_activation an

ANTI-PD-Li ANTIBODIES AND THEIR USE TO ENHANCE T-CELL FUNCTION Related Applications
5This application clai e benefit of priority under 35 USC 119(e) of U.S. Provisional Application No.
61/121092, filetﬁsadB L@ﬁgg%%%er 2008, the disclosure of which is incorpora{}eC /ﬁé%%%lﬂggf/l%ference in its
entirety. Field of the Invention 10This invention relates generally to immune function and to enhancing
1-cell function, including the upregulation of cell-mediated immune responses and to the treatment of T
cell dysfunctionahgispiders Baskasnuihf the:iRvedntien ShEosstimuiatianenbeBrevision of two
distinct signals to T-cells is a widely accepted model of lymphocyte activation of resting T lymphocytes
by antigen-presenting cells (APCs). Lafferty et at, d4ust. J. Exp. Riot Med. Sci. 53: 27-42 (1975). This
model further provides for the discriminatidilafsamlientiorion-self and immune tolerance. Bretscher et

at, Science 169: 107ids 1840249 ¢Q)inBretseherMborik. Md: 35 USA 96:185-9.96:(:829); Jenkins et at, J.

Exp. Med. 20,405, 302219 (987 The RImANSIANAk S AHOSH PS5 Signalfs ransduccd

through the T-cell receptor (TCR) following recognition of foreign antigen peptide presented in the
context of thé W6 FSTEEEMPS iR -complex (MHC). The second or co-stimulatory signal is
delivered to T-cells by co-stimulatory molecules expressed on antigen-presenting cells (APCs), and
induce T-cells to promote clonal expansion, cytolcine secretion and effector function. Lenschow et at,
25 Ann. Rev. Immunot 14:233 (1996). in tﬁ?@%&@ﬁé‘%ﬁﬁ%-stimulaﬁon, T-cells can become refractory
to antigel® stimulatidhis doyesiomelars arnefféctivenimmeufecties poh se sdnckfigrtheriinfayti@sult in
exhaustion orioigfiange te-foreigh ANUYERSiated TRSLSMRIRIWOSIENALRIBhGANDE &M
oversimpIific?}oi?rggclae%gﬂﬁseo}&esstrength of the TCR signal actually has a quantitative influence on 1-cell
ifferentiation. Viola et 30 at, Science 273: 104-106 (1996); Sloan-Lancaster, Nature
363: 156-159 (1993). Moreover, T-cell activation can occur even in the absence of co-stimulatory
signal if the TCR signal strength is highsMaseusptittantiyntbrcells receive both positive and negative
secondayy co-stimuylatary signals. dhg-saaulatian.ohstich positive aodingdativessigngls is critical to

maximize the hqst's_protective immune responses, while maintaining immune tolerance and preventing
autoimmunity™Regh W}g’%&t&na UK STy Raie Bge LSS ds Y S iIsaRGEHRBE el i btetance, while
positive signdislisromiote Fscell Aetifatidfrd\§hilE tReKinPIe) twolsigmatishbdbtsplbpdevides a valid
explanation fefe nEdaniyiRpN O WS NRS SN URBKRSIRAREIS BrayhamicRIssss 1and
co-stimulatory gignals £ Aa0.e PoX'Aed 18 ANI0EN RROSRACRI, o TN Meshanism of

co-stimulation Is o era[%eutlc intefest because the manipulation’o co-stimtilatory sighals has shown
to providd a FEaNE ) LitHEP e AHaNER26T Y8rphifi A8 EBIRIsaEEdirh i adese HeausrBedntly, it has been
discovered thatl Teapthbdyistan ilomop anengyooof tirsigo acigne phyi dvitheantdn dute doart: sistained

expression ofghg.inhibitanneeeRioLRIAg e teeathhPolvpeRtige (R R:ll ASAvgsult, therapeutic
targeting PD-1 inqio&her molelctules V\{hICIh _sgnal throu th interactions with PD-1, such as programmed
death ligand ¥ (PB-L T SRd BroGrammed dS3 iRy 2 B HRIST4Pe KH Area o iHtdN e interest. The
inhibition of PB4k dignatintg Hasebeermproposédasactinadnsd tBeenhimeeT collstimmunity for the
treatmerssof CARCRE( egmdtimarranundy) andinfestan, inducingiaoi) acdte andwehsepic (e.g.,
persistent) infgetion, However. a%AR9PHMA nerapewic diregled (9.2 argel indhis pathway has yet to
be commercialized, a significant unmet medical need exists. Summar e presentlalgclos_‘ure
provides for dREPBAPLHIEH 6 IRE PR Bding#hdeigRSacid encoding and compositions containing such

antibodies, and for Theisimgle toesinahcedtt-cell fonctondonlfieguidiecst inadiaigd dfitirune responses
and for the treesmentiobE.oehAvsiunstionsh disqrders inehidinginacion 8iti-Ackg,and chronic) and

tumor immunity. , . In one as c,;%% is provided an isolated heavy chain variable region
polypegg%]e tﬁzt%gg%ﬁ%@%fﬁ)ﬁs(ig _gll_(}fn&ancastez, ]%amre gﬁ 3,5?459 )(1993 . Moreover, T-

cell activation can occur even in the absence of co-stimulatory signal if the TCR signal strength is

high, More importantly, T-cells receive both positive and negative secondary co-stimulatory
signals. The regulation of such positive and negative signals is critical to maximize the host’s

protective immune responses, while maintaining imrmune tolerance and preventing autoimmunity.



comprising an HVR-H1, HVR-H2 and HVR-H3 sequence, wherein: (a) the HVR-H1 sequence is
GFTFSX1SWIH (SEQ ID NO: 1); (b) the HVR-H2 sequence is AWIX2PYGGSX3YYAD5VKG (SEQ ID
NO: 2); (c) the HVR-H3 sequence is RHWPGGFDY (8EO ID NO: 3); further wherein: X1 is D or Gf X2
iIsSorL; X3isTorS. In one aspect, there is provided an isolated anti-PD-L1 antibody or antigen
binding fragment thereof, wherein the antibody or antibody fragment comprises aHr{?SV% lch?_i'(l/ Sngza
light chain v <he e heay rlses an

a?\d HVR- HS?N %ﬁiﬁgﬁ%ﬁggi&g% qg(%l% %%%Sﬁ R-ALT ucﬁ}—/f\l} I—rrlbcthe Wﬁ%@%&u@%ﬁé"%equence
sequence is EEte SREN I ErSEWHINGD: Yhis Aw oy GESX8Y YADSVHGHSER IDWQ: is

RHWPGGFszpqsIE@nI&mzva)lwﬁﬁegms&amgﬂ%%ﬁ%%ﬁ IDNGs: 19 or S: X, may

be D or V; Xmay le;\{ag& {naly be S eForT, X_lO may be Y or A; X11 may beY, G, be
Y,N,A T, G Forl Xi# may be H, V'8 % %“"I’OSE‘”““

The mcchamsm of co-stimul atmn 1s of therapeutic interest because the manipulation of
co-stimulatory signals has shown to provide a means to either enhance or terminate cell-baged
tmmune response.  Recently, it has been discovered that T cell dysfunction or anergy occurs
concurrently with an induced and sustained expression of the mhibitory receptor, programmed
death 1 polypeptide (PD-1). As a tesult, therapeutic targeting PI>-1 and other molecules which
signal through inmteractions with PD-1, such as programmed death ligand 1 (PD-L1) and
programmed death ligand 2 (PD-L2) are an area of intense interest. The inhibition of PD-L1
signaling has been proposed as 2 means to enhance T cell imrmunity for the treatment of cancer
(e.g., umor immunity) and infection, including both acute and chronic (e.g., persistent) infection.
However, as an optimal therapeutic directed to a targct m this pathway has yet to be

commercialized, a significant unmet medical need exists.

Summary
The present disclosure provides for anti-PD-L1 antibodies, including nucleic acid
encoding and compositions containing such antibodies, and for their use i0 enhance T-cell
fuﬁcﬁon to upregulate cell-mediated immune responses and for the treatment . of T cell

dysfunctional disorders, including infection (e.g., actue and chronic) and tumor immunity,

In one aspect, there is provided an isolated heavy chain variable region
poiypeptide that specifically binds to PD-L1 .
comprising an HVR-H1, HVR-H2 and HVR-H3 sequence, whersin:
(a)the HVR-H1 seguence is GFTFSXSWIH (SEQ 1D NO: 1

(b)the HMVR-H2 seguence is AWIXPYGGSX,YYADSVKG (SEQ ID NO: 2y
(c)the HVR-M3 sequence is RHWPGGFDY (SEQ ID NO: 3);

further wherein_; XiisDorGy XsisSorl; XzisTor s,
In one aspect, there is provided an isolated anti-PD-L1 antibody or antigen

binding fragment thereof, wherein the
antibody or antibody fragment comprises a heavy chain and a light chain variable region
sequence, wherein;

(a) the heavy chain comprises an HVR-H1, HVR-M2 and HVR-H3, wherein furthar:

() the HVR-H1 sequence is GFTFSX,SWIH(SEQ 1D NO: 1)
(if) the HVR-H2 sequence is AWIX,PYGGSX:;YYADSVKG (SEQ ID NO: 2
(i)  the HVR-H3 sequence is RHWPGGFDY (SEQ D NO: 3}, and



In one aspect, there is provided an isolated anti-PD-Li antibody or antigen binding fragment thereof,
wherein the antibody or antibody fragment comprises a heavy chain and light chain variable region
sequence, wherein: (a) the heavy chain comprises the sequence: EVQLVESGGGLVQPGGSLRLS
CAASGFTESDSWIHWVRQAPGKGLEWVAWISPYGGSTYYADSVKGRFTI '- _
'SADTSKNTAYLQMNSLRAEDTAVYYCARRHVVPGGFDYVVGQGTLVTVS A (SEQ ID NO:20), and
(b) the li in.comprises the sequence: DIOMTQSPSSLSASVGDRVIITC =
RASQD\%@%@@\? KPBRR WﬁéﬁL&%@P@Qﬁ%ﬁh@s’@mmmha;
TISSLQPEDE@TYY%QQJ&M I1—| PSATF% GTKVFEIKR SE§ ID NO:21). In one embodiment, the
disclosure p Qyides[]&gr mﬁggtegf; SZan ecH:?\in e gTéﬁ@@E&id@coN@stsir&y; an HVR-H1,
HVR-H2 ana HVR-H3 segrence Sln: (@) Sl %}kn iNSBETPSXISWIH(SEQ ID
NO.1); (b),the H_\/R-.Hé se%uen,ce is AWIX2PYGGSXEFYADSVKE (SES INGISE: (dPthe HVR-H3
sequence IS Se ﬁbﬁ(ﬁééébsl B'NO3)S RS A ERKiIAS RLIS\D X5 BayX: ¥ Sronk; p@ iss or S. In
one specifillemBBEMRACKL DX 25V ahdPX B4y PalR anotber embesiment; thenpalypeptide further
comprises Parfabie fyiba hebvy ehdinframenor i sRquences juétapﬁ,?ﬁq?egyg\erq/ﬂ@e £ YB ’
accordingi&y theformala (HT-FR1)-(HVR-HI)-(HC-FR2)-(1-IVR-H2)-(HC- R3)-(I’:I\7R’-H3L)- '(36-FR4).
In yet another embodiment, the framework sequences are derived from human consensus framework
sequences. In ddunearspathatiinentptbedeanaevs saouanpes areidssagraHi Uk consensus

framewopk. n.a &t rﬂérrlig L P iment, at least one of the framework sequences is the following:
HC-FRI is EVQLVESG! %f\e%P ?I'_rhtEgCAAS(SEQ ID NO:4) HC-FR2 is

WVRQARGHKGLE W\ASEQYDINGNE)HE:FRGis RF HSAD THKN TAULMNSIRAERTAY YYEAR (SEQ
ID NO:6)dd6£MR4, isWe&RQGTLVTVSA(SEQ ID NO:7). 5 In a still further embodiment, the heavy chain

polypeptidg is fusthercambingdyvith.a.yatiakle regionJight chain ¢ rsi n - VR-L2
and HVWW@%@W%&&&;@?S@W&M% §%§5£<8§%§Z\§%%8§%5”¥§§%¢8

SADTSKNTAYLQMNSLRAEDTAVWCARRHWPGGFDYWGQGTLVTVS A (SEQ ID NO:20),
and '

(b) the light chain comprises the segquence: DIQMTQSPSSLSASVGDRVTITC
RASQDVSTAVAWYQQKPGKAPKWYSASFLYSGVPSRFSGSESGTDFRTL
TISSLQPEDFATYYCQQYLYH PATFGQGTKVEIKR (SEQ ID NO:21}.

In one embodjment, the disclosure provides for an isolated heavy chain variable region

polypeptide comprising an HVR-H1, HVR-H2 and FIVR-H3 sequence, wherein:

(&) the HVR-H]1 sequence is is GFTFSX,SWIH (SEQ ID NO:1j;
(b) the HVR-H2 sequence is AWDPY GGSX:YYADSVEG (SEQ ID NO:2);
{c) the HVR-H3 sequence is RHWPGGFDY (SEQ ID NO:3);

further wherein: X;is D or G; X,is SorL; X, is T or S.
In one specific embodiment, X, is D; X; is $ and X, is 'T. In another embodiment, the polypeptide further
comprises variable region heavy chain framework sequences juxtaposed between the HVRs
according to the formula: (HC—FR])-(I"TVR—HI)-(HC—FRZ)—(HVR—HZ)—(HC—FRS)»(HVR—HB}—
(HC-FR4). In yet another embodiment, the framework sequences ére derived from human consensus

framework sequences. In a further embodiment, the framework sequences are VH subgroup III

- consensus framework. In a still further embodiment, at least one of the framework sequences is the

following:

2a



(b) the HVR-L2 sequence is SASX9LX[0S,(SEQ ID NOs:9); 10(c) the HVR-L3 sequence is
QQX[IX12X13X14PX[sT(SEQ ID NOs:10); further wherein: X4isD or V; X5iS V or I; X6 is S or N; X7
iIsAorF; X8iSVorL; X9isForT; X10isY or A; X11isY, G, F,or S; X12isl,Y, For W; Xi3is V. N,
A T,G Forl; X14isH,V.P, Torl; X15is A, W, R, P or T. 15In a still further embodiment, XO, is D;
X5isV; X6is S; X7is A; X8isV; X9isF; X10is Y; X11isY; X12isL; X13isY; X14 isH; X15is A. In
a still further embodivret;stbe dightshaiciuireasampsisas yariable regigrylightiehgin framework
sequences juxtapq 1) , ording to the formula:

(LC-FR1)-(FIVR-L1 (-%(%gfll—éR"Z)s-%gg}ggggf%@g‘?FRB)-(HVR-13)-(LC-FR45$Fr?aII%mPfa}ther embodiment,
the framework seddentessdiE denPedrshi KRN toRdBRIYSIrAIHARAREQEBS¥SENCes. In a still

further embodimem¢thrftamewaonk sgquances are VL kappa | consens(ggérw@)r_k. In a still further
embodiment, at least one of the framework sequence is the following: LC-FRI is

DIQMTQSPSSLSASVGDRVTITC(SEQ ID NO:11) LC-FR2 is WYQQKPGKAPKLLIY(SEQ ID NO:12)
LC-FR3 is GVPSRISGSGSGTORTET ISSY GPE PR ATMAC{ SED DN dBY 25k GuiRi4 jsion

FGQGTKVEMRISEQIR NI rrenatherembedimeniz the dislosure provides an isolated
anti-PD-L1 antibody or antigen binding fragment comprising a heavy chain and a light chain variable
region sequence,&%@r@;ﬁr}ﬁgil SHIERYthé g%%ﬁp&%ﬁ ises and HVRRHR N®¥R:H2 and HVR-H3,

wherein further: 30bi) tieeiM¥R2HGsege erfeeSS.GRIFSX[SWIH;(SEQ ID(NQ: ) fipdlse HVR-H2

sequenge is AWLXRYGGRXI VAR W (S RPN 2)(iil) the HV{@@ : ;eis
RHWPGGFDY, and(SEQ ID NO:3) (b) the light chain comprises and FIVR-L1, HVR-L2 and HVR-L3,

wherein further: (i) the HYR-L1 sequence is RASQX4X3X6TX7X3A(SEQ ID NOs:8) 35(ii) the HVR-L2
sequence is SASXDBiixt 08srandfSEQ DWBSIOY or I; Xeis S or N; Xyis A or F; Xzis VorL; Xpis F

o T; Xyppis Yor A; Xpyis Y, G F,or $; Xpp s LY, For W; Xais YN, A, T,G, For ;
XuisH, V,P,TorL, Xi5is A, W,R,Por T.

15 Inastll further embodiment, X, is D; Xsis V; Xgis 8; Xyis A; Xgis Vi Xois F; Xig 15 Y3 X1 is Y, X1
is L; X151 Y; Xyais H; Xy51s A, In a still further embodiment, the light chain further comprises
variable region light chain framework sequences juxtaposed between the HVRs according to the
formula: (LC-FRDHHVR-LIWLC-FR2)-(HVR-L2}-(LC-FR3)-(HVR-L3)-(LC-FR4). In a still
further embodiment, the framework sequences are derived from human consensus framework '

20 sequences. In a still further embodiment, the framework sequences are VL kappa I consensus

framework. In a stili further embodiment, at least one of the framework sequence is the following:

LC-FR1 is DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO:11)
LC-FR2 is WYQQKPGKAPKLLIY (SEQ ID NO:12)
LC-FR3 is GVPSRFSGSGSGTDETLTISSLQPEDFATYYC  (SEQ ID NO:13)
25 LC-FR4 is FGQGTKVEIKR (SEQ 1D NO:14),

In another embodiment, the disclosure provides an isolated anti-PD-L1 antibody or
antigen binding fragment comprising a heavy chain and a light chain variable region sequence,
wherein:

{a} the heavy chain comprises and HVR-H1, HVR-H2 and HVR-H3, wherein further:

30 (1) the HVR-HI sequence is GFTFSX,SWIH: {(SEQ IDNO:1)
(1) the HVR-H2 sequence is AWIX,PYGGSX;YYADSVKG (SEQ ID NO:2)
(iii) the HVR-H3 sequence is RHWPGGFDY, and (SEQ ID NG:3)
{b) the light chain comprises and HVR-L1, HVR-L.2 and HVR-L3, wherein further:
_ (iy the HVR-LI sequence is RASQX XX TX XA (SEQ ID NOs:8)
35 | (if) the HVR-L2 sequence is SASXol.X0S; and (SEQ ID NOs:9)



(i) the HVR-L3 sequence is QQX11X02X13X14PX15L;(SEQ ID NOs:10) Further wherein: Xiis D or G;
X,isSorL; X3isTorS; X4is.DorV; X5iSVorl; X6isSorN; X,isAorF; X5isVorlL; X9is For
T; X10isYorA; X11isY, G, F,or S; X12is5L, Y.For W; X13is Y, N, A, T, G, For I; X14is H, V, P,
Torl; X15is A, W, R, P or T. In a specific aspect, X; is D; X2 is S and X3 is T. In another aspect, X4 is
D; X5isV; X6is S; X7is A; XsisV; X0isF; X10is Y; X11is Y; X12isL; X13is Y; X14 is H; X15is A.
In yet another aspect, Xl {giBhe¥2viR-S3anghotde s DO, i B X5PX VX6 is S;XF(swa8iig V; X9 is F;
Xi0isY; X11isY; X12isL; X13isY; X14 is H and X15 is A. 10 In a further embodiment, the heavy
chain variable region comprises one or more framework sequences juxtaposed between the HVRs as:
(HC-FRI)-(HVR-H I YR HV R §HE E R 85 XARH3y (R SERA prafidithe Vight: Shdin variable
regions compr|sessom\zpKm@peoﬁa;n@wwk)ﬁgqng@qeswx}apQsed;betwgwf@ HMIRS, a8; is

(LCFRU-MVR-L1) A CERAMYBIZUC TRV IR CRd) ng slurer

embodiment, the frémewo ces arée dérived umian consénsus fram ork’sequences. In
a still furtheFenprsifinEnEctng A éhaimdrEmework Bedyerved. ateidrived ok laff(ﬁbat subgroup |,

II, or Ill sequencas W & sklkFfurthervembrdiments thmnaavyscm’@m ﬂ@m%wqglya%qaﬁep%géca VI-|
subgroup Il ,cansesus WO bodiment, one or more of the heavy chain
framework s%qugh%ss |§f Hﬁéffo&’%@@% géﬁr%g %2#5@ MEHE PR X5 3
EVQLVESG"G@LW@@@@’QEREE@WRSWWRQAPGKGLEWV

RFTISADTSKNTAYLQMNSLRAEDLAVYYCAR WGQGTLVTVSA (SEQ ID NO:4) (SEQ 113 NO:5)

(SEQID NO 0:7). .In a still further bodiment, the light chain framework sequences are
derived fron4 Ma%?aﬁl\égif‘% i B sﬁbng‘%rb%%e&%nn%)énqlﬁsg %ﬁ YIRAS ERBBATRTEHESE light
chain framelmmpcseqbmggtmmsmm&}fﬂbﬁs{mmam@ww (HVR $1it) {trchER BAIDORIMent, one

or more of the)light ehaj ai{@mvg@{l&ﬁ%%ﬁ% 18%@J8HM@Q)11§9§1§01‘6%5§'\»’09{ ER%kFR3
LC-FR4 DIQMTQSPS LSASVGDRVTITC WYQOKPGICAPICLL

GVPSRFSEEERET BETER SSIOPEBEATY W\QECF@%%&%%@@%@@ ¥ NO:12)

(SEQ ID NQ33).(SEQ) I BNl fhkher embodiment, the framework sequences are derived from human

consensus framework sequences. In a still further embodiment, the heavy chain framework sequences
are derived from a Kabat subgroup 1, II, or IIl sequence. In a still further embodiment, the heavyc chain
framework sequence is a VH subgroup III consensus framework. In a still further embodiment, one or

more of the heavy chain framework sequences is the following:

20
HC-FR1 EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO:4)
HC-FR2Z ~ WVRQAPGKGLEWV (SEQ 1D NO:5)
HC-FR3 RFTISADTSKNTAYLQE\&NSEJRAEDTAVYYCAR (SEQ ID.NO:6)
HC-FR4 WGQGTLVTVSA {SEQ ID NO:7).
25
In a still further embodiment, the light chain framework sequences are derived from a Kabat kappa §, II,
II or IV subgroup sequence. In a still further embodiment, the light chain framework sequences are VL
kappa I consensus framework. In a still further embodiment, one or more of the light chain framework
sequences is the following: '
30
LC-FRI PIOMTQSPSSLSASVGDRVTITC (SEQ ID NO:11)
LC-FR2 WYQQKPGKAPKLLIY (SEQ ID NO:12)
LC-FR3 GVPSRFSGSGSGTDFTLTISSLOPEDFATYYC (SEQ ID NO:13)
LC-FR4 FGQGTKVEIKR (SEQ ID NO:14).
35



In a still further specific embodiment, the antibody thither comprises a human or murine constant
region. In a still further embodiment, the human constant region is selected from the group consisting
of IgGl, 1gG2, IgG2, IgG3, 1gG4. In a still further specific embodiment, the human constant region is
1gGl. In a still further embodiment, the murine constant region is selected from the group consisting of
IgGl, 1gG2A, 1gG2B, 1gG3. In a still further embodiment, the murine constant region if IgG2A. In a still

further specific ambodisnent; toeantiaady, hastaskicad-arvinimal effector function. In a still further

specific embodimeﬁt the;1 rp{i igljgl %%eactor function results from an "effector-less Feé mutation” or
r

aglycosylatioir Th stiff &' furher & MRS te e eSS PRt il et i reodhegom powsisting
D265A1N29% Aestivistittitieriin'zhe. égfstamt relyiorthaGheott enbitiercembobimentsihendisglosyre
provides forlgﬂlafh&iﬂ%gi)lﬂﬁhﬁéﬁﬂ%%ﬁiﬁﬁﬂl}ﬁﬁ%ﬁ@i@e Q%Y%&Q@J%H%Q@cﬂ&*ﬂ&#ﬁlg Vé‘&iaaa%'r%ié : i%’%
sequenge, wherein: e chain further comprises and HVR-H1, HVR-H2 and an -H3
sequenge r:lyd[\%e r{?%r}%‘{fegég%r%%%q u%r%égﬁll&tjeﬁr%?ff %@Eﬁ%@%@ﬂﬁ?%ﬁ@?ﬁ%@i@%@A- I a

AWISPY GG DB S ISEdnerNG: 18P atidh REIP G GRDYIN S (SEQ DuiNG:3) Irespictively, or (b)

the light chafisrfidrtipes; coerpiaascante MRk, iR rls2amnsh adiVRhH 3Seaence having.at least 85%
sequence identity to RASQDVSTAVA (SEQ . ID NO:17), SASFLYS (SEQ ID NO:18) and QQYLYHPAT

(SEQ ID NS Fag5echvely S50 i Wik cmodmptaifnettaos saqiemeisige iy N 15890087%, 88%,
89%, 90%, D164,\9F 20804611840, 18 B%c @60 B:£¥n.98%, 99% or 100%. In another embodiment, the

heavy ghain varialge, tegion & QIRISES.0NR LMAR %@?&éé’%&ﬁ%ﬁ%%.%ﬁb@'ﬁf %}fﬁx_t,'%g’ﬁsed between the
HVRSs as: (HC-FR1)- (HVR-H1)-(HC-FR2)-(HVR-1-12)-(HC-FR3)-(HVR-H3)-(HEFR4), and the light
chain varialSEREGIBRa kginshaReuhelishiHsia reaabsipressuenceseitposed between the FIVRs
as: (LC- 25FR1)-(HYR-Lth) Ly R firiMRe b)Y (1S -aRBYRHVIRHE) -H2GridR4HrIR yet another

embodiment, the framewgseaugAGes ks JereA I UMan cansensus fiamengrk sequences. In
[ 0

a still further embodiment, the heavy chain framewOrk sequences are derive Kabat subgroup |,
11, or 11l sequence. In a stiPfirhePEmBimEnt ARE e Gy R AN Rt rerRIER RS HERYis a VH
subgradp Il consensus fisEgawork. y) @sptidtifeiher embodiment, one or more of the heavy chain

framework 30sequencesiis the following: HC-FRIEV : VOPGGSLRLSCAAS(SEQ ID
NO:4) HC-FR2WVRQ AF; é Eléﬁ_clng\ﬁég‘géc?g%&gs&n%\ﬁ%%%LLEQand an HVR-L3 sequence

HC-FR3RFTISADTSICNFAYE @ ISP RAFEFTAGerTAR RSEQPITS RO/8)(85Q ID NO:17),
HC-FRAWGQGTLVTVSASEQ IO H)NO:18) and QQYLYHPAT (SEQ ID NO:19), respectively.

20 In a specific embodiment, the sequence identity is 86%, 87%, 88%, 89%., 90%, 9.1%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100%. In another embodiment, the heavy chain variable region
comprises ome or more framework sequences juxtaposed between the HVRs as: (HC-FRI >
(HVR-E1)-(HC-FR2)-(HVR-H2)-(HC-FR3)-(HVR-H3)-(HC-FR4), and the light chain variable
regions comprises one or more framework sequences juxtaposed between the HVRSs as: (LC-

25 PFRI-(HVR-LI F(LC-FR2)-(HVR-L2)-(LC-FR3)-(HVR-L3)~(LC-FR4). In yet another embociinient,
the framework sequences are derived from human consensus framework sequences. In a still
further embodiment, the heavy chain framework sequences are derived from a Kabat subgroup I, II, or
HI sequence. In a still further embodiment, the heavy chain framework sequence is a VH subgroup I
consensus framework. In a still further embodiment, one or more of the heavy chain framework

30 sequences is the following:

HC-FR1 EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO:4)

HC-FR2 . WVRQAPGKGLEWV (SEQ ID NQ:5)
HC-FR3 RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR  (SEQ ID NO:6)
35 HCFR4 WGOQGTLVTVSA (SEQID NO:7.



In a still further embodiment, the light chain framework sequences are derived from a Kabat kappa I, II,
[l or IV subgroup sequence. In a still further embodiment, the light chain framework sequences are VL
kappa | consensus framework. In a still further embodiment, one or more of the light chain framework
sequences is the following: LC-FR IDIQMTQSPSSLSASVGDRVTITC(SEQ ID NO:11)
LC-FR2WYQQKPGKAPKLLIY(SEQ ID NO:12) LC-FR3GVPSRFSGSG SGTDFTLTIS
SLQPEDFATYYC(SEQ ID NO: 13) 10 LC -FR4FGQGTKVEIKR(SEQ ID NO:14). In a still further
specific embodi [ f ' r.murne: stant.region. In g still
Firher ombiden The Faman e o o e hg doe e Sl T 6,
19G2, 1gG3, 1ok Fbseun fertarsfrefit! Sl ambanintne e fskhcbondiamt redisrretsigel in a stil
further embbdipaénbpthesum Grinevcohstaatid gigheis:slelited from dheogr ot consistingrahlgioi: IgG2A,
19G2B, ggGCS’,é Inﬁ%csstiilbl Iﬁg&k&ﬁr elrlpcbodiment, the murine constant region if IgG2A. In a still further
specific emboqéllment, the an(fi\i‘c’)oay has reduced or minimal effector function. In a still further specific
embodiment the minimal effector function results from an "effector-less Fc mutation”  or

aglycosylatiop.Agstill a foytyerrervaaimnentsieaffector-less Fc mutat'tggdsfﬁﬁhglg%?A or
20D265A1 substitytjon i nstant region. In a still further embodiment, the disclosure
T Slated an BRLL G

provides for an isolated a y comprising a heavy chain@Rd IaPIREﬂ't%hain variable region.
sequence, Whdiin: (@Y & heavy S HE Betjtighaetiaatigast 85%saeyexcel Klentity to the heavy
chain sequqm:ggEVQLV@@%@g@ﬁGGSLRLSCAASGFTESDSWII&% RS GKGLEWVAWIS 25
PYGGSTYYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARRHWPGGFDYWG

QGTLVTVSA (SEQ ID NO:20), or (b) the light chain sequences has at least 85% sequence identity
to the light dhainlségienpeciBi @MTQRSRSGE SATN GRRATITGRASQRYS LAYMMYQRAKRP GICAPKIIly

SASF LYSGVRS SSGTDET PEDFATYY GQOYLYEIPATFGOGTKVEIKR (SEQ ID
30NO:21). ggg@fﬁ%ﬁﬁﬁﬁﬁﬁgﬁﬁé i&er%?’“ s %%%7’0%%% BSOR588,, 9106,

929%, 93%, i 9894, W%,I@%%%%I&%D%‘?Céﬁ%%gh@rné?ﬁ@afdiwmn@h@agﬂy@hain
variables redisi cormptibésdaeobaiprenframewbrcsequeness jldsapesathheiwseniba VRS AS:
(HCFRL)- (R A e B2V R HAY (HFRAIANR- HELH ERA, and e ig chaln 35 |
variable reqi ~omprises one or mor% framewaork sequences juxtaposedI bé&tweert the HVRs as: WO
2010/077 G%Q%QI%%EE &6@@%%%&%@ the antibody has reduced or minimal effector function. In a still
(LC-FRI)-(EWriet spe¢ific rRodigian B Rinih € SHRB): (iRl 83(kCrirka) Jefiyetanatherambadiment, the

framework sequiences are deriyed from human.consensus framewark sequences. In a further
embodiment, tr%{eg he$av§/ ch§§1 :%rlarﬁe{:\l?\%}&r es}élq%'aeﬁ%]eté are darived Trofm & Rabalf Sigtotd 9711, or 11

sequefte. Al tdrthertsipiendinctrEapEagyEhain framework sequence is a VH subgroup Il
consensus framewnukstiinfarsiill fuehenem bedisrbtironevelavoransshehaavychaimframework

comprising a heavy chainand a light chain variable region sequence, wherein:
(a) the heavy chain sequence has at Jeast 85% sequence identity to the heavy chain
sequence: EVQLVESGGGLVQPGGSLRLSCAASGFTFSDSWIHWVRQAPGKGLEWVAWIS
25 PYGGSTYYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYY’CARRHWPGGFDYWG
QGTLVTVSA (SEQ ID NO:20), or
{(b) = the light chain sequences has at least 85% sequence identity to the light chain
sequence: DIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIY SASF
LYSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYLYHPATFGQGTKVEIKR (SEQ ID
30 NO:21). '
In a specific embodiment, the sequence identity is 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%. In another embodiment, the heavy chain variable
region comprises one or more framework sequences juxtaposed between the HVRs as: (HC-
FR1)-(HVR-H1)-(HC-FR2)-(HVR-H2){HC-FR3)-(HVR-H3)(HC-FR4), and the light chain

35 variable regions comprises one or more framework sequences juxtaposed between the VRS as:



sequences is the following: HC-FR1EVQLVESGGGLVQPGGSLRLSCAAS(SEQ ID NO:4)
HC-17122WVRQAPGKGLEWV(SEQ ID NO:5) 10 '
HC-FR3RES B TEANITAYLQWINISLIZAEDTAVYYCAR (SEQ 10 NdJ 8y 00/067104
HC-17RAWGQGTLVTVSA(SEQ ID NO:7). In a still further embodiment, the light chain framework

sequences ane: derived:fram- s Kabatkappad,HR3envivisyhgroup sequenee:. Imaustill further

embodlmegt, mlenltlgmec%am framework sequences adrefr\({& gﬁfn?a I consens%s framework. In a still

4
further embodimant, Snd Brare OrtiEfight ehain framework S8q8RERY s TRBFBISwiRgcnces:  In a

LC-FRIDIIEQSPSSISA SHGRRY THRG( SEEr 1OrN by ¢S - FR AW YQ GRRGK AR 1ubg(SEQ. I, or
NO:12) 20 ls€aeR3G\HP 5BEIS@S@§@J@EH@§E]S&%@%IY%QQ§EIQ é@llN@el%) a VH subgroup III
LC-FRAEGQCTKVEIR(SEQ IBNOLLA, In st her specif cmbodiment, the gntibody further
comprises a human or murine constant region. In-a stifl further emboaimient, the nutman constant
region is*&SIEEEE Y 6/ E Sroup consisting of IgG 1 , 19G2, 1902, 1gG3, IgG4. In a still further specific
embodiment, the human constant region is IgG 1. In a still further embodiment, the murine constant
region isggelgeted fropy the gsaupconsistingekiaGd, 19G2A, 1I9G2BHIgG3 Iy a still further
embodiment, the murin nstant region if IgG2A. In a still further specific embodiment, the antibody
has reduded of mini%\%@%%%é@%%%%on.ln a still further specific@%\%gaﬁgé%t, the minimal effector
funéfion FESEHRS from PrétETGHIT prokaroticRess A BxsiNFurtheEgpeeificcembodiment the minimal
effector function results:fromwanveffector-less Fc mutation” or aglyegsyaten. In still a further
embodiment, the effector-less Fe mutation is an N297A or D265A1N297A substitution in the constant
region. In a still further embodiment, the disclosure provides for compositions comprising any of
the abov& deSERTEH S M PaR oI F bR R witH SR et o AR pth A ce Jtidaikappa 1, 11,
35acceptabie BarsideroVy Q040407 16 34 R0 THlhE20094066004he lighh ahstill frurthenembadine nipdhe
d'sclosurﬁapggwaﬁ&ﬁarsI§9!@4@Qﬂeul%'&ia@a%&l9&9&%&{9&%@%&95&@@@1{%&39@&5}4@%@9 re21011

sequence of an antj-PD-LI antibody, wherein: (a) the heavy chain further comprises and HVR-H1,

HVR-H2 SR RS e

LC-FRI DIOMTQSPSSLSASVGDRVTITC ) (SEQ ID NO:11)
LC-FR2 WYQQKPGKAPKLLIY '  (SEQ ID NO:12)
20 LC-FR3 GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ ID NO:13)
LC-FR4 FGQGTKVEIKR (SEQ ID NO:j4).

in a still further specific embodiment, the antibody further comprises a human or murine constant
region. In a still further embodiment, the human constant region is selected from the growp consisting
of 1gG1, 1gG2, 1gG2, 1gG3, 1gG4. n a still further specific embodiment, the human constant region is
IgGl. In a still further embodimeﬁt, the murine constant region is selected from the group consisting of
IeGl, 1pG2A, 1gG2B, 1gG3. In a sull further embodiment, the murine constant region if IgG2A. In a
still further specific embodiment, the antibody has reduced or minimal effector function. T a sill
further specific embodiment, the minimal effector function results from production in prokaryotic cells.
In a still further specific embodiment the minimal effector fenction resuits from an “effector-less Fe
mutation” or aglycosyiation. In still a further embodiment, the effector-less Fo mutation is an
N297A or D265A/N297A substitution in the constant region.

