of the antagonist anti-CD40 antibody, for

example, the CHIR-12.12 or CHIR-5.9 monaocl ntibody, or antigen-binding fragment thereof, a
butfor to mep RAIAD GFFOPHE S BTV O Pa PRt AP 8 MR o, anc
further compygagaAdisnsfScipplo In7op2e Leddradiatexits] 996 )Cuid Pparntsseatsidt 7aret)lation
comprises a-therapeutical ctive amount of the antagqnist.anti-CD ntibod ple, the
CHIR12 155 OB g e GO S R R e R L R
maintain thd prwicheyfBeddaeitnaninliie Raigatdf abdu b, 402 adlDB2phereid, an isotonizing
agent sgch %8@péyeaf}é%rg?e%ﬁfzgpncentration of about 50 mM to 30 about 300 mM, and further

comprises a surfactant. ypical surfactants employed are nonionic surfactants, including

polyoxyethylene solbiBonsemPeginerHofyiberiuendonrheantaamit o anied0forween 20);

POly OXyPIORAGHTRE WS SR e HEIS B Bt b EdRH iR algonols such as Bri
35; simethicone; polyethylene glycol such as PEG400; 5 lysophosphatidylcholine; and

polyoxyethyfExENSRIdEE/IBAEIRIPEMetaiRdTRB ANLItoRNaEER EPINENGHN dhsrRRigeB Ricals by
surfactants gnRIewWadiefilsods S Reshdarn AR dme sl mbd apad Paspiferd) Sci. Technol.

45(3):160-165, herein incarporated by reference. A preferred surfactant employed in the practice of

the preent TRIBAHMAEGR LBRRTe ‘86! UHRED a6 MaHAREISRRE NGERNARAYRicKII) MRided in an 10

amount frone @ipodirddi Ltfe tanedfsidt Aiti(@I0RRIBIH (M e BiRe THE01 2Qubr CBORY6 to about
0.4%, about 0.001% t? Eut 0.3%, about 0.00%’?}AO aZout 0.2%, about 0.005% :[Iﬁsabo t 0.5%, about
00,

ab ,
0.005% to aboUT9 32080 ANBROM), 08 aBHYr 'y RS NY HATBIBR YIS [ BRHANL HIPEU5ES: 1o
about 0.5% ,mbcHQ@B%blilmeabout 0.3%, about 0.05% to about 0.5%, or about 0.05% to about 0.2%.

S o NSRS ISR MBI SLERA Al
monocldnal amifgtip) ot pg ficgemaisinidingr éeigrasiieHerewiaie liquid pharmaceutical
formulation in the manner set forth herein. Whitieeantagonist anti-CD40 antibody or
antigen-binding fragment thereof is to be storadrgo its formulation, it can be frozen,
ro example, at -20°C, and then thawed at room temperature for énrfibrmulation.
The liquid pharmaceutical formulation compriseberapeutically effective amount of

20 the antagonist anti-CD40 antibody or antigen-bigdiimagment thereof. The amount of
antibody or antigen-binding fragment thereof présethe formulation takes into
consideration the route of administration and @esdose volume.

In this manner, the liquid pharmaceutical compositomprises the antagonist
anti-CD40 antibody, for example, the CHIR-12.1Zb#IR-5.9 antibody, or antigen-

25 binding fragment thereof at a concentration of alfoii mg/ml to about 50.0 mg/ml,
about 0.5 mg/ml to about 40.0 mg/ml, about 1.0 nh¢dnabout 30.0 mg/ml, about 5.0
mg/ml to about 25.0 mg/ml, about 5.0 mg/ml to a0 mg/ml, or about 15.0 mg/ml
to about 25.0 mg/ml. In some embodiments, thaedigpharmaceutical composition
comprises the antagonist anti-CD40 antibody omgentibinding fragment thereof at a

30 concentration of about 0.1 mg/ml to about 5.0 mgahbut 5.0 mg/ml to about 10.0
mg/ml, about 10.0 mg/ml to about 15.0 mg/ml, akldu® mg/ml to about 20.0 mg/ml,

-61-



buffer is sodium succinate or sodium citrate buffer at a concentration of about 1 mM to about 50 mM,
about 5 mM to about 25 mM, or about 5 mM to about 15 mM; the 20 formulation has a pH of about pH
5.0 to about pH 7.0, about pH 5.0 to about pH 6.0, or about pH 5.5 to about pH 6.5; and the
formulation further comprises a surfactant, for example, polysorbate 80, in an amount from about
0.001% to about 1.0% or about 0.001% to about 0.5%. Such formulations can optionally comprise an
isotonizing agent, such as sodium chloride at a concentration of about 50 mM to about 300 mM, about

50 25 mM to about 200 mM, or about 50 mM to about 150 . In qther odiments, the liquid

pharmaceutﬁpﬁ%érﬁ éﬂ%@é%ﬁ%@%%ﬁ@ zgﬂgg@%rﬁ@f)&ﬁﬁ . %BBH?%H“@Z%%B?&?%

CHIR-12.123%. ©hR+1. & mbowcEmalmoiibio dy oot 36tQ emghiadong 4mgmmgimﬂhat|:&§nft lat[gﬂ) conk():entr;(;i%n
Including about 20.

of about 0.1 mg/ml to_ abo 0 ma/ml or about, 5.0 mg/mi. to { 25. /m
i sbodTaa e a B RN 5b Bh 3 R e 80 R B i entoride.
sodium sucenitedamsotiutheditraie phahratdinck! tosiposit@inpriemidadintpgboist d0tBD46dium

i - ' ' - SOl [ f t 200 mM,
isnuc(lzl(j Eﬁ;&%&?@@ﬁ%ﬁ@'ﬁﬁf gtlﬁé%rﬁﬂéwg gﬁ%ﬁcﬁ[ﬁr‘% t[,%f((?fr) %@(%%ﬁtggjﬂyosq%%%ﬁ %Mgﬂﬁou nt frn(:m
about 0.0018pe0 D GtMAIN, inkAutihg-8Foatny,cuiost tb3h g9 1AReny/thk #gaid pAdmaceutical
formulation hag, & PEhefiebe ¢ im0 ABARSH Blinb/hi2208LE ARG RO AB&H%.B%@%@QPW pH 5.0to

about pH 5.5, about pH 5.5 to about pH 6.5, or about pH 5.5 to about pH 6.0. The Tiquid
pharmaceutf4bahlaNefan bENSsiawicanarEmRee WiRAHFOSHMPRIFARIPHFREJHL RBERFRMS excipients,

or stabilizers i I@ EinERN o Alieaniueliethe formulatisnreadnglugs B oA gER Preservatives,

for example, antibacterial agents, 10 pharmaceutically acceptable carriers, excipients, or stabilizers

describ@d hBrRngEe e A4S Aiiga L o i pHSIBERUIARD LBty of the

antagonist araﬁgéilakf:!@bmﬁj@wdg.ortaraiﬁﬁn-bimd@mg iﬁamma%tet_ﬁﬁ{es?bk; Efz;:a,rﬁpiesm‘, @c&p,e@.@ballaeegarriers,

excipients, ilizers include, but are not Jimited, t itio uffering agents, co- solvents,

su rfgctants %Qﬁti%[%d igrz]i %n@l L%diﬁ\gG 25:%)8#0 i@gc %rgan%d%%tﬁl cgrén iﬁhQMiﬂ@%‘s%ﬁ%n\@?gﬁéﬂvgg 'BDTA,

metal complaxanige ekabyle pABdteaboateX€s) | aisdnibodegends Hieejnlfieensaimtaimas
lyesters. A th i ion of f lati ' f icall tabl

Carmors, sl Ao oo B AR B SR S D SRS AT o e

Mack P&blistogtQdhpangpBatoh] SPeitmayioahiz; 5980 bhbbeirtingbopbratsdbyutdténbdo
about pH 6.5, or about pH 5.5 to about pH 6.0.

Any suitable buffer that maintains the pH of tlgiid anti-CD40 antibody
formulation in the range of about pH 5.0 to abddt#0 can be used in the formulation,
so long as the physicochemical stability and dddnielogical activity of the antibody

20 are retained as noted herein above. Suitabledsuffelude, but are not limited to,
conventional acids and salts thereof, where thateouon can be, for example, sodium,
potassium, ammonium, calcium, or magnesium. Exasnpl conventional acids and
salts thereof that can be used to buffer the pheeatecal liquid formulation include, but
are not limited to, succinic acid or succinateiiciacid or citrate, acetic acid or acetate,

25 tartaric acid or tartarate, phosphoric acid or phase, gluconic acid or gluconate,
glutamic acid or glutamate, aspartic acid or agp@rimaleic acid or maleate, and malic
acid or malate buffers. The buffer concentratiotmiv the formulation can be from
about 1 mM to about 50 mM, including about 1 mMn®I, 5 mM, 8 mM, 10 mM, 15
mM, 20 mM, 25 mM, 30 mM, 35 mM, 40 mM, 45 mM, 50mor other such values

30 within the range of about 1 mM to about 50 mM.séime embodiments, the buffer

concentration within the formulation is from ab&unM to about 15 mM, including
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20 After the liquid pharmaceutical formulation or other pharmaceutical composition described herein is
prepared, it can be lyophilized to prevent degradation. Methods for lyophilizing liquid compositions are
known to those of ordinary skill in the art. Just prior to use, the composition may be reconstituted with
a sterile diluent (Ringer's solution, distilled water, or sterile saline, for example) that may include
additional ingredients. 25 Upon reconstitution, the composition is preferably administered to subjects
using those methods that are known to those skilled in the art. Use of Antagonist Anti-CD40
Antibodies in the Manufaéture of Medicaments The present inve&#(ieon alsa provides for th% use of an

antagonist aﬁﬂﬂt':t[)rh@% mMoaJWa t@% |th‘9r§a}41e]nlc BN e rdof a
medicamentritt, tneattirey sushbjetidendthantter chrayecitsiteatilytoebplastis Bidell growth, wherein the
-67 medicament is coordinate% with tretatgﬁﬁt with a Ieaz%l;lone lﬁgwer can er%}t}gha%w. Cancers

I

characterized by ng]o%?égﬁce &R '@r%@v% Inc Sdré\,/ rbttfoanré n%thl aQ ?c?,etl}'(w%('ac CeMYEtatEY cancers

discussed heosipries,e,thar axantiok | ynelife ElodgaimsLiyhgitatrgn bt enic- Qv preoditiady uke mia,
multiple-my 1 | d 13, | nediate- e B cell
Iymphoe?na, cl)%v-g z!l%’e?@gc%m@n?%%%n@?%ﬁ@#&%ﬁﬂﬁrﬁégﬁo%ggﬁeu @r%ﬁa%ﬁr?r]]cﬁél blastic leukemia,
Hodgkin's dfsegenifiasiaatatishialcriniig auljenshciyatanistimcencanicrinethBirmptoiagsfollicular

large’ cell ymahama.flicHian gt Bl SeR/srduBInamne Ailfussismall pleAueibEl,mPhoma,

diffuse small lymphocytic lymphoma, prolymphocytic leukemia, 10 lymphoplasmacytic'lymphoma,
marginal zoRE [§AfAGRAUTREESl Bstatdrpighyisd aifsir Wﬁéh&dﬁ?%@ﬁ@@@lﬂy@ cell

lymphoma, gplapi¢siyie)Bneinat Rakyicr!deidkenaiaaldbhitsadar ge GRiciwarhoma, ipetinal large B
cell ymphoma, lymphomatoid granulomatosis, intravascular lymphomatosis, diffuse mixed cell

lymphdiha, BFASJTRRYE ISV AT GHALMGBIHYGEMESOGHT BRHRRr & hiBHS S, TS -related
15 lymphong,saailimaniteiaatd inpbging. diyateo pedinadedtiipnoiendenyticatvadcamentapmoprising the

or atter Al He SUELPURELE SUSE DA St eH GHRLET 0oy LR ges BTGRP cancer
therapies inplotdesiwm asennaidionite daic) surgery ; madiadisin rih eodgyatioee dtie sapygireoptionally in
e RS S N R s Sl Ep TR
pentostatin, AMhioebddogyatieidsmd (AadhbibenM, 8 mM, 10 mis mM, 20 mM, 25 mM, 30
mM, 35 mM, 40 mM, 45 mM, 50 mM, or other such vaweéthin the range of about 1
mM to about 50 mM. In some embodiments, the budéercentration within the
formulation is from about 5 mM to about 15 mM, unding about 5 mM, 6 mM, 7 mM, 8
mM, 9 mM, 10 mM, 11 mM, 12 mM, 13 mM, 14 mM, or atbd5 mM. In other
20 embodiments, the liquid pharmaceutical formulatomprises the antagonist anti-CD40
antibody, for example, the CHIR-12.12 or CHIR-5.8nmaclonal antibody, or antigen-
binding fragment thereof at a concentration of aloili mg/ml to about 50.0 mg/ml, or
about 5.0 mg/ml to about 25.0 mg/ml, and succioaig@trate buffer, for example,
sodium succinate or sodium citrate buffer, at eaceatration of about 1 mM to about 20
25 mM, about 5 mM to about 15 mM, preferably aboutid.
Where it is desirable for the liquid pharmacedtfoamulation to be near isotonic,
the liquid pharmaceutical formulation comprisintharapeutically effective amount of
the antagonist anti-CD40 antibody, for example,Gh#R-12.12 or CHIR-5.9
monoclonal antibody, or antigen-binding fragmermtréof, and a buffer to maintain the
30 pH of the formulation within the range of about pH to about pH 7.0 can further

comprise an amount of an isotonizing agent suffiicie render the formulation near
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cyclophosphamide, doxorubicin, prednisone, and combinations thereof, for example,
anthracycline-containing regimens such as CAP (cyclophosphamide, doxorubicin plus 25 prednisone),
CHOP (cyclophosphamide, vincristine, prednisone plus doxorubicin), VAD (vincritsine, doxorubicin,
plus dexamethasone), MP (melphalan plus prednisone), and other cytotoxic and/or therapeutic agents
used in chemotherapy such as mitoxantrone, daunorubicin, idarubicin, asparaginase, and
antimetabolites, including, but not limited to, cytarabine, methotrexate, 5-fluorouracil decarbazine,
6-thioguanine, 6-mercaptopurine, 30 and nelarabjne; other anti-cancer monoclonal antibody therapy
s i f e

(for examplé?%‘?é‘fﬁtu? ‘ f%‘fh(ﬂfﬁ?% rtgﬁtﬁ i BB‘&S'/ %ﬁéﬂr@mg%%ﬁ cell-surface
-68 glycopratboubp4datigraikigRocateuti Banmain Rty xeve b ridEyut 2 40 roaabantiBadymhteViay-CD 20,
R-1594, IMMU-106, TRU-015. AME-133, tosit ab/1:131 tositumomab (Bexxar(t),ipritumomab
foxetan (CelMIR RS A ol s e Rk g R S B R B on
malignant Batwllg; 32Qi+@DolBa reihoupréqyreferarhpid duT2Gh e biiskoifitodiktbddgihads-@ D22
antibody (fo L | 0 i t ; [ vastin(r))
ot otherant e b D e e e b

targeting th@@ﬂfﬂ%rﬁ@éik@ﬁ ﬁhdﬂ%&b\i-%@Iﬁﬂ%mmiﬂi’@monoqlonal antibody BL-22, an
alphaCD22 toxin); frsC SkiRatipany WM%FWWQQ/%@%QMEBH{M factopipEbodies

targeting the receptor activator of nuclear factor-kappaB (RANK) and its ligand (RANKL), which are

overexpresSEUUIe Fricdai impERH B IsRIISIY HrpPd)aiegepigRreitanss ARdepton4ignant B
cells (for exg@lﬂﬂe%&5&-%@%@%@@%&%{&@%&&%@%@@%@ Riurmalignant B cells;
omp

antibodies targeting major histocompatibility c ex class Il receptors (anti-MHC antibodies) 15

exprestdd dATAIRYrHIGE! daimuirtien Sldte BressAliBYGRORYAS HpRYsRSMahE HaRkR g the
CD40 antigejo@y flnrlignrNd&sieabts andsendbpdisis taigaliiie panns Reeopsihdagientefies the
ationy HOBLET AT ESHEALeR] B R SR AP R S B, GIERE oriin):
small molecaiedoasist aatio@ DU e a2y i nol whagpbelt thet@ikdd tor, CiRbISURamad/onal
topoisomerase.jnhjbitors (for example. the mitofic inhibitor statin and _dolastatin logues; the
tobuin binca R & 3R AT G TRt e S e R IR
SDX-105 (Hermalaustingthiydroe itoritedf xboebilbine §dn sppthifohecandlot) elsomyfdsed to as

BMS-247550) 58RI ARG Sn BRI LR S B S RIORG L RIGRRRMAIR K PG HidrBe; amino
acids such as alanine, valine, and glycine; sugradssugar alcohols (polyols), including,
but not limited to, glucose, dextrose, fructoserese, maltose, mannitol, trehalose,
glycerol, sorbitol, and xylitol; acetic acid, oth@nganic acids or their salts, and relatively

20 minor amounts of citrates or phosphates. The argiskilled person would know of
additional agents that are suitable for providipgraal tonicity of the liquid formulation.

In some preferred embodiments, the liquid pharmiéca formulation

comprising a therapeutically effective amount & #mtagonist anti-CD40 antibody, for
example, the CHIR-12.12 or CHIR-5.9 monoclonallzodly, or antigen-binding

25 fragment thereof, and a buffer to maintain the pithe formulation within the range of
about pH 5.0 to about pH 7.0, further compriseswuodhloride as the isotonizing agent.
The concentration of sodium chloride in the forniolawill depend upon the
contribution of other components to tonicity. bmge embodiments, the concentration of
sodium chloride is about 50 mM to about 300 mM,wl&® mM to about 250 mM, about

30 50 mM to about 200 mM, about 50 mM to about 175 rabbut 50 mM to about 150
mM, about 75 mM to about 175 mM, about 75 mM towlb0 mM, about 100 mM to
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25 41251, N-benzoylstaurosporine), pixantrone, eloxatin (an antineoplastic agent), ganite (gallium
nitrate), Thalomid(r) (thalidomide), immunomodulatory derivatives of thalidomide (for example,
revlimid (formerly revimid)), AffinitakTM (antisense inhibitor of protein kinase C-alpha), SDX-101
(R-etodolac, inducing apoptosis of malignant lymphocytes), second-generation purine nucleoside
analogs such as clofarabine, 30 inhibitors of production of the protein Bcl-2 by cancer cells (for
example, the antisense agents oblimersen and Genasense(r)), proteasome inhibitors (for example,
VelcadeTM -69 {rl])ortez mib)), sm Iémolec%ina%se inhibi%és%@o#r examBIe, CHIR-258), small

molecule V@@?—ui hity &rﬁ Igﬂ\ﬁlﬂ) 11{‘} O Mo MhiGiRP9\Yr fre t"l‘!}qoéig?)lﬂbtein
(HSP) 90 (farexanigie abotAAED, mvalimatetedenmhititate of hifieisoutct’Eiylaisesaiouetample,
hybrid/polar cyjodifferentjation, HPC) a sych as 5 ranilohydroxamic agcid A). and
k001228 T A0 S e 80 S B A LS AR BB TA0 P i
gadolinium)twawublﬁmmMmmapy%mmabom@‘éﬁ)i@EMdmﬁui}Ijnky,glmbmdim'mnitdheo, vac_cine
approaghes.(for ?AHB}?Q%'MH%?@{? #oalf ﬁﬁ@@ﬁ%n@ﬁ@%&?%ﬂ%@%@&@ﬂ% or active
idiotype immunotherapy (for example, My ax(ra)1 ersonalized Immunotherapy, formally T0 designated
GTOP-99), Peosaietip(CYGorog, echigiiiRdi@Rguhisidarélblikierissptivy STCEBIeiterferon-alpha
therapy, inteslgitin-Gitbre2d REramA Lo RiaBN dt-aboatipteRh A 8-nih thesaryigteroid therapy;

or other cancer therapy; where treatment with the additional cancer therapy, or additional cancer

therapies, oBbarggaeHtsakidiAylagpa tsBRlisns  Hermrriniesiody 8 MRUyeh ¥R medicament
comprising Hi@ABAGe RSl oA ARt s RipR e RPIRdDGIrasmRE. giesi cRmApted herein

above. In some embodiments, the present invention pravides for the use of the anti-CD40 antibody,

for exarAple2fHR AN BERAFEMHTSY) CEARTEN, hetasly o avigHagdirsHefhg Rt thereof in
the manufagwecchisomsgslicaroeabbn iiepsmte el phephpoia.FarssamakooepHiedgkin's

other cancePUE A PECIEERGtn IR R U SBHEHLIHD PO GINEFaS LR AR GED S Dy
therapy, smalbdo eaitedyg Sod egangse tiesaPh| RAP VER cin€fifiRaunooibe oy dadsatigaacer therapy,
e e SRS R L RSB st i
after tréatmeng/ofl theahdje ot Quidg g tothbpah ARl theiahiesHithosyifepadixampiridesand
embOdimen%ﬁaél]?liﬁ\fﬁmigﬂo%ﬂ)(ig?écmé@%@@de citrate, @@l of about pH 5.5.
Protein degradation due to freeze thawing or m@chbshearing during
processing of a liquid pharmaceutical formulatiohthe present invention can be
inhibited by incorporation of surfactants into feemulation in order to lower the surface
20 tension at the solution-air interface. Thus, imeeembodiments, the liquid
pharmaceutical formulation comprises a therapeiltieffective amount of the
antagonist anti-CD40 antibody, for example, the RHP.12 or CHIR-5.9 monoclonal
antibody, or antigen-binding fragment thereof, #druto maintain the pH of the
formulation within the range of about pH 5.0 to abpH 7.0, and further comprises a
25 surfactant. In other embodiments, the liquid prereutical formulation comprises a
therapeutically effective amount of the antagoardi-CD40 antibody, for example, the
CHIR-12.12 or CHIR-5.9 monoclonal antibody, or get-binding fragment thereof, a
buffer to maintain the pH of the formulation withime range of about pH 5.0 to about pH
7.0, an isotonizing agent such as sodium chloridecancentration of about 50 mM to

30 about 300 mM, and further comprises a surfactant.
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the monoclonal antibody CHIR-12.12 or CHIR-5.9, or antigen-binding fragment thereof, in the
manufacture of a medicament for treating a B cell lymphoma, for example, non- Hodgkin's lymphoma,
in a subject, wherein the medicament is coordinated with 30 treatment with chemotherapy, where the
chemotherapeutic agent is selected from the group consisting of cytoxan, doxorubicin, vincristine,
prednisone, and combinations -70 thereof, for example CHOP. In other embodiments, the invention
provides for the use of the monoclonal antibody CHIR-12.12 or CHIR-5.9, or antigen-binding fragment
thereof, in the manufactyre of a medicament for treating a B cell lymphoma, for example non-
Hodgkin's lymphorl4PREh SUBSLENaHETRIPHRS ARSI, RUBBdl A e Y SO RMER ith
least one otberkitoliestecesactibedyobalediedfaM{The gradppalysistiag 20 dlemerz2eiab (Campath(r))
or other anti-nggXZ aptibi ﬁ etgrgletég( etﬁ}e IgDeSZ e}l-ssurf ce C, 5%§otein on W B cells;
rituximab (I‘-\’cljtu%/an%r,J e y gnian anti)éoay NN E Y , R-1 ,HR)I A , -015, AME-133,
tositumomabltdi3dls testnas BB skxat (o ieitpohetiatboliea tanciz ey AnGEHO0r any other

therapeytic anti ' t tj 11 ' ~ells, antisCD 19
antibo:;}l‘l):I (foS}%@r}ﬁ%@Fggﬁ%ﬁggmﬁgﬁﬁgﬁr&%@%Eé}g)?l %firﬁg(’gmp e, the
humanized figasisiGtabinabonpbpratinaeedbvaleb i SHERTEIP{ AUAEHIR)S 03 dessrigat, tincer
antibody targglpg RUIRATLVRREURT So6Debal arewih &6tele ibats) emlisalinahereof, wherein

the medicament is to be used either prior to, during, or 15 after treatment of the subject with the other

cancer thera§OBRONRiPR Ry safefiamtRipfe PEIBIERSTEHARERINYE IdHBE fHBrise ARG AP e

treatment ofiiherfidesipuifssheatetiber aaneee WelRRistitkNRINeIemMbesiyantkdig Aresent
invention provides for the use of the monoclonal antibody CHIR-12.12 or CHIR-5.9, or antigen-binding

fragmehtt th&rB8k Tk T ARRGHAR HAL A d LR UHWAD R BRR9ERE 19 BRAE Qrigh&RRHYor example
non Hodgkin®ty1op ke aisoun @ Subigebivb@eindhe apedicarde)ts 00Dy waied it ieatmaent with at

miorotubeie SO (SRR ae HRORCHCRGR SOARIA CRPHATBRG i RAR g R
dolastatin anaddgti¢s atheututn@ho - binolin @ agettd A00600 ;5% EHD10 2% andiboa ttO@soabensse inhibitor

[ i, SDX- b [ droghlar ixabepil hil log, al
am nocamp@%&%gsl?gg%éqoﬁ% SPg Bnutf%'ag%yt QL%BO lﬂrfgj-%/o abepilone (an epothilone analog, also

referred to as “protein kinase C inhibitors, for example, midostaurin ((PKC-412, CGP
41251 1H- benzoyl3tausokpsvime) e pikadiroartse inealin (e m batmacpiléistioLdaien)coapiisggalium

therapeutically effective amount of the antagoaidi-CD40 antibody, for example, the

d
e
u

CHIR-12.12 or CHIR-5.9 monoclonal antibody, or geti-binding fragment thereof, the
buffer is sodium succinate or sodium citrate buéfiea concentration of about 1 mM to
about 50 mM, about 5 mM to about 25 mM, or abootM to about 15 mM; the

20 formulation has a pH of about pH 5.0 to about p® @bout pH 5.0 to about pH 6.0, or
about pH 5.5 to about pH 6.5; and the formulationhfer comprises a surfactant, for
example, polysorbate 80, in an amount from abd@1% to about 1.0% or about
0.001% to about 0.5%. Such formulations can optlgrtomprise an isotonizing agent,
such as sodium chloride at a concentration of ab@utM to about 300 mM, about 50

25 mM to about 200 mM, or about 50 mM to about 150 mi. other embodiments, the
liquid pharmaceutical formulation comprises theagohist anti-CD40 antibody, for
example, the CHIR-12.12 or CHIR-5.9 monoclonallzodly, or antigen-binding
fragment thereof, at a concentration of about Oglnmhto about 50.0 mg/ml or about 5.0
mg/ml to about 25.0 mg/ml, including about 20.0 migabout 50 mM to about 200 mM

30 sodium chloride, including about 150 mM sodium citle; sodium succinate or sodium

citrate at about 5 mM to about 20 mM, including @tbt0 mM sodium succinate or

-66-



nitrate), Thalomid(r) (thalidomide), an apoptotic agent such as Xcytrin(r) (motexafin 30 gadolinium),
inhibitors of production of the protein Bcl-2 by cancer cells (for example, the antisense agents
oblimersen and Genasense(r)), nelarabine, and any combinations -71 thereof; wherein the
medicament is to be used either prior to, during, or after treatment of the subject with the other cancer
therapy or, in the case of multiple combination therapies, either prior to, during, or after treatment of
the subject with the other cancer therapies. 5 In still other embodiments, the present invention

ides for the fthe monoclonal antibody CHIR-12.12 or GHIR-5.9, of antigen-binding f t
tnercor. in (RN GHELE ST AT GHRATHGP T PEATHGOPRPA BN S00n ki mn

Hodgkin's lyingbdima atvoatsLigecivivaedeptibeatiedicanfecttitt exardplaleo ity aeagoent aith at least
one other vagein/mmungiheranyiiased Sancet berapy seleaiad 10 fiom.(he groyn gonsisig o
ple, 1d- , itale

vaccine app%naoc%es r&r)r} axam oncophage, Vv IN€), personalize mmdr%tﬁg?apy or
active idiotypreihguidrthersee (ficakiamplat dnyhasé pFdadanatize0 tmahmdthErd®,, doountally
designated R- r r i ist fortpl]-i LR9)),
interlet?éin-ﬂ%—'g)?ﬂ%?%ﬁqwg tﬁ@?fﬁgﬁ %%%{E]}f%%%ﬂff '{ﬁérgé‘é,%’ég %%%F%rb%g;nations 15
thereof; wheteqytiirhdutoaahent BH® Bk used either prior to, during, or after treatment of the subject

with the other cancey dfifaRYRar dPERRSE BHMYAIRIA EamBaEaRy f@é%?iﬁﬁy?m@éﬁféﬂ(/é% during,

or after treatment of the subject with the other cancer therapies. In Some embodiments, the present

invention préVRIES R tAEIGED BKEHIGIHE-CDSIGLIE s HELi Forledn phdteinaiMBoééhal antibody
CHIR-12.121gf R iHFoR- SaRirNigE oriining fEasrassty Hineehiaritemaniasienaici g me dicament for

treating a B cell-related  leukemia, for example B-cell acute Iir_n_phoc tic leukemia (B-ALL), in a

subject whARAMACCHISRY ARGRALLE FAIGSY It PR HINTAR T CRSeRReA e GIRARN e er therapy
selected froprdhrigaote absist e rckgmotber &y FHdiebbicaEtadslity d1enapntagenainathithe

therapy or 1A AU B KLU AEP AR ISP Shee O SRLBatment of
the subject wiitipientthendatatslizbes apthsd & xamate stoftislin) aduibotimidnifenioy deebts, are- not
e R S L AT R SR ALl o
coordidatedagights such as EDTA, metal complexes (for exanZplgrotein complexes), and
biodegradable polymers such as polyesters. A tlghraliscussion of formulation and
selection of pharmaceutically acceptable carrigedjilizers, and isomolytes can be found
in Remington’s Pharmaceutical Scienuﬁﬂa@th ed.; Mack Publishing Company, Eaton,
Pennsylvania, 1990), herein incorporated by refaren
20 After the liquid pharmaceutical formulation or etlpharmaceutical composition
described herein is prepared, it can be lyophilineprevent degradation. Methods for
lyophilizing liquid compositions are known to thasieordinary skill in the art. Just prior
to use, the composition may be reconstituted witedle diluent (Ringer's solution,
distilled water, or sterile saline, for exampleattmay include additional ingredients.
25 Upon reconstitution, the composition is preferadodyninistered to subjects using those

methods that are known to those skilled in the art.

Use of Antagonist Anti-CD40 Antibodies in the Maaature of Medicaments

The present invention also provides for the usanodntagonist anti-CD40
30 antibody or antigen-binding fragment thereof in th@nufacture of a medicament for

treating a subject for a cancer characterized loplastic B cell growth, wherein the
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treatment with a chemotherapeutic agent or anti-metabolite selected from the group -72 consisting of
cytoxan, doxorubicin, vincristine, prednisone, cytarabine, mitoxantrone, idarubicin, asparaginase,
methotrexate, 6-thioguanine, 6-mercaptopurine, and combinations thereof; wherein the medicament is
to be used either prior to, during, or after treatment of the subject with the other cancer therapy or, in
the case of multiple 5 combination therapies, either prior to, during, or after treatment of the subject
with the other cancer therapies. In one such example, the medicament is coordinated with treatment
with cytarabine plus daunorubicjn, cgt ra ine?)glus mitoxﬁntr?ne, and/or gcfﬁara ine plus idarubicin;

I
wherein the FARMN {$SRP df FH?e[Bt, Wi r"f’& e&rpeaﬂg}e[rr& ghing" B-gbﬁ_rf_cgﬁ%ject
with the othehaeauteritieerapynoopiastie Bassl afrd@tmidtiplee;anebioationtdbtapies Beitbiyr prior to,

during, or after treatment of the subject with the other cancer therapies, The invention also provides
for the use Of AL A8 AT 5 Eh Vo ekt L T e BB PR 22 12 or
CHIR-5.9 dibetydsatings dénkenaatigedtpmdipgl ragnicethiyfephm thighrgiadéaBtard! of a medicament

for reating & iRt {01 et SASE! FHALAS BRI AROP RAS L AR, ING s pgy he B

cell-related cancers desc erei ove, W medi ent Is'used in a subject that has

been pretre@ﬁétﬁkﬂth@h@b@c&ﬁﬁé%ﬂ@@ﬂﬁw@i@?@[ﬂ}l.|BWMW disﬁﬁ%@regtment" is intended
the subject B@é“sFﬁ&_@W@%Q,W%Iﬁéﬂ%ﬁrsfrﬂmgérﬁﬁf‘ﬁﬁﬁ60%@@&?&%@@&3%%&@4%%@ iﬁ%}% one other

cancer therapy) prior to receiving the medicament comprising the 20 antagonist anti-CD40 antibody or
antigen-bindiflt) iraphemesHeliatarniedrmpalbrlepreddy JHiSa SR HANave been
treated with|o&lSRSHRNRIPINGS SRRAGYNIPBEINI: YRThEni8 apTolie S saRBHIR, within 1 year, within 6

months, within 2 months, within 6 weeks, within 1 month, within 4 weeks, within 3 weeks, within 2
weeks1ithMARIGRIASHAFHS BAYRhMdneaggne! &/ﬂﬂﬁw@b‘ﬁ%ﬂ%@@ﬁ%‘?ﬁ%@@%ﬂﬁﬁ”@@@'ﬁays, or
even within dsday RipHoimiationoel/teamest WitipHeracsitegiiosRpasinginRakéaganist

anti-CD40 antibody, for ex le, the monoclonal gntibody CHIR-12.12 or CHIR-5.9 disclosed herein,
or antigen LN TGFER] DRI A S SR CEC R AL o RGO TG e to
pretreatmengnaribltimegporis caneeattedapiynphoneitosis; eliffoexapies! TYwaphtirasubifactdhatgeceives

e e SRS, RSB P L s e rasmens v

respond {i.e. the"cancer was re r%ctory), to -73
15 lymphoma, and mantle cell lymphoma.
By “coordinated” is intended the medicament compgdhe antagonist anti-

CD40 antibody or antigen-binding fragment thersabi be used either prior to, during,
or after treatment of the subject with at least otteer cancer therapy. Examples of other
cancer therapies include, but are not limited togery; radiation therapy; chemotherapy,

20 optionally in combination with autologous bone noaritransplant, where suitable
chemotherapeutic agents include, but are not ldrtbe fludarabine or fludarabine
phosphate, chlorambucil, vincristigentostatin, 2-chlorodeoxyadenosine (cladribine),
cyclophosphamide, doxorubicin, prednisone, and coations thereof, for example,
anthracycline-containing regimens such as CAP @plabsphamide, doxorubicin plus

25 prednisone), CHOP (cyclophosphamide, vincristimegpisone plus doxorubicin), VAD
(vincritsine, doxorubicin, plus dexamethasone), (delphalan plus prednisone), and
other cytotoxic and/or therapeutic agents usedhenmmotherapy such as mitoxantrone,
daunorubicin, idarubicin, asparaginase, and ansibwdites, including, but not limited to,
cytarabine, methotrexate, 5-fluorouracil decarbaz@ithioguanine, 6-mercaptopurine,

30 and nelarabine; other anti-cancer monoclonal adtittberapy (for example,

alemtuzumab (Campathor other anti-CD52 antibody targeting the CD5R-serface
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pretreatment with the prior cancer therapy, or to one or more of the prior cancer therapies where
pretreatment comprised multiple cancer therapies. Examples of other cancer therapies for which a
subject can have received pretreatment prior to receiving the medicament comprising the antagonist
anti-CD40 antibody or antigen-binding fragment 5 thereof include, but are not limited to, surgery;
radiation therapy; chemotherapy, optionally in combination with autologous bone marrow transplant,
where suitable chemotherapeutic agents include, but are not limited to, those listed herein above;

other anti-cancer monoclonal ntlbod includin ot to those anti-cancer
tibodies TR REREN b R B e et ke R R B 6 mited to,
the small meleMigsGidDRa) auemmamwvmmrreqmnnmomln&ap@ebammbomwemmerapues including,
but limited t%tQOse Ils,tﬁld{a ereln ove ster0|d thera PZ J;ancer th or ar(%{:ombmatlon

" % 9 exx{a dO x’il or anyéa he&
thereof. "Treatment” In contex coor Mated Use o Camen eCi erein with one or
more other @Eémmmame@rgmglthdéﬂaéa aettgeraprplmah@rﬁmellﬁ adtn[ii&l:%tmmhﬁdyéfor

medicagent gL Afe ARESANGRALFRRNIRARISS ChANRISARY Bkafipinizieion of the

medicament or o er cancer'therapy to an isol tissue om a ject where the subject
has a cancetlWhamneesriren @slonabpiisisp eriptiowiabs; Hevptan(avastn®®natheuahta cancer, or

a predisposilign. dPYHEHEMEIRRITES RS Y A EARFIn YRR PARPSEHE-BsseaiRdaglieviate,

20 relieve, alter, remedy, ameliorate, improve, or affect the cancer, any associated symptoms of the

cancer, or tﬁ@@?é'&&&b%l@?%%@%@@@@@!@ﬁﬁﬂirﬁ setiscioanyde, e marReegd @by are

offered by way._op ilusupgHATRID A%y, WA SF Wmiesia) 149 demb FREINAGE: chlppntagonist
anti-CD40 antibodies used in the exarr)lﬁ les below are%nHlRés 9 8and CHIR- %12 Tﬁ CHIR-5.9 and

CHIR-18.1254mHLEHS Qﬁ&%o&f@éb%%ﬁ{gﬁtfa% he EORRCIMALALAT Y S e RN dEaBRAPantibodies
(MADbs) genmmkpunmrrmmampmmmmsgamﬁ arisergarpgeenhmepldgfrdiema; ahain locus and

the h tc 0 | Xe technolo t, C As sh

oy FACS. At NS AR TR CEE T I L0 RS {2 ST B arovent 74,

CDA40 ligandLbit)¢langfi- Bﬁlﬁ&rahbbmantacgepagetbﬁ m@dlgagmpm@mcmoeﬂslj asiitbacke€D40. Both

antibodies are stro N ts and hibit in vitr a r ion.of normal B
nﬁgﬁa eIIs mﬁa% I'g C,le’fq's 18 c?assdggfﬁ rsnlgﬁ ﬁﬁ@ 8 { |es)

cells, as we a% 4
15 expressed on mallgnant B cells; other anti-CD4(badtes (for example, SGN-40)

targeting the CD40 antigen on malignant B cellsl antibodies targeting tumor necrosis
factor-related apoptosis-inducing ligand recept¢FRAIL-R1) (for example, the
agonistic human monoclonal antibody HGS-ETR1) esged on a number of solid
tumors and tumors of hematopoietic origin); smadleoule-based cancer therapy,

20 including, but not limited to, microtubule and/opbisomerase inhibitors (for example,
the mitotic inhibitor dolastatin and dolastatin lxgaes; the tubulin-binding agent
T900607; XL119; and the topoisomerase inhibitorramoamptothecin), SDX-105
(bendamustine hydrochloride), ixabepilone (an ejpmik analog, also referred to as
BMS-247550), protein kinase C inhibitors, for exaepnidostaurin (PKC-412, CGP

25 41251, N-benzoylstaurosporine), pixantrone, elox@n antineoplastic agent), ganite
(gallium nitrate), Thalomid (thalidomide), immunomodulatory derivatives of
thalidomide (for example, revlimid (formerly revid)), Affinitak™ (antisense inhibitor
of protein kinase C-alpha), SDX-101 (R-etodoladuiting apoptosis of malignant
lymphocytes), second-generation purine nucleosidéogs such as clofarabine,