In a still further embodiment, the disclosure provides for compositions comprising any of
the ebove described ant-PD-LI antbodies in combination with at ieast one pharmaceutically-

35  acceptable carrier.



sequence having at least 85% sequence identity to GETESDSWIH (SEQ ID 5NO: 15) ‘

AWISPY %§ Y@P?VKG (SEQ ID NO:16) and RI-IWPGGFDY 65%&%%9;0? ) spectively, and (b) .
the light chain further comprises an HVR-L1, HVR-L2 and an 1-IVR-L3 seéquence avmg at least 85%

sequence identity to RASQDVSTAVA (SEQ ID NO:17), SASFLYS (SEQ 1D NO:18) and QQYLYHPAT
(SEQ ID NO:19) retpértheenbodimpntatispésificiembodisdot i thesbqunce it eniiting 86%, 87%, 88%,
8996, 909939 92%e-93 %0 9% 95% 6% 97%s 98%29Y3 25:A00%6, 4. gmbodiment, the heavy

chain variable reglon com |ses one or more framework seﬁuenceﬁéuxt osed between the HVRs as:

(HC-FR1)- (HVR-H1 AN BRI &hd the light chain variable
regions comprises oﬁ@@mmb?erﬁa?ﬂ@w&%%mw@mé@wxﬁaﬁﬁméﬁﬁé@ﬁ@@ EIVRs as: (LC- FRI

)-(HYR-L1 )-(LC-FR2)et iy RobrBptt & ER3 MEtVRA B1(LE &R 4 by etanetbenembodiment, the
framework sequenc @Eadc%) g\ézq_efr%g& Qyman consensus framework sequences. In a further
embodiment, the hea ain framework své uences are derived from a ICabat subgroup I, II, or llI
sequence. In al&till fd%@%ﬁb@ﬁh@ﬁ?@h@ﬁé‘&@f&%W@WR@&EM@%@@M 1 subgroup IlI

consensus frameworkvif; a: il kpthernesmbagiment, ongoV BTN Ofshe heawy ghain framework
20seduences is the olowing e ERIENRNNESEGIQBAGSLBLSGARSIRRR 1D NO)

HC-FR2WVRQAPGICGLEWV( R o o1 .,
HC- FR3RFTls&bargP@ﬂ%W‘@f\im@LQ}AEEWWVE‘?AW(SE@(D Rp6FDs. 89%, 90%, 91%, 92%,
HCAFRAVQQGET N TVBA(SEQ I8 IND Y Jr el stith kmtlvdmembbd inentsithe tight ehegiviramework

sequencgomﬁ@eg%ﬁe/%@&mmmﬁz L@,qg@és u&r%éa/b%u@a%ow $RAUENCE A Slill further
embodiment, th ht chain framework sequence | consensus framework. In a still
Farther OB TR e R A Ao B0 R following,

LC-FR1 AW TOSRS SRS ASVE TRVEMTE (SEOHD NOP1X SRR WY DOKRGRAPKELIY(SEQ ID

NO:12) ECrFRBGMRSRESEHG BRI DRTUHSSIIPREDEATY-FMG(SEQ I Nt 13)other  embodiment,
the framework sequences are derived from human consensus framework sequences. In a further
embodiment, the heavy chain framework seqﬁences are derived from a Kabat subgroup I II, or III
sequence. In a 'still further embodiment, the heavy chain framework sequence 1s a VH subgroup HI
consensus framework. Ina still_ further embodiment, one or more of the heavy chain framework

20 sequences is the following:

HC-FR1 EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO:4)
HC-FR2 WVRQAPGKGLEWY (SEQ ID NO:5)
HC-FR3 RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR  (SEQ ID NO:6)

25  HC-FR4 WOOGTLVTVSA (SEQ ID NO:7),

In a still further embodiment, the light chain framework sequences are derived from a Kabat kappa 1, IL
II or IV subgroup sequence. In a still further embodiment, the light chain framework sequences are VL
kappa I consensus framework. In a still further embodiment, one or more of the light chain framework

30 seguences is the foilowing:

LC-FR1 DIOMTQSPSSLSASVGDRVTITC (SEQ ID NC:11)
LC-FR2 WYQQKPGKAPKLLIY (SEQ ID NO:12)
LC-FR3 GVPSRFSGSGSGTDFTLTISSLOPEDEATYYC (SEQ ID NO:13)

35  LC-FR4 FGQGTKVEIKR (SEQ ID NO:14).



35 LC-FRYBGATHKMEIKR(SEQ ID NO:14). WO 2010/077634 PCT/US2009/067104 In a still further
specific embodiment, the antibody further comprises a human or mtﬁﬁ%%ﬂ?ﬁéﬁli’égion. In a still
further embodiment, the human constant region is selected from the group consisting of IgGl, 1gG2,
1902, 19G3, IgG4, In a still further specific embodiment, the human constant region is IgGl. In a still
further eMb8difentths rsrifie comstimtragibn iscseteiptetfiem dhe,graun, cegsisting of RGI, IgG2A,
. . . . . . ng ° constant
IgG2B, Igfgisrln anstillsfurtherershodiment, the muripe gonstant region if IQGZA. In a still farther .
specific %W%Qfdﬂml%?tz t %?r?tll&?d)fﬁ?: s reduced _or minima effreaor fintSted Rt fuermer Speoiies
embodiment. the minintal effector fahctioR Fes?&ﬂsffFE}fﬁTp%ﬁﬁ@ti@nhpﬂpn@kar&mtim&swﬁsmtmg%ghgr
specific &fodifhéntthéurtirirmet elfector functivhesulis:froraan efiectog-less Pe.m utation” or.
aglycosylgtinnidnzstiiigsfurtherembodingntsthe. effector-less Ec mutation is an N2O7A or *nestme of
D265.A1N297A,substitution in the constant region oA st raPREr SRTSGE TR tiE laGteic Beid
further comprises a vector Suttabre 1or @?plﬁé’ggﬁﬁh ofthesirgéionodendodiigianyreftae prayiqusly;
describetf4ifti-FEAEt anfibbdiesirta stilbiurtherspeciiic:embodiment.the yesiar further comrises a
host cellisuiiabie farexpegssien Sfhenucleic %ﬁgm{w& aegeigtgqr%speci ic embodimelﬁﬁ A Co§f3&%ll
is a eukaryatic cell or gogrgﬁc?nryptlc_ ell, In a still further specitic eB8diTE, fFrtedRarBtotetssk
mammalian cell, SUCH a8 ChilieSet A HEFIHRRIfEO e effetivaisstiFduntheroambediment, the ’
disclosur® pré¥idEs férsabpiotess ot makiagrananti-PDLI antibody or antigen binding fragment thereof,
comprising cultdring dlhasteelb-apstaining K0nuclel ' oding any of the previously described
anti-PD-l,} aptibpdies ogc%ntieaceo -bindin %r?ggﬂentﬁ %8%%&@%“% rl@?géﬁ preddiot EhitdPconatisns:
suitable to produce such antibody or ffagMient; ariiFté¥tVerits thedartiboty-of framinant,  1n png
aspect, tprgﬁ?ﬁssﬁ%\%e?&@@&%o%wmﬂpﬁgﬂmgth@x@ﬁi'bsPIQ-hbﬁn@b@d%ggb%ltiggne@peggg fragment
as defineddboveiandiatlesst ﬂﬂﬁ@k@g@;ﬁ@%@%ﬂéﬁc%@gg@ ggﬁrigr. 25In a still further em oogimént,
the disclogyre, proyides for an-article of m?géga%ure comprising a contgiﬁg’ﬁéﬁ?ﬁ&?ﬁ% gthierapentitally
effective amount of a composition disciosed R&re ARuCaEl e Raganiiee celhdicating risesfor the
treatmerﬁaﬁ*ﬁ&ﬂ@&@éﬂ(@@hnctional disorder. In one aspect, there is provided an article of
manufacture comprgiriythe atmiesitioheassdefisesrahouaand ateast one chemotherapeutic agent.
In one agpeglythere is provided a%aartigrlls f manufacture comprising the coﬁﬁposﬁiopﬂ3 as defined
abqve, and at least one B 7-tamily COStUMSTSHy MBIRe cuinrig eresasgectythiers is provided an
artidle of FEHURC e B8 Sifg theieathpbsition astefined.aboye andLatleashppe antibiotic, In
one aspéetitireieidoprovided ancasticie of manwiagtiye ComRrising the cghrﬁagosition as defined above

: . preduce so abody or
an_d at |Qﬁ§hﬁﬂ?aﬂ@%m%ng the antibody or fragment.

In one aspect, there is provided a composition comprising the anti-PD-L1

antibody or antigen binding
fragment as defined above and at least one pharmaceutically acceptable carrier

25 - : ' scture cor
In a still further embodiment, the disclosure provides for an article of manufacture comprising a
container enclosing a therapeutically effective amount of a composition disclosed herein and a package

nsert indicating use for the treatment of a T-cell dysfunctional disordef.



In one aspect, there is provided an article of manufacture comprising the composition as defined
above. In a still further embodiment, the disclosure provides for an article of manufacture
comprising any of the above described anti-PD-L1 compositions in combination with at least one
BNCA molecules. In one embodiment, the BNCA molecules is an antibody, antigen binding antibody
fragment, BNCA oligopeptide, BNCA RNAi or BNCA small molecule. In‘another embodiment, the B7
negative costimUlatats niofect Iy délettas frofmtne GroupooonsistingofooTdsivh & By ® Bivb and
PD-Latﬂslpﬁmmaﬁ%ﬁua@mt In a still further embodiment, the article of manufacture
comprises any gfd described anti-PD-L| compositions in combination with a

chemother é)eutic %gpég#ﬁlléf% %??_ reor\ﬁg% imen ?etﬁ’é %ﬁﬂ%ﬂ%@réﬁ%ﬁﬁ'@&é@?@g@ﬁgﬂa@i&@md above, In a
still fuﬁ%eartiﬁi}b?ﬂﬁr% s iHe HidriemeTevides for an article of manufacture comprising any of the

above describegtientiesB Dkt apibodies B-¢amPinat ' . more agonists o osjtive
costimuatory, malegule. In one embodiment, a posit%%cggﬁ%ﬁf a(%l(r)1 tgrﬁg ecule 197 %Eﬁ?ﬂﬁ?‘“’e and
costimulatory molecule. In another embodiment the positive costimulatory molecule is selected from
the group consTEiA B> EB2B PeDET. CBEE:ICBSITCOSE dryatianatherambadi menkthenositive
costimulatoopmetecule is a TNFR family costimulatory molecule. In a further embodiment, the TNFR
costimulatorynr&ggg%g&-i& Selected £{r? rm the %rqfup consisting of: 0X40/0X40L, 4-1BB/4-1BBL,
0D27/0D27L, CD30/CB30L and RVERATEH T Bt &siimecmagtierits, coomssitiots:adefiagohist.
antibodies th&redf. _Stfﬂ Infarétit furthedimmbodiment; dheseisclasiig.proyides for g%‘%rtl(.:(!? of St
manufaeiiengonmprisiTg @ay shibe cﬁ?&%"ecﬁe&ﬁﬂpﬁﬁﬁm'f%'—ﬂ antibodies in combination WRABRE B
more Q‘NH@OE%%CLH one m&odimgnt_, the antibiotic is sefected Tidh the %ﬁﬁ“%ﬁsi%ﬁg of deasantizwiral
agent_ anti-bacterial agent, Anticting T Srefite SAt plotastamegintn andhcapotherembedinent g,
anti-v#%@érﬁ@ée?@é?@@fmﬁw ooBisistingaf revesse thanseriptassinhioitors protease
inhibitﬁr@ﬁmegﬁaz&eiﬂhﬂpm@ﬁmgggggﬁigpﬂ%@Q@%&sb nl;lgsturgti?n inhibitors, viral rlease mﬁibitors,
immupgnﬁsg%\%“ %la%e{% 4anti-viral synergistic en%an%gl-&&Eéiﬁ‘e@h’eﬁ@tﬁelagonists and herbal
therapies. In yet another émbodiment, the combination comprises one or more categories of anti-viral
agents. In a still further embodiment, the disclosure provides for an article of manufacture comprising
any of the above described anti-PD-LI antibodies in combination with one or more vaccines. Ina
still further embodiment, the disclosure provides for a method of enhancing T-cell function comprising
~ administering an effective amount of any of the above described anti-PD-L1 antibodies or
compositions. In one embodiment, the anti-PD-L1 antibody or composition renders dysfunctional
T-cells non-dysfunctional. In a still further embodiment, the disclosure provides for a method of
treating a T-cell dysfunctional disorder comprising administering a therapeutically effective amount of
any of the above described anti-PD-LI antibodies or compositions. In one specific embodiment, the
T-cell dysfunctional disorder is infection or tumor immunity. In another embodiment the infection is
acute or chronic. In another embodiment, the chronic infection is persistent, latent or slow. In yet
another embodiment, the chronic infection results from a pathogen selected from the group consisting
of bacteria, virus, fungi-and protozoan. In a further embodiment, the pathogen level in the host is
reduced.



WO 2010/077634PCT/US2009/067:104 In a still further embodiment, the method further comprises
treatmensrovidm@cvacgine.In a still further embodiment, the method frrthes:6emprises treatment with an
antibiotic. In a still further embodiment, the pathogen is a bacteria, and the method further comprises
the adminstra&ion oflfan %}r%tiba%terial agﬁnt. lnla still further embodiment, the bacteria is selected from
the group condisting oF MR COBALTRIGNT & AP & AT ARREE 5 Rs RS S TS tPEPtbcoccus spp.,
Haemoghitisespp; Nieidserim sppnskife baisiizspp wiBorreliersppraBastedoidesifragillis, Treponema
spp., ardnbielivebadterhpyishctapaustiigntherembgdiment, the pathogen is a virus, and the method
further comprises the mdminigtratianeof an et akagantssa-stifl-itaer smbadiment, theVirys ig .
selected e group isting. of:hepatitis -B, .- rpes.simplex virus-l,-1l, human
immunoé%%%éﬁ% gﬁ?us?%ﬁ i céi})t%vr%e%eép géﬁajs?ﬁﬁ%gf%?n éﬁ?ﬁo\%%s,zﬁuﬁﬁ?% B RO SlirGee Him&Rrs
lymphotfEPHIE vitu8eROSIELVE | CRpaFaieny GatkeT-a SHIl oetisebefhibadimeansitive pattiogeris adengess
and the methoghfilstherscampeisesithe.ad ministratiosr obarami-fingal agers Inastillifuwihenolecule is

embodimafedne ASAIEIek. I3, Selacier 1o M arou 60RsIRHNg. of: ASBEIOIaRIS, BIaSY GBSt en

candidiasisalbicans,coccidioiodmycosis=mitts, histoplasmosis,paracoccidioiomycosis,

~ microspBfidiBETR acSHRIEY eRstitneit, the PAthoddRils cpratoRsen, aneluwremettiod furfrre:
comprisestivEnad min Sikton ofainantrpletdzoanlagehicmanhstittdur thesiembediment, the disorder is
selecte r consisting of: lei iasis, plasmodiosis (i.e., malaria), cryptosporidiosis,
toxoplag)ngg(g%%%%);%ag)ﬁqogs%%?ggé’, gﬁ%g@?n%?iiﬁ)gﬁ&l‘s ,a}ﬁc%%’&‘ﬂ%?e PRLSRIRREfrom nematodes
(e.g., schistssbnsiasiyiceastetast @iodssiprsebecosis) and nematodes 70(e.g., trchinosis, ascariasis,
filariosis and strongylotiogigher erbbéistill futheiandodimeatithe Toceldysiunctiohahdisokdes is

tumor ingRuniy, In.@, Pt fuethgr embodiment, theFPiLL anibady,or compasition is combipeg yith a
treatment regimen further comprising a traditional therapy selected from the group consisting of:

radiatioA tHETARy, R RBHTBRRSIESY: (s Gl This g5 SR Bt EraD S RS P tAeEXBY. angiogenesis
inhibitioreandpoathativie eane, dnidustil fvrthentspedficembodiment, the chemotherapy treatment is

selected from the graiip cansistig of.aemclialing sy clonbrsRhamide idoxREUbICi RagNtR Cleverse
cisplatin. In a still further specific embodiment, the tumor immunity results from a cancer sele Ll()a,d from

the grot eSEing UrPBFEa st TEG Col SR B0 an 58S om A  BikGaer Ridney  livdrs Saliv ARy o1ors
stomachaghiaioas, ithyreid, thymic, épitheliahihiwad amdmeck camoers, gabtricsrandapaneréaticreaster.
30 Briefe@l%l@ﬁ@&ﬁ&{hﬁﬂ@%&gés and herbal therapies. In vet another embodiment, the combination

comprises one or more categories of anti-viral agents,

In a still further embodiment, the disclosure provides for an article of manufacture
comprising any of the above described anti-PD-L1 antibodies in combination with one or more
vaccines.

In a still further embodiment, the disclosure provides for a method of enhancing T-cell
-function comprising administering an effective amount of any of the above described anti-PD-L1
antibodies or compositions. In one embodiment, the anti-PD-11 antibody or composition renders
dysfunctional T-cells non-dysfunctional.

In a still forther embodiment, the disclosure provides for a method of treating a T-celi
dysfunctional disorder comprising administering a therapeutically effective amount of any of the
above described anti-PD-L1 antibodies or compositions. In one specific embodiment, the T-cell
dysfunctional disorder is infection or tumor immunity. In another embodiment the infection. is acute or
chrogic. In another embodiment, the chronic infection is persisient, latent or slow. In yet another
embodiment, the chronic infection results from a pathogen selected from the group consisting of

bacteria, virus, fungi and protozoan. In a further embodiment, the pathogen level in the host is reduced.
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Figure 1 is a graphical illustration depicting custimulation of T-cells by the B7 family of cell surface
moleculeso 3&0/0776Bgure 2 is a schematic showing the experimentalhdesign,af-the PMEL/B16 T-cell
stimulation assay. Figure 3 is a bar graph showing the effect of anti-PD-L1 Ab on antigen-specific T

cell _5 fungtionuthieugh enhanced LN repraddetion itoRMists Glagimehicali in respase ta melanogytier
peptldem%Bcl)(g%énl%P tuﬂetqgcaﬂxe(ﬁc%}%ggecgf ”illélelsp{;% %%hQQ&tPsat;T'%eJlgn%‘f‘ d ltzb ealrégl\.{etlhséiggr-r ErWodiment, the
d mulation T y.

production are increased during sti in the presence of the anti-I'D-Li antibo Figure 4 Is
a bar grafiReshowing theaffiet GPantiPDIS!RE ofaifigetrapetitic thce RN Mirodlyh antibacterial
enhancggaent inprolifesatiomahOvarspetiieiCD4er Thaaisabyithesaatie® Ditoin AbhY W2didh 5ocBdisithg  of:

Secondfagxo%ﬂm%%onﬂp vith Ova:ppised AZQB. cellsimPRLL ARGS: op.  HRGWSRAS %gﬁ;&éﬁﬁ%,

1
plots showmact%e enhancement in proliferation of human CD8 T cells by anti-PD-L1 anti

YW24358554h a MiRed Lymitiedie Red&ion. TREL5RERCent of Brdliferatind’¢BNE4E mealired by*™¢
the dilutiefr-indntengity-of CESE istéllséuréportethodimeriguhe Gpislamohématiciofsthenéxgerimethtdl further

design QJ&pﬁsége%@*%Latsgaﬁ%i%%M\znwwa@m gric farm, of @ntRR:L dABNWRA3eOHAR- ATQWSed
designate the timing of the 6 doses of anti-PD-LI begun 14 days post infection with 2 x 106 pfu Clone

13 LCMY™20 e Fiees FRUSHEYB She gPSEHEShowing iirenHKREd CB8 &fectSFiundtion th celfisd
vivo followimgdafivivoireatiment of chrinic tx@Mssdhfaction ByeattinP DRatrAb vivdl/24BuEB:S7 @aBloglkaites.

of PD-Lil..hy, YWRARRRGAR ingieased degranilation.etCD8s T, Cells fammeanandy, inereassdh i a
surface CD107A) (F%. ?‘%@%@d %g%eased the % ILEN-ggnrgms%groduc'n%r%ells.i@uZSrIeSEPonse ta LCMV,

peptideﬁ&?ﬁ’ (lgfﬁi. 7 ion o ATt

. . : . it
equeneéy 8?%%’?§§spe%lf|c Calss revealed by's alnr%ﬁ‘@ V\_/l'(fgﬁ_nlt—|2-D gi‘?)?»’?1
pentamiartser enftigliresi8 AtendigBishow teereduton itichlsodmnPiging LEM WRIEIDIH. chtgigycosis,
LCMV igfegtiansfollowingdnsvivo tegatimentmitdanti-PDirkakiantibodyislephigns@s SA, Vipal diters 30-ftamis,
the various indicated tissues are ana zed a})t I(Zi)r:—i\l)ésZJt and %18 one.and twg weeks after Ab treatm ﬁ

INICTOSPOrIDSIS, a sull fu etr. embodimnent, the pailiggen 1% a7 o) oioan (ajn te.ﬁ]eﬁ% \}%H er
respectively.*In Figure 8B, serum viral titers are analyzed on Days 0, 7,714,721 @nd 28, with LC| .
innnoc ks cERTRTENBE G0 ahdtreatmereesmmesitingdnadatiih 4urther emimdimen Abshingdsr is
significant fedugion inMG3% OvancalAR CACINAMAMMOT growthias.35a.resuliaf application of |
anti-PD-L| antlbgdg/.followmgnthera eutic treatmengof stablished S

CIyptosperidicsss, oxopiasmesls, trypanoscmiasis, and helminta infections, including those

resulting from trematodes (e.g., schistosomiasis), cestodes (e.g., echinococcosts) and nemotodes

20 (eg. trchinosis, ascariasis, filariosis and strongylodiosis).

In a stli further embodiment, the T-cell dysfunctional disorder is tumor immunity. In a still
further embodiment, the PD-L1 antibody or composition is combined with a treatment regimen further |
comprising a ftraditional therapy selected from the group consisting of radiation therapy,
chemotherapy, targeted therapy, immunotherapy, hormonal therapy, angiogenesis  inhibition and
palliative care. In a stll further specific embodiment, the chemotherapy treatment is selected from the

_ group consisting of: gemcitabine, cyclophosphamide, doxorubicin, paclitaxel, cisplatin. In a stil
further specific embodiment, the tumor immunity results from a cancer selected from the group
consisting of. breast, lung, colon, ovarian, melanoma, bladder, kidney, liver, salivary, stomach,

gliomas, thyroid, thymic, epithelial, head and neck cancers, gastric, and pancreatic cancer.

30
Brief Description of the Drawinegs
Figure 1 is a graphical illustration depicting costimulation of T-cells by the B7 family of
cell surface molecules.
35
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tumors (treatment begun at Day 14, when tumor is 250 mm3) Figure 9B is a histogram showing
surface levels,of BD:L)-expression on MC38.0va cells in tissue culture g measigd Ry flow cytometry.
PD-L2 is not expressed by MC38.0va cells. 5Figure 10 is a graph showing the effect of PD-Li blockade
treatment alone and in combination with either anti-VEGF or Gemcitabine on the growth of M038.0va -
tumors in C57BL/6HaiER 2 15 & Figiires thpXUE e thestaeni) dpidefighit SrdiNVaBabIE-Peion sequences,
respectively,sah#@ild anii-PD-LI antibodies identified by phage display. The shaded bars show CDRs
with various definitions, while the boxed areas show the extent of the HVRs. Detailed Description of
the Preferred Embodiment All references mentioned herein are specifically incorporated by reference.
15 General technidU®g® 3 S PHE AR Bith B prERa At W%ﬁ&h&)ﬂlf”éﬁ?ﬂﬁ?ﬁs?ﬁﬂ &d 6tflerwise
indicatedj cofieittichahte chivapsd Stof-motdeuiar ibiDIOgy (ipktud msrecesmizranrtdohnigues),
m'Crob'0'Ogyp&%ueb%gi@@yBgmtzeg@a&%%w mm&%aﬂym@éﬁsvmﬂem%@ lLofthe art. Such 20

techniques are explained fully in the literature, such as, Molecular Cloning: A Laboratory Manual,
second editiWESHBABRUEHE 1888 BHGHUR R AT SpRtikE P T. (Eibody., 1984): Animal Cell
Culture (Rd. Freshney, ed., 1987); Methods in Enzymology (Academic Press, inc);. Current Protocols

inh'\/lolecular BiO'OQM%E:M a@@%@%&rﬁtsﬁ!}wﬁgfﬂé%&ﬁ @f\@hgt@fiogi%pﬁ!ﬁ&ﬁﬁ;};‘ﬂé’ﬁgﬁﬁgeﬁomera% |
Chain Reactign, (Muyllis et al., ed., 1994). A Practical Guide to 25?vfolecular Cloni erbal Bernar
U 1055 PrOEL I e Ao LB Er e Ho1 TR L . Lymnho yre
development&ndr@éiivatid i BOTHER T ImABryHe S5 hisHeS\ ResiHpiridrsafe T (thymus-derived)
and B (bone marrow derived. These cells are derived from hematopoietic stem cells in the bone

marrow and fetal iver,{bathays;commitadia L bymphoid dexelapment Ratha g, progeny of

these stem cells follow divergent pathways to mature into either B or T lymphocytes. Human

B-lymphocyt&devefobemiakBe-pIAtLEH Y7 AT (et DOREhETIRREYT &HE"Bn (& other hand,
develop! Sromemm eforéifyreoyredis trakiaayesthe davoir atdsiravelThfosghotlseobtdodstream to the

thymus, where they proliferate and differentiate into mature T lymphocytes. Mature lymphocytes
that emerge from the thymus or,bone marrow aie in.a guiescent, or irestingotate, g they are

mitotically inactive. When dispersed into the oodstream: these
with chimeric form of anti-PD-L1 Ab YW243.55570. Amows designate the timing of the 6 doses

of anti-PD-L1 begun 14 days post infection with 2 x 10° pfu Clone 13 LCMV.
20
Figures 7A and 7B are graphs showing in enhanced CDE effector function in cells ex vivo
following in vivo treatment of chromic LCMV infection by anti-PD-L.1 Ab, YW243.35.870.
Blockade of PD-L1 by YW243.55.570 increased degranulation of CD8™ T cells (as measured by
increase in surface CD107A) (Fig. 7A) and increased the % IFN-gamma producing cells in
25  respomse to LCMV peptide gp33 (Fig. 7B). The frequency of gp33-specific cells is revealed by
staining with H2-Db gp33 pentamers.

Figures 8A and BB show the reduction in blood and tissue LCMV titers in chronic

LCMYV infection following in vivo treatment with anti-PD-L1 antibody. In Figure 8A, viral titers

30 from the various indicated tissues are analyzed at Days 21 and 28, one and two weeks after Ab
treatment, respectively. In Figure 8B, serum viral titers are analyzed on Days 0, 7, 14, 21 and 28,

with LCMV mmmocuiation occurring on day 0 and treatment commencing on day 14.

Figure 9A shows a significant reduction in MC38.0va colon carcinoma tumor growth as

35  a result of application of anti-PD-L1 antibody following therapeutic treatment of established
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5 "naive" or "virgin" lymphocytes, travel into various secondary or peripheral lymphoid organs, such as
the spleen, Iyﬁg%%)ﬂ% or tonsils. Most virgin lymphocytes have an in %Qg#(’@mﬂ(ﬁfe span and die
without a few days after feaving the marrow or thymus. However, if such a cell receives signals that
indicate the presence of an antigen, they may activate and undergo successive rounds of cell division.
Some of the Fessuiftiieproybrsre| Rathidn wbsernter thasfeatng Higustdia ite bisksi fiwamery lymphocytes
- B and T cellgrthatiargs essentiallyprimed.forths oextencowies withdhe stmmatingalergen. The
other progeny, o;n e%[]ivgigggz\{grlg)ipc%ggggpg}y@&g@meg@gor cells, which survive for only a few days, but
carry out speé/it ic defensive activities. Lymphocyte activation refers to an ordered series of events
through which a resting lymphocyte passes as it is stimulated to divide and produce progeny, some of
which betome 15 éffsotoiicells ghiuliresponise dfisiudiBIbbihbibekind vetionmfbel prdliferation
(mitogenesis) amchifig, expr eapien Al imaRolagiciactian s LyRRNEHRS PEcoMsRetyated when
specific Iigang%E)Ii%j tp receptors on their surfaces. The ligands are different for T cells and B cells, but
the resulting intracelfufar physiological mechanisms are similar. Some foreign antigens themselves can
induce lymphocyte activation, especially large 20 polymeric antigens that cross-link surface
immunoglobulins origreel s, -Bragiher iglyeopioiginshen Jatslls:hiowayancmost@atiganssare not
polymerjg angh eyenidirect hindingta:B:-eelsinlargg.pumbers falbin [eswiEHkeckation, These more

common antigens activate B cells when they are co-Stimulated with nearby activated helper
TAymphocytg%ﬁ‘gl?Bﬁ hilphabor s sRet P M PR ERIRES secreted by the T-cell, but is
transmitted most efficiently by direct contact of the B 25cell with T-cell surface proteins that interact
with certain B-cell surface recepigip i®aghaiaierasecehdannsignalaB. T-cells T lymphocytes do not
express immunoglotiﬂg%§énbgsth}ir#%ea§i]detect th% Dresence of 30 fgrgégegeggebstances by way of surface
proteins called T-cé ? Ef)

ein are s mncorporated . :
receptors fhese ceptorg recgjgnlze ntigens by either direct contact or
throughihfluencing the activity of other immune cells. Together with macrophages, T cells are the
primary cell typednnvelkagis the cell-mediated immunity. Unlike B-cells, T-cells can detect
foreign substances,qply in spegifi.contexts. indanariaviat, Tympbocyies.will iegagnize a foreign
protein only if it first cleaved into sma pe tides, which are then displayed on the surface of a second
host cell, calfd 5H SRl GE R BrE s ErtirfE Al AP o AhSE A e S & BE L AN PTERERE antigens under
some conditios elvse reaicheyis ard narengleasifickify srdaptén foe thiglpefrpissertandushe particularly
importang in enpttglting:d splhiacdivillyy including-meacrophagesand:ethenB.eellsLAntigen presentation
5 depends in,part,pn.sperilie proteingsaliad maias Nisiacompatbiliy somplex (MHCLproteins, on the
surface of the presenting ceifs. Thus, to stimulate cell-mediated immunity, foreign peptides must be
presented to EEEHEHAEETHAHE Rt RIERS: peptides Sradnie LorBinatidsaté B&stecognized by a
T-cell receptac. Thereare twa-significentdxcsibbubseld: aytotokic 31 |ymptideytes (Fddells or CTLS)
and 10 helpgrdk:celIsdd-Hh CollSuhiceran anahlypeidentfied ordhe basis.of eallswface
expressign of the marker CD8 and CD4, T, ¢ells are imporfant %n viral defﬁe/{nse,l%gcglicar% kill viruses
directly By reCSGRiAnG CErain el SIrALe exprassedirar peptided ¥8 LelE5iSmors Sroliferation,
maturation afld #¥unologic function of other cell types, e.g., lymphokine secretion to control activities
of B cells, macrophages and cytotoxic T cells. Both virgin and memory T-lymphocytes 15 ordinarily
remain in the resting sfpy ?!rﬁﬂl%ﬂ }his state they do not exhibit significant helper or cytatoxic activity.
When activated, these CellS Undergo several rounds of mitotic division to produce daughter cells.
Some of these daufihter CEFEHGHFATERREFRARGLZHSs memory cells, but others become effector
cells thattactively eXjpress meipetyms cytbtopecatt vitywihhesedautihtes defisdesedriblédiveir parents:

CD4+ cells capRalvidkeaueh&D4ts RIOaaRYd While Sl siieleisal @bt ReHprageny. Effector
T-cells exprge){sf?a ell S'#Jl’f ce markerﬁ th%t re ﬂ%}i%ﬁ% essed on restiri]geT-c%Hsb 5L ch as CD25, CD28,
) SIliv

CD29, CDAOL  transterrin réceptors and cla: Broteima. ther the actvating Stmuli is
withdrawn, c§tBtdRie s Ariehsat Pty '§ratitialiyt s eisides dverehpaticddrsavelamassdcas the effector
cells either digetopersar tda:4 e shifvgh S tattin Shnblat: thBege| Tactivatio me bidymiphocigeispsponses to
most antigens also require two 25 types of simultaneous stimuli. The first is the antigen, which if
appropriately displayed by M1-1C proteins on an antigen-presenting cell, can be recognized and
bound by T-cell receptors. While this antigen-MI-IC complex does send a signal to the cell interior, it is
usually insufficient to result in 1-cell activation. Full activation, such as occurs with helper T-cells,
requires costimulation with other specific ligands ¢lled costimulators that are expressed on the

surface of




30the antigen-presenting cell. Activation of a cytotoxic T cell, on the other hand, generally requires
IL-2, a cytokir\(%é%ﬁr(%%gﬁy activated helper T cells. C.The Immune RegpoRRSys0/ 667104 1 NE three
primary functional properties of the mammalian immune system distinguishing 35it from the other
body's defenses include: (1) specificity - the ability to recognize and respond or not to respond
individually afit8ngrasrstrestibeT Bptdeget fifolettneseuR raiscArmpshtibh tierdsEBimtPtd tletermine self
from non-seltisamas#o:-parsgivliy-aaaxistiitanatkihedrauraarablg.arateins and other organic material,
yet still respond viggrauisly. against freign matshalthakiz intadussriodbehogysand (3) memory - the

ability to be molded by experienice such that 5 subsequent encounters with a particular foreign
pathogen will FEVOKE S hbrd'Fasia SR CIHo IS Yes DA & tRer ikt BEAMET 4fEiitial encounter.
When onfe or‘maoré of thege fumphionssstfndtiatedirayp atholdgical poipbiitid iyragultsergansVirgin
Iymphocytei A8 &QEE@%HMX%%@% sEqmsItaewgamwmpmgcdg@ﬁmd inkerthe, m&llrﬂm@ry, Otleachd
carrying surface receptors that enable antigen binding. Antigen binding in B 10 cells is.mediate
irough surt B R T e e At A e B R e e when
virgin lymphoespiae avignaigtiatderithey s afifeTate ofistdmbceulrierte Rt maytHescundergo further
cycles of actiuatigsanc:prolifeatibmiobhe apeetimnechintensiiycof cespbnsetotacgivessantigen is
detenningd lajgely By.glenalssleslion. (s 12l dhe.prrmationQt daughieraells AE Glanes specific to

a particular antigen, the, qrea@er the number of cells that can 15 recognize and particig)ate in the
immune respBiid E VAR M THTNE PeaYsTeY id aTBIEERe M ATELER PE [EIBE°SEE UERCe of events
involving sevefedtoadtiypdschl susy trideferad afre regmn tivhsainod erreitdeéethicdsotiytend encounters a
specialized class of safisocaledientigenraresentingeeal|s(oPE LhtheneuiiP GrGaptarena minute

amount of the immunogen and. display.it.in a form that can be recognized ntigen-specific helper
?y } lm 3 Qm’}(ﬂ it Q % 8\;} J 9, vﬁnctll)gbecon{%

mphocyie gasses_as 1t S and produce; progeny, Some 0 2.
T-Iymphocytes.prheyh per T cells 1 en become 50 acﬂvated and, In turn, promote activation of other
classes f lyfRBEytEs, 4ok semseddudrgrbtdkitedans! v wafRratay RpreE)Ee then proliferate
and carry outttheipspaaifi¢ ieffectarfunctions. Avepighystalgedndhispracess, gheifiyphndcytes and
APCs Comm‘idﬁk!&%%\é@ﬁt&@% apethenitrough girget coniactar t@b_’ SeGISURgE %gﬁa,aéemleytokmes-
Exogenous antigens that ?re caé)tured l?¥8an APC under,%(r) a series of alterations called 25 antigen

processing. SUEK FrBeREaNY FE R B P o e 4&&5UE immunogens involves denaturation and
partial proteolytic digestireiesentisanstiteeinmiienegendsclavkaistecsmsip eptidedy Kiimited number of
the resulting paptidesihgnasaceiniadnomcomaippiiositiscassciMbGipiaioms-ants ake transported
to the APC syrigge, ﬁo@fe%ﬁ%%sﬂ%‘%%@%rgﬂ lggn pIesenaton A& Qﬁ&én@‘ﬁbﬁ@c&%@ﬁh@cyt‘a that

comes into direct contact with an m ecome activated, 30but it will do so only if it expressed a

T-cell recept&%?&%fﬁlfﬁéfsBﬁﬁ‘FéEBﬁW&e%ﬁﬁ BRa BRI PEBTE F SrEd pIg% presented by
the APC.  delelipeta®{ PB) cellbyareitheringipaliprohestratofscbfsth@irmume responge because they
are neededl f%{g}ﬁmﬁa&mc@tm@ytwmo&@mrbmm?m&ﬁ%ﬁmre%k@;a%pm& c%aﬁl&)o@@ﬂslaand alntibody
secreting. plasma cells. TH activation occurs early in an immune response and requires 35at least two
Sionals e SR AR By BT D F e e e B g e R TR pepido-MHC.
complex on tFAPO BeEiface that is transmitted through the CD3 protein complex, while the second,
costimulatory signal through the APC is thought to result from binding of a separate signal-transmitting
protein on the T-cel} surfage with a specific ligand on the APC. One known such interaction is the
T-cell protein CD28 and the family of APC surface 5 pbro,tqins known as B7. Other surface proteins
pairs may also mediabE BB LB, RS FSRREY LYt s bthI A 3 PR Grehter detalil
subsequéntlyfoiehe artRs1bY antibbelidscobtheipredbrtlinve ntioriayd Edlie VB sorenbiarice
co-stimulatior.thepug hastaggnisishiel-a nesativasastinalaten. signaliprp vidaskbhsighaling through
PD-LI. cells. Together with macrophages, T cells are the primary cell type involved in the cell-mediated
immunity.
Unlike B-cells, T-cells can detect foreign substances only in specific contexts. In

35 particular, T-lymphocytes will recognize a foreign protein only if it first cleaved inte small
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Together, the two signals induce the helper T cell to begin secreting the cytokine 10 interleukim2 (IL-2)
and also to begif . gxpiessing specific high affinity IL-2 receptors on its spHage,Jhadig,a highly potent
mitogenic factor for T-lymphocytes and is essential for the proliferative response of activated T-cells.
The effect of IL-2 on the cell from which it is secreted - a phenomenon known as an autocrine effect. It
has further bégtidhotHcthaie dhendralaTeton s wesiedrbsasigagiscli dllcdceprdierate if its own
surface IL-2 reeepiossaresbtockeshy Hypds 1B ieancals o:a ¢t callizdm ihadnume dmkivigibity, in a
so-called pargglineailect. Hhis Gflestis,caRerial IMPAUANLS.acdlvaledi.felisuhiahgenerally do

not produce enough IL-2 to §t|mulate their own proliferation. In addition to 1L-2, activated Tu cells
secrete othef&’ﬁ)ﬁiﬂ?{‘h@' fod “SHH ISHS Mo tAtRERg B Rt BHtiATSh Basstsrurtiisiy BFBLERE, macrophages
and othef celiltppesina@F he ponfiactdayeddm AP anuhemitilitigempspa e TReal. also has effect on

the APC - ongof theJopskiprretaptafwhich is thaureleasenefiled mhhisigyioking jsaelieved to act in
an autocrine manner to increase surface expression lass. || MHC proteins and of various adhesion
olmenas e L B o, At the
same time, |'ePe8iEaidn$ ihaliyasattine manner on the TH cell to promote IL-2 secretion 25and 1L-2
receptor expressiorthere aRuwing gattivatiDeebidbidscetis inithelymanr e prevoushydesciided, some
B-cells may 3l50.havenResn &n93%ing e MBIVACIETHHIEQMAR: Hiel ME%%@&@%&QUW hich are

membrane-bound forms of the antibodies that theX will later secrete. Unlike T-cells, B-cells recognize
an immunogéh i TR EDTABrSdR st YO AR SRRLHE AR &S BivaTAY BRNVIdESEhETEGIR of signal 30
that can leadbo Bamirastivatiornch sseondoppecis provicwdeby ActivhtadomBicetidifwiioh express
proteins that Aglp.ackvaladhaBicel dy-hiadingie sanypmLBogepulimseceptiorsontnsurface. These
Tit-derived signale, whieh.actan.any.B selliegsidiessof dsiantigen speaiicipn, atggpun as helper
factors. These helper factors include’IL-2, IL-4 and IL-6. However, I!u-;-p IS rore efficiently achieved
through Cell- & EERtATP2R BRSNS Hitands b Aifeate-bay Lupeicabibizsaiiseny Rt 8Lt those on the
B cell. The mositefieattfonn oVsanteot:wiediete delielpdogussy i emespsdiainticalledi@ D40 ligand
(CDAOL), whichiis.&xRErsSaf O LR cells:omlyAlleeexhacome:aatly dad.hinds a.aprotein called

0340 on B cells. In a process known as by-stander activation, contact with anhactiiva(trgd B cell can even
be sufficient t8 et atS TBSHnG B Calfs B AT RS N 1 S R S S TR b UiEHEY 5ot engaged in
antigen. 5T, gafprrsoypiesopifetion toldradtitete celisrtpdicekBlepsorsreighilitidferss ryitiéir surfaces,
such asxirusoinfented hogtgellsiibdostrkoicaligexprass@B mather thae-Cé apdsbanae recognize
antigens in apsgglafion il flasedsatusrinenAlass G RinleIns, When 2 semalcell s infected

by a virus, some immunogenic viral proteins may undergo processing within the cell, and the resulting
peptides may et appest 4% AGHEtERscOMPle ke Wi ElaSEIRIaC PORHotEEIfe S FHEe peptide-MHC
complexes majstive mbeanecodnizedbydibeTtoelffrecepibreohadiantigentspacifigicione; providing one
of two signals neceggary torslQrcalactivatian. hhisdirstsignalaleneinduses highmffinity IL-2

receptorz's,5 on the Tpscelll. The seco dﬁi rfllal 1S &Jmi hed QX lllL-fZ& secrete étro r@éactivated TH

( nish ane
lymphocyte. eigcéﬁ?ntg %i Sé’féunla_ls, hésgétl\fa%téd’?b‘%e allcd) IFBS Cytotoxil eéjc vity, enabling it to
kill the cell toPfHiEh 9r g6 g PES e sdlait) bracetRardend bradiy TelsarmeqepliddcMHC class |
complexes. Imsamgaages, killifig:otesiksniecayse thed crelpases speaificitoxinsiorto the target cell; in
others, the T-daduges g (aachae 1AFOmMIESHIGE BY ARARIGSIR. iHiE Alualeddacel also

0

proliferates, giving rise to additional T, cells with the same antlgen specificity. 20D.Co-stimulation by
the ImmunoufSBUIHFETRERARA PRy J87 SIS OERFR 4 o cpiaberhe BEatHaracterized
T-cell castimthatongpathwatiristhe otigativab Sigralsteroudh @B CB8OWR 2:2(G ires
CD28/CTLAHLR 132 kHRissignalingathway.isredtical 25 to T-cell activation and tolerance.
Karandikar et at, J. Neuroimmunot 89: 10-18 (1998); Oostervvegal et at, Curr. Opin. Immunot 11:
294-300 (1999); Salomon et at, Annie. Rev. Immunot 19: 225-252 (2001); Sansom, D.M., Inununol.
101: 169-177 (2000); ChaFEisuse Besbamiaa. Rev, Immunot 19: 565-592 (2001). B7.1 [Freeman et at,
J. Exp. Med. 174 62&-63% 41887 )fukséedmancgiatfihd mmunbin B3oh134y8260:3264s4%287); Yokochi et
at]. Immunot 28 823827442821 And Bl R ITTeamAan:et Al SHense262:909-21H4993); Freeman et
at, | Exp. Med. ]78: 2185-2192 (1993); Azuma et at, Nature 366: 76-79 (1993)] have dual specificity for
the two stimulatory receptors CD-28 and CTLA-4. Aruffo et at, Proc. Natl. Acad. Sci. USA 84:
8573-8577 (1987); Gross et at, 1 Immunot 144: 3%91-3210 (1990). CD28 is constitutively expressed
on the surface of T cells :



35[Gross et at, J. Immunol. 149: 380-388 (1992)], while CTLA-4, the higher affinity receptor, has
expression th%(;s%&ﬁﬂigt}&ypregulated following T-cell activation. Peach;éﬁﬁsz%ﬂg%éprﬂgﬂed. 180:
2049-2058 (1994); Linsley et at, J. Exp. Med. 176: 1595-1604 (1992); Kinsley et at, Immunity 1:
793-801 (1994); Linsley et at, Immunity 4: 535-543 (1996). Most APC populations express B7.2
constitutively®&t fovpdewe | §:diyishenhisrapicty th Feglpateldasmi o B s thdiiesiresredsed 5 later after
activation. Fregman eteinheientac62::008-91 1{ 103 :dakhcoshsetval, i BxpniMee0i80: 631-640
(1994). The %Fb‘?éh%xi?{cﬁ&‘ﬁ%?%rgil%ﬁétéﬁl&j_9&9&&&&%8%‘08,%%&%&59@%& kB4 [Rafhe more

important co-stimulatory molecule for initiating immune résporises, but otRerwise the two molecules
have largely BY&fSEbig tiReHbA8Y Ve A&t B HHMUMOPREYI6SY 63FTEAT (1684 10CD28
intereact$ withitBAutrangdB72stoitransmitiar Sigral phibt syretgireskwitmstreap@ Rudigaabto promote T-cell
activation. LeagehQwhelt aha bR QY MmN elclen:2 33ner 3l §90dLanzaveschiaetat, Cell 96: 1-4
(1999). In th%rgsl%r%teegcag 0 a}]OTlC:Fizc%j%g%li %928 signaling does not have physiological significance.
CD28 signaling re'gu’laPes? & threshold for 1fs-‘cell activation and significantly decreases the number of
TCR engagements YiesHbambrcrss aft setvaatn rolford figrdbapricans hewrrdersps-106114996). CD28
activation susgtainsy -eelh aspnpses:by promating ool sty althiere ynepablingmgytokines to initiate
T-cell clgnal expansion.ana.dilipeelatan.  AAMRSAR. LAl RIAC Nl AR Al A 86: 1333-1337
(1989); Lucas et at, J. Immunot 154: 5757-5768 (1995); Shahinian et at, Science 261: 609-612 (1993);
Sperling et af} f?ﬁ‘??ﬁ‘ﬁ%o?ff%“ﬁ%&%’f?ﬁ@%ftgg@e BPRT AN $P 8 $2B8 L §85). 0D28 also
optimizes 20thhere Jpongds wof by oymty detiveted Tdeligifpronotifg iptetdlinessifiLeR) production
and T-cell supujpabe Whilsysomete sPRASEHAIR:ER2S indenendeant dtispotiatsieawhether this is
co-stimulatio Independence resulting from strong antigepic simull, of, e resull,of dependence on
other, unknown costimulatory paﬁﬁways. TLA-4 activation causes a negative signal, which inhibits
TCR- arld CORZ83eArdtatr Pirakidh AhransHa oo T AR dngatefrémtsreS LIt e th@ dnhibition of IL-2
synthesis anthpiregte ssichtthreughcthe’ cetheiolelaing terminatiomped Ticeldespahsaes Walunas et at,

Immunity 1. 402433 ( 1324Vl NAS SEahieds B Meds 483 £ 2al-2RaP.(Eo9G)k Lummel et at, J.
Exp. Med. 182; 459-466 995{; Brunner ez at, J. Irnmunal. 162: 5813-5820 (199 3; Greenwald et at,

Immunity 14 185580815 A TLREFFIATEEI ARBSHRhP PR PEGLIRL NG CR I 2 & Bhses, 30
including periperabTieseliniaid riobsopnilefic kenotCleapheviesighaliviorid cobrthimdiedrthrough CTLA-4
and CD28, semeupossibilifiesinchide: aut~eompeting:CRas for binnirgdo B by induetien of
munoSuPPLSSRANE PURKS ditec ApHeniaTh ol AR S gUlRg ARl JCRIadipied Signalin.
As a result, the antagonism ot CTLA-4"(e.g., antagonist anti-CTLA antibodies) and or agonizing
B7.1/B7.2/CHPE iy e BRI BARAREE Hinfiing RS Rs&h ARE eBTRBIE 6 fiHfettfon (e.g., acute
and chronic) axtiduimorzninranity62i GOSHEQ Blgwamadingkines. Another pathway of interaction
between APC's ang: J£6ls: Qg6ies IHoHeReRP UCR24R) @lddCOSE-(BY si2xch 24k ICOS/ICOSL
agnalmgspromqtes T;helg.er celé gagfegggggﬁpnesagg ﬁf‘fec;orrg%nglcggld and IS Eﬂartlculgrll% important for
interleulcm-lff"fﬁ.ef?l Oﬁ%gﬁfc'tion,cbu pfays & moré modest roie in resgd%ﬁnng (Siell?'é)xpgnsion and IL-2
production, 1&g RsgeAEB ryrTeekiis, deedimb &t dhedhaneratresminfufiigyed infhdeftrast with
CD28, ICOS gephadsexpresse duanassituiielyion pavacd feellssdeiutds indusedrapicly onsTrcells after TCR
engagements gl ot NAIE AN, 267265 LA00)- YRRHINARR. 18l Nale 407, 827832 (1990)
Beier et at, fur. | Immunot 30: 3707-3717 (2000); Coyle et at, Immunity 13:°95-105 (2000); Mages et at,
Eur. J. ImmuidtP40238% - 18P Bt MER T SO aEy Y ITh AR d Gt 18 58 5286%6%(2000). This
suggest8tthabtCOS prowid e ait §-stimesato 1V-sif makitraptitctabaT cee is:oiril ecidstirfslation by 0D28
enhances 1CRK-eXPFESRIONRNS MRS @XRIessien ispkeduced in the absence of B7.1 and B7.2, ICOS
is not entirely depe eentgr(}f%DZE sibg glsinl\c/lcﬁggm t%;[ég tlhngrgzun%l. 165:55 35-§56040 (2000); Aicher
et at, J. Immunot 14 4689-48 %E@r *Koptetat, J. Exp. Med. 192: 53:61 (2660): [E0s is 20
upregulated 8y Beatra itfetpidetyp e isng oot wprbatp Y cencdbringeinacinitap s ends
differentiationptidtiievetsiremaimdigh o kHR cellsand delgraasdmnuidisgels adheg@ipression pattern
of ICOSyan T,cells in,germinal 6@@%&1 BEIRK AL R, Windnd DIHNOLE0 3107 :3414,(2000); Mages et at,
Eur. | Immunot 30: 1040-1047 (2000), indicates a role for ICOS in T-cell help for B cells. Functional
studies have confirmed this, and even expression of ICOS has been 25 confirmed on rat B cells,
although not on other species. Tezuka et at, Biocrllem. Biophys. Res. Commun. 276: 335-345 (2000:
McAdam et at, Nature 409: 102-105 (2001); Dona &t at, Nature 409: 97-101 (2001); Dong et at, J.
Immunot 166: 3659-3662 (2001); Tafuri et at, Nature 409: 105-109 (2001). One role for ICOS/ICOSL
signaling seems to be for regulating cmolcine production (e.g., :



30 IL-4, 1-13) by recently activated as well as effector T cells. Huttoff et at, Nature 397: 263-266

(1999); Coylewgy 34, Jamaunity 13: 95-105 (2000); Dong et at, Nature 40994494 449@1). In studies of
allergic airway disease, T12 effector function, but not TH2 differentiation, is provded by ICOS

blockade. Tesciuba et at, J. Intmunot 167: 1996-2003 (2001). Indicating that ICOS can also regulate
TH1 effectorHifisetie Hefﬁ’l%d@éﬁﬁﬁl’éﬂlﬁdtﬁ e ARG T Wtdkireeitd BEeh disreRdarisiIcOS-1g fusion
protein uponceatiyation ihevittonk epftenatotyExpaMedugdORie5826 1is( 200Nt to reAuioffeer potential role

for ICOS relafeg; 1o SUStInIRg 3. {1%134?1&1{?&&%?4{31@@@%9@931?%%6@%@h%ﬁ&kﬁ@hﬁg&ﬁ&lﬂﬁ

encephalomye I|t|s EAE for multiple sc{ero& 1“ 11d'segi% medi tefdb Elln sgecmc CD4-T
cells, shows 6%&%119%8?%? e'r%elgﬂltoff?m Gh e WAERTEGstmulatiBAs blocked during

T-cell priffningmbvehkdwm@ tHe @fhemqusha@@im IRAELY Glie erdiate Retiireation: O7-1109¢42001); Rottman
etal., Nature dmpu#aleof@5:6316200 hxBpavisi efidq@lin. Ieusnatl0D:2B7288:(@001). EAE
induced by mylelin ol endrocite.gheapiatel, MAGANR areally SxasatRAae G | knock-out

mice, with inrease production of 1FN-y 10 compared to wild type. Similarly, ICO§ blockade during
induction of E%E“%%%éiﬁ%ﬂé’ﬁo%dcﬁ%é’ﬁ%“éﬂ%%ﬁmﬁd in increased IFN-y production. Therefor,
ICOS blockade duringepeiming feadiztdsTikibqolarizetionlof¢haadésponsestintetiestiighynthe priming of
m.\/e'in-%@eciﬁﬁemﬁatﬁr@%ﬁ@%@l@@lﬂ& Mt e RFeseneRPLIGRSHY @E@Rﬁ%ddhﬁér ability to
induce EAE, in starklcgntra t% the P{sg{lﬁ%s O]; IICCfO%.nli% b{.o]ckagle OE’SSS rved |r51’c\14\é% Tpf)rlm et at, supra.
The 15 dlfferséj‘ﬁgcecfo eﬁo"ﬁ)p d’ ButcOMES In vitro and in viv ?cf’ear ut e mlght reflect a role
for ICOS on mahf@rﬁrmmﬁger@@mmm@@nétha§f€v@n%‘%« 8%&@6?"1‘1 @@Wé@ﬁﬁ@i@@@blockade in
vivo. Co-stimulatiendbseughdh-kQismeryeiigetive bl enttaneiagslewiQipreduction-aidiis more effective

than co-stimylation [Brey 9{%@%%&%%&%% M%ﬁﬂ% %05 W2 regulpiprydogp s critical in
regulatglg EAE because but not IL4 -/- mice develop 20exacerbated EAE, Segal et at, J. Exp.

Med. 187 53548 ¢sbesells invs WriEs Bisiehtidt fore %}Cfb%@cré”ﬁféf?ﬁﬁaﬁéiﬁaf%%éﬁ| dependent
B-cell humoraieespionises4€ @Sactiared TSk wvtehamtyskownt thatl@Osoiglrdgtlired for T-cell

dependent( Bq&ﬁﬂléﬁ%ﬁ?ﬁéﬁ pMHF&Qﬁ&I ah Matm@ﬁ]ﬁ@%@@ﬁg%%)s Gehapaqvak eatiddat. Imm(u not \
2:269- 74 (200 e et at 13: 95-1Q5 (2000 am et Natpr 409 102-5 (2001
25 Tafuri et at, V\gf atlire ZFE)CQgT ffb'épg? ‘(%% Bgluﬁné}tggt&ﬁ mér/rlﬁ:ﬁﬁngéfn Ecé%)g 9%63?%%% fCOS-1. mice

also show retfé¢éed genninal centers in response to primary immunization, profound defects in
germinalicenter formationdn raspansesRsedancanechaldinge, candsdafeef&eindgl: @BSs switching. The
role of ICOS in. T:B cqll interaction was.fustheryalidated byrhieddentificatinn.of Hamazygous loss of

ICOS in T cells in_patients with adult onset conmion variable 30immunodeficiency disease.

Grimbacher ALAT N AIRSHIUREERS SE{68TPHOH" ©f “eRd X sPit Ay SRIGh BIE & SHEDSL (e.g.,
agonise anti-@@Slanhbddiessstieiite IBOBHGOSIiFand) mdyrbuizefatignantishteimmune

response in thediEaatnent of infRetian 8. g pamie ancheHONCT ABY QS (HMAE IMPYIRENon WO
2010/0 27634P I/&J82009/067104 3.PD-1 pathway: An important negative co-stimulatory signal

I CXPICS

regulatlng T Eell activation is prowded by programmed death - 1 receptor (PD-1)(CD279), and its
ligand binding partr&Ff&esivieeiy Oy iy aarp oy et b s Brrk ﬁ’é{j&lﬁﬁ)/e regulatory

role of PD-1 was tevealegd:ipyiie Badndoknobioqiitd{Pdedis Tedemdichldviespronettaratioimimunity.

Nishimura etmr%ma@i%&gmylméfltﬂl@%@ﬂ MéhiQ&léE@ eb@ﬁéqiec@@se BULi312:24-42001). PD-l is
related to CD28 and CTLA-4, but lacks t (Pfe Ilorom O!%/stel ne that aIIo S. howodlmerlzatlon
The cytoplasHiRBEI TR 5D FRESERIRS S eﬁlnlé:)r‘lecéfmtorr’t OriPe Bas et inRTBILSRA motif (ITIM,
V/IXY xxBN). Fh@qaerlﬁydbﬁlri%fSEfbaFimtfrfan‘blS@E}li@'?%%id?ﬁéb’&?ﬁwﬁ&& WledvEdpeerg{2000); Dong et
at, 10Nature M@ﬂngﬁh&%61%~Jc>a6:9e(él:19%&e}L@tehmaglteha{mhiaimgdmmumpt&s%ﬁ1t52968d62001) Tseng et
at, J. Exp. Mg 193832840600, oct om;&@a; gpa%gge&%%%@cz GelseR celig,qatural killer T

cells, activate monocytes and dendritic cell s ( D-I'is expressed by activated, but not by

unstimulated®dARsH B39 arbeseine Gsis B‘”&\é‘if‘s%r’rd ]Fnyélb‘}cpcgllsml”?ﬁ‘éc%tté\%és iR¥Bntrast to the
more restricteffiexphe ssigned Shof@DR8-aalide Gifakid whidlistivmu paotimt odrtim Jrwl] 817880 (1996);

Boettler- gt atyi.Miral8Q 13340 @006)1Hhsse are-abisast-dvarianisel RR-d.diathave been cloned

from activated human T cells, including transcripts lacking (i) exon 2, (ii) exon 3, (iii) exons 2 and 3 or
(iv) exons 2 through 4. Nielsen et at, Cell. Immunot 235: 109-16 (2005). With the exception of
PD-lAex3, all variants are expressed at similar ley, gls as full length PD-I in resting peripheral



20 blood mononuclear cells (PBMCs). Expression of all variants is significantly induced upon activation
of human T cq,u yg'%%y-CDCﬂ and anti-CD28. The PD-1Aex3 variants |%c]l§§ RS 4embrane
domain, and re§emlbles sfjluble CTLA-4, which plays an important role in aut%%nrgr?qgjrﬁy. Ueda et at,
Nature 423: 506-11(2003). This variant is enriched in the synovial fluid and sera of patients with
rheumatoid arthiekeis, MliahePAP, [anth Mol )1 FricBSULuBEZ006) = 28 sThey tilier PR beigrands differ in
their expression-patteins BO-lhisnopstitutvely expressed Bnanpeiise ke B oplsadls,
macrophages, mesencfiymal stem.cells and.hene. magrowsderved.mast cells: ¥ amagaki et at, J.
Immunot 169: 5538-45 (2002). PD-Li is expressed on a wide range of nonhematopoietic cells (e.g.,
cornea, lung Roagkiar&srieRurAs At BRI SPEFREASHH 51 CERE™ mesenchymal stem cells, pancreatic
islets, placental 30 Bypetiotrophibhidstse kedatimoeitast etprydifeniptatzMAnnuthResHfamunol. 26:
71108 (00BN s neshliedan o ureecoL sl pexatssaciiaton e | and vpe
interferons 's).upregulate PD-LI, imer et al., Micyoc ion 9; - ; Schreiner
ctal 3. NeurSH R BT REE 7 S 10 P L €SO T R TS 13 HE 4 S e MyDSS
TRAF6 and VR aveciphibitedvsisoer i Blsd 10 Dos 30400 I RRLcHES &idoriben 35implicated
in PD-Li indugiionnd-@e etaliiERHiiatinb8died Shpea @006k itoabriBlomnd Ak0:1 2862304 (2007).

Loss or jghibiign.gL.ehasehaase ane tensinuamolag, (TENDA cellvier Rhosahatese. fhat modified

phosphatidylingsital 3-kinase (P13K) and Akt signaling, increased post-transcriptional PD-LI
expression it CEEES IS 182 b 8 Wat W &H ™37 BABE (7 {oPBID B stEEsiors Hibre restricted
than PD-LI. RR=i2ligimdiuciblyghaifessddomr-B@s, B indtrophdye sscamtbigone fvaivmdderived mast

cells. PD-L2 is algegxpressed on abauihalf iapioiras pbepsingpeiienasl Baellss but not on
conventional B2 B cells. Zhond et at, Eutyd, Immunot37: 240519 (20Q7), PR-L21 B, gells bind
phosphatldylc%o Ife an may be impor ant for innate Immune responses agalnsf actefial antigens.
Inductiok of Pty brarns the samsamspispeHeieitstipSAmmissie; BIn_targ evedt, EHing IPafAEnot 33:
2706-16 (20@3)auRDkk 2. calrals@datfid @ ind uerdhe mintondictesandamadrophage sdgyt GM-CF, IL-4 and
and IFN-y. Yamazald.atal ol JNPHROtO9:RA38 A 24PA0A) kiRt Al PRAS 100i5336-41 (2003).
PD-1 signaling typically has a greater effect on cytokine production than on cellular proliferation, with
significant effeSfE o TERE-F RS BREIT ¥ production. PD-1 mediated inhibitory signaling also
depends on the strength of the TCR signaling, with greater inhibition 15 delivered at low levels of TCR
stimulatign. This reguctioncaimdae@arcosehmcastimuiatiaftirough CD28 [Freeman et at, J. Exp.
Med. 192: 1027-34 (2000)] or the presence of IL-2 [Carter et at, Eur. J. Immunot 32: 634-43 (2002)].

Evidence is mounting that signaling through PD-Li and PD-L2 may be bidirectional. That is, in addition
to modifying TCR or BCRlsigna%éé&iiéﬁﬁﬁ?éi%so be delivered back to 20 the cells expressing
PD-LI and PD-L2. \nrilestreathagnthofadendritiie:dekssiitiizanyapatiathy Humhan@ntdP Bshasantibody

isolated fromyg patignt Wil MM densto M sipaeieglabuinemiawas natfopnd.i9 NRiggate MHC 11 or
B7 costlmulatog( molecules, suSQ iells dldgrodéjce greater amount of(gromflﬁan}m@to%“cytoklnes,
: d el 1 EXp.

particularly TRT-& G 118" &4Ru Siatiated P REIPhAIteraton KGTan et “Ked. 196

mu
1393-98 (200RsieTvegdnrent. o miceith/ 26 AhtiBdfaIddqR) Exbmprcet vesirandeito transplated
b16 melanomasans. rapicty-iaeuned)!waesms Eesifiklko Radhakrishnam®! atadodmeaunol. 170:
1830-38 (2003); Radhakrishnan et at,, er Res. 64: 4965-72 (2004); Heckman et at, Eur. J.
Immunol. 37: 1827-35 (2007); (2) blocked development of airway inflammatory disease in a mouse
model of allergic adthinB RaghakHsHnarPeliaf. 12 fitmfdhot P73 Fiestne s @odaf rdahakrishnan et
al., J. AbérgyiClin2@Baemu ALt 1160668+ 44, (20850l 12BustieleidencedBreV@rsengignaling into

(PD-1 £C dopals et oot e DL e ol et | T 36: 2472.82
- 0 used 1 region - "s:PD-1"). Kuipers et al., Eur. not 36: -
(2006). This Sbt MBI e A ST AR R SR 3 T roversible
through administhetioBf8zamt-P. Narl Aeditidfially Several stiidids Showresyeéeptot for PD-L1 or
PD-L2 that isrtdependentof-RDe L1861 bagsaleadyiheery iderifiacasha hitdingr paséner for PD-LI.
Butte etal, IMRNIRY27: e (RAGR.SNAMSH aseinlcing, SHAEs. Qe ian RD Ll and B7.1
can interact through their IgV-like'domains. B7.1:PD-L1 interactions can induce an inhibitory signal
into T 5 cells. Ligation of PD-L1 on CD4+ T cells by B7.1 or ligation of B7.1 on CD4+ T cells by PD-Li
delivers an inhibitory signal. T cells lacking CD28 and CTLA-4 show decreased proliferation and
cytokine production when stimulated by anti-CD3 1;§Ius B7.1 coated beads. In T cells lacking all the
receptors for B7.1 (i.e., CD28, CTLA-4 and PD-L1), T cell proliferation and cytokine production were
no longer inhibited by anti-CD3 plus B7.1 coated beads. This indicates that 10 B7.1 acts specifically
through PD-L1 on the T-cell in the absence of CD28 and CTLA-4. Similarly, T cells lacking PD-I
showed decreased proliferation and cytolcine production when stimulated in the presence of anti-CD3
plus PD-L1 coated beads, demonstrating the inhibitory effect of PD-LI ligation on B7.1 on T cells.
When T cells lacking all known receptors for PD-L | (i.e., no PD-1 and B7.1), T cell proliferation was no
longer impaired by anti-CD3 plus PD-L1



15coated beads. Thus, PD-LI can exert an inhibitory effect on T cells either through B7.1 or PD-1.

The direct int%%%ﬂp&%veen B7.1 and PD-L1 suggests that the curregi-yndstsianding of
costimulation Is iIncomplete, and underscores the significance to the expression of these molecules on
T cells. Studies of PD-L14" T cells indicate that PD-L1 on T cells can downregulate T cell cytokine
production. Latepritetal rrpMCrKerkialdakn s Tydhedogtionpdealos 4hobsy HrBétiuse both PD-LI
and B7.1 arezexpressadoan [ierNSy B.calley Disa.and: ntacnaphages), kirteysthe peteatial for directional
interactions hebyeg B4 apRDeH, N 5R geUspea A diiRnaly: BRkhian appspematopoieti

cells may interact with B7.1 as wéll as PD-1 on T cells, raising the question of whether PD-LI is
involved in tHEIPRGHTRHEHY B Sogkibi ek snaN SR rSH e irlsitry SSEeBY £37549D-L 1 interaction
is that T éell RB-hflerndivaiap dr2deegregateraw 2 APTBAIPFaHdhtechetion Wity GH28. As a

result, the aniggoRisimoi Signatingtbr euahiii 4 b7inchidingbloskingRRa il fonminteracting with
either PD-1, B7.1 or both therebxgr]eventin PD:L1 f om sending a negat{)vgt (ao-stimllllatory signal to
 the more mmpdriant co-stimulato mo% ule for mitighing immume responses, but otherwise the .
T-cells and other antlgeﬂ presenting celfs is'li e?y to enhance mmur%‘fy IN' response to Infection (e.0.,
acute and chithieylesitssthiifoliash arrtprnradurives e dpt- P BLLTRE 4RI BOdIES dFthetbresent
invention, mayshe.combined with antagonists of other components of PD-1 :PD-L1 signaling, for
exampl%(}antagon'%lﬁ@tlﬁggé&saﬂ%%lfa% k2 ARIHOMIaS. 4 Zl_'ﬁlxgl _synergizes%'fﬁﬂmﬁ"@ior_y signals _are
also provided through B7-H3 (B7RP-2, CD276, PRO352), 3bwhich is broad%}exgregsgse_d in lymphoid
and non-lympRBIHEENTEE ERAGSTEISr A NAY fhith Bt S Bd8 4 b8t Y ThRUMANS, B7-H3 has
both a 4lg ardztgcliariant, With2the-4id FshmIpreddnivaithg, TwRilkeethe AMgdmgiahepiedominates in the
mouse. Sun gfiabvd phRMunel 168i:6294- 012 0Q e tenheroer Stakolnisaunel d4ida2352-59 (2004);
Ling et al., Genomies 82: 365-77 (2003), 5R t studies have.s | that B7-H3 is.both a stimulator
. an mib B T e e L D b P YR ralowing (1)
In comblfatishaith &t L3V BRHIR rusitrieebetifmuritEs 4 ShreTs P riidloliferation, and
stimulated |FNHysamd2CB8chtienalgingtyyickhapovalkietat-ddatidminupobian 260 F(2001k)y. and (2)
Injection of B#; s%%%?%ﬁ?m&@é{mlﬂdﬁ.t%épW%@Qf@ﬁ@{ﬂ honphoma pogdef resulied in 10 complete
regression of 50% of tumors, which was dependent upon CD8+ T C%IJ% and NK cell§. However, several

recent studieShave SAGWr AA-in S St for e Fndtecdie. B7-H3p AP ko &kétitd show a two-fold
increase in aftoreativesT eXIPBPORfEPaE PBitran MILRTeghcn$e-oAEIRPatioRRIECBYoTisds by anti-CD3
and antzCDAR-wag.hhibitgehini-AcRR2dtreaste siodonitelieakitorot Byohididdagaet-at, denomics
82: 365-77 (29031 he ﬁﬁﬁ%lgé’yﬁaie@ ga%gsegc]éo%ﬁﬂ%%ﬁ%%%ﬂ,qﬂg_rf%li%gt"’c%h?'%z}%ftﬁé:r%'i%’isj;'é'-lz'cc’ IL-1 0 and

GM-CSF. The reconsiliation o se studies could lie in the existence of two receptors for B7-H3 with
opposing funttiBiiegrir e RS FOT28 STl e A SRR sRyARiFee e Beptrdrige?. 2. As a
result, the blodka déoiB etd8rdigmabagywaay contribute to enhancing immune response to infection
a?]d tumor immuniat(;jﬁmen &aﬁaﬁ&ﬂi@ﬁéey;/ithegaﬁv@@@ﬁa%ﬁ@ﬁsy@' Qnmoazﬁﬂrgzimmﬁgaé g-l)37-Hh4 )
The most recent ition to the B7 family is B7-H4 (B7x, B7-S1, B7-H.5, VTCN |, PR 1), which is
A megatie reG B AN s R o g A AL Bl D TS Tho (16
10388-10392{200Sya firatah dise Bt welnat o4 (7Y 67008 (20033 Prasdtr e¥at, Immunity
18(6), 863-871342003);1 Sica whiatalmmaunitgxk8)(6), 84286 L {2008)s Battnitimar/andzgpouse B7-H4 are
expressed braggly:in hothbRhnid SARIReN, and, thymHs) @%@%ﬂ%g@&?@ Qigans,finelyding lung, liver,

testis, ovary, placenta, skeletal muscle, pancreas and small intestine). B7-H4 is not detected in normal
uman tissudB B e o eI o i AP s P ARSIl O AT 116 CRRIZ S 7-Ha is highly
express&d initghvgiegyeinfarid A-talivolswand Yeeik-tirmepolymeraseetiainisreactione(PERYanalysis
indicat?O thglt mause Ba-daniseis highlyimeressad h:Rraptate, Ling ?&dﬁ@wg@dﬁamne@a cell lines.
B7-H4 binds a yet unknown receptor on activated, but not naiv s that is disti rom CTLA-4,
oS, P A e o e R e o
B7-H4, the répiskit&d BEitling of B7-H4/Ig fusions to wild-type, but not BTLAJ- cells compels the
conclusion that HVEM, and not BTLA is the unique ligand for B7-H4. Sedy et at, Nat Immunot 6: 90-98
(2004).
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Studies with B7-H4 transfectants and immobilized B7-H4/1g fusions demonstrate that B7-H4 delivers a
signal that inhihits,JfaRe31ediated CD4+ and CD8+ T cell proliferation, el Essyslgspragression in the
GO/G1 phase, and IL-2 production. Sica et at, Immunity 18: 849-61 (2003); Zang et at, PNAS 100:
10388-92 (2003); Prasad et al., Immunity 18: 863-73 (2003). 87.1 costirnulation cannot overcome
B7-H4/lg induced iARbIEH: BfotkMEraRieBT kA AMRIBoBYPRER ARG T-CetrefifstaBbA and IL-2
production ingttreinhiv@adinisatidr obdnti:B rkdcantibody cammenstrateanithtadministration of
kehole Ilmpe&ﬁ%mgg I\f@&@%@ﬂg&gg}gl%ﬁ&%ﬁﬁwd s adjuvant (CFA) led to a modest increase in
anti-KLH antibody IgM production and a two- to three=fold increase in T cell proliferation and 1-2
production upon in vitro restimulation Wlth KLH, suggestlng greater T cell priming in vivo in the
presence of anti-B7-H4. Anti-BTCRARREngdgbody markedly accelerated the onset and severity of
EAE in increased Q@&ﬁca@dtm%f'ﬁrﬁaﬂ&laﬂd;m&ﬂbABmacm@hagas indhe breigtoficmi-B7-H4 treated
an autoimm mouse, 1@&@%1&@ nedf@gg)@égggnggglngﬁ}g ﬁ%’%&lﬂgeﬂ&]ﬂ k4 suggest that it

may downegulate |mmune responses in perlpheral tissues and play a role in re ulatln%T cell

tolerance. THEBIHHEESIGHOFEPHI 4L aleY! ﬁ?a@ﬂ‘é‘%?gyﬁ%%rfoéflﬂ%gf Huri&E8ponses in
tumor immunitydu@hei ettatiags inmmrenatdds? Told 65 6EdhR (003 Asramresulnd e antayorism of B7-H4

may be }bsefglgg(g@h%%mgeqr@gpm&ggM%H%HQ,{;@tumor immunity when combined 20with
the anti-PD-Li anti odles of thy ehdeégﬁ_f&? 6. BTLA The 8 %ve)y membeJr' BTLA CD272 BTLA-I)

is functionally similat ©'PD-"An r§|tllsé1 At %Idcggsa selt ?\r}emni"‘l}a({rker or Th'l cells, BTLA is
only expressé’é‘@?ﬁZﬁnlﬁjlm??h"@éﬁeﬁ.ﬁg|W%P?@@?E‘A—4?'{@@S‘f dhd'PEe3 B TI0A 185 AHI¢Rd on T cells
during activatiosiddg@wevier Ningeauastanibe| O08); whicheremains elevated,.oxl:TH27ewlls, but is
downregulatedjj, T@MQJFMBMW@'@% %&%@@f%%s ebhp% %9,9;;;? hg:Gells.. Gimilar to PD-1,
BTLAis also e %g)ressed on B-cells."Gavrieli_et at, Biochem. Res. Commun 312: 1236-43

(2003). Howd&P B8 eodbrd LB ot l%%%hspéét?ﬂﬁé"r%o&cffx}ﬁt%‘ﬁ%ﬁ‘ééﬁ‘% WHEPEAYBA-1 is
upregulated 8@eimaktivategh® telstiBELA raBstwaVEVqtnidation bBTIDASesverin Hiiory effects on

both B and Temms;acm&wamm elradudita iROMLAGE K T0nB(200)SRIA A cells show

modest resp ns% c?atabgtl Una 5aMn£{1%as?glr%spmn?usnglt?ﬁ%ngbgqélw yd @ A%arl%eg BTLA7" Thi
cells show abo’fﬁ *WO n(frease In proli eration in response to antl en EOSUI'E in vitro. In vivo,

BTLAk mice éhﬁwlﬁ’ﬂthrhfé‘fé@@%ﬁ?c@%é ﬁ“ﬁ%ﬁ‘té’ﬁ»s’pg@i‘fléféﬁtlﬁ’édﬁééﬁ s 4 dhhanced
susceptiility derdniMdt=d ThiebphanatyperqfeBiT k- 2- Ticerdeseintlies drénphignodyiplepbisP D14 mice,

exhibiting inciaased SHSGeRiRL E%éfaaﬁpﬂ?gmlstnktxe@%m@e%%ergh@agty@ﬁéeugﬁagswLA -44" mice.
However, given its role as a negative regulator, blockade of}BTLA may rri%vtge%%y I‘jlyf;aenhancmg

immune resp’ﬂ)ar‘i?gl it e 8 éﬁ%ﬁ ShEEOATS: ﬁﬂﬁﬁhl? AR e Sthbined™ anti-PD-L1 antibodies
of 5the inventi®Ad); Mapnser@stifighy’. Mmdeﬁéﬁﬂﬁ%@éﬁ@?%ﬁ@ﬁ&ﬁﬁéqb sugerfaimilythember BTLA
also interactalwmihrecJ NTRIamily semberdMEM.Sady.al ateNapdpoawiot6s 90-88+(2005);

Conzalch o Bnkint Ntk 63 RELIDA AT R G0 Vonchesnr%yf%@anelow under
o

TNFR Family stlmu ators. 10 E.TNFR Family Costimulators 1. 134)  0X40
(CD134, TXPG1mH W?&i%@&o@%‘@‘(@ﬁﬁ%ﬁm@é%imdQ@@O%N%P%tfk@ﬂfﬁedef|C|ent mice
have reducedxiatary CDHY; Deeelbresponses:boflito3vifal @ deo Morrils grofeimratiigens and in
contact- sensifbgj%gqﬁgjgms Chen et at, Immunity 11: 689-698 (1999); Kopf et at. Immunity 11:
699-708 (1999); Murata et t’lC%)SEéBS 91 3195t %ZOO(PF)UGra algel e},o%tugml Immunol. 165:
3043-3050 (2000). Patwer 12 requencies o 15?11 BN-8 ‘i’aé) SHSetor T celis a8 enera{eﬁ late in the
primary ¥éspdhdelarid) tevieserie et @éﬂ@@é\‘?@%ﬁr @?ﬁ?ﬁa@‘ﬁé’ﬁtgéﬁf é‘(ﬁ’ﬁi’r’”ﬁ S CEATESt to T cells
deficient in CD2%).0aiy proliferatiomis unispairea@0nanpaive, b4 Toeelpoputationsithat are

deficient in 040, HowRyeL Rducgd protferaton At matkedaropiaticambsalyaeaur 45 days after
activation, with the result that few T cel is survive lon |_%:Zverm Roge at, Immunity 15: 445-455

(2001). With BxHEa8kekeft GOk eeils /iitgr it Q%%%%Ogﬁ@ﬂgc BT ELSE S nulation of
primary effecten eilisriguinarketlsfietuded8:6 dayscafteriehabniervith-anstigbineCraftbet at, Nat
Immunot 3: 609-620 (2003).
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25 Transgenic expression of OX40L by dendritic cells or T cells increased the number of
antigen-respoReing, {443, T cells and produces autoimmune-like symptpmsthaisaiggssociated with
aberrant T-cell activation. Brocker et at, Earl Immunot 29:1610-1616 (1999); Murata et at, J. Immunol.
169: 4628-4636 (2002). After immunization, injection of agonist anti-0X40 antibodies results in the
accumulatiorFBPEFe aYdF RimsHeY. B raritig dhcresttivaticDa v v cdiie ot tHe B3d e Mot tBe primary
response, angs-aio@n@omitant enhancement in the number of memory T cells that are generated.
Gramaglia et at, supfg., Bansal:Pakala it NaeMetng 9979122001, J\(@%&l{a@t at, J.
Immunot 164: 107-112 (2000); Weatherill et at, Cell. Immunot 209: 63-75 (2001). Enhanced
accumulatiod™8f Prbi K EREE BT CE Ll E MR IS ik & srscpediae! Rith agonist
antibody speuifidifior@X@ B e Sulsdheraltx Homricmst 680668 RE BiROOAstinct wX40 is believed

to provide a laieraqting signakihatallonclanibesunivabeinawlyrgensraledrefiectongells at the peak of

the primery Imimhne ISsonse, TS RAS.Apor eyitence (ot DXA0nchane doynsiream from

CD28 - in addition to increas réssion of 0X40 med "CD28 signals, functional analysis of
CD28 deficieficy-Fertis ox48% &fitidh &sPhave STsidir tihareeim penraioric el farpbitses are
markedly impgaiced _ii@ thatgbsanceed @Dzes'éig@ads;obumﬂjydﬂtempﬂn@esmenimpmiﬂ‘ad in the
absence of 040, SIgNAI:ROIETSsBhRkhy MR A Ric 44074 504N L) BHram.&haly Jplmmunol. 168:
3777-3785 (2002). As a'result, it i$'likely that activation of 0X40/0X40L, such as through the
application ofSHSHRTHE &S R e USEBIMERP c RIS WithRe e PTiRtbodies of the
invention 10te4deat Txteibldysfiimctiohaldisorde 4B B0 018741 BRLip-specBimilaR to