30 inhibitors of production of the protein Bcl-2 byrzer cells (for example, the antisense

agents oblimersen and Genasé&jysproteasome inhibitors (for example, Velcade™
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patients. In vitro, both antibodies kill cancer cell lines as well as primary cancer cells 5 from NHL
patients by ADCC. Dose-dependent anti-tumor activity was seen in a xenograft human lymphoma
model. The binding affinity of CHIR-5.9 to human CD40 is 1.2x10-8 M and the binding affinity of
CHIR-12.12 to human CD40 is 5x1010 M. Mouse hybridoma line 131.2F8.5.9 (CMCC#12047) and
hybridoma line 153.8E2.D10.D6.12.12 (CMCC#12056) have been deposited with the American Type
10 Culture Collection [ATCC; 10801 University Blvd., Manassas, Virginia 20110-2209 (USA)] under

Patent Depasit Number PTA-5542 nd P A-5543, 1 vely. The followin proto ols have been
e in the SRS Bl AN BRIBHH SRR R RATIREHGAI ot idion 15 The
concentratlcrnelethllenmﬂsM\Iaibddgﬁfmee&aeﬁﬁ)ream Byﬁl)l@mng&twﬂadi ikhifRArplaf¢atere coated
with 2g/ml ggat anti-hum The Jacks rator Bar Ha r, Mai r with 2 ltg/ml
goat anti- hur?rfan %Rﬁ)ﬁj% wg 8)13?0 ntéﬁmé%%% 1, géyornlaei in Eg MY Eﬁn%na%e buffer (pH
9.6), by mcul;wEmWasem(mmmmplé: Iﬂlbt@#pﬂémoymﬁMmmHEmthgélS sueh s Tween-20
(PBS-Twee [ r A bated for 2
hour at%?(ljg )Vjvglg{%ﬁﬁo gﬂ‘f! (gﬁ%ﬁ‘ﬁs& oﬁie test:} s%?r#prﬁ t&éﬁ?z ‘ﬁ’? Qf thmI @égﬁt\%%v{\%ﬂqg etected by
incubation farizesu fArspUGIIeXIgaNRPErsRidEbEIaRating@d limiumlinvaade MAD or goat
ant-human jnianBIaiR SR waRDErdiIEs SRIABRoPRRNIAAEC ARLT Wiseavfled by the

addition of O-phenylenediamine as a substrate. 25 Human 1gG or IgM standards (Caltaq, Burlingame,

California) Wi g¥aaRicedthlSlish ansppge: UJN@W&'F%M%Q? INgELNeHBfaRY We@ﬁih’@ral Blood
Mononucleggfeglie(RBMNdiIRRaby tendR8RYIET fhy R Ioe SEhal 8¢ Ghinieibinacs S edutian klow

endotoxin; Pharmacia g was added per 50 m| polystérene tube, in 3 tubes, 30 minutes before adding

the bloth. THE¥IBBIER £8LQ A9k TIABIIRE (RMEAUD bIYBRBRHIEPAIGH P RRAAE in 1:10
dilution was(Tree sidténeoisetpitavastapl, thecubadnndainriiapcaniactingiigybloors The blood

was layered on the to é) coll- Pa ye solution without disturbing the Fi oII Ia er,.at 1.5 ml blood/|
o of Prcol BEHEY TR 1558 BT TR 3o THFRGE S0 B B iR R lerature with
the brake orwihetber&dﬂ.nwwrcmbeﬁtmesapyphrcafdhmotundayelne(mpmaa)amp@psmdeomdsmamoved
minimizing the AR AARLAE YRS IRSUERSCING FRRARIALRY ShRRUHURRY RacaRsgniidever
15 anti-CD40 antibody or antigen-binding fragment #wdy as noted herein above.
In some embodiments, the present invention proviaiethe use of the anti-CD40
antibody, for example, the monoclonal antibody CHIR12 or CHIR-5.9, or antigen-
binding fragment thereof in the manufacture of aiwement for treating a B cell
lymphoma, for example non-Hodgkin’s lymphoma, isudject, wherein the medicament
20 s coordinated with treatment with at least oneepttancer therapy selected from the
group consisting of chemotherapy, anti-cancer adijtiherapy, small molecule-based
cancer therapy, and vaccine/immunotherapy-basexec#merapy, wherein the
medicament is to be used either prior to, durim@fter treatment of the subject with the
other cancer therapy or, in the case of multiplalwoation therapies, either prior to,
25 during, or after treatment of the subject with tileer cancer therapies.
Thus, for example, in some embodiments, the ineantrovides for the use of
the monoclonal antibody CHIR-12.12 or CHIR-5.9aatigen-binding fragment thereof,
in the manufacture of a medicament for treatingeeBlymphoma, for example, non-
Hodgkin’s lymphoma, in a subject, wherein the madient is coordinated with
30 treatment with chemotherapy, where the chemothatapagent is selected from the

group consisting of cytoxan, doxorubicin, vincmgtj prednisone, and combinations
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lymphocytes, was collected using a sterile Pasteur pipette, and place in two 50-ml polystyrene tubes.
The collection was diluted with 3 x the volume of cold RPMI with no 10 additives, and the tubes were
centrifuged at 1000 RPM for 10 minutes. The media was removed by aspiration, and the cells from
both 50-ml tubes were resuspended in a total of 10 ml cold RPMI (with additives) and transferred to a
15-ml tube. The cells were counted using the hemacytometer, then centrifuged at 1000 RPM for 10
minutes. The media was removed and the cells resuspended in 4 ml RPML This fraction contained

the 15 PBMC. IsoJation of the B cells from PBMC 100 |tl of Dynabeads (anti-h CDP19) were placed in a
6 prastic WHEOh 47 S il PaS TR TP SR e IO LB E 13 Dloaaneti
holder, thenthZ0nadinworial sihfiboadyn@hlRd ZTTe ol (R-B/aadtgervbih disig dradheste thigrigefite. 3 ml of

sterile PBS were adde ixed, and placed in the magnetic holder, then allowed to sit for 2 minutes.
T proced s e G R T R O R a8 B M e
added into thedgikid's mdphooimtada whilpeatiximgréon 8¢ mathess st ct@Cdimhtetlyéltontaining the
PBMC and ' ' t oluti

transfe%ed Rr)% gﬁ%ﬂmﬁ%ﬁj&%ﬁﬁSmgfagggﬁﬂﬁh%%%%d Eﬁég%%%i&%g?goél@% %/bjgsg [tgran ferred to

a new 15-mpfutiemfurs kel (GasnpadeeriothrILaNti¢r0 iithertibedytirraelingche GRRE-Brfaser times
were collectggldfhReh o RBnHR ESSIISHAGH AL SRMAP oK AHOHIE difscrigp produced the

pellet for T-cell separation. 30 100 Iti RPMI (with additives) was added to collect the beads, and the

solution wad4MA%fER2PiRo12 947 IMMbhE0e TR BRmAMBeisch dBrama/irs3added into the -76

suspension RisirRdITARRE el eANBifuAs AlWes de FOtREREY 4P ARiNUEREr flieapEERERSION Was
transferred into a new 5-ml tube and 3-m| of RPMI (with additives) were added. The tube was placed

in the MhgnERAATEPRSIYIAFRTIRE R & R6R BOH I AL BAIMERL LIS AR HER B2ANRRAA (RE holder

for 2 minutegx&hepdo MTLEDB) | UhspddifcntiBoays sirPCEERIBPER S bixampierenmes, collecting the
solution in the 15-ml tybe. ThF 15-m|tt§$1$§ was centrifué%id at 1000 RPM for }0 minutes, and the cells

resuspendeaumaszl% IQ]QIQRE %%I A é’ g%rg%tér? '6{?88‘%% Vﬂﬁ‘i'é@ o?raofgﬂl s washes.
The cells wexanceuateibbejaia gbérigdiwaatiiiegaitar. drids thigmabrigdeiedatiteadncell purification. Cells

were Storedcigrggi%oa ignss ngré&%w%emgg t%rédnfﬁ@ouzlggrﬁéﬁtﬁge?ucs'eloo either prior to, during, or
15 after treatment of the subject with the other cativerapy or, in the case of multiple
combination therapies, either prior to, duringatier treatment of the subject with the
other cancer therapies.
In yet other embodiments, the present inventiowigdes for the use of the
monoclonal antibody CHIR-12.12 or CHIR-5.9, or gati-binding fragment thereof, in
20 the manufacture of a medicament for treating alBlytephoma, for example non-
Hodgkin’s lymphoma, in a subject, wherein the madient is coordinated with
treatment with at least one other small moleculsedacancer therapy selected from the
group consisting of microtubule and/or topoisomerasibitors (for example, the mitotic
inhibitor dolastatin and dolastatin analogues;tthmilin-binding agent T900607; XL119;
25 and the topoisomerase inhibitor aminocamptothe&8D)X-105 (bendamustine
hydrochloride), ixabepilone (an epothilone anakigp referred to as BMS-247550),
protein kinase C inhibitors, for example, midostay(PKC-412, CGP 41251, N-
benzoylstaurosporine), pixantrone, eloxatin (amaoplastic agent), ganite (gallium
nitrate), Thalomi@ (thalidomide), an apoptotic agent such as Xc§ttmotexafin
30 gadolinium), inhibitors of production of the pratdBcl-2 by cancer cells (for example,

the antisense agents oblimersen and GenaSemstarabine, and any combinations
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Isolation of the T Cells The human T cell Enrichment Column (R&D systems, anti-h CD 3 column kit)
was prepared using 20 ml of 1 X column wash buffer by mixing 2 ml of 10 X column wash buffer and
18 ml of sterile distilled water. The column was cleaned with 70% 15 ethanol and placed on top of a
15-ml tube. The top cap of the column was removed first to avoid drawing air into the bottom of the
column. Next, the bottom cap was removed, and the tip was cleaned with 70% ethanol. The fluid
within the column was allowed to drain into the 15-ml tube. A new sterile 15-ml tube was placed under
the column after the column bufgfrgerﬁﬂad dralned the leyel of the white filter. The B-cell depleted
PEMGC 20 A5 HD P AR RPRICATFOf bR A PG o e R ATHAE Eoll were

allowed to |mnelmﬂqawmmnelumeratarmﬁnttwwaﬂumdmaefnnnum ddrabinanedls were eluted from

the column with 4ahqud} leépltgaghrpflég |éJnt1r tr?éjfgﬁ ec %II eohT ceIIs were
centrifuged a efBBtﬁ?lg fors fhinites The supérnatant was rem oved': and e cens ¥é resuspended in

10 ml RPMLltreedisiegere counted 25 and centrifuged one more time. The supernatant was removed,

complegng the T- c:ﬁi.lll ﬂyﬁfﬁﬁ#%@gﬁ?%éﬁﬂeﬁé ?Qs'éh? Eg&%ﬂgﬁﬂ@\@ rozen at -80C.

For the above procedures composmo containe nactivate 6C for 45 min),

1 % Pen/Str@o 1000 naAFEedHIfhHORE 1847 StkeptBniyRird); ast- bsmat@gm%wmmﬁfpmavate 50

IitM 2-ME. 3@/ i Eiia Svidlgosamaiiie mesrYdR adiimged! é&@fr&ﬁﬂ%’% MelahsRLG, Bpubated in 100
pl primary antibody (10 Itg/ml in PBS-BSA) for 20 min“at 4 fter 3 washes with PBS-BSA or HBSS-

BSA, 5 the defgliae!epbated i 8ot RisatTwhsrRiER @eweRhisseRtsiBaiRshERt-(human 19G)
antibodies (GaiARRALUAR BYTLAL Ao AR? VERENRTIHINL REREBSAcandAcsRat: Jap BRS:dhe cells

were resuspended in 0.5-ml PBS. Analyses were performed with a FACSCAN V (Becton Dickinson,

san Jd&, CHfR AR P PHRNSISHBA BF AR APRIRACEEHENRGd T iATABRMAE mice were
fused with Sﬁ’taaéimné) qoérﬁaﬁ@&é&&nmunammmp@maa@ﬁﬂe@pa igdiaeickAckasienb0% polyethylene

glycol as prewous Cri de Bo r et al. J. | [. Meth. 113: The fused cells
were resusSéﬂH]é) m S\@gi% gf% %ﬁ’é(nfé H?S%ﬁ%@?@l mM), 15
aminopterinRfaiund®) (Gp@ikdoe, (ﬁ) @;:ﬁhewagnduﬁtfﬁangablrhueﬁme@m”zyme)), interleukin-2
(IL-2) therapy, IL-12 therapy; IL-15 therapy, arld21 therapy, and any combinations
15 thereof; wherein the medicament is to be usedrejther to, during, or after treatment of
the subject with the other cancer therapy or, éndfise of multiple combination
therapies, either prior to, during, or after treamtof the subject with the other cancer
therapies.
In some embodiments, the present invention proviaiethe use of the anti-CD40
20 antibody, for example, the monoclonal antibody CHIR12 or CHIR-5.9, or antigen-
binding fragment thereof in the manufacture of aiicement for treating a B cell-related
leukemia, for example B-cell acute lymphocytic lemka (B-ALL), in a subject, wherein
the medicament is coordinated with treatment witleast one other cancer therapy
selected from the group consisting of chemothegaqyanti-metabolite therapy, wherein
25 the medicament is to be used either prior to, dyirom after treatment of the subject with
the other cancer therapy or, in the case of maligoimbination therapies, either prior to,
during, or after treatment of the subject with ¢itleer cancer therapies. Examples of
such embodiments include, but are not limitedhoseé instances where the medicament
comprising the antagonist anti-CD40 antibody, fcaraple, the monoclonal antibody
30 CHIR-12.12 or CHIR-5.9, or antigen-binding fragmé#mgreof is coordinated with

treatment with a chemotherapeutic agent or antabwite selected from the group
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Cambridge, Massachusetts). The fused cells were then distributed between the wells of 96-well tissue
culture plates, so that each well contained 1 growing hybridoma on average. After 10-14 days the
supernatants of the hybridoma populations were screened for 20 specific antibody production. For the
screening of specific antibody production by the hybridoma clones, the supernatants from each well
were pooled and tested for anti-CD 40 activity specificity by ELISA first. The positives were then used
for fluorescent cell staining of EBV-transformed B cells as described for the FACS assay above.
Positive hybridoma cellfs were cloned twice by limitin&dil tion in IMDM/EBS containing 0.5 25 ng/ml

hiL-6. Exarf8SSBIS A IR BR At RX e R RnYRSHR RANGIGBIRBIN A RAGER i-CD40
monoclonalidatiligsidie saxpla@di iy paeirotr gener et oantgenic apiop deeingnthe human IgGi

heavy chain locus and 30 the human K chain locus (Abgenix y-1 XepoMouse(r) technology (Abgenix;
Fremont, G o e e B e R e SRR S, G 0 7
extracellularfiemabatvenat ofdoeasLinemtnityahe AtlotalcaiiBerapy®splrethescaeecoiusedtipféth the mouse
myeloma SP. hadies i ' I A (Tables
1A anﬁB).Céﬁgﬁgﬁggegﬁg ox%ﬁ?&?ﬂ%@%ﬁ h@%ﬁbob(%r%%%q[%%t uced@ﬂﬂﬂ@ggg&%ﬁﬁ%ﬁtﬂo ouse(r)
technology ®agicemiarT thetrii&slamne R chsamplecimesrent h degigi atestivithe antibodies

containing s e BRI R B ASIRFLRALAHC 6L REARURRCIER R also showed

binding to cell-surface CD40 were selected for further analysis. Stable hybridomas selected during a

series of suSYI8rRYBrBkisddAsy RiErs (YBereiB e tRedigRIEa:he ARG iR HROMIPRIRI GUHRlonal

assays. 10 ‘hakigelrréhthveitalfiHei enARDGHRAQ Wiek fridséprednebelisdpisianifi (1104 &fficiency
screened # of ELISA+ # ofcell surface+ 153 3 100% 960 123 33 154 4.67 15% 140 0 0. 155 6 -40%

960 3 3015danliiplecembigtion therRRIgS. §§YEHBHJYIdY, or after treatment of the subject

with the other cancer therapies.

The invention also provides for the use of an gomést anti-CD40 antibody, for
example, the monoclonal antibody CHIR-12.12 or CBIR disclosed herein, or antigen-
binding fragment thereof in the manufacture of aicement for treating a subject for a

15 cancer characterized by neoplastic B cell growttluiding the B cell-related cancers
described herein above, wherein the medicamerseid in a subject that has been
pretreated with at least one other cancer ther&yy:pretreated” or “pretreatment” is
intended the subject has received one or more otrerer therapies (i.e., been treated
with at least one other cancer therapy) prior tergng the medicament comprising the

20 antagonist anti-CD40 antibody or antigen-bindiragment thereof. “Pretreated” or
“pretreatment” includes subjects that have beeatdrkbwith at least one other cancer
therapyy within 2 years, within 18 months, withirydar, within 6 months, within 2
months, within 6 weeks, within 1 month, within 4eks, within 3 weeks, within 2
weeks, within 1 week, within 6 days, within 5 dawsthin 4 days, within 3 days, within

25 2 days, or even within 1 day prior to initiationtofatment with the medicament
comprising the antagonist anti-CD40 antibody, fcaraple, the monoclonal antibody
CHIR-12.12 or CHIR-5.9 disclosed herein, or antipamding fragment thereof. It is not
necessary that the subject was a responder teatetent with the prior cancer therapy,
or prior cancer therapies. Thus, the subjectréaives the medicament comprising the

30 antagonist anti-CD40 antibody or antigen-bindiraggfnent thereof could have

responded, or could have failed to respond (ieectncer was refractory), to
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158 4.4 90% 960 23 8 159 1.17 100% 960 108 18 160 1.78 90% 960 30 5 Total 6120 320 73 Table
113. Summary of Four Sets of Fusions 15 ELISA-positive Cell surface positive # of mice hybridomas
Hybridomas 31 895 260 -79 Table 2. Summary of initial set of data with anti-CD40 IgGi antibodies
Mother cell surface V-region DNA D bridoma D bridoma dones bindin Antagonist ADCC CDC CMCC#
sequence 131.2Ei8.5.1 +++ ++ ND ND ND 131.2E5 131.2E5.8.5.9 +++ +++ ++ 12047 Yes
131.2E5.8.5.11 +++ +++ ++ 12055 Yes 153.3C5D8D7.8.4.7.1 ++ ND ND ND ND 153.3C5

153.3C5D8D7.8.4.7.8 ++ ND ND ND ND 153.3C5D8D7.8.4.7.11 +++ +++ + ND ND 153.1D2.9.1 +++
ND ND ND E%ﬁi@ﬂﬁ‘éﬁé‘%‘?ﬂ?b?@&&q therapy. PSH8-PT{B9¢ 95194 Briol LRSI B RIBPISv6s

158.6F3.5. Iwhetetpretrealfehd dbespti58 GRaI1ipR 6EAET tHesaERANDINDOT D86 dG&6F3.5.10 +++
ND ND ND 12062. 15, .8E§D10D6 12.7 +++ ND ND ND %20%5 1%3.8E 153.8E2D10D6.12.9 +++

. . . 0
ND ND ND 15085 6555 o057 Gros s e.£an have,reqelye PLONPELOISCENIBOANS 1 5 4 1ot 4/
ND ND 1206detisHmeat tospaIRg Ee ahiaysnistant DOTR (Ko 2065 e -DCRESET2gRENS +/- ND

N D8P s B PRI Mo Mo 1207
optionally in combination with autologous bone noaritransplant, where suitable
chemotherapeutic agents include, but are not ldritethose listed herein above; other
anti-cancer monoclonal antibody therapy, includimgf, not limited to, those anti-cancer
antibodies listed herein above; small molecule-thasecer therapy, including, but not

10 limited to, the small molecules listed herein ahoxaecine/immunotherapy-based cancer
therapies, including, but limited to, those listextein above; steroid therapy; other
cancer therapy; or any combination thereof.

“Treatment” in the context of coordinated use ofiedicament described herein
with one or more other cancer therapies is herefimeld as the application or

15 administration of the medicament or of the othercea therapy to a subject, or
application or administration of the medicamenbthrer cancer therapy to an isolated
tissue or cell line from a subject, where the stidj@s a cancer characterized by
neoplastic B cell growth, a symptom associated witth a cancer, or a predisposition
toward development of such a cancer, where theggerjs to cure, heal, alleviate,

20 relieve, alter, remedy, ameliorate, improve, oeetfthe cancer, any associated symptoms
of the cancer, or the predisposition toward thestigyment of the cancer.

The following examples are offered by way of ithasion and not by way of

limitation.

25 EXPERIMENTAL
The antagonist anti-CD40 antibodies used in thengkas below are CHIR-5.9
and CHIR-12.12. The CHIR-5.9 and CHIR-12.12 ardi40 antibodies are human lgG
subtype anti-human CD40 monoclonal antibodies (MAkserated by immunization of
transgenic mice bearing the human jdg@®avy chain locus and the humahght chain
30 locus (XenoMousetechnology; Abgenix; Fremont, California). As sholy FACS
analysis, CHIR-5.9 and CHIR-12.12 bind specificaijnuman CD40 and can prevent
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183.4B3E11.6.1.5 ++ ND ND ND ND 183.4B3 183.4B3E11.6.1.9 ++ ND ND ND ND
183.4B3E11.6.1.10 +++ ++ ND ND ND 183.205D2.8.7 +++ +/- ND ND ND 183.2G5 183.205D2.8.8
+++ ND ND ND ND 183.205D2.8.9 +++ ND ND ND ND 184.6C11D3.2 ++ ND ND ND 12078
184.6C11 184.6C11D3.3 ++ ND ND ND 12080 184.6C11D3.6 +/- +/- ND ND 12079 185.3E4E12.5.6
+++ ND ND ND 12072 185.3114 185.3E4E12.5.11 +++ ND ND ND 12073 185.3E4E12.5.12 +++ +
ND ND 12074 185.1A9E9.6.1 + ND ND ND ND 185.1A9 185.1A9E9.6.6 +++ +++ + ND ND

185.9E11E10.3B5.1 +++ ND ND ND ND 185.9E11 185.9E],1E10.3B5.8 +++ ND ND ND ND
185.9E11E 1oP#85'93nd,2indingy S RIB TP HBALORRS o@%%ﬁ&%‘rﬂ%’l}?é%%ﬁntified to have
antagonist asiivitye B340l dBaiheintidatiices amtagoois] grotepeysdnchANic Cikotiks litysadrybridoma

clones were selzcied, Tl apmon e, 1 E2E29.5.0 A0 JS3RER D QPRI 12 (1212). 5 60

Clones from 1 OtheT omas were identiflied as having antagonis above). Based

on their relapiatieantsaloviistichodheactimadica R Canckvitiel litves ds/bridioanzaciormscaecelkselected for

further gvaluation. & . S : DA. (12.12). The binding
profile o%f thg@,ﬁvr\blngr%@é(ﬁéesq%g%q%%bzﬁ@%&é?r%dc%qﬂ?#ﬁ%@yg@ g %Eg)\?\]/r%{/(]tl(")gmetric histogram
in Figure 1. Xeragipfé urpan/hiiepiwtite aedelmireAdndisefibatesitR 1athiamamacORg0ARtibodies
The cDNAs £pcagng Uity \Aahifiigg 'nmitf S1eeaRAMS anthpaSAusEeskQ@pplified by PCR,

cloned, and sequenced. The amino acid sequences for the light chain and heavy chain of the
CHIR-12.12 antibd¥@ése Bubrsioma Imgrds 38and $BM EhaysEdonai9eQ ID NO:2 (light
chain for mABE&HR B2 d Bsars SRRV AVQ b ey M sMriB ladrts tHR Akdeli2hnATypEant of the
heavy chain for mAb CHIR- _ _ N
10  Culture Collection [ATCC; 10801 University Blvd.,@lassas, Virginia 20110-2209
(USA)] under Patent Deposit Number PTA-5542 and 5bA3, respectively.

The following protocols have been used in the examgescribed below.

ELISA Assay for Immunoglobulin Quantification

15 The concentrations of human IgM and IgG were eséthay ELISA. 96-well
ELISA plates were coated with®/ml goat anti-human IgG MADb (The Jackson
Laboratory, Bar Harbor, Maine) or withi@/ml goat anti-human IgM MAb 4102 (Bio
Source International, California) in 0.05 M carbnbuffer (pH 9.6), by incubation for
16 hours at 4°C. Plates were washed 3 times vid®-8.05 % Tween-20 (PBS-Tween)

20 and saturated with BSA for 1 hour. After 2 wastiesplates were incubated for 2 hour
at 37°C with different dilutions of the test sangpléAfter 3 washes, bound Ig was
detected by incubation for 2 hour at 37°C withdgIml peroxidase-labeled goat anti-
human IgG MADb or goat anti-human IgM Mab. Platesewvashed 4 times, and bound
peroxidase activity was revealed by the additio@gfhenylenediamine as a substrate.

25 Human IgG or IgM standards (Caltag, Burlingame jfGadia) was used to establish a

standard curve for each assay.

Isolation of the Peripheral Blood Mononuclear CBMC) from Human Peripheral
Blood

30 20 ml of Ficoll-Paque solution (low endotoxin; Pinacia) was added per 50 ml
polystyrene tube, in 3 tubes, 30 minutes beforenadithe blood. The Ficoll-Paque
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12.12 is shown in Figure 9B (see also SEQ ID NO:5), which differs from SEQ ID NO:4 15 in having a
serine residue substituted for the alanine residue at position 153 of SEQ ID NO:4. The nucleotide
sequences encoding the light chain and heavy chain of the CHIR- 12.12 antibody are set forth in
Figures 10A and 10B, respectively. See also SEQ ID NO:1 (coding sequence for light chain for mAb
CHIR- 12.12) and SEQ ID NO:3 (coding sequence for heavy chain for mAb CHIR-12.12). The amino
acid sequences for the light 20 chain and heavy chain of the CHIR-5.9 antibody are set forth in Figures

11A and 11B, respectively. See also SEQ ID NO:6 (light chain for mAb CHIR-5.9) and SEQ ID NO:7
(hesvy chaitLRA AT 0 JaABATbRRE A o A RS R FHE S Bhonn in Figure
11B (see alweﬁE@dDaNd)L&)e_c_debedlﬁfeIBtfr@mIﬁ:‘dé@rh@Winchagiﬂga&me@eTﬂgsidlme@ubstituted
for the alam{/‘veasr,ggl%lfgaa (t)r[i?ﬁglf)on 10?%9{ Eo I-llg)azLS{eNs%l7 'ﬁ?o%)t(p |S§iter%i];10r f?]rglp%%ll?fa?grr,lvaeid from
independent hybridomas, there'is Substantial variation in the nucleotide sequéences in the
complementahityntibleedtininpfregiolhs 4G DR s) heHe ikgansiepinftige C BRI 08gipm d6N3D is believed to

nificant : : e 20 . Eff )
Chir 1512 T e SE R AR BRI il S braR e IaE o, A i Bthe
CHIR-12.12tppdayat (Rtabmairip dlasDaE Wigarie e SuHETEDAT Y dispideetthaveid-bound
CD40 liganqeyaiRnsline SEdBPIR RS 6B 2rhe Welsi&S Al BRIARIITRCIE RiRY§Nt

CD40-ligand binding to CD40 on the surface of a lymphoma cell line (Ramos). Binding of both
antibodies (MMRAOIREESHreeERREHEGUBESHR S BMBRTBADE -T940armwWe RiESured by flow

cytometric a3paGreHeYIDEL) THeASRELHESRBS AR SHHFIIEY SINHRS deomereiasiphiabtheir
ability to replace CD40 ligand pre-bound to cell surface CD40. Both antibodies were 10 effective for

competihg FAPHEES G EBAIRMNE SRAE LIRSS SLLTRE &g AR e S HERRVOHS RS IR-12.12
(Fhigure %Bg.rwra@lwaﬁg@aand fhd I&éi@f&ﬁ;ﬁ@mhtamﬁm E@um;m& EM% ﬂ:.fﬁﬁlrbi-538
The candidate mon ntihodies.CHIR-5.9 and CHIR-12 12 compete, with 15 each other for
pincing 0 QN HTHCE L (B SAIERSD A S WD Qe B et B SSEMGERion No. WO
02_/289(_)4). Anﬂbmwmimm@wmemdielseusjegtﬁimm@vam\m&aigjﬁ)emﬁiusmeg.% biosensor
chips with prr%%f%'\b/‘vé@rr%%)g\'/zeeada\ﬂg the cells resuspended inRPMIl. This fraction contained the

15 PBMC.

Isolation of the B cells from PBMC
100ul of Dynabeads (anti-h CD19) were placed in a lastic tube. 3 ml of
sterile PBS were added to the beads and mixedplandd in the magnetic holder, then
20 allowed to sit for 2 minutes. The solution was osed using a Pasteur pipette. 3 ml of
sterile PBS were added, mixed, and placed in thgnetéc holder, then allowed to sit for
2 minutes. This procedure with sterile PBS wagaggd one more time for a total of 3
washes. The PBMC was added into the beads andaten; while mixing, for 30
minutes at 40°C. The tube containing the PBMC lzgmlls was placed into the magnetic
25 holder for 2 minutes, then the solution was tramstéto a new 5-ml tube in the magnetic
holder. After 2 minutes, the solution was transgérito a new 15-ml tube. This step was
repeated four more times, and the solutions ofiteefour times were collected in the
15-ml tube, then centrifuged at 1000 RPM for 5 rtesu This step produced the pellet
for T-cell separation.
30 100ul RPMI (with additives) was added to collect thatle and the solution was

transferred into a 0.7-ml tube. fiDof Dynal Detacha Beads were added into the
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amine coupling, which was used to capture either anti-CD40, CHIR-12.12, or 15B8. Normal
association/dissociation binding curves are observed with varying concentrations 20 of CD40-his (data
not shown). For competition studies, either CHIR-12.12 or 15B8 were captured onto the protein A
surface. Subsequently a CD40-his /CHIR-5.9 Fab complex (100 nM CD40:1 M CHIR-5.9 Fab), at
varying concentrations, was flowed across the modified surface. In the case of CHIR- 12.12, there
was no association of the complex observed, indicating CHIR-5.9 blocks binding of CHIR-12.12 to
CD40-his. For 15B8, 25 association of the Fab CHIR-5.9 complex was observed mg}ﬁatlng CHIR-5.9

does not bISLRATAGIAG BF PSBB AU AR Ei’éaﬁ%w ARV BB cHfiplex
dramaticallysurspeastoh (\damtmfsthlmmm)nib mammmdmnmmmamawande@ymf@z.lz do
not compete f({ %DéH% blndln Thla expnerlment V\{ash Xucta Ig(:oll-ll 1%.6_‘1[2 on the
protein A 3 i0sensolc |p, BY6, ng res@ua?prgl%m ith'¢ontrol MgaT, b Hing TD40-his -82
and then floémngfesB8 mteratmmmﬁdrﬁiddkwlfaﬂ:m h@lﬁerﬁmmmﬁa&menﬂmadﬁerndmbas Tihdicating

CHIR-12.12 5 Selected
Hybrldo%nas 28&%8}?5%@\ V%}gagslm?]é%fgb t{’ﬁ? gﬁ%@Mﬁo@Mi@é@@%ﬁr@ g%ﬁﬁﬁ%g%H uer'rfz:ne
anti-CD40 ndsotionditabeiysabezenitiiusashanl0RerR Ribiordigrts and thedikdd refsaessiesurface for
L5 minutes gt mmimechBhipan ol (Rieiiswassiwedievahs Bossaigayriace at

varying concentrations. Antibody and antigen were diluted in 0.01 M HEPES pH 7.4, 0.15 M NaCl, 3
mM EDTA, 0t05eliSyat aatied beiqigskenast ¢ankiiogaid *&*ﬁlﬁF@Pm@ﬁ@W%%‘@@Pmmed using

the B'aeVa|Qﬁlml&aﬁ%ﬁW@SIW%?elsﬂo@@fﬁ@m mﬂ%omahM@%TaBW@ebW there is
121-fold difference in the off rate of CHIR- 5.9 and CHIR-12,12 resulting in 24-fold higher affinity for

CHIR-19.12. Antibody ka (M-1 sec-1)) kd (sec-1) KD (nM) Anti-CD40, CHIR- (12.35 0.64) x 105 (15.0
1.3) x 10"3 1@0@@3}5@%&@"@40 CHIR- (2.41 0.13) x 105 (1.24 0.06) x 10-4 0.51 0.02 12.12

Example 6: CHIR- nd CHI Pote tAnta for CD4 ted Pro f ration of
Human Lymphocyt ﬁ]cﬁ%g%zﬁ %Bt été@ég 0?6 Q?%%A%clpjgmk uces
proI|feratlonm:hpmparBobeﬁmgA1’0 ml of 1 X column wash buffemixing 2 ml of 10 X column

wash buffer and 18 ml of sterile distilled watdihhe column was cleaned with 70%

15 ethanol and placed on top of a 15-ml tube. Thectgpof the column was removed first
to avoid drawing air into the bottom of the colunmdext, the bottom cap was removed,
and the tip was cleaned with 70% ethanol. Thelflithin the column was allowed to
drain into the 15-ml tube. A new sterile 15-ml¢ublas placed under the column after
the column buffer had drained to the level of thetevfilter. The B-cell depleted PBMC

20 fraction was suspended in 1 ml of buffer and adddtie top of the column. The cells
were allowed to incubate with the column at roomgerature for 10 minutes. The T-
cells were eluted from the column with 4 aliquadt2 enl each of 1 X column wash
buffer. The collected T-cells were centrifuged @0 RPM for 5 minutes. The
supernatant was removed and the cells resuspend€dml RPMI. Cells were counted

25 and centrifuged one more time. The supernatantr@asved, completing the T-cell
purification. Cells were stored in 90% FCS and 1DB4SO and frozen at -80°C.

For the above procedures, the RPMI compositionatoet 10% FCS (inactivated
at 56°C for 45 min), 1 % Pen/Strep (100 u/ml Pdhngi0.1 pg/ml Streptomycin), 1%
Glutamate, 1% sodium puravate, | od 2-ME.
30
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antagonist anti-CD40 antibody is expected to inhibit this proliferation. Two candidate antibodies
(CHIR-5.9 and CHIR-12.12) were tested for their ability to inhibit CD40 ligand-induced proliferation of
PBMC from normal human subjects. Formaldehyde-fixed CHO cells transfectant-expressing CD40
ligand (CD40L) were used as a source of CD40 -83 ligand. Human PBMC were cultured for 4 days
with the formaldehyde-fixed CHO cells expressing CD40-ligand in the presence of varying
concentrations of anti-CD40 mAb CHIR-5.9 or CHIR-12.12. The proliferation was measured by
tritiated-thymidine incorporation. Cells were pulsed with tritiated-labeled thymidine at 37C for 14-18 5
hours. Both antibodies were found to be very effective for inhibiting CD40 ligand- induced proliferation
of human PBM@ Chablieidrbnretkic BsH&5.9, Table 4B, mAb CHIR-12.12). The experiment was

performed with multiple dongrs of PBMC (n=12 for CHIR-5.9 a ﬁ\g for CHIR-12.12) tq ensure that

the observed inhibliBR KA A SUSTAT SreT Rei A e e REREaNde b Ubsesaments

with 4 additiggahciareRs-ef928 Mic xeentircatried owtfer aviasheiRFERSLE Syt sMBBE eBAs observed.

A wide ran%ﬁ:ﬁof antibody concentrations (0.01 Itg/ml to 100 Itg/ml) was used in these assays. Nearly
[

comple® inHS SOV B48HPHMaG I HOR, JionhsifshEhi HEALRaTR QTR R ARY/MPEY A centration
Iof an:]ibOdieﬁg@?f?ﬂﬁbﬁaﬁﬁ(%?fcﬁ@dﬁl ﬁ%owmm;m(pﬂdtﬁwagh@&t%ﬂfﬁ%%@maﬂwImg@@ﬁr)ldl;ced
ymphocyte proliferation (I or lymphocytes fro nors yielded an average 1C50 (pM) of 47
it it R e A e S R e
compares faaGRGAMN (BectvearBiekihSon), (Pih) It 6alsbmia).in Table 4B. Based on the current
data set, both candidate antibodies seem similar in their potency for inhibition of CD40 ligand-induced

20 proliferation of normal PBMC. -84 Table 4A. Effect of mAb CHIR-5.9 on CD40L-induced PBMC
prolifeddlionCe rkda@@vot H3BNOMAKI@®sc hulgGl CHIR-5.9 Exp# PBMC alone alone CHO-CD40L

i) el o SRR S UIB A e Rt sz

0.0156 5814M@FH€199ei NP eAlE ) BIr @ishetA0: 2163708 ethyiene shrobavpsyioosly
described by de Boet al. (1988)J. Immunol. Meth113:143. The fused cells were
resuspended in complete IMDM medium supplementéid yipoxanthine ( 0.1 mM),

15 aminopterin ( 0.01 mM), thymidine ( 0.016 mM), &8 ng/ml hiL-6 (Genzyme,
Cambridge, Massachusetts). The fused cells weredtstributed between the wells of
96-well tissue culture plates, so that each weltaimed 1 growing hybridoma on
average.

After 10-14 days the supernatants of the hybridpojulations were screened for

20 specific antibody production. For the screeningmécific antibody production by the
hybridoma clones, the supernatants from each werkwooled and tested for anti-CD 40
activity specificity by ELISA first. The positivesere then used for fluorescent cell
staining of EBV-transformed B cells as describadiie FACS assay above. Positive
hybridoma cells were cloned twice by limiting dibrt in IMDM/FBS containing 0.5

25 ng/ml hiL-6.

Example 1: Production of Anti-CD40 Antibodies

Several fully human, antagonist anti-CD40 monodamiibodies of IgG1
isotype were generated. Transgenic mice bearinguh®an 1gG1 heavy chain locus and
30 the humarx chain locus (Abgenix-1 XenoMouse technology (Abgenix; Fremont,

California)) were used to generate these antibo&ES insect cells expressing CD40
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2162 178 8222 1 11785 -61 1438 115 2162 178 8222 0.1 10758 -43 1249 119 2162 178 8222 0.01
11322 -53 4705 60 Donor#2 2216 294 7873 10 16679 -164 2362 103 2216 294 7873 1 14148 -117
1202 124 2216 294 7873 0.1 12422 -85 756 133 2216 294 7873 0.01 13870 -112 6606 24 Donor#3
2396 241 11021 10 11641 -7 2631 100 2396 241 11021 1 13528 -30 1450 114 2396 241 11021 0.1
12176 -14 990 120 2396 241 11021 0.01 11895 -10 5357 68 Donor#4 4552 133 15301 10 22098 -64
3768 109 4552 133 15301 1 19448 -39 2040 125 4552 133 15301 0.1 18398 -29 1728 128 4552
133 15301 0.01 22767 -70 9481 55 PBMg -012 777 117 6041 10 7327 2 2150 76 777 117 6041 1
6212 -3 155HHACOMIAGO8RIN WS H564 75 §98"169999 74 1CB. 639/%‘?4""55315?% 4
PBMC-014 hithAns mB8aSeloy&lahth-8B BB (eIlStd §orerf dt&Bbaties Hat4c3900ie€ 1857 73 7889 4
8368 -8 255r2 90 %857 @@9 O&i‘gg@f@@sﬁg éfl:;gl -015 Donor# @Oﬁ%&/mﬁ% 100
15425 -69 1457126 gl R AT X0 41716 1359 128
3203 127 1mw&azmammmm®enm%mmmm@mﬁaurﬁ@dﬂm 118 3680
175 15],i % T%P&? 5? 1[6 779. 1]§ %505911175 151 7?2%,@2) £1?65 1017 3680 175 15§14St0 .8
17245 19 251P T KB, B Birlep %5 918, JTROsITe F R ARG MNOISCHIGN 1 994 g
1848 106 2zp4btiaxhairinbete20668tesi KBB4AL68bset of 2G0a@dies that also showed binding to

cell-surface CD40 were selected for further analyStable hybridomas selected during a

series of subcloning procedures were used fordurtharacterization in binding and

functional assays.