?X40/ 0X40Ly Jsgells ’ﬁhg%@rzﬁ i{}#ﬁ %ﬁ%& B}eés&ﬁ@ %f(;%@sl_{g?nled}{Eﬁ%%@{ggtélm&&%b{(BE,NfSF9g, show ]
ewer antigen-reactive + T cells te in primary responses 15 when 4- is absent an
fewer memorsfla’? S&E Ve 86‘?58%’ (fe?ﬁge%?e[?gb%}t%at%?q?ﬁrﬁéﬁ%l‘.gf6 '%ﬁ%‘ﬁ@’l‘”ﬁé@Q&cran et at, J.
Immunol? 16358504868 (P99F)e THEPBEEr, Jr itk tinGr 16wt 29262325 zboolerisEblocking
4-1BBL dqesmot:aﬁemma Wiiﬁhﬁﬁgliégﬁatb@msppqgseeufm&koﬁ*mktsd.bxﬁﬁgsapﬁﬁresagsethe _
accumulation,of effeelol ik, ALAAG AR 9 1e PUBBRLIFSRRNRG Akl R, ARxs, guind (O apoptosis

of cells that have divided several times. Cooper et 20 at, Eur. J. Immunot 32: 521-529 (2002). Agonist
anti-4-1BB aftiBoateath " ahfcAtrmisitPatistes dPAP ClHaleatbo Wrotuced Simflafrdsults: CTL and.
CD4+ T-cell respronsdsaare mgirkedlydndreasBdirbwivos Meléro-catpdl dtdre- Med. By@82-685 (1997);
Melero et at, EhardatdEAENQL28:: 11 16511 21.(1888): T akahashi et at, 1. hnntunol. 162: 5037-5040
(1999); Guinn et al.’)1. Immunot 162: 5003- 1999) Halstead et at, Natyre |mmungt 3: 536-541
(2002), 25 Talkahaci T T AT ARt P b HoT BT, B A 6 LR ot 160
5005- 5009 (Zo0Ryey-1EB sprkifiedntitisa a6 s ra & QResirmrep fonferatiderradpbHse, supporting
the conclusions fegronthe 4riliBBE: biosking exprrimentsandipeimiing o the late.actizitgof 4-1BB in
supplying cell-supival-sianals: Like 0X48. 4488 isdgligver 10.provide.a katergstinggsignal that allow

for the survival 30 of newly generated effector cells at the peak of the primary immune respone. There
is also good SUfHEAE ¥ 1BR ordatHE mfey aﬁ%fﬁ’%‘-%%833@%%1(%80%%}ggge(‘ﬂgﬁpression of
0X40 and 4-:B8 shwedistettdse QDS gitsrials rfemesioltal amalysinof@Degrudfizié defpotersus 4-1BB
deficiency hayesshowhadhaheary pridancellrasnensraarsmmarkedly iiupaied ikthe absence of
CD28 signals,,but only.| espenses.are impaired in the absence of 0X40 signals. Rogers et 35at,
mmunity 15 95 TS AR o s el B e B o et CD
137 antibody"¢EH4raECdWintSr Fe'dtedsidn Sl aficariffieraith gl et sPEPR Bt role. Melero et
at, Nat. Med.iBn68245idibOG AjsdaliranomsitagiisrCaric ok Riesn65(3) 24089:863(2005). Constitutive and

inducible expressiop0f RRgk! GaRieS Je9istianeds SUEh UmMArSWIiEistaxeraible apen blockade of
PD-LI. Hirang etg}l.c AS‘E regult, it is likel thathgctivation of 4-1BB/4-BBL, such as through the

application of agoHist anl%féc]iéngy SatiEl afly T e8mBiRafiofR Wit Bt FEMEYSHSETEY., anti-PD-LI
antibody) malg-beaaite fl et ardes fvaysiimetisnal disorders. 3. CD27/CD27L (CD70) 10The
importance of CD27 (TNFRSF7, S152) and CD27L (CD70, TNFSF7) signaling in
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the initial stages of a T-cell response has been demonstrated in in vitro blocking studies, wherein
CD27/CD70 iglgragtighswere disrupted. Oshima et at, Int. Immunol. 1G;5}¢/sa36dst838); Agematsu et
al., J. Immunot 153: 1421-1429 (1994); Hintzen et al., Inununol. 154: 2612-2623 (1995). T cells that
lack CD27 initially divide normally, but then proliferate poorly 3 or more 15 days after activation.
Hendriks et at, Nature Imiuno2-438:%40 (2000). This indicates that CD27 participates in promoting
the initial expansiomaefithernaivezdircetopapulation;doy! eitherneallsuppressionpaivideetlydeath or by
acting on th%ﬁ)%%gg dodllow sustained divsian 2:3 g@yﬁgmtﬁg@%igm% PRis igskainforced by in vivo

studies of CD2/-deficient mice, in which lower nqmb_ers? antigenf—g eicifig: res O%EvePsD(days 4-8) and
fewer memo&P%Ffééﬂ%d38&6%5%?/%7@%@'0%3‘?@%8é@.aﬁ@(nrarer Setat) -sUpra”The expression of
CD27 is fiprégakaded e aFRrdftbrhidedieantivet onobugeest hgs i adidlydellvéls 'dighbls that

maintain early @rgliferation, Lefosedhe paakiabtheceifeatornrespense cp2s As@resultu is likely that

activation of CD27/CD27L inc:rlugljfln th ou he application. of agonist anfibpdies,.particularly in
omaimation 1t He R S e A
dysfunctionaPtisbicer&ing, & FEBReSZO feperssed inbppapngi FRYFE KX And 'D30L (cD153,
TNFSF8) signdjingrds coPsHmMuatay-for Sexeral &/-ckllfunetiofRs ibyitre. DElRretegtak].J. Exp. Med.
182: 1655-1661.41992)s BOwanst 3o at.AulRanzunalda0 rad2:448 1408R) Bleskinggagents to
CD30L suppr ssgq tg/}a (]es\}/elg,ipr%eénagf}ThZ cells and enhanced the development of Thl cells in vitro.
This activity & i atffee ertwith data soh%jwing that CD30 is preferentially expressed by Th2 cells and
type 2 cytotoxic TcPeélsr bretPrated e AtclgpacNaiaril i et heelk. Mivitidarrse2e99-2098 (1996).
CD30 is expresssst 3-fsdpys) afteritheaetivatignafnayed ealls inspalasz ednpii CBsyam@sponses.
Nakamura etg) uRig. iRANRa ek e es DReRUIGIEN 19 die & Ytaldnefamipated

responses. While the exact meéechanisms of CD30/CD30L signaling is unclear, it has been
suggestdd theftGOATi gt ba il AFshyses0 Untral g h e 20O pH0E KR E Gt e Ytigen-specific
CD8+ 5 T celig: aré2trangfesie d into28D8Bhsdeficiant niite; theyide hotmateuhivatedmviiigh numbers at
the peak of a,pHmarkdespRRIM AN IBNELIRDENEb:iCeIg feualep N atesulla €3@/might also

provide proliferatign and/or survival signals, tq allow the. generati f high numbers of antigen-specific
T cells at thecﬁ(érgl%ct) f)? {l g‘ry%rrlglssﬁnoﬁs%sﬂgl' 9""3&’306[1' r%%u l‘l?}@f}@f#é’ﬂéi tha ﬂé@ﬁv%xtclc r%l% D27/CD27L,
including thrdBghithe aphdatiorrs Oofationistaiibtediess fatlewariPih Bomtheatorbeieh the
anti-PD4d antibadies.desssibedsheminsmay e usefut to treatnk-cell ysfnnctionat digoders.
5.HVEM/LIGHT The effect of HVEM (HVEZA AR, LIGE , F14, PR0O509) and LIGHT 15
G255 HVERI RS TR Ty el T R bty o
LIGHT to als8®BiHEpisolssinm 31 cepireurprdiand 2) HVERbt I Bin ¢S SRISIEE TS, Fhus, any study
of the effect afibiMEddiyl GHdz shalllshalsgitakeiéntd @echunbiheéffe 6t afidthen biadingpartners for this
sipaling system, Blocking LIGHT.caminhibiteatyds cellpsoliferation.and-cyigking seekgtion in
allogeneic mixed-lymphocyte reactions (MLRs). Tamada_ 20 etal., .1. Immunot 164: 4105-4110 (2000),
Kwon etat, J. Riot Clelio 775! 1455 1957 & 168 7B Pa ars ). IRmufof P81 1786-1794 (1998):
Tamada et atxNetigredvathug: 2880 8c¢R000Ys Thectopbeiisstionsoichrazinfiammbtonddaekines is
suppressed whemLdGRtE iskiagked ruMEGRIsmalched.heart @llagesfls. Yest applL Exp. Med. 195:
795-800 (2002). Moreover,.allogenejc skin grafts are rejected with delay inetics. in. recipients that
e et e R e oy, oo
suggestion tHaFdelyeaEramrbjetdion MRIMHIate' SR Ky sEPPTEEor 6T -dBIFEIGhal expansion
or cytokite pregtictigrodlhis, derchision, isddStereddby4nyanRatr drstudie s hdWing tHasLIGHT-deficient
spleEocytes r;_@ﬁ@paflﬁégtge{@dﬁugﬁmﬁﬂﬁﬁa@@g%ggl@%dégrffﬁuﬁy@_?ﬁfépgmnﬁh%mqltllké?oga/SO(lgi)nes and
weak generation of cytofoxic cyte acfivi TL) actiyi e at, supra.], and (ii) in vivo
S0studies shUTG TR LGRS, L te TS Hich Bt e 2! Famada et at
Nature Med. 6/283:289(2080)172-82AZ0¢t re BRI, e 1ehVENMITICRE Fips Sideticassdrvenigiviie-application of
agonist antibodies; particetasly imhasabinatian: vitnize antdgBok I2artibodies e sakbeehherein, may be

useful to,treaf, Trecll dystunclional diSorders, . res rer. 580 755-62 (2006); Liu et al., Blood 110:
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35 WO 2010/077634PCT/US2009/067104 Il.Definitions An "allergen” or "imnzunogen is any molecule
that can trigggr an immkne response. As used herein, the term covers githgisthg afigenic molecule
itself, or its source, such as pollen grain, animal dander, insect venom or food product. This is
contrasted with the term antigen, which 5 refers to a molecule that can be specifically recognized by
an immunog?§bifih 6P cel tecipterbilivs, 1hrdrAISkbs BaA dengiaphamelast (R Eﬁ‘&ﬂn@ H4kmune response -
is a potentiabadlgrgen. Manmydifterehisghenyicalstof biothsnatisa) and synthwtihgriginard known to be
allergenic. C&J}ERJ%CHQ&U{@'1%%%&&%9sﬁ%ﬁcﬁwﬁa@g@lmr%l%daf@ ikely sgospuse

antibody-mediated allergy, whereas simple or anlcP%onggans inorganic chenalcalscand metals more
preferentially caus8™T- a@‘%rgﬂ’]l‘ﬁle‘afﬁ?éor% v % E8rhe: cA%es IS EAMS BIgFE R MaY be responsible

for morethameneliype efdlargyaExpdeiia masheeﬁﬂe@éhzimgﬂﬁlgeﬂthmﬁémrﬁba%ﬁéﬁ tnjection, .
injection, or skiniGRRtAGksting pe@ﬁ{ﬁ@dmti@émq insthe: cantaxt-abimmupedlysiuesiians refers to a state of

mmune redyced fespongivenesslp atigenin sRURTN. BheRHIIClHFISS e spmimon elements of

both 15exhaustion aTTd or ane gy | antigen recowntion QP%11occur e ensuing immune
response is iREfEEAVETE SO REHSTP St grswipfuction: Er%%;}?&“"}ﬁﬂﬂﬁﬁlﬂoglcal
tolerance" ISd&}ﬁnﬁ&ﬂUﬁgo@hoeanwﬂ@rwsm rommmm adefensivedimmupea.respanrsedo a particular

antigen Tolerguceg can be natura& or sel %@ thgqy dgeésdqgg aylttaycam its.Quwn, prgtelns and

antlgens or iT'CAR be induced, resut %icrr]céppg P%e 20 manipu fation of the immune system. Central

tolerance océurdliney f’?ﬁ%pﬁﬁd&%@ deberopmeMt SHE apEratd& i the thymus and bone marrow.
During this procesgph asghBrympladtytes ihataecofirize Setbkintigawiscave deleteddefore they develop

into fully im 'ﬁﬂ9&94“9%%?&@&%!‘&%&?9%%%% activerdyring fetal deyelopmgny but continues

throughout life as immature lymphocytes are generated. Peripheral T-cell tolerance refers to a

fwictional unfEEpBRsRERELS 9% fi‘ff’s?éi’F Shtibfetie ’{Ffatoﬁﬁgcp?gg‘e?ﬁ%‘%Wbﬂé{&?ﬂé&ﬁ@?%{nd occurs after
T and Blgellsishatuderake emtsr thE(FesiphémionT Héserphotesses inolutehésespradsion of

autoreactive gelistynreawlatany.: 11 celisand he ganerationahhynel ganaRsienegsdenergy) in
Iymphocytesw ic enco unte gutl(%%%ﬂe %)fbsence of the co-stimulatory signals that accompany
e

U mu L
inflammation®” cquwe d™or “in refers to the immune system's adaptation to external

antigens 30 characteifged BymeaepasifiendmaEgchititgof thel piipHold? 188U BS R YRSh antigen that in
other circumstanzes waalnsh lik elydinduce el radiaiedgr fermemhinmu bityclinaduls, tolerance may

be clinicglly inducgd by repgasd adpinistatiogpf.uenmriosdnassal antiaen. LrAfsmall doses that

are below the threshold required for stimulation of an immu ]é? response, such as vja intravenous or
res!

sublingual adPiAIPEHOHIGFEBRIATE SRIFGSHE HRANTIRSEl pHIEREY L FSERPRIEE™SE M induction of
tolerance. Thetifreaktowrrofse Fitlelandy coritadaiord nelrsinemensiojells did EethgnetenseT-cell function”

means to indyeenEuSRRinstimbAe-akiall fahavea susiaingd Rramplifiedhisdogical function, or
renew or reactivate exhaysted or ina t| e T-cell ing T-cell function include:
increased se r;{%ﬁﬁg y #ﬁﬁ er%zrfﬂfrgm @D’%ﬁ ‘?%Eﬁgé%‘r%ré J;I proa?r%ratlon mcrcralja{shéd antigen

responsiyenaasbaaigalsqithl W%ﬁd@%ﬁ?@é%&ﬁ@éﬂ@‘?&%@é&@%aﬂm Gksfd tedftervention. In
one embodinggittidherieveletenliancement isasteaStBOME (sl e (rraty atydbOYehiTo%; 80%, 90%, 100%,

120%, 150%200%,.J he maner &Bwa&u&mtw%ﬁrﬁwnﬁ%ﬁm@ﬁ inqwn ta enp-Af grdinary skill in

the art. AT cell dysfunctional disorder” is a disorder or condition Q %f T-ce Is char cterized by

decreased re¥pirbitERRLOTY ShaYEACLIRIEIB AR SR AiCisF SREbShieHE éléah

Radhakrishnan et al, J. fmmunol. 173 13606-65 (2004); Radhaksishnan et al, J. Aliergy Clin.
30 Immunol 116: 668-74 (20035). .

Further evidence of reverse signaling inte dendritic cells (“DC’s™) results from stadies of
bone marrow derived DC’s cultured with soluble PD-1 (PD-1 EC domain fused to Ig constant
region — “s-PD-1"). Kuipers ef al., Eur. J. Immunol. 36: 2472-82 (2006). This sPD-1 inhibited
DC activation and increased IL-10 production, in & manner reversible through administration of

35 ang-PD-1.
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10 dysfunctional disorder is a disorder that is specifically associated with inappropriate increased
signaling thro%&@%%&g another embodiment, T -cell dysfunctional digoyder is.one in which T-cells
are allergic or have decreased ability to secrete cytolcines, proliferate, or execute cytolytic activity. In a
specific aspect, the decreased responsiveness results in ineffective control of a pathogen or tumor
expressing an immbigepbEaalesdss Tewir spentm&idial-digorBdrs 18 dchadsetedizedf by T-cell
dysfunction ipslude unresaived acuitaitaidetian chitn @dnfectiorrand twwer dmmunly.i;y  "Chronic

infection” refess {p, 39 |BiESHOR N WCH AN HICCHRHS J9B0L (R.9-pRAQUFES SUGH;ASYifuSes, bacteria,

protozoan parasites, fungi, or the like) has induced an immune response In the infected host, but has
ot been cledPRREB PSRN FEHIEY AOG bb BT A RS FFEEHON. <PORIE Infections may
be persistentelatertatemstione-W hike“ 84ttt dnifelntiBh s al@typicdlR7 fesofied By diditibihe system
within a few days:0segkS.(e Gendlfltenra).ReLsistentiafectians Gan persislakairgiatively low level for

months, yearsﬁdec%ges, %r a Irilfe irrgle n(%.%t, A-L??pa%tig%) 1hL;nB%optratst baa!glteﬂlt%nf%cgig%is characterized
by a long peﬁ%dcgf)as%/ l(blgmoat?’\é activi 131/ pcun tuated by a pe'rlgglac? réaplaly |nc?%§S|ﬁgnﬁigh grade
infection and?8|&yateerEtioden! 259e¢eIS3 (& 5 b rpd i3k pldxgeiFmmelifyraaos 6 iffekaion is one
_charact_erize@rbgnai@radwaﬁcanﬂgaeﬂﬁﬁmemsyrmfe«a% gmﬂ&as&ﬁym@mm$psumcaﬁsaﬁang period _of_
incubatipn followed by, 8 RIOHAGIRI AP PAESRIVELlINE Al SEDLEIIIRG Afterihe, onset of clinical

symptoms. Unlike latent and persistent infections, slow infection may not begin with an acute period of
viral multiplici Pe. b SBic 8RR FISE SIRTELFEH T REDINEISR )i 8T eEt IS ERSToRBR disease). 30
Exemplary infagtions iadentssapabfemntiiduding B-throis! infettidemmsiudeaviruségfery .,
cytomegalovisus: &psieinBaismirus:. hepatitis Bivieds; hepatitis.GiMidsnhampes simmax virus, types |

and 11, human immunpdeficiency. virus es 1 and 2, human papillomavitus, human I lymphotrophic
viruses, type@'éf” éﬁwggﬁ{c glfﬂ ){‘ celllJ ()/f@%@ra%«al t\ﬁaes Pﬁl nger 1my gpge 5 ar%: kEB?B)IuSrBBQI

a'zoster Virus and the like), bacteria (e.g., Mycobacterium tuberculosis,
Listeria Spp. cRI&HETaTR PrsuPRoNi 48" SEepELdiemsHre ambfkes By Rl hureus, Borrelia
spp., Helicobacter pyaticarisitheilike)rprotGZoamprbasitesgfeghal disbhmaniangppapBtasmodium

falciparum, SghistasOUE-SRPmIR fe@!a_é{@%xa@gm&ma@%ﬁm@p@-ﬂ_l;a&gi@sga{%?%@é and the like),
and fungi (e.g., Aspergillus sp andid alhicans, _Cgocm loides |mm|t|s,-H|stodoIasma capsulatum,

Pneumocy st CERIT Bnc T Iﬁ?é%’.e MditonaliffeehSE Sgante THlde PS8V HiRt8Ided proteins
that affect thé braryiofes Bodetion Satderarey-flrtkelpkofyagafing pfdidin MEfofdiHg4h these tissues,
resultingdn thedarewtioprof pmyleich plagueswhishrcruse cellsdpathnlissupagaagr:and eventual
death. Example of disgape 1gsHing famarien infegiiop nliger CrsuizfaldiIakied disease and its
varieties, Gerstrﬁann-Straussﬁer-’Scheinker.syndrome (GSS), tatal familial insomnia’(sFl), kuru,
scrapie, Bovit&Saemifbh b AR aphaTBRRANF (B B Treatifetardd fab ot disddsey And various 10
other animal ddlnsichecephatopathyelhg:, tfahsmigsiiledinibencephidopathye (fddB)s chronic
wasting di3?@ﬁﬁaﬁ%@ﬁ%&rilﬁxé’\&lﬂﬂi%ﬁ@%%g.gﬁﬁﬁﬁ.'i‘.r@flﬂl%Hzldx%&i@ﬂs t@iingc@@@ngiﬁq?@%g%phﬂoloat% f
exotic upgulate encepha in nyala, oryx and greater kudu, spongifonn encephalopathy o
the ostr%g*n]. Uror ?%n%@#@%leﬁ?g f)(l)tet aJcet}%)l?cv)vcﬁel?sésg?ngwhich tumors evade immune recognition and 15
clearance. Thus, adgetittg et iAcomss s, terpBEiFTRTEhItY sl tnshrder Riasngstich ‘ea@ion is
attenuated, aneribeduwiDEsIareDeEC @Y Nizeshandaibagkechhy e imfmunesyste medixamples of tumor
recognition inglye. iyt Indiag (yiRQSNIRKAOR A0M ILEIAL £1BRIBRE Capancr Al ROIVe

costimulatory antagonist” ("BNCA") is an_agent that decreases, blocks, inhibits, abrogates or interferes
with the negafive &b STTIStdRP st THETTART 1Y BPH/BTH Yo S rlitadE 3Rttt expressed on T
lymphodytes amdieted By armembemoéthe:B Pfamincthvohadspest; alBNE Aomayosithdr alone, or in
combination with. the anlizRR: anthedes:.ebibasinvention.frensers dysiunctianal T-cell
non-dysfunctional. In another aspect, a BNCA may be be an agent that inhibits nucleic acid or protein
synthesis, expression, signaling, and/or post-expression processing of a B7-negative costimulatory
molecule. In yet another 4spectB&BNCA 25 is an antibody, antigen binding antibody fragment, BNCA
oligopeptide, BNCA RNAiewBNEAlsnralkisaolestlel thatude Geaise® 7Riozks Dirviaj ity @byogates or
interfereg Wittmégn@\lbnr@eéd%i&@ebm}gzm@a.uy%@@quat%yumo'%uﬁ%vgwmpl%[ﬁ? negative
costimulatory molecules includes: CTL Af PD-L1, PD-1, B7.1 (expressed on T-cells), PD-L2, B7-H3
and B7-H4. A positive costimulatory agonist is a molecule that increases, enhances, augments or 30
facilitates a co-stimulatory signal mediated by or tﬁrough cell surface proteins expressed on T
lymphocytes. In one aspect, a positive costimulatory molecule can be an extracellular domain, soluble
construct or agonist antibody which activates a positive costimulatory pathway. Example positive
costimulatory molecules include the B7 superfamily molecules, e.g., B7.1, B7.2, CD28 and
ICOS/ICOSL. Additional examples include the TNFR family costimulatory molecules, e.g., 35
0X40/0X40L, 41-BB/41-BBL, CD27/CD27L, CD30/CD30L and FIVEM/LIGHT.



A "small molecule" or "small organic molecule" is one that has a molecular weight below about 500
Daltons. Abointerfering RNA" "RNAI" is RNA of 10 to 50 nucleotides, ity jenigibaphigh reduces
expression of a target gene, wherein portions of the strand are sufficiently complementary (e.g., 5
having at least 80% identity to the target gene). The method of RNA interference refers to the
target-specifiestpprésionof§ehne Bxisraasios (e haduterstieriethty g oetaiing atha 418
_post-transcripsienatiemel(ag winansiatign)riangiachides all posittansstiptional ang-transcriptional
mechanisms ot RNA smegiated Inibiflon, of %Hsngmr@%z%qgo@?ﬂﬂ 6.dpserbsddn P.D. Zamore,
Science 296: 1265 §2002 and Hannan and Rossi, Nature 431: 371-378 (2004). As used 10 herein,
RNAI can bef## th& ToHA'F small interfering RNA (siRNA), short hairpin RNA (shRNA), and/or micro
RNA (miRNA). SuckeRNAiiie|eeuleboaretiohtéi-Hdio otk sttanded RiNATotplexeSTrall may be

expressed inthe fom i ceRaraienomplamentan:grRarinly comnpemenian RiMAstiands. Methods
are well known in the arf f igning double-stra RNA lexes, For.example, the design and
synthesis of gﬁ?ﬁaﬁg%%%&z%%%%?ﬁﬁ% r%ogt)} %atfso%%%%ﬁ %?ng(%fg .,C?Lﬁs 18[1%%%?%3%{15 39: 215-224
(2005).  AstigiHeaid Ao RNAICGes N A hera bt iste Sttafitiedr RA(ESRNAY ddpfex of 10 to 50
nucleotides irxjangthowbiey redugesexpsrssiomof Bniatgetgene; wherein potibsipidhe first strand is
sufficiengly complementaty, (6,gsohaving.at IGARLAXGIAERTTY I, thedargelgenphiRNAs are designed

specifically to avoid the anti-viral response characterized by elevated 20 mterferonﬁ%theas,
|

nonspecific protEi s SFEHRBHB YRR AEYPLORIRY Brdbselrrasul® i Suititie or death of
the cell assoséiatéduwithothe e fokiRidARin maliarradia cellspPidddisonetalM R ocsiMait-Acad Sci USA

99(3): 1443-8,42902) of DI Fe:tam, "Rl sefers-th s eepingrRNASHUCIVRE ek aucleotides. A
“short halrpin RN or,shRNAis 2 Sindle siranded RNA 10t S ucigglides,inengih haracertized by
25 a hairpin turn which reduces éxpression o a?arge géne, wherein portions ot the RNA strand are
sufficiently compfertientanp(eletiaafifgia: BEseeboligehtity-f6the argergdnen THectern "stem-loop"
refers to a paiimes ketwee minosegions: ofihe-apme maleciledtase-pais tanfaonm, aidble helix that

ends in a shqrt uppaired lqon, ‘g;géggtgsgglgggé)ﬁ%ple%@gygure. A "micro RNA" or "miRNA"

(previously known as stRNA) is a'single stranded RNA of 30 about 10 to 70 nucleotides in length that
are initially transcribéd 48 BrelniRigEEh SR sgpling "aeirtBy e St et " im e
subsequentlygspocessédanio mettnecmiRNAiaftdefurthiEniprd cagsimgatirdgh thebRIvAahduced
silencingcomplex LRE2C)- A "BNCA interfering RNA" or "BNCA RNAr binds, preferably
specifically, to a BNCA nucleic acid and reduces its expression. This means the expression of the B7
negative 35costimulatory molecule molecule is lower with the BNCA RNAI present as compared to
expression of the B7 negétive ce&ti#hulatory molecule in a control where the BNCA RNAI is not
present. BNCA RNAsdnay:hecidendifiech andnsymthesized asiAg kemwamsetimods {ShidhTrends in

Genetics 19(hx9xb2, (20083). WORA03050042, 0203004622, \W02004/07R164N0R002/044321. 5A
"BNCA oligopeptide” is an Olé%?p%ﬁ%“de that binds epre erably specifically, to a B7 ne%atlve

I

costimuftory pofypdptd®; Mefidh %(?gggbég?faﬁﬁEnﬁ Br ﬁﬁhéﬁ?f@"@bﬁ‘l§3n37r9ff5?3§f)()e33i;\/ely, as
described hePeirdStich, oligopaptities Ad ) Be(dWemitedly synihesizedliismgSkhSMn Bligbpeptide
sxl/nthesis (;neﬁammﬁa%% mfmm%wmr@q)@ﬁgdmﬂgﬁgd#mgﬁr@ﬁmmanﬁmmmw Such )
oligopeptides are usu at least gbout 5 amino_acids in length, alternative at 10 or more. Suc
oiometded A B e T e I this
regard, it is ndtal At e i dsors delerisd imgranyspeptisanbrdfe Taeshgehedtidét dhat are capable
of specificallyisindlisigitoa lpaly pejitidetargetiane Mglivknpuseihitheng doseeriengupldisSadatent Nos.

9,556,762, 5%ﬁ@iﬁz%MQQ@&%&&%&Q‘}B@@% A0 A0 H 48R H L08R 20 i3S, PCT
Publication Nos. WQ 84/03506 and W084/03564; ggysen et at, Proc. Natl. Acad. Sci. U.S.A.,

[oC.
81:3998-4005F1GH4) PERTEEN B FiR FHPORASH & L}?’?S‘.’ﬁ\.b,‘?% B EED TIHEY): Geysen et at,
in Synthetic Peptitetybsuantigens T130: 149i{ 1588, fawygdret HIQS1E i mndribt weetter, 1902259-274
(1987); Schogfsiet atithobaBunatni40i6dil-66(1080) GvipadSorB7atatResNatindisad. Sci. USA,
87:6378 (1990); Lowman, KB. et at Biochemistly, 30:10832 (1991); Clacicson, T. et aL Nature, 352:
624 (1991); Marks, S. D. et at, .1 Mot BioL, 222:581 (1991); Kang, A.S. et at Proc. Natt Acad. Sci.
USA, 88:8363 (1991), and Smith, G. P., Current Opin. Biotechtzot, 252:668 (1991). A "BNCA small
molecule antagonist” or "BNCA small molecule” i an organic molecule other than an oligopeptide or
antibody as defined herein that inhibits, preferablySpecifically, a 87 negative costimulatory
polypeptide. Such B7 negative co-stimulatory signaling inhibition preferably renders an dysfunctional
T-cell responsive to antigen stimulation. Example BNCA



30 small molecules may be identified and chemically synthesized using known methodology (see, e.g.,
PCT Publicatign, NQsy,4/Q2000/00823 and W02000/39585). Such BNCA smallmalegilles are usually
less than about 2000 daltons in size, alternatively less than about 1500, 750, 500, 250 or 200 daltons
in size, are capable of binding, preferably specifically, to a 87 negative stimulatory polypeptide as
described he?eR- B fsgnbe HikhtmePWRAH i otrds3serpe fimemneiim teiig Rl 4adown
techniques. Imvilws: regane niids neiediihat echsiquesfov.soreenin g:oxganimomplecule libraries for

molecules that are gapabla,pfHinding. 9. a.nelvpentids fgeh At el knewn in the affsee, €., PCT
Publication Nos. W000/00823 and W000/39585). The term "antibiotic” includes any molecule that

specifically ifHibits‘6l4BdligkEY 1 BRrsWthH STRTED-GRfafhid S dofedviietisactelia, fungi or
protozoa$ butislnpndetkial to the(Wdst abdtve wdribentradiomcandidosing. ifterréa ddnttistered. As used
herein, the tqnmantibietis incledes jantibastesiaauent.aativirl;Ae8nt antkfungabagent and
anti-protozogp, adent &, speciic aspects An Atbiolia IS RRIoNE Jo.he hastal e gdministered.
concentration an dosmg intervals. An |-ebacter|c"1l_ an I(E)I_OtICS or anti- _a_éter_la s can e broadly classified
as either 10 HugtefitibatipelifgpuetirRiish sronediarivsiinic 4.8 o praveie ur isyBARY-bactericidal
antibiotics camtedudhenaubeiassiiiedasnaicavwSpecl limpg ecrenpynaffatisi nismalblass of subset of
bacteriay .9 3aIN-NEYANIVERFAIC).OF RrassksRestiw. (.6 xalfests b RadclasshExamples of

antibiotics include: (i) aminoglycosides, e.g., ar{njka‘cinmqentamlcln, kanamycin, neomycin, netilmicin,
streptomycin™BBPARTEIN Y FEFEHTRIA CeHPENSHERIGRIRS &GP GBI ShARRY & 5 REMTARRin, (Hi)
carbacephermsthel §H. [oreesivkeedicfiv) Toettbepeing ingive iy the rrproptivhadoFipEdedutimipéhem/cilastatin,
meropenem, ywhisephnolap orine (i stgRAGIALHRNsE: 8ndGefattkoxilz sefazalinacafaterinngefalexin, (vi)
cephalosporipsdsecand generation), &0, Coflaclor: cefamandole, cefoxitin, cefprozll, gefuroxime, (vi)
cephalosporins (thlra generaion), e.g., cefixime, cefdinir, cefditoren, cefoperazone, ce?otaxme,
cefpodoXimeettaZibfirfrentiesdiseinesidtikia=dle weRfisoneectl it donaisspsriieourth
generation), engweefepimes, (vipd;igephalespoinspliifth géneratiph)ine.J. cabftdbiprele Tiix)

g !y_cope ptid_ eS8y ReBhivieleap) Eﬁlé MMAREH 'H){fi .00 Mackalid &% oY -ilﬁ?ﬂmr%}%ﬁi:@s %a{m;p myci_n ;
dirithromycine, erythram _cm,lr%xnhrom}/cllp .tggégg%oow%mﬂ, te“thﬁo{{‘ cin, s ectlnggr_\%gln, (xi)
monobactam& &Y akiBSham - (i Behicifing e 3. Amoxichin It eXi8 LR, arbenicillin,
cloxacillin, digloxbeiutiefufligctobeaeslinmPse et |ininpaiveirin wefeiinmexgciih sepbéitih, peperacillin,
ticarcilling (xiipiantibigticpolypeptdesefeng inliagithacin, colistin, polymyxin B, (xiv) quinolones, e.g.,
ciprofloxacin, enoxacin, gatifloxacin, levofloxacin, lemefloxacin, moxifloxacin, norfloxacin, orfloxacin,
trovafloxacin, (xv) sulfonamides, e.g., mafenide, prontosil, sulfacetamide, sulfamethizole,
sulfanilamide, sulfasalazifte, suBSekazole, triinethoprim, trimethoprim-sulfamethoxazole (TiviP- 30
SMX), (xvi) tetracyd@lirey] éugily dembal6GclineDaOXEHckne inimooyelineimoiytetfdtyclide, tetracycline
and (xvii) othefg sUch:asiaraReRAMINe. ChiarRmphenierl elindamyein EneRMygin.gthgmbutol,

fosfomygin, fsidic acid. Jurazaldans. jspnjezid inezolid, metronidazole, mupiracin, airofurantoin,
platensirhycir?fna)yf)g Inamiae, cfumupriét'ln aﬁ?oprlstin, rifampin/rifampicin or tinidazole.~  The term
"antiviral ageRP™neluBiesainy imididetie hihirmmiee gralsbrands -t Jreviro vsstacdi®l/or survival of
viruses. ThisTackttleBaADH-rateo mbasugsos Toh-asi{ b emerss dan stnitase tnhibitors. iscluding for
example: (a) ﬂmgﬁ@g@ ANRIQHTRYRIRG HanselpaRsinhiniters &%u%iE.-@@@;%{.a_cyclow
(ZOVIRAX(r), ZOV1R(I)), cidofovir, 5 azidothymidine/zidovudine (AZT, RETROVIR(r)), didanosine
(dd, VIDEX (A sAreitabine S G e o) estre deiieraud BAe i Hi et ARVLSIMEB e EPIVIR ().
abacavit{ZI AGENEK BadticiBibit dEMTRN asifbriv-udine (HELPIN(r)); entecavir (BARACLUDE(r));
idoxuridine; viramidine Atasibavifin:byyVatgant.Phatnasuyeticalshosxtiding.aueleesigle analog
polymerase inhibitior PCJ- n dr ariants (e.q., R7128) by asset/Roghe; nucleoside
el 10 M b e P R B e e R e
transcriptase FRiBitdPs2RtFER18) (). BRlarsVE AR ERDEH) sEetSof tPREVE ORI HEPSERA(N);
fomivirsen (\iibR&ANE. jesfohron-atigte osidere verseotranseriiaba inhibitors; {XNRTE), efavirenz
(SUSTIVA STOCRINTR.pevitaRine (IRAMINGWLD. delavirine (RESGRIPTORE), etavirine
(INTELENCER loviride; non-nucleoside inhibitor of HCV RNA-dependent RNA 15 polymetase by
ViroChem Pharma - VCH-759, non-nucleoside inhibitor of HCV polymerase inhibitor by Pfizer -
PF-868554; and (d) polymerase inhibitors, includipg: RNA-dependent RNA polymerase of the hepatitis
C virus by Boehringer Ingelheim - BILB-1941, RNA polymerase inhibitor by Roche - R1626;
ACH-0137171 a replicase inhibitor by Achillion Pharmaceuticals, R7128 - polymerase inhibitor by
Roche/Pharmasset, ABT-333, and ABT-072 - polyrnerase 20 inhibitors by Abbott, Bl 207127 -
polymerase inhibitor by Boehringer Ingelheim, P51-7851 - polymerase inhibitor by Pharmasset,
ANAS598 - polymerase inhibitor by Anadys Pharmaceuticals, MK-328I - polymerase inhibitor by Merck,
IDX184 - polymerase inhibitor by idenix, GSK 625433 - polymerase inhibitor by Glaxo Smith Kline,
INX-189 - polymerase inhibitor by Inhibitex, NM283 - polymerase inhibitor by ldenix, HCV796 -

polymerase inhibitor 25 by Wyeth, 0L60667 and 059190 - polymerase inhibitors by Gilead,
PE_-NNRRARREEA N nolvvmerace inhibitor hy Pfizear \V\CH7EQ \/\CHO1A \/X222 and \/X7E0 - nolhsimerace



Pharmaceuticals, ACM-806 - protease inhibitor by Achillion/Gilead, BI201335 and BILN 2061 -
protease inhikjtgrs RBeghringer Ingelheim, SCH 900518/SP900518 (Ra+apyiie-piotease inhibitor
by Schering-Plough, MK-7009 - protease inhibitor by Merck, BMS-650032, BMS790052 and
BMS-791325 - protease inhibitors by Bristol Myeres Squibb, R7227 - protease 5 inhibitor by Roche,
PHX1766 - pretessde ihibich byishariemtis ANLLPer0w i oo 406! ml‘ﬁﬁﬁo?’ﬂ?")&% d*ffféisheutics,
biliverdin, CES<tpTiisyproteasennfiiiton byoRoohé: BiescignreamnX3864 prateaswhibitor by Vertex,
VCH-759 ang (kS s OteASONIBIOIS YN ach eSO B0 A A maiotease
inhibitors by Idenix, ABT 450 - protease lnhlbltor Abb I—KL% %@ |b|tclgr by Virobay;
(3) integrase'fiifii Bidreamg 4 YOI ARpIE: ¥ ‘fPef;OFavlﬁea% ﬁi ViteSAvir: (4) combo
therapies$ of Hudieesiole analog/nucleotide analog inhibitors, atripla (tenofovir + embricitabine +
efavirenz), combivim(basiveidainnd zideydiag) sk5)enisy o fusigeriahibitassiackringsfar example:
maraviroc, e“f“V'Qs'du‘?fudﬁ?lc%%’&O%amlﬂﬁ'ﬂ%%‘%@ﬁ%@?yséﬂt 19p120, anihody gl M%ﬁ%gﬁ”t'bOdy HCV

NS5a antagonlsts (a) A-83l, A-689 and AZD 2836 rrow Therapeutics, (b) B 0052 and 15
BMS-82430 S BYABHsfof MErs Edfuitspe (& é@k@%shé%ﬂ;%‘d?&ﬁ@ SHAKIARR 785 NEY antagonists
ACH-1095, ; WhenTattratiofsithibitolgoncluding for example: bevirimat and vivecon; (6) viral release
inhibitorgsgincluding for example. zanamivir (RELE'NZA(r)), oseltamivir (TAMIELLI:), arbidol; (7)
immune response %nhan knglli d& fouriexample interferon-a (E.g., BLX-883 and BLX 883 CR by
Biolex Therapeutics, beIM iotech, long-acting TEN-a, TEN-a SR by LG Life -
Sciences, long acting TFN-a2b GREGHMENGPEXL by Flame' Technologies, pegylated TEN-a (E.g.,
PEG-IFN-a-2a, PEGR®Y S)3L BN arbr REGIHN TRANNdBN-a2 lbhsmarr Beromrsihumin fusion
protein (ALBYEERON), WiSHEIANAu 0eliing TN 10 RETASERONTI), infetfergny, inerferon A,

pegylated interferon-A (e.g G-rIL- y. ZymoGenetics/Novo Nordlslﬁnmterferon a /leukocyte Il 25

interferdn (E Iﬁmellﬁtﬁ?’é?ﬁ“ﬂ'ﬁ‘élrﬁb‘é’ﬂﬁﬁfsjer’t%ﬁ’IVWéc?éé‘@ﬁto?h?“ G ShidE RS IGUiIMSd: isatoribine and
prodrug varidast thereofrfaigiy ANAYS788 2P ANALST Yoy Ah ey siPRatPladeutitals08biufanide
(IM862, L-Gltyedsddipy- 9'71) andnliaigoforagIy@ﬂﬁwe@mm@tedowia@gsa&mﬁaf by dempliciteBioscience,
NOV-205 (E. Y] '\t/(l)(r) ) gptldcll aantlwf;al Noyﬁglggsgh?{a eutl%% Incr)bepe C[antllwral EHC18 by
Enzo Bioehem, gamma- -g L (éaﬂtryp? A & V\8C7 BeiCtone PlsqarmageutlcalsNerta)
aloferon (E.qCamygschal- m\/%w@@W@wﬁ@deémfaa@%\%@ﬂ@@ﬁ@wes‘u’@mdlolol a
TLR-9 agonisi yveotey- Pharmacktdicalal Aetilofiidd raDH4viralosyner gisiiednclvanderspd.e., little or no
anti-viral properties Alane. Uk QeRRREES 10e a@fgaghaf QihesANtAMirals rea}gmqu%@@ grapefruit

juice, hydroxyurea, leflunomide, mycophenolic aci ratrol, riton a ther anti-viral

35drugs such*4s*: §Mﬁ%f%n§°%°&b§&félr{?mf“a‘n’:n"c%élo%lisr %ESA%A\/ le), gjn(gled[g\%%ﬁgtcagﬁr)r?etﬁosfonet

ganciclovir (CY¥FOMENEL dSvimEENecwd PRAS BRI «tarabsimibadfraisiie limumerddymoroxydine,

nexavir, peraﬁ&&&&d@@@@mﬁ&emgmmdlﬂ{a?ﬁf&cﬁihamia dimantaging: sifbovidine2dozivir, tromantadine,

truvada, yalaciclovit, yAIRRIAON g ARRR S 3%1 IpLiglon enANAERIS AURNAREME 02 by
ydroc lori

Transition Therapeutlcs istamine d . neg + IFN-a); and (9) miscellaneous
or unclassifietigiRrarsiss GP4s Tl psguehss Gﬂf‘féﬁﬁ?’fﬁr Wﬁﬁqg?fﬂblgﬁaﬁ’ﬁa‘éﬁﬁﬁ‘&?ls mitoquinone
- a coenzymevi D antitOxidantiagonistlovkénrtipbdear. Phanmaéeuticals] alpi@ighieesydase | inhibitors
(E.g., MX-3253- celgpsivir Ry. M&@@J&@sf@@@ma%makau&%an%&%wmeaggiﬁ&@qg@r@ﬁ%d antagonists
(e.g., HCV IRES hibitors, mgegzrlsto e, VGX- 419C bXbVO F;harma(t:gu B%LS,} hﬁ agonlsts (E.g.,
PYN17 by 16""Bif 166\’/?”3?15‘rtmaceur%%atfsy ‘anttviral agents derved from radltlona erbal therapies,
e.g., PYN18 WWW@WWM&@@{RW@I@%B@%@%W@(@@HUL’B‘”«MZWPQ%)T ce¥ife Sciences,
emricasan - Rfar03494306 1DMneHRG LY, Rizelhayalosporine anaegstadt mitbibyralipeplication by
preventing biggifo,excl9nj ) (5,0 RN ALk Noyal 2. PSRIRAZS by Rebjopharm),

15The term "anti-fungal agent" inciudes any molecule that inhibits or abolishes the growth, morbity
and/or surv|VQI081‘)fuﬁﬂianfﬁ‘%‘fﬂﬁmﬁ‘ggnf%‘?%%’ﬁ%ﬁfé“ iy arrEarhit ﬁ@ﬁﬁ?é’ﬁ?&ﬁ%@‘ﬁ%ﬁmym

rimocidin, filipiestetlystatisgotisn phibteli cire@iccan digiH). (Drcifmddizoles suttragemiddnazofé! ketoconazole
(LOTRIMKIN(pogconazole, bifonazole, butoconazole, fenticonazole, isoconazole, oxiconazole,
sertaconazole (ERTACZOtel), sulconazole, tioconazole, (3) triazolcs 20 such as fluconazole,
itraconazole, isavuconazole, ravueonazole posaconazole, voriconazole, terconazole; (4) allylamines
such as terbinafine (LAMISILg), amorolfine, naftifiyfe (Natting), butenafine (LOTRIMIN ULTRA (r)); (5)
Echinocandins, such as anidulafungin, caspofungin, micaftmgin, and other substances with anti-fungal
properties such as benzoic acid, cicclopix, flucytosine, griseofulvin, gentian violet, haloprogin,
tolnaftate (TINACTIN(r), DESENEX(r), 25 AFTATEL), undecylenic acid, tea tree oil -- ISO 4730 (Oil of
Melaleuca, Terpinen-4-ol type) citronella oil, lemon grass, orange oil, palmarosa oil, patchouli, lemon
myrtle, neem seed oil, Coconut Oil. The term "anti-protozoan agent" or "anti-protozoal agent”
includes any molecule that inhibits or abolishes the growth, morbidity and/or survival or protozoan
organisms. Example 30 anti-protozoan agents include, (1) anti-malarial agents, E.g., quinine,
guinimax, quinidine, quinimax, chloroquine (ARALENV), Hydroxycloroquine (PLAQUENILO),

amodiadiiine nvrimethamine (DARAPRINICO)Y c<iilbhadovine nrooiianil mefloarniine (1 ARIANMO)




The term "vaccine" as used herein includes any nonpathogenic immunogen that, when 5 inoculated
into a host, indueasRetestive immunity against a specific pathogen. Vagginesssatstaie many forms.
Vaccines can be whole organisms that share important antigens with the pathogem, but are not
pathogenic themselves (e.g., cowpox). Vaccines can also be prepared from killed (e.g., Salk polio
vaccine) or attenud@Sd(IBsteipifty Pt s airdngsizwighasalisy f6IBevEdirky! Vatines can also
be prepared fromptiefiedmasranmeleckls shigolatedfiomdhepbospathogéniscargdristamdeor example,
toxoid vaccings (gde fglanys anddiphthenarsentaiping: e inactiveferisglubiebacterial toxin -

resulting in the production of anti-toxin antibodies, but not immunity to the intact bacteria. Subunit
vaccines (e G PRSI} SEREAABHITA GGG fnnin GERRTE SRt YScIatErt 05 E pathogen o
interest. HaptenvednjrgiteNmetifeslatneres el dafvotiydratbobisolyeé phde epibpes isolated
from the pathggaikofinieseskiar himmpunagenicRanierssuich RS teiBRUSRIk-These strategies
essentially UQ%EQ% (Eﬂ)i&q)tﬁ%%rgasmhgg}ep§ ]%%Jgogul%%_g%ipgﬁg &r&gyction, which then recognize the same

epitope in the native pathogen. However, to be maximally effective, such vaccines must incorporate
both B- and Teel] cél*Epitdpbs, Rl ilﬁ’éaﬂ?ﬁ@%ﬁﬁ%@%#ﬁ%ﬁ%‘%ﬁ%@@l}%t}é“rf@ﬂ'r‘éa{ﬁat‘)fhey can be
recognized, presenteiicird respondédwochydthigria midndesyst@ms Ditite diosif hdividuals. 20DNA
vaccinesexploit.the abilitypidosh aelisid take up and express DNA encoding pathogenic proteins that
is injected intramuscularly. Examples of anti-viral vaccines that can be used in combination with
the anti-PD-LI antibodies for the the methods described herein include: HCV vaccine (virasome) by
Pevion Biotech., TG4040%h4VA-HBVIR] MEnEgfene viron designed to enhance cellular (Cytotoxic T
25 lymphocytes CB#iiand CR84)mmunelresponse:against NSB, NSA RTINS B, . HRONVACTO - a
Codon-opt'm'%N%ﬁéﬁggMM%%{&%@%AQ&%@&?@@%@&S u&h{&a@%@ﬁgm%@(y?mgvart's, 01-5005 -

an HCV vaccine by Globeinunune, 1C41 a mixture of synthetic peptides having IICV CD4 and CD8 T
epitopesin cOHBITERDR WPUHIAPGMIRE Y Fhts Aoy A Tesivh<te d iAmtAbgEhs can be
enhanced if atpi#istai@toast anrvixture fwith30 Bd| WantSoimittcTad pavants/fumetibriifs one or more of
the following M.@y§3ﬁlmmjong1@9me$$ﬂgqmQégh@oagému nRgeR: (Ridngkaasas effeslive fize_ of tlhe_ )
immunogen n romotin ocytosis.and_presentation to macrophages stimulating the
influx of mac%%% i]lgec‘%%’glﬁesrul)r%rfnﬁ%éﬁge ‘é){l oﬁﬁlénlln%cﬁﬁg%oéi@%ra@%‘eppgdrﬁé’g% IB%%I%Y ytokine
production afrete i fliBtedgit ias fivrreroExehiple bt irartsiisesraeslcbnipldter¥etind's adjuvant
(CFA), 3baluminmum salisyand mycobarteraioerivediproieins mehtiasdnusaimylidi- 8BtH-peptides.
The term "angihody inghdes, topgclonal antippdies dncluding filldsngth antikgdigs, which have an
immunoglobulin Fe region), antibody compositions with polyepitopic specificity, multispecific antibodies
(e.g., bispecle 5 hbBHBS URBEHS R Y’ éin Qi EhXiffnicidcied | 48 WER'9. 4inbdyfragments (e.g.,
Fab, F(abl)2ramedo\Z8: Thes-tairh (livtin dnbdishiuting. (1 Yimusé d Sintefeiagdge abtily Witn'@ntibody”
herein.  The basisAshain. antihedy unidds adneiereieirameric ghsaprateinscampossd of two
identical oht, () chain And o, identieal nepyy.Aid) chans A0 G, Aniihody, sonsisig,of S of the basic
etal o, Létt., The : ik : 169

heterotetramer units alorig with an additional polypeptide called a J chain, and contains 10 antigen
binding sites 30Aifé%gA éﬁﬁ@oﬁﬁ%@%ﬂﬁﬁ*ﬁﬁ%é%ﬁ‘ﬁ‘21-‘Sr6‘fetﬁ’épb‘é§i’é‘f&§%ﬁ’5ﬁﬁsmﬂi§ WHICH!“$0 can
polymerize takormcpsiyvaitentiassenibldgesiin cperibination peithithe dhehainctinithe ¢a88 of 1IgGs, the
4-chain unit i&%@?} ly.Akayh180Q0 daltons. Each L chain is linked to an H chain by one covalent
disulfide bond, while the t\ﬁ/o Hl%%ains Iar%}inked tg e cth_otther b ?r&letoalﬁmotre gisulfide bonds
depending on the HER&IR 1&oty58. XL K ShBr TV eR i &IsS 1P A L a8 HiraEhain disulfide
bridges 3EachfHeefiatanbraheitrioncaly  theigeal obfiaplienes mamnprBayons folsvietispyatiree constant
domains (CB}{aneaehof the anamehy shains anshfoumGhisdemainsriait apdssidsatlypeso Each L chain
has at the N-gimins. fuiiahie domain AORRlRNE X4 canaiatt ARMAID ablts qlfisg end. The VL is

aligned with the VIl and the CL s aligned with the first constant domain of the heavy chain (CB1).
Particular anflies 558 Fesishree 38 BENSE o 6T SRTHES S R BEHN EBRHRS Mgt BRI and heavy
chain variablefd®riiisai et paiying oM 20impdrilintdgetharctoritxd siagle dwgenr-binding site.
For the structire,angd.propaities ahthe differant,classesofantiRodies; 8ee:8«), Basic and Clinical
Immunology, 8th Edition, Daniel P. Sties, Abba I. Ten and Tristram G. Parsolw (eds), Appleton &
Lange, Norwalk, CT, 1994, page 71 and Chapter 6. The L chain from any vertebrate species can be
assigned to one of two clearly distinct types, callegl kappa and lambda, based on the amino acid
sequences of their constant 25 domains. Depending on the amino acid sequence of the constant
domain of their heavy chains (CH), immunoglobulins can be assigned to different classes or isotypes.
There are five classes of immunoglobulins: IgA, IgD, IgE, 1gG and IgM, having heavy chains
designated a, 8, a, y and u, respectively. The if and a classes are further divided into subclasses on
the basis of relatively minor differences in the CH sequence and function, e.g., humans express the
following 30subclasses: 1gGl, 1gG2A, 1gG2B, 1g03, IgG4, IgAl and IgA2. An "isolated" antibody is
one that has been identified, separated and/or recovered from a component of its production

environment (E.g., natural or recombinant). Preferably, the isolated polypeptide is free of association
with all othar comnnnente from ite nrodiiction anvironment Contfaminant comnonante nf ite nradiiction



35transfected cells, are materials that would typically interfere with research, diagnostic or therapeutic
uses for the apfbepye3Ad may include enzymes, hormones, and other RIPIINAGROL 40T
non-proteinaceous solutes. In preferred embodiments, the polypeptide will be purified: (I) to greater
than 95% by weight of antibody as determined by, for example, the Lowry method, and in some
embodiments, to gféstist fisirFB9%% BYHATGRE (%S5 dBegresstmcRitiroplaiiutRast 15 5 residues
of N-tenninatot inteynalcaminolacidetequariceyiise b spiing iupceguefiatar, B (3) to
homogeneity, by, SP&-BAGR HNdeLNRFeducing.qhiledycing conditions ysing.Cramassie blue or,
preferably, silver stain. Isolated antibod igcl d(?s y}% %r]ni%oq in s}tu within recombinant cells since at
least one cofiPbHBAT oY Hifé iéﬁ?}fﬁlélc@ﬁél%gtd?gf “ehvironmen 1\5\?%/? ot be present. Ordinarily, however, an
isolated polypeptidéseresntivbdyiveil be pispéreel By BB teBELonehrogusibabimsiehon of The "variable
region' or "vasahle demain. ehananibadyseireside thienarnng-terminahdemainspPielheavy or light
chain of the QQQQQ%XaaT@&\é%%%@ea %%ﬁ%s%fn%%n@ﬁﬁé@fd‘éﬁain and light chain may be referred to as
"VH" and "VL", respectively. These domains are generally the most variable parts of the antibody
(relative to other antibodies of the same class) and contain the 15antigen binding sites. The term
"variable" refers to the fadt thatCRrAiRSHyiBMS of the variable domains differ extensively in
sequengg among afitibadies,cEhe Mdemairgiediates aatiaerbinding ancseefinesitheispecificity of a
partioular anflbady.for It prrticular antigen, hlowsyer, the yariabliy s not.eyanly distriputed across the
entire span o A Valiable domains. tnstead, it is concentrated in 8? reé segnients called
hypervariabl EPYGH (R Bottrin dhamight-SibiRatitth&hdaviprattald viriabfe @6iains. The more
highly consenmegpartiansofmarabletdamaineareeslladthe framewerkra@gione{BR)2The variable
domains of nalys heayy 3d ﬁabbﬁeamsg%&%m&gﬁﬁyf%{ B, [egians. [atge!y adgpting a beta-sheet

configuration, connected by three HVRs, which form loops connecting, and.in some cases forming pan
of, the Uéta- &Sttt TiEdR 4 t ‘%‘gué%lgﬁ"’é"ﬁ%{in%??ﬁé‘%%@%th@?‘?ﬁ"%%%s B¥ximity by the
FR regions afioh Wwithitiveidd \tRs drorimghsectitert chaimicoortibutévioedlforpalation bf thibeantigen binding
site of antibodigs(sg:sabat elal iQanuencrsLitmmunplogical interesk.hifthikaition.sNational
Instiute of Health, Bethesda, MBL(1991), The constant domains are,net ipvalved dliggty in the
binding of an %%afyc%o an aﬁﬁge‘n,bbut exhibit various effector functions, such as participation of the
antibody in alstisouyRREDE B0k BsaTityYs 4-SPRS ™S HOCSHIFID O P as used herein
refers te@n antibedy-ebtainaediiom.a populate axpfsubstantialyshpmogedealisséntibodies, i.e., the
individual antibodies compring.the-RARUIAKRR aedanticalexeert formessibleRaurally occurring
mutations and/Qr [faost-translation modifications (e.g., isomerizations, amidations) that may be present
in minor amdUAts” $8RIBRBEBHAISntibodies are highly specific, being directed against a single
antigenic site. In céntrasstitoipio Kb it asitiboenop rEParalions wdicheypieuyhinsiotretgifferent
antibodies difgcied:againsldiferemndetermpapisdepiiapes) eachomonascianaat artibeely is directed
against %Siﬂgé}@e ig!erg}ea}rrrggrl\g Qn t},Q& ﬁ@tiﬁ?@fuhnn%gﬂi ion 9. their specificity, the monoclonal antibodies
are advantageous in‘that tﬁey are synthesized by the %y%ridoma culture, uncontaminated by other 5
inununoglobulins. The modifier "monoclonal indicates the character of the antibody as being obtained

from a substantially homageneauspopatatimfantivodies, and is not to be construed as requiring
production of the aptiRgay\pkary Rafticulermmethes: Forxample,hsmoansianal.antipodies to be

used in accordance with.the present inyention may be. made, y a variety o hpiques, including, for
example, the'REidSiHa IaRsd (6", %ﬁfg}egﬁ%%% 'i??%%‘réﬁégiﬁéé?g&%%ﬁ5275); Hongo et
at, Hybridomé,. ¥4/%8y25 35966411995 Hariiersrarcasntive diedviastapsred dis doralse@ra{ Cold Spring
Harbor Laboratory Rriessd 2ndmeel £988) anineding.atsak. ino Monripetanal Antiociasiand T-Cell

Hybridomas 563-681 (Elsevier, RS in, Y. Patent No.
516,567 oo AT hon eac g Bladtside RSBl 3, (oo

y tec .
Marks et al., F'MoPBibIE2 324584250 M85 <16 SidRtrer ALy, MSH B  858k2f: 2895310 (2004);
Lee et al., J. doksBibB-B48(5)afld A8 :088{2004 paFel[Eusts FroorNattedoadaScistdSns101(34):
12467-12472 (2004); and Lee et al., J. Immunol. Methods 284(1-2): 119-132 (2004), and teclmologies
for producing human or humanlike antibodies in animals that have parts or all of the human
immunoglobulin loci or genes encoding human immunoglobulin sequences (see, e.g., WO
1998/24893; WO 1996/34096; WO 20 1996/337 % WO 1991/10741; Jakobovits et al., Proc. Natl.
Acad. Sci. USA 90: 2551 (1993); Jakobovits etal., Nature 362: 255-258 (1993); Bmggemann et al.,
Year in Immunot 7:33 (1993); U.S. Patent Nos. 5,545,807, 5,545,806; 5,569,825; 5,625,126;
5,633,425; and 5,661,016; Marks et al., Rio/Technology 10: 779-783 (1992); Lonberg et al., Nature
368: 856-859 (1994); Morrison, Nature 368: 812-813 (1994); Fishwild et at, Nature Biotechnol. 14:
845-851 (1996); 25Neuberger, Nature Biotechnot 14: 826 (1996); and Lonberg and Huszar, Intern.
Rev. Immunol. 13: 65-93 (1995).



The term "naked antibody" refers to an antibody that is not conjugated to a cytotoxic moiety or
radiolabel. The teyms,Hll;length antibody,” “intact antibody" or "whole gptjhady;,.aks;ksed 30
interchangeably to refer to an antibody in its substantially intact form, as opposed to an antibody
fragment. Specifically whole antibodies include those with heavy and light chains including an Fe
region. The CH%3IAFR tlothaitigmiisésalivelsdeltente! &oHTah Y ORFaine (81w native
sequence constaitxdomains) or amino acid sequence variants thereof In some cases, the intact

antibody may haveyofg G, MRt ElREIaLYNeHanEDs. Anapibgdy fragment., comarises a portion of
an intact antlbodéapreferabl the antigen bindin ggen Jor the variable region of the intact antibodly.

Examples of SHAUBEY faymik ﬁt%?ﬁ%ﬁ@n@fedﬁ'éBBF %ﬁ‘v‘éﬁgﬂfyﬂ‘gﬁﬁqgﬁ%s%%%(&%s linear
antibodids (s€ecls. 8¢ Patdetes, B4 20 Bolarp lmice, Hepdtae tedumPlrdtairEmgn@etoyt 1057-1062
][1995]) Singl;%a@:hﬁ@élﬁmb@ﬁwx@éoéﬁﬁgﬁef&M1Mi§@§@5{%i@§mi?9qi@eﬁtf@rgmf tﬁcg]gﬁ agtibody o
ragments. Papai tion ntibodies pro two identical antigen-binding fragments, calle
"Fab" fragme)n}?) (ﬁ gsr%%? ?ﬁcﬂ?‘éﬁﬁpﬁ%p%&&%\{r}%ﬁ%ﬂ ectlng‘?ﬁglgﬁbl ygtcl)ﬁal ystalllze readily.
The Fab fragﬁ’f‘éﬁtcérdﬁg?sts}tﬁfl’éﬁ‘éﬁ?ﬁé’@éﬁ“@tﬁ?&étong with the variable region domain of the H chain
(VH), and the first constauit, dasiaitivohonaiheayp ozl (C31). ikactn g ditagmenilisd® monovalent

with respect 1o antAen R hercthhRSiR &ragt%tﬂgﬁy hinding-site. Bepsinireatment of an antibody
yields a smgle large F abgz f;ra ment wh h ron% esponds to two disulfide linked Fab fragments
having differéit EnTigers BiRding SRS ard 1 et césﬁé §i& of cross-linking antigen. Fab fragments
differ from Fab fragments by having a few additional residues at the carboxy terminus of the Cl domain
including one or more cysteinesifvem/ihedd antibody hinge region. Fab™-SH is the designation herein
for Fab' in which the ystgcpefre‘s}gkhegﬁ)v%f thﬁr‘?ﬁ@%ﬁ%ﬂ@‘ﬂﬁﬁs@?ﬁﬁﬁ%%@% OIoHP- F(alf)2

antibody fragments ori mall&were Eroduced as pairs of Fab' fragments which have hinge cysteines

betweerthet B3tk hic&Pcotipiihtis BF Abery ﬁ%‘g‘i’?ﬁéﬁf'g%‘r@ ASEMNSHAS. PP rie B8 fragment
comprises thetarkeXyasrminabpoitibhswfibails heahans TER] tagether 2Z0by disdiificés: The effector
functions of gRtRodigs afe | Sf@t”%%egyo?ﬁ%@f‘ﬁ%ﬁat“sﬁ%f&&%&!&’&m&@&&&%@c\t‘fé‘c'&’ﬁ} is also

. recognized by Fe receptors (FcR) found on certain types of cells. Fr" is the minimum antibody

fragment Wh|?fhe&8ﬁt%{ﬂ$spa‘@6‘ﬁt6?&t@‘%ﬁt%@ﬁ%é&ﬁﬁﬁltlgr?% biftihgitemphigradieht consists of a
dimer of one hedugtianaddnekighsahaim varisigtese giorddombinyin Hghiton Oviidovalamedssociation.

Fr%mL thr?otol)dértgtofmﬁ%tvrgthd@mﬁmﬁm@at@v%@?r W@tﬁrwéteblg']w@miﬁdwn@%ch fr%m éhe H
an chaln at con ute the n l | or ant indai gen binding
- aftop ol 2 Aty ?7@89&?5%?% g ity §%}% F{ﬁé’dbﬁl

specificity to "HEWever, even a single vanable domain o mprising only

three HVRs §B§@ﬁ?é%tﬂ‘aﬁfmrg@ﬁmas%‘éﬂaﬁﬂﬂvw%@éﬁ%Z‘é“‘értd%d“‘a‘?tﬁé‘éﬁ iMsugh at a lower
affinity than theentire biadngsite. 30 single-EhaimErialso afilorevate dasosf\iliogeiskVv" are
antibody fragmentsihal re%apr'@ehtna B 399154 5@5&*@8@/@9 maipssarRededineAsingle

polypeptide chain. Preferabl ly er_ comprises a polypeptide linker between the

e U1 S SR, Bt e e Bt e P R A A B Fora

review of therskstiosawigblunkehtantirdieuPheminncdlogy ofonMbrivetsinalcAstitioiemdudion 13, Rosenburg
and Moore edgis 3RSNINORHVIeHRE. NEWY ok PPRdieOS 345 (A sHT- dct'-EléH@§i;Qﬁﬂl:)ff@9ment5 of the

antibodies of the 'Q};’Fﬂ},‘%ﬂowm nr' gearpﬁrtlgn of an |nt %nﬂppdl ’ 91‘?15' I}(y mcluddlngkthe antigen
binding or vanable ré’glon of the Intact antibo ort reTghlon of an antl which retains or has

modified FcRRBdiAY L&Ay E’i%’étPﬁﬁY@?ﬁt‘”&ﬁtFBHdW @Wfﬁéldﬂ@ﬂrhé’é{t(&nﬁ%‘ﬂ’y single-chain
antibodyimolsciitestamthmtidti spekific [SaHtibedies forgrecdionyduitdpadyvEragheritsnada e he term
"diabodies” refefs iR .smalkanibady-iagments prepared by constructing sFy fragments (see preceding
paragraph) with short linke s bout 5- 1érTeS|d es) V\{ eln VII anq VL dom such that
inter-chain but not iMtra &Rain 6a|r|ng Mot \/S%Conglsa}nls)‘? A T“é’i’“ﬂtere Ot‘é%ﬁ'thnf@ 1% a bivalent
fragment, i.e paatifrdagn énedrdint G R RtigBYT- Bﬁt&in@l@t’é&& E@Wﬂ%ﬁé@ﬁ@d%dﬁlé@@téﬂ’heterodlmers of
two "crossoveeasflifnagmentsdn whigerihe VT4 and VL domains of the two antibodies are present on
dlfferent3 olypeptidc chains. Diabodics arc described in greater detail in, for example, EP 404,097; WO
93/11161 Hollinger et al., Proc. NatL Acad. Sci. USA 90: 6444-6448 (1993).
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The monoclonal antibodies herein specifically include ‘chimeric" antibodies 15 (immunoglobulins) in
which a portiop ot the,eavy and/or light chain is identical with or homolggpus,ig.%@sigsponding
sequences in antibodies derived from a particular species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is(are) identical with or homologous to corresponding
sequences iflantibB&fB&ieRfrived from another species or belonging to another antibody class or
subclass, as methas fesgments:abguch 20yantibodids; so lopgastheyexhibitithe desikad biological
activity (U.S. Ratent Nownd,86 20 MOUiSon£t Al RIOGMatl ACaSCht S fd:G8R1-6855 (1984)).

Chimeric antibodies of interest herein include PRIMA‘[IZED(r) antibodies wherein the antigen-binding
region of the WHEBSER TS HEFRSEPHBAT S LRGBSy ProduBaBY: &8, T mahiziiRg maidue monkeys
with an ahtigefesfirterdsulabaysetbheraifctivrmagized antibodytdgiersén @ Subsetatochimeric
25antibodies Any foreiciianize dafnss of nemnshmanuie sp fwine)antibadies.are chlperic antibodies

that contain minimal sequence derived from non-human immunoglobulin. In ane embodiment, a
humanized aubes %yc%ng“i%rﬁg%o%nﬁﬁﬁoé% e R R o o HVR
(hereinafter dfiffa yBPihe PR FERFE S FIREERY BYerE&HURS HBm AP Y RGPS halfBiman 30
species (donenhastibinghd spelc asumoude ratangikbiromhondumbanmprimaliediddingathedesired
fSpeC'f'C'FM, afil{ﬁ%e(ﬁﬁgd‘%h&@ﬁaﬁ{tyon% §a9££!‘%h_'9%@Qﬁégiﬁ%?‘é’é?%&ﬁﬁi} iesidhes.of the hgman
immunoglobulin are;{e%laced&b% cor esBondlq}%%lon-hu an resjdues. Furthermore, h]L(Jmanlzed

i :

antibodies m&Y CBipTRe rEYFTa L Har ArE ASTFOL I T Eh e FE &Sk AY SHEB Y 8P Hi& Honor antibody.
These modifieatishs may be made to further refine antibody performance, such as 35binding affinity. In
general, a humanizes,.gnithadyuwilt canprisenshibsiartiabyalkotatleastarenmane tpisally two,
variable domains, inwhich allar.stbstantially alhofthe hvpsrvariable loops correspang o those of a
non-human immunoglobulin sequence, and all or substantially all of the FR regions are those of a
human immufgIEETIFrLEgtEhTe ParRSh GRS FROFY BB &SP eIl &0 PSR B N dividual FR
residue substititiongstineffacrproverantibddyiqperformageethsuch as 5 binding affinity, isomerization,
immunogenicity, eterihg,AUmberAlhese AmInS:acid subsitions imineFR e dwrically no more
than 6 in the Hdc{jain, and in the L chain, no more than 3. The hum nizeqaf\ntib%d% optionally will also
comprise at 1858 crglﬁ%}’ﬁg’ﬁn of & ‘ﬁ%cm‘h%&}a‘]é uL?ﬁﬁncléﬁnStaﬁ}eif%IﬁFo%a E)I,la@plcoarlfﬁ hat of & human
immunoglobulnbEErdpgrthE Eikstails owB eTecHs Jdriaseatsarr Natre 3pesD 2898 ¢ 10gE eRiechmann at
al., Nature 332:323:82% 104 1088): andPresta Culsp oSimdchnBiolyRphA3:696{1892). See also, for
Sxample, Vasan and Hamion. g AlerR ANNA . MIHnaLd A G b A2k Haris, Biochem.
Soc. Transactions 23:1035-1038 (1995); Hurle and Gross, Cum Op. Biotech. 5:428-433 (1994); and
U.S. Pat NoS 8882, S35 B8 9ty At R Acaritmbin, il SArumoessdy thisicHostesses an
amino-acid spquende reotrespontling Bdodhalophan antibotyuprobivegdyii&e hemamard/or has been
made using apy,efdhe techaigues formaking-human.abtinedias as.cisclasadlRieitndhis definition of
2 human anipody specifisally excludes 2 humanized.antioody. comerising,nan-uman, anigen-binding
residues. Human antibodies car be pro tced Using various tecﬁnlques nown 1n the art, including
phage-displa§ ifsrdife s by enbbin %WWM@FP& NBE LSBRIES S 7 8 OB Wik $at at, J. Mot
Biol., 20 222:58:161991). Alscuavaitablefobihe prgparationaihamany) moheplenatantiobdies are
methods desgribed.in.GolG ef at Monoclanal Antpadies,and &aneel-IRGAPYnMAARRnLiSS, p.
77(1985); Boemer et al., J. Immunot, 147.(1):86-95&]@991‘. See also van Dijk and van de WinkeL>Curr.
Opm. Pharmat8t & 388 {506 15 “Ham e s iBbHIBEE AT 58 HrBLILG 8y SemsiiEtEdRg the antigen
to a trand¥genibaemienaddthat bzsibeerr motifivc fohphodrhes Servks dntilsodietiecrabpdnsdero 25 antigenic
challenge, buwhesa.endagenausiltsthavahkaenisabied sguimmunizes xepomieny(see, e.g., U.S.
Pat. Nos. 6,075,181 and 6,150,584 regarding XENOMOUSEThi technology). See also, for example, Li
e, Proc. Na R A RS e ratect v a
human B-cellKyBfrdBH tEEnHEBIOgY. FrREm e pEristisb e rigons T v JEPHY ¥vhen used
herein refers itarthe:@6 negidingiaif cimiaistiod yfatibklendgmainwhickigneshiypelsvdsdbiein sequence
and/or fegm sirugtiarally defingctloansyagasially santiRadie sLomplise:shAdyRs; three in the V1-1 (H1,
H2, 113), and three in the VL (Li, L2, L3). In native antibodies, H3 and L3 display the most diversity of
the six HVRs, and H3 in particular is believed to play a unique role in conferring fine specificity to
antibodies. See, e.g., Xu at at, Immunity 13:37-45 (2000); Johnson and Wu, in 35Methods in Molecular
Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed, naturally occurring camelid
antibodies consisting of a heavy chain only are functional and stable in the absence of light chain. See,
e.g., Hamers-Casterman et aL, Nature 363:446-448 (1993); Sheriff et aL, Nature Struct. Biol.
3:733-736 (1996). A number of HVR delineations are in use and are encompassed herein. The Kabat



5 Complementarity Determining Regions (CDRs) are based on sequence variability and are the most

commonly usggh(kapat-ekal, Sequences of Proteins of Immunological bateieshontlfd. Public Health
Service, National Institutes of Health, Bethesda, MD. (1991)), Chothia refers instead to the location of

the structural Ioops“(Chothia and Lesk, J. Mol. Biol, 196:901-917 (1987)). The AbM HI/Rs represent a
compromise betwedi e Kabst VRO ANFCHohHi IO sHUETIAF TR anticalied'used By Oxford
Molecular's AbMiaatibedylineidedingsofinaie, FhenteontaattiHiéRshare-basedoncancamalysis of the

available corpplex crystal structires «The residies from.gach. of these HARS®RIe Agted below. Loop
Kabat AbM Chothia Contact Li L24-L.34 L24-1.34 L26-L32 L30-L36 L2 L50-L56 L50-L56 L50-L52

L46-L55 L3 Eg@;_,l_ig:-feﬁsgé H{@]fetagig,l_lg%eﬁfgé_q_ngéen responsiveness (e.g., viral or pathogen clearance)

5 relative to such levels before the intervention. In one embodiment, the level of enhancement is as
least 50%, alternatively 60%, 70%, 80%, 90%, 100%, 120%, 150%, 200%. The manner of
measuring this enhancement is known to one of ordinary skiil in the art.

A “T cell dysfunctionai disorder” is & disorder or condition of T-cells characterized by
decreased responsiveness to autigenic stimulation. In a particular embodiment, a T-cell

10 dysfunctional diserder is a disorder that is specifically associated with inappropriate increased
signaling through PD-1. In another embodiment, T —cell dysfunctional disorder is one in which
T-cells are anergic or have decreased ability to secrete eytokines, proliferate, or execute cytolytic
activity. In a specific aspect, the decrcased responsiveness results in ineffective control of a
pathogen or tumor expressing an immumogen. Examples of T cell dysfunctional disorders

15 characterized by T-cell dysfunction include unresolved acute infection, chronic infection and
tumor immumity.

“Chronic infection”™ refers to an infection in which an imfectious agent (e.g., pathogens
such as virnses, bacteria, protozoan parasites, fungi, or the like) has induced an immune response
in the infected host, but has not been cleared or eliminated from that host as during an acufe

20 infection. Chromic infections may be persistent, latent, or slow. While acufe infections are
typically resolved by the immune system within a few days or weeks (e.g., influenza), persisient
infections can persist af a relatively low level for months, years, decades, or a lifetime (e.g.,
Hepatitis B). In contrast, a latent infection is characterized by a long period of asymptomatic
activity punctuated by 2 period of rapidly increasing high grade infection and elevated pathogen

25 levels (e.g., herpes simplex). Finally, a slow infection is one characterized by a gradual and
continnous increase in disesse symptoms, such as a long period of incubation followed by a
protracted and progressive clinical course beginning after the onset of clinical symptoms. Unlike
latent and persistent infections, slow infection may not begin with an acute period of viral
multiplication {e.g., picornaviruses infection, visnavirus, scrapie, Creutzfeidt-Jakob disease}.