10 Table 1A. A Typical Fusion
anti-CDA40 titer
] Fusion # of wells
Fusion #| (1:100K) Efficiency screened  |# of ELISA+| # ofcell surface+
153 3 100% 960 123 33
154 4.67 15% 140 0 0
155 6 ~40% 960 3 3
156 3.17 ~25% 220 1 0
157 4.67 90% 960 32 6
158 4.4 90% 960 23 8
159 1.17 100% 960 108 18
160 1.78 90% 960 30 5
Total 6120 320 73

Table 1B. Summary of Four Sets of Fusions

15 ELISA-positive Cell surface positive
# of mice hybridomas Hybridomas
31 895 260
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2734 152 19775 0.8 18923 5 1262 110 PBMC-016 1118 36 13531 0.1 10928 21 745 103 1118 36
13531 0.05 11467 17 962 102 1118 36 13531 0.01 11942 13 3013 85 PBMC-017 962 75 12510 1
13597 -9 258 107 -85 Table 4A. Effect of mAb CHIR-5.9 on CD40L-induced PBMC proliferation
(cont.). Average % inhibition of human PBMC at 100 pg/ml -42 107 Average % inhibition of human
PBMC at 10 pg/ml -69 98 Average % inhibition of human PBMC at 1 pg/ml -41 107 Average %
inhibition of human PBMC at 0.1 pg/ml -28 117 Average % inhibition of human PBMC at 0.01 pg/ml

-44 64 Ave ?goénhibition of.hlljm PI%M%}_%%%%} % of inhibition: 100-(CPM with Abs-PBMC
alone-CHO-EBS6L AlonaCEBR SEOSLSAR iy AbASET BIGIES O o CpaoL alone)*100 % -86
Table 4B. EfLe’elhaf mAb CHIR-12.12 on CP&0tcanduced PBMC proliferation. HngG V-CHIRNED |12
PBMC CHOEB8H PBIME S RS Eonc 96 0F 98- of EXPI AloTe aione CHO-C DAV NG &P M
PO 8 Lk AR A i - it D SR NI
inhibition C'n Ir ftrom . C-025 Dorior##1 +.+,:f,f. 32422927077 """%zﬁf“?ﬁ&”fff 4051
32 42292 0101 STI2971AHRY0 §Y, 405 32742292/0.001 40271 S5 32875 2514054, g 42292 0-0001
410701?364367:401 13 4‘;.%{‘53_5)(2)9%# -.4-if? ) :SJ.‘J:iI;EﬂtS‘ 0.1 lw ﬁ%ﬁjr_jr?) b‘f ‘fﬁp @5/ U.‘UJ: 7134
- 97246031 1498 (U004, 2014241 16183 -9 2¢60 31 14937 0.QQ0T 1(§47-231618 7-9
65.96 PBMC-026 onaiF£l 2039 35 19071°0,1 17136 11 624 109 2039 3] 19071 010116445 L5 6455
74 2039 353190710.001 16819517 17833 7, 2039 35 19071 0.000], 1819215 17924 7 45 Donqr#2
2016 64 178340, 1718142078 100 2016 64 17834 0.01 16757 7. 10946 44, .
153.1D2.9.12 +++ ND ND ND 12068
158.6F3.5.1 +++ +++ ++ - 12054 Yes
158.6F3 158.6F3.5.7 +++ ND ND NDO 12061
158.6F3.5.10 +++ ND ND ND 12062
153.8E2D10D6.12.7 +++ ND ND ND 12075
153.8E2_ 153.8E2D10D6.12.9 +++ ND ND ND 12063
153.8E2D10D6.12.12 +++ +++ ++++ 12056 Yes
155.2C2E9F12.2.10.4 +++ +/- ND NI 12064
155.2C2 155.2C2E9F12.2.10.5 +++ ND ND ND 1206
155.2C2E9F12.2.10.6 +/- ND ND NDO 12066
166.5E6G12.1 +++ ND ND ND| 12069
166.5E6 166.5E6G12.3 +++ ND ND N 12070
166.5E6G12.4 +++ + ND ND| 12071
177.8C10 177.8C10B3H9 +++ ++ ND NI ND
183.4B3E11.6.1.5 ++ ND ND ND| ND
183.4B3 183.4B3E11.6.1.9 ++ ND ND NI ND
183.4B3E11.6.1.10 +++ ++ ND ND ND
183.2G5D2.8.7 +++ +/- ND ND ND
183.2G5 183.2G5D2.8.8 +++ ND ND NI ND
183.2G5D2.8.9 +++ ND ND ND ND
184.6C11D3.2 ++ ND ND ND 12078
184.6C11 184.6C11D3.3 ++ ND ND NI 12080
184.6C11D3.6 +/- +/- ND ND 12079
185.3E4F12.5.6 +++ ND ND ND 12072
185.3E4 185.3E4F12.5.11 +++ ND ND ND 12073
185.3E4F12.5.12 +++ + ND ND 12074
185.1A9E9.6.1 + ND ND ND ND
185.1A9 185.1A9E9.6.6 +++ +++ + NDO ND
185.9F11E10.3B5.1 +++ ND ND ND ND
185.9F11 185.9F11E10.3B5.8 +++ ND ND ND ND
185.9F11E10.3B5.12 +++ +++ ND NI ND

Clones from 7 mother hybridomas were identifiethdwe antagonist activity. Based on their relativiagonist
potency and ADCC activities, two hybridoma clonesevselected. Their names are: 131.2F8.5.9 (5d®) an
153.8E2.010.D6.12.12 (12.12).
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2016 64 17834 0.001 18613 -5 17924 -1 2016 64 17834 0.0001 17169 4 18569 -5 84 PBMC-028
Donor#1 4288 45 22547 1 18204 24 2098 112 4288 45 22547 0.1 20679 10 1827 114 4288 45
22547 0.01 22799 -1 6520 88 4288 45 22547 0.001 23547 -5 22327 1 4288 45 22547 0.0001 24778
.12 24124 -9 30.07 Donor#2 2148 58 54894 1 48545 12 5199 94 2148 58 54894 0.1 45708 17 5091
95 2148 58 54894 0.01 51741 6 18890 68 2148 58 54894 0.001 52421 5 50978 7 2148 58 54894
0.0001 54778 0 52581 4 34.68 PBMC-029 Donor#1 609 69 10054 0.1 11027 -10 2096 85 609 69
10054 0.01 10037 Q 1827 88 609 69 10054 0.001 10222 -2 6520 38 609 69 10054 0.0001 11267 -13
22327 -131 28.06 BH%?J?%iﬁg‘fﬁjﬁx%‘idﬁf‘é‘fé’%ﬂrﬁé%E%ﬁ% 3098158 26 41Y21726 9
10249 84 7(EbET2B2). 00EAP6RAHER3SR0VE ATGLOHARTEY ARDADCRAAMHIREd a%6 55.35
PBMC-030 B}l?fgd#l azgg 47 53%;5%%.% 601@6 -1312132 8%’8916%39 47 53426 %%Jéé’%‘?%%%ﬁzg? 77
2739 47 53438 P ORI Ve S B S I YT Es Sy B Y 5 I 15 %hebL - o B!

Donor#2 43a005053:982. D 1052682 2 3202 12)2 Tizd 65066 T8EIISE IRt BOTII6stDd 4310 50
53781 (.001-53072 0 7 0 i i . MC-032 Donor#1
2458 4 140% Iob.Ji 'igg)@g&-ﬁ% @é’%&ﬁ?@&oﬁ% @%f&%%@%%@g&%ﬁéj%?% .87 2458 42
14058 0.001 19852 -50 20639 -57 2458 42 14058 0.0001 19161 -44 18907 -42 Average % inhibition
of human PBMG3iOsl Redphdcti@fide and Amino Acid Sequerxfdsuman Anti-CD40

Antibodies

The cDNAs encoding the variable regions of the aatd antibodies were

10 amplified by PCR, cloned, and sequenced. The aagitbsequences for the light chain
and heavy chain of the CHIR-12.12 antibody ardaéh in Figures 9A and 9B,
respectively. See also SEQ ID NO:2 (light chainnfidAb CHIR-12.12) and SEQ ID
NO:4 (heavy chain for mAb CHIR-12.12). A variafitlee heavy chain for mAb CHIR-
12.12 is shown in Figure 9B (see also SEQ ID NQubiich differs from SEQ ID NO:4

15 in having a serine residue substituted for theiataresidue at position 153 of SEQ ID
NO:4. The nucleotide sequences encoding the dighin and heavy chain of the CHIR-
12.12 antibody are set forth in Figures 10A and,I@Bpectively. See also SEQ ID
NO:1 (coding sequence for light chain for mAb CHIR-12) and SEQ ID NO:3 (coding
sequence for heavy chain for mAb CHIR-12.12). &teno acid sequences for the light

20 chain and heavy chain of the CHIR-5.9 antibodysateforth in Figures 11A and 11B,
respectively. See also SEQ ID NO:6 (light chainfiAb CHIR-5.9) and SEQ ID NO:7
(heavy chain for mAb CHIR-5.9). A variant of theavy chain for mAb CHIR-5.9 is
shown in Figure 11B (see also SEQ ID NO:8), whiigfeds from SEQ ID NO:7 in
having a serine residue substituted for the alar@sglue at position 158 of SEQ ID

25 NO:7.

As expected for antibodies derived from indepentightidomas, there is
substantial variation in the nucleotide sequencdéle complementarity determining
regions (CDRs). The diversity in the CDR3 regionV/gfis believed to most significantly
determine antibody specificity.

30
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Average % inhibition of human PBMC at 0.01 pg/ml -1 74 Average % inhibition of human PBMC at
0.001 pg/ml -7 0 Average % inhibition of human PBMC at 0.000Ipg/ml -8 -17 49.65 % of inhibition:
100-(CPM with Abs-PBMC alone-CHO-CD40L alone)/( CPM of PBMC+CHO-CD40L-PBMC
alone-CHO-CDA40L alone "10C.% In addition to B cells, human PBMC also contain natural killer cells
that can mediate antibody dependent cytotoxicity (ADCC). To clarify the mechanism of antibody- 5
mediated inhibition of prollferatlon assays were performed with B cells purified from human PBMC.
Similar to results opt ' D) |nh|b| ed the CD4O ligand-induced
proliferation T 3 i 5 23 teE =ereTHo ist activity of
the candidatgtentibodies, and not the mechanlsm of ADCC, is the cause of prollferatlon inhibition in
these assays. 10 Table 5. Effect of anti-CD40 antibodies on CD40 Band-induced proliferation of
purified human B cBlle GPiidate @ntiionkes. S IAIRHR-Q 201Q G il e ke hutiog HBCEUS
CHO-CDA40} CH 40D Eonciaslgll AL GRM AT TaiIon CEM S Llpjion B
cell-004 1 418 89 3132 100 429 103 271 109 152 114 18 89 3132 20 3193 -2 316 107 222 111 418
89 31324 33:82d1GK IR 42238 were fagegbien theip gcdiplevient 045104 gadhhindirgntg £RAL40 100

28311 -4 85,10@d Z&%@éf?ﬁlgﬁﬁ%ﬁ@rﬁ& 8479?&[5%9%86@%@ oth/ahaiadRé @pRiteleryl08 100 68
100 81 73 21240 0.6 26955 4 87 100 77 100 B coll 005 3 267 75 24850 | 25010 6 361 100 102 101

267 75 24559Ryaeh He-3ebs6gurits Rinsl NG 1077 G 4qdigmumienswriisd ey 8Y40meisis 81 Avera e

% inhibition a3sky8 HE3uMECHAPNRIRECHAR-LEPM Hdshy\EEEBbRlD NRE HREPHR kipne)/( CPM of
B cell with CHQ-CD40L-B cells alone-CHO-CD40OL annH?* 100% Exam le 7: CHIR-5.9 and

CHIR-12. 12890 MR MRS Sty ISR Lo wrdhih et e el tho o?ﬂ%’l‘@lﬁﬁé/&‘?é% CD40
ligand a@tivaittsonoemat Eooaplstaedddt¢etlgopltbc4EligdadiidifarR®.9 Buidinglighggmmanti-CD40

antibodies (aganjs np r sti tory signal for the proliferation of normal and cancer
5 collo, AmiBUAY SO REL A ot 255

Example 4: CHIR-5.9 and CHIR-12.12 Bind to a Diéfiet Epitope on CD40 Than 15B8
The candidate monoclonal antibodies CHIR-5.9 andREH2.12 compete with
15 each other for binding to CD40 but not with 15B8,1@G;, anti-CD40 mAb (see
International Publication No. WO 02/28904). Antilyoccompetition binding studies

using Biacore were designed using CM5 biosensqschith protein A immobilized via

amine coupling, which was used to capture eithgr@n40, CHIR-12.12, or 15B8.
Normal association/dissociation binding curvesargerved with varying concentrations
20 of CD40-his (data not shown). For competition stadeither CHIR-12.12 or 15B8 were
captured onto the protein A surface. Subsequern@p40-his /CHIR-5.9 Fab complex
(100 nM CD40:1 uM CHIR-5.9 Fab), at varying concatibns, was flowed across the
modified surface. In the case of CHIR-12.12, theas no association of the complex
observed, indicating CHIR-5.9 blocks binding of &12.12 to CD40-his. For 15B8,
25 association of the Fab CHIR-5.9 complex was obskmaicating CHIR-5.9 does not
block binding of 15B8 to CD40 binding site. HoweMtre off rate of the complex
dramatically increased (data not shown).
It has also been determined that 15B8 and CHIR21@olnot compete for CD40-
his binding. This experiment was set up by captu€HIR-12.12 on the protein A
30 biosensor chip, blocking residual protein A sitethwontrol higG, binding CD40-his
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-88 stimulatory activity are not suitable candidates for therapeutic treatment of B cell lymphomas. The
two candidate antibodies were tested for their ability to induce proliferation of B cells from normal
volunteer donors. The B cells purified by Ficoll- Hypaque Plus gradient centrifugation from normal
donor PBMC were cultured in 96-well 5 plates with varying concentrations of candidate antibodies
(range of 0.001 to 100 g/ml) for a total of 4 days. In the positive control group, PBMC were cultured
with formaldehyde-fixed CHO cells expressing CD40-ligand. The B cell proliferation was measured by
incorporation of tritiated-labeled thymidine at 37C for 14-18 hours. While the CD40 ligand presented on
CHO cells induced vigorous proliferation of B cells 10 resulting in an average stimulation index (SI) of
145, the candidedgrantilsodies!indgtiozvet bamadifiedkuplaskididibd dhindustamthasioerhtdéonsf 2.89 and

5.08 for CHIR-{]%;la;ane ekl B3P Yok SREGIBEY {85 Bbi] BRISY /@Bl 6. Proliferation of B cells
purified from normal hUman subjects in response to candidate anti-CD40 mAbs B cells+CHIR- B
cells+CDIR- B cells Bcells+CHO-CD40L B cells+bul GI 5.9 12.12 Abs cone S. index S. Exp# Donor#
CPM CPM S. ingdaxbls pWmilidePMs2rtinsexllectRMI(B)i§dRMs index 2) B cell-004 1 418 3132 7.49 100
498 1.19 401 0.96 458 1.10 Frozen 418 3132 20 245 0.59 232 0,56 370 (.89 418 3132 4 241 0.58 232
0.56 211 0°50 418 TG TR HUPPILEY. 7112500 BESEGLENES ¥1P IPMRFLINEBS 100 34 0.42 454
5.60 122 1.51 8lunai?4hi A0D48 h&h10naBaritlbddesd 49 . BleiR 4k ddpfled &fid tHladded .53 81
27240 0.8 34 Q.42 736 9.09 408 5.04 B cell- 67 24552 91.96 1. 691 101 7.87 1223 4.58
267 24552 0.1 %%‘5%?%%"7%?4?991’%‘?‘%%29@%%’5 f)O.B‘f‘ﬁEﬂéG ?@Eﬁ%zﬁﬁ 1827 3.85 267
24552 0.001 5634 2'646:13117:826:310%foeregei B vnudanionitndeA (8bpd v Brd5umtige 5108 2.88 S.

index(1): = CPM (B LRIFSEMRAERANY FEM (5 valad@lonans e 8b 5% <o (B ep+Abs)/ CPM

(PBMC alone)
10 (HBS-EP). Kinetic and affinity constants were determined using the Biaevaluation

software with a 1:1 interaction model/global fit.
As shown in Table 3 below, there is 121-fold difference in the off rate of CHIR-
5.9 and CHIR-12.12 resulting in 24-fold higher affinity for CHIR-12.12.

Antibody ka (M-1 sec-1)) kd (sec-1)

Anti-CD40, CHIR- | (12.35+0.64)x 10° | (15.0+1.3)x 107 12.1540.35
5.9

| Anti-CD40, CHIR- | (2.41+0.13)x 10° | (1.24+0.06) x 10™ 0.51 £0.02
12.12

Example 6; CHIR-5.9 and CHIR-12.12 are Potent Antagonists for CD40-Mediated

Proliferation of Human Lymphocytes from Normal Subiects

20 Engagement of CD40 by CD40 ligand induces proliferation of human B cells. An
antagonist anti-CD40 antibody is expected to inhibit this proliferation. Two candidate
antibodies (CHIR-5.9 and CHIR-12.12) were tested for their ability to inhibit CD40
ligand-induced proliferation of PBMC from normal human subjects. Formaldehyde-fixed

CHO cells transfectant-expressing CD40 ligand (CD40L) were used as a source of CD40
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In addition to B cells, human PBMC contain cell types that bear Fc receptors 15 (FcR) for 1gGi
molecules that can provide cross linking of anti-CD40 antibodies bound to CD40 on B cells. This
cross-linking could potentially enhance stimulatory activity of anti-CD40 antibodies. To confirm the
lack of B cell stimulatory activity of CHIR-5.9 and CHIR-12.12 antibodies in the presence of
cross-linking cells, proliferation experiments -89 were performed with total PBMC containing B cells as
well as FcR+ cells. Data from these experiments (Table 7A, mAb CHIR-5.9; Table 7B, mADb

CHIR-12.12) confirm that these candidate antibodies even in the presence of FcR-bearing cells in
Gonoral o 1GPTEm AR NG R Lo BF ey Ty BT R TE G LD EEol hman
5 I%GI (n;é(éyﬁrrbes@iglmjigamgdndUnedeapgayenage)svmgmgmné 'trmt&mc' 60§ ShHICDAD. rﬁhle rzl)velrage Slf
with candi ibodie . 1.05 for CHIR-12.12 a IR-5.9, respectively. Only one o
tho 10 donot BN g S S S E e o Rl e B BB TR Coror 3

Table 7). ThadagboohistimuEedsywartviiylSyd eatididateatiddes wasriditieeacgnfifonddHiB8measuring the

PBMC rolifrtlaratris(,)n in response 10 to candidate anti-CD40 antibodies immobilized on the plastic -90
Table 7A. Prolteration of PBMC from normal human subjects in response to mAb CHIR-5.9.

PBMC+CHO-CD4@&oPBivitibedisg Gl RrREMOd ChiR-Bedyceifec PBNdiiurimol GdekQdiBaip# C CPM index
1,215 5.40 COSRRE T e B TG e o SRy o0 605 2 2,20 .
317 1l DonétIR1E882) T BBexIRBuLNtMES Paripomesvatiepigdmers id>BIE 1rE68 fo01
CHIR-5.9 and n=2 for CHIR-12.12) to ensure thatdbserved inhibition was not a
10 peculiarity of cells from a single donor. Follow-apsessments with 4 additional donors
of PBMC were carried out for mAb CHIR-12.12 witlsiar trends observed. A wide
range of antibody concentrations (0@¥/ml to 100pg/ml) was used in these assays.
Nearly complete inhibition of CD40 ligand-inducembliferation could be achieved at 0.1
pg/ml concentration of antibodies in most casestib&ay concentration (pM) to inhibit
15 50% of CD-40 ligand-induced lymphocyte proliferatidC50) for lymphocytes from 6
donors yielded an average IC50 (pM) of 47 (SD=2ihat 1, 24; donor 2, 66; donor 3,
45; donor 4, 84; donor 5, 30; donor 6, 35), whiompares favorably with the average
IC50 (pM) of 49.65 shown in Table 4B. Based ondbegent data set, both candidate
antibodies seem similar in their potency for intidn of CD40 ligand-induced
20 proliferation of normal PBMC.
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2138 8247 0.1 2026 0.95 1 0.94 186 2138 8247 0.01 2424 1.13 0 0.87 1156 452 Donor#2 2374 1
4.87 10 4966 2.09 31.91 1156 244 237411 2544 1.0751.03 1156 146 23741 0.121770.92 2 0.62
1156 189 2374 1 0.01 4672 1.97 6 0.80 211 Donor#3 3229 7956 2.46 10 5035 1.56 9 0.66 109 3229
7956 1 2826 0.88 9 0.34 105 3229 7956 0.1 2277 0.71 2 0.33 189 32297956 0.01 3078 0.95 9 0.59
1431 517 Donor#4 4198 4 3.41 10 5012 1.19 6 1.23 14314704198 41 3592 0.86 2 1.12 1431 431
4198 4 0.1 5298 1.26 9 1.03 1431 540 4198 4 0.01 5758. 1.37 0 1.29 PBMC- 247 014 2350 8787
3.74 100 2722 1.16 1 1.05 244 2350 8787 20 2315 0.99 7 1.04 165 2350 8787 4 2160 0.92 9 0.71
167

Table 4A. Effect of mAb CHIR-5.9 on CD40L-induced PBMC proliferation.

CHO-CD4OL  PBMC+ | Abs Conc hulgG1 CHIR-5.9
Exp# PBMC alone alone CHO-CD40L | (ugiml) | ¢PM % ofinhibition |CPM % of inhibition
PEMC-010 1851 121 4436 1 5080 -26 2622 74
1851 121 4436 0.25 5498 -43 2807 62
1851 121 4436 0.0625 6029 -65 2619 74
1851 121 4436 0.0156 5814 -56 1139 131
PEMC-011  Danor#1 2162 178 8222 10 13137 -84 2252 101
2162 178 8222 1 11785 -61 1438 115
2162 178 8222 0.1 10758 -43 1249 119
2162 178 8222 0.01 11322 -53 4705 60
Donor#2 2216 294 7873 10 16679 -164 2382 103
2218 204 7873 1 14148 -117 1202 124
2216 294 7873 0.1 12422 -85 756 133
2216 204 7873 0.01 13870 112 6606 24
Donor#3 2396 241 11021 10 11641 -7 2631 100
2396 241 11021 1 13528 -30 1450 114
23086 241 11021 0.1 12176 -14 990 120
2396 241 11021 0.01 11895 10 5357 68
Donor#4d 4552 133 15301 10 22098 -64 3768 109
4552 133 15301 1 19448 -39 2040 125
4552 133 15301 0.1 18398 -29 1728 128
4552 133 15301 0.01 22767 -70 9481 55
PBMC-012 777 117 6041 10 7327 -25 2150 76
777 17 6041 1 6212 -3 1550 87
777 17 6041 0.1 7006 -19 828 101
777 17 6041 0.01 7524 -29 1213 94
PBMC-014 1857 73 7889 100 9399 -25 3379 76
1857 73 7889 20 8120 -4 3870 67
1857 73 7889 a 8368 -8 2552 90
1857 73 7889 0.8 9564 -28 1725 103
PEMC-015  Donorit! 3203 127 10485 100 15425 -69 1497 126
3203 127 10485 20 11497 -14 1611 124
3203 127 10485 4 11641 -16 1359 128
3203 127 10485 0.8 12807 -32 1490 126
Donor#2 3680 175 15145 100 21432 -56 1792 118
3680 175 15145 20 16998 -16 1779 118
3680 175 15145 4 17729 -23 1965 117
3680 175 15145 0.8 17245 -19 27 115
Donor#3 2734 152 19775 100 22967 -19 1664 107
2734 152 19775 20 21224 -9 1848 106
2734 152 19775 4 20658 -5 1534 108
2734 152 19775 0.8 18923 5 1262 110
PBMC-016 1118 36 13531 0.1 10928 21 745 103
1118 36 13531 0.05 11467 17 962 102
1118 36 13531 0.01 11042 13 3013 85
PBMC-017 962 75 12510 1 13597 -9 258 107
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2350 8787 0.8 2328 0.99 1 0.71 PBMC- 1293 168 015 Donor#1 3284 6 3.94 100 3598 1.10 2 0.51

1293 156 3284 6 20 2751 0.84 2 0.48 1293 110 3284 6 4 3135 0.955 0.34 1293 141 3284 6 0.8
4027 1.23 9 0.43 1912 510 Donor#2 6099 1 3.14 100 2999 0.49 4 0.84 -91 1912 391 6099 1 20

4025 0.66 7 0.64 1912 334 6099 14 4496 0.74 1 0.55 1912 413 6099 1 0.8 3834 0.63 9 0.68 1982
120 Donor#3 2479 6 8.00 100 3564 1.44 4 0.49 1982 2479 6 20 1874 0.76 782 0.32 1982 24796 4

1779 0.72 634 0.26 1982 2479 6 0.8 2274 0.92 937 0.38 PBMC- 1578 103 16 1148 9 13.750.1
1255 1.096 0.90 1578 1148 9 0.05 1284 1.12871 0.76 1578 1148 9 0.01 1446 1.26 952 0.83
Average Sl of PBMC 5.09 1.06 1.03 index(1): =(PBMC+CHO-CD40L)/PBMC

Table 4A. Effect of mAb CHIR-5.9 on CD40L-induced BMC proliferation (cont.).

Average

Average % inhibition of human PBMC at 100 pug/ml -42 107
Average % inhibition of human PBMC at 10 pg/ml -69 98
Average % inhibition of human PBMC at 1 pg/ml -41 107
Average % inhibition of human PBMC at 0.1 pg/ml -28 117
Average % inhibition of human PBMC at 0.01 pg/ml -44 64

% inhibition of human PBMC -35 101

100-(CPM with Abs-PBMC alone-CHO-CDA40L alone)/( CPM of PBMC+CHO-CD40L-PBMC alone-CHO-CD40L alone)*100%
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index(2): =(PBMC+AbsyPBMC ITable 7B. Proliferation of PBMC from normal human subjects in
response to mAb CHIR-12.12. PBMC+CHIR- PBMC+CHOCD40L Ai, conc PBMC+hulgG1 12.12 Exp#
PBMC CPM index 1 (N9hN) CPM index(2) CPM index(2) PBMC-025 Donor#1 4051 42292 10.44 0.1
2909 0.72 2451 0.61 4051 42292 0.01 4725 1.17 8924 2.20 4051 42292 0.001 8080 1.99 8782 2.17
4051 42292 0.0001 4351 1.07 4342 1.07 Donor#2 2260 14987 6.63 0.1 2538 1.12 6741 2.98 2260
14987 0.01 3524 1.56 8921 3.95 2260 14987 0.001 3159 1.40 4484 1.98 2260 14987 0.0001 2801
1.24 2533 1.12 PBMC-026 Donor#1 2085 18313 8.78 0.1 1386 0.66 2761 1.32 2085 18313 0.01 2871
1.38 3162 1.52 2085 18313 0.001 2602 1.25 3233 1.55 2085 18313 0.0001 1709 0.82 1766 0.85
Donor#2 676 18054 26.71 0.1 660 0.98 2229 3.30 676 18054 0.01 2864 4.24 1238 1.83 676 18054
0.001 693 1.03 1507 2.23 676 18054 0.0001 984 1.46 811 1.20 PBMC-027 Donor#l 2742 13028 4.75

0.1 4725 ai7|2 7 ec::lt' m&? 31&919@ 9 4 (R uceg;&}é r]11?erat27.42 13028 0.001 3218 1.17 3501
1.28 274 . . © Donor#Z ded TI90T 8/ LGT 1633 1.22 {3k 13
1338 11901 0.01 1520 1.14 518&8.84%1:3:’3)80&19@%&.1001&5&%@ 13 2067 1.54+ 1338 11901, 60001
1047 0.78 265 1 55 PBMC-028fonor#fierr288 SHEsPAok by 368aCPMa g Jduistion £cEPMD gdninistion 71@3a(mi)|
3113 07826470482 4288 #9547 0.081 4414 83 3515°0.82 4288 2254?30 00014204521@’57 4189
0.98 4051 32 42292 0.004 40271 5 32875 25
4051 32 42292 0.0001 40034 6 37261 13 24.22
Donor#2 2260 31 14987 0.1 15767 -6 365 115
2260 31 14987 0.01 17134 -7 6734 65
2260 31 14987 0.001 20142 -41 16183 -9
2260 31 14987 0.0001 17847 -23 18187 9 65.96
PBMC-026  Donor#1 2039 35 19071 0.1 17136 1 s24 109
2039 35 19071 0.01 16445 15 gass 74
2039 35 19071 0.001 16195 17 17833 7
2039 35 19071 £0.0001 18192 5 17924 7 45
Donor#2 2016 64 17834 0.1 17181 4 2078 100
2016 54 17834 0.01 16757 7 10946 44
2016 84 17834 0.001 18613 -5 17924 -1
2016 B4 17834 0.0001 17169 4 1856 -5 B4
PBMC-028  Donor# 4288 45 22547 1 18204 24 2008 112
4288 45 22547 0.1 20679 10 1827 114
4288 45 22547 0.01 22799 -1 6520 88
4288 45 22547 0.001 23547 -5 22327 1
4288 45 22547 0.6001 24778 12 24124 9 30.07
Donor#2 2148 58 54894 1 48545 12 5199 94
2148 58 54894 0.1 45708 17 5091 95
2148 58 54894 0.01 51741 6 18890 68
2148 58 54894 0.001 52421 5 50078 7
2148 58 54894 0.0001 54778 0 52581 4 34.68
PBMC-029  Donort 809 69 10054 0.1 11027 -10 2098 85
609 69 10054 0.01 10037 0 1827 88
809 69 10054 0.001 10222 -2 6520 38
609 69 10054 0.0007 11267 -13 22327 =131 2806
Donor#2 7737 57 23132 0.1 21254 12 2536 134
7737 57 23132 0.01 21726 9 10249 84
7737 57 23132 0.001 22579 4 23380 2
7737 57 23132 0.0001 22491 4 23183 0 55.35
PBMC-030  Donortl 2739 47 53426 0.1 60116 -13 2132 101
2739 47 53426 0.04 56411 -6 14297 77
2739 47 53426 0.001 59167 -11 55868 -5
2739 47 53426 £.0001 59290 -12 gogss 15 55.52
Donor#2 4310 50 53781 0.1 52881 2 3208 102
4310 50 53781 9.01 51741 4 o716 47
4310 50 53781 0.001 53072 1 53628 0
4310 50 53781 0.0001 58045 -9 54343 -1 102.88
PBMC-032  Donortt 2458 42 14058 01 16579 -22 g3 116  40.36
2458 42 14058 0.01 19250 45 3358 93
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Donor#2 2148 54894 25.56 0.1 9127 4.25 5574 2.59 2148 54894 0.01 4566 2.13 6515 3.03 2148
54894 0.001 5285 2.46 5919 2.76 2148 54894 0.0001 4667 2.17 4298 2.00 PBMC-029 Donor#1 609
10054 16.51 0.1 359 0.59 363 0.60 609 10054 0.01 473 0.78 956 1.57 609 10054 0.001 461 0.76
1159 1.90 609 10054 0.0001 625 1.03 558 0.92 Donor#2 7737 23132 2.99 0.1 4940 0.64 3493 0.45
7737 23132 0.01 6041 0.78 3644 0.47 7737 23132 0.001 5098 0.66 5232 0.68 7737 23132 0.0001
5135 0.66 5241 0.68 PBMC-030 Donor#1 4164 57205 13.74 10 2713 0.65 1046 0.25 4164 57205 1
3627 0.87 1576 0.38 4164 57205 0.1 4590 1.10 1512 0.36 4164 57205 0.01 4384 1.05 2711 0.65
Donor#2 3324 53865 16.20 10 6376 1.92 4731 1.42 3324 53865 1 4720 1.42 5219 1.57 3324 53865
0.1 3880]1.17 5869 1.77 3324 5&B865 0.0k 3863 114bks 5657010l 0 PBIMész032 [Banor#LkB08 15271 8.45
102349 11.30 4790 2.65 1808 36271 1 3820 2.11 203 2.8804:808 15871 0.1-4%098 1é6r 63332 3.50
1808 1521 % MY tigootbusar PRy ar8da®mnbf PBMC 11.92 1.30 1.62 ihdex(1): =CPM7f
(PBMC+ ﬁw&sdfam kitian fo*!ﬂBM'(‘?WféikE 'LgioN) of (PBMC+Abs)/CPM obeMC surfac&®f the
culture w8 H§r ﬁe' ‘\'Hgté\?e? e 'I'l i @31%1?4?' CHIR 12.12, and CHIR§ 9 stlmulatloriJ ergg?eg
0.67, and- i dedadative g ot Quotlg ot -
antibodlekof |nh||n 10 ! |t As P i alo a-CHO- CD4 aoe P fP M+C 0. 'l P C e CHOCD40 ':'5'»,' ,"1@1
normal human subjects in response to immobilized anti-CD40 antibodies PBMC PBMC+CHO-CD4O
PBMC+hulgGl PBMC+CHnN2-5.9 PBMC+CHIR-12.12 Abs colic

In addition to B cells, human PBMC also contain natural killer cells that can

mediate antibody dependent cytotoxicity (ADCC). To clarify the mechanism of antibody-
5  mediated inhibition of proliferation, assays were performed with B cells purified from
human PBMC. Similar to results obtained with PBMC, both antibodies potently inhibited
the CD40 ligand-induced proliferation of purified B cells (Table 5, n=3). These data
demonstrate that the antagonist activity of the candidate antibodies, and not the

mechanism of ADCC, is the cause of proliferation inhibition in these assays.

10
Table 5. Effect of anti-CD40 antibodies on CD40 ligand-induced proliferation of purified human B cells
CPM HulgGl1 CHIR-5.9 CHIR-12.12
B cells + Abs !
Exp# | Donor #|R cells{ CHO-CD40L | CHQ-CD40L, | Cone(pg/ml) | CPM | % inhibition | CPM | % inhibition [ CPM | % inhibition

B cell-004 ! 418 89 3132 100 429 103 271 109 152 114
418 89 3132 20 3193 -2 316 107 222 111
418 89 3132 4 3175 -2 144 114 235 110
418 89 1132 0.8 6334 -122 245 110 63 117

2 81 3 27240 100 2831) -4 85 100 77 100

8l 73 27240 20 24707 9 65 100 94 100
81 73 27240 4 23081 15 198 100 68 100
81 73 27240 0.8 26252 4 87 100 71 100

B celi-005 3 267 75 24552 I 25910 -6 291 100 102 101
267 75 24552 0.1 28447 -16 259 160 108 101
267 75 24552 .01 26706 -9 2057 89 4922 81

Average % inhibition -3 103 103

% of inhibition: [00-(CPM with Abs-B cells alone-CHO-CD40L alone){ CPM of B cell with CHO-CD40L-B cells alone-CHO-CDAQL alone)* 1 00%

Example 7. CHIR-5.9 and CHIR-12.12 Do Not Induce Strong Proliferation of Human B

Cells from Normal Subjects

15 CD40 ligand activates normal B cells and B-cell lymphoma cells to proliferate.

Binding of some anti-CD40 antibodies (agonist) can provide a similar stimulatory signal

for the proliferation of normal and cancer B cells. Antibodies with strong B cell
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Exp# CPM CPM S.index | (ugiml) CPM S. index 2 CYM S.index 2 CPM S.index 2 PBMC-012 225
6808 30.26 10 279 1.24 734 3.26 200 0.89 2256808 1 1750.78 178 0.79 161 0.72 225 6808 0.1 156
0.69 226 1.00 249 1.11 2256808 0.01 293 130 232 1.03 254 1.13 Immoblize-004 857 11701 13.65
1000 479 0.56 1428 1.67 384 0.45 857 11701 100 543 0.63 839 0.98 265 0.31 857 11701 10 467
037 411 0.48 262 0.31 857 117011632 0.74 372 0.43 376 0.44 -93 Average Stimulation index 21.96
0.811.21 0.67 S. index (1): = CPM (PBMC+CHO-CD40L)/CPM (PBMC) S. index (2): = CPM
(PBMC+mAbs)/CPM (PBMC) Example 8: IR-5.9 and CHIR-12.12 Are Able to Kill CD40-Bearing
Target cellsH %%@&Eﬁ]i'é(' ﬂ@dﬁ&%ﬂ?ﬁ%@é@ﬁ%ﬁﬁ@%ﬁrfﬁ%&?ﬁ@{ Bgﬁ;s mphoma lines)
by 5 the mefymapitymas ADE GvE otn itk uttibodi€sHiR & 2distatieifalbyling toandaribodies of IgGl

isotype and are.expected.tg haye the ability to induce the killi target cells t echanism of
ADCC. Thed R REIES 8 S A A e e R B R e s

lymphoma deitpimese( Rus gsaaliehDerti) fugatcrefeote d erenaigied B G vier ehedtusss iy S6RBAIC or

iched N . IS i A
more peten e A BN O iR R e R R o D
the lymphorftl edntairaiel| diagstdryéte gsiritivg eprovhere@ Biies/se ewpies \gih20, the target antigen
for rituxima,(Riyxaa: IHBiF AR VEf Tk S RRGRY oD A1 IRErHR G ar et g aio candidate

mADs with rituximab ADCC activity. For lymphoma cell line target, an averzge specific 15 lysis of 35%,

59%, and 4T063RHESsHR% EB R &iqIRob WiiaiagRabeled tiaE Rl dmab dedpditoy andhilesed at 1

g/mi concerialion B agiend ple s HibpitEsdis el iR RIEHS F epbalemen dependen
cytotoxicity (CDC) assays. -94 Table 9. Anti-CD40 mAB dependent killing of _Ig;gghoma cell lines by

ADCCLOAn{SBHH IR By BYEFRRSBRIIMEURNRYSHIME Bt fisechidRe enfihrties ddudgtman
lymphoma asilyirewEanpes|vefaaon it Bl S HRiddei2. 8teKads.08 for CHIR-12.12 and

CHIR-5.9, respectively (n=3) (Table 6).

Table 6. Proliferation of B cells purified frommoal human subjects in response to candidate
anti-CD40 mAbs

B cells+CHIR- | B cells+CHIR-
B cells| Bcells+CHO-CD40L B cells+hulgG1 5.9 12.12
Abs conc S. index S.
Exp# |Donor#| CPM | CPM  S.index(1) (Hg/m)) |CPM S.index(2CPM  (2) |CPM index(2)
Bcel-004 1 418 3132 7.49 100 498 119 401 0.96 458 1.10
Frozen 418 3132 20 245 059 232 056 370 0.89
418 3132 4 241 058 232 056 211 0.50
418 3132 0.8 376 090 298 071 230 055
Frozen 2 81 27240  336.30 100 34 042 454 560 122 151
81 27240 20 48 059 706 872 255 3.15
81 27240 4 41 051 567 7.00 367 453
81 27240 0.8 34 042 736 9.09 408 5.04
Bcel-005 3 267 24552 91.96 1 691 259 2101 7.87 1223 458
267 24552 0.1 686 257 2267 849 1557 5.83
267 24552 0.01 808 3.03 2203 8.25 1027 385
267 24552 0.001 567 212 846 3.17 826  3.09
Average Stimulation Index (SI) 145.25 1.29 5.08 2.88
S. index(1): = CPM (B cells+CHO-CD40L)/CPM (B cedione)
S. index(2): = CPM (B cells+Abs)/CPM (PBMC alone)

In addition to B cells, human PBMC contain cellégghat bear Fc receptors
15 (FcR) for IgG1 molecules that can provide croskitig of anti-CD40 antibodies bound
to CD40 on B cells. This cross-linking could potelty enhance stimulatory activity of
anti-CD40 antibodies. To confirm the lack of B cgimulatory activity of CHIR-5.9 and

CHIR-12.12 antibodies in the presence of cross#igkells, proliferation experiments
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Effector E:T % lysis Abs % lysis - % % lysis- % % lysis% lysis Exp# cell ratio IgGI conc(pglm1) %lysis
lysis IgGI %lysis lysis 19G1 %lysis IgGl ADCC-005 huNK 3 17.05 5 30.75 13.70 65.22 48.17 ND ND
Alarmor Blue huNK 3 40.81 5 58.62 17.81 87.87 47.06 ND ND ADCC-006 huNK 2 -3.09 10 3.50 6.59
43.71 46.8 34.82 37.91 AlarmorBlue -8.62 1 -10.10 -1.48 45.13 53.75 37.07 45.69 -11 0.1 -14.80 3.80
39.82 50.82 33.61 44.61 -4.54 0.01 2.53 7.07 50.07 54.61 28.49 33.03 51Cr huNK 5 1.5 10 32.09
30.59 47.24 45.742 ND ND 2.4 1 18.01 15.61 37.42 35.022 ND ND 2.50.1 14.67 12.17 37.63 35.131
ND ND ADCC-009 huNK 10 2.32 5 66.20 63.88 97.70 95.38 86.2 83.88 Calcein AM 0.48 1 67.20
66.72 1230045 P8I YES G Y TENG £IBH5'Bg ?1%5%“?1? Ay %%Ts@c'i%?%ﬁ%& ¥4 69.10
65.71 109.0hd 65 6dp8ArAeBitsI T ab2CB; (A ANKRE S § AblS BB ZHIRE 15924 & iR, #4ad 9.27
Calcein AM 4.58 0.01 7 S%Zaﬁ 46,80 42.22 1%68 10.%53%&0.002 691% 0.94 5.10-0.31 9.58 4.16
-1. u

7.03 0.00047576 639G AngHadliss SVHl BERTS! G09S LR BN 50 104.46
50.75 37.41stDaitaie BIELS BOOLOHETEE0\2E BSRYDE 8565 ducts By OiroBBE8.25 72.88

5322 35 07 3T H AR P ATl e A0 e Pt B e B e o )
15.50 13.05B@8Re S Britvceadidats antogies Wers30195608 fos C iR 2.2 279ral S7HIR78 9001 3.90
1.128.99 6-%&&%&%@&9&&1@%‘! RENE M AEEME RARGIELDLRE MEimlAB NN PomCr 4.64 1

46.84 42.20 43.00 38.36 ND ND 4.64 0.1 45.63 40.99 39.94 35.30 ND ND 4.64 0.01 7.73 3.09 9.79
5.15 ND NDOAEAR-bPagidaody Gleo® #8. 7 TRBIND- ARl ef-slifs|Liary aeiMiyddncentration of

MADbs 35.31-a8@dA<€ - Ahbs was further confirmed by measuieg”?BMC proliferation in response

10 to candidate anti-CD40 antibodies immobilized om phastic
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The greater than 100% killing are due to incomplete killing by detergent used for 100% killing control.
Example 9: CD40 Is Present on the Surface of NHL Cells from Lymph Node Biopsy 5 Patients NHL
cells were isolated from biopsied lymph nodes from patients and were preserved in liquid nitrogen until
use. Cell viability at the time of analysis exceeded -95 90%. The cells from two rituximab-sensitive and
three rituximab-resistant patients (five patients in total) were stained with either a direct labeled
15B8-FITC or 15B8 plus anti- hulgG2-FITC and analyzed by Flow cytometry. NHL cells from all the
patients were found to express CD40. Table 10 shows that an average of 76% of NHL cells express 5
CD40 (a range of 60-91%). Table 10. % positive Patient ID ' Patient type b MS81 d 15B8 B CR n.d. r

91.02 J CRyk & aS8kotferktiN Br PEME R EBnditdl Rufidrifbbid 8 rtspdiRe b dn D GARLSHIR N.d. 66.82

Average 9o poOSI

mADb; CB>

MS81, agp
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ompldte responder; N
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entg uveated with anu-q
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oy
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Is |?1~\‘§/rﬁ‘f5‘hoc te

a"‘if

D Mak fn. 2y TRk done,;],d'i,@(amp

tient re

onse 1o an
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. cells from NHL patientqz Birnding of some antie@D4G720 antlbaodles (agomigt) can
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y activity are not suitabfe’ 0.015 324
1417 5279 61194 084 2 2.29
PBMC- 317
011 Donortf 21388247 3.86 10 3047 143 7 1.49
361
21388247 1 2728 128 7 1.69
201
2138 8247 0.1 2026 095 1 0.94
186
2138 8247 001 2424 143 0 0.87
1156 452
Donor#2 2374 1 4.97 10 4966 209 3 1.91
1156 244
2374 1 1 2544 1.07 5 1.03
1156 146
2374 1 01 2177 092 2 0.62
1156 189
23741 001 4672 197 6 0.80
211
Donor#3 32297956 248 10 5035 15 9 0.66
109
32297956 1 2826 088 9 0.34
105
32297956 01 2277 071 2 0.33
189
32297956 001 3078 095 9 0.59
1431 517
Dorior#4 4198 4 3.41 10 5012 149 6 1.23
1431 470
4198 4 1 3592 0.86 2 1.12
1431 431
4198 4 0.1 5298 126 9 1.03
1431 540
_ 4198 _ 4 001 5758, 137 0 1.29
PBMC- 247
014 2350 8787 374 100 2722 1.16 1 1.05
244
2350 8787 20 2315 099 7 1.04
165
2350 8787 4 2160 092 ¢ 0.71
. 167
2350 8787 08 2328 099 1 0.71
PBMC- 1293 168
015  Donor#1 3284 6 3.94 100 3588 140 2 0.51
1293 156
3284 6 20 2751 084 2 0.48
1293 110
3284 6 4 3135 0985 5 0.34
1293 141
284 6 Ny 0.8 4027 123 9 043
1912 510
Danor#2 6099 1 3.14 100 2009 049 4 0.84




candidate for therapeutic treatment of B cell lymphomas. The two candidate antibodies were tested for
their ability to induce proliferation of NHL cells from 3 patients. The cells isolated from lymph node (LN)
biopsies were cultured with varying concentrations of 25 candidate antibodies (range of 0.01 to 300
Itg/ml) for a total of 3 days. The cell proliferation was measured by incorporation of tritiated thymidine.
Neither of the two candidate mAbs induced any proliferation of cancer cells at any concentration tested

(Table 11). Antibodies even in the pjgsence of exogenously added IL-4, a;§ cell growth -96factor, did
not inducg proliferation of NHL ee#is (tested in one of the thee agientasslls. 7Thesewesults ipdicate that
CHIR-5.9and CHIR- 12.12 are g&%ﬁ@nist anti-CD40 antjpodjgs and,dp Mt stimujate proliferation in
vitro of NHL cells from patients. Tabig4 1. Proliferation of cancer cells fromuiN of NHL patiepnts in
response|to candidate anti-CD49ARS S_S_CPM indefEPNBMdexI8PM S _indelsiellst cells+
CHIR- CHIR CHIR- GHIR Donog,aB8%onc(uggpl) Cells,Gl 58 -5.932-1% 12.12 gglls +ME81 MS81
PP 0.01 180 203 1.23 133.67 0.74 MdgzND 0.1 107.5 151.67 1.41 136 1.27 ND ND 130.67 06.67 1.58
197.33 151 179 1.37 10 152.5%45 151 137.33 0.90 87%#%7 5171 106°13%.67 332:¥3 2.41157.33
1.14 ND ND 300 137.67 254.3?243;988 5,00.67 0.73 ND NDMMBH1 167 180.33 1.¢Qs124 0.J75 ND ND
0.1 180.5/149.67 0.83 111.33 0.62 tRND 62 109.67 1.77 104.67 1.69 ND ND 10 91.5 93.33 1.02 100
1.09 763 B34—100-123-173-+-4#49583 0.86-ND-ND-301 1664636785157 14 ND-ND BD (IL-4)
0.01 15944 1623.67 1.02 1422 2489 ND ND 10235 1405 1281 0i%b 131683 6.94 ND.MD 1526 1352.33
0.89 116¢ 0.76 1508.33 0.99 10111_4%%7?424 0.98 1244 0,86 414667 2.86 076
1,1481573 001 1446 126 952 0.83
lAverage Sl of PBMC 5.09 1.06 1.03
index(1): =(PBMC+CHO-CD40L)/PBMC
index(2): =(PBMC+AbsYPBMC
[Table 7B. Proliferation of PBMC from normal human subjects in response to mAb CHIR-12.12.
PBMC+CHIR-
PBMC+CHO-CD40L Abs conc PBMC+hulgG1 1212
Exp# PBMC | cpm index(1) {trgfmi) CPM_ index(2) [CPM index(2)
PBMC-025 Donorf 4051 42292  10.44 0.1 2009 072 2451 0.6
4051 42292 0.01 4725 147 8924 220
4051 42292 0.001 2080 1.99 8782 217
4051 42292 0.0001 4351 107 4342 1.07
Donor#2 2260 14987 6.63 0.1 2538 112 6741 298
2260 14967 0.01 3524 1.56 8921 3.95
2260 14987 0.001 3159 1.40 4484 1.98
2260 14987 0.0001 2801 1.24 2533 1.12
PBMC-026 Donor#t 2085 18313 8.78 0.1 1386 066 2761  1.32
2085 18313 0.01 2871 1.38 3162 1.52
2085 18313 0.001 2602 125 3233 1.55
2085 18313 0.0001 1709 0.82 1766 0.85
Donor#2 676 18054 2674 0.1 660 098 229 330
676 18064 0.01 2864 4.24 1238 1.83
676 18054 0.001 93 1.03 1507  2.23
676 18054 (.0001 984 1.46 811 1.20
PBMC-027 Daonor# 2742 13028 4.75 0.1 4725 1.72 2795 1.02
2742 13028 0.01 4575 1.67 5353 1.95
2742 13028 0.001 3218 1.47 3501 1.28
2742 13028 0.0001 5107 186 4272 1.56
Donor#2 1338 11904 8.89 0.1 1633 122 1943 145
1338 11901 0.0 1520 114 5132 3.84
1338 11901 0.001 1517 113 2067 154
1338 11901 0.0001 1047 0.78 2076 1.55
PBMC-028 Donor#ff 4288 22547 5.26 0.1 3686 086 2525  0.59
4288 22547 0.01 3113 073 2047 0.8
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100 1406.67 1497.67 1.06 1255.33 0.89 ND ND 300 1410.33 1466.67 1.04 1233 0.87 ND ND 5
Example 11: CHIR-5.9 and CHIR-12.12 Can Block CD40 Ligand-Mediated Proliferation of Cancer
Cells from Non-Hodgkin's Lymphoma Patients Engagement of CD40 by CD40 ligand induces
proliferation of cancer cells from NHL patients. An antagonist anti-CD40 antibody is expected to inhibit
this proliferation. 10 The two candidate anti-CD40 antibodies were tested at varying concentrations
(0.01 gg /mj to 100.tg /ml) for their abilitng inggjg CD40 ligand-indpged prolifgration,qf NHL, cells from
patients. NHIL cells from patients were %&we Jp,suspension ovep (01401 - gxpressipg feedgpdn thgye

presence off -4 The NHL Cell grajiferaggR Wagdneasygd by SH-yMidiNe{Be0rpQadion. Bein 559
antibodies Were found to be very effectiygdor s@dsinhibiting CD40 ligand-indyggd praldgratiogef Nhlbs

cells (Table}12, n=2). Nearly complete mnkibitiagepf CD40 ligand-inguced praliferationsgouldshbe 276
achieved ati1.0 to 10 g/ml concentratiomaf asidpedies. Table 12. bvhehition abéZD402igand-sgucedoo

proliferation] of carmeraells fromdagiLN efoNHicopatienssiCPM CHIR-5.9 CHIfR-12. 1&sRituxizsmb 0.60
AbsConc %94 % % Patient (ug/mi) IgG1 G®M it§isition CPM inhibitidt CPM intbitio-BD 0.0862952875
25369 14 24793 16 29490.3 0 0.1 2955¥%92028%483 31 13671 54 29882.7 -1%61 29486%7 67838.33 177

453 98 26355.23 11 10 29710 506.33-985%71 8859427 3 1 100 28995 33 58533 9d-¥5 57¥a NEBRID

PP 0.01 23572 23229.33 1 23688°02531%.3 2'§.1 22880 19092.45 15 171‘@"7‘324 28%19 739 1 g“j
23535.67 14142.33 94 802.67 97 26515.7 213 11231015 608.67 §1 221.33 88 254783 -1¢"¥00 4
23847.33 ND ND 252 99 ND ND % inhlpg}onés]l -(CPM with testnﬁfa§/CP With cogjggol m * 1§§g’/o

5 Example 12T EfgRrat CHIRS,G 0 NGRer 5 ¥ abig YT Cells VTen CURIETWHGs 106 0.5
1

4164 57205 3627 0.87 1576  0.38
4164 57205 0.1 4590 1.10 1512 0.36

4164 57205 0.01 4384 1.05 2711 065

Donor#2 3324 53865  16.20 10 6376 192 4731 1.42

3324 53865 1 4720 142 5219 157

3324 53865 0.1 3880 147 5860 177

3324 53865 ' 0.01 3863 1.16 5657 1.70

PBMC-032 Dono#1 1808 15271 8.45 10 2349 1.30 4790 265
1808 15271 1 3820 2.11 5203  2:88

1808 15271 0.1 2008 1.16 6332  3.50

1808 15271 0.01 1789 0.99 5005 277

Average Sl of PEMC 11.92 1.30 ‘ 1.62

index(1): =CPM of (PBMC+CHO-CD40LYCPM of PBMC
index(2): =CPM of (PBMC+Abs)/CPM of PBMC

surface of the culture wells (n=2). The average SI with CD40 ligand, CHIR-12.12, and
CHIR-5.9 stimulation were 22, 0.67, and 1.2, respectively (Table 8). Taken together
these data show that the candidate antiCD40 antibodies do not possess strong B cell

5  stimulatory properties.

Table 8. Proliferation of PBMC from normal hurnan subjects in response to immobilized anti-CD40 antibodies
PBMC [PBMCHCHO-CD40 PBMC+hulgG! | PBMC+CHIR-5.9 {PBMC+CHIR-12.12
Abs conc
Exp# | €M | CPM_ S.index(1) | (ug/ml) | CPM _S.index(Z) [ CPM S.index(2) | CPM S.index (2
PBMC-012 225 6808 30.26 10 279 1.24 734 3.26 200 0.89
225 6808 1 175 0.78 178 ©.79 161 0.72
225 6808 .1 156 0.69 226 1.04 249 1.11
215 6808 0.01 293 136 232 1.03 254 1.13
Immoblize-004 857 11701 13.65 1000 479 0.56 1428 1.67 384 0.45
857 11701 100 543 0.63 839 098 265 0.31
857 1701 10 a7 057 411 0.48 262 031
857 11701 1 632 0.74 372 0.43 376 0.4
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CD40-Ligand Bearing Cells Effects of CHIR-5.9 on the viable NHL cell numbers when cultured with
CDA40- ligand bearing cells over an extended period of time (days 7, 10, and 14) were 10 investigated.
CD40 ligand-mediated signaling through CD40 is important for B cell survival. This set of experiments
evaluated the effect of anti-CD40 antibodies on NHL cell numbers at days 7, 10, and 14. NHL cells
from five patients were cultured in suspension over CD40L-expressing irradiated feeder cells in the
presence of IL 4 Th 0 trol human lgG HIR-5.9 antibodi ere adde concentr s of 10
gg/mlat15d y ;a%% ulasi gg a& L%E%C r each CondItIC?r]%VY\YGI’e countg(?{on the speagl ed day.
Cell numbers gqn NESQREYP mugA IleTeNy |@gg§ased with time as expected. Reduced numbers of cells
were recovered from CHIR-5.9-treated cultures compared to control group. The greatest levels of
reduction in cell numbers by CHIR-5.9 antibody were observed at day 14 and were on average 80.5%
(a range of 49- 94%) comared to isotype 20 control (n=5). These data are summarlzed in Table 13.

-98 Table 13. Ezhga RabLanbodiR dell 40diqanng
prolonged cuIMy:pJenod (day 7, 10, and 14) Viable ceII numbers % reductlon Patlent Days in culture
IgG mAb CHIR-5.9/5.11 compared to IgG control PS 0 1000000 1000000 0.00 7 935000 447500 52.14
10 1270900 504100 Beezandidate 2otibodicsspudidb@R40rbaring tueet cdbodpumhomatines)don 182500
31.80 105683400 1916007 190nt4-1450009AR5090.8¢ 48BRE 9,250900,230000.0,00, 145000
86667 40.23 10 207500 65000 68.67 14 570500 33330 94.16 DP 0 250000 250000 0.00 7188330
136670 27.431g(¢l 1389pO ARSBBEB:Ged to have the ability to induce the Killing of target cells by

the mechanism of ADCC. Théy were tested for their abilify to kill cancer cell lines in in

vitro assays. Two human lymphoma cell lines (Ramos and Daudi) were selected as target
cells for these assays. PBMC or enriched NK cells from 8 normal volunteer danors were
10  used as effector cells in these assays. A more potent ADCC response was observed with
CHIR-12.12 compared with CHIR-5.9 against both the lymphoma cancer celt line target
cells. Lymphoma cell lines also express CD20, the target antigen for rituximab
(Rituxan®), which allowed for comparison of the ADCC activity of these two candidate
mAbs with rituximab ADCC activity. For lymphoma cell line target, an average specific
15 lysis of 35%, 59%, and 47% was observed for CHIR-5.9, CHIR-12.12, and rituximab
respectively when used at 1 pg/ml concentration (Table 9). The two antibodies did not

show much activity in complement dependent cytotoxicity (CDC) assays.
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14 428330 58330 86.38 PP 0 250000 250000 0.00 7 270000 176670 34.57 10 311670 128330 58.83
14 458330 53330 88.36 * % reduction compare to ctrl Abs=100-(test Abs/ctrl Abs)*100 5 Example 13:
CHIR-5.9 and CHIR-12.12 Are Able to Kill Cancer Cells from the Lymph Nodes of NHL Patients by
ADCC Both CHIR-5.9 and CHIR-12.12 are fully human antibodies of IgGi isotype and were shown to
induce the killing of lymphoma cell lines in vitro by the mechanism of ADCC (Table 9). They were
tested for their ability to kill cancer cells from a single NHL 10 patient in in vitro assays. Enriched NK
cells from normal volunteer donor either fresh after isolation or after culturing overnight at 37C were
used as effector cells in this assay. Similar results were obtained with both freshly isolated NK cells
and NK cells used after overnight culture. The higher level of ADCC was observed with CHIR-12.12
compared with CHIR-5.9 against the NHL cells from the patient. NHL cells also express 15 CD20, the
target antigen for ﬁbb@lﬁwahlém@ﬂéanﬁ%dwmémdﬂﬁwedfﬂ@mnmwpaﬂbbwwm@c% ADCC act|V|ty of

these two ca el of
ADCC activit
5 Example 1¢"CH1R‘?9‘ETTG’CHWR—I ; .
Cancer Cellg|from CLL Patients The *andldate antibodies can block CD4O medlated survwal and
proliferation ¢f cancer cells from|CLL| patiefts. CLL |celleHi®patien@HiR:fa- Riltyred iRibugpensign
over CD40Ltrexpressing formaldehyde-fixed CHO cglls under two [differ pt condifions: /0| aldgi;[iqn of
. . [ s . % lysis- Sis
human |sotyﬂ e antibody Ige Gl tal); Ak cgoqc o )f,,,@,l%lgf*.ﬁskf@{ﬁé’ %9 ﬁﬁ&ﬁ-l&nws ongeiona
antibody. All es-werg gadegat gogcentrationspfs I thzantkie0ouim i the L-4.
The cell countsAumEaseriormed at 24 andi48h by NMitGassaysiRatuiee| narubers ob CEllS Wwere
recovered frgm &14fRe6.9- (n=B) artd CHIR-112.12- (n=32) trieatédl cultBireg cotiiparpdhtd contiti'group.
The greater diffépercds in[cell 15 numbék3 hetween|afftiCDAD A AbyidAs ed‘H d ¢cdhffo| 4569 |
antibody-treated-cultures-ywere -seen *;ﬁde 49091[]11. me ég‘}n . "'f'ﬁf;se ,pgﬁ% Arezge_gfl ‘,%g?%;e in:i%!e 14.
-100 51Cr huNK 5 15 10 32.09 30.59 47.24 45.742 ND ND
24 1 18.01 15.61 37.42 35.022 ND ND
25 0.1 14.67 1217 37.63 35.131 ND ND
ADCC-009 huNK 10 2.32 5 66.20 63.88 97.70 95.38 86.2 §3.88
Calcein AM 0.48 1 67.20 66.72 123.00 122.52 88.2 87.72
-1.43 0.2 78.40 79.53 118.00 119.43 88.8 90.23
3.39 0.04 69.10 65.71 109.00 105.61 84.9 81.51
ADCC-011 huNK 8 3.18 1 15.36 1249 51.59 48.42 22.44 18.27
Calcein AM 4,58 0.01 7.39 2.81 48.80 42.22 14.68 10.10
541 0.002 6.35 0.94 510 -0.31 9.58 416
7.03 0.0004 7.76 0.73 5.99 -1.04 5.99 -1.04
ADCC-012 huNK 1C 13.34 10 73.31 59.97 117.80 104.46 50.75 3741
Calcein AM 13.50 1 74.76 61.26 88.64 75.14 65.97 52.47
12.27 0.01 58.52 46.25 72.88 60.61 50.16 37.89
13.61 0.005 57.50 43.89 69.45 55.84 39.28 25.67
11.85 0.001 56.81 44.86 6517 53.22 33.07 2112
ADCC-013 PBMC [ 100 2.54 1 21.03 18.49 37.94 35.40 32.28 29.74
51Cr 2.45 0.1 15.50 13.05 30.82 28.37 27.18 2473 |
292 0.01 14.53 11.61 22.59 19.67 12.79 9.87
2.78 0.0¢1 3.90 1.12 8.99 6.21 3.13 0.35
ADCC-014 PBMC | 100 4.64 10 53.54 48.90 56.12 51.48 ND ND
81Cr 4,64 1 46.84 42.20 43.00 38.36 ND ND
4.64 0.1 45.63 40.99 39.94 35.30 ND ND
4,64 0.01 7.73 3.00 9.79 515 ND ND
4.64 0.001 8.83 4.19 10.81 6.17 ND ND
Average % lysis at 1 pgfml concentration of mAbs 3531 59.03 47.23
* The greater than 100% killing are due to incomplete killing by detergent used for 100% killing control.

Example 9: CD40 Is Present on the Surface of NHL Cells from Lymph Node Biopsy

5  Patients

NHL cells were isolated from biopsied lymph nodes from patients and were

preserved in liquid nitrogen until use. Cell viability at the time of analysis exceeded
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Table 14. The effect of candidate antibodies on CD40-induced survival and proliferation of cancer
cells from CLL patients measured at 48 h after the culture initiation Relative cell numbers % reduction
in cell numbers* Patient# Ab conc(ig/ml) IgGi CHIR-5.9/5.11 CHIR-12.12 CHIR-5.9/5.11 CHIR-12.12
11 269.31 25.27 ND 90.62 ND 10 101.58 33.07 ND 67.44 ND 100 130.71 40.16 ND 69.28 ND 21
265.55 75.8 ND 71.46 ND 10 227.57 128.5 ND 43.53 ND 100 265.99 6.4 ND 97.59 ND 3185.9
35.39 ND 58.80 ND 10 70.44 39.51 ND 43.91 ND 100 77.65 20.95 ND 73.02 ND 41 80.48 15.03 ND
8132 ND 10 63,01 19.51 ND 69.04 ND 100 55,69 3.65 ND 93.45 ND 5 1 90.63 91.66,89.59 -1.14
1.15 10 78.13 6973 § %Ee?és.:ﬁ?fﬁ‘zt.\é’g %6"@é‘%%%s.ﬁ*Y%@.’é‘-‘-‘é%%‘i‘i”?P6r§SbStf'1b?f‘EE”ﬁ. VA 88
40.40 44.80 10gdikermts #Btdth[fIvetedlaiietBndih 4ifel 27d(8HEcb1SBRFBEC/6r IHRBS (104 seditiction
compared to cqntro =100-(test Abs/contrgl Abs)*100.5 ple 15; R-5.9.and CHIR-12.12
Show Anti-Tur 0 SCET A R P eiesis T iy RS el aoe are
expected to prdduod tiesixpteph &rBritolbgital i€featsvio thataesesnioobtiafadHly ettlseefmtssf two
anti-tumor @ecgﬁy'har?ﬁ,rg}fg%gggdgbig}gyroliferation/survival signal and induction of ADCC. The
currently available human ymphoma xenograft models use long-term lymphoma cell lines that, in
contrast to primary cancer cells, do not depend on CD40 stimulation for their growth and survival.

& 10, L iy i
Therefore the component of 1RREE rabsanti-tumer activity-based-on-blockingthe-tumor
. . . . X . . 9% pQﬁmve . h
proliferation/survival signal js not expected to contribyte to pnati-tmore ..!cac?_)' inthese 15 models. The
efficacy in these models is dBPSHHENt on HHERE &S the secoMPhti-tymaor1°88
B CR n.d. 91.02
J CR n.d. 60.36
H NR n.d. 85.08
H NR 72.24 81.19
K NR n.d. 70.69
L NR n.d. 66.82
Average % positive 76
& NHL patientstreated with anti-CD20 mAb
10 b patient response to anti- CD20 mAb; CR=complete responder; NR=nonresponder

€% of cellsin lymphocyte gate that stain positive
4 MSB81, agonist anti-CD40 mAb

€15B8, antagonist anti-CD40 Mab

"n.d., not done

15
Example 10: CHIR-5.9 and CHIR-12.12 Do Not StimlBroliferation of Cancer Cells

from the Lymph Nodes of NHL Patients

CD40 ligand is known to provide a stimulatory silgioa the survival and

proliferation of lymphoma cells from NHL patientBinding of some anti-CD40

20 antibodies (agonist) can provide a similar stimaasignal for the proliferation of
patient cancer cells. Antibodies with strong B séilinulatory activity are not suitable
candidate for therapeutic treatment of B cell lyimplas. The two candidate antibodies
were tested for their ability to induce prolifecatiof NHL cells from 3 patients. The cells
isolated from lymph node (LN) biopsies were cultlvdth varying concentrations of

25 candidate antibodies (range of 0.01 to f@0ml) for a total of 3 days. The cell
proliferation was measured by incorporation ofatéd thymidine. Neither of the two
candidate mAbs induced any proliferation of caruedis at any concentration tested
(Table 11). Antibodies even in the presence of erogsly added IL-4, a B cell growth
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mechanism associated with the CHIR-5.9 and CHIR-12.12 mAbs. Two xenograft human lymphoma
models based on Namalwa and Daudi cell lines were assessed for anti-tumor -101 activities of
candidate mAbs. To further demonstrate their therapeutic activity, these candidate mAbs were
evaluated in an unstaged and staged xenograft human lymphoma model based on the Daudi cell line.
5 Summary of in vivo efficacy data When administered intraperitoneally (i.p.) once a week for a total of
3 doses, CHIR-12.12, one of the two candidate mAbs, significantly inhibited the growth of aggressive
unstaged B cell ymphoma (Namalwa) in a dose-dependent manner (Figure 4). The second candidate
mADb, CHIR-5.9, was tested only at a single dose in this study and 10 was less effective than
CHIR-12.12 at thezsam didoseinhiesestiifshriGHHIRNER. 121 wassttalindie dahadre: gHficaciails. in this
model tI_Ian rituxi b It IS Pt(s)%%ble thﬁt I ﬁ{ ?Bﬂc%c&#ﬁ“ltﬁ”i'ﬁna"’r‘?n% uId btsat%{ut d@ CD20
expression on the amanwa lymp Adma cell iine icacy dbservedIvith can mMADbs has
greater importaanmeMImﬂtﬁe poodi fezatioarieeldllih dectiarfrom@AdEC) is operative in
the current 15 xenograft lymphoma model. Two killing mechanisms, ADCC and blocking of survival
signal, are expect ontribute to anti-tumor actiyiti human I Ients is is likely to
increase the chan%\g lgcﬂf’é'v?ﬁaog ganéf/rfﬂé%na%wlyﬁ%? ﬁqeamﬁg]tlreﬁts I?gncéﬁn%? taFeDaJSItl CD40
mADbs also showeda tren? tGward tumor growth II’TID:II‘I Ina [second B ciqumphoma mpdel
I

(non-validated Daudi model, data nof shown). In follqw|20 up studies, the two candidate antibodies
were shown to have doserdependent anti-¢emor effiaacydpNotinilbe uosiaged ardmiaged | Daudi
lymphoma models (Figurgs 5 and 6, | respec i\é%‘l ).l In thecsl!etge Daudi modgl, the CHIR-1j2.12 mAb
was more efficaciqusmats reducingtuaat Vigddmesthan gwas.ﬁ.ﬁlml.f%,rz deseabRituxamd). 25 Xenograft

human B cell Lymphasna models To enssre consistens tumar grevih, Taneell-deficieqd nude mice were
whole-body irradiated at 3 Gydo furthensasippiess thaeimmune sysiem ane day befeose tumpr 30
inoculation. Tumor cells were inoculgtedsubcutaneoss|y i the| right| flams at,5x106cells per mouse.
Treatment was initiated either one day after jumer imglantation| (unstaged? -102 suzeutangous
xenograft humanicell lymphomma models; Nasadwasand Daudiy.or wher tymor volume reached
200-400 mm3 (staged Daudi m@del, ussadly 154kays.eflerdingro.73 | ND ND
MM 0.01 165 118033 [1.09] 124 | 0.75 ND ND
0.1 180.5 149.67 | 0,83 | 111.33 0.62 ND ND
! 62 109.67 | 1,77 | 104.67 1.69 ND ND
X 915 | 9333 |102] 100 | 109 | 763 8.34
1830 123 173 1.41 105.33 0.86 ND ND
300 109 183.67 | 1.69 157 1.44 ND ND
BD (1L-4) 0.0 15915 [1623.67| 1.02 1422 0.89 ND ND
0.1 1405 | 1281 | 091 131633 | 0.94 { ND ND
i 1526 1352.33| 0.89 1160 0.76 1508.33 0.99
10 1450 1424 1 0.98 1244 0.86 | 4146.67 2.86
00 1406.67 | 1497.67| 1.06 | 125533 | 0.89 ND ND
300 1410.33 |1466.67} 1.04 1233 0.87 ND ND

Example 11: CHIR-5.9 and CHIR-12.12 Can Block CD40 Lipand-Mediated

Proliferation of Cancer Cells from Non-Hodgkin’s Lymphoma Patients

Engagement of CD40 by CD40 ligand induces proliferation of cancer cells from
NHL patients. An antagonist anti-CD40 antibody is expected to inhibit this proliferation.
10 The two candidate anti-CD40 antibodies were tested at varying concentrations (0.01 ug
/ml to 100 pg /ml) for their ability to inhibit CD40 ligand-induced proliferation of NHL
cells from patients. NHL cells from patients were cultured in suspension over CD40L-
expressing feeder in the presence of I[.-4. The NHL cell proliferation was measured by

> H-thymidine incorporation. Both antibodies were found to be very effective for
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inoculation). Tumor-bearing mice were injected anti-CD40 mAbs intraperitoneally (i.p.) once a week at
the indicated doses. Tumor volumes were recorded twice a week. When 5 tumor volume in any group
reached 2500 mmg3, the study was terminated. Note that in the staged Daudi model, tumor volume
data was analyzed up to day 36 due to the death of some mice after that day. Complete regression
(CR) was counted until the end of the study. Data were analyzed using ANOVA or Kruskal-Wallis test
and corresponding post-test for multi-group comparison. 10 In the unstaged Namalwa model,
anti-CD40 mAb CHIR-12.12. but not Rituxan(r) (rifuximab), significantly (p= <0.01) inhibited the
growth of Namé(l%g"ltﬂﬂﬂoqg) 6@%”%@8@(@&%@%@&9@&%%@& &%‘go]r%itﬂiangﬁ%—lo
mice/group) (FigomepteTihtbhitiortlusQmeteligainii-CiadOan A @bk -3l easciniove ¢aten Othan 0
rituximab. Itis no rc%\(lvorthcyt ratnthﬁ S’Fgﬁﬁﬁoc gdidate mAb, CHIR-5.9, was at least as efficacious as 15
rituximab at a do5¢ 1A That o Ntbxihab Both anti-CD40 mAb CHIR-12.12 and rituxan significantly
prevented tumor development in the unstaged Daudi tumor model (14/15 resistance to tumor

challenge) (FiQH‘E‘B@-zW%%iUHI%?%S‘L{Hiﬁ%ﬁéﬂ&ﬂ@é&"&%‘n‘%UQ&@E%%’%WMG*EWO?WG‘M ina

staged xenogrgftilaatdi model, in which treatment started when the subcutaneous tumor was 20

palpable, anti-CD40 mAb CHIR-12 12 at | malky capsed sigrificant tumor reguetion (p=0.003) with
60% complete regressime ¢64d.0), while Tituximal,at the same dpseqwglid mot significgntly|inhibit the
tumor growth nBAWIY| it tairde colfplete ¢eYredsioir(0/10PBee |Fiteiven§. [BPSUMME@onthe anti-CD40
mAb CHIR-12.128Bignificeitly |nHtAded 2bisor 25 growth2iTExperiniéntal BaFi8iiomadmodels. At the
same dose and regimen OrhAb|CHR: | 122253 - $hofted bettéf/antircardéer aélidg//thandid Rituxan(r)
(rituximab). Further, no clinical28it§f @fctiRigdty was gbserréd at thi§8dose2étvd tegirben. These data
suggest that the ant|-CD¥0 mABRTHIR-22.32 h&8 potentéhti-huméh lymgidhia activity in vitro and in
xenograft models angd col?® be #aiiczilefectives for the88dAtment98f lymptoma. APExample 16:
Pharmacokinetic§f|CHIRE.9 arePCHIR222$$2 1-108 TR&Pharmadcbkinethsd of|antiZCD40 mAb in mice
was studied after single 82and RAB5ddsé%8Rfimistration. KM-CD402hAL éX¥Hibited High systemic
bioavailability after IR administfator| afit ptolofted tef¥iRal half-Afe (35P4y$) (ddta npt shown). This
pilot study was conductetf to aid®tie®8@8ign c’)j‘;pham?é&é%g_ stlggiies; w60¢ever, 1Ois of little

100 23847.38 ND 252 ND ND
% inhibition: 100-(CPM with test Abs/CPM with conotrmAb) *100%

Example 12: Effect of CHIR-5.9 on Number of ViablelL Cells When Cultured with
CD40-Ligand Bearing Cells
Effects of CHIR-5.9 on the viable NHL cell numbe&rken cultured with CD40-

ligand bearing cells over an extended period oét{days 7, 10, and 14) were

10 investigated. CD40 ligand-mediated signaling tiglo@D40 is important for B cell
survival. This set of experiments evaluated tliectf anti-CD40 antibodies on NHL
cell numbers at days 7, 10, and 14. NHL cells ffwa patients were cultured in
suspension over CD40L-expressing irradiated feeelés in the presence of IL-4. The
control human 1gG and CHIR-5.9 antibodies were ddateconcentrations of 1@/ml at

15 day 0 and day 7. The viable cells under each camditere counted on the specified day.
Cell numbers in the control group (IgG) increaseith wme as expected. Reduced
numbers of cells were recovered from CHIR-5.9-gdatultures compared to control
group. The greatest levels of reduction in cell bars by CHIR-5.9 antibody were
observed at day 14 and were on average 80.5%nd¢e &t 49-94%) compared to isotype

20 control (n=5). These data are summarized in TaBle 1
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5 to no importance for the development activity of this mAb since this fully human mAb does not cross
react with mouse CD40. Example 17: Characterization of Epitope for Monoclonal Antibodies
CHIR-12.12 and CHIR-5.9 10 To determine the location of the epitope on CD40 recognized by
monoclonal antibodies CHIR-12.12 and CHIR-5.9, SDS-PAGE and Western blot analysis were
performed. Purified CD40 (0.5 g) was separated on a 4-12% NUPAGE gel under reducing and
non-reducing conditions, transferred to PVDF membranes, and probed with monoclonal antibodies at
10 g/ml concentration. Blots were probed with alkaline 15 phosphatase conjugated anti-human 1gG
and developed using the Western BlueR stabilized substrate for alkaline phosphatase (Promega).
Results indicate that anti- CDW'%E@%% @agﬁhgfé 3 fg%'@d’ﬁ&‘é% RSBR5ES BT Bt the
non-reduced and reduced foft1is ' SIS BES a?(edluce h of CD40 exhibiting greater
intensity than the reduced fgrm of CD4O (Table 15, bIots not 20 shown). The fact that recognition was
positive for both forms of CD40 indicates that this |antiWiadg peteranberwithl a conférrageryaal epitope
part of which is a linear sequ&ERERM MG HIHEYSntidedy MRS Ry HoimblilgoraeagHhipdaGisantrol
non-reduced form of CD40 su@&esting thaPthis antBeHterd@80/th a |primarily €di¥formational
epitope (Table 15; blots not shown). 25 Table 15.|[5&PA&n idedtfiedtion. Domain 15B&tain 2 Dpmain
3 Domain 4 mAb CHIR-12.12 - + -  mAb &HIR-5.9278900 1049419 15B8 + To m&P-#e antigenic
region on CDA40, the four exfracellular domidins of GBAA%vere 40P and expressé#98 insect cells as
GST fusion proteins. The selcrétion |of the four dom8i¥8ARas eF99P98 with a GP67 3&€retion signall.
Insect cell supernatant was 5 analyzed by SDS-PAEEQAd wedtgmiblot analysis tadhtify the domain
containing the epitope. Morjoclonal antibotly CHIRSE349 recobti®¥s an epitope oAlB8main 2 under

both reducing and non-reduci it YR0R8ts nat?SA%n). In contrast*Hhonoclonal
antibody CHIR-5.9 exhibits yeRNvepk recognition tT98ain 220FAB% 16; 0.00
145000 86667 40.23
10 20750( 65000 68.67
14 57050( 33330 94.16
DP 0 250000 250000 0.00
7 188334 136670 27.43
10 23500( 128330 45.39
14 42833( 58330 86.38
PP 0 250000 250000 0.00
7 27000( 176670 34,57
10 31167( 128330 58.83
14 45833( 53330 88.36

* 0% reduction compare to ctrl Abs=100-(test Abd/é#ps)*100

5 Example 13: CHIR-5.9 and CHIR-12.12 Are Able tdl Kiancer Cells from the Lymph
Nodes of NHL Patients by ADCC
Both CHIR-5.9 and CHIR-12.12 are fully human antiles of 19G isotype and
were shown to induce the killing of lymphoma ceikkin vitro by the mechanism of