30  Exemplary infectious agents capable of inducing a chronic infection include viruses {(e.g.,
cvtomegalovirus, Epstein Barr virus, hepatitis B virus, hepatitis C virus, herpes simplex virus,
types I and 11, human immunodeficiency virus, types 1 and 2, human papiliomavirus, human T
Iymphotrophic viruses, types 1 and 2, varicella zoster virus and the like), bacteria (eg,
Mycobactertum tuberculosis, Listeria spp., Klebsiella pneumoniae, Streptococcus prnewmnoniae,

35 Staphylococeus aureus, Borrelia spp., Helicobacter pylori, and the like), protozoan parasites
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H1 H31-H35B H26-H3516 H26-H32 N30-1135B (Kabat Numbering) H1 H31-H35 H26-H35 H26-H32

H30-H35 (Cngihig Nwmbering) H2 HSO-HE5 HSO-H58 PCT/US2009/067104

(e.g., Leishmania spp., Plasmodium falciparum, Schistosoma spp., Toxoplasma spp.,
Trypanosoma spp., Taenia carssiceps and the like), and fungi (e.g., Aspergillus spp., Candida
albicans, Coccidioides immitis, Histoplasma capsulatum, Preumocystis carvinii and the like).
Additional infectious agents include prions or misfolded proteins that affect the brain or or
5 neuron structure by further propagating protein misfolding in these tissues, resulting in the
formation of amyloid plagues which cause cell death, tissue damage and eventual death.
Example of disease resulting from prion infection include: Creutzfeldt-Jakob disease and its
varieties, Gerstmann-Straussler-Scheinker syndrome (GSS), fatal familial insomnia (sF1), kury,
scrapie, Bovine spongiform encephalopathy (BSE) in cattle (aka “mad cow” disease), and various
10 other animal forms of encephalopathy [e.g., transmissible mink encephalopathy (TME), chronic
wasting disease {CWD) in white-failed deer, clk and mule deer, feline spongiform
encephalopathy, exotic ungulate encephalopathy (EUE) in nyala, oryx and greater kudu,
spongiform encephalopathy of the ostrich].
“Tumor immumity” refers to the process in which tumors evade immune recognition and
15  clearance. Thus, as a therapeutic concept, tumor immunity is “freated” when such evasion is
atienwated, and the fwmors are recognized and attacked by the tmmume system. Examples of
tumor recognition include tumor binding, tumor shrinkage and tumor clearance.
A “B7-negative costimulatory antagonist” (“BNCA™) is an agent that decreases, blocks,
inhibits, abrogates or interferes with the negative co-stimulatory signal mediated by or through
20 cell surface proteins cxpressed on T lymphocyies mediated by a member of the B7 family. In one
aspect, a- BNCA may either alone, or in combination with the anti-PI>-l antibodies of the
invention render a dysfunctional T-cell non-dysfunctional. In another aspect, a BNCA may be be
an agent that inhibits nucleic acid or protein synthesis, expression, signaling, and/or post-
expression processing of a B7-negative costimulatory molecule. In vet another aspect, a BNCA
25 is an antibody, antigen binding antibody fragment, BNCA oligopeptide, BNCA RNAI or BNCA
small molecule that decreases, blocks, inhibits, abrogates or interferes with signal transduction by
a B7-negative costimulatory molecule. Example B7 negative costimulatory molecules includes:
CTLA-4, PD-L1, PD-1, B7.1 (expressed on T-cells), PD-L2, B7-H3 and B7-H4.
A positive costimulatory agonist 18 a molecule that increases, enhances, augments or
30 facilitates a co-stimulatory signal mediated by or through cell surface proteins expressed on T
tymphocytes. In one aspect, a positive costimulatory molecule can be an extracellolar domain,
soluble construct or agonist antibody which activates a positive costimulatory pathway. Example
positive costimulatory molecules include the B7 superfamily molecules, e.g., B7.1, B7.2, CD2%
and ICOS/ICOSL. Additional examples include the TNFR family costimulatory molecules, e.g.,
35 (OX40/0X40L, 41-BB/41-BBL, CD27/CD27L, CD3{/CD30L and HVEM/LIGHT.
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1153-H55 1147-1158 113 1195-41102 1-195-H102 H96-H101 H93-H101 25HVRS may comprise

"extended HV(Rs,>Asdolows: 24-36 or 24-34 (L1), 46-56 or 50-56 (L2) gnre@9:84:8783-96 (L3) in the
VL and 26-35 (HI), 50-65 or 49-65 (H2) and 93-102, 94-102, or 95-102 (H3) in the VH. The variable

domain residues are numbered according to Kabat et al., supra, for each of these definitions. The
expression "variabfe-dafiairieltue-ntib ey ag it ribdt f Shie-a8igest” gE&ibn numbering
as in Kabat, beind aratictiomsithereof, refers to the numbering system used for heavy-chain variable

domains or light-chgin yariahle domainsef thewcomnilaticn siantikedies ifkabat ghaks supra. Using
this numbering system, the actual Iir][llear amino a i&lwset%gnc_e ay C ntainifew%g oreadditional amino
acids corresﬁﬂﬂ?fﬁﬁod’lﬂg % 'URE ESRTNnG ST b P TheBktion Thio. 5 ER Or i‘_’;%)i}go"f’{ﬁ’e“\?g%a’&g domain. For
example’ a Hezivy-sHedw Y&fadsteioonibirvasheimoiudbearsbodipigiel Aripdrmerd Trissrio(féssidue 52a
according to-sahapafieriasidue 53 ot 2 anddosarted residriesdesy, residues 82ap&2b, and 82c, etc.
according lo Saba AP IieAy; CRANKRealf e ik, TS KaRalaUmRETRg Aliesides may be
determined for a given antibo y by aﬁgn‘ment at regions of homology of the sequence of the antibody
with a "standBith Kspat i Brdd et flibika. of eontsimeiaheeeh sERoveliifie!dretRose
variable-donfamoresidees Zifierthatithetd\Rnesiod &oas Fereiddefilet s5AMhudvamebnsensus
framewgsk” gL rAcaptoLRUnAnirAmawak s dramRwerk el repressnts e mpstepmmonly

occurring aming acid residues.in a sglection.of human immunoglobulin H framework
sequences. é’é%’é% ?gﬁs%lfg‘ éré’fggt%h%ﬁfw%&%ﬁn f)r%clfﬁﬁ%ral% Cﬁll?n%gpsrl\aﬁ}(ég%l}{eﬁopﬁsﬁgsfrom a
subgroup of Yatiabieueairrddytie feasoiCuasiany e sty B up tf Seqralkese4s £8dbgroup as in
Kabat et al., Sequencas.of Fyetainsoh Lommisnalegicsl doterestahid iRk Buplicdsierdth Service,

National Instiyies otfcal BEEUR, MRCSONEAMBIRR NS f6ING Yl sbgroup may be

subgroup kappa 1, kappa ka%;)fa HI or kappa IV as in Kabat et at, supra. Additionally, for the VH,
the subgroud G BE €BY DT 1 &%a}oup H, or subgroup Ill as in Kabat et al., supra. Alternatively, a
human consensus frémeiverkiaan BeiteriktiArom divdlabordahRicisadiculdrresidies, such as

when a 15 hyuman.framewersdesidue-naslasiedihasetharits-homalegytaithe denomitamework by
aligning the donc()}r fra workl;} %g%}) ence with a qlcgallection of v J/Ot,llqs ﬁpm%n{ggatrqge\{vogk equences. An
er

strand is sufficient smpentary, (e.g., having at least en oene).
acceptor human ramewori( | edni?rorﬁ{ aﬁUman mmunogliopulin Trfamewor Ol’%rﬁ man

consensus frafieWork draigned rsrideatets v dhsideliadie sewershcBrarEst &Y ifRiasdontain
preexisting amtn@racid skgue neeehisngese:itnssohascniiodim et RNAednuaibien afgreiexisting amino
20acid changgesarg, 10985 SR bAGRS o kG Red HilaRS & O IRSR: HARIBERIAH LIRSS, 3 Or less, or
Paddison et al., Proc Nail Acad Sci US4 99(3):1443-8, (2002).
The term “hairpin” refers to a looping RNA structure of 7-20 nucleotides. A “short
haitpin RNA” or shRNA is a single stranded RNA 10 to 50 nucleotides in length characertized by
25  ahaimpin turn which reduces expression of a target gene, wherein portions of the RNA strand are
sufficiently complementary (e.g., having at least 80% identity to the target gene). The term
“stem-loop™ refers to a pairing between two regions of the same melecule base-pair to form a
double helix that ends in a short unpaired loop, giving a lollipop-shaped structure,
A “micro RNA” or “miRNA™ {previously known as stRNA) is a single stranded RNA of
30 about 10 to 70 nucleotides in length that are initially transcribed as pre-miRNA characterized by
a “stem-loop” structure, which are subsequently processed into mature miRNA after forther
processing through the RNA-induced silencing complex {RESC).
A “BNCA interfering RNA” or “BNCA RNAD" binds, preferably specifically, to a BNCA
nucleic acid and reduces its expression. This means the expression of the B7 negative

35 costimulatory molecule molecule is lower with the BNCA RNAI present as compared to
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2 or less. A "VH subgroup Il consensus framework" comprises the consensus sequence obtained
from the amingfgich sedyences in variable heavy subgroup HI of Kabatggtats sidhbgs 4] one
embodiment, the VH subgroup HI consensus framework amino acid sequence comprises at least a 25
portion or all of each of the following sequences: EVQLVESGGGLVQPGGSLRLSCAAS (HCFRI
)(SEQ ID NGRS pA RIS EE R HV I ERD S p8iE 6 4 19°RfL siere the BNCA RNAJ s not

RFTISADT SkibddnA YHNO M RISARA D TRMYMGAR yiithSs iR 85i GHQ D h@o8y ( WG QBHLMT VS A
(HC-FR4), (SEQ4D NQ1P)- AL kapha | ¢ansRaeies frameworls ReEnprisertig1aaRsensus sequence
obtained from_30 the amino acid sequences in variable light kappa subgroup | of Kabat et at, supra. In
one embodirﬁve%?%%ﬁ";’lgllwbgroup 1 consensus framework amino acid sequence comprises at least a
portion of all of each GF{Ré folererigesdy iepiieseioma OspssifstE\vEofeemTC A EC-FRI) (SEQ ID
NO:11), WYQ&@J&P&&SAR&M@W ﬂo@pﬁﬁ&l (ﬁﬁ@iﬁ@ N@:’c’h&)}r, ligand or signaling component,
CVPSRESGHGSRIRFILLISRERRERFATY VG GRRIASEQ IRNQiM B FSASTRYEIR
35(LC-FR4)(S£Q ID NO:1_4§. An "amino-acid modification” at a specified position, e.g. of the Fe
region, refers e theligensatifaasmGr BRI P e g SeinER el A eV Bl thesiRs S1581 81%t least one
amino acid residubgdjacdniitopespizs Hie dsvabidusasibertibmadackem '1dath. specifiedywregsidue means
insertfipré og/ithy_aépm%%,twcs,@,sm,ulq,s;ti_]q_ﬁ?@zt,_gﬂa inserfioomayheN-tenainal g &-termmnal to the
specified 5residye refer n [ [ 0 r s tution. n
"affinity-matu%’ééfl ’aBr%t%%%/ |§s(g c?’r%ﬁgS \?vri?f%’g%aeﬁ)o# Eggelggl%gfﬁfgr%é%? égrﬁgg Og%%gfg%’—({;ié ’t?éreof that result
in an improvéfméntih theaffinity- 6f the EnfibSdyfofantigeén’ddfmparéd 1o & parefit ¥ntibody that does
not possess those AltesatinrisRslnone emdzodiments an,affjniysmatuoe dnsintibodyihiasetanomolar or
even picomolar gffiniie LB RIIRh ARtasnsAMRINIARL I8 eAlRAISS Ara Riadyced by

procedures known in the art. For example, Marks et al., Bio/Technology 10;779-783 (1992) destribes
affinity iraturSHEHIEy- V- &8 Lo s e d bt IR % dYmcrtt g SREER Sl 'ShBfor framework
residues is delsonbeddsyhdoresxaavplef Barias e taidiRy ocaNatyiotd: BartUSAS1k3809i8813 (1994);
Schier et al. meng 169:147-155 €:AAbN X eHonebals dsolmsnunek 250:199468004:05386); Jackson etal.,

J. Immunot 154(7):3310- (1995); A kins et al, iol. -889-896 (1992). As use
herein, the tesrsﬁnogslgzéé&é]ﬁ?/gb%ﬁg@%gg?gre @%ﬁ%ﬁﬁg?“\&e elglr@&'ggbr%géég éﬁ%%%% %%%d ucible
interactions stith ZeoidirdgBeiihéeha dhf g Ao i artimtsay et iddetetinativelof the presence
of the target n:ihe Presecaoba: hetkiogerneoul-pobulatierzat, moletu|BEsdncuding blolbgical
molecules. Fpr example, ap. sntbedsihat spaciiically hinds:itaa.20 lEgeskwbieh.canhe an epitope) is
an antibody that binds this target with ¢ reager §ﬁ|nlt : aV]ISEI;[y, more 5ea,cz!|l ,3%9%? \ﬂw}ﬂ greater duration
than it binds b Gife? Trdits th Bk ERbdalm %t[,‘(iﬁ{e;me’%( SO BiHGNEG 5F =y antinody to an unrelated
target is less@heloabibut A0%etthe:ISiHdine! o Maksahfbedy: td e BirgeZasimdd8uBense.g., by a
radioimmunoassay.{ R . Nrucgstais.embodigenta san, antiaady chat spesifioallysaingsdo a target has a
dissocia{;}on constant Kd) of < 25 14M, < 100 nM, < 10 riM, <1 nM, or < 0.1 nM. In certain -
embodiments, an antibody specifically binds to an epitope on a protein that is conserved among the
protein from diﬁereﬁf?ﬁ@éé@?%ﬁﬁﬁéﬁ”@ﬁﬁ’%fdiﬁﬁe%%f%éﬁﬁé’ﬁﬁﬁ'lﬂ’mdséﬁh“ﬁ?ﬁﬁa@%ﬂf does not
require exclustive tandingligypiplatkingtitantibedisordhetantagaonidtitantiiodyyisperitcthiatanhibits or
reduces a 30hiqlogicalagtivigal theyankigen d.hinsts nle.same-smbodinentsiklasking antibodies or

antagonist antibodies supstantially or. completely inhibit the biological activity of th igen. The
PO 1 AR B e BRI R e g AT B o BB TG m functonal
respons& by Smgie ke avas andy Sfuidenidivd atbekericaiti e strsLitaine frown mxRedalessiicor activating
antiboc!y is oa@.,thar_e»nhada_ﬁasmfsjwvtmt&m/a@gr@mgmﬂme{mﬁgersﬁmwmch irhindslcdnigome
embod'ment%&%ﬁfﬁe@&@%@a SR AL asivalRianaling Mhorkine Rissrncapfie natural

|

ligand. The term "solid phase" describes a non-aqueous matrix to which the antibody of the 5 present
invention carPadier& ERathpiés éf"stfiﬁﬁ‘}ﬂ?wéfgég"gﬁ‘éom&fﬁlﬁggdsﬂ?i‘g?ﬁ“iﬁdﬂcf‘effﬂd’é?éafgﬁned partially or
entirely of glass¥atgry covifrelieds peve Glask)d pbiysacehdrides (kg idayédrdse)iipolyaotikamides,
polystyrene, pQiyviny.alcohlandisiicRnesninertain sRedine s danendidganthecontext, the
solid phase can comprise the well of an assay plate; in others it is a purification column (e.g., an
affinity chromatography column). This term also includes a
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10discontinuous solid phase of discrete particles, such as those described in U.S. Patent No.
4,275,149. o ARliRedy, effector functions” refer to those biological aciivtigs@tiibysable to the Fe
region (a native sequence Fc region or amino acid sequence variant Fc region) of an antibody, and
vary with the antibody isotype. Examples of antibody effector functions include: Cl g 15 binding and
comp|ement*a@wﬁl@t@%@%&&“ﬁ%@%&%ﬁf&ﬂﬂ?ﬁaiiﬁtgﬂl%lﬁﬂBBwf tepEngentebaititdiated
cytotoxicity (AREG) phaigdeytesis; doawmrdgulatign G dehdidane rdosptbPd{E1y23Baeell receptors);
and B cell aqw,@g,ggggﬁeduced or minimized" antlbody effector function means that which is reduced
by at least 50% (aItEflrnatlv dxf Ooi/o 5% 70%, 75% SOh{c% 59:/1 310 b, 93%2/0 9 %)éh97 fﬁ 98%, 99%)
from the wild type or U0 Ell(f"]tl oay%'l‘jﬁ‘élﬁ N e ermination o aqf d‘i/ effector effector function is
readily deterammabténzterd-prasaisurabich By Ve tOreva fas) SIHTPIE RS Ere 1pracpréieRelPE@mbodiment, the
antibody effegtor functionsaf caniplem ent-binding: eandplemment depgendent eytotexieity: and antibody
dependent cytgloxicity are affe - SRS SHNRHIMGN'S LR MeRen. &ledler fupction is

eliminated through a mutation iR the constan region that e nlnate glycosyl lation, e.g., "effector-less

mutation.” in®P%BHBRESHARENTE S CRFIEEIMTEALH 1 AFRIPEIR 8?nf?ﬂtﬁA°?r?ﬂ?a‘{?8lﬁg(D265A +
N297A) in thetGHB. regiorhShieldsatiaticd. oBiekiGhermi!2 78Iy 8894:6684i{R0O0H) cifiternatively,
additiorﬁi mlgse{éﬁaga)r %%‘Itiﬂﬁcmﬂ’?@l‘}ﬁﬁq @5%%@@@&&@&%@@%%5%@&%inlc;&ud%ad{eﬁahé’aﬁ aﬂd .
L234A/L235A LA). Alterpative ectar function can be reduc iminated thrqugh production
techniques, sugc': Oaigséjxrbrges%%n |n5}sh S ‘ﬂ? C{ “that do not n1yc éeylgltlg e. §C E. Stcngﬁeqor w?gOWhlch result
in an altered {hyelopsytagiesis: p@@teﬁﬁ#ﬁ'&?@*i‘f‘ieﬁ’éétﬂfeb&d%%f@cﬂ\fe af ‘fﬁ‘bﬁl@fﬁ?é gfrsttor function
(e.g., Shinkawamgtiat o aBisbticheu7 8{5mBd8 64173 ¢2008)ikacin, 'Wmtibody idepertent

cell-mediateq CYOWXIGIRAQE, A&&S}ng%ﬁ?%bﬁ%éat'p%wﬁo ipxicibyiwhich seateledlg bound onto Fe

receptors (FCRS) present on certain cytotOX|c cells natural killer (N ceII neutrophlls and
macropﬁ%gegﬁr%‘ﬁ’éﬁlé L B RGTBIER ‘Bife Bfﬁﬁﬂbﬁééll%f SBIRT LR EificaiRP a mmh htigen-bearing target
cell and subswqmmﬂylksthmemeteeeﬁvmmlﬁgb%@ﬁﬁwﬁoﬁﬁesie%ﬂﬂfﬂmﬂféfwwtoxm cells and
are required forkillingofithe targetsahhyothis meﬂa@@%ﬁhﬁ prEMayeels fermedating ADCC, NK

cells, express Ec fflII yvh eas monocytes express FeyRI, EeyR11 and FeyRIY,. Ec expression on
7 & . dint
hematopmeﬂcf:e%/s IS §1‘¥nrﬁaﬁ§e |n Tvg arlmé 4]ér4 5} Ilngi/e ﬁf’ande I1<|nei Anlnu Rev. Immunol.

9: 457-92 5 Gl@%“TG%%@%@“AD@@t%f‘i‘&tﬁﬁ%?h’&%cG@ﬁf%i%re%“ﬁ%ﬁ% ViHEPRBREC assay, such
as that describ@ehinnk) Sii RepenbNaib, B001Be2hontb82d93 37 upiay. eipectormsrhridséttih effector cells

for such assayg.inclide peripheraliblaed.moponuslear GellsHHREMG ca,agc;aa@w%mmem K) cells.
Alternatively, or additionally, ADCC act|v1 of the mo ule of mter}sxgt m%)étr%as essed in vivo, e.g.,

an animal mééel‘%l}%?ﬂ“%“ﬂh’%{%réﬁ%%’scénd R (J%mét"3 Bﬁyﬁg PSAG56 1988 10 Unless
indicated othstifiisettsareimmstheomithibetitg T@ﬁtﬁéﬁ*@@%d%% irpEFFRIMUREY | oBtifi PR a¥§ chain is that of
the EU indexaaﬁﬂiaiiﬁabah@kahn SLhQ[ﬁnl-ﬂﬂe Siikdniniex asciadiabafficelerslia tHedesidug, numbering of
the human GG, B aNtRAMN, wedE IRHLESIRAIRR ARSI, URGH:R.dRHRe Aslpiminal region of

an immunoglo u in éavy chain, including native-sequence Fe regions and variant Fe regions.
Although the PP 58U 8afi8s BiHHacte FaLIBh BPEAHRm BTO U KERvy eh R HGAEYary, the human
IgG heavy-chainake, regidoxisiusuathfldefineddoe§tratoh frorifansaininedoidaasiodiexatiposition Cys226,

or from Pf02%9va€%£la&nca(mxwrﬁ§ﬂm@é§ Hl;re@IfJ e, Qn@mhmakdx&wﬁn(r&siduﬁlﬁémmcording to the
EU numberm% r% ltfhe}Fenreguﬁ'n xazole ?mne O\{Ed‘trﬁ% )éarl;n Slf(;inusg g’yﬁl on or
purification of the &tibo &y 5t By fecombinantly engmeeting the nucleic aci enco ing a heavy 20
chain ofithe aﬁM&dWAé@Wﬁ%‘@Pﬁ & £orfpssh ?F@’ﬁ‘é‘fﬂﬁ‘f&éf?ﬁh%dﬁ%ﬁé‘? cOipFsEEftibody
populations wthaalik44s resiguesrtemaved,aatibady popuations wilinhekid Inesigies removed,
and antibody popylations having amixure.of aptibogdies With-apg withovkihedddiigsidue. Suitable

native-sequence Fe regions for use in the antibodies of the invention include human IglGI IgG2
(IgG2A, IgG2BPIEES any o7 wE re RUEHIB*Br "FER 1% bes 3“?‘%6’é’b‘t‘3ryfrl‘}c8?rf§lnds to the Fe
region of an aftityoeyfafingiprefeneerEcR is a native sequence human FcR. Moreover, a preferred FcR
is one which binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyR11,
and FcyR111 subclasses, including allelic variants and alternatively spliced forms of these receptors,
FcyR11 receptors include FcyRIIA (an "activating receptor”) and FcyR1TB (an "inhibiting 30
receptor"), which have similar amino acid sequences that differ primarily in the cytoplasmic domains
thereof Activating receptor FcyRIIA contains an immunoreceptor tyrosine-based activation motif
(ITAM) in its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its cytoplasmic domain. (see M. Dadron, Anne. Rev. Immunot
15:203-234 (1997). FcRs are reviewed in Ravetch and Kinet, 35Anne. Rev. Immunot 9: 457-92 (1991);
Capel et aL, Immunomethods 4: 25-34 (1994); and de




Haas et at, J, Lab. din. Med. 126: 33041 (1995). Other FcRs, including those to be identified in the
future, are engampassed by the term "FcR" herein. The term "Fc regepteto e also includes
the neonatal receptor, FcRn, which is responsible for the transfer of maternal Ig,Gs to the fetus. Guyer
et at, J. Immunot 117: 587 5 (1976) and Kim et at, J. Immunot 24: 249 (1994). Methods of measuring
binding to FcRn ardKrieiin (ééeedagen G sthsanty welrasrifriupisb o dpo igheg 1h9 gytig (1997);
Ghetie et at, NatircaRicteshnalDgy dfsef): 68i-#0(dD%A); tlintan: etrals dudBied. Chewera/9 (8): 6213-6

(2004); WO Z004AEEAONHINRR BARLPRANGREGENNA.ANA SeTHm hAlle gl uman FeRn
high-affinity binding por%p%;[)tldes can be ass?@"f@‘{}&h in transgenic mice qr transfected human cell -
ic

10 lines exprE&&itghu BeRH-or intpliInATa Kol pepfideRnavidl 4 8riant Fc region
are admlﬁlstezwthmimwm?zxmegﬁqw&? ib@stantibo dydl afiaRtstw kititdpmpraded or diminished

binding to FciRgu$ee @Asﬁaageggdﬁh@mﬁ atmgwﬁual: @T@J’ﬂ EHRRE6P9A-6604 (20QN), "Effector
cells" are leukocyt S one Bs a er &fu tlo In one aspect,
the effector cenljllsjy eﬁ%%t;@gﬁé gfrs eyrﬁ r)ﬁ X’I@E“}% {J?e‘%@téi&(l?@ c%ﬁu xah"lples of human
leukocytes whigHisdigibnBCyincisene B@%%ﬁafﬁbﬂman@ﬁﬂﬁeé? éatisgpaEXrSshatural killer
(NK) cells, maniertas;leytotaxicplotel santtsne yiraphits bil ie:etfectotockl] suniaysidedsolated from a

native SNy for 9}%&&2&@%&9&%@@3@%&%@6@ ympﬁggaafeemgg%g{@%Ml;am@eeffector phase,
and function to produce C)f tokines (helper T cells k| |ng cells in infected wit IS@ggtho ens (cytotoxic T

cells) or secr@liRECANIOENILE J@ifrdratidted BREARS): b MBREMERT depBhaBit cytotoxicity” or
"CDC' refers fonihiesdy<isTORAMBNGEL céid inothengresénceakcompierientribivationBT the classical
complement pathwaisissinitiatedroy thepinding,af.tharfitsieampanentai-the:complertgnt system (Cla)
to antibodies (of the m@&%&% belass) %Q'&Q}Qﬁd@q Qnd 10 Iheircogn tgeae%tdg?wo aSSEsS

complement actlvatlo a assay, €. escribed in Gazzano- tOI‘O et at, J. Immunot

Methodészoz?ﬁ@@fei@%)v’ﬁngbﬁﬂbrm‘é {ﬂ\?%bﬁm%{?%ﬁﬂ% Wﬁf%t@?%@?‘é@’fﬁﬁ%mmo acid
sequences ahlibiicréaséector etivasea iy bihding-capability iarmdies Gidedejrrds: Batént No.

6,194,551B1 [}qlé%@%éﬁ%gaﬁb%%&%ﬁ%@éhméﬁm@tﬁaﬁpuﬁ L@ﬁ@ﬁs mee%&%@ély incorporated

herein by reference See, also tJ. Immunot 164: 4 OO) 30The
N-glycosylatidh &itd i 61 is 152 & gg’ﬁ i ﬁ?”bﬁrfpd‘%arsﬁdflr%%f’ﬁ i re%111 i Oanen 58186 provides
composmonsﬁéf%n“aml@eﬁabﬂndﬁ'ﬁgtﬂhbmﬁmheﬁﬁﬁﬁﬁ%@y*%ﬁ% aml Ferediom withinrergisced or no
effectorimnciimiﬁaeﬁmaerﬂn whigh thiseaheiacaamplishedigamb@i substitution, which has

previously begg shown §9,3RQIIS, complenent Kladig and gizcla. funaling. (ffegipdess Fe mutant’)
in an anti- CDp Oyantl ﬁ‘i/ H‘é %le et al."rupra, As a result 50 this mutation, the productlon of
%

anti-PD-L | aRtbBaey %n?%ﬁﬁﬁ@‘@&?ﬁﬁﬂﬁ?&ﬁ@xﬁ@mQi’gﬁ‘&?ﬁafﬁ HhSian cells such
as CHO will néinhavisary ghicosydatigrnandhintuichyirGtenn Sesh| ISt rédticgd erpniimirmat effector

function. Altem@f%@by I%H%W@M%m&@%mwm rliminatedwitheut:GHR sulgtifution by
express& n "L %A?n ﬁﬂﬁf‘dﬁm E. Co/|h b%lndbn%qffl |]t¥ ol I!ay fers to the strength of
AR AT e S kg S of o ol

the sum™otal Binteractio ween a single binding si u‘Tbe e.g., an
antibody) andei®ishéing ffs?ﬁ?tn‘é?‘ﬁé?@., ‘éﬁ}ﬁ’nﬁgé(ﬁﬁz.%rﬂe%svﬁ%ﬁgateaobﬁﬁeﬁﬁs’é?lh@&séﬁ herein,
"pinqling af_fini.tyr'c')dleie,r_snmlmﬁrdmimHMding)cafﬁmhyethmmeaﬂebzysaaﬂxmmwaman hetwerr: members of a
binding pair (%I&ﬁarﬁgbﬁ%ﬂ RAA0UIER). %e @ﬁmgmmm'%&é E&réemgtrg@&uxla%n generally be

represented gthe disspciation c%nstant Affinity can be measured c&mmon methods 10

known in the GHY %%ﬁlg&nwgéékdésd?fﬁ’éﬂlhe%ﬁ?\ﬂ - afifiRe End 888?&% Aer&iliBid antigen
slowly a¥d tefidR6@BEOciaterreemily, wherBEERIGR-affinigimmibodied HERaTally bimedwantigen faster and

tend to remajre, Mﬂmn@%ﬁ&@ﬂi@%@kmﬁj%ﬁ@ﬁme@wﬂmﬁjneﬁnﬂaaffimyaerermpwn in the art,

o oo SRS KRR R ROR s Rl e eSS A SRRAl Mkl s Srempa
embodlments rme rln efolowm Kd" or "Kd

"bindin y are cribed in
value" accordiftg’t8 fﬁi’s\’ﬁv%ﬁtlé‘ﬁ é%ﬂ%&&ﬂ%@ﬁ?ﬁé@%ﬁ@@% T%Y&‘a’@é/l%ﬂ%ﬁﬂtlgen binding

assay (RIA) pettpriviedhwithithe mabvivensiceiefith@laniibody avidantgercwmuisctigasdescribed by the
following assqy;ihat ypeasessalutionRindingafinity of rahs {or ArlioeRhx,aquiliRiasing Fab with a
minimal concentration of (1251)-labeled antigen in 20 the presence of a titration series of unlabeled
antigen, then capturing bound antigen with an anti-Fab antibody-coated plate (Chen, et al., (1999)J.
Mol Biol 293:865-881). To establish conditions for, Ji'he assay, microtiter plates (Dynex) are coated
overnight with 5 ug/ml of a capturing anti-Fab ant%ody (Cappel Labs) in 50 mM sodium carbonate (pH
9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours at
room temperature (approximately



25 23C). In a non-adsorbant plate (Nunc #269620), 100 pM or 26 pM [1251]-antigen are mixed with
serial dilutiong,@f,3;5a88B.4f interest (consistent with assessement of an gt V&EmE@mMipody, Fab-12, in
Presta et aL, (1997) Cancer Res. 57:4593-4599). The Fab of interest is then incubated overnight;
however, the incubation may continue for a longer period (e.g., 65 hOl#‘ﬁg to insure that equilibrium is
reached. Thé’F@éP?éF}*?ﬁ%snﬁgf'ﬁ?@@‘é?@‘ﬁféﬁ%H’% l’tiﬁ%%%?[%@%@@ ifiBEALH %0 at room
temperature foraseititit:d he Balrtignr i5:ghibrime 3GV SdlardSinegs st erwhstred) eigintitivees with 0.1%
Tween-20 in, 3RS, Whe:heniates have dried  1aQ.uliwellof seinilanticraseinia@s Packard) is
added, and the &Ia@es are cougztea on a To%f%v\t/n gamma i:zt?#ynte[ Pa&gaﬁ?%zf?[m teptn;linutes.
Concentratiohs 6f €8¢ FaE that g"i\}jer 655 t é’nlgfsed/uaﬁl?c{)) 5 Of axima mdir?gﬂgrheechosen for use
in compétitiviihiidirky BedwyBHX176Mcesrdirtyitbikivothehermpodifmants thepkapiseigREoted by using
surface-plasmorviesopapaa B Ssaysdisi0gsal BIAGRREY In2HA06r oy adBlASIRE-300RIFBrument

(Biacore, Inc., Piseaiavigi ) 8 2Gaithismabiliaed eefiosn CMBGaies atspfiresppnse units (RU)
Briefly, carboxymethylated dextran biosensor chips (CM5, BlAcare I_ncé%%re activated with N- 5

ethyl-N% (3-EtHyiSsfio RS py - catbtdinniIe Ry raRRISHALY (BI5EY 4NE Ry ardkY&iicinimide (NHS)
according to i suppliebstingbudiionsrokatigeinbisodiviedhat3] raik sodibitmacetatigpH 4.8, to 5
g9/m1 (9.2 itM) hefore iniection ata:fewsats, ofiSugkiminys QachiaveaRPwWximaaii.10 response
units (RU) of colug,led1 %[%teinélFollﬁl%Egcggtha% .iqLe (t:i%[poof qnéig&% A I}{I e_m: {lolagnine&i]?.%jected to block
unreacted goalﬁlﬁg. For RinGtics Heasurements, 10 two-fold ser|a1 ilutions (‘)/Fi?a)é 28 nM to 500 nM)
are injected iflePBSiskith GOBMTPWEEN? O fusiarsiritibieP BGTdugt 5 C el St ratec of

approximate . R5itkénaiAssoaiationrates fkon) apr dissaeigtian carsakbiyyare-valstated using a
simple one-tq;ene, kanamult hinding madek PLGOLs L yaliaipnRefyRER Norsion 3 by

simultaneously fitting the association and dissociation sensorgrams. The equilibrium dissociation
constaniS(Kd?gSC%ﬁéﬂ%\t@d R Mutid 10 S5 e oY S S, Ig?lﬁ‘offi)BﬁfLaZ%:SGS-SSl
(1999). If thesorzratgsexCBeW8>1 065\ titiers infaloep| asindng dsonzmuecassayadiond, then the
on-rate can hg, determingd-fY LRiRY anliiigscanrtanenehingienbnigxedhatl (easwesthe increase or
decrease in fluorescence_-elmi%%?tn _Ln%epsi;}/ _%citation =295 m, emi.%s'lﬁ} = 340 mrQ;iiéLG inn
band-pass) at' P58 4 20 M antitantigel ahtBod, Ry %r‘?‘ﬁg in PBS pHE27inthe presence of
increasing conegrratichs. oPRD-SiitigerPa higaShiredBiviais Pectrorietdrs gttt &8 Hastdip-flow-equipped
?pﬁctroagotomﬁs@ﬁ, %&Qﬁ&ﬂ@ﬁﬁﬂﬁfﬁ@f—a@& 8000 setiesiald A NGO speck aphotometer
ThermoSpectronic) with a stirred cuvette. An "on-rate,” "rate of a iation, - " ciation rate," or
"Ic," accordinﬁzPoXtIh}’g iﬁ\a} "F\ItiTeﬁhggﬁgéefSSel%gaéﬁéité%?n(eog'aggc?é&s%ﬁ%éﬁ’ g%%%‘g{ u%?h%ﬁgm \CORE(r)-2000
or a BIACOREZH)- PECBUDROEYSte AT BIAdbIa1 nesuRisebiminajusiig ) e eBCMBURERBIIzed antigen
CM5 chips atabaui 10 sespepsamnis{RWBEBlishocarbexymeibylated dexiran pigaaasor ships (CMS,
BlAcore Inc.) are_activated with NLetolI)-N';-gr{%chtthir}Q P9 yl.‘)tﬁ-c?rbo_diir)?i eh dF?chIoride (ECD)
and N-hydrodVsUReHimiae: (RE S  acedraifg s the suppifer S nttrutions ARtigen i< diluted with 10
niM sodiim acettren pi-4. Snipdas TrrydpliiesD. 20 Bekvte ifjeetBSOdEEoWIABST 5 mi/min. to
achieve apprxisnsiely k9 respapseaaits @:oof caupled pooteimdoltowing)the inieetien of antigen,
1M ethanol-agine is added tq block cted-gr ar kinetics meas -fold serial
dilutions of Fa]a%%a%a%%? !&as’toeé%oa nﬁ%\?l)l(g?eg_%]e%{e %ug S}%vitl%%.g' %% 'Ig%/ve%f%%%%(rlé%légr&%at 25C ata
flow rate of apypiesrtster Bsiinh Bredsa i ratesfiton dne Gissb ERRG6HK AtEEHIdsf) are
calculated usingeivsipigariestdroneticangivivir BBEIddmEmodsb{BA corenEvitiation-Software version
3.2) by sigmultaneaiis, fiting theagsocialion. apfh.Aisseaiationsghsgsgrem.(f he eguilibtium dissociation

constant (Kd) was calculated as the ratjo ik, , Y., etal 99)J.. Mol Biol
293:865-881. g@%@%@%ﬁ%@n&:‘ff éo%ébﬁﬁfggﬁ@gh ElgtﬁgéarfageTr%%rﬁi %n‘rggggnance assay
above, then thelofirareapsuprefétraisrdStariitisd Byrasisy sutbtiestdnt §ilsrenngtednhique that
measures the:RGreasg.t, eGHease I O diuaresaRacaIRMiSSI AN NBRsIIKE Xeifalionj#2 95 urn;

emission = 340,m, 16 ing hand:pass) 4LAR0G.Af 2.20,0M antisantigen.antioady (Fabderm) in PBS, pH

7.2, in the preSence of increasing concentrations of antigen gs measured in a a spectrometer, such as
a stop-flow eqUBpEth<p iR Eea A PRI EHY \OF o 60tr Qeiideserivh: AL
spectrophotometer (ThennoSpectronic) with a stirred cuvette. 10The phrase "substantially reduced,” or
"substantially different,” as used herein, denotes gsufficiently high degree of difference between two
numeric values (generally one associated with a molecule and the other associated with a
reference/comparator molecule) such that one of skill in the art would consider the difference between
the two values to be of statistical significance within the context of the biological characteristic
measured by said values (e.g., Kd values). The 15 difference between said two values is, for
example, greater than about 10%, greater than about 20%, greater than about 30%, greater than
about 40%, and/or greater than about 50% as a function of the value for the reference/comparator
molecule. The term "substantially similar" or "substantially the same," as used herein, denotes a

sufficiently high degree of similarity between two numeric values (for example, one associated 20 with
an antihnAdy of the invention and the nthar acenciated with a refaerance/comnaratar antibody) <irich that



2520%, and/or less than about 10% as a function of the reference/comparator value. "Percent (%)
amino acid segyepag,identity” and "homology” with respect to a peptide, [olpeRlides Ar antibody
sequence are defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the specific peptide or polypeptide sequence, after aligning
the sequencES A HHETEONE FapS iMraEREsary I TBAxHidve S0itHE Masitinm Hemesht sequence
identity, and noebeahisidesing arwednserdatig, pubstiuibens asopanh ofi the:-segueiicedaentity. Alignment
for purposes gf;determining; perent aminp agidisequencriidgntitnean.be achievad inyarious ways

?

that are within the’skill in the art, for instance, using publicly available computer software such as

BLAST, BLAZFIHE 858 65 NIEGIAT IBYNTFAPTISRIA SRRSO NP A SR e thé-art can
determing apppréte B5parambier o forineaye inguaignine attinclliding an K BIigitingg needed to
ﬁchievehm axtm%gl&gw @%@g@ﬁ%éﬂbi@gﬂ%@ﬁm SRQHENGES BRINGEoMRArELLEQsPUrposes

erein, nowever, a 0-acid seguence ldentity values. are gener t n e sequence
ampnrison e R e o B R O ALl
has been filebiifth uBkyBteUiFdnht LAV AP EHEMY. SElEeeiigit OffieanWashingtdn'D BES20559, where it
is 5 registeregdhingdsar tliGriGapyrightRegistraiio Riitmadotd bk 87 ant hesdid GN-2epragram is publicly

availablg,throygh Gegentechsdng. Sauh Sk aRsiReoGR IR heALRN:RProgram should be
compiled for use on a UNIX ogeratln system, preferably digital UNIX V4.0D. All sequence

comparison parahSteryyre Sarmoetic Al I SRR IPEUMSM Gdd ofs Hat Valy 1 'SRasBii&where ALIGN-2
is employed forissmoldciot SEGHENES e TOrrpiizonsydha dind Guanginbabicidbgetaleng@idtentity of a given
amino acid sggyenesifs tonWith «OT-RgRINEH angiven aminaasidiseguenceR, (whicheanalternatively be
phrased as L\]/grillgm ino acid sequence A that has or comprises a certain % amino acid sequence
identity to, with, or against a given amino acid sequence B) is calculated as follows: 100 times the
fraction R, Y 15wheféoti@ e hiraperer aitfldcasny noecddibiely asialihe iewatehes by the
sequence aligiarmmiensjaragramvA LGN imikahprdg dm scahganenboe andBgaandavhere Y is the total
number of aring AR FESIANESH. Ihihkbe appisclaled hahwhierehe-Rnois ofamino acid

sequence A is_not equal to the length of amino acid sequence B, the % aming acid sequence identity
of A to B will HSPEERIE ¥REVR s T6 B E L SRRB ek "“8%‘%"18“)5&’."%‘8%%%g%“é%&%ﬁ?ﬂ ally stated
otherwise, alisvtarniho exdidusatiiestrsdderitit(PialticsQBe dulreredpareoohtame dasidederibed in the
immediately prgceding-paragraphssing. theibiahie compuialioimeianizol. Mdisalated" nucleic acid
molecule encoding the antibadies herein is a nuclei i ecule that is identified.ard separated
fom at least S e the
environment THSUHIER (LVERMRIGHEERA Prefarabijraradesisish Huttitdafugits frRebrgBsociation with
all componentg&-dsagciatecoithstheapreduictienticivged pr@ntssT vehi soladedinaciéiciadigimolecules
_encc;din% tthﬂ@;M%@ﬁ%ﬁ&ﬁ@ﬁgp&j&@%ﬁ%&@geﬁﬁ@%ﬁf@fm@me(atﬁmmﬁerggfm@s@?ﬁting in_évhich
it is found in nature, dsolated nucleic acid moleculgs therefore are djistinguished from nucleic aci
encoding the RO Ep i A SO A et e g EAISHTR SR o rm “control
sequence?' refersits PINssIRshcEs At ebsRUmPIRSE b RthetsiencsiantispemribiptihRiéd coding
sequence in agatiaiar host organism. The control sequences that are suitable for prokaryotes, for
example, include a,%rotmotqr, P_ptignall an cr),pgrato;_sg uence, aznd 8 ur('\IE:osomeO 1b(inr}piﬁigtsite. Eukaryotic
cells are known to u |ﬁzt%“f})rc%1 g?gf(ﬁolﬁﬁ%zenyﬁaﬁgﬁpsfb%zg s, “8Band enhancers. - Nucleic acid is
"operably linkedPityRe PRI Scctiqits afthidHomsl terEtdRE NP Witk ah @R clEieEifd sequence.
For example .iNAdtoba presequante an searettrydeager:sropetahlyelinkedio DitAifiarea polypeptide if
itis expresseg| as a.preprotsin dhat participates indheisegrstiopeAieRalwentids;.g.moter or

enhancer is operably linked to a coding sequence if it , )
pyrimethamine (DARAPRIM®), ‘sulphadoxine, proguanil, mefloquine (LARIAM®),

halofantrine, primaquine, ariemesinin and it derivatives (eg., artemether, arfensunate,
dihydroartemisinin, arteether), clindamycin and combinations thereof; (2) protease inhibitors, and

35  the drugs, benznidaole, buparvaquone, carbarsone, clioquinol, disolfiram, eflornithine, emetine,

39



5 affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding

sequence if itys,pasiliongg so as to facilitate translation. Generally, "opgabiklikeshfpeans that the
DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in

reading phase. However, enhancers do not have to be contiguous. Linking is accomplished by ligation
at convenientfestifetionsedsnie st les d’i‘?ﬁ’iﬁ?@%sﬁ}@ﬁ%‘%‘?ﬁ?ﬁeﬁf&i@'@%@dﬂ qeletde adaptors or
linkers are usddimaccardanesidyithotinuentiprampracticesulfate T pentenidiiepitppedagged’ when used

herein refers, i, CRIMASICDOMRLRIIAS Lomprising a polypeptide or antibody described herein fused to
a "tag polypeptide”, The tag polypeptide has eno residues &i) provide an egitg ea ainst which an
antibody can be made 8t i€t Bt Ty b SRS Yo R SRR RIS R E Vit B the
polypeptide toowitdd fris fuoeld imfires pB Al p olPpEpY deapre fereisicatsbagstaitpumiguanso that the
antibody doegiaahsibstantiallkaressrerctwith ataskepitapes-Suitabla:tagipalypaptises generally
have at least sijx amino,acid residues and usually betwee out 8 and 50.amin id residues
(motorsbny BanEOMIARS SR SAANGAIIEY P R SO0 430
"innnunoadh&&iit @&sitateicarituayIRE TS Sare abilkidh PEEUEB AitsHE t15¢ bifttihB Epecificity of a
heterologousrardiein (erdiachesicist) withréhecdffiestopitifictionsrohitravensglobulfrmahstant domains.
g_tﬂéctur?dly, %&%@W&g@%@sﬁaiﬁgﬁﬁj%@ﬂf%mpﬂ‘e%!}tQﬁﬂ@aﬁﬁ_ﬂaﬁ@%@&%ﬂﬂﬁ@ Hﬁ dSSifd _
inding specificity which js other than the antigen.recognition and binding site ibody (i.e., is
"heterologouléj'aff%% ré%(ﬁﬁ?%‘%&ﬁcr)bg ct)"ﬁ{itr?xé%ﬁégénltm 01%]%? rsogaﬁigﬁge?nfjﬁtgx a melog?r%%;‘? of an
immunoadhesinimaietule PSPy I8%a Sobitifusus amine AiMssgticnesieompAsingat least the
binding site ahawageptoiratidigandd khe dmwpatogglobutiRegorsiant domara sequenaschasthe
immunoad hec%%m%galgﬁs@ ngd frpm,any ipmpnoglabuling sl a349G:t. 19G:2nclyding IgG2A
and IgG2B), 1gG-3, or 19G-4 subtypes, IgA (including 1gA-1 and IgA-2), IQE, IgD or IgM. The Ig fusions
preferabiy inERIHEERIS THSHIHURGF LEBMATRCEF a BB/ SERiRRE SPEHibody JE<HIBEY Ferein in the
place of at lebsted0ioneivariabledegichaithiniad IGanotconie: Hrapartividarlypheferried embodiment,
the immunoglaluin fusieeclydesikedin 98.Gd 2 and fedilds afthadipge. Gl pCleand CH3
regions of an 'Ihurrgmotlecul%ézﬁr t’?e 1Pr°§u%ti%ﬂs%-iﬂ{gslér??ogégql?;‘#" | fusions see also.US Patent No.
5,428,130 isstied Juhe 27: g5 FoY €3 a%pﬁe, useful immunoadhesins as secona medicaments useful
for combinatigieseefapy rersisdichides poRpepiitras thde dorhpfisEiie extracellular or PD-1 binding
portions2of PD-Li orRDkds;: o \dgeosarsapitisad tosa etnstantdgmainegdran nmunagiepulin sequence.