ADCC (Table 9). They were tested for their abitiykill cancer cells from a single NHL
10 patient inin vitro assays. Enriched NK cells from normal volunteerateeither fresh
after isolation or after culturing overnight at @ARere used as effector cells in this
assay. Similar results were obtained with bothhiresolated NK cells and NK cells
used after overnight culture. The higher level &@C was observed with CHIR-12.12
compared with CHIR-5.9 against the NHL cells frdra patient. NHL cells also express

15 CDZ20, the target antigen for rituximab (Rituxan@}jich allowed for comparison of the
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10 blots not shown). Neither of these antibodies recognize Domains 1, 3, or 4 in this analysis. Table
16. Domain 2 analysis. Reduced Non-reduced mAb CHIR-12.12 ++ +++ mAb CHIR-5.9 + + 15 To
define more precisely the epitope recognized by mAb CHIR-12.12, peptides were synthesized from
the extracellular Domain 2 of CD40, which corresponds to the sequence
PCGESEFLDTWNRETHCHQHKYCDPNLGLRVQQKGTSETDTICT (residues 61-104 of the sequence
shown in SEQ ID NO: 10 or SEQ ID NO: 12). SPOTs 20 membranes (Sigma) containing thirty-five
10mer peptides with a 1-amino-acid offset were generated. \\Western blot. analysis with mAb

CHIR 12,12 an AN (Bt R R AL S B Br UG WAS BT e e bio
was stripped anidudprabetiowidimiablSiIRFAD A attivitineithel IR sexdyminedkbintthigsantibody
SPOTSs analysis probing with nti-CDAéﬁ monoclonal antihod IR-12.12 at 10 25 g/ml yielded
positive reactioﬁgsva\}?thg]p%stg Tagt ?cr)%g %pﬂ]cé?gga%sénégearrg%%% covered by these peptides is shown
in Table 17. -105 Table 17. Results of SPOTs analysis probing with anti-CD40 monoclonal antibody

CHIR-12 12 SpokaguaneediomaoNTosn e Hab YA RN (aaiveR JE AT 6PER 1D NOL0 o
SEQIDNO: 1 _ _ residues /9-88 0 10 or 12) 20

HKYCDPNLGLRte4enaionofddanceeCeils fiemmOld, Batignts NO:12) 21 KYCDPNLGLR (residues

81-90 of SEQ ID NO: ¥ 8rsakRIRNRiERNI22 YR Geid-rrsirligamaR 91 o SFQARNGYLO or
SEQ ID NO:12) 5 These results correspond to a linear epitope of: YCDPNL (residues 82-87 of the
sequence shovWiiIFYEE!IHTD: ¢ b PRI D Keb: E0)STHIE SRS RS RUIKESAD FHSRENT MBS

which have beepmedieigsidodtyifyiehddnyie fxed ©HDAR lig angldn@ifreian cSRAbRanalysis with
mAb CHIR-5.9§3 wed eak recognition QE&%? ides, represented. by spots 20-22 shown in Table 18,
Suggestin v BHERCH Ha2EgRHy o PSR & (LRI BT B et e i i SEG
ID NO: 10 or SERIR12.12 monoclonal antibody. All antibodies w@dded at concentrations of 1, 10,

and 100ug/mL in the absence of IL-4. The cell counts wesdqgrmed at 24 and 48 h by

MTS assay. Reduced numbers of cells were reco¥eysdCHIR-5.9- (n=6) and CHIR-

12.12- (n=2) treated cultures compared to contralig. The greater differences in cell

15 numbers between anti-CD40 mAb-treated and conitibedy-treated cultures were
seen at the 48-h time point. These data are sumedain Table 14.
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NO:12) in its binding to CD40. It should be noted that the mAbs CHIR-12.12 and CHIR- 5.9 compete
with each other for binding to CD40 in BIACORE analysis. -106 Table 18. Results of SPOTs analysis
probing with anti-CD40 monoclonal antibody CHIR-5.9. Spot Sequence Region Number 20
HKYCDPNLGL (residues 80-89 of SEQ ID NO:10 or SEQ ID NO:12) 21 KYCDPNLGLR (residues
81-90 of SEQ ID NO: 10 or SEQ ID NO:12) 22 YCDPNLGLRYV (residues 82-91 of SEQ ID NO:10 or
SEQ ID NO:12) 5 The linear epitopes identified by the SPOTs analyses are within the CD40 B 1
module. The sequence of the CD40 B1 module is: HKYCDPNLGLRVQQKGTSETDTIC (residues
80-103 of SEQ ID NO: 10 or SEQ ID NO: 12). Within the linear epitope identified for CHIR-12.12 is
C83. It is known that thilel Bt cliseifrstrefsiensidftg mrdikodirsudp iEd Usswhelivivhal @ d 0B lifergfifikohcehedrthe
conformational epitog&'S'iPB CHHRUEHSDEHALS L Bt A HIRVIRISUNRE Bond (C83-C103) and/or
surrounding amino adids conformationally ¢lose to C103. Example 18: Number of CD20 and CD40
Molecules on Namalwa and Daudi Cells 15 Theastmbesliofu@b2€ and CDdduenaiecuétswnbblamalwa
and Daudi cells was [feienmineslcascouatiinedgo Figuresbsisingiantibody eensentiationsief 2,03, 0.1, 1,
10, and 100 Ng/ml. As can he seemin Figupgo/zithe mverage nukiper|of Clggg-moleculesftarget for
rituximab) is greater an both the Nafpalwa ard EBraudixet! lines than is the pumber of CR# molecules
(target for mAb CHIR;12.12).20 Example 18:A8CGofisnAb CHIB-12.12 angRituximabnbgainst Daudi
Lymphoma Cells The ritaximab andmandidaée%Ab BHIR-12.1Rwere testedsmn vitrp for D CC | activity

at variable concentrations against lymphomzeeelf line2@audil as target| (T) cadls3 25 and puofied NK cells
from healthy human volunteers as eftector (Bgsaalls. Breshly -10¥0solated busgan NK ceN®were mixed

with calcein-labeled Daudi lymphoma cells jagma| E:T3sad® gf 10.NDhe|cell midore was ingobated for 4
hours at 37C in the presence of thelstated| coneentradiens of eiter mAb CHIR-12.12 orNituximab. The
calcein level released 100 77.65  20.95 ND 73.02 ND
4 1 80.48  15.03 ND 81.32 ND
10 63.01 19.51 ND 69.04 ND
100 55.69  3.65 ND 93.45 ND
5 1 90.63  91.66 89.59 -1.14 1.15
10 78.13  82.28 60.41 -5.31 22.68
100 63.53  86.47 39.59 -36.11 37.68
6 1 13021 776 71.88 40.40 44.80
10 131.77  78.13 73.96 40.71 43.87
100 127.08  76.56 82.29 39.75 35.25

* 0% reduction compared to control Abs=100-(test /&batrol Abs)*100

Example 15: CHIR-5.9 and CHIR-12.12 Show Anti-Tumativity in Animal Models

Pharmacology/in vivo efficacy
The candidate mAbs are expected to produce dgsir@eacological effects to
reduce tumor burden by either/both of two anti-tumechanisms, blockade of
10 proliferation/survival signal and induction of ADCThe currently available human
lymphoma xenograft models use long-term lymphontidines that, in contrast to
primary cancer cells, do not depend on CDA40 stitraridor their growth and survival.
Therefore the component of these mAbs’ anti-tunativdy based on blocking the tumor
proliferation/survival signal is not expected tottdbute to anti-tumor efficacy in these
15 models. The efficacy in these models is dependemh® ADCC, the second anti-tumor
mechanism associated with the CHIR-5.9 and CHIR2AMADbs. Two xenograft human

lymphoma models based on Namalwa and Daudi cel$ imere assessed for anti-tumor
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from lysed target cells in the supernatant was measured as Arbitrary Fluorescent Units 5 (AFU). The
percent specific lysis was calculated as: 100 x (AFU test - AFU spontaneous release)/(AFU maximal
release - AFU spontaneous release), where AFU spontaneous release is the calcein released by
target cells in the absence of antibody or NK cells, and AFU maximal release is the calcein released
by target cells upon lysis by detergent. 10 Antibody concentration-dependent Daudi cell lysis was
observed (Figure 8; Table 19 below). The maximum specific lysis of target lymphoma cells induced by
anti-CD40 mAb was.greater cogmpared to the lysis induced by rituximab (63.6% versus 45.9%, n=6;
paired t test of RIS S GLe 1 HuxH LB ED IO A I e RO 300 B SS was on
average (n=6) shrfdjudicl3Abld Wigressthrate O H0 foruhst aydd GR4E tEnogkb IR a2y fhothis
activity. Table 19, arative ADCC of mAh. CHIR- 12.12 and rituximab against Daudi lymphoma
T PR AR A

cells. Maximal R}ﬁ)ln% &l Bror mAb CHIR- Rituximab mAb CHIR- Rituximab

12.1212.12 150.234.93.214.2 283.168.62.227.2 364.236.94.166.9 453.339.52.447.6 5

74.8 56.6 2.8 2 7.9 ge 63.6 45.9 3.8 51.6 20 -108 Example 20:
CHIR-12.1 Béa‘é?%%%mg’&f&%ﬁ%gﬁéﬁvwm and Signaling Pathways in Normal Human B
Cells Soluble CD40 |id@(har(@m0u§t§tﬂdéw§ge¢@qe@_w mqowgragwds%ﬁ fierg®nal
responses, inclgglifjg. eaRaNcRDEIHOL Bty b4 @RdieAIHBE iR ki iﬁﬁﬂb‘(@bofhé(?%\k'ﬂﬁ@’

ERK/MAPK, PI3K/Akt, and p38 signaling pathways. In addition, CD40L mediated CD40 stimulation
provides survivap8igsai¥eyeidgesbR ety PRRISaaWAHRTR ARt tiammstotid BHschhs,

XIAP and Met-TrHg 50681l BaprigafeMilh; Cromiates (R SilnHRlRMB|8IERE i shiddy 2l
TRAF3 to bind CD40 cytoplasmic _

10 was less effective than CHIR-12.12 at the same.dotsestingly, CHIR-12.12 was
found to be more efficacious in this model thanxitnab. It is possible that lower
efficacy by rituximab could be due to low CD20 exgsion on the Namalwa lymphoma
cell line. The efficacy observed with candidate reAlas greater importance because
only one of the two cancer cell killing mechanisfADCC) is operative in the current

15 xenograft lymphoma model. Two killing mechanism&@C and blocking of survival
signal, are expected to contribute to anti-tumaivaies in human lymphoma patients.
This is likely to increase the chance of achiewffgcacy in human lymphoma patients.
The candidate anti-CD40 mAbs also showed a trewdrih tumor growth inhibition in a
second B cell lymphoma model (non-validated Dauddet, data not shown). In follow-

20 up studies, the two candidate antibodies were showave dose-dependent anti-tumor
efficacy in both the unstaged and staged Daudi honga models (Figures 5 and 6,
respectively). In the staged Daudi model, the GHERL2 mAb was more efficacious at

reducing tumor volume than was a similar dose ti&in®.
25

Xenograft human B cell Lymphoma models
To ensure consistent tumor growth, T cell-deficieumde mice were whole-body
irradiated at 3 Gy to further suppress the immuwys¢esn one day before tumor

30 inoculation. Tumor cells were inoculated subcutaisipin the right flank at 5xfells

per mouse. Treatment was initiated either oneadi@y tumor implantation (unstaged
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domain. 10 The following studies demonstrate that CHIR-12.12 directly inhibited all of these
stimulation effects on normal human B cells. For example, CHIR-12.12 treatment resulted in
increased cleavage of caspase-9, caspase-3, and PARP as well as reduction of XIAP and Mcl-1 in a
time- and dose-dependent manner, restoring B cell apoptosis. Treatment with CHIR-12.12 also
inhibited phosphorylation of IKB kinase (IKK) a and (3 15 (NFKB pathway), ERK, Akt, and p38 in
response to CD40L-mediated CD40 stimulation. Further, it was found that CHIR- 12.12 did not trigger

these apoptotic effects without initial FE4OL-me§li§U d CI$4O stimulation. CHIR-12.12 inhibited
survival mediatdd %Eﬁﬂ?ﬁd&“ﬁtﬁ’%@h HH?&B 8 j&B‘B PR&RPIO %{W@ﬁ'gﬁg@ﬁ REIVEE x 106
normal human Bicelts/iumdecdittyedop@iss (patietioediDabeiwesie8 19X W dagtmfikatachwith

1g/ml sCD40L (Alexis Corp., Bingham, Nottinghamshire, UK). -12.12.(10 ltg/ml) a ontrol 19G
were then addl D RICHbrd e e M R et s A SRS R
Cleaved caspase; alemakoot disp asdicitetbdoedsP ARMos v (Basetire cornteol swiee e detektetlViasnin cell

lysates b iefly, | : ' imulati ided
comival Sh e s L MO PR e

PARP over tim&)ersireend et the delisunroe vad Mediatioimesaarsiiisto. depwevkie tietimeaathith
CHIR-12.12 regyjlieahin Ao ciedsh &%ﬁ?%ﬁﬁﬂé@%@é@ﬁﬁ%@é&%i@amﬁh td! Brbivot the

treatment abrogated the effects of CD40L binding on survival - signaling in sCD40L-stimulated

normal B cells, SE4¥rifpR Metr g se1ty SR Hatadd N Qidwel) KeuysHRadlE 1esiRisie eaneding of

“survival" anti-apenteti PIRING-d0ghesspRxRements, 0.6 x 106 normal human B cells from healthy
donors (percent purit)( between 85-95%) were stimulated with 1g/ml sCD40L (Alexis Corp., Bingham,

Nottinghahfhire, UK) TCRfRIASAGEE AR ML LehRBHIGE A RRAREH BRI de QUERAL RIPEAESIected
at 0, 20 minutegiXIm4L), GlgpifsadB/Nprraoad Rthintaes tigviaith, of NEmaIRAGuaTSH Jtasior controls

expresion of MELT RS L 0L AL LR evSr (P e TSP OL S ALl b i
CHIR 12.12 resultad maalele areaSDif0axpiie S5t R df2Hese an oteirtgmivirameét (dateabotsisown). Since
Mel-1 and XIAR QL5 oriy e RidnQlE SapaRIfiRlRloRdRg &% RRnB ol s ek nlgs s e aus
15 rituximab at a dose 1/fthat of rituximab. Both anti-CD40 mAb CHIR-12.48d
rituxan significantly prevented tumor developmenttie unstaged Daudi tumor model
(14/15 resistance to tumor challenge) (Figure 5).
When these anti-CD40 monoclonal antibodies wenthién compared in a staged
xenograft Daudi model, in which treatment startdgbmthe subcutaneous tumor was
20 palpable, anti-CD40 mAb CHIR-12.12 at 1 mg/kg causignificant tumor reduction
(p=0.003) with 60% complete regression (6/10), e/hituximab at the same dose did not
significantly inhibit the tumor growth nor did iaase complete regression (0/10). See
Figure 6.
In summary, the anti-CD40 mAb CHIR-12.12 signifidg inhibited tumor
25 growth in experimental lymphoma models. At the satase and regimen, mAb CHIR-
12.12 showed better anti-cancer activity thanRitdxan® (rituximab). Further, no
clinical sign of toxicity was observed at this des®l regimen. These data suggest that
the anti-CD40 mAb CHIR-12.12 has potent anti-hurtlyamphoma activityin vitro and in
xenograft models and could be clinically effectigethe treatment of lymphoma.
30

Example 16: Pharmacokinetics of CHIR-5.9 and CHIRL2
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demonstrate that CHIR-12.12 treatment removes the blockade against apoptosis in 15
sCD40L-stimulated normal B cells. CHIR-12.12 treatment inhibited phosphorylation of IKKa (Ser180)
and IKK /1(Ser 181) in normal B cells. In these experiments, 1.0 x 106 normal human B cells from
healthy donors 20 (percent purity between 85-95%) were stimulated with 1g/ml sCD40L (Alexis Corp.,
Bingham, Nottinghamshire, UK). CHIR-12.12 (10 Itg/ml) and control IgG were then added. Cells were
collected at 0 and 20 minutes. Phosphorylated IKKa (Ser180) and IKK ( (Ser 181) and total IKK(
controls were detected in cell estern blot. Briefly, stimulation CD40L r sulted |n
hosphoryation of 1Y SUPPREICSHBEAFRAL TR A ISR ARG MG
CHIR-12.12 abtpgiisd tHuiminesipatitse tasG0BAD mmmmmmnmmaucejlea(dmmwwmy -110

CHIR-12.12 treat ent blted s I‘VI | me atedb %‘q ose dep c& anner In
ra onnq a f- a nots
these expenmen nor a an rom ors percen punty e een

85-95%) were ﬂluﬁylatad mﬂdmgﬂml EG[MDLtbeldmsgImpptmdggamtuﬁlmﬂmgBamshnepUIi(I)I.e
CHIR-12.12 ( / pﬁ ted at 24
hours. Clea%ved%lAgén 83 aé]ﬁﬁtlégnq?r%lgg eﬁr:le‘g Htggtke{ctﬁévéi‘ﬁ 'ﬁ(‘r:?ne y%gtgéle; wneftern §E) riefly,
CHIR-12.12 tredﬂﬂ%ﬁptélggﬁedqﬁQhwéaﬁewﬁPﬁ?@PCbleavage in SCD40L stimulated cells in a
dose-dependent manner and therefore abrogated the survival 10 signaling pathway in
sCD40L-stimulated normal B cells (data not shown) CHIR 12.12 |nh|b|ted exressmn of "survival"
anti-apoptotic pESEi: -dodalalee P & SN ' 2 G s human B
cells from healtmqq@ry)gs 15 (percent purlty between 85 95%) were stlmulated Wlth 1g/m| sCD40L
(Alexis Corp., Bingham, Nottinghamshijre, UK). CHIR-12.12 (0.5, 2, and 10 ltg/ml) and control lgG
were thentdded. Cell5AAFEERIRE B8 1ac55801QfNRIBRHORG 0B, QB%@&'?&G%V B098.98&in controls

were detected ianglbliestes! - YeeptesndOH IRB Y, SHYRAZ L 2@ MmaasbremapasidMard and XIAP
expression and increase ression in sCD40L-s ina

dose- dependerﬂ%ﬁgﬂﬂg H”ﬁ%?s‘%%f? @f@t 8%@%&9 [Poatﬁe{é%ﬁgg féﬁﬁ%ﬁﬂger
sCD40L- stlmulaeehim:iogtaaidaqmelisc(damagrtmmmn@ transferceBYDF membranes, and probed with

monoclonal antibodies at 1@/ml concentration. Blots were probed with alkalin

15 phosphatase conjugated anti-human IgG and developed the Western Blffe

stabilized substrate for alkaline phosphatase (Bgam
Results indicate that anti-CD40 monoclonal antib@iR-12.12 recognizes

epitopes on both the non-reduced and reduced fofr@®40, with the non-reduced form
of CD40 exhibiting greater intensity than the restliform of CD40 (Table 15; blots not

20 shown). The fact that recognition was positiveldoth forms of CD40 indicates that this
antibody interacts with a conformational epitope padwhich is a linear sequence.
Monoclonal antibody CHIR-5.9 primarily recognizée thon-reduced form of CD40
suggesting that this antibody interacts with a jrity conformational epitope (Table 15;
blots not shown).

25

Table 15. Domain identification.

Domain 1| Domain 2| Domain 3| Domain 4
mAb CHIR-12.12 - + - -
mAb CHIR-5.9 - + - -
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CHIR-12.12 did not affect expression of anti-apoptotic proteins, cleaved-PARP, and 25 XIAP, in the
absence of soluble CD40L signaling. In these experiments, 1.0 x 106 normal human B cells from
healthy donors (percent purity between 85-95%) were treated with CHIR-12.12 (10 Itg/ml) and control
IgG only (i.e., cells were not pre-stimulated with sCD40L before adding antibody). Cells -111 were
collected at 0, 4, 14, and 16 hours. XIAP, cleaved PARP, and (3-actin controls were detected in cell
lysates by Western blot. Briefly, the results show that without sSCD40L stimulation, the cells expressed
increased con —while expressionof XIAP ¢ ined constant, 5 in both
IgG treated cAHﬂé‘Pc%ﬁ@%nd C;jIR 12712 cells (data not shown).| Thesé data indicate that CHIR-12.12
does not trigger apoptosis in normal human B cells Wlthout CDA40L stimulation. CHIR-12.12 inhibits
phosphorylation of IKKa(Serl80) and. IKK/3 Serl8|) AK n normal B cells. In these
Cxpernmento, 1.0 x 108 AEHAR TR AR E Cot IR CAARY- QLGP EbRLAT LTI T e 0556)
were serum stamead gioHdrB3-egptasod mnedaacmmﬁlIstanlﬁﬁadwmteikgimm@%@btﬂédwfsr@orp
Bingham, Nottlrfﬁamshlre UK). The cu tur &E?Brfeatedty\"}a ICHIR 1 an d%tlﬁng /ml) and
control 1gG. Cells'were Ja.gq ecteﬁ S OPaNGD minuteS Ph c())sp g'R o?al IKK(3,
phospho- ERK almszeEIbyrﬁﬁspﬁé@&tatmtavwerphﬂepaoam@tdytm @G&M@dmmmhle cell
lysates by Wes[% &@t Briefly, sCD40L stimulation resulted in increases in IKKa/(3 phosphorylation,
ERK phosphorylation, Akt phosphorylation, and p38 phosphorylation, thus leading to 20 survival and
or proliferation of the dé8oTieRahastidetihe déRslwibi? Ceasonizes 2aeBitRnddomeaisfieundef Hatb40L
stimulation on (eReHERAIAGAIBYEYR FLORNRBHE (FRIR(daianpt Shaury. frtdbhiadt2 ihibits

multiple signaling pathways such as PI3K and MEK/ RK inthe 25 CD40 Signaling cascade. In these
experiments, 1 DXPGELABKAHIIAIMATHRCEIR @b RRY \WBAKISTHRIIIEH? PIN Betlnkd® BS-950)

were serufp stapusd Hbﬂ%é:\ﬁﬁ CRiiEBINGr thedinathorliyyates meindigdnl sCBAQL(fMexis Corp.,
Bingham, Nottinghamshire, UK). The cultures were also treated with CHIR- 12112 (12 and 10 Itg/ml),

Wortmanin, (a PIERYRIRt -112

Table 16. Domain 2 analysis.

Reduced Non-reduced
mAb CHIR-12.12 ++ T+
mAb CHIR-5.9 + +

15
To define more precisely the epitope recognizechByp CHIR-12.12, peptides
were synthesized from the extracellular Domain £b#0, which corresponds to the
sequence PCGESEFLDTWNRETHCHQHKYCDPNLGLRVQQKGTSETOTI
(residues 61-104 of the sequence shown in SEQ IELBI6r SEQ ID NO:12) SPOTs
20 membranes (Sigma) containing thirty-five 10mer fogst with a 1-amino-acid offset
were generated. Western blot analysis with mAbFRGH2.12 and anti-human IgG beta-
galactosidase as secondary antibody was perforfiee blot was stripped and reprobed
with mAb CHIR-5.9 to determine the region recogdibg this antibody
SPOTSs analysis probing with anti-CD40 monoclonaibay CHIR-12.12 at 10
25 po/ml yielded positive reactions with spots 18 tigio 22. The sequence region covered

by these peptides is shown in Table 17.
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inhibitor; 1 and 10 ItM), LY 294002 (a PI3K/Akt inhibitor; 10 and 30 M), and PD 98095 (a MEK
inhibitor; 10 and 30 Itg/ml). Cells were collected at 0 and 20 minutes. Phospho-ERK, phospho-Akt,
total Akt, phospho-IKKcx/ 3, and total were detected in cell lysates by Western blot. 5 Briefly, the
results show that CHIR-12.12 abrogated the phosphorylation of all of these signal transduction
molecules, whereas the signal transduction inhibitors showed only specific abrogation of signaling,
indicating that CHIR-12.12 likely inhibits upstream of these signal transduction molecules mediated by
CD40L stlmulatlon data not s 10 CHIR-12.12 in blts in of signali 10lecules TRAF2
i TRAES 10 thED By Mp L0 G S O] SRS BFALAS CBR A0 (005 BRI « 106
normal human Biggtslfrdrd. healthy donors (percent purlty between 85-95%) were serum starved for

four hours in 1%FBS—cpntaining-media-and-stimulated-with-I-tg/ml-sCB40L{Alexis-Corp-Bingham,

15 Nottinghamshire, UK) for 20 minutes. Cells were collected at 0 and 20 minutes. CD40 was
immunoprecipitafd using polyclonal anti-CD40 (SanfeTREBRESEMology, CA), and was probed in a
Western blot wm.aag'rT RAF2 mAb (Santa Cruz Blotechnolog)/, CA), antl TRAF3 mADb (Santa Cruz
Biotechnology-EA)andanti-Cb40 O g YAt 5 show
that TRAF2 an&\e? P of

RAF3|co-precipitate : ‘ i e Ih contIfa t, treatrr ent
with CHIR-12. 129abrogaitedQUl*ﬁﬁQ%’rNbﬁiﬁ@S@DﬁﬁO??ﬁ&FQ%Qglﬁéli@gl@@ﬁﬁﬁ@( [ léi@liiZDL stimulated
normal B cells-Zj1ere were N BaRiasal (2 eXBress or S MRS S0QVBE Vi et 3ging bound by
theory,therec a nese expe n-- anad-the re ne examnple neg-apove icate
that the CHIR-1221.12 ant|body .?&8&’% h%t{reac‘fﬂﬁﬁ%ﬁ?s?gﬁﬂ %&4‘8 Mgn]o%ﬂfrﬁffgﬁﬁ%%}ﬂavmg a
unique combin&Ron of aftribute.CDRis Lf @ yRVUfnestnes rBAedd ] @ o dNb Idcks SERAOLND diated
CDA40 signaling—pathways forsurvival-andprofiferaton-of Bcetls; thisantagonismteads-toultimate cell
death. CHIR-12.12 also mediates recognition and binding by effector cells, initiating 30 antibody
dependentcellular cy tOXICIt CC Once HIR 12.12 is bourﬁ fe tor. cells yiol renzymes
are release% Ieadlngt:[% B> ce%é’tﬁt@p os{g%o Lk SIS &pﬁ?{r 9! &Qf éls a r%?'edgo%n?gr?tﬁu%mor
antibody than iseiguentaisiviien toSipQrHl Nﬂaiélolnrﬁﬁﬂ) tONNSD rhidike Bpi Exencplat @b s AGshiB8and

Antagonist AC“XM 'ﬁ@%’r\%‘: H’ﬂ%%%@@ﬁ%r@&'&féa%%'é' ll'nV0|VIdtﬂlﬂ§ CD40-CD40 ligand interaction.
SPOTs analysis with mAb CHIR-5.9 showed a weakgeitimn of peptides

represented by spots 20-22 shown in Table 18, stigganvolvement of the region

10 YCDPNLGL (residues 82-89 of the sequence showBEQ ID NO:10 or SEQ ID
NO:12) in its binding to CD40. It should be notbdt the mAbs CHIR-12.12 and CHIR-
5.9 compete with each other for binding to CD4B8IACORE analysis.
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5 CLL, and NM Patients In collaboration with clinical investigators, the candidate mAbs is tested for a
variety of activities (listed below) against primary cancer cells from NHL and CLL and multiple
myeloma patients. Agonist effect in proliferation assays (8 NHL patients, 8 CLL patients and 8 MM 10
patients) Antagonist effect in proliferation assays (8 NHL patients, 8 CLL patients and 8 MM patients)
Apoptotic effect by Annexin V assay (3-4 NHL patients, 4 CLL patients, and 4 MM patients) 15
Reversing survival signal by Annexin V assay (3 NHL patients, 3 CLL patients and 3 MM patients)
Complement dependent cytotoxicity (4 NHL patients, 4 CLL patients, and 4MM patients) Antibody
dependent cytotoxicity (6 NHL patients, 6 CLL patients and 6 MM 20 patients) Example 22:
ldentification ofTRelevEdit Reknit S SHEsT anayisitypEdbntig with G4e tnam calotialadeatindtyodies do not
cross-react wittbrlgﬁ%l%&Dm, other species must be identified for testing toxicologic effects. 25 The
ability of the two candidate anti-CD40 antibodies to cross-react with animal CD40 is tested by flow
cytometric assays. Rat, rabbit, dog, cynomolgus monkeys and marmoset monkeys are tested for this
study. The candiggte antlbodies show antagonist actigity j43en Riflipg to CD40 on human B cells. To
identify an animal species that has similar response to candidate 30 antibodies, lymphocytes from
species that sh filing to candidate antibodies are tested in proliferation assays for antagorist
activity. The lyrdphocytes fronHRYE Bpddies. Jedsttees 8012Bfoir SERaGONStIONEEQ Bf Béntilate
antibodies are fiythertested for ity ﬁ’(?&i&ﬁegﬁf—ﬁs%%iibffdbﬁ@w g&i%wg@bing
lymphoma cell lines thrauygh the mechanism _of ADCC. Finally the selected animal species are tested

in an IHC study?for the tigsue- biﬁ@ﬂ@%ﬂeﬁ}vdf%%ﬂﬁa%%%%ﬁ%@ﬂ%%%ﬁﬁ@b@b%@?@%p pnding

to the candidate 5 antibodies in these assays in a manner similar to that observed for human cells are

chosen fogloxcoloy studis, Inial Sl AL, W QP Bl SUGRAQ Bal gos veac

module. The sequence of the CD40 B1 module is:

HKYCDPNLGLRVQQKGTSETDTIC(residues 80-103 of SEQ ID NO:10 or SEQ ID

NO:12).
Within the linear epitope identified for CHIR-12.12C83. It is known that this
10 cysteine residue forms a disulphide bond with C10$s likely that the conformational
epitope of the CHIR-12.12 mAb contains this disidfbond (C83-C103) and/or

surrounding amino acids conformationally close I®&

Example 18: Number of CD20 and CD40 Molecules ambBllwa and Daudi Cells
15 The number of CD20 and CD40 molecules on NamalvdalCxaudi cells was
determined as outlined in Figure 7, using antibocatycentrations of 0.01, 0.1, 1, 10, and

100ug/ml. As can be seen in Figure 7, the average pu@mhCD20 molecules (target
for rituximab) is greater on both the Namalwa aradi@ cell lines than is the number of
CD40 molecules (target for mAb CHIR-12.12).
20
Example 19: ADCC of mAb CHIR-12.12 and Rituximabatst Daudi Lymphoma
Cells
The rituximab and candidate mAb CHIR-12.12 weréetdis vitro for ADCC

activity at variable concentrations against lympharell line Daudi as target (T) cells

25 and purified NK cells from healthy human volunteasseffector (E) cells. Freshly
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cynomolgus monkey CD40. 10 Example 23: Tumor Targeting Profile of CHIR-5.9 and CHIR-12.12 To
determine the relative tumor targeting profile of CHIR-12.12 and CHIR-5.9 mADs, fluorescent-labeled
candidate mAbs and isotype control antibodies are administered into tumor-bearing mice. Tumor
specimens and normal organs are harvested at different time points after dosing. The accumulation of
labeled antibody in 15 tumors and normal organs is analyzed. Example 24: Mechanism of Action of
CHIR-5.9 and CHIR- 12.12 To elucidate the mechanism(s) that mediates the tumor growth inhibition

by the CHIR-5,9 and CHIR-12.12 mADbs, the following studi dertgken: 20 Fc- t
hock.outor bISKLASEHALNE ATSE 1S HEA Bty AT BB R HE R 2Kl & an

marcrophage, @nd ragpasiytes thidedfioninttieneiamtundie thiouuhds Erepianeies deficienhia
activating Fc receptors as well as antibodjes engineered to disrupt Fc binding to those receptors will
Block the ADCE B RO GFoR B O b7 SAHEaRty TR Rl UM CH LA Bagar i i
model will 25 stfigge $idbdttdngetivats drahnshsundehitoan yireaebisascaridicate Fludbssisemaimitsnediated
by ADCC mechgnism. Example 25: Liquid Pharmaceutjcal For ti ntagqnist Anti-CD40
AntibodieerThg%r%jfgICtive% %%egt?usqlg/g\?v'g% %Siﬁ\\/%as Ié:glga{%eg%d: ng(?l s%f‘u@‘gﬁlf)g%@] 30 stability of
the antagonist aptvCDWO astibledy JKNRULIDDArbgl beltalsio phiyEidtdpeal tieldese) calherstided in order

to select the OP%%V?‘I] tﬁ&‘d&%l%ﬁ\ég% ’E‘h%”&a(ﬂ!eﬁﬂi?e%ﬁgﬂ%@ﬁ%%@ﬁ%ﬂ%%ﬁwmew

(DSC) results s ed that the conformation stabilit is optimal in formulations having
pH 5.5-6.5. Bad¥ld eglla, aoehBindivaomsDslease s b caceiRased PPIarIes Ee)lHma) |\sis by
Cation-Exchanggdifdft (CEX-HPLC) analysis, the physicochemical stability of CHIR-12.12 is optimal
at 5 about pH 5.0-5.5. In view of these results, one recommended liquid pharmaceutical formulation

comprising&his antibof§i8eioEeRESRTRIMMPRRANS €N IRaudh aell dysisvelseoy ath ot gdildakian
abou 10 mM sadiBeIECiTRanaRpHI G B SRTB e/ GRA baG AuBELYABRIEDG 5. 10
e for

Materials and Methods The CHIR- 12.12 antibody used in mulation studies is a human

monoclonal anftUYPPRIGALET 5P RRRY LR ANGIYSH PteaifMam 3§58 ERyR fard vdight of
150 kDa and cqpsists efdin light Crairs andawerbeaviyushais, lpreddogpsielity, ED50 for

rituximab was on average (n=6) 51.6 pM, 13-foldneigthan ED50 for the anti-CD40
15 mAb CHIR-12.12 for this activity.

Table 19. Comparative ADCC of mAb CHIR-12.12 aitdximab against Daudi
lymphoma cells.

Maximal Killing (%) ED50 (pM)
NK Cell Donor mAb CHIR- Rituximab mAb CHIR- Rituximab
12.12 12.12
1 50.2 34.9 3.2 14.2
2 83.1 68.6 2.2 27.2
3 64.2 36.9 4.1 66.9
4 53.3 39.5 2.4 47.6
5 74.8 56.6 2.8 24.1
6 56.2 38.9 7.9 129.5
Average 63.6 45.9 3.8 51.6

20
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disulfide bands. It is targeted against the CD40 cell surface receptor on CD40-expressing 15 cells,
including normal and malignant B cells, for treatment of various cancers and
autoimmune/inflammatory diseases. The anti-CD40 drug substance used for this study was a
CHO-derived purified anti-CD40 (CHIR- 12.12) bulk lot. The composition of the drug substance was
9.7 mg/ml CHIR-12.12 antibody in 10 mM sodium citrate, 150 mM sodium chloride, at pH 6.5. The 20
control sample in the study was the received drug substance, followed by freezmg at <_-60C,
thawing at RT and testing along with stbllt samples at predetermined time points. The stability
samples were pré - s Chafvivaland 210naling g the
CHIR-12.12 coﬁ’eemvatﬁemlmeanblsanmm\BaSedletermlned by UV 280 as presented in Table 20. 25
Table 20. CHIR-12.12 formul Buffer iti IR-12.12 Concentration m ml). 10 mM
sodium citrate, 150 m Img)cruarenBch or(r@e @?8% gte %rlﬁeslhccma e S 58" 1Ak soglum chloride
5.09.3 10 mesodtimmad;mespmteeS,Sﬁotmlﬂimg)etmmrm&mem 6ffsa@inand @rolfesatiumacitt aiet| VESO m M

sodium chlgride loride mM sodium
phosphate, ngO ]6 sgd%gn@%ﬁigge%@a% rr‘%%ﬁ%)(é%% yﬁ% %/P lgu[}rgoc loride 7.5
9.5 10 mM glycheslided mlvnﬁcﬁilmulahdmlph@@mag %Wh@l&@iﬁmﬂatmftylea\md EARR Bnd 2

antbody in the veriaus uHAIRRSAR ARBGL HSA A JHng Ao Dl

Scanning Calorlmetry ity of di erent ormu atlon samples was monitored
using a MicroCaEVRIExSCRHbAtIRAEAHGN Slsasesndia il RAFA R ABISTIS MAGEDA gyt and
aggregation wegg,fsjinated using 4-20% Tris-Glycine Gel under non-reducing and reducing

conditions. Protein was detected by Coomassie blue
10 The following studies demonstrate that CHIR-12.k2dly inhibited all of these

stimulation effects on normal human B cells. Baraple, CHIR-12.12 treatment

resulted in increased cleavage of caspase-9, a8§pand PARP as well as reduction of
XIAP and Mcl-1 in a time- and dose-dependent mamestoring B cell apoptosis.
Treatment with CHIR-12.12 also inhibited phosphatigin of KB kinase (IKK)a andf3

15 (NFkB pathway), ERK, Akt, and p38 in response to CD#dkdiated CD40 stimulation.
Further, it was found that CHIR-12.12 did not tegghese apoptotic effects without
initial CD40L-mediated CD40 stimulation.

CHIR-12.12 inhibited survival mediated by CD40 hdeby inducing cleavage of PARP
20 In these experiments, 0.6 x*t®rmal human B cells from healthy donors

(percent purity between 85-95%) were stimulatedh diig/ml sCD40L (AlexiLorp.,

Bingham, Nottinghamshire, UK). CHIR-12.12 (@@/ml) and control IgG were then

added. Cells were collected at 0, 20 minutes,l29)& hours, 18 hours, and 26 hours.

Cleaved caspase-9, cleaved caspase-3, cleaved RA&FRActin controls were detected
25 in cell lysates by Western blot.

Briefly, it was observed that CD40L-mediated CBHitnhulation provided

survival signals as it did not result in increasesleaved caspase-9, cleaved caspase-3,

or cleaved PARP over time, indicating that thescelére not undergoing apoptosis.

However, treatment with CHIR-12.12 resulted in meréase of these cleavage products,
30 indicating that CHIR-12.12 treatment abrogatedetfiects of CD40L binding on survival
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15 staining. Size Exclusion Chromatograph (SEC-HPLC) Protein fragmentation and aggregation were
also measured by a Water Alliance 20 HPLC with a Tosohaas TSK-GEL 3000SWXL column, 100 mM
sodium phosphate, pH 7.0 as mobile phase at a flow rate of 0.7 ml/min. Cation Exchange
Chromatography (CEX-HPLC) 25 Charge change related degradation was measured using Waters
600s HPLC system with a Dionex Propac WCX-10 column, 50 mM HEPEs, pH 7.3 as mobile phase
A and 50 mM HEPES containing 500 mM NaCl, pH 7.3 as mobile phase B at a flow rate of 0.5C/min.
30 Results and DiscF:‘rssion %onformational %Leabilir%itudy. Thermal unfﬁldin(g?of CHIR- 12.12 revealed
S

at least two thertHaRtAA 4D Q%&IHBH@V ﬁwﬁeuﬁfm%% r‘?ﬂj’ L BHPthe Fc

domains, respesitivety). At higher temperatures, the protein presumably aggregated, resulting in loss of
DSC signal. -117 For the formulation screening purpose, the lowest thermal transition temperature
was defined as the melting temperature, Tm, in this study. Figure 13 shows the thermal melting

temperature as&_ﬂﬂl_ t?@@fnm[mg err']%%gggo#qfng”ﬂylggi ggﬁgh]ﬁjﬁéﬁgﬁot@mgided anti-CD40 with

higher conformational stability as strated by the higher '5 thermal melting temperatures.