A "fusion proﬁggﬂ;' Qfﬁgpﬁo{g&?i&& BQA}’&EQE%&?J%%? a polypeptide having two portions covalently
linked together, wghere each of the portions is a polygeptide having a different 5 p,rg,%%fl . The property
| p

may be a biologicaFprBp&Et Sy’ SULKIES ARAU TR it o BRI S T HE TR Bty h Y e simple

- chemical or phyisidit grofertie serdivdsdpivrding i thcde MlE cuesisafdiysinnfba Bsdetion, etc. The
two portions may-he tinked direatiMdy & single-peptisie Landoitbintghaireptidadinkerwill be in
reading frame with each. other. A Sstable” formulation is one.J ic [ in essentially
retains |t£s§al ph‘];}%1|18%1(fCfg3 %a%%ézﬁgﬁggﬁz{%ﬁil gﬁ’glﬁsntes rﬁ?ﬁ%ﬁ?orgﬁﬁaﬁ%%%ﬁical techniques
for measuring pristenRtErasHRS e RVAiIRBIRG e de BirReakal  BGE(vRY Trepep e d aifiProtein Drug
Delivery, 247c36d)5Vincert\eednd by\Midvigehbekk#r4 1ronibNenoYonhNewYadhFiobs(1991) and

Jones, A. AngQQHg@gliygﬂogggyn gﬂgibggﬁggﬁggggkggmlgy%g;&;mez_alsured at a selected
temperature for a selected time Perlod. For rapid scrggn%%{ e formuleétlon may be kﬁgt at 40C 15 for

2 weeks to 1 montH, 4t WHIERFne TERHRFS MblsuFed™ br%dfﬁrél?cefr?nﬁfa idn 18'to be’stored at 2-8C,
generallifthesGrmutatibrmsie aliats iibiEont BOC oF 410G ot felkesting st lanaysrgtdble at 2-8C for
at least 2 yeatgn¥éherenthafonopshatio miste-herstarediatdae igenpmiyhiadaypriatiag should be

stable for at Igagt &SI A0 ANNESIBRIR. & 19 RLAieAR: HmanHhs. LRl exAmRle. the extent of

aggregation aurlng storage can be used as an indicator 20 of protein stability. Thus, a "stable
formulation niMBE GHE WhéteiIRSEE iR 4hdth TETCHH 1ﬁ?§f§?’§’5ﬁ?‘¢lé§%@ﬁéﬁaﬂ5‘8u‘?’%’% of the protein
are present aismamaggie getietinstheFfenmiglatiomedn dthisde mipadimeitspdnyeinorsas€iniaggregate
formatiogs durjpg,sirage of ihe foumuiationcanbeiseipmminet. A1 ieconstimied” formulation is one
which has been prepared by dissolving a lyophilized 25 protein or antibody formulation in a diluent
such that the protein is dispersed throughout. The reconstituted formulation is suitable for
administration (e.g. subscutaneous administration).to a patient to be treated with the protein of interest
and, in certain embodiments of the invention, may %e one which is suitable for parenteral or
intravenous administration. An "isotonic" formulation is one which has essentially the same osmotic
pressure as 30 human blood. Isotonic formulations will generally have an osmotic pressure from about
250 to 350 mOsm. The term "hypotonic” describes a formulation with an osmotic pressure below that
of human blood. Correspondingly, the term "hypertonic” is used to describe a formulation with an
osmotic pressure above that of human blood. Isotonicity can be measured using a vapor pressure or
ice-freezing type osmometer, for example. The formulations of the present invention



35are hypertonic as a result of the addition of salt ancUor buffer. "Carriers" as used herein include
pharmaceuticglly.agcepiaple carriers, excipients, or stabilizers that are pepiaXiad.thg,cell or mammal
being exposed thereto at the dosages and concentrations employed. Often the physiologically
acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable carriers
include buffers suchrasephospiate. reftrstenaneivtherbrdimicsbidiag %ﬁh&s@@}a%hﬁéf@ding ascorbic
acid; low molactianweighinflasgdhain Bbeih10 kesidyeshpealypepiike) pyaieins, ssuefic@ag serum
albumin, gelatip; Qrimmungglobuling;hydronhilic RS sUchASRRIMNYIRYLEalidone; amino acids

such as glycine, glutamine, asparagine, arginine or lysine, mongsacc arides, disaccharides, and other
carbohydrate€ eI G FETSE™ fidn rﬁlﬁ%g(a@r)gdéﬂ%)s; Eiethgayanteudfen T BFPA; sugar
10alcohdls sithcbagrrhmitdl Gmsorbitdkrsalt-forming counterions such as sodium; and/or nonionic
surfactants such asfWEENTh.polygihylane alycaliREtmmand:REIRENIGEMI of 14 "package

insert" refers, to instructions customarily. included in raggrci | packages of medic nts that contain
information éé%léf at leg%%15%5?183%?1%}785%?%??%@%@E’% cosm%“e%% %gg?:%zaffélgsgsf (ﬁﬁgﬁ?caments that
contain inforthalfsif BoatHEThuatons *iisayalddbveaqelradafistatisittortesititations, other
med?camentsct@nbgmimiﬁieﬁbwﬁmmwwmm@ﬁhgdtp_mnwof mfsmiinggm_nﬂeambrhgﬂthe_ use _of such
medicaments, £lGimerif 1PRAFMBSSM Al AccERRRIG AR Incdas inpiganicand.organic acids

which are non toxic at Elh,e co_n(:entrati1 n anglmoaﬁnerlitn Whéghhtge are gorr_nutlate% For example,
suitable inorgaAic KT RAIINE RRAGFICHIBHL | pareniBH hydS s SH SAFSiSdie Fnilie sulfuric, 20
sulfonic, sulfiniersafalsticiiphédspivodicviikrbonie, R Buitabicat tharid adiidimekigersiaight and
branched-chaimualisydo-akaimrligingyslin: Bysloaliphaliceanipliphatitihateracygicrsatcated,
unsaturated,;mone. diz afad tri-carboxylic, inguding for example, formic, AcglG, f:Ryproxyacetic,

trifluoroacetic, Sﬁen lacetic, trimethylacetic, (-butyl acetic, anthranilic, propanoic, 2- F{é}lroxypropanoic,
2-oxoprbhantie? FhforenER iR eb FIFHie! eGP heAREs Srephtc: P5EL HENnyIpropionic,
butanoic, bgﬁaﬁﬂimgpbgmomﬁ{(mydn@(ytbww%ﬁm@iQaﬁ’alaeeb@wbmmwoas;cepmc, cinnamic_:,
laury! sulfuric, stearie, MHGPRIC,MANGLlS, SHESTNG &RRAIC Fumant. falicsmalig, hydroxymaleic,

malonic, lactic, citric, tartaric, glycolic, glyconic ﬂuconjc, pyruvic, glyoxalic, oxalic, mesylic, succinic,
salicylic, phtti&ilEpih SR HARMERDIRB EYEPIS e ARG HRBRAI EFEs i RiGEd ©
1,2-ethanedigutfonioi@tvy droxgathatigsglfonind heavy chain variable domains. The pairing of a Vi

30ber;12Q@e|SHlﬂh@Lni49géﬂﬁa(?£ngB'%ﬁzgﬁzsiéhﬁgéﬂ%zﬂ@,{%h?@nﬁg,?ﬁb:!@ﬁ@lxﬂiﬁ,aﬂdtgl‘d;%ﬁfe%;fdlphgniC,
camphorsulphanic 4-methylbicyclo[2.2.2]-oct-2-ene-| -carboxylic gluco, nic,4,41-
ethylonebi S TNy 4 ST ot e Sy e SRBERE e 1. acceptable
bases" includéshérifanid ahen rginmesadasaihiett arnemhdengt theretkdehttdtibA28hd manner in
WhiCh they are mmwmg. Ems Emg}emsujrtah@a&haae@ iraglb&iest@@eof&smdnﬁgmﬂugorganic base
forming metajg, fuCh,as 'Méﬁ%&ﬁ%&ﬂm@%@%‘é&%n MRARERIUN. CRIGIHT, STmPRIR,{ron, Zinc,

copper, mana‘?n‘ese, aluminum, Nmethylglucamine, mor%)holir)e‘,'é)l eridine and organic nontoxic bases
including; prif&RsdCBITIAH ZhiamiE AhTELE MEtGBIERNEL &)t BMESEid basic ion
exchange resiis, fenynagiiRyjwhebe Rigecihid déraeritycon sQintsalkdreeuy. freralpsesnieim, Tris)], for
e><<';ljm|orl1ei 5 ii’rﬁ%@iﬁlhggﬁﬁ?iiﬁkeiéﬂ?@h)@@%&&%ﬁ&il@iﬂ)’ﬁl@«%@ﬁ‘eaf@i%ﬁhﬁl@ﬁ@é@%ﬁ%@%&%ﬂ%H@%ﬁethan0|ami”e,
2- diethylaminoethanol, trimethamine, dicyclobexylaminge, lysine, arginine, histidine, caffeine, procaine,
ycrabamind TRENE: boa e el e TaNTRE, S e e T Ve BIEEBromine,
purines, piperixingiffisasidine, -ciyipipaddin Hotsioming regingrarrdtes (ike. (Piiicalarly preferred
organic fion-toxiehasesargdeopramsapinegdietayliemings 2thanolamine, 10 trimethamine,
dicyclohexylamine, gholing, Ang &aiieing Adeifional aharmaceulically apsspiablecgids, and bases

useable with the present invention include those which are derived from the amino acids, for example,
histidine, glySH¥oBHER A R BERIRESRIdE GIURAHTE AETAORERY a Rty Gepir dlgitetated

polypeptide is free of association with all other components from its production environment.
Contaminant components of its production environment, such as that resuiting from recombinant

35 transfected cells, are materials that would typically interfere with research, diagnostic or

41



"Pharmaceutically acceptable” buffers and salts include those derived from both acid 15and base
addition salts Qf the ahove indicated acids and bases. Specific buffers %ﬁz&@%? glude histidine,
succinate and acetate. A "pharmaceutically acceptable sugar” is a molecule which, when
combined with a protein of interest, significantly prevents or reduces chemical and/or physical
instability of theapraieitaeristeratisy \WHarriteclslningtion igrmesdad @ weiepmiied and then
reconstitutedy:20n-pharbacautically aceeptahlesugasiiinay mispcheikrane asiacdyoprotectant”.
Exemplary sygars anchinel %%%ﬁé&%ﬁ%@%@f&%ﬂﬂ&%%%‘P&lk{%ﬁéﬁfﬁe ARG, A0k SUGh,as

monosodium glutamate or histidine; a methylamine such as betaine; a lyotropic salt such as
magnesium StaEPARSTS S FER AR OrHghi IbrsEmaTTsigH{SeREP 2L, e.g glycerin,
dextran, &rythstdksglyterohiariabitokxitoincerditedpand masmitol ;spropy emesgiyorlppotyethylene
glycol; 25 PLURONIGSRiAndeamhinatians therentfdditenah exsmplanuyerigiasiants include
glycerin and gelatin, ar}zezlra e sggarrsgt%allit}isoFe, meli%é!]tosnglec Jg\gir% seh%&pnotriose and stachyose.

ue, Or, pre ] olated ang e in_situ_within
Examples of reducinpg suga¥§ include glucose, ma ose, Iac%ose, maltulose, |so-maltuPose and

lactulose. Exafipfasicabriifse ddiiy stigar e eiehsontibedvicgahosiaas s ibyhidroxy
compounds seleaied:tiarigugaraicahpls.angdoihet &iaighb ehainpe yajealolsatReefersed sugar 30
alcohols gre m%gj);{%%ides, especially those compounds obtained by reduction of disaccharides
such as lactose, maltose, lactulose and maltulose. The glycosidic side group can be either glucosidic
or galactosidic. Additfor & &XaMpRs BF SAUATArRBABISAPE YITRSHSI "FEIRdre ARGt ERElso-maltulose.
The preferredophasmizbetticaly iabtéptabltis eag@rdsartithernbi-treducingisuigars tkeihatdse or sucrose.
Phannaceutiggilascapiakiesrgaisarerddadto-thefermulatiopdendmpietestinganount” (e.g.
pre-lyophilizaion) whigh megns. iahthe praiein.eseentiallxretains Jis. avsical.and chemical stabilit
and integrity during _stqlpage e.g., after rgconstltutlon and storage(j. Adilient” of interest herein
is one which 1&igHdieastifically acceptable (safe and non-toxic for administration to a human) and is
useful for the prepatatiomdfautibfelidefermulation Buchasmmtorntinticnseconsiituiatafter
lyophilization. Exeroplary.dilients.ingluds sterilenvaterLacterostaticwaienfor inieckion (BWFI), a pH
buffered solution (?eir.qg._ rE{)/h%;)sphate-buffcalgfc;:ﬁicPiuiaI|_ne , sterile saline solution, Rin %_r',s solution or dextrose
solution. In ali*aREFHRIR &' &RBBATH AL AR ShE &4 ﬁﬂ%ﬁﬁﬁé’g%ﬁ%‘ﬁi&%ﬁhﬁi‘& EBFSEIf'and/or buffers.
A "preservatiestlisdscbrtadoarees Wisicriitam e billel editdleiemiermulaticnds thereirrtoréaduee 10bacterial
activity. 3bhe aglditighafisacpresepaivRiBaysider exarnpen faciliadbeipradudinmolamulti-use
(multiple-dose)frmylation. Examples,ofpatsatial preservalives.includs, actadecyldimethylbenzy!
ammonium chlori e, hexamethonium chldride, benzalkonium chiorlde a mixture of )
alkylbenzy!dif B HERGH (R chiBridisl drmerstheaivg Perotpy Sad Idns e eBifisounds), and
benzethoniurfawchi®niekion® therly pépbifzr ésenativesiipohide aromadiChaldokols/RS sheh as phenol,
butslfl ﬁmd be?&aﬂ ﬁlﬁ?b@ln&“ﬁ% Qz?efﬁbé%ﬂxl% %@J‘f@%ﬂﬁﬁi‘?’&@ﬂﬁBBEYJhQér%Q@cﬁhye?@ﬁfécﬁ‘@#rﬁs?m:nof'; |
cyclohexanol, 3-pentano], and m-cresgl. The most pr, ed preservatiye n is benzyl alcohol.

Y eatmint: FEERAS B R e Ot e P 1y Tt o P el or cel
being treatedEhehEarr i BeFHrHe@iRier $oHp rop BRErs st ng tivdiedenst o givélinical
pathology. Dsgitakle effesis.ebitedtmentmeidaijeysnting oecuesie-aheetirancamf disease,
preventing melasiasie. ACIERSINAING (Al Al NSFARE R ACHESSION, AMRINADYapaliating the

disease state, an remission or im roved prognosis. In'some embodlme(nts, antibodies of the invention
are used to e HEVERPIHEIRE ST HHLEsSEBAREGITRSH AL s Buthes i enbefifetpddted, for
exampléfusirgithetapoaptotic anti-PD-LI antibodies of the invention if 250ne or more symptoms

associated with a Trgell.dysiunstional fiserslenismitigaigdeters AR 285RQN\B1ARMOWIL, refers to at least

an amount effective, af dosades, Ad for periots o fime necessany (o achieve the degired or indicated

effect, in_cIudPrclj eﬂﬁerapeutlc or’prop ctic result. For'example, an effective @mo of the
anti-PD-L1 aPtiySHRE SRSt f0artbif R aibaSerHE s MO e ertratstitpmat results in
inhibition of sigidkmgpficora £ Didoheithem30thricatphs P Bt ona¥ -oellsraeB 7 orimthendRCs or both.

A "therapeuticglly RHSCHVES AMOLB Rt E%%axgi@éw sancentation reguired o pffect a
measurable improvement or prevention of a particular disorder. A therapeutically effective amount
herein may vary according to factors such as the disease state, age, sex, and weight of the patient,
and the ability of the antibody to elicit a desired regponse in the individual. 35A therapeutically effective
amount is also one in which any toxic or detrimental effects of the '



antibody are outweighed by the therapeutically beneficial effects. For example, a therapeutically
effective amoyny of the-anti-PD-LI antibodies of the present invention isgt,lgast g Mipimum
concentration that results in inhibition of at least one symptom of a T cell dysfunctional disorder. A
"prophylactically effective amount” refers to an amount effective, at the dosages and 5 for periods of
time necessa&f 6 &chibven artbedravepropiviaéie radially psdxaiipre! aproprylacichlly effective
amount of theganti-Rifrkd-apithodias ofhthe-presantinvaniio ansbatyeastrthiedminimunggdncentration that
prevents or aftenuates g deyelopment of LIeast.ans SMRIoM. af s dysfupctional disorder.

"Chronic" administration refers to adminjstration of the medicament(s) in a continuous 10 as opposed
to acute mod¥ VB &Ly Pl T MTuarhrEs dvidbHRE TRR I roP SR BB S8¥ibd of time.
"Intermittent"tacnnigistraitio n Thetrealiifive rimthatl isaliondisrisetutibelicdonetiwithoetdnte diption, but rather
is cyclic in naEged fronMamBmALiorRIRases: Pbieatmenitefersda.any animad classified as a
mammal, including humacps domestic and farm anima orts, or. pet anipnaa;s, such as

as reqiHripg production g?. he t%og fg\ an Fﬁcull?it %thlozd(.)q:’orsexam ple, the MonoC
dogs, 15horses, ?a_f)b%t ) cattlle,_ plgs,aﬁams‘{e S, ééﬁ)l S, mice, ferrets, rats, cats, etc. (F)>referably, the
mammal is hiffiRedics 1© by eefefhPogHERT At B iRaPTOFRR ST fafe i t5245P8 faritibnhat is in such
form asto pecohitithe, biralmgﬁgafcaeﬁwﬁylofthhaﬁﬁﬂ_mai m@mﬂﬂi@gtdﬂoﬁ@ﬁe@mmmﬂl@econtains no
additiong) companents hal, ars 4NAcEeRiaR XS 19 asubigeidahich the formulation would be

20administered. Such formulations are sterile. A "sterile” formulation is aseptic. or free from all living
microorganisﬁ]lsa%’ﬁg‘f’l‘ﬁbﬁllra%‘iré%fﬂdrﬁ’é“fléﬂ%ar%oﬁ(E)”ﬁ'f"%té)rﬁsgéc Shzere(’icfil #é?@*sﬁaomﬁeer U8 dAf error range for
the respectiva:vddueckaain/ kesvanbtte/ SKitsdoperséirthl tiibadenhidal il Keerdisimmune
disorder” is apfiseas@cat disorder arkinrgdionoand disecieshagainptandbdngdivideal's.gval tissues or
é&%!é%ﬂ%%@:s%?{%%% tesuitng qopdition thereom, Atoimmune

organs or a Ga:segregation o
diseases can be an orga’n-sgecﬁlc Isease (I.e., the iImmune response is specifically directed against

an orgah’systti &tiéh dsifie FAddetiAL 3 éﬁi??ﬂ@ﬂe%%ﬁﬁbo{ Elsiitent e Wit
cardiopulmoriz(i sysiems tiferg agtrioutestiaal EHd1 Wer sy temE; HAite(2eiHal systemetile thyroid, the ears,
the neuromuggiliar SYsiem, the CoNtra) Nervais) 30 Sisiahb RICH Qe SienisAdiseass.that can affect

muliple orga system, (for examele gystemic lupys epytematocus (SLE), eumatod arthrits (RA).
polymyositis, 6tc’). Pre err_ed’suc |s_easeps include Autsimmuné meumatologic disbrders (such as, for
example, RASSjEE sy ineraIrmobsbiepetiersinSRiptis-stibh! 88 S1383aMPId PS AEshMle,
polymyasitis-gesmatanyasitis ayeglohuieamia, Ank-phosghalipidsantizady syssdramss);and psoriatic

arthits), autopypue, 3poRsloIBiessnal And e HSQILEES (SLoR A5, I erAmple ylammatory bowel

diseases (e.g., ulcerative colitis and Crohn's disease), autoimmune gastritis and pernicious anemia,
autoimmuneqhépgﬁfg,%ﬁn?éﬂ? Biilary &irfhtsis Spiimary ScléPositiy-EhoMHgite - 3Hy ¥ikic disease),
vasculitis (suehds,HortTexanipie, INNTARedate: Vaatulitis’ arid ANCA-BS8sG6ated (astulitis, including
Churg-Strausgrassulitis.Y¥egenexs:aisnulomaioniss andmicroseepispolyengifis)segtoimmune 5
neurological disrders,(stich.as for example, multiplesclerosiy apsoclonus yoglons syndrome,
myasthenia gravis,” heuromyelitis optica, Parkinson's é‘lseage, zheimer's disease, and autoimmune
polyneuropathie®y?féh&Pdisorders (such as, for example, glomerulonephritis, Goodpasture's
syndrome, and Bergers disease) aulolmmune dermaiolodic dsqrlers (sch, a5 Jargrample.
psoriasis, urticaria, hives, pemphigus vulgaris, bullous pemphigoid, and cutaneous 10]lupus
erythernatosﬂ@?‘l&iéfﬁ%lﬁﬁk disorders (such as, for example, thrombocytopenic purpura, thrombotic
thrombocytopenic plinptuans post-teagnisfusiondplirpura; amndbadiiDimniving: hemfoljticanesmia),
atheroscsk?rosiéeral\éggz,@%fmw&%%&ng HiseRsasAsHEN AR .S XAMRIEINGH:sak disease and
hearing Ioss)f Behcet's di ease, E?ynagd('is S}%‘n Eort:{le, organ trans I?%’f%nd autpimmune endocrine
disorders (sué??gg?tforpée%acr’ﬁ e, diabetic-réiated autoimmune diseases aénlﬁ:’clﬁcéfsﬂllﬁsﬁﬁlin-dependent
diabetes melfeisgien D) consfens deins distases wftcacreirahtaREhjeoringiscasenegati®raves’ disease
and thyroiditig))udMere-pigiessedisich diseases ipliceydontxample, IRAmd leatatie salitis,
ANCA-assocL%{l%gdyqt%%gngAgngbgpgl,gaqu %gL%ng_i.s, Sjogren's syndrome, Graves' disease, IDDM,

pernicious anemia, thyroiditis, and glomerulonepluitis.
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The term "cytotoxic agent” as used herein refers to a substance that inhibits or prevents 20the function
of cells and/oggauisgs-destruction of cells. The term includes radioactive isQioRgs884 10 , .21L32 and
radioactive isotopes of Lu), and toxins 1131, 1125, Y90, Re 1869IT 212, P such as small-molecule
toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, or fragments thereof. A
"chemotherapeuticATGEHtbIE s CETERSIHS SRHE I i aibedi e rieBP e AbeBIESs Examples of
chemotherapetia: agenisinchidsialsdating @gentstsudbogs thiotepasasfdeyelopiesphamide
(CYTOXANI), gligy! %‘f%@teﬁa%‘j'cﬂn@s@U§Aﬁ£§éﬁt§”§@i&%&é®ﬂné@%ﬂﬂﬁ§é§'féE'e aziridings such as

benzodopa, carboguone, meturedopa, and uredopa; eth enimines and methylartlelamlnes including
altretamine, ﬁ’l%%@?gngf‘ﬁlélpé‘?'rﬁnga?ﬁ%tﬁ ef‘{epﬁ&eﬁhgfa Yrlelivighethiophodfstiotitide and
tr|methyl@lom&ﬂandmelomm@g@rh|n@%@m‘@”@l%ﬁl@ﬂi@té@meénﬂogo%um@rmjs Papain

delta-9- tetraweg&amaairwa(armml W%@Q(ﬁﬁié@@rﬁﬂ@chﬁ@&n@paﬂﬁ@ 'salehicines;
B A Ao issia, el g e SYUSIGAAIOANSIORAIRTALMTGAMINO) OPT 1
(irinotecan, KB TOBAR acetylca tot’hecmglscopolec tin, an aminocamptot ecm) bryostatin;
pemetrexed; %té‘l‘fﬁm@@“_’t’%‘s ¢irie ﬁ’é‘i‘ﬁ‘gﬁt’shﬁﬂ et ReiFERR ARy W@Fé%fﬁ@%thetlc
analogues); pedophylletaxir; hedapkyhinicnadic; ftenipesigdehabdipiopkaiie(fagticulasly cryptophycin

1 and cryptophycini & ﬁ%%ﬂtodm%‘éiﬂo (t'}dH%E&Qat@ﬁ@é’%h%%%ﬁlp%@spéﬁw 2189 and
CBI-TM1); eleutherobin; pancratlsé%tlasa LIK 80; ﬁ §23 an % }]?4 |nte%n£|nh|b|tor a
r

sarcodictyin; "éeﬁd’ﬁcﬁfs‘}fa%‘h‘mﬁ?ﬁcy e e P TR G
cholophosphéisnifiés b@w&ﬁﬁwfﬂwcﬁwfmw@fﬁiﬁhmﬁémﬁwﬁﬁé ﬁ@éhlé?‘éthéﬁ*ﬂlﬁ@@)@dé hydrochloride,
melphalan, neyemhishia.pbenestefagndpredaimusting, tupfasiamidayupacitanugarshanitrosureas
such as cannustine &EJQE%’ £9196 é?ﬂufl%eg@ltjl%tlael’ IRMASH Qﬁmﬂlg‘éﬁ%t@%o%‘gy@cm@%%‘ﬂg antibiotics

such as the enediyne antibiotics (e. é:]d calicheamicin, especially calichearmicin gammalt and

calichedicifthe8h S BaiR. §OREIrIbUCE NN T hah i E PoEnrnaiss 4581 86 (1994)):
dynemicin, ingluigirgnstymedmieinsAcanaepetiashiginpashivelt astivedicdezmostatiizictiomaphore and
related 10 chyomepratein.enasy teAntiRiolic cHamoRborgsh-aslRARPINYS INGhacRARYCIN,
authramycin, azaserinc, bg)e PZ|n}11ycms cactl nogégcm carabicin, carminomycin, carzinophilin,

{ ant enls ar;
chromomymﬁ’ospda%stf’ng?ﬁym unorupicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin

(including ADRIAMV@Iﬁéfd%@ﬂmmmwwéf%?@iﬁe%%@h?ﬂﬂﬁmHﬁﬁﬁbléé%?mb“l@r‘f’geﬂ“’f
2-pyrrolinodoxonshigiss. doxeribigi il lipasatedisjesti@r DX tyAdandd eoky doxaiubicin),
epinbicin, 13,50APIGIR aibicin, MARAIomGR UOMNGINS sUehas iilemicin G, mycophenolic

acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromy cm quelamycin, rodorubicin,

streptonigrin, streptcfi’oé? "(lﬁ‘B‘élF?}?HﬁﬁmLﬁﬁ’g?ﬁﬁﬁ‘i c%ﬁ’gﬁhﬁ?ﬂli“%rﬁﬁ?gfﬂ E‘frﬁ‘i‘tf%eé‘tgﬁ%ég such as
mcthotrexatesrgebicitabite (BE KE2aRT) cteddivl (UETOR AlcTRAY capeécitabisie BB r@BNCO, an

epothilone, aﬂ»glélﬁb&gmuﬁafgiltﬁeFu%aiaknmﬁﬁalﬁgﬂe&wgmga&ﬁ%@p&&f&ﬂmm@hgﬁ@xate 20
pteroptegn trlmgtrex%};%)ie rine (@qalogg ag,klxjg a%flqgarggln dﬂ% §rc%%ptg u rg%mgt;llaml(prlne
thioguanine; pyrimidine analogs such as anmtmblne azaciti -azauri ne carmotur, cytarabine,
dldeoxyurldlrfé“%f(lfiu efigEn RAdarapsron o BB YRE RAEERAT e ﬁﬁéﬂﬂytal%ﬂ"i’@b%mldme
derivative), asvevell assbthelskKitinhbitoisifantzadrenalssinghalg tmingygRitethdifiider mitotane,
trilostane; folig ag ﬁﬁ%@%ﬁhg&&%@@%%%@%&m@w 2 2-aldanpheshhamide.glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; ﬁ’fﬁ%c?ﬁ%ne elfornithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea;
lentinan}tonidainine Sirgytarisidvidssudiraganayraidineanscansamisoding; Arguazbie;
mitoxantroneempmaﬁempinm;aﬁﬁmyaemaﬁtaaiﬁemﬁmamgqaipawbm&dm@meﬂsﬁa@,

2 ethyihydrazider ProaIRRe ey & Sl sasEhalde RIRIRE QU AN iighRiodtets. Eugene.

OR); razoxane; r foﬂ)w sizofiran; s ermanium; tenuazonic acid; triaziquone;

2,2 2"trichloFBAMEtHRaRYiRe OE R @i@@f(%@é.mw g KR & Th A HoHfdinA and
anguidine); urstiiainmvintestine kDS HIE R, cFtdDESINIED) ydadarBazmiergaahMomustine; mitobronitol;
mitolactgk; plgghﬁggpgg,lwywmgpg@@lg@@@ﬁ yAra-C"); thiotepa; taxoids, e.g., paclitaxel (TAXOLLt),
albumin-engineered nanoparticle formulation of 35paclitaxel (ABRAXANEThI), and doxetaxel
(TAXOTERE(O; chloranbucil; 6-thioguanine; mercaptopurme; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine (VELBANT); platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine (ONCOVIN(16); oxaliplatin; leucovovin; vinorelbine (NAVELBINE10);
novantrone; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RFS 2000; 5
difluoromefthylornithine (DMFO); retinoids such as retinoic acid; pharmaceutically acceptable salts,
acids or derivatives of any of the above; as well as combinations of two or more of the above such as
CHOP, an abbreviation for a combined therapy of cyclophosphamide, doxorubicin, vincristine, and
prednisolone, and FOLFOX, an abbreviation for a treatment regimen with oxaliplatin (ELOXATWITm)
combined with 5-FU and leucovovin. A particularly preferred



10chemotherapeutic agent useful in combination with the anti-PD-L1 antibodies of the invention,
especially in the,Uegtment of tumor immunity is gemeitabine. Also inchided igthis definition are
anti-hormonal agents that act to regulate, reduce, block, or inhibit the effects of hormones that can
promote the growth of cancer, and are often in the form of systemic, or whole-body treatment. They
may be hormones themdeivet s plidee patifdiaue Satlsaionenyand sefdaRieeirsgen receptor
modulators (SiERMS)cHeliding:dar exantipte biudagxifen dsicludingoNOL WMADEX{s)ifambxifen),
raloxifene (EYIS. $Eﬁ;)oﬂggl%ﬁs sy tamoxiiesdrioxifennkenxiiens, \ | £018, onapristone,

and toremifene (FARESTON16); anti-p roqesterones estrogen receptor down- reﬁulators (ERDs);

estrogen recé’ﬁt?ﬂ‘%ﬁf&ﬁifﬁ f§°§ﬁ‘5H”éei‘irfﬁwgg??’aﬁ?‘%ﬁﬁ@.@ﬂw}‘ﬁ%\ﬁ&ﬁk&maﬁ‘? R8I to suppress or
shut 20 downitiedeiies:dferexaiptefri@utiriizing hormone-releasing hormone (LHRH) agonists such

as leuprolide acetaﬁem(kéAER@N;&@a@f&ELd@&ﬂ&t)mggsa@mnaqem@dwswiﬁlmcaﬁe@te and

tripterelin; anftrl -andro ens sue h as flut |d§ nllqtfarl’p an QP% lutami B and at%se inhibitors
aﬂ?: 1 é
that inhibit the %?ilez;nf?ne a gr%aatfspgra\ﬁﬁ “Pezﬁj ates est 8§8n prél uction in éerena glands, such

as, for exampie dz!(a)nfmmai%gﬂﬁrﬂ}%@rﬁtéﬂﬁnﬁfaéhmelﬁ'@g%?fa@été&é‘%@w EGASEY,; exemestane
(AROMASINeybiorsastanie afadedzoléayenozale (RIMIGQRES)g|etrozoliefREMARAR), and

anastrozgle (ARIMEDEXR 1R addition:suechdefinition.ofc mﬁ WhS.RORNKS inghides
bisphosphonates such sclodronate (for exam Ie NEFO OSTACI %tlgironate
(DIDROCALAREDS ﬁ%’“z%‘éé’ﬁ‘o‘i%lé‘%é’cff‘m ‘%i‘ronae A6 BlendiSRalE (EDSAMAXG),

pamidronate {ARED &/ Rt ddrdrintéo{ SKERID E)) A6+ @iﬁeéﬁ‘@nﬁé@@l (N@‘FF@P{I BL¢8)Yras well as
troxacitabine g 143zdioxolananueleaside ©ytosine analog); anti-sense oligonucleotides, particularly

those that inhibit eleressmnC?{];ngpng}%bo ;signaling p%tmg%g,|mgIflgc%tedcmmggher%mtb%%sprollferatlon
a, Raf,

such as, for example, PK&nO H-Ras, and epidermal growth factor receptor (EGF-R);

vaccines ucﬂ%ﬂﬂﬁ@ﬁb‘?é‘ﬁ‘)@&eﬂ‘i@&ﬁé H’éﬁé’aﬁei’&fﬁ? iR 1 EBRLFR I‘@t}AE‘"LOVECTINO
vaccine, LEUNRGELM(1) acesnedagdsidaitBOn3bviedinedtipdisomer asgiduimhibitars (exg.,

LU RTOTEC%M&)W&Q Anfizesiragensiaah Azl V&@yi@s@tW@Menmtama&wqhewm%twmr EXEL-0862
(a tyrosine klnase |{1 itor); EGFR inhibitor such as erlotinih or cg tyx n}‘a gn. anti-VEGF inhibitor such
1cal. wil 11 1(3% er1 )

as beva(:lzumaE arino e%rafﬁmrlf)n(f%ﬁf’(m SOHK%’K ’@%I%ﬁr’feg A lapa atmib {a"té‘ﬁi’/‘ié%fe (an ErbB-2
and EGER demmgsr@glﬁél%ﬁ%@smﬁhemm@wne #ﬂmb%r@%k%mihgwgm@) SICPAAG
(ge|danamycmtﬂe&ivat%ueoﬂga&siﬂlayaamaﬁ shoakiproteiv{dsp)r98-p aisnpandiphasmaceutically
acceptable safis,;acids or %V'V%Yzeﬁc%&aﬁéf %E'z?esf”f‘%?éﬁeasss Msgroveiinhibiiony,adet” refers to a

compound or com osition that inhibits %romgh of a cell, which growth depends on receptor activation

either in vitro'BF ermrﬁ&gdffh%‘{ PAhBIt3A gL IE R B AP AT AR Y reduces the
percentage ointbeépiordepefident cefiedOpin@ephbise. &= xamplesohepamatininkibitorh agents include
agents that bjagk cell-eMelaProgression (et aplacsrthafithan S:nhase) stehas-agants that induce 01
arrest ap M- arrest. Classical M-phase blockers include the vincas and vinca alkaloids
(vincristine ancf vmbfastlne) taxanes, and topoisomerase Il inhibitors such as doxorubicin, epirubicin,
daunorubicin, etopo&tdeHé E”ﬂél%‘??éi’r‘? IYRB & 4o SIS that RAB%: 5 RIS SHTTS0ErS MY S-phase 15
arrest, for exasaple, mhtAbikylattaglaged tBosu etmastamoxiengpseitinisanee datarhazine,
mech'0retham&&m&%&wmﬁmﬁﬁmﬁogumy (@@}né’anmr@a iR ReLIQMation can be found
n

in The Molecular Basis of Cancer, Mendelsohn and Israel, eds. apter_1, entitled "Cell cycle
regulation, ofoayBREL RS SHAt %&5&?8’ g I@ya%?ékﬁf%‘feé{rﬁ?l(wg@a‘ﬁﬁ 48k Blliadelphia,
1995), e¥peciatyep (ABoThuitedkaned (pavtivsxebamd doseraxémareanticancee dragss26! both derived
from the yewsfeai-Rocetaxe bilAt@IaR E{oRhenakoalans Moren; desived frammheEuropean yew,

S Al 5 L PRGNS (LA b BISIRL MASIR, Sl TEIELY Viokine” s
a generic term for. %otelns releas b one cell population that act on another cell as intercellular

mediators. EXEhsliss Bf%awewﬁwé@ e Fifﬁﬁfﬁ RiLE RoHERIFE S M tRMEIYUch as IL-1,
IL-la, IL-2, IL3tibhdst, [Thiselndlifibationkl a8y lbe Inadb b fihel relRs Htk3dilpdrmatice35icineiuding

PRO LEL}J_‘KINgﬁi‘r%ﬁ%a%nﬁytumgén%pm%aﬁ%@51§%9Hy@§lfr&lrﬁpﬂsgEug%ﬁlﬁby%ﬂ%pg\%mypepnde factors
including LIF and kit ligand (KL), while the term "interleukin” has now essentially become a synonym
for cytohne. As used herein, the term cytokine includes proteins from natural sources or from
recombinant cell culture and biologically active eqLH)JvaIents of the native-sequence cytokines, including
synthetically produced 30 small-molecule entities and pharmaceutically acceptable derivatives and
salts thereof. Cytokines can be classified on the proximal location of the intended target, wherein
-autocrine refers to action on the same cell from which it is secreted, paracrine refers to action
restricted to the immediate vicinity into which the cytokine is secreted, and endocrine refers to action in
distant regions of the body. Immune cytokines can also be classified by whether they enhance a type |
35response, (e.g., IFN-7, TGF-I3 etc), which favor cellular immunity or a type Il response (IL-4, IL-