SDS-PAGE analysis. jAQHERS ExiBiments Pensiation-sammas Blaison AuuRis iagHBRIed at 40C
for 2 months and subjected to SDS-PAGE analysis (data not shown). Under non-reducing conditions,

species with mARSEGRIT RETEHRRMPLH B KPI4) Mere P ipd e e RGN axeRs above pH
5.5, and specieg;wiiaMV\BtmhKRaaeE %@r@ﬂ@f‘ili@@ﬁma&méoﬁ%ﬁ‘@@ﬁf&% IgRshat pH

5.0-5.5. A species with MW of 100 kDa could’be seen at pH 7.5 and pH 9.0. Under reducing
conditions, CHddeth 2Gells valacedllaaiedrab e NEHERES BHYD IRMMtrEhAfh BAED BV 3P 5®WSa and

24 kDa, respecfjly. %hé?Pl,QQd%aaﬁﬁ{?ckf‘c'iiﬁ%%fﬁl‘?&s%ﬁé"Béf@éﬂé%ikﬁlﬁc%n%}%@éﬁmﬂamfeasmg

solution pH, suggesting non-disulfide 0 covalent association might occur in the molecules. Since

there werd®ther speckéefiithsGRIRAGyAH TdAtiaad kTS IPauSTRI rges Rty 06 rAD M dnasied
formulation is bag&digie. However, treatment of the sCD40L-stiabed cells with CHIR 12.12 resulted

in a decrease in expression of these proteinsimeeftata not shown). Since Mcl-1 and
XIAP are "survival" signals capable of blocking thgoptotic pathway, these results
demonstrate that CHIR-12.12 treatment removesltekéde against apoptosis in

15 sCDA40L-stimulated normal B cells.

CHIR-12.12 treatment inhibited phosphorylation WKk (Ser180) and IKKG (Ser 181)

in normal B cells.

In these experiments, 1.0 x®t®rmal human B cells from healthy donors
20 (percent purity between 85-95%) were stimulatedh iig/ml sCD40L (AlexiLorp.,
Bingham, Nottinghamshire, UK). CHIR-12.12 (@@/ml) and control IgG were then
added. Cells were collected at 0 and 20 minuRissphorylated IKK (Ser180) and
IKK B (Ser 181) and total IKB controls were detected in cell lysates by Wedbdoh
Briefly, stimulation by sCD40L resulted in phospylation of IKKa (Ser180)
25 and IKK[( (Ser 181) over time; however, treatment with CHIR12 abrogated this

response to sCD40L stimulation in normal B cellstéohot shown).
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the remaining purity of CHIR-12.12. Formulations at pH 5.0-6.0 provided a more stable environment
to CHIR-12.12. Few aggregates were detected by SDS-PAGE (data not shown). 25 SEC-HPLC
analysis. SEC-HPLC analysis detected the intact CHIR-12.12 as the main peak species, an 30
aggregation species as a front peak species separate from the main peak species, a large fragment
species as a shoulder peak on the back of the main peak species, and small fragment species were
detected post-main peak species. After incubation at 5C and 25C for 3 months, negligible amounts of

protein fragments an regates ere detected in th above formulatjons
CHIR 12 15 mart Rt SR Pt ABIP UL o P A P LA o SR SRR,
protein fragmemtsgredually developed upon storage at 40C and more fragments formed at pH 4.5

and pH 6.5-9.0, as shown in Table 21. After mcubatmg the CHIR-12.12 formulations at 40C for 3
months, about 2-3% dytregatexpetinectitsebt6ck DN hanmapB odis/itin kealthadar s percent

ChiRe 12,12 1o el B e R B A X 0o 2 iy
samples uider Keditigharastiré S Eele Hite dl 8t Pa(Pe0do riditj (DS , Sadppleni amdpeak e @greeats %
o e e AR S AR AT TAR IR N
10.2 pH 5.5 9%&188t8Pih 4&DIsatkd ki Westehdlptd 6.0 99.6 97.7 90.4 87.3<1.01.9 8.2 11.7 pH
6.599.3 93.4 89.0 86. 9, 87.4 5 99.1
92.8 84.4 81.9 <1.0 6% é"é ?égﬁ%%l%é%tgega&hgﬁ rgzigg.%% '”f%;‘i%{é}‘% 2%’%%%&% EEQE%@
analysis. CEX-Htﬂ?ntIJaiedlyslsaiet@dt@saetuepmmmlmmmmmnemh@hiagatﬂhmsmmal

10 signaling pathway in sCD40L-stimulated normal Bé@iata not shown).

CHIR-12.12 inhibited expression of "survival" aapeoptotic proteins in a dose-

dependent manner.

In these experiments, 0.6 x®t®rmal human B cells from healthy donors
15 (percent purity between 85-95%) were stimulatedh \kitig/ml sCD40L (AlexisCorp.,
Bingham, Nottinghamshire, UK). CHIR-12.12 (0.5aRd 10ug/ml) and control IgG
were then added. Cells were collected at 22 hoMid-1, XIAP, cleaved PARP, arfd
actin controls were detected in cell lysates by téfesblot.
Briefly, CHIR-12.12 treatment reduced Mcl-1 andARI expression and increased
20 cleaved PARP expression in sCD40L-stimulated ¢elésdose-dependent manner, and
thus abrogated these blockades to the apoptotevasttin sCD40L-stimulated normal B
cells (data not shown).

CHIR-12.12 did not affect expression of anti-aptiptproteins, cleaved-PARP, and
25 XIAP, in the absence of soluble CD40L signaling.

In these experiments, 1.0 x®t®rmal human B cells from healthy donors
(percent purity between 85-95%) were treated withRG12.12 (10ug/ml) and control
IgG only (i.e., cells were not pre-stimulated wstbiD40L before adding antibody). Cells
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acidic variants eluted earlier than the main peak species, and C-terminal lysine addition variants
eluted post-main peak species. Table 22 shows the dependence of the 20 percentages of the
remaining main peak CHIR-12.12 species and acidic variants on solution pH. The control sample
already contained a high degree of acidic species (-33%), probably due to early-stage fermentation
and purification processes. The susceptibility of CHIR-12.12 to higher pH solutions is evidenced by
two facts. First, the initial formulation sample at pH 9.0 (t=0) already generated 12% more acidic
species 25 than the control. Second, the percentage of acidic species increased sharply with

increasing pH. FREECHAIGR e ahJe Feldtet el tRHISn EINEAYRHLBAR He aNRRIBHCAHEISWE Ehove
data indicate thaéfédscty e fdgearelabgn P StdtRoldl. 12 was minimized at about pH 5.0-5.5. Table

22. Percentage of peak area by CEX-HPLC for CHIR- 12.12 in different pH 5 formulations under
renl-ime andtacceler AR Dol B TERY AN e A RIREIOR: 115 5HS B3 BE a0
40C 5C 25C 40fcHExset-0areBimalio 2 rof-ClemesnP IR PmwhiteetsgictDa? ANS 48r8adi9e2l b0 x) 33.7
33.7 32.033.6 .pH 45 48.5 49.7 43.7,.39.7 30.0 3 : .256.4 pH 5. .6 49.8 48.3 40.6
31.432.7 g.a ﬁp@%4'.%ét§fﬁatﬁﬂs?8'§6°%q§g§%’.z ﬁi@%%%&z%%%ﬂ‘@%sﬁg‘% .94%%% %0502
49.9 47.9 37.4 28li@E@8.1h3BGE-BRA B4R i3 nuit té ghd0abdptass3n2d uihs B3:8IB3ntHquT 65.2
84.6 pH 7.0 49 Dﬂ%@s@m%l’ ﬁgﬁA 36.464.4- pH7.549.348.312.7--35540.179.2--pH9.041.3
31.8---44.759.9 - -- onc?usio'n 10 The pH has a significant effect on conformational and

physicochemical stabilities of CHIR-12.12. Charge change-related degradation was determined to be
the main degradation pathway for CHIR-12.12, which was minimized at pH 5.0-5.5. Based on overall
stability data, ok&!HBchbircnbttiqitasphanrateniidderulafd mod Mk srry 1%l3 MibERKs a
formulatiopocomprshag §rHHBhal B @ligbout 20 mg/mi formulated in 15 about 10 mM sodium
succinate, about 150 mM sodium chloride, and having a pH of about pH 5.5.

In these experiments, 1.0 x®t®rmal human B cells from healthy donors
(percent purity between 85-95%) were serum staiivé@o FBS-containing media and
stimulated with Jug/ml sCD40L (Alexi<orp., Bingham, Nottinghamshire, UK). The
cultures were treated with CHIR-12.12 (1 anduf@ml) and control IgG. Cells were
15 collected at 0 and 20 minutes. Phospho-éKkhospho-IKK3, total IKK[3, phospho-
ERK, total ERK, phospho-Akt, total Akt, phospho-p38d total p38 were detected in
cell lysates by Western blot.
Briefly, sCD40L stimulation resulted in increase$KK a/[3 phosphorylation,
ERK phosphorylation, Akt phosphorylation, and p3®gphorylation, thus leading to
20 survival and or proliferation of the cells. Treatnh of the cells with CHIR-12.12
abrogated the effects of sSCD40L stimulation onéhsgnaling pathways in normal B

cells (data not shown).

CHIR 12.12 inhibits multiple signaling pathways Isas PI3K and MEK /ERK in the
25 CD40 signaling cascade.

In these experiments, 1.0 x®t®rmal human B cells from healthy donors
(percent purity between 85-95%) were serum staivddo FBS-containing media and
stimulated with Jug/ml sCD40L (Alexi<orp., Bingham, Nottinghamshire, UK). The
cultures were also treated with CHIR-12.12 (1 adgd/ml), Wortmanin, (a PI3K/Akt
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Example 26: Clinical Studies with CHIR-5.9 and CHIR-12.12 Clinical Objectives 20 The overall
objective is to provide an effective therapy for B cell tumors by targeting them with an anti-CD40 IgGl.
These tumors include B-cell ymphoma, Chronic Lymphocytic Lyphoma (CLL), Acute Lymphoblastic
Leukemia (ALL), Multiple Myeloma (MM), Waldenstrom's Macroglobulinemia, and Systemic
Castleman's Disease. -120 The signal for these diseases is determined in phase Il although some
measure of activity may be obtained in phase I. Initially the agent is studied as a single agent, but will
be combined with other agents, chemotherapeutics, and other antibodies, as development proceeds.

5 Phase | EvaliM¥9lich 3 BMintacaRnteda HE/AKE AP n QAR AR
malignancies. GgwesedoshasRten sefehy figraliliyernd eRABSRRSEED Moy s fed240. In

general an MTD is sought but other indications of efficacy (depletion of 10 CD40+ B cells, etc.) may be
adequate for dd¥eORRARTEREoRBRAABAAbIRIBIA ha?heRB MWL EERe ShELialR) e IGifseRteHdIEaaBNs,

e.g., the CLL dgsgiasayog/difierenishan the NHL. Thus, some dose finding may be necessary in
phase II. Patients are dosed weekly with real-time (ﬁ_ﬁarmacokinetic Pk) sampling. Initially 15 a

4-week cyQe is the mBkIRIR Shey EISARY el Ralg- b8 ARJA iabfsPhepdABR DR

disease studiedhgeasigyrel i ettion MdiERl6s isvBprstogRbesisWitiGhaaRibippherdvdd.L, and
potentially other B cell mlgli\%ancie.s. Decision. to d{i”s((i.ontinue ies is based on safety,
i

fose, and 20 FEHHARER) CORBREAIER 1 LRGP R b obes U BBt NG B PEbre

rate is determinsfdhiedehsigadl trddsabifyiclosegdaeP hasdidte@Dgoe BizhutsimrdttialaovidHasvm)tiated

in the above-mentioned tumor types with concentration on B-cell lymphoma, CLL, and Multiple

Myeloma (MM). Separate trials may be required in low grade and intermediate/high grade NHL as

CD40 majhav€HIRiffardatfiniutothddpedidingiaighaliggaoe EtyhAiolen drTiB AR &l thdisease,

CDA0 acts cytoplasmic domain of CD40 in normal B cells.

In these experiments, 4.0 x®t®rmal human B cells from healthy donors
(percent purity between 85-95%) were serum stafmefbur hours in 1% FBS-
containing media and stimulated witlu@/ml sCD40L (AlexiLorp., Bingham,

15 Nottinghamshire, UK) for 20 minutes. Cells werdlexed at 0 and 20 minutes. CD40
was immunoprecipitated using polyclonal anti-CD8&@r{ta Cruz Biotechnology, CA),
and was probed in a Western blot with anti-TRAF2m{8anta Cruz Biotechnology,
CA), anti-TRAF3 mADb (Santa Cruz Biotechnology, CAnd anti-CD40 mAb (Santa
Cruz Biotechnology, CA).

20 Briefly, the results show that TRAF2 and TRAF3mecipitated with CD40 after
sCD40L stimulation. In contrast, treatment withlR®F.2.12 abrogated formation of the
CD40-TRAF2/3 signaling complex in sCD40L-stimulatearmal B cells. There were no
changes in CD40 expression (data not shown).

Without being bound by theory, the results of éhesperiments, and the results in

25 the examples outlined above, indicate that the GHIR.2 antibody is a dual action
antagonist anti-CD40 monoclonal antibody havinghguwe combination of attributes.
This fully human monoclonal antibody blocks CD40lkediated CD40 signaling
pathways for survival and proliferation of B celisis antagonism leads to ultimate cell
death. CHIR-12.12 also mediates recognition andibg by effector cells, initiating

30 antibody dependent cellular cytotoxicity (ADCC)né2 CHIR-12.12 is bound to effector

cells, cytolytic enzymes are released, leading-teBapoptosis and lysis. CHIR-12.12
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more as a survival factor, preventing apoptosis. In higher-grade disease, interruption of -121 CD40
signaling may lead to cell death. More than one dose, and more than one schedule may be tested in a
randomized phase Il setting. In each disease, target a population that has failed current standard of
care: 5 CLL: patients who were resistant to Campath(r) and chemotherapy. Low grade NHL.:
Rituxan(r) or CHOP-R failures Intermediate NHL: CHOP-R failures Multiple Myeloma: Chemotherapy
failures 10 / Decision to discontinue or continue with study is based on proof of therapeutic concept in
Phase Il / Determine whether surrggate marker can be used as early indication of clinical efficacy /
Identity doses 5rHIEE RPIGE BRELTIP BRRLEOMHAATALH BB VAR TR RESIENER in phase
Il, and what conmpetimgddieliapies are considered to be the standard. If the signal is in a stage of
disease where there is no standard of therapy, then a single arm, well-controlled study 20 could serve
as a pivotal trial. If there are competing agents that are considered standard, then head-to-head
studies are condxategle251Maap nigidificefiotanansiofetivigynhodisents v CaecerEetidrens étHbrth
herein will ﬁorr@_te Wﬁﬁ?ﬁﬁiaﬁiﬂ?d ip the art t'o yvhich these inventi_ons pertair) having the bene:fit.
of the teaching regoing descriptions and the associated drawings. Therefore, it is
to be understood that th€aHaeatRiIgNarémelingaknyeistoatthetkpaditiatempbaiinéestediselcded and
that modificatiops, gl her ARRAIEN SR IRIAE P RIS IR NG R R affre
appended claims and list of embodiments disclosed -122 herein. Although specific terms are
employed hereMUYHBlE apyeleBtRiRaiigeiteric and descriptive sense only and not for purposes of
limitation. Al pub'lcat'@@ﬁeﬂé?%@nwehm_mw@dmLhﬁai&eslmaglsatﬁr&s'aﬂ@@“wf the
level of those skilled in the art to which this invention pértains. All' 5 publications and patent
applicatioh are hereiR3H€8Epbrated by reference to the same extent as if each individual publication

or patent application vy RN proliferation assays (8 NHltipats, 8 CLL patients and 8
MM patients)

. Apoptotic effect by Annexin V assay (3-4 NHL patig, 4 CLL patients, and 4
MM patients)

15 - Reversing survival signal by Annexin V assay (3 Nb#tients, 3 CLL patients
and 3 MM patients)
. Complement dependent cytotoxicity (4 NHL patiedt§LL patients, and 4MM
patients)
. Antibody dependent cytotoxicity (6 NHL patientsC&L patients and 6 MM
20 patients)

Example 22: Identification of Relevant Animal Sgeecfor Toxicity Studies

As these two candidate antibodies do not cross-weigh rodent CD40, other
species must be identified for testing toxicologfifects.

25 The ability of the two candidate anti-CD40 antilexlio cross-react with animal
CDA40 is tested by flow cytometric assays. Rat, itadlbg, cynomolgus monkeys and
marmoset monkeys are tested for this study.

The candidate antibodies show antagonist actiypynubinding to CD40 on
human B cells. To identify an animal species tlzat similar response to candidate
30 antibodies, lymphocytes from species that showibgtb candidate antibodies are tested

in proliferation assays for antagonist activityhellymphocytes from the species selected
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individually indicated to be incorporated by reference. -123 Applicant's or agent's national application
No. file reference PP20107.004 71linter PCTIUS2004/ INDICATIONS RELATING TO DEPOSITED
MICROORGANISM OR OTHER BIOLOGICAL MATERIAL (PCT Rule 13bis) A. The indications made
below relate to the deposited microorganism or other biological material referred to in the description
on page 18, line 25 B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional
sheet Name of depository institution American Type Culture Collection Address of depositary
institution (including postal code. and country) 10801 University Blvd. Manassas, VA 20110-2209 USA
Date of deposit AcHEHOR RHUA 1S SAURRF AE B M C oGBS TS
(leave blank if rzat efifgticallel)sToiskitfngGlio0-sxpesssing dynnoha eeltitesathsbegh the agecA2nigm 20;
page 75, line 1(1);f g\%(tlﬁg”%lrpe ?h%'s%ﬁ%l%\‘éb‘TEa STATES E ! WHI&@LI%@C}&I%N? ARE MADE
(if the indicators are not for &t }ﬂle3|gna e& tapersri RSEBA FORNISH EI\FD CATIONS
(leave blank if rondipplicaitéeh Dheandidatastiistelicbeldve wilbpelsab i tpdndingd driter tatodBureau
ater (specly the agRRTBLARINER. ol eliatinnm e < ARRARCNUM RS Al nGPRSI A figedfing
Office use only For International Bureau use only * This sheet was received with the internationa
application * THi tpeolpgy stedingd with the International Bureau on'. Authorized officer Authorized
officer FormPCT/RQ{3¢ (e d 99 afed thAPRICashaigs Aot soisiRimatinnal. Apglicaian No. file
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10  Example 23: Tumor Targeting Profile of CHIR-5.9 aBidIR-12.12

To determine the relative tumor targeting profiteCé1IR-12.12 and CHIR-5.9

mADs, fluorescent-labeled candidate mAbs and isotgmtrol antibodies are

administered into tumor-bearing mice. Tumor speagnend normal organs are
harvested at different time points after dosinge @hcumulation of labeled antibody in

15 tumors and normal organs is analyzed.

Example 24: Mechanism of Action of CHIR-5.9 and GHI2.12
To elucidate the mechanism(s) that mediates thertgnowth inhibition by the
CHIR-5.9 and CHIR-12.12 mADbs, the following studas undertaken:
20 Fc-receptor knock-out or blockage model: ADCC iglrated by binding of

effecter cells such as NK, marcrophage, and moesdgtthe Fc portion of antibody
through Fc receptor. Mice deficient in activatingrEceptors as well as antibodies
engineered to disrupt Fc binding to those receptdtdlock the ADCC mediated tumor
growth inhibition. Loss or significantly reducedrar inhibition in this model will

25 suggest that the tumor growth inhibition by these tandidate mAbs is mainly mediated
by ADCC mechanism.

Example 25: Liquid Pharmaceutical FormulationAotagonist Anti-CD40 Antibodies

The objective of this study was to investigate tfiects of solution pH on

30 stability of the antagonist anti-CD40 antibody CHIR.12 by both biophysical and

biochemical methods in order to select the optinsefation environment for this
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10 Materials and Methods

The CHIR-12.12 antibody used in the formulatiordgts is a human monoclonal
antibody produced by a CHO cell culture processs MADb has a molecular weight of
150 kDa and consists of two light chains and twaviyechains linked together by
disulfide bands. It is targeted against the CD4Dsteface receptor on CD40-expressing

15 cells, including normal and malignant B cells, fimatment of various cancers and
autoimmune/inflammatory diseases.

The anti-CD40 drug substance used for this studyav@HO-derived purified
anti-CD40 (CHIR-12.12) bulk lot. The compositiontb&é drug substance was 9.7 mg/ml
CHIR-12.12 antibody in 10 mM sodium citrate, 150 mbdtlium chloride, at pH 6.5. The

20 control sample in the study was the received dulgtsnce, followed by freezingst
60°C, thawing at RT and testing along with stabiliéyrples at predetermined time
points. The stability samples were prepared byysdislof the drug substance against
different pH solutions and the CHIR-12.12 concerdrain each sample was determined
by UV 280 as presented in Table 20.

25
Table 20. CHIR-12.12 formulations.
Buffer Composition pH | CHIR-12.12 Concentratiof
( mg/ml)

10 mM sodium citrate, 150 mM sodium chloride 4.5 009.

10 mM sodium succinate, 150 mM sodium chloride 5.0 9.3

10 mM sodium succinate, 150 mM sodium chloride 5.5 9.2

10 mM sodium citrate, 150 mM sodium chloride 6.0 7 9.

10 mM sodium citrate, 150 mM sodium chloride 6.5 4 9.
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antibody that specificgﬁ-{;/w@ﬁg\g%ﬁa%r% § F&?C%?@!%V%@ri?ﬂéﬁ%?&]%%%ﬁ@ %o%h%#a%ga%ﬁ%% is
free of significdicsefonlstRBddGity upoTheabnrguiatederiéeinbl Giibody of claim 1, wherein said
antibody igpa human antibody. 3. A conjugated monoclonal antibody according to claim 1 or claim 2,

that is capableghgpsgifigally binding to a human CD40 antigen expressed on the surface of a human
CD40-expressing cell, whereby, when said conjugated monoclonal antibody binds

Fragmentation and aggregation were estimated 4si@p6 Tris-Glycine Gel

D
D™ (¢

LK

HO =

under non-reducing and reducing conditions. Protgia detected by Coomassie blue

15 staining.

Size Exclusion Chromatograph (SEC-HPLC)

Protein fragmentation and aggregation were alsosured by a Water Alliance
20 HPLC with a Tosohaas TSK-GEL 3000SWXL column, 1081 sodium phosphate, pH

7.0 as mobile phase at a flow rate of 0.7 ml/min.

Cation Exchange Chromatography (CEX-HPLC)

25 Charge change related degradatwas measured using Waters 600s HPLC
system with a Dionex Propac WCX-10 column, 50 mMRHE, pH 7.3 as mobile phase
A and 50 mM HEPES containing 500 mM NaCl, pH &3rbile phase B at a flow rate
of 0.5°C/min.

30 Results and Discussion

Conformational stability study.

Thermal unfolding of CHIR-12.12 revealed at leagi thermal transitions,
35 probably representing unfolding melting of the Balol the Fc domains, respectively. At

higher temperatures, the protein presumably agtgdgeesulting in loss of DSC signal.
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to the CD40 antigen expressed on the surface of said cell, the growth or differentiation of said cell is
inhibited. 4. A conjugated monoclonal antibody according to claim 3, wherein said conjugated
monoclonal antibody comprises an antibody selected from the group consisting of the monoclonal
antibody CHIR-5.9 (obtainable from the hybridoma cell line deposited with the ATCC as Patent
Deposit No. PTA-5542) and the monoclonal antibody CHIR-12.12 (obtainable from the hybridoma cell
line deposited with the ATCC as Patent Deposit No. PTA-5543). 5. A conjugated monoclonal antibody

o the aroup Bl LRI IEA S SV BOIA SRTo ) SRR RO Cr o A

containing re_sidi&;&éd@th@rﬂ@t&lgﬁé@ﬁbérh?p@és&@ iIDtNRR Flureridsiotovatantimdyatomprising
a heavy chain varlﬁltr)lletdomaln contalnlqg residues 50-54 69-8ﬁc%ﬂgtui5]t%-%s‘2%tpf'§g_%é%No:4; c)a

me emperature as a function of formuldtions
monoclonal antrlgoofy omprising a heavy chain \Ariable tomain con aning residues 4, 69-84 and

114-121 of SEQ@rayiNedt sniZDdPavitioh@tienabaftibuaiocahryitsiag de higbm sthatiecMayi tidddireain

containing esqu 4-244f Zgn?é@r 92417 of SEQ ID NO:6; e€) a monoclonal antibody comprising
a heavy ch%in vaﬁgﬁﬂe g‘(;émg%w co tai%ﬁ%f%'esidues 44-54, 70-76 and 109-117 of SEQ ID NO:7; and f)

a monoclonal antibody comprising a heavy chain variable domain containing residues 44-54, 70-76
and 109-117 of SEQ ID NO:8, or is a monoclonal antibody selected from the group consisting of: a) a
monoclonal antibody comprising a light chain variable domain containing residues 46-52, 70-72 and
111-116 of SEQS@':}{/R@ ,E)ﬁa SHKoclonal antibody comprising a heavy chain variable domain
containind-Pesidues 45-51, 72-74, 115-120 of SEQ ID NO:4; c) a monoclonal antibody comprising a
heavy chain variable déidihiIBohtaidiigrradiatier samples aintl t15:9 S trespaiap a4

monoclonal antihean§eMPLEIeadiohs inpatabin oI AanEiNNIURaKIUGS A:iRg-72 and
111-116 of SEQ ID NO:6; e) a monoclonal antibody comprising a heavy chain variable domain
conditions, species with molecular weight (IR/IW) %flﬂ)a and 27 kDa were observed in
formulations above pH 5.5, and species with MW bkba were observed in all
15 formulations, but appeared less at pH 5.0-5.5pdcges with MW of 100 kDa could be
seen at pH 7.5 and pH 9.0.

Under reducing conditions, CHIR-12.12 was reduced free heavy chains and
light chains with MW of 50 kDa and 24 kDa, respeely. The 100 kDa species seemed
not fully reducible and increased with increasimjugson pH, suggesting non-disulfide

20 covalent association might occur in the molecu&iace there were other species with
unknown identities on SDS-PAGE, stability companisd each formulation is based on
the remaining purity of CHIR-12.12. Formulationsp&t 5.0-6.0 provided a more stable
environment to CHIR-12.12. Few aggregates wereatlet by SDS-PAGE (data not
shown).

25
SEC-HPLC analysis .

SEC-HPLC analysis detected the intact CHIR-12.1th@snain peak species, an
30 aggregation species as a front peak species seamat the main peak species, a large
fragment species as a shoulder peak on the bable ohain peak species, and small
fragment species were detected post-main peakespedier incubation at°® and 25C
for 3 months, negligible amounts of protein fragtseand aggregates (<1.0% ) were

detected in the above formulations and the CHIR-APain peak species remained
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containing residues 45-51, 72-74, 115-120 of SEQ ID NO:7; and f) a monoclonal antibody comprising
a heavy chain variable domain containing residues 45-51, 72-74, 115-120 of SEQ ID NO:8. 6. A
conjugated monoclonal antibody according to claim 3, wherein said conjugated monoclonal antibody
comprises an amino acid sequence selected from the group consisting of: a) residues 21-132 of SEQ
ID NO:2; b) residues 21-239 of SEQ ID NO:2; c) SEQ ID NO:2; d) residues 20-139 of SEQ ID NO:4;
e) residues 20-469 of SEQ ID NO:4; f) SEQ ID NO 4; g) residues 20-469 of SEQ ID NO:5; h) SEQ ID
NO:5; -128 i) residues 21-132 of SE| NO:2 a s 20-139 0 SEQ ID NO: residues
21,235 of SEO UG ARG RS AHEY 8aIBS 0t e T NBUEPE FRETSTSEEH A 1 No:2
and residues Z%kfi;%@feaE@desMh@e ar&ted Iaw@ RagnaeRsQolihdtDad pand BrarkRsH I DH@:2 and
SEQ ID NO:5. 7. A conjugated monaclonal antibod accordlré%fo claim 3, wherein said congglgated

f: a)

monoclonal anﬁ‘&?WdB BRSELnATRIECHRAUNG, e CER; (TS Yrdtn O6re8R

residues f21 1328 R EQIP NGrEyakdd oRidbier 2183 Irop S ES HREND Khile) ISEQHENNGE6; d) residueSf
20-144 of SEQ ID NO: reSI ues 20-474 ID 7; QIDN 20 474 o
SEG 1D NG o HBEEES e BT B B ARG B AR A0 B8 S e PN SE 1

NO:7; j) re&du@ﬂﬁsﬂﬁ&@ét@@ill@h@l@ andoesistabte2-4pgLe’ S6Q.1D NO:7; k) residues 21-239

of SEQ ID NO:6 and residues 20-474 of SEQ ID NO:8

Table 21. SEC-HPLC results of CHIR-12.12 stab#igynples under real-time and
10 accelerated storage conditions.

Sample Main peak % Fragments %
t=0 40°C | 40°C |40°C t=0 40°C | 40°C | 40°C
1m 2m 3m 1m 2m 3m

Control 99.4 99.2 99.9 99.5 <1.0 <1.0 <1.0 <1.0
pH 4.5 99.4 93.2 86.0 81.3 <1.0 6.4 13.2 18{1
pH 5.0 99.8 98.7 91.3 89.2 <1.0 <1.0 7.8 10,2
pH 5.5 99.8 98.9 91.4 90.6 <1.0 <1.0 7.6 8,8
pH 6.0 99.6 97.7 90.4 87.3 <1.0 1.9 8.2 11.7
pH 6.5 99.3 93.4 89.0 86.9 <1.0 5.6 9.9 12.4
pH 7.0 99.2 93.9 87.4 85.1 <1.0 5.5 11.1 13.5
pH 7.5 99.1 92.8 84.4 81.9 <1.0 6.4 12.9 16.2
pH 9.0 99.3 82.4 61.6 50.6 <1.0 15.4 36.2 47.6

15 CEX-HPLC analysis.

CEX-HPLC analysis detected the intact CHIR-1Za%2he main peak species,
acidic variants eluted earlier than the main pgedces, and C-terminal lysine addition
variants eluted post-main peak species. Tabld8®sthe dependence of the

20 percentages of the remaining main peak CHIR-12p&2ies and acidic variants on
solution pH. The control sample already containéigh degree of acidic species
(~33%), probably due to early-stage fermentatiath @urification processes. The
susceptibility of CHIR-12.12 to higher pH solutiossevidenced by two facts. First, the
initial formulation sample at pH 9.0 (t=0) alreaglgnerated 12% more acidic species

25 than the control. Second, the percentage of asjuicies increased sharply with

increasing pH. The charge change-related degradtidely due to deamidation. The
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1) SEQ ID NO:6 and SEQ ID NO:7; and m) SEQ IDNO:6andSEQIDNO:8. 8. A conjugated monoclonal
antibody according to claim 3, wherein said conjugated monoclonal antibody comprises an antibody
selected from the group consisting of: a) a monoclonal antibody that binds to an epitope capable of
binding the monoclonal antibody CHIR-5.9 or CHIR-12.12; b) a monoclonal antibody that binds to an
epitope comprising residues 82-87 of the human CD40 sequence shown in SEQ ID NO: 10 or SEQ
ID NO:12; -129¢c) a monoclonal antibody that binds to an epitope comprising residues 82-89 of the
human CD40 seguence sh n inS ID NO: 10 or SE NO:12: and d) a monoclgnal antibody
that competes AR ARIHE BRI BB BPERRIINS 2 02 125 SHBUAEE BAHRL nsscy.
9. The conjugaigd mooslonal antibody of any preceding claim, wherein said conjugated monoclonal
antibody binds to human CD40 antigen with an affinity (KD) of at least 166 M. 10 The conjugated
monoclonal an é/ Q clai Sgp Y%\ % aé%('ﬂ%’[ I %nil? % t(éﬂuman CD40
antigen Witg anf Lﬁoa‘et rtra d a‘t88 g 8ch ona ant dy of an

preceding claim, Whereln said conjug monoclona antib a conjugated antigen binding

fragment of sai uunou antibo Ia bUIIjugdl d |lag|||c bdpd.UIIIL of
specifically bindlng tgsald homart Bojgﬁlw‘f%ﬁolé ijt?cuijugat goéﬁltwbw ?iéiljgdéi gree nt of
claim 11, wherein said fra;rh%ﬁht ﬁgle :? cﬁronl trl}'e GoUp c@n@isti%oflg% frf%nen Ty F(ab’)2
fragment, an ‘V'C w,tblrslll G.Ag,lf DII4§ gf%ﬁn% vfig ,"i'icBb 733 5'2 bmgbgfﬂc"' g"\ﬁ?Ji“QJ %’% ntibody
of any preceding iﬁ"swhe.@. 5 a.ﬁg rBoNY fanat ggﬁﬁ}uuxs;gl pnaz%cug»'g Ciétg' Q“;‘ZUIESG‘."J?“ then
conjugated. 14 'umﬁﬁgio:u vl%’%\lc Z.g |§Iunt4%f1;1 b\ﬂ"‘dl‘ austi z"iti-sz'l?'iﬁ i"éij)'l“ bl%g;‘ 8n W ccording
to any of claims 1-#135'i"5t||t i"geurlffaisloug ufzf‘éi]it:dh:d?:i(‘j“ |30L§ |"i32)g|i’igﬁl'\8vv"ti"3\7i'8'jig\-z"gé“glgtllon of a
normal human Byetts o150 51 499 479 37.4 230 331 33.6 38.5.059472.7

pH 6.5 49.4| 499 423 29y 1416 333 33.6 4).7.26584.6

pH 7.0 49.7| 499 219 - - 344 36/4 644 - -

pH 7.5 49.3| 48.3] 12.7 - - 355 401 792 - -

pH 9.0 41.3| 31.8] - - - 447 599 - - -

Conclusion
10 The pH has a significant effect on conformationad ghysicochemical stabilities

of CHIR-12.12. Charge change-related degradatios determined to be the main
degradation pathway for CHIR-12.12, which was mired at pH 5.0-5.5. Based on
overall stability data, one recommended liquid pieceutical formulation comprising
this antibody is a formulation comprising CHIR-12.4t about 20 mg/ml formulated in

15 about 10 mM sodium succinate, about 150 mM sodibttoride, and having a pH of
about pH 5.5.

Example 26: Clinical Studies with CHIR-5.9 and &H12.12

Clinical Objectives

20 The overall objective is to provide an effectiverdpy for B cell tumors by
targeting them with an anti-CD40 IgG1. These tunoctide B-cell lymphoma, Chronic
Lymphocytic Lyphoma (CLL), Acute Lymphoblastic Lezrkia (ALL), Multiple
Myeloma (MM), Waldenstrom’s Macroglobulinemia, aBgstemic Castleman’s Disease.
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-130 15. An in vitro method for inhibiting growth or differentiation of a normal human B cell, comprising
contacting said B cell with an effective amount of a conjugated anti-CD40 monoclonal antibody
according to any of claims 1-13. 16. Use of an effective amount of a conjugated anti-CD40 monoclonal
anti- antibody according to any of claims 1-13 in the manufacture of a medicament for inhibiting
proliferation of a normal human B cell, wherein said proliferation is augmented by the interaction of a
CD40 ligand with a CD40 antigen expressed on the surface of said B cell. 17. An in vitro method for
inhibiting pl’0|lf |on of a_ normal hyman B cell, wherein said proliferation is au mented the
interaction of a (IS AL WEFS GRS SSHAdIs RHREL g SR e e Wethod
comprising contaaxmtga sthBedah pithsan eﬁenﬁﬂgz e agetuisiedris gasathrntige M Dunadibbtonal
antibody accordln o ad%% clai g}saleln Uset of an ef (Ieccstl a%%moy&t) 8fe% c‘%l eq/atfed anti- CD4O
monoclonal an?% y accordlng claime 1 fl%,r R e m atlire ot & nte cameﬁmor
inhibiting antibqupg@edsiction by B ceIIs in a human patient. 19. Use of an effective amount of a
conjugated anti-CD40 monoclonal antibody according to any of claims 1-13 in the manufacture of a
medicament folpjipifing growth of cancer cells of B cell lineage. 20. An in vitro method for inhibiting
growth of cancer cells of B cell lineage, comprising contacting said cancer cells with an effective
amount of a conjugatdﬂ/amtat@metmmmbubamwandbiodyi(m:eaidmgeﬁnmm}snmmﬁmvilkm c&l. The use
of claim 19 or the metp%1 @‘ﬁ 20, wherein the cancer is selected from the group consisting of
non-Hodgkins lymphoma, hronl ¢ lymphocytic leukemia, multiple myeloma, B cell ymphoma,
high-grade B cell lymptlorose-d3deihiasatkdinteigtsido BresilitymaidgsansrvugnaderBece bfyaipfoma, B

cell acute lympohoblast se of an
effective amount of a%lcﬁorkf u%égjtéj anthqgg 9&? oclona ant@%gﬂgﬁglng @%ﬁwg“g ;f:ms 1-13in
the manufi&ture of a @%@arﬁéﬁ”ﬁ)rﬂ@éﬂ‘ﬂ@y 8e adesinaifufes dpzeitddp3. The use of claim 22,
wherein said aUtO'U‘méBﬁé?é%?éﬁSH%Fﬁ#%?&%éW%H‘So%"é&bﬁemﬁﬁ&gﬁt% IERIGIPYS ., the

erythematosus, autoimmune thrombocytopenic
CLL dose may be different than the NHL. Thus, saose finding may be

necessary in phase Il.
» Patients are dosed weekly with real-time pharmameiid (Pk) sampling. Initially
15 a 4-week cycle is the maximum dosing allowed. Themay be highly variable
depending on the disease studied, density of CB0 e
» This trial(s) is open to subjects with B-cell lyngrha, CLL, and potentially other
B cell malignancies.
» Decision to discontinue or continue studies is basesafety, dose, and
20 preliminary evidence of anti-tumor activity.
» Activity of drug as determined by response rateitermined in Phase II.

» |dentify dose(s) for Phase II.

Phase I

25 Several trials will be initiated in the above-mentd tumor types with
concentration on B-cell ymphoma, CLL, and Multipfisyeloma (MM). Separate trials
may be required in low grade and intermediate/lgigite NHL as CD40 may have a
different function depending on the grade of lymmiao In low-grade disease, CD40 acts
more as a survival factor, preventing apoptosisidher-grade disease, interruption of
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purpura, Rheumatoid arthritis, multiple sclerosis, ankylosing spondylitis, myasthenia gravis, and
pemphigus vulgaris. 24. Use of an effective amount of a conjugated anti-CD40 monoclonal antibody
according to any of claims 1-13 in the manufacture of a medicament for treating a cancer
characterized by expression of CD40. 25. Use of an effective amount of a conjugated anti-CD40
monoclonal antibody according to any of claims 1-13 in the manufacture of a medicament for
inhibiting a CD40 ligand-mediated CD40 signaling pathway in a human CD40- expressing cell. 26. An

in vitro method for inhibiting a CD4Q ligand- iated CD40 signaling pathway in .a human
Co0-oxpressitt AN RS ECTH S oM T A i S yah G S
conjugated antinialy 42 nesnet iora F amntibmibedquitsdmng setdmy. of claims 1-13. 27. The use of claim 25
or the method of claim 26, wherein said human CD40-expressing cell is a normal human B cell or a

malignant human B cell and said CDA40 signaling pathway is B cell survival. -132 28. A pharmaceutical
composition complisieach dmgagatdargeitiaGop0lathom tuio halsiailioedy siecolalidgtcaney of claims 1-13
and a pharacewiicali geqepiahle  GaIGL. 29108 AATAGRUIRA! Somppsiian,of claim 26, wherein
said composition is aTiquid pharmaceutical formulation comprising a buffer m an’ amount to maintain
the pH of the formulatiow igradantgdLoRatoan@-Hb OHEORLB famiHes 0. 30. The pharmaceutical
composition of claim %Rt wh%%qesw Eo I—@'—%ﬂféﬁﬁher comprises an isotonizing agent in an amount

(tarm J . res . . . .
to render same composlItion near 1sotonic. ep armaceutical composition of claim 30, wherein

said isotonizing agenMslspliyeloload € reatbdoetiay Gilorete being present in said formulation at a
concentration of about 50 mM to about 300 mM. 32. The pharmaceutical composition of claim 31,
wherein said sodium chloride is present is said formulation at a concentration of about 150 mM. 33.
The pharrh@ceutical compssiisondbatigaoms mie ek we s2thatedyirsehionbuier &f selected from

the group consisting of sqﬁgpa%&t%t&tﬁcéﬁqrppﬂaggq}e buffers.
v Determine whether surrogate marker can be usedrbsiedication of
clinical efficacy
v' Identify doses for Phase llI
15
Phase Il
Phase 1l will depend on where the signal is dei@ah phase II, and what
competing therapies are considered to be the s@ndfathe signal is in a stage of
disease where there is no standard of therapy,atsemgle arm, well-controlled study
20 could serve as a pivotal trial. If there are cotmgeagents that are considered standard,

then head-to-head studies are conducted.

25 Many modifications and other embodiments of theeitions set forth herein will
come to mind to one skilled in the art to whichsthénventions pertain having the benefit
of the teachings presented in the foregoing desonp and the associated drawings.
Therefore, it is to be understood that the invergtiare not to be limited to the specific
embodiments disclosed and that modifications ahdragmbodiments are intended to be

30 included within the scope of the appended clainaslish of embodiments disclosed
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34. The pharmaceutical composition of claim 33, wherein said formulation comprises said buffer at a
concentration of about 1 mM to about 50 mM. 35. The pharmaceutical composition of claim 34,
wherein said buffer is sodium succinate or sodium citrate at a concentration of about 5 mM to about
15 mM. -133 36. The pharmaceutical composition of any one of claims 29 to 35, wherein said
formulation further comprises a surfactant in an amount from about 0.001% to about 1.0%. 37. The
pharmaceutical composition of claim 36, wherein said surfactant is polysorbate 80, which is present in
said formulation in an a ount from a é)out 0.001% to a} 5% -134 SEQUENCE LISTING <110>
Chen, Bao-Lu HIGFE!" EJ%‘?HH“ ISP CES G TS S eLIRg. CLV% SBBYCHE YRR AREIELG
Yabannavar, Asgleac#atioe, $eabelGrﬂ?@hd\ntﬂgonmlrsoﬂeQIﬂ&Monoclonal Antibodies and Methods
for Their Use <130> PPZCLJ%%%& {é282 16@%50160/565 710 <151> 2004- Q 7 <150>
60/525,579 <151> 2005 N HRENLARPICAIDIS, fFNYQIEINe SReiEaToN € - stsEQ for
Windows Versionligtive2dDthd lepdlof #Rese skilled in the grtwhich this invention pertains. All
5 publications and patent applications are hereiorpmrated by reference to the same
extent as if each individual publication or patapplication was specifically and

individually indicated to be incorporated by refece.

-123-



<212> DNA <213> Artificial Sequence <220> <223> Coding sequence for light chain of 12.12 human
anti-CD40 antibody <221> CDS <222> (1)...(720) <400> 1 atg gcg ctc cct get cag ctc ctg ggg ctg cta
atg ctc tgg gtc tct 48 Met Ala Leu Pro Ala GIn Leu Leu Gly Leu Leu Met Leu Trp Val Ser 1 510 15 gga
tcc agt ggg gat att gtg atg act cag tct cca ctc tcc ctg acc 96 Gly Ser Ser Gly Asp lle Val Met Thr GIn
Ser Pro Leu Ser Leu Thr 20 25 30 gtc acc cct gga gag ccg gcc tcc atc tcc tge agg tcc agt cag age 144
Val Thahieantsbyagadts Pro Ala Ser lle Ser Cys Arg Ser Setefediond eppidfiod 845 CtC ctg tat agt sat gga tac
aac tafigigatdgg tac ctGRAYEAYA92 Leu Leu Tyr Ser Asn Gly Tyr Asn TYROTBISREH Trp Tyr Leu GIn
Lys 50 55 60 cca ggg cag tct cca cag gtc ctg atc tct ttg ggt tct eat cgg gcc 240 Pro Gly GIn Ser Pro GIn
Val Leu lle Ser Leu Gly Ser Asn Arg Ala 65 70 75 80 tcc ggg gtc cct gac agg ttc agt ggc agt gga tca
ggc aca gat ttt 288 Ser Gly INBICATIONS [RELATINGSTS BEPDGITES MIGROGREANISWr Asp Phe 1
RTA01/2168223v1 85 90 95 aca ctg QROHERBIOLOGIGAY YATERAIgag gat gtt ggg gtt tat tac 336 Thr
Leu Lys lle Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr 100 105 110 tgc atg caa get cga caa act
cca ttc act ttc ggc cct ggg acc aaa 384 Cys M tcéﬁﬁ"%% 'ﬂ{rg GIn Thr Pro Phe Thr Phe Gly Pro Gly Thr
Lys 115 120 125

A.  Theindications made below relate to the deposited microorganism or ather biclegical material referred to in the description on page 18, line

25
B. IDENTWICATION OF DEPOSIT Further deposits are identified on an additionat shest

Name of depository institufion
American Type Culture Collection

Address of depositary institution (including postal code and country)

10801 University Blvd.
Manassas, VA 20110-2209 USA

Date of deposit Accession Number
: 17 September 2003 PTA-5542

C. ADDITIONAL INDICATIONS (feave bfank if not applicable) This information is continued on an additional sheet [ ]

Page 22, line 20; page 79, line 11; page 1421ine 9

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indicators are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave biank if not spplicable)

The indications listed befow will be submitted to the International Bureau later (specify the general nature of the indications e.g., “Accession

Number of Deposit’)

Far receiving Office use only For Internationat Bureau use only
[] This sheet was received with the intemational application [J This sheet was received with the Intemational Bureau on:
Authorized officer Authorized officer

Form PCT/RO/134 (July 1998) 124-



gtg gat atc aga cga act gtg get gca cca tct gtc ttc atc ttc ccg 432 Val Asp lle Arg Arg Thr Val Ala Ala
Pro Ser Val Phe lle Phe Pro 130 135 140 cca tct gat gag cag ttg aaa tct gga act gcc tct gtt gtg tgc ctg
480 Pro Ser Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 145 150 155 160 ctg sat aac
ttc tat ccc aga gag gcc aaa gta cag tgg aag gtg gat 528 Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val
GIn Trp Lys Val Asp 165 170 175 sac gcc ctc caa tcg ggt aac tcc cag gag agt gtc aca gag cag gac 576
Asn Alagbigdarédiagaex Gly Asn Ser GIn Glu Ser Val Thif (sbhdihial epathBi 185 190 agc aag gac agc acc
tac agmletﬂeagﬁ ago acc PRPAH].604 agc aaa 624 Ser Lys Asp Ser Thr Tyr $6TLSAS%r Ser Thr Ley Thr
Leu Ser Lys 195 200 205 gca gac tac gag aaa cac aaa gtc tac gcc tgc gas gtc acc cat cag 672 Ala
Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His GIn 210 215 220 ggc ctg agc tcg ccc gtc aca
aag agc ttc aac agg gga gagNBiCAYONSRELATING TODEBOSIPED MERDOROANISMr Phe Asn Arg Gly Glu
Cys 225 230 235 <210> 2 <211> 2390R 2THERBIOLOGICAL MATEBIALSequence <220> <223> Light
chain of 12.12 human anti-CD40 antibody <400> 2 Met Ala Leu Pro Ala GIn Leu Leu Sly Leu Leu Met
Leu Trp Val Ser 1510 15 Gly Ser Ser Gly AsE4R¥&13¥8t Thr GIn Ser Pro Leu Ser Leu Thr 20 25 30
Val Thr Pro Gly Glu Pro Ala Ser lle Ser Cys Arg Ser Ser GIn Ser 35 40 45

A.  Theindications made below relate to the deposited micreorganism or other biological material refeired 1o in the description on page 18, line
25

B. IDENTIFICATION OF DEPQSIT Further deposits are identified on an additional sheet [
Name of depository institution
American Type Culture Collection

Address of depositary instifution (including postal code and country)

10801 University Blvd.
Manassas, VA 20110-2209 USA

Dale of deposit Accession Number

17 September 2003 PTA-5543

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet ||

Page 22, line 20; page 75, line 11; page 127, line 15; page 142, line 10

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (i the indicators are nof for aff designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)
The indications #isted below will be submitted to the Intemational Bureau later {specifiy the general nature of the indications e.g., "Accession

Number of Deposit’)
For receiving Office use ont = For International Bureau use ont ‘
g y ¥ E—
[3 This sheet was received with the international application L1 This sheet was received with the International Bureau on:
Authorized officer Autharized officer

Form PCT/RO/134 (July 1998) 125



Leu Leu Tyr Ser Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu GIn Lys 50 55 60 Pro Gly GIn Ser Pro GIn
Val Leu lle Set Lev Gly Ser Asn Arg Ala 65 70 75 80 5er Gly Val Pro Asp Arg Phe Ser Sly Ser Gly Ser
Gly Thr Asp Phe 85 90 95 Thr Leu.Lys lle Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr 100 105
110 Cys Met GIn Ala Arg GIn Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys 115 120 125 Val Asp lle Arg
Arg KAV E AlH AT# Prérschtabea lerpdmunmit RTAOI/31682380W1 130 135-1840 PRIYEer A8 Glu

GIn Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 145 150 155 160 Leu Asn Asn Phe Tyr Pro Arg Glu
Ala Lys V @/ | ASp~165 170 175 Asn Ala Leu GIn Sé6Gly Asn Ser Gln G1u Ser Val Thr
Glu GIn ASpWl Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys 195 200

205 Ala Asp Ty mRREI e e’ Cly Leu Ser Ser
Pro Val Thr Lys Ser P T 5016 <212> DNA <213>

Aricial Sequigge, %WWWWM@& o0

antibody (with |

INTERNATIONAL FORM
RECEIPT IN THE CASE OF AN ORIGINAL DEPGSIT ISSUED PURSUANT TO RULE 7.3
AND VEABILITY STATREMENT 1SSUED PURSUANT TO RULE 10,
To: (Name und Addre of Dopoaltor or Atarney)

Chiron Carporation
Altriz Karen Van Ny
4560 Hortod Street
Emeryville, CA 94608

Degasied ou Belalfofi  Chiren Corporatdon

Tdentlfication Reterence by Deposkbor: Patent Nepoxit Dedignation
Nouse Hybridoma 131.2F8.5.9; CMCGH#I2047 PTA-S542
Maoucs Hybridoma 153 222D10D6,12,12: CMCCHI2056 PTA-5543

Tha duposits wore Resompanjed hy: __ 2 sedentific descriplion _a propused taxonemic deseription indicated

#bave, The deposits were recelved M by this Internatigual Depository Authority aad have
becn acecpted. ’

AT YOUR RRQUEST: X, Wo will inform you of requcats for the strains for 30 years.

‘Fhestrainy Wil be made avallable It a parent office signatory to the Budapest Treaty certifids eac’s right to
receive, orif 8 U.S, Patent iy fosncd riting the straing, and ATCC is imstructed by the United Btatos Patent &
Trademark Offics or the deposifor to release said strains

If the culturas should dio or be destroved during the effective term of the depasit, it hall be your
respoustbility to replace them with Liviag cuttures of the same.

The straine will be maintained for a period of at least 30 years from date of deposit, or five years qner the
THESL reCEHT FeqUesT fUr a sample, whichever is longer, The United Etates and many othey counfries are
dignatory to the Budapest Treaty.

Tl viability of the enlturs cited above was fested Septomber 23, 2003. On that date, the cuitures ware
vigble.

Intcruiational Depository Anthority: American Typa Cuitura Collestion, Manamar, VA 20110-2209 USA.
Siprature of person haring wathucity to reprosent ATCC:

Date: Octyber2

Mavic Harric, Patent Specialist, ATCC Bateat Depositary

oo Lisa Alexauder
Raf: Docket or Cace No.: P20107.001

Received Nov-D3-53 U%:Z0ca From=510 923 4765 To-lntel legtual Propart  Pags D002
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atg gag ttt ggg ctg agc tgg gtt ttc ctt gtt get att tta aga ggt 48 gtc cag tgt cag gtg cag ttg gtg gag tct ggg
gga ggc gtg gtc cag 96 cct ggg agg tcc ctg aga ctc tce tgt gca gcec tet gga ttc acc ttc 144 agt agc tat
ggc atg cac tgg gtc cgc cag get cca ggc aag ggg ctg 192 gag tgg gtg gca gtt ata tca tat gag gaa agt
aat aga tac cat gca 240 gac tcc gtg aag ggc cga ttc acc atc tcc aga gac aat tcc aag atc 288 acg ctg
tat ctg caa atg aac agc ctc aga act gag gac acg get gtg 336 tat tac tgt gcg aga gat ggg ggt ata gca
gca cct ggg cct gac tac 384 tgg ggc cag gga acc ctg gtc acc gtc tcc tca gca agt acc aag ggc 432 cca

tcc gtc ttc ccc ctg gcg ccc get age aa cac ¢ 480 aca gcg gcc ctg ggc tge ctg gtc aag
gac tac ttc ccc gaa ccg gtg 528 acg mﬁ/gﬁ{%ﬂﬁ%ﬁ& I\é%chtg acc ago ggc gtg cac acc ttc 576
ccg get gtc cta cag,tcc tc a ctc tac tcc ctc agc age 624 acc gtg ccc tcc agc ttg ggc acc
cag acc tac atc tgglaac g 998%9“93&%8’35‘8%%%%% t'é%tgﬁ 595'8 %%g”é%@‘@ag‘% 2P t(f'glcg‘iﬁlg}/ag agg 720
cca gca caghyuisdoonaag gtgf tCykl, ygzeagio say geinpagpted actoiéiBantjoaly galtayraftcc cgg cta tgc

agt ccc agt agg ccc cgt ctg cct ctt cac ccg gag gcec tct gee cge ccc act cat
864 get cag% ?ggg%%g g %@Tts g?g&g%gttt tcc cca ggc tct ggg cag gca 912 cag get agg tgc ccc taa ccc

agg ccc tgc aca caa agg ggc agg tgc 960 tgg get cag acc tgc caa gag cca tat ccg gga gga ccc tge ccc

tga 1008 cot aag GEC ACo4a ARG GORAAR G LS AR AR SF LRIMARACH S8 FShif i R cca gat

tcc agt aac tcc caa tct tct ctc tgc aga 1104 gcc caa atc ttg tga caa aac tca cac atg ccc acc gtg ccc agg
taa 1152 gécugBatayHO: gee cte cag ctc aag geg gga cag gtg cec tag 1200 agt age ctg cat cca
ggg aca ggc ccc agc cgg gtg ctg aca cgt cca 1248 cct cca tct ctt cct cag cac ctg aac tcc tgg ggg gac
cgt cag tct 1296 tcc tct tcc ccc caa aac cca agg aca ccc tca tga tct ccc _gqa ccc 1344 ctg agg tca cat

gcg tgg tgg tgg acFtga gét RYueaies-menpsigalaspinedy-Arering B g ate-dbaty agg tgc
ata alg cca agpalAdOf SPRRESNYHIEENAND adfATRCAcaHEERGI-asedin oG tearies bH8S tcC tca

ccg tce tge acc agg act ggc tga atg gca agt aca agt 1536 gca tct cca aca aag ccc.tcc cag ccc
coa 100 aga LS AR oG VHACE ARG B SR TS TP BRI S gaE e 1637
to the CD40 antigen expressed on the surface dfcedl the growth or differentiation of

said cell is inhibited.

4. A conjugated monoclonal antibody according toral3, wherein said
conjugated monoclonal antibody comprises an antilsetected from the group
consisting of the monoclonal antibody CHIR-5.9 @bable from the hybridoma cell line
deposited with the ATCC as Patent Deposit No. PBAZ) and the monoclonal antibody
CHIR-12.12 (obtainable from the hybridoma cell Iseposited with the ATCC as Patent
Deposit No. PTA-5543).

5. A conjugated monoclonal antibody according orol3, wherein said
conjugated monoclonal antibody comprises an antilsetected from the group
consisting of:

a) a monoclonal antibody comprising a light chaaniable domain
containing residues 44-54, 70-76 and 109-117 of SEQO:2;

b) a monoclonal antibody comprising a heavy chaimable domain
containing residues 50-54, 69-84 and 114-121 of 8EQO:4;

C) a monoclonal antibody comprising a heavy chaimable domain
containing residues 50-54, 69-84 and 114-121 of SEQO:5;
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ggc cgg ctc ggc cca ccc tet gee ctg aga gtg acc get gta cca acc 1680 tct gtc cct aca ggg cag ccc cga
gaa cca cag gtg tac acc ctg ccc 1728 cca tcc cgg gag gag atg acc aag aac cag gtc agc ctg acc tgc ctg
1776 gtc aaa ggc ttc tat ccc agc gac atc gcc gtg gag tgg gag agc aat 1824 ggg cag ccg gag aac aac
tac aag acc acg cct ccc gtg ctg gac tcc 1872 gac ggc tcc ttc ttc ctc tat agc aag ctc acc gtg gac aag agc
agg 1920 tgg cag cag ggg aac gtc ttc tca tgc tcc gtg atg cat gag get ctg 1968 3 RTA01/2168223v1
cac aac cac tac acg cag aag agc ctc tcc ctg tct ccg ggt aaa tga 2016 <210> 4 <211> 469 <212> PRT

<213> Artificial Sequence, <220> <223> Heavy chain of 12.12 human anti-CD4Q antibody <400> 4
Vet Gl Phe Gly Leu Sehp val BROGRATLAAR AL RIS EH A 816 NGB CITESE Gin vl i
Leu Val Glu Ser Gly Gly GinMaiNgIr&sinl 2685284361 Pro- G yaAdgL 88+ 11quoA B0 Ger Cys Ala Ala Ser

Gly Phe Thr Phe 35 40 45 Ser Ser Tyr Gly Met His Trp. Val Arg Gin Ala Prg Gl s Gly Leu 50 55 60
Git Trp val Ala val Tle S0 Tyr AN SPASTILSH AR S 1508 SRRV s o1y Arg
Phe Thr lle Ser Arg Asp Asnt8imirngyscliel 86004954 THP-Z6amgirli0S41GHha¥ 8EAKD: Bearicku Arg Thr Glu

A5 To A e 100 10510 e RPN e B 15

containing residues 44-54, 70-76 and 109-117 of SEQO:8,

or is a monoclonal antibody selected from the groopsisting of:
a) a monoclonal antibody comprising a light chaaniable domain
containing residues 46-52, 70-72 and 111-116 of SEQO:2;
b) a monoclonal antibody comprising a heavy chairable domain
containing residues 45-51, 72-74, 115-120 of SEQI4,
C) a monoclonal antibody comprising a heavy chaimable domain
containing residues 45-51, 72-74, 115-120 of SEQIM5;
d) a monoclonal antibody comprising a light chaamiable domain
containing residues 46-52, 70-72 and 111-116 of SEQO:6;
e) a monoclonal antibody comprising a heavy chanmable domain
containing residues 45-51, 72-74, 115-120 of SEQIM7; and
f) a monoclonal antibody comprising a heavy chainable domain
containing residues 45-51, 72-74, 115-120 of SEQI18.

6. A conjugated monoclonal antibody according orol3, wherein said
conjugated monoclonal antibody comprises an amiisequence selected from the
group consisting of:

a) residues 21-132 of SEQ ID NO:2;
b) residues 21-239 of SEQ ID NO:2;
c) SEQID NO:2;
d) residues 20-139 of SEQ ID NO:4;
e) residues 20-469 of SEQ ID NO:4;
f) SEQ ID NO:4;
g) residues 20-469 of SEQ ID NO:5;
h) SEQ ID NO:5;
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130 135 140 Pro Ser Val Phe Pro Leu Ala Pro Ala Ser Lys Ser Thr Ser Gly Gly 145 150 155 160 Thr
Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 165 170 175 Thr Val Ser Trp Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe 180 185 190 Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
Leu Ser Ser Val Val 195 200 205 Thr Val Pro Ser Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val
210 215 220 Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys 225 230 235 240
Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu 245 250 2S5 Leu Gly Gly Pro Ser

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 260 265 270 Leu Met lle Set Arg Thr Prg Glu Val Thr
Cys Val Val Val Asp VQI 7 '%852%%' ]gé)r théEéM R%%c?@‘lﬁ %&E@é@%&ﬁﬁ% ﬁ‘@'éﬁal Asp Gly
Val 290 295 300 Glu Yl irbsidses/da-kg9 BhS_E)Q Rroverg Gid GlsidbledB® SfsBESEID3ND 310 315 320
Thr Tyr Arg Val Val Se& Varlelécla ghr2¥_ Slgeuf@ II AsSp.IT erus?f 593 3 % nGl d_gs Glu Tyr
Lys Cys Lys Val Ser As?w LysS Ala’'Leu Pro Al 4 ticRe ys Thr gaet ys Ala Lys Gly
GIn Pro Arg Glu Pro 335 3803865 NS \ealdT$SERhIDLBORcaReb Ser Arg Glu Glu Met Thr Lys Asn Glin

370 375 380 Val Ser '%Erlgﬂbs eV, lYEFN Byr Pro Ser Asp lle Ala 385 390 395 400 Val
Glu Trp Glu Ser Asn Gly GIn Pro Glﬁsf@gﬁér yseg-f%/Thr

7. A conjugated monoclonal antibody according toml3, wherein said
conjugated monoclonal antibody comprises an amiitsequence selected from the
group consisting of:

a) residues 21-132 of SEQ ID NO:6;

b) residues 21-239 of SEQ ID NO:6;

c) SEQ ID NO:6;

d) residues 20-144 of SEQ ID NO:7,

e) residues 20-474 of SEQ ID NO:7;

f) SEQ ID NO:7;

g) residues 20-474 of SEQ ID NO:8;

h) SEQ ID NO:8;

i) residues 21-132 of SEQ ID NO:6 and resid2@444 of SEQ ID NO:7;
j) residues 21-239 of SEQ ID NO:6 and resid2@<74 of SEQ ID NO:7;
k) residues 21-239 of SEQ ID NO:6 and residu®d424 of SEQ ID NO:8
l) SEQ ID NO:6 and SEQ ID NO:7; and

m) SEQ ID NO:6 and SEQ ID NO:8.

8. A conjugated monoclonal antibody according orol3, wherein said
conjugated monoclonal antibody comprises an anyilsetected from the group
consisting of:

a) a monoclonal antibody that binds to an epit@gyable of binding
the monoclonal antibody CHIR-5.9 or CHIR-12.12;

b) a monoclonal antibody that binds to an epitopaprising
residues 82-87 of the human CD40 sequence sho®BGID NO:10 or
SEQ ID NO:12;
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405 410 415 Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Len Tyr Ser Lys Leu 420 425 430 4
RTA01/2168223v1 Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys Ser 435 440 445
Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser 450 455 460 Leu Ser Pro Gly Lys
465 <210>5 <211> 469 <212> PRT <213> Atrtificial Sequence <220> <223> Heavy chain of variant
of 12.12 human anti-CD40 antibody <400> 5 Net Glu Phe Gly Lou Ser Trp Val Phe Leu Val Ala lle
Leu Arg Gly 1510 15 Val GIn Cys Gin VaI GIn Leu Val Glu Ser Gly Gly Gly Val Val GIn 20 25 30
Pro Gly Arg Ser Leu Arg eu Ser Cys AI Her Phe Thr Phe 35 40 45 Her. Her Tyr Gly Met His
Trp Val Arg GIn Ala Pro & Lysadﬂplr_"gﬁ 5%”880& S&%%?HQCWBWW@IU Glu Her Asn
Arg Tyr His Ala 65 70 75r86idAsp 828Y af Liys KilynAngdRIvd Be leder shighfgh IASNGteoloys lle 85 90
95 Thr Leu Tyr Leu GIn I#E}@ﬁ%ﬁ'@ u Arg Thr Gin Asp Thr Ala Val 100 105 110 Tyr Tyr Cys Ala
Arg Asp Gly Gly lle Ala A Aasp Tyr

a monoclonal antibody that competes with the octonal

antlbody CHIR-5.9 or CHIR-12.12 in a competitiieding assay.

9. The conjugated monoclonal antibody of any pragedliaim, wherein said
conjugated monoclonal antibody binds to human Caatiyen with an affinity (I5) of at
least 16 M.

10. The conjugated monoclonal antibody of clairmvBerein said conjugated
monoclonal antibody binds to human CD40 antigeih &it affinity (Ko) of at least 18
M.

11.  The conjugated monoclonal antibody of any ptegeclaim, wherein said
conjugated monoclonal antibody is a conjugatecgantbinding fragment of said
monoclonal antibody, where said conjugated fragmegains the capability of
specifically binding to said human CD40 antigen.

12. The conjugated antigen-binding fragment ofnalail, wherein said
fragment is selected from the group consisting Bal fragment, an F(apfragment, an
Fv fragment, and a single-chain Fv fragment.

13. The conjugated monoclonal antibody of any megeclaim, wherein said

monoclonal antibody is produced in a CHO cell lamel then conjugated.
14. Use of an effective amount of a conjugated-@dt#0 monoclonal

antibody according to any of claims 1-13 in the ofanture of a medicament for

inhibiting growth or differentiation of a normal iman B cell.
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115120125 Trp Gly GIn Gly Thr Leu Val Thr Val Her Her Ala Ser Thr Lys Gly 130 135 140 Pro Ser
Val Phe Pro Leu Ala Pro Her Her Lys Her Thr Ser Gly Gly 145 150 155 160 Thr Ala Ala Leu Gly Cys
Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 165 170 175 Thr Val Her Trp Asn Her Gly Ala Leu Thr Her
Gly Val His Thr Phe 180 185 190 Pro Ala Val Leu GIn Her Her Gly Leu Tyr Her Leu Her Her Val Val
195 200 205 Thr Val Pro Her Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val 210 215 220 Asn His
Lys Pro Her Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys 225 230 235 240 Her Cys Asp Lys Thr His

Thr Cys Pro Pro Cys Pro Ala Pro Glu Ley 245 250 255 Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
Lyt Poo Lys Ae THB 260 2R8I H AT NR G oG TP AR PN TR OV BINPIAY A vl
275 280 28% UrtemHiscBily AsppifinG covied dtiysyRbel ASoeThpafyefiéatitep@buMab2ae AYERA8d Glu Val

Val Lou T £ PR A B A R RTS8 Tor Lys Cye Lye vl Her Aar
Lys Ala Leu Pro Ala 340 345 350 Pro lle Glu Lys Thr lle Her Lys Ala Lys Gly GIn Pro Arg Glu Pro 355
360 365 GlIn Val Ty Thr LeyL B BRO-REEAE A SALYE ORIk oAl MORcHonEP Arii-

antibody according to any of claims 1-13 in the ofanture of a medicament for

inhibiting proliferation of a normal human B celtherein said proliferation is augmented

by the interaction of a CD40 ligand with a CD40igen expressed on the surface of said

B cell.

17. Aninvitro method for inhibiting proliferation of a normalman B cell,
wherein said proliferation is augmented by theratgon of a CD40 ligand with a CD40
antigen expressed on the surface of said B cail,/,sathod comprising contacting said B
cell with an effective amount of a conjugated &M40 monoclonal antibody according

to any of claims 1-13.

18. Use of an effective amount of a conjugated- @0 monoclonal
antibody according to any of claims 1-13 in the ofanture of a medicament for

inhibiting antibody production by B cells in a humgatient.

19. Use of an effective amount of a conjugated- @0 monoclonal
antibody according to any of claims 1-13 in the ofanoture of a medicament for

inhibiting growth of cancer cells of B cell lineage

20.  Aninvitro method for inhibiting growth of cancer cells otcBll lineage,
comprising contacting said cancer cells with aeai¥e amount of a conjugated anti-

CD40 monoclonal antibody according to any of clafi¥is3.
21. The use of claim 19 or the method of claimv#®erein the cancer is

selected from the group consisting of non-Hodgkmgphoma, chronic lymphocytic
leukemia, multiple myeloma, B cell lymphoma, higlade B cell lymphoma,

-131-



RTA01/2168223v1 Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 385 390 395
400 Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr 405 410 415 Pro Pro Val Len
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu 420 425 430 Thr Val Asp Lys Ser Arg Trp GIn Gin
Gly Asn Val Phe Ser Cys Ser 435 440 445 Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
Leu Ser 450 455 460 Leu Ser Pro Gly Lys 465 <210>6 <211> 239 <212> PRT <213> Atrtificial
Sequence <220> <223> Light chain of 5.9 human anti-CD40 antibody <400> 6 Met Ala Leu Leu Ala
GIn Leu Ley Gly Leu Leu Met Leu Trp ValPro 15101 ly Ser Ser Gly Ala lle Val Met Thr GIn Pro
Pro Lou SerGETig 3t B3t & 5PN MTRNAEN S S5 de PR er & 65 GSF Ser Gin Ser 35 40
45 Lev Val Himpehdksastidylés@ i, Tyydlobldstit TepKeni & ind@igkirg 6560 Pro Gly Gin Pro Pro
Arg Leu Leu lle Tyr Lys Phe Phe Arg Arg Leu 65 70 75 80 Ser Gly Val Pro Asp Arg Phe Ser Gly Ser
Gly Ala Gly Thr Asp Phe 8590 95 Thr Leu Lys lle Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr
100 105 110 22. Use of an effective amount of a conjugated-@dt#0 monoclonal

antibody according to any of claims 1-13 in the aofanture of a medicament for treating

an autoimmune disease.

23. The use of claim 22, wherein said autoimmuseasie is selected from the
group consisting of systemic lupus erythematosuigimmune thrombocytopenic
purpura, Rheumatoid arthritis, multiple scleroaiskylosing spondylitis, myasthenia

gravis, and pemphigus vulgaris.

24. Use of an effective amount of a conjugated @0 monoclonal
antibody according to any of claims 1-13 in the aofanture of a medicament for treating

a cancer characterized by expression of CD40.

25. Use of an effective amount of a conjugated- @0 monoclonal
antibody according to any of claims 1-13 in the ofanoture of a medicament for
inhibiting a CD40 ligand-mediated CD40 signalinghyeay in a human CD40-
expressing cell.

26.  Aninvitro method for inhibiting a CD40 ligand-mediated CD4§nhsling
pathway in a human CD40-expressing cell, said neetdomprising contacting said cell
with an effective amount of a conjugated anti-CDd@hoclonal antibody according to

any of claims 1-13.
27. The use of claim 25 or the method of claimv&ierein said human

CD40-expressing cell is a normal human B cell oradignant human B cell and said

CDA40 signaling pathway is B cell survival.
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Cys Met Gin Val Thr GIn Phe Pro His Thr Phe Gly Gin Gly Thr Arg 115 120 125 Leu Glu lle Lys Arg
Thr Val Ala Ala Pro Ser Val Phe lle Phe Pro 130 135 140 Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr
Ala Ser Val Val Cys Leu 145 150 155 160 Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys
Val Asp 165 170 175 Asn Ala Leu GIn Ser Giy Asn Ser GIn Glu Ser Val Thr Glu Gin Asp 180 185 190
Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys 195 200 205 Ala Asp Tyr Glu Lys
His Lys Val Tyr Ala Cys Glu Val Thr His GIn 210 215 220 Gly Leu Ser Ser Pro Val Thr Lys Ser Phe

Asn Arg Gly Glu Cys 225 230 235 <210> 7 <211> 474 <212> PRT <213> Artificial Sequence <220>
<223> Heavy chaif bt 5 & RS HEGh SARBSG "SRR 5 MR 2 SHPISET A S8 Leu Ala Lou
Leu Leu Alanvaidgton@latiilyodybatOadkbing FT&dl 62 i RR3wdhE &l Ly ikecElti0ddly Ghteptadal Gin Ser
Gly Ala Glu (\;éalilé s Lys 20 25 30 Pro Gly Glu Ser Leu Lys lle Ser Cys Lys Gly Ser Gly Tyr Ser Phe
35 40 45 THFGET Tyr Trp lle Giy Trp Val Arg GIn Met Pro Gly Lys Gly Len 50 55 60 Glu Trp Met Gly
lle lle Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser

29. The pharmaceutical composition of claim 28, ehresaid composition is
a liquid pharmaceutical formulation comprising dféuin an amount to maintain the pH

of the formulation in a range of about pH 5.0 towpH 7.0.

30. The pharmaceutical composition of claim 29, rehresaid formulation
further comprises an isotonizing agent in an amtunénder same composition near

isotonic.

31.  The pharmaceutical composition of claim 30, whesaid isotonizing
agent is sodium chloride, said sodium chloride pgiresent in said formulation at a

concentration of about 50 mM to about 300 mM.

32.  The pharmaceutical composition of claim 31, iehresaid sodium

chloride is present is said formulation at a cotration of about 150 mM.
33. The pharmaceutical composition of any one aihts 29 to 32, wherein
said buffer is selected from the group consistihguecinate, citrate, and phosphate

buffers.

34. The pharmaceutical composition of claim 33, rehresaid formulation

comprises said buffer at a concentration of abautvlto about 50 mM.

35.  The pharmaceutical composition of claim 34, ihesaid buffer is

sodium succinate or sodium citrate at a concentraif about 5 mM to about 15 mM.
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65 70 75 80 Pro Ser Phe GIn Gly GIn Val Thr lle Ser Ala Asp Lys Ser lle Ser 85 90 95 Thr Ala Tyr
Leu GIn Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met 100 105 110 Tyr Tyr Cys Ala Arg Gly Thr Ala
Ala Sly Arg Asp Tyr Tyr Tyr Tyr 115 120 125 Tyr Gly Met Asp Val Trp Gly GIn Gly Thr Thr Val Thr Val
Ser Ser 130 135 140 Ala Ser Thr Lys Sly Pro Ser Val Phe Pro Leu Ala Pro Ala Ser Lys 145 150 155
160 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 165 170 175 Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 180 185 190 Gly Val His Thr Phe Pro Ala Val Leu
GIn Ser Ser Gly Leu Tyr Ser 195 200 205 Leu Ser Ser Val Val Thr Val Pro Ser_Ser Ser |_.eu Gly Thr
GIn Thr 210 215 236" Tyrsﬁée RGO AP RARASTEIBAPE 8P ER 7’&% €8b5 230 235
240 Arg VaséitbfehollgsdpeiuiyerAspripyis dda HigfabtaGyirdno itrofoys 24&u2 500356 RralddatPro Glu
Leu Leu Gly, Ia; Pro Ser Val Phe Leu Phe Pro Pro 260 265 270 Lys Pro Lys Asp Thr Leu Met lle Ser
Arg Thr Pro]G uVal Thr Cys 275 280 285 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe
Asn Trp 290 295 300 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 305 310 315
320 Glu GIn Tyr Asp Ser iy Iy ABLANA SEhNRSH N S8 4TRRAILERAHIR G Asp Tro
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser sr{O

polysorbate 80, which is present in said formulatroan amount from about 0.001% to

about 0.5%.
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340 345 350 Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 355 360 365 GIn Pro Arg
Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu 370 375 380 Met Thr Lys Asn GIn Val Ser Leu
Thr Cys Leu Val Lys Gly Phe Tyr 385 390 395 400 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
GIn Pro Gin Asn 405 410 415 Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 420
425 430 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn 435 440 445 Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 450 455 460 GIn Lys Ser Leu Ser Leu Ser Pro
Gly Lys 465 470 <210> 8 <211> 474 <212> PRT <2133 Aftiticial Sequence <220> 7
RTA01/2168223v11%223=:Hemsskhain of variant of 5.9 human anti-CD40 antibody <400> 8 Met Gly
Ser Thr Ala lle Leu Ala#vegt.ebebe@ifla Val Leu GIn Gly 1510 15 Val Cys Ala Glu Val GIn Leu Val
Gln Ser Gly Ala Glu Va1ys 138 2§75 30 Pro Gly Glu Ser Leu Lys lle Ser Cys Lys Gly Ser Gly Tyr Ser

Phe 35 40 45 Thr Ser Tyr kipdtesgly Trp Val Arg GIn Met Pro Gly Lys Gly Leu

Lugman, Mchammad
Yabannavar, Asha
Zaror, Isabel

<120> Antagonist Anti-CD40 Monoclonal
Antibodies and Methods for Their Use

<130> PP20107.004 (282916}

<150> 60/565,710
<151> 2004-04-27

' <150> 60/525,579
t <151» 2003-11-26

<150> 60/517,337
<151> 2003-11-04

<l60> 12
<170> FastSEQ for Windows Version 4.0

<210> 1

<211» 720

«<212> DNA

<213> Artificial Sequence

<220>
<223> Coding sequence for light chain of 12.12 human
anti-CD40 antibody

<221> CDS
<222> {1)...(720)

<400> 1
atg gcg ctc cct gect cag ctec ctg ggg ctg cta atg ctc tgg gtc tet 48
Met Ala Leu Pro Ala Gln Leu Leu Gly Leu Leu Met Leu Trp Val Ser

1 5 10 15

gga tcc agt ggg gat att gtg atg act cag tet cca cte tcoce ctg acce 96
Gly Ser Ser Gly Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Thr

gtc acc cct gga gag ccg gcc tcc atc tec tgec agg tec agt cag agce 144
Val Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser
35 40 45

ctc ctg tat agt aat gga tac aac tat ttg gat tgg tac ctg cag aag 192
Leu Leu Tyr Ser Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys
50 55 60

cca ggg cag tct cca cag gtc ctg atc tct ttg ggt tct aat cgg goc 240
Pro Gly Gln Ser Pro Gln Val Leu Ile Ser Leu Gly Ser Asn Arg Rla
65 70 75 80

tec ggg gto oot gac agg ttc agt ggo agt gga tca ggc aca gat ttt 288
Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

RTAO1/2168223v1



50 55 60 Glu Trp Met Gly lle lle Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser 65 70 75 80 Pro Ser Phe
Gin Gly GIn Val Thr lle Ser Ala Asp Lys Ser lle Ser 8590 95 Thr Ala Tyr Leu GIn Trp Ser Ser Lieu Lys
Ala Ser Asp Thr Ala Met 100 105 110 Tyr Tyr Cys Ala Arg Gly Thr Ala Ala Gly Arg Asp Tyr Tyr Tyr Tyr
115 120 125 Tyr Gly Met Asp Val Trp Gly GiIn Gly Thr Thr Val Thr Val Ser Ser 130 135 140 Ala Ser
Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 145 150 155 160 Ser Thr Ser Gly Gly Thr
Ala Ala Leu Gly Cys Leu Val Lys A%p Tyr 165 170 175 $¥he Pro Glu Pro VaPThr Val Ser Trp Asn Ser

Gly Ala Leu Thr Ser 180 185.190.GlyValHis L £heRroMlaValdgusain.er.Ser GlygLeu Tyr Ser
195 200 205 Lewﬁem&eLMah‘»@Is}Ehm\l@lﬁmc&&rﬁ@r@@m&gm@ly@ W@Jnriﬁhrraio 215 220 Tyr lle

Cys Asn Val Asn His Lys Pro 3&r Asn Thr Lys Val’A8p Lys 225 230 233240 Arg Val Glu Pro Lys Ser

Cys Asp Lys Thr His Tig Cys 510 B0 Gus 245:200.259:Pra Alg,Pra-ClsL el Ley.Gly Gly Pro Ser Val
Phe Leu Phe ProcRsover66:265 2 734 ys P bt psAspe TitrL ene Met lle SerAtg T hyro Glu Val Thr Cys

275 280 285 Val Val Val 83p Val Ser His Glu&8p Pro Glu Val Lys!Pthe Asn Trp 290 295 300 Tyr Val
Asp Gly Val Glu \4@&\%% Asn AJ;; Lag% The Ly REe Ard Gl 8Q5310:315,32Q. Gl GIn Jyy Asn Ser Thr

Tyr Arg Val Val SenViall euThx d @kt val Ala Ala Pro Ser Val Phe Ile Phe Pro
130 135 140

cca tct gat gag cag ttg aaa tct gga act goc tct gtt gtg tge ctg 480
Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu
145 150 155 160

¢tg aat aac ttc tat ¢c¢o aga gag gcc aaa gta cag tgg aag gtg gat 528
Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp
165 170 175

aac gcc ctc caa tcg ggt aac tcc cag gag agt gtc aca gag c¢ag gac 576
Asn Ala Leu Gln Sexr Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp
180 185 190

agc aag gac agce acc tac agc ctc agce age acc ctg acg ctg agc aaa 624
Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys
185 200 205

gca gac tac gag aaa cac aaa gtc tac gcc tgce gaa gtc acc cat cag 672
Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln
210 215 220

ggc ctg agc tcg ccc gt aca aag agce ttc aac agg gga gag tgt tag 720
Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys *
225 230 235

<21¢=> 2

<211> 239

<212> PRT

<213> Artificial Sequence

<220>
<223> Light chain of 12.12 human anti-CD40 antibody

<400> 2
Met ala L.eu Pro Ala Gln Leu Leu Gly Leu Leu Met Leu Trp Val Ser
1 5 10 15
Gly Ser Ser Gly Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Thr
20 25 30
Val Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser
35 40 45
Leu Leu Tyr Ser Asn Gly Tyr Asn Tyr Leu Agp Trp Tyr Leu Gln Lys
50 55 60
Pro Gly Gln Ser Pro Gln Val Leu Ile Ser Leu Gly Ser Asn Arg Ala
65 70 75 8¢
Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
85 g0 95
Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr
100 105 110
Cys Met Gin Ala Arg Gln Thr Pro Phe Thr Phe Gly Pro Gly Thr Lys
115 120 125
Val Asp Ile Arg Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro

2
RTA01/2168223vt



325 330 335 His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 340 345 350 Lys Ala
Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 355 360 365 GIn Pro Arg Glu Pro GIn Val Tyr
Thr Leu Pro Pro Ser Arg Glu Glu 370 375 380 Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
Gly Phe Tyr 385 390 395 400 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn 405
410 415 Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 420 425 430 Leu Tyr Ser
Lys Leu Thr Val Asp y8& Ser Arg Trp GIn &k Gly Asn 435 443445 Val Phe Ser Cys Ser Val Met His
Glu Ala Leu His A3 H/E Ty7F TGHTU4%](5’4§§'§ 58D Bintys"SertadSer tedSeBrdLly Lys 465 470 8
RTA01/2168223vilex210>29n S22 19y 6 b2o 1232 DA <24 3rHomorsapien g 220> <221> CDS <222>
(1)...(612) <221> miSC feature <E@2> O% S(t <223‘-5°Cod|n\9 sequence ¥or short isoform of human
CD40 <400> 9 af§yft Cot Byt 88§ Cag 16T git" cledod §dCgl g ety Hde 8 Rt val Arg Leu Pro
Leu GIn Cys Val ket Ty¢p &y €5 hreutyeUsdfleu ser Ser Thr Leu Thr Leu Ser Lys

195 200 205
Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln
210 215 220
Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235
<21C0> 3
<211> 2016
<212> DNA

«213> Artificial Sequence

<220>
«223> Coding sequence for heavy chain of 12.312 human
anti-CD40 antibody (with introns)

<400> 3

atg gag ttt ggg ctg agc tgg gtt ttc ctt gtt gct att tta aga ggt 48
gtc cag tgt cag gtg cag ttg gtg gag tct gog gga gge gtg gtc cag 96
cct ggg agy tcc ctg aga ctc tcc tgt geca gcc tct gga tte ace tte 144
agt agc tat gge atg cac tgg gtc cgc cag gcot cca ggc aag ggg ctg 192
gag tgg gtg gca gtt ata tca tat gag gaa agt aat aga tac cat gcea 240
gac kce gtg aag ggc cga ttc acc atc tcc aga gac aat tee aag atc 288
acg ctg tat ctg caa atg aac agc ctc aga act gag gac acg gct gtg 336
tat tac tgt gcg aga gat ggyg ggt ata gca gea cect ggg cct gac tac 384
tgg ggc cag ggda acc ctg gtc acc gtc tcc teca gca agt acc aag ggc 432
cca tee gte ttec coc ctg gog ccc got agc aag agc ace tet ggg ggco 480
aca gcg gcc ctg ggce tge ctg gtc aag gac tac tte o¢c gaa ccg gtg 528
acg gtg tcg tgg aac tca gge gcc cbtg acc agc ggc gtg cac ace tte 576
ccg gcoct gte cta cag tece tea gga ctc tac tcec ctc agc agc gtg gtg 624
acc gtg ccc tcc agc agce ttg ggc acc cag acc tac atc tge aac gtg 672
aat cac aag ccc agc aac acc aag gtg gac aag aga gtt ggt gag agg 720
cca gca cag gga ggg agg gtg tet got gga agc cag got cag cge tcec 768
tgc ctg gac gca tecc cgg cta tgc agt ccc agt cca ggg cag caa ggc 816
agg ccc cgt ctg cct ctt cac cocg gag goc toct goc cge ccc act cat 864
gct cag gga gag ggt ctt ctg gct ttc tce cea ggo tet ggg cag gca 912
cag gct agg tgce ccc taa ¢cc agg ccc tge aca caa agg ggc agg tgo 960
tgg gct cag acc tgc caa gag cca tat C©cg gga gga ccc tge cce tga 1008
cct aag ccc acc cca aag gcc aaa ctc tcecc act ccoc tca got cgg aca 1856
cct tet cte ctc cca gat tec agt aac toe caa tet tet cte tge aga 1104
gece caa atc ttg tga caa aac tca cac atg ccc acc gtg ccc agg taa 1152
gcc agc cca ggc ctc gocc ctc cag ctc aag gcg gga cag gtg cce tag 1200
agt agc ctg cat cca ggg aca g9gc ccc agc cgg gktg ctg aca cgt <ca 1248
cct cca tect ctt cct cag cac ctg aac tcec tgg ggg gac cgt cag tct 12%6
tcec tek tcc ccc caa aac cca agg aca ccc teca tga toct cec gga ccc 1344
ctg agg tca cat gcg tgg tgg tgg acg tga goc acg aag acc ctg agg 1392
tea agk tca act agt acg tgg acg gcg tgg agg tgc ata atg cca aga 1440
caa agc ¢gc ggg agg agc agt aca aca gca cgt acc gtg tgg tca gog 1488
tce tea ¢eg tce tge acc agg act ggc tga atg geca agg agt aca agt 1536
gca agg tct cca aca aag ¢cc tee cag cce cca teog aga aaa cca tot 1584
cca aag cca aag gtg gga ccc gtg ggg tgc gag ggc cac atg gac aga 1632
ggc cgg ctc ggc cca ccc tet goc ctg aga gtg acc got gta cca ace 1680
tct gtc cct aca ggg cag ccc cga gaa cca cag gtg tac acc ctg ccce 1728
cca tcc cgg gag gag atg acc aag aac cag gtc age ctg acc tgc ctg 1776
gtec aaa ggce ttce tat ¢cc agc gac atc gcoc gtg gag tgg gag agce aat 1824
ggg cag ccg gag aac aac tac aag acc acg cct ccc gtg ctg gac tec 1872
gac ggc tcc ttce tte cte tat age aag cte acce gtg gac aag agc agg 15820
tgg cag cag ggg aac gbtc ttc tca tge tcc gtg atg cat gag gct ctg 1968

3
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1510 15 get gtc cat cca gaa cca ccc act gca tgc aga gaa aaa cag tac cta 96 Ala Val His Pro Glu Pro
Pro Thr Ala Cys Arg Glu Lys GIn Tyr Leu 20 25 30 ata aac agt cag tgc tgt tct ttg tgc cag cca gga cag
aaa ctg gtg 144 lle Asn Ser GIn Cys Cys Ser Leu Cys GIn Pro Gly GIn Lys Leu Val 35 40 45 agt gac
tgc aca gag ttc act gaa acg gaa tgc ctt cct tgc ggt gaa 192 Ser Asp Cys Thr Glu Phe Thr Glu Thr Glu
Cys Leu Pro Cys Gly Glu 50 55 60 age gaa ttc cta gac ace tgg aac aga gag aca cac tgc cac cag cac
240 Ser Glu Phe*Be RSl 3 BsAPAIPE RFTHIAISE YT HISSEIFTHIZH5°70 7880 2434 tac tgc gac
ccc aac cta ggg ctt egg gtc cag cag aag ggc ace 288 Lys Tyr Cys Asp Pro Asn Leu Gly Leu Arg Val
GIn GIn Lys Gly Har85 90 95 tca gaa sea gac ace ate tgc ace tgt gaa gaa ggc tgg cac tgt acg 336 Ser
Glu Thr Asp Thr I8 ¢9siThr Cys Glu Glu Gly Trp His Cys Thr 100 105 110 agt gag gcc tgt gag age tgt
gtc ctg cac cgc tcatge g Cec-g9C 38d.2Lr Glu Ala Cys Glu Ser Cys Val Leu His Arg Ser Cys Ser Pro
Gly 115 120 125 ttt ggg gtc aag cag att get sea ggg gtt tct gat ace ate tgc gag 432 Phe Gly Val Lys

GlIn lle Ala Thr GI %‘ﬂ er As Thr Ilg ]]gy% Glu 130 135 1 I{% tPé: cca gtc ggc ttc ttc tee sat gtg tca
tct get ttc gaa aaa 0 5F0 Cys Proval'G y Phe PReSer &r Ser Ala Phe G1u Lys 145 150

155 160 tgt cac ecebtgg+aca agg tee cca gga tcg get gag age cct ggt ggt 528 Cys His Pro Trp Thr Arg
Ser Pro Gly Ser At Gty SéF F""Fé’GFy‘ GRF 185 770 TS Lgat'edctiat &bt dtedglgaticct gtt tge cat cct ctt

ggt get ggt 576 ASp Bie ks ldisl LgY Afg ASP PO M@I dilis R0 digly-Aladely 180 185 190
30

Pro Gly Arg Ser Léu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe
35 40 45
Ser Ser Tyr Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 &0
Glu Trp Val Ala Val Ile Ser Tyr Glu Glu Ser Asn Arg Tyr His Ala
65 70 75 80
i Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Ile
85 90 95
Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Thr Glu Asp Thr Ala Val
1ca 105 110
Tyr Tyr Cys Ala Arg Asp Gly Gly Ile ala Ala Pro Gly Pro Asp Tyr
115 120 125
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 140
Pro Ser Val Phe Pro Leu Ala Pro Ala Ser Lys Ser Thr Ser Gly Gly
145 150 155 160
Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
165 170 175
Thr Val Sexr Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
180 185 120
Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
195 200 205
Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
210 215 220
Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Prc Lys
225 230 235 240
Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
245 250 255
Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Prec Lys Pro Lys Asp Thr
260 265 270
Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
275 280 285
Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Vval
290 295 300
Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
305 310 315 320
Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
325 330 335
Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
340 345 350
Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Glan Pro Arg Glu Pro
355 360 365
3ln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
370 37% 380
Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
385 390 395 400
val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
405 410 415
Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Fhe Leu Tyr Ser Lys Leu
420 425 430
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ctt tat caa aaa ggt ggc caa gaa gcc aac caa taa 612 Leu Tyr GIn Lys Gly Gly GIn Glu Ala Asn GIn 195
200 9 RTA01/2168223v1 <210> 10 <211> 203 <212> PRT <213> Homo sapiens <400> 10 Met Val
Arg Leu Pro Leu GIn Cys Val Leu Trp Gly Cys Leu Leu Thr 1510 15 Ala Val His Pro Glu Pro Pro Thr
Ala Cys Arg Glu Lys GIn Tyr Leu 20 25 30 lle Asn Ser Gin Cys Cys Ser Leu Cys GIn Pro Gly GIn Lys
Leu Val 35 40 45 Ser Asp Cys Thr Glu Phe Thr Glu Thr Glu Cys Leu Pro Cys Gly Glu 50 55 60 Ser
Glu Phe Leu AspT*FﬁrWFp%?ﬁﬁggﬁ’l&%FFﬁsGéngHi%lﬁlhsﬂiga%ﬁhmsﬂ &8° 15 Tyr Cys Asp Pro Asn

4 44
Leu Gly Leu Arg al @ln &I kys Gly Thr 85.90:95::Ser, GlenThnAshd e lla.GyscEhr Cys Glu Glu Gly
Trp His Cys Thr 1004805 110 Ser Glu Alat&ys Glu Ser Cys Vakbeu His Arg Ser Cys Ser Pro Gly 115

120 125 Phe Gli“%};aﬁﬁﬁlsp@lrﬂlé A& Thr Gly Val Ser Asp Thr lle Cys Glu 130 135 140 Pro Cys Pro Val
Gly Phe Phe Ser R&n Val Ser Ser Ala Phe Glu Lys 145 150 155 160 Cys His Pro Trp Thr Arg Ser Pro
Gly Ser Ala Glu Ser Pro Gly Gly 165 170 175 Asp Pro His His Leu Arg Asp Pro Val Cys His Pro Leu
Gly Ala Gly 180 E%ﬁil%gg

«212> PRT
«213> Artificial Seguence

<220>
<223> Heavy chain of variant of 12.12 human anti-CD40
antibody

<400=> 5
Met Glu Phe Gly Leu Ser Trp Val Phe Leu Val Ala Ile Leu Arg Gly
1 5 19 15
Val Gln Cys Gln Val Gln Leu Val Glu Ser Gly Gly Gly val Val Gln
20 25 30
Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe
35 40 45
Ser Ser Tyr Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60
Glu Trp Val Ala Val Ile Ser Tyr Glu Glu Ser Asn Arg Tyr His Ala
65 70 75 80
Asp 'Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Ile
85 90 95
Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Thr Giu Asp Thr Ala Val
100 105 110
Tyr Tyr Cys Ala Arg Asp Gly Gly Ile Ala Ala Pro Gly Pro Asp Tyr
115 120 125
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 149
Pro Sexr Val Phe Pro Leu Ala Prc Ser Ser Lys Ser Thr Ser Gly Gly
145 15¢ 155 160
Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
165 170 175
Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
180 185 190
Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
185 200 205
Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
210 215 220
Azn His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys
225 230 235 240
Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
245 250 255
Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
260 265 270
Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Vval Val Asp Val
275 280 285
Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
290 295 300
Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
305 310 31S 320
Thr Tyr Arg Val val Ser val Leu Thr Val Leu His Gln Asp Trp Leu
325 330 335
Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
340 345 350
Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Prc Arg Glu Pro
as5g 360 365
Gln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
370 375 380
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Leu Tyr Gin Lys Gly Gly GIn Glu Ala Asn Gin 195 200 <210> 11 <211> 834 c212> DNA <213> Homo
sapiens <220> <221> CDs <222> (1)...(834) <221> misc feature <222> (0) ... (0) <223> Coding
sequence for long isoform of human CD40 <400> 11 atg gtt cgt ctg cct ctg cag tgc gtc ctc tgg ggc tgc
ttg ctg acc 48 Met Val Arg Leu Pro Leu GIn Cys Val Leu Trp Gly Cys Leu Leu Thr 1 510 15 get gtc
cat cca gaa cca ccc act gca tgc aga gaa aaa cag tac cta 96 Ala Val His Pro Glu Pro Pro Thr Ala Cys
Arg Glu Lys GIn Tg% 156t 26“2‘5*1303@@%83&9%%&@@’@ ?@Ftt’@f ‘t’gée(’;‘a@SEcalgg‘&%ag aaa ctg gtg 144

lle Asn Ser GIn GYS Gys $85 by SYSXandroGly:GIndysteuYakas 4045, agt bac tgc aca gag ttc act
gaa acg gaa tgc ctt cct tgc ggt gaact92 Ser Asp Cys T Glu Phe Thr Glu 4ilr Glu Cys Leu Pro Cys Gly

Glu 50 55 60 agcEad e ¢ta ae At 55 &8 &ba g%&a"é&é’f@’c“’éﬁc%&g%’&é@% 10

RTA01/2168223v3,Se1:GluPHiE Lay Asp Ty Tip A8h At Gluvhr His LVs His Gin His 6570 75 80
aaa tac tgc gac ccc aac cfasggg ctt cgg gtc cag:cag aag ggc acc 288 Lys Tyr Cys Asp Pro Asn Leu Gly

Leu Arg Val GIn &tk Pﬁg‘s &l Fhy 8?9@69?%&*%&@05}’@“81&0@&@@@%K:@%gt@afa gaa ggc tgg cac tgt

acg 336 Leu Ser Pro Gly Lys

465

<210> 6

<211> 238

<212= PRT

<213> Artificial Sequence

<220>
<223> Light chain of 5.9 human anti-CD40 antibody

<400> 6
Met Ala Leu Leu Ala Gln Leu Leu Gly Leu Leu Met Leu Trp Val Pro
1 5 10 15
Gly Ser Ser Gly Ala Ile Val Met Thr Gln Pro Pro Leu Ser Ser Pro
20 25 30
Val Thr Leu Gly Gln Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser
35 40 45
Leu Val His Ser Asp Gly Asn Thr Tyr Leu Asn Trp Leu Gln Gln Arg
50 55 60
Pro Gly Gln Pro Prc Arg Leu Leu Ile Tyr Lys Phe Phe Arg Arg Leu
65 70 75 80
Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe
85 90 95
Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr
100 105 110
Cys Met Gln Val Thr Gln Phe Prc His Thr Phe Gly Gln Gly Thr Arg
115 120 126
Leu Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro
130 135 140
Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu
145 1506 155 160
Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp
165 170 175
asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp
180 185 190
Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys
195 200 205
Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln
21¢ 215 220
Gly Leu Ser Ser Prc Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210> 7

<211> 474

<212> PRT

<213> Artificial Sequence

<220>
<223> Heavy chain of 5.9 human anti-CD40 antibody

<4Q0> 7
Met Gly Ser Thr Ala Ile Leu Ala Leu Leu Leu Ala Val Leu Gln Gly
1 5 10 15

6
RTA01/2168223v1



Ser Glu Thr Asp Thr lle Cys Thr Cys Glu Glu Gly Trp His Cys Thr 100 105 110 agt gag gee tgt gag ago
tgt gtc ctg cac cgc tca tgc tcg ccc ggc 384 Ser Glu Ala Cys Glu Ser Cys Val Leu His Arg Ser Cys Ser
Pro Gly 115 120 125 ttt ggg gtc aag cag att get aca ggg gtt tct gat acc ate tgc gag 432 Phe Gly Val
Lys GIn lle Ala Thr Gly Val Ser Asp Thr lle Cys Glu 130 135 140 ccc tgc cca gtc ggc ttc ttc tcc sat gtg
tca tct get ttc gaa aaa 480 Pro Cys Pro Val Gly Phe Phe Ser Asn Val Ser Ser Ala Phe Glu Lys 145 150
155 160 tgt cac ¥k {gf ded &8 tht g8t et afa gt CiY ditythy'ead e 528° Cy8 His Pro Trp Thr Ser

Cys Glu Thr Lys AspaigleMalsVal@in:Ginri 6547 04l 5y g0a pac.26a,.aa6-aa0 aglgat git gtc tgt ggt ccc
cag gat cgg ctg 576 AlaGly Thr Asn Lys Thr4sp Val Val Cys Gly4Pro Gln Asp Arg Leu 180 185 190
aga gcc ctg gtg dt dit cSs afcratt gy d Hc ety Wil alt 625 &'y At L8 VaF Val lle Pro lle lle Phe

Gly lle Leu Phe Ala | plgigtzgpyzpfé che ttg Ot cta19iG LY ale-aaa aag dig §¢e aag aag cca acc sat 672
Leu Leu Val Leue¥al Phe lle Lys Lys ¥al Ala Lys Lys Pro 7hr Asn 210 215 22(saag gcc ccc cac ccc aag

cag gaa ccc cagRyageatc st ﬁ%‘b@éﬁgéé“??@l I3 Ales Fsﬁf B PRy Liyrs Gt Gh& Pes GIn Glu lle Asn Phe

Pro Asp 225 230r3§§12a49y9%tegtts§ﬁt fgcdee aac agl QL?E gﬁfacgérgﬁgpcﬁﬂrgﬁﬂa gl tta cat 768 Asp Leu
Pro Gly Ser Asn Thr Ala Ala Pre Val GIn Glu Thr keul His 245 250 2551 gga tgc caa ccg gtc acc cag gag

gat ggc aaa gag &gt ¥ge %)té #2815 @l @st‘@?n]’@?o%lﬁlrﬁrf@m @HJ'%(ﬁpT@qulzys Glu Ser Arg lle Ser
260 265 270 gig5AGUATAIR G 10283 Vel Ol CIMAGLGI: the var ser ser

130 135 140
Ala Ser Thr Lys Gly Pro S8er Val Phe Prc Leu Ala Pro Ala Ser Lys
145 150 155 160
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
165 170 175
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
180 185 1s0
Gly val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
195 200 205
Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
2190 215 220
Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
225 230 235 240
Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
24% 250 255
Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
260 265 270
Lys Pro Lys Asp Thr Leu Met Tle Ser Arg Thr Pro Glu Val Thr Cys
275 280 285
val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
2990 295 300
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Prc Arg Glu
305 310 315 320
Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr vVal Leu
325 33¢ 335
His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
340 34% 350
Lys Ala Leu Pro Ala Preo Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
355 360 365
Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Fro Pro Ser Arg Glu Glu
370 375 380
Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
385 390 395 400
Pro Ser Asp Ile Ala Val @lu Trp Glu Ser Asn Gly Gln Pro Glu Asn
405 410 415
Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
420 425 430
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
435 440 445
val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
450 455 460
Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
465 470

<210> 8

<211> 474

<212> PRT

<213> Artificial Sequence

<220>

RTA01/2168223v1



275 <210> 12 <211> 277 <212> PRT <213> Homo sapiens <400> 12 Met Val Arg Leu Pro Leu GIn
Cys Val Leu Trp Gly Cys Leu Leu Thr 1510 15 Ala Val His Pro Glu Pro Pro Thr Ala Cys Arg Glu Lys
GIn Tyr Leu 20 25 30 11 RTAO1/2168223v1 lle Asn Ser GIn Cys Cys Ser Leu Cys GIn Pro Gly GIn
Lys Leu Val 35 40 45 Ser Asp Cys Thr Glu Phe Thr Glu Thr Glu Cys Leu Pro Cys Gly Glu 50 55 60
Ser Glu Phe Len Asp Thr Trp Asn Arg Glu Thr His Cys His GIn His 65 70 75 80 Lys Tyr Cys Asp Pro

Asn Leu Gly LeusAfgVEI I CLyE Gy *PAF 85 90°05°"Srk: FRtAsp Thr lle Cys Thr Cys Glu Glu

Gly Trp His Cys Thr 168"165°110 Ser Glu Ala Cys Glu Ser Cys Val Leu His Arg Ser Cys Ser Pro Gly
115 120 125 Phes@ly Wal Lys GIn lle Ala Thr Gly Val Ser Asp Thr lle Cys Glu 130 135 140 Pro Cys
Pro Val Gly Phe Ptre@Bergsnvarser Serata?bhesIdysc1453258115519@ €ys His Pro Trp Thr Ser

0 i5
Cys Glu Thr Lys fispd-euYaldal Gin &l Lﬂe@@;zq;y%eé\l@ipm;rr@rlé\safx?mﬂ;ﬁsp val Val Cys Gly
Pro GIn Asp Arg Leu 180 1850190 Arg Ala Leu VakVal lle Pro lle lle Plwe Gly lle Leu Phe Ala lle 195
200 205 Pro Gly Glu Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe
35 40 45
Thr Ser Tyr Trp Ile Gly Trp Val Arg Gln Met Proc Gly Lys Gly Leu
50 55 60
Glu Trp Met Gly Ile Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser
65 70 75 80
Pro Ser Phe Gln Gly Gln Val Thr Ile Ser Ala Asp Lys Ser Ile Ser
85 90 95
Thr Ala Tyr Leu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met
100 105 110
Tyr Tyr Cys Ala Arg Gly Thr Ala Ala Gly Arg Asp Tyr Tyr Tyr Tyr
11% 120 125
Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
130 138 140
f Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
145 150 155 160
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
165 170 175
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
180 185 190
Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Sex
195 200 205
Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
210 215 220
Tyr Ile Cys Asn Val Asn His Lys Prc Ser Asn Thr Lys Val Asp Lys
225 230 235 240
Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
245 250 255
Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
260 265 270
Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
275 280 285
val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
220 285 300
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
305 310 315 320
Giu Gln Tyr Asn Ser Thr Tyr Arg Val Val Sexr Val Leu Thr Val Leu
325 330 335
His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
340 345 350
Lys Ala Leu Pro Ala Prc Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
355 360 365
Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Giu
370 375 380
Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
385 390 395 406G
Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
405 410 415
Azn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
420 425 430
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
435 440 445
Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
450 455 460
Gln Lys Ser Leu Ser Leu Ser Fro Gly Lys
465 470

RTAQ1/2168223v1



Leu Leu Val Leu Val Phe lle Lys Lys Val Ala Lys Lys Pro Thr Asn 210 215 220 Lys Ala Pro His Pro Lys
GIn Glu Pro GIn Glu lle Asn Phe Pro Asp 225 230 235 240 Asp Leu Pro Gly Ser Asn Thr Ala Ala Pro
Val GIn Glu Thr Leu His 245 250 255 Gly Cys GIn Pro Val Thr GIn Glu Asp Gly Lys Glu Ser Arg lle Ser
260 265 270 Val GIn Glu Arg GIn 275 12 RTA01/2168223v1

<210> 9

<211> 612

«212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1}...(612)

<221> misc_feature
<222> (0)...{0}
<223> Coding sequence for short isoform of human CD40

<400> 9
atg gtt cgt ctg cct ctg cag tgc gte ctc tgg ggc tgcoc ttg ctg acc 48
Met Val Arg Leu Pro Leu Gln Cys Val Leu Trp Gly Cys Leu Leu Thr

1 5 10 15

gct gtc cat cca gaa c¢ca cec act gea tge aga gaa aaa cag tac cta 96
Ala Val His Pro Glu Pro Pro Thr Ala Cys Arg Glu Lys Gln Tyr Leu
20 25 30

ata aac agt cag tgc tgt tct ttg tgc cag cca gga cag aaa ctg gtg 144
Ile Asn Ser Gln Cys Cys Ser Leu Cys Gln Preo Gly Gln Lys Leu Val
35 490 45

agt gac tgc aca gag ttc act gaa acg gaa tgc ctt cct tgc ggt gaa 152
Ser Asp Cys Thr Glu Phe Thr Glu Thr Glu Cys Leu Pro Cys Gly Glu
50 55 60

agc gaa ttc cta gac acc tgg aac aga gag aca cac tgc cac cag cac 240
Ser Glu Phe Leu Asp Thr Trp Asn Arg Glu Thr His Cys His Gln Hisg
65 70 75 80

aaa tac tgc gac ccc aac cta ggg ctt cgg gtc cag cag aag ggc acc 288
Lys Tyr Cys Asp Pro Asn Leu Gly Leu Arg Val GIn Gln Lys Gly Thr
85 80 95

tca gaa aca gac acc atc tgc acc tgt gaa gaa ggc tgg cac tgt acg 336
Ser Giu Thr Asp Thr Ile Cys Thr Cys Glu Glu Gly Trp His Cys Thr
100 105 110

agt gag gcc tgt gag age tgt gtc ctg cac cgc tca tgc tcg cce ggce 384
Ser Glu Ala Cys Glu Ser Cys Val Leu His Arg Ser Cys Ser Pro Gly
115 120 125

ttt ggg gtc aag cag att gct aca ggg gtt tct gat acc atc tgc gag 432
Phe Gly Val Lys Gln Ile Ala Thr Gly Val Ser Asp Thr Ile Cys Glu
130 135 140

cee tge cea gte ggo ttce tte tcece aat gtg tca tet gect tte gaa aaa 480
Pro Cys Pro Val Gly Phe Phe Ser Asn Val Ser Ser Ala Phe Glu Lys
145 150 155 160

tgt cac cct tgg aca agg tcc cca gga tcg got gag agce cct ggt ggt 528
Cys His Pro Trp Thr Arg Ser Pro Gly Ser Ala Glu Ser Pro Gly Gly
165 170 175

gat ccc cat cat ctt cgg gat cct gtt tge cat cct ctt ggt get ggt 57¢
Asp Pro His His Leu Arg Asp Pro Val Cys His Pro Leu Gly Ala Gly

180 185 120
ctt tat caa aaa ggt ggc caa gaa dgcc aac caa taa 612
Leu Tyr Gln Lys Gly Gly Gln Glu Ala Asn Glo *
195 200
9

RTA01/2168223v1



<210> 10

«211> 203
<212> PRT
<213> Homo sapiens

<400> 10

Met
1
Ala
Ile
Ser
Ser
65
Lys
Ser
Ser
Phe
Pro
145
Cyse
Asp

Leu

<210
<211>
<212>
<213>

Val
Val
Asn
Asp
S0

Glu
Tyr
Glu
Glu
Gly
130
Cys
His
Pro

Tyr

<220>

<221>
<222

<221>
<222>
«223>

11

834
DNA&
Howmo sapiens

Arg
His
Ser
35

Cys
Phe
Cys
Thr
Ala
115
Val
Pro
Pro
His

Gln
195

CDs
(1) ...(834)

<400> 11
atg gtt cgt
Met Val Arg

1

gct
Ala

ata
Ile

agt
Ser

agc

RTA01/2168223v1

gtc
Val

aac
Asn

gac
Asp
50

gaa

cat
His

agt
Ser
a5

tgc
Cys

tte

Leu
Pro
20

Gln
Thr
Leu
AsSp
Asp
100
Cys
Lys
val
Trp
His

180
Lys

ctyg
Leu

cca
Pro
20

cag
Gln

aca
Thr

cta

Pro
Glu
Cys
Glu
Asp
Pro
85

Thr
Glu
Gln
Gly
Thr
165

Leu

Gly

misc _feature
(0} ...(0)

Coding sequence for long isoform of human

cot
Pro

gaa
Glu

tgc
Cys

gag
Glu

gac

Leu
Pro
Cys
Phe
Thr
76

Asn
Ile
Ser
Ile
Phe
150
Arg
Arg

Gly

ctg
Leu

cca
Pro

tgt
Cys

tte
Phe

acc

Gln
Pro
Ser
Thr
55

Trp
Leu
Cys
Cys
Ala
135
Fhe
Ser

Asp

Gln

cag
Gln

o
Pro

tct
Ser

act
Thr
55

tgg

Cys
Thr
Leu
40

Glu
Asn
Gly
Thr
Val
120
Thr
Ser
Pro

Pro

Glu
200

tgec
Cys

act
Thr

ttyg
Leu
40

gaa
Glu

aac

Val
Ala
25

Cys
Thr
Arg
Leu
Cys
165
Leu
Gly
Asn
Gly
Val

185
Ala

gte
val

gca
ala
25

tgc
Cys

acg
Thr

aga

Leu
10

Cys
Gln
Glu
Glu
Arg
90

Glu
His
Val
Val
Ser
17G

Cys

Asn

ctc
Len
10

tge

Cys

cag
Gln

gaa
Glu

gag
10

Trp
Arg
Pro
Cys
Thr
75

Val
Glu
Arg
Ser
Ser
15%
Ala
His

Gln

tgg
Trp

aga
Arg

cca
Pro

tgc
Cys

aca

Gly
Glu
Gly
Leu
60

His
Gln
Gly
Ser
Asp
140
Ser

Glu

Pro

ggc
Gly

gaa
Glu

gga
Gly

ctt
Leu
60

cac

Cys
Lys
Gln
45
Pro
Cys.
Gln
Trp
Cys
125
Thr
Ala

Ser

Leu

CcD40

tgc
Cys

aaa
Lys

cag
Gln
45

cct
Pro

tgc

Leu
Gln
30

Lys
Cys
His
Lys
Hisg
110
Ser
Ile
Phe

Pro

Gly
130

ttg
Leu

cag
Gln
30

aaa
Lys

tge
Cys

cac

Leu
15

Tyr
Leu
Gly
Gln
Gly
95

Cys
Pro
Cyé
Giu
Gly

175
Ala

ctg
Leu
15

tac
Tyr

ctg
Leu

ggt
Gly

cag

Thr
Leu
Val
Glu
Hig
80O

Thr
Thr
Gly
Glu
Lys
160

Gly

Gly

acc
Thr

cta
Leu

gtg
Val

gaa
Glu

cac

48

26

144

182

240



Ser
65

aaa
Lys

tca
Ser

agt
Ser

ttt
Phe

cce
Pro
145

tgt
Cys

gca
Ala

aga
Arg

cte
Leu

aag
Lys
225

gat
Asp

gga
Gly

gtg
Val

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

<400>

Glu

tac
Tyr

gaa
Glu

gag
Glu

999
Gly
130

tgc
Cys

cac
His

ggc
Gly

gcc
Ala

ttg
Leu
210

geo

Ala

ctt
Leu

tge
Cys

cag
Gln

12

Phe

tgc
Cys

aca
Thr

gce
Ala
115

gte
Val

cCa
Pro

cct
Pro

aca
Thr

ctg
Leu
195

gtg
Val

cace
Pro

cct
Pro

caa
Gln

gag
Glu
275

12

277
PRT
Homo sapiens

Leu

gac
Asp

gac
Asp
100

tgt
Cys

aag
Lys

gtc
val

tgg
Trp

aac
Asn
180

gtg
val

ctg
Leu

cac
His

agc
Gly

ccg
Pro
260

aga
Arg

Asp

ccc
Pro
85

acc
Thr

9ag
Glu

cag
Gln

ggc
Gly

aca
Thr
165

aag
Lys

gtg
Val

gtc
Val

cee
Pro

teo
Ser
245

gtc
Val

cag
Gln

Thr
70

aac
Asn

atc
Ile

agc
Ser

att
Ile

ttc
Phe
150

age

Ser

act
Thr

atc
Ile

Tttt
FPhe

aag
Lys
230

aac
Asn

acc
Thr

tga
*

Trp

cta
Leu

tgc
Cys

tgt
Cys

gct
Ala
135

tte
Phe

tgt
Cys

gat
Asp

ce
Pro

atc
Ile
215

cag

Gln

act
Thr

cag
Gin

Asn

999
Gly

acc
Thr

gtc
Val
120

aca
Thr

tce
Ser

gag
Glu

gtt
Val

atc
Ile
200

aaa

Lys

gaa
Giu

gt
Ala

gag
Glu

Arg

ctt
Leu

tgt
Cys
105

ctg
Leu

999
Gly

aat
Asn

acc
Thr

gtc
Val
185

atc
Ile

aag
Lys

cce
Pro

gct
Ala

gat
Asp
265

Glu

cgg
Arg
90

gaa
Glu

cac
His

gtt
Val

gtg
Val

aaa
Lys
170

tgt
Cys

ttc
Phe

gtg
val

cag
Gln

cca
Pro
250

ggc
Gly

Thr
75

gte
Val

gaa
Glu

age
Arg

tct
Ser

tca
Ser
155

gac
Asp

ggt
Gly

a99
Gly

gcce
Ala

gag
Glu
235

gtg
Val

aaa
Lys

His

caqg
Gln

ggc
Gly

tca
Ser

gat
Asp
140

tct
Ser

ctg
Leu

cce
Pro

atc
Ile

aag
Lys
220

ate

Ile

cag
Gln

gag
Glu

Cys

cag
Gln

tag
Trp

tgc
Cys
i2b

acc
Thr

gct
Ala

gtt
Val

cag
Gln

ctg
Leu
205

aag

Lys

aat
Asn

gag
Glu

agt
Ser

His

aag
Lys

cac
His
110

teg
Ser

ate
Ile

ttc
Phe

gtg
Val

gat
Asp
190

ttt
Phe

CcCa
Pro

ttt
Phe

act
Thr

cgc
Arg
270

Gln

ggc
Gly
95

tgt
Cys

ccc
Pro

tgc
Cys

gaa
Glu

caa
Gln
175

cgg
Arg

gee
Ala

acc
Thr

cac
Pro

tta
Leu
255

atc
Ile

His
8o

acc
Thr

acg
Thr

ggc
Gly

aag
Glu

ada
Lys
160

cag
Gln

ctg
Leu

atc
Ile

aat
Asn

gac
Asp
240

cat

His

tca
Ser

Met Val Arg Leu Pro Leu @ln Cys Val Leu Trp Gly Cys Leu Leu Thr

1

5

10

15

Rla Val His Pro Glu Pro Pre Thr Ala Cys Arg Glu Lys Gln Tyr Leu

RTA01/2168223v]

20

25

11

io

288

336

384

432

480

528

57&

624

672

720

768

816

834



Ile
Ser
Ser
65

Lys
Ser
Ser
Phe
Pro
145
Cys
Ala
Arg
Leu
Lys
225
Asp
Gly

Val

RTA01/2168223v1

Asn
Asp
50

Glu
Tyr
Glu
Glu
Gly
130
Cys
His
Gly
Ala
Leu
210
Ala
Leu
Cys

Gln

Ser
35

Cys
Phe
Cys
Thr
Ala
115
Val
Pro
Pro
Thr
Leu
195
Val
Pro
Pro

Gln

Glu
275

Gln
Thr
Leu
Asp
Asp
100
Cys
Liys
val
Trp
Asn
180
Val
Leu
His
Gly
Pro

260
Arg

Cys
Glu
Asp
Pro
B85

Thr
Glu
Gln
Gly
Thr
165
Lys
Val
Val
Pro
Ser
245

val

Gln

Cys
Phe
Thr
70

Asn
Ile
Ser
Ile
Phe
150
Ser
Thr
Ile
Phe
Lys
230

Asn

Thr

Ser
Thr
55

Trp
Leu
Cys
Cys
Ala
135
Phe
Cys
Asp
Pro
Ile
215
Gln

Thr

Gln

Leu
40

Glu
Asn
Gly
Thr
Val
120
Thr
Ser
Glu
Val
TIie
200
Lys
Glu

Ala

Glu

Cys
Thr
Arg
Leu
Cys
105
Leu
Gly
Asn
Thr
Val
185
Ile
Lys
Pro

Ala

Asp
265

Gln
Glu
Glu
Arg
90

Glu
His
Val
Val
Lys
170
Cys
Phe
vVal
Gln
Pro

250
Gly

12

Pro
Cys
Thr
75

Val
Glu
Arg
Ser
Ser
155
Asp
Gly
Gly
Ala
Glu
235

val

Lys

Gly
Leu
60

His
Gln
Gly
Ser
Asp
140
Ser
Leu
Pro
Ile
Lys
220
Ile
Gln

Glu

Gln
45
EFro

Cys
Gln
Trp
Cys
125
Thr
Ala
val
Gln
Leu
205
Lys
Asn

Glu

Ser

Lys
Cys
His
Lys
His
116
Ser
Ile
Phe
Val
Asp
150
Phe
Pro
Phe

Thr

Arg
270

Leu
Gly
Gln
Gly
95

Cys
Pro
Cys
Glu
Gln
175
Arg
Ala
Thr
Pro
Leu

255
Ile

Val
Glu
His
80

Thr
Thr
Gly
Glu
Lys
160
Gln
Leu
Ile
Asn
Asp
240
His

Ser