WO 2010/077634PCT/US20091067104 10, IL-13, etc.), which favor antibody or humoral immunity.
Immune cytokines, play-tgles in co-stimulation, maturation, proliferation pagliyatifyheflammation,
growth, differentiation, cytokines production and secretion, survival of various immune cells. The tenn
- "hormone" refers to polypeptide hormones, which are generally secreted by 5 glandular organs with
ducts. Includid &miey the Fsithiedeseire Fomidath ﬁTé}lbﬁ‘Wﬁ%ﬁh‘t‘JPﬁfdh%*’é’EFéﬁa’a%bﬁd?ﬁ% growth
hormone, N-agthionylohnasT growibnhermeneghabdibevinegrowithi:hornberelapardttiteid hormone;
thyroxine; ingylin, BEOINSIHIL: 5@&%@@%@9&9@&9@@@&{@QI%@@9{3@%@%@@&:&9%&9@8 such as

calusterone, dromostanolone propionate, epitiostanol, mepitiostane, or testo[actone'}lprorelaxin;
glycoprotein HSrAidPEs BdRiiw FRISSMUTANRE L O AOPRESHS TESRY, RRY B SEnitiathg hormone
(TSH), afd |biedmzintinoriemeiadyn piometacptitestal |abogembaotséjorraiotropmh-associated
peptide, gonadetieRin:igleasg-herpane phibinuastvin: mullesiandthibitingswbstange; and
thrombopoiem. %g u:f.ﬁgl hereinéJhe term hormqpegv%lléggsc roteing, from natural sources or from

. il 1] haradgxz antt ﬂ opiiona 715¢ af least a p . .
recombinant cell culture and biologically active eguivalents of the native-sequence hormone, including

synthetically BrotIeRESmsIms TRRsIsE & eFhitiady ditd phairetitieamy b8 ptayd Befivatives and
salts thereof dHhiMode g.for! @areyirg Buithe et RM Rivamizadion ) singF33agesbDplay The

hyp:ﬁf_va{@z'%zb@@}ﬁﬁfﬂ%ﬁ%%%ﬁf@ﬂ%&%%bQ%d}es’@ei'@1\%@5? @@@g@@&@m}ﬂm@#ﬁ@%ﬂageneﬁs of
nucleic acid encoding the an acceptor sequences, argte oligonycleotide for eac
hypervariabl& ¥8gidh. ﬂlﬁhk/é}g%@él .’?ﬁfff%o‘%;’é}%‘fmoﬁ 1%’&']366}7@;& (1487 %Z"ﬁ%?’é‘pr?gfe changes can
be introducedrwithitioti @ Ireeli8FK QA ofHy pehatsblere diBriivsint Tdatiré& tdéhnidqaes, to correct
and re-establish propes. hypesyatablegegion-antigen interactions. 25Phage(mid) display (also referred

to herein as phage display) can be used aga conysuient and fast %a%&ga&%@;m@ and

screening many different Eotentldl variant antibodies in a library generate sequence

randomizatiod. FHotava oINS PRI 5%3?8?8%1%?&5‘%@@8@3%@8&& Fe available to
the skilled pergking Rhageimitdyicispliyatsdeeferrédstdc-hsfemds phegedisplayeiiferiie contexts) can

be used as 3Q g.gonvenisnt:and fashmetbag:iarLornarating and-seieening.many differant potential
variant antibodies jin alibrarrg enerated by sequence randomiz tion..HngX.eveEI, ot%er methods for
uding phage

making and saf:ﬂrle(é‘ﬁfﬁﬁaglf’é: d antibodres a?gsaiv%l'iaqgf:é {6 the ‘Skilled pérson. ) i%l?e(rnid) display
technology hbesiksvidleeserpromertti Wostor Hehdiating ad SEIRBiN et prot¥itishitich bind to a

ligand, such amariamigenaldsingithe technigyestohphageqmid)disployn@bdilews thengneration of
large libraries, of protein yariants whish,can,be Japidly Sared forhose, Wl p 77 19ss), |
2010/077634PCT/US2009/067104 seqél)Jenges that bind to a target m Iecu(!evv‘}/,lth {’Ngh affinity. Nucleic
acids encodif§Rsisht pdiypptided Hi& §&RelaM/ tuss 16°a HLRI&iE ac’ SEqtiBHiEe Bheoding a viral
coat protein, Suehfdsthedede3§-pdidin orhaagentbyiitspratdnpmiondvalehipkairetid display
systems whesgithe 9uGleitasid.seauencR.eneadingthe: P paigit aidpalypeptids issfssaddo a nucleic
acid seqyence encoding a 5 portion of the gene, III protein have been developed, (Bass, S., Proteins,
305 (1550) L B ea AT TR T et BB B e SRR, 2o (1001
In a monovalefit gadeidtdhbsidy SyEteamdthehetferterting RRAIESR altfdir eyelsHnd wild type
gene lll proteiis, &recalspieXpressed-so thdt infecivityf i Pamties (W retainedndetihods of
generating peptida;librafies and Saisaning thosslintatias.haye been disclosed in many patents (e.g.
U.S. Patent No. 5,723,286, U.S. 10, F;ategt I\I,phgV 32, Olgvu,.shPate thNo, 5,5t80,t71;l, U.S. Patent
No. 5,427,908 and U'S"*PatehPTisT 8 498%30).  Libtaries of ahtiBodied of ahtigen binding
polypepfities heives béerm preibededanablndembir Shighayss inGeImgbEyY altstivgea siMglegehe by inserting
ranplom D_N&ﬁ@m@ce&mﬁwmr&%@f@mﬂ%@t@&&ﬁqﬁs@emmem@&iﬁf displaying antibodies or
antigen blndlﬁg)fré%g Eﬁr%@ﬁ% HWE (L1, L2, L3}, In native antibodies, H3 and L3 display the most diversity

of the six HVRs, and H3 in particular is believed to play a unique role in conferring fine

specificity to antibodies. See, e.g., Xu ef al, Immunity 13:37-45 (2000); Johnson and Wu, in

35 Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed,

46



15 phage(mid) display have been described in U.S. Patent Nos. 5,750,373, 5,733,743, 5,837,242,

5,969,108, 6,%]@2%%%’7?6? 0,717, and 5,658,727. The library is then scrgeped fnexpiession of
antibodies or antigen binding proteins with the desired characteristics. Methods of substituting an

amino acid of choice into a template nucleic acid are well established in the art, some of which are
described hergimliFocaran prachy peeditapestegion 20residbes ehmrrdwabestaddieing the Kunkel
method. Seejnaig.stsakel eialknMetbadsy Enaymol:124:36 é- 38 2V198 §§3:446-343¢ BRGIEence of

oligonucleotigﬁc%}p&_lgp%% one.or more 9f7§i31§3g§§j9&_ed codon sets for the hypervariable region
residues to be altered. A codon set is a set of different nucleotide triplet sequences used to encode

desired variant amihd3ies TR Lok Bt Tepiedihisd TEmy»sdMsBs (0E&RGhate particular
nucleotides dioeqltimeataitnixteresiaf Rexteotdessasrsivewh an belowareohdingatd the B code. ILTB

CODES O(GUaniBShykCutds TkddbAQrEioBLY.ALAdgningdM bARF.La) Belle1 Q208 Fth E{Thymine) K (G
orm V(A OrP%bﬂ[: %2&& th(gﬂ%%ir@ﬁ%as&%%& SDOi(%IG%FﬂE; }ggﬂ;&da, MD, (1991))., Chothia refers
instead to the location of the structural loops (Chothia and Lesk, J Mol Biol 196:901-917
(19871). The AbM HVRs represent a compromise between the Kabat HVRs and Chothia
10 stroctural foops, and are used by Oxford Molecular's AbM antibody modeling software. The
“contact” HVRs are based on an analysis of the available complex crystal structures, The

residues from each of these HVRSs are noted beiow.,

Loop Kabat AbM Chothia Contact
15 L1 L24-L34 L24-1.34 L26-L32 L30-L36
L2 L50~-156 L50-156 L50-L52 L46~L55
.3 L89-L97 LBO-L97 L,91-1.96 LB88-~1%6
H1 H31-E35B H26-H35B H26-H22 H30-H35B
(Kebat Numbering)
20 Hi H3Z1-H35 H26-H35 HZ26~H3Z2 H30-H35
{(Chothia Numbering) )
HZ2 H50~H65 H50-H58 H53-H55 H&7~-H58
H3 . H95-HL02 H%5-H102 HY96-H10L H$3-H101
25 HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1, 46-36 or 30-56

(L2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-102,

or 95-102 (H3) in the VH. The variable domain residues are numbered according to Kabat ef al,
supra, for each of these definitions.

The expression “variable-domain residue-numbering as in Kabat” or: “aminc-acid-

30 position numbering as in Kabat,” and vartations thereof, refers to the numbering system used for

heavy-chain variable domains or light-chain variable domains of the compilation of antibodies in

Kabat er al., supre. Using this numbering system, the actual lincar amine acid sequence may

contain fewer or additional amino acids corresponding to a shortening of, or insertion into, a FR

ot HVR of the variable domain. For example, a heavy-chain variable domain may include a

35  single amino acid Insert {residue 52a according to Kabat) after residue 52 of H2 and inserted

residues (e.g. residues 82a, §2b, and 82¢, efc. according to Kabat) after heavy-chain FR residue

82. The Kabat numbering of residues may be determined for a given antibody by alignment at
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R (A or G) W (A or T) N (AorCorGorT) WO 2010/077634PCT/US2009/067104 For example, in the
codon set DV{g, D,ean.bg nucleotides A or G or T; V can be A or G or GahdK£anpe G or T. This
codon set can present 18 different codons and can encode amino acids Ala, Trp, Tyr, Lys, Thr, Asn,
Lys, Ser, Arg, Asp, Glu, Gly, and Cys. Oligonucleotide or primer sets can be synthesized using
standard metRgeis. & $epelrsiigbritklsonass eaipeshrthetited, TreRdmpieabiradigphase
synthesis, conrtatiag sequences that represent all possible combinations of nucleotide triplets
provided by the codpp, set and thag5 willencede, the,dasirad.g5uR.alamine Agids. syathesis of
oligonucleotides with selected nucleotide "degeneracy" at certain positions is well known in that art.
Such sets of FIMEGHIEE AL R certain codon sets can be synthesized using commercial nucleic acid
synthesizers (availablefronreformexamplecApplicd-BrosystemsPaster City, BA}workchr be obtained
C<|3_mmerclzialI}gﬁggc%amuo!@mﬂ%mnmgemm@iﬁﬁzaRqeiavutﬁ;ﬁMp}mTﬁ%@?fﬁ, afsgﬁrgi?lo f
oligonucleotides synthesiz av articular codon set.will typically include urality o
oot O e R the
overall sequéiEENEiBETudle SHidLE, 94586 HcEBFi GRS THE iPvErtbl, RUvEsEgidktes that allow for
hybridizationGeneraiigr b letgdonyadf sayeitic &cid iempiateialdbalso Cat-nehdederr@striction enzyme sites

for cloning PWRRSES.car AR-A0E Methedynusleis acidseakenees sRradipgyarianhamino acids can be
created by o%% ucl otlde-medl,at?d _rgutza?geeness. Tl%? technl%ue is well known in the art as described
16

by Zoller et al Nticiete ASTIREL® 7650411 SEH BB *h SRS R T (MR&ES encoding
variant amind«eids aréppedtets byRwWbridiingan cligbmuelbofiddhsetletodingpeangekired codon sets
to a DNA templaiepwhergrihie teroplatg-dspher singlassitanded fapn. of the-plasmid certaining 20 a
variable regign nugleic acid template. sequencs. aftes fitﬂhm%%'%%E%ﬂar[?&'ﬁu%?'s}%%é%%d% used to

synthesize an entire second complementary strand of the template that will thus incorporate the
oligonucicotidB PRSI HHE Kt edn talr e Ealoh S Srralesy Vit nsy ThasigoniAigttie set.
Generally, oligornuckebiites of attleast \?5 nuoleotices intengthare fusscvoArseptial oligonuclemide

will have 12 t lapuelealidesihak atercemplately nempiemenianule the.lemplate 2m.aR either side of
the nucleotide(s) cod'n%for the mutatior_\(tﬁg. This e.nsur%%:hat the oligonucleotide will hybridize
properly to the s?ﬁsg e-3 r%‘ﬁ{aealﬁlﬁ%\n%rsﬁp afé morecufe, uc&ﬁaoﬁrﬁc gotides sre %g&y synthesized
using technictis8rRHBNIA A dteaertcs sbines: thataesemsdamms Creaveba) ofProexiniag kmiead. Sci. USA,
75:576%(197%3) chag:dd MAtesnplate isigenerakad by: thesewvestossinat are eitherndesivad from 30
bacteriophage MJ13 vectors (the commercially available MI3mpl 8 and M13mp1 9 vectors are suitable),
or those vectors that contain a single-stranded phage origin of replication as described by Viera et al.,

Meth. Enzymol., 153:38&#)¢ ttu&T the BN HARIE to BERHtRINS EPHE SHEEKea AR bne of these
vectors in ordemtd:gemerxateid singhess trarrdetitdmplatecRrodilictioRebithiessinglesstramded template is
dlescribed in E?ﬁsaiﬁ%ﬁ%ééﬁehﬂs%g%@am&lmamtéﬁl&mab@\%%o aciﬁ%lterremenwysea%asequednce, the
oligonucjeotide is a' ized to.the sin e strande tg%q _ ' ridization conditions. A
DNA po(#ygmef'}&ritﬁogn é'\énzlii/(r}r%‘,malsog%fy%h A polyr ég%gﬁg%é%%%%%%ﬁég?oaﬁgNA polymerase

ua NA polymerase ort
1, is then add&dteFsyntisiz&'¢he:co m%d of¥rERemplAEQUsing theMSliglonucleotide as a
primer for syRiESIOH TSSO RIEIIRAEIASISTWE formmeEdrsach theit@ne strandnaf:BINA encodes the

mutated formyefgene +vandibea-Rihessyanddthe original template) encodes the native, unaltered
sequence of gene 1. This heteroduplex molecule is then transformed into a suitable host cell, usually a

10 prokaryote such a8 £ ST T AFEF o WG tHE L BiS THBY ArsBrAR A6HE dFtose plates and
screened) usitlg thino ligdrgslentieénpritinblerbgiokaprl et ayith b S XPbspiatesaridéntify the bacterial
colonies that ggataiRdheduHaiad b Aconsenshib e-metbaddrsckedimmeadiatalysabrye amay be

o o ltiat & BPOFoLRISH RAIRAHIS R e SRS ARSIEIEP P EcRIRgINI contain the
"(SEQ  ID NO:11), WYQQKPGKAPKLLIY (LC-FR2) (SEQ ID NO:12),
GVPSRFSGSGSGTDFTLTISSI.QPEDFATYYC (LC-FR3)SEQ ID NO:13), FGQGTKVEIKR

35 (LC-FR4)SEQ ID NO:14).
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15modifications are as follows: The single stranded oligonucleotidc is annealed to the single- stranded
template as dgsetiRgghahpve. A mixture of three deoxyribonucleotides, dexyiibeadenesine (dATP),
deoxyriboeuanosine (dGTP), and deoxyribothyrnidine (dTT), is combined with a modified
thiodeoxyribocytosine called dCTP-(aS) (which can be obtained from Amersham). This mixture is
added to the templéte-sfigenicié|Botide tomplexPuiish radtifo oot BNRSIBIVHiET45€%0 this mixture,
‘a strand of Divétiglentiealtaithe tempkaia axceptfor thenmtiiatetbase sris.generatedidne addition, this
new strand of N Wil cepiain il Prark insieatehd CLe MBIk RYER ARG ffom restriction

endonuclease digestion. After the template strand of the double-stranded heteroduplex is nicked with
an appropr|af’é‘eré"sfﬁfitff)?’ldg??z%eé’fthghfe’llﬁﬁté‘f% TEea R EEAER LR stEgiatioE ko Pl ase or another
appropriate nestfeasttorelirad 28nothdmhdificiiendegitristhatbedntains the site(s) to be mutagenized.

The reaction is theMtﬁﬁﬁﬁdrﬁwﬁﬁvﬁrﬂﬁm@%@uﬁﬂ%ﬁ@ﬂiﬂr@@EH@lW@ﬁl%&sﬁﬁ&éﬁd’RA complete

double- stranﬂedal?ﬁlm ]eomodu lex is. then f?j'lgne%n r(])gtPeNAnB g jera, ecrllnggl(le presence of all four
C ISN Taﬁl m

ult In arl improvement in
deoxyribonu eotide tr Qhosphate Ailgase S odupiex molecule can then be

transformed Mg r&ifeabIBHisst B@ipoﬁﬁﬁ-ﬁéli‘?fﬁ RISTREP YT Vib Rty PR B Bl E Y tHésiigonucleolide
set is of suffietebtde hgthiohybridizedo therdmplatétinutieiscaridecandipuay af§oirbutideés not

necessagly, cRMAHA r%?éﬂ%&%!&e%'t%gﬂ fb&@%ﬁ\lmla;et@%be g@n%@mbmgsgtvgctors that are
either derlved from ba}cterlo hage 3ve tors or v tors that contai smgleﬁ r% nded phage origin
t

of replication 2% &¥&HBad by Vista & ﬁnbﬁsnz i Mol BEE N 7) hils NA that is to be
mutated 35malsffle. n?ééiiwdﬂiﬁ‘ﬁg@ﬁ@ @f %ﬁ@&@*@fécfm@cw@r@@ﬂ‘ﬂes dredveqaited Aysinpteaspianded template.
Production ofthesinglersiramngded -tenplateisaasoribad invsestnsd2di-4:41L ofsSamizrook et at, supra.

According to apather e eh%df ?‘m;'y?uﬁ%rzylgénsw% %&‘ﬁ%‘ﬁd&%ﬁom'”ﬂz%%%%%%%@@ fpwnstream

oligonucleotide sets, each set having a uraltée%é)l onucleotides with different 5 sequences, the

different Seqdéhces wHpHEHRE b’y’rth‘é" @G&r? ittéd’ within the sequence of the
oligonucleotides. The wpstremmbancaddwistrednmaligenuchedtideifels; aldng withauwitable domain

template nuclic i AIIGNCEEAN %W%lelﬁgn@mﬁr@%w%r@m{g&&g’ gangrate a "library” of
PCR productg The PCR ﬁproducts can bgereferred 0 as "nucl %Cld cassettes” as th%y can be fused

with other rel3{6d 6F thvﬁ’r% ated Hucéic a’i:ldt%r atulgﬁé%grefg?céx%m Ve %Ig’alfofbﬁtrio?elns and
dimerization #eltalpisreleding b@f&@ﬁ@ﬁ’é&%ﬁ@kcﬁﬂaﬂ%’@g@ﬁ&ﬁ?ﬁqﬁ@éSP@CIW@é@q\aéhee of the PCR
primers includes:@RBaremeeoéthe 4 esignethaydan setstor the salverkacesasiblaiand highly diverse
positions In aypeniariaple, eaiPn.As deasrines abave.Afrranset is aoshalilarant nucleotide

triplet sequences used to encode desired variant amino acids. Antlbod}/ selectants that meet the
desired critefAH< SRRRE LA SO Bp B rBpHETE TE R dhifty /S8R g Stepsiitsdbiated and
cloned using tstamdiaedyrecohbimasit technigeds eB.Recomisivantxepayatidn). 1o Fheiinvention also
prO\;]ides an isplRted-AyGieiacie @ﬁ@%%ﬁ@%?&h@@&b@%@%@&&?@ﬁ @mz&togécg%kls comprising
such nugleic 0 inant tec ues fo Oproduction ntibo For
recomb%ant %it@n%ﬁgg gnn%o%y? l% nUCTe{IiC aihf(gj (Eﬁc%ﬁ Ing i % iorgt%da 36 insérted into a
replicable veR8TicHENPiRr e BhtAtePaRIDRREHB A B EHETINA]Y Bt BxpressisH DN @hcoding the
monoclonal aptihadyristeadilyrisalaied, andifegangednusinglcdnyentionakpracedumssde.g., by using
oligonucleotiggl(gggbes that are capable of binding specifically to genes 25 encoding the heavy and
light chains of the antibody) f% vectors are availgble, The choice of vector depends in part on the

host cell to be used: Gbé?mcgf’ﬁly A hosltm&ﬂ’i‘é“aré“%l?ogﬁﬁ%Prbcro%ri/oﬁ’é“o?r Uk&Rictic (generally

mammaian) @pﬂgglp_ai activity of the antigen it binds. In some embodiments, blocking antibodies or
antagonist antibodies substantially or completely inhibit the biological activity of the antigen,
The anti-PD-1.1 antibodies of the invention block the signaling through PD-1 so ds to restore &

functional response by T-cells from a dysfunctional state to antigen stimulation.
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I. Antibody Production in Prokaryotic Cells 30Vector Construction Polynucleotide sequences
encoding polypgniids cemponents of the antibodies of the invention capbgQbigiRed ¢4sing standard
recombinant techniques. Desired polynucleotide sequences may be isolated and sequenced from
antibody producing cells such as hybridoma cells. Alternatively, polynucleotides can be synthesized
using nucleotide syMthagizist of PERBStaEEue SrOREe BiRied  BlgGeAesdishtbdihg the
polypeptidesaafig:insertad intonas racanbinabidvestorgapableiokiiaplicatingandeipressing

heterologous pplynycleatides i, prakaiyalicshosts. Many vectors that are available and known in the
art can be used for the purpose of the present invention. Selection of an apgropriate vector will depend

mainly on the size OB RUMRI A%t s I HEThESTEHSES RS Moy B B BRGNS Rost cell to be
transforried pvitianthieweetorcaE adhes. vBstorkconfainkdvalviss s eompere itsdependtittesn its function
(amplificationaheession afihsterelegous nolnuelentide.a), batki-andts eompatiaiity with the
particular host lceII if% which it resides. Tpe. vector components %gn%alé\érlngluqi%ogut re not limited to:

.. olyaceylamides, tystyrene, p n 1Con fi Ien]s .
an origin of rgpﬁczﬁlon, & selettion rarker gene, a promoter, a ribosome binding site (RBS), a signal

sequence, tHENFBIEGTB s T ibIBics A insernaamait kribtfon tevphntidh Stuiehice. 10 In
general, plagmiifiosgctorsicantaining refilicorviand-cantol selguencedhiwhich ake detivied from species
compatifje with thehasteell aresed.inconngeiionwithihese hasis.dhe uectprordinarily carries a
replication site %Si well as marking sequences which are capable of providing phenotypic selection in
transformed %’%Fls’ Eor example, E. coil is typically transformed using pBR322, a plasmid derived from
an E. coil species. pBRB2P dEraifigdents dpctdimgcdntpieiinaes ifmmisytatbltct deyEline (Tet)
resistance anehilius piPWdep@asyReansfainitentlyng.trnstaimed fells) pBR3Ads, derivatives, or
other microbal s IR AL BRESHORNANS R ARe SOMAL, R madilistis.caniaingpromoters

which can be used by the microbial organism for expression’of endogenous proteins, ngamples of
pBR322 HeribBires s semidrasch st opiiriiitar antipaie e dBstntea il a&tiiin Carter et al.,
U.S. Patent Nol-5:64823%: 31 4 DHtion pipisageviectors cpitainingrvk pliton melioaitml sequences

that are compagile Wit the. host MICIORIEBRISAR £ARPE Uskehasdr ansloming- e etargdn connection
with these hosts. For examgle, é)a%t%riot) '

means that which is réduce E?g%(ﬁ#ﬁ%gga%‘: gﬁ;ﬁw%%&fwb%%"%% Eé.go}.p.aking a

recombinant V&tor Which canbe Used to fransfo susce e’host cells such'as’E. coil LE392 The
expression vé&ter Bf th&dtvetitionfiay Eomprse thoolnivie prompteiliesstwivesirs, ™5 encoding
each of the mkyﬁﬁp&tﬁ&e COMpAE Bitcir p&mtarnisimwirﬁmsia@dimwhamﬁ;eﬁaquemge I0(_:ated
upstream (5,10 & ISR almadulates ;t?f@egnegseaag&mﬁ’e&ak@y%ata MROIBISRRIGRIY fall into two

classes, inducible and constitutive, Inducib efromoterjs a promaoter that injtiates increased levels of

transcription SFHE SRS BrdePRYBEH TIPS FONSETS ARGATESh IHEHTLFE ¢SHdRion, e.g. the

presence or abssdficedofia muriemboiimechange nveatmerdtore f8RLHM fargenmarbéroaéiptomoters
recognized by,aMaristmetaetentialhoshcallsiaresveldnawn. Jhe selastedsnrameter gan be operably

inked to cistion RNA snceding e gl eav.CRAIN A eMNAg s AOMAteL i he source
DNA via Testictio enzyme algestion and Inserting the iso ated ron%oter sequence Into the vector of
the inventionCEbtREipRe RAEHE Brdmbtrsélternds Bid R hetdiBiogbaeeprehn 8{8¥sray be used to
_direct amplifieatioiorancoftdbexpression of théitdhrget gehes: |fi:soime eribidirkaIns, haterologous

promoters arg yiilizeds as; ey ogngiallv.ReURILAreRIalIrassLiRtiee ARd-highetvigldsof expressed
. Cfuﬂable for use with
Ot

target gene as compared to the native targ%,et Poﬁyﬁeﬁ?q pc{omgt?r. | tP(gom%ter
prokaryotic hESE A EENRE PHEA D FSRHOTSF T Garh A a8t sy 5k os8 prdho & eystems, a
tryptophin (tho)igromtir anaterd dieByiid Baprorivternsliviastivesiaesithe toprsitoter. However,
other promotegscthataigiungtionatifLacteraisuchasniierkpowmhageterial or phage promoters) are
suitable as well. Thejr t%g}!ga%tiedn e%?qc%ﬁf‘n?ee.zaﬁﬁv%g%%z@“b&sqﬁ%éh%ﬁﬂy gnabling a skilled worker

t

operably to ligate them to cistrons encoding the target light and heavy chains (Siebenlist et at (1980)
Cell 20: 269)8g kB & Briaesth 42 8°6th Sy et d TRLtPiEtTh GHER “FofH BHE aspect, each
cistron withinctiie (racomvivin ditev@dio b mprisesila sd orstighgighalbe quencacsompimant that directs
translocaiion Qfithe SxPLESSE RO RERIGES BGHESSAMeMANSHI aaneial, hesignahsequence may
be a component of the vector, or it may be a part of the target polypeptide DNA that is inserted into the
vector. The signal sequence selected for the purpose of this invention should be one that is recognized
and processed (i.e. cleaved by a signal peptidase2015 by the host cell. For prokaryotic host cells that
do not recognize and process the signal sequences native to the heterologous polypeptides, the signal
sequence is substituted by a prokaryotic signal sequence selected, for example, from the group
consisting of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin Il (STII) leaders,
LamB, PhoE, PelB, OmpA and MBP. In one embodiment of the invention, the signal sequences used
in both cistrons of the



20expression system are 5Th signal sequences or variants thereof. In another aspect, the
production of%immq&g‘globulins according to the invention can occurinthe cytopigsm of the host
cell, and therefore does not require the presence of secretion signal sequences within each cistron. In
that regard, immunoglobulin light and heavy chains are expressed, folded and assembled to form
functional imitirisglepntinSifrdise a0 Prasivioxs ettt drosadrdifs idipg of i Pracbli trx8- strains)
provide cytoplausii ermciiansthatapadaverablnfoedisulfidedionot lrmatiass therghy.permitting proper
folding and asgembrxongceégresse rI%Ieng dmpgs RHEolaa and Pluckttﬂgnr]\a%en%c ;.51? 203 (1995).

f XPIress X 1'6 5101 On Q1L
The present invention provides an e res |on system In wnic € quantitative ratio Of expressed

polypeptide ¢8mipeAehis Ealtlebe %(Bé@fléiféd%%ﬁ&@h t%i"‘HéB%Frh|i@"ﬁf1§‘9ieﬁ’}"61”§ée9re‘féa9§0and properly
assembled agtbpdies sidhe vention, Suctomodulatiomris aceomplished atdeastinspatt by
simultaneousjy, modylatirgeiransiations! 3%3%{:‘9@5{’ Rl %p@}%ﬁﬁ%ﬁe@s@fﬂﬁ%&%ez@@& technique for

modulating translational strength is disclosed in Simmans t. No. 5,840,523. It utilizes

variants of thE T 4RERGHAT r?‘if&’l!i‘é’jrﬁ rl@&cigﬁlﬁ?ﬁj‘r“{ﬁﬁfﬁﬂisa{%%%@nﬂﬁ6?@%&\}73}?"1%( £ries of amino
acid or nucleid awidisdquenddivaliamtbcanchdrddhe thoithiaofariges ohaSteanstatibinahstrengths,

thereby providing.a:convament m@as@wmm Iﬁ)@%ﬂﬁrt&]isﬁmwﬂws the-gasireskexpression level of
the spqulc chain. '{'Jlnkivané;lcatt nera onveg;kongsllputa}lgaeness te%g)nquues that result

S5 11 (i I'WIS CI‘C]II crmg ) f E i3l
in codon changes which can alter the amino aC|d se uence, alt }% silent changes In the nucleotide

sequence ar&Rrefdpad Patafdtidrs ithas TR BArFiHelgese- oM XSS éfté’rgﬁ%srﬁﬁefﬁe number or
spacing of Shine-BslgamtatedaauenibesnalolRg baithtaliérations in the signal sequence. One method
for generating mthme%égﬂa:b§?eqf$‘?tnﬁ§§1ﬂ§sm§%cgﬁ%fﬁygﬁ - Ainfodes Q%&nﬁ{&h@@&lﬂiﬂmng of a
coding sequ%nce th { dQe Eot chan e the anlyno acid se uence f the si na‘éseﬂufnhce (i.e., the
changes are §itéht). fHis ¢ “5’3580?%1%?1 SREN IR TR thifd IS 0tide S 5itich of each
codon; ééldltlmﬁﬁﬂ%méﬂﬁmﬁwfa@fdé HB@%W&S"I@W&W@Y Sl@lim?@%géh@iﬁ{@m@?m&@él?ﬁmtlple first and
second positipas thatgan iadg:l0crmplaxitrdrimaking thabank-Fhis methmdofyymatagenesis is
described in igialh 9:¥ ANsHI8.8L A1 GR3R) METHORS: A cemeaniondg Metheds,n, Fpzymol.

4:151-158. Preferably, a set of vectors is generated with a range of TIR strengths for each cistron
therein. This tﬁﬁﬁé&‘%’é{eﬁ%ﬁfd@@a%%ﬁaﬁ%ﬁ B TEETSh v Bf «XERHAHELWEI as the yield
of the desireghaifitisadypiteduttsdinddy vemobediR sigengthechmbevationseEiRigtreirgtiis 15 can be
detenningd by, guantifyinauhe expigasion levghRiAJCPOHGABRR AS descbsdkinaeial in Simmons et
al. U.S. Pat. No. 5{ 840 5%3 BIQ §d on Ehéa g%ﬁ%@“%%%l tren 8%91 com q{lsor’k}hﬁa de glred individual
TIRs are selé’cf’edl %onf)e combined in fheeex ression vector'constructs of the mven%on ﬁOb)Prokwyotlc
host cells.  TP¥iaAPEtEHROS wl%dgenfalmé%ﬁ expreseirigthpdipotidsiet iHdwmuBatisH include
Archaebacterigi@iad Em@ae&xﬁa@ suohhasrcramm dgaiivenahGramdgasitive onrganismslulxamples of
useful bacterjginchude 86 % me}g@g) EasalBacilli (e.g., B. subitilis), Enterobacteria,

Pseudomonas species (e aerug mosa Salmonella té phimurium, Serratia marcescans, 25

Klebsielfa, Proteus, Shi 6“5{15’ Féﬁlfocgla Wf'lééfc‘iffﬁp%? P RRGCR 80 if BB ATRSHY: gram-negative
cells are usedhé¢rpofreanmbddimentyBeopicdizrard dbedlasoiostspfoicttyd isllentbon wBiklmples of E.

colt strains lr}ﬁh&@%ﬁg@M&;@(@aﬁm@@m@%ﬁaﬂ%@m Malesular Riotesy, ¥elra, Aashington,
D.C.: American SOCI é%for Microbio §§%V§ 1987 190 1219; ATCC DX sit No 27 ,325) and

derivatives tHSTEOF, TG Strae |ng g ?1)}16%" B?Effd&f?nf Sﬁ?ﬁe[bf’Fé lac Iq lacL8
rompTAnmpECf'éﬂEl)edeM@mRFWF{at Noi B3B8 @88y Dtdr BtrRIFs and ddiwatives thereof,

such asig. Colgt (AT BhA4BlIE aGRl Boil s@bnld AR AT Gy 3an B hand &opRibiRV308(ATCC
31,608) are aFJso suitable. Thgse exam Ies a[i? |HHitratlve rather than I|m|t|ng§yMeth ds for constructing

Taing ETCOf clivating. ntains INHUNOTece, TOSIT
derivatives of any of The above-mentioned bacteria havmg detine geno are ?<nown in the art and

described in,dtivakample, FEBas 5 dtsalyiPkoteindor 30 i A1 99G It '@@@We?aﬂiymﬁe@essary to select
the approprigtg-Rast@or tyrosine-based inhibition motif (ITIM) in its cytoplasmic domain. (see M.
Daéron, Anni. Rev. Imnmmol. 15:203-234 (1997). FcRs are reviewed in Ravetch and Kinet,
35 Anmu Rev. Imemmol 9: 457-92 (1991); Capel et al., Immunomethods 4 25-34 (1994); and de
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taking into consideration replicability of the replicon in the cells of a bacterium. For example, E. coli,
Serrano, or Sglmonelia.species can be suitably used as the host when ig\@ll} oWn p{ﬁ\?mids such as
pBR322, pBR325, pACYC177, or pKN410 are used to supply the replicon. ypicalfy the host cell
should secrete minimal amounts of proteolytic enzymes, and 5additional protease inhibitors may
desirably be Htedeperalfelrin the i ddfuid- R atitfody Pradis@iorcluding esciells dentifigdsformed with
the above-dasariratepr essinp.yvectorsane Ceiumneg:in. conventional nutrient media modified as

appropriate for indyging Rramolers, selgcting-tansiormants. oL.AMPIYING, hegepgs,encoding the

desired sequences. Transformation means 10 introducing DNA into the prokar%/otlc host so that the

DNA is replicEBRsBihEr ¢ 4areRirchrsmideriiar dieMiert ST ehfbriol8miatindhriit. Depending
on the hdst céll7ased! Xanafoimationds/didn @44 singistaridards teochniguestappropriatetosuch cells. The

Calt():ium t_rtTatﬁa@m ﬁé@,ﬂ!@{iﬂ%ﬁékﬁmﬁf]m(ﬁfsm%ﬁ%ﬁllﬂ%s@-&ﬁ @%@E@%%’Uﬁ, m’@c}mailr/‘mmso
substantial cell-w arri / t thod for frgn mation e yCoO .
yal bRt ARter et for ransformalien STpieys ROl ete )

Yet another T5t6¢ d'Is electroporation. okaryotic €ells‘used toproduce the antibodies

of the inventigttatégt St rhediaKadterah e Briaherd s bbl cwidrest trdaticted host cells.
Examp_les Ofeﬁﬁiﬁ@biﬁmﬂgd:ialjﬁbﬁﬁﬁie 4urise lagmﬁc(_,LaBg),phmaﬁr@eﬁsssﬂéy mutﬁie&b&umpiﬁmems: In some
embodiments, (g hedia AlRA.CANRINSASFIEEUSNARAL SARSENAAZGHL ARG GRAgHCtoN of the

expression vector, to 20selectively permit growth of prokaryotic cells containing the expression vector.
For example "SI add S Y8 Hiedia Tor grbnir Gt Siutesh resanty Hspidmr Y&k Kant gene.

Any necessatimsufpidmdngs bedit e cdrban; . nitrdden zardAd igamBhesphatetsaiirides may also be
included at approprigie-£eneentiati sty ducatalRpeaf as R ixriewitRanatbesapplement or
medium sugt} as a co?gplex.nitro en source Ogtionallylége%lf#lwe eﬁcliljunrg Czegat%%ntain one or

nctions, Ohe asne 1e effecior cells expiess & t 0 : .
more reducing agents selfeéf@(ftfrom € group consisting o atahnlo%e, cysteine, cysf’amlne,

thioglycoflatelUehititibe rfthridisanid o tArItsles Whith anpiisikarfotie frssideatsiahiwaddiitnéd at suitable
temperaturesandnofivciegobegsowtmdor examplelthevgnetense diempesattedangessémmmabout 20C to
about 39C. morkprAICFAR AR ARPHL2RG.IAARME 3G RUBR DO BIGeranit.Al abgut 30C. The pH

of the medium may be 30any pH ranging from about 5 to about 9, depending mainly on the host
organism. FOPEEI P tHEBEPTE 5 &Ter A TP 6ET S B0 (s Sy Fisre préfstably about 7.0.
If an induciblégrorictdslisised-iisthentxpressioatiuaecte foofothed el onscproit angkphession is induced
under conditigngsHifakle fenghe activation of the promoter. In one aspect of the invention, PhoA
promoters are used, for controlling transcription of th lypeptides.. Accordingly, the transformed host
cells are cultured in éggﬁfoggze %%%rﬁﬁ?r?f‘ﬁ”m%ﬂ m%o?éﬂ%d)u}{:&t%%olﬁee%sﬁgl%& ?ﬁ%gtpcﬁgérbﬁgte-limiting
medium is th@'@wwbcwgmﬁﬁt(sé@é"é?@?z dithrfdreial Smplani eaBY W StHEERODOIE 263:133-147).
A variety of dtheinindueefissmaypbetiseteaceplaing tosthe (Cegios sobstiuab emmpiayettisas is known hi

the art. 5The_s§as@ar§§%§&@&u%$/dn5%mgggxa@ewg%ﬁe%ig&%@ﬁ&&@&%@%ﬁ%ﬁm@@ recovered
from the periplasm of th réo%t cells. Protein recovery r'?/n!olcally involves dlsru(gtln the microorganism,

generalfby &iBh F8e AhS R SEHOHEARL LS SiCatibn BrREidIBIRESERIS Hre Qs FifBteY, cell debris or
whole cells nresfobecde ndgiibelhyeienitrifig atiorsbf firgsitio anthepiorsirnscm aypbadgrthérpurified, for
example, by affigitydesinehransiogiaphydARBrIAlIVEIYaRfotBIBS 94,55 1B1 and W099/51642.

The contents of those patent publications are specifically incorporated herein by reference. See,

also, Idusogie et al. J. Immunol. 164: 4178-4184 (2000).

30 The N-glycosyiation site in 1gG is at Asn297 in the CH2 domain. The present invention
also provides compositions of an antigen-binding, humanized antibody having an Fe region with
reduced or no effector function. One mammer in which this can be accomplished is an A297N
substitution, which has previously been shown to abolish complement binding and effector
function (“effector-less Fc mutant”™) in an anti-CD20 antibody. Idusgie ef al, supra. As a result

35 of this mutation, the production of anti-PD-L1 antibodies of the present inventions containing this
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10 can be transported into the culture media and isolated therein. Cells may be removed from the
culture and the cultyre supernatant being filtered and concentrated for fyther,purification of the
proteins produced. The expressed polypeptides can be further isolated and identified using commonly
known methods such as polyacrylamide gel electrophoresis (PAGE) and Western blot assay.
15Alternativeiy martiBo iy sroeRien oris s it GEfe d thnetricmairhiepirirreritherhishdhtiFocess. Various
large-scale fedubaich-dermentatinniprecediiesaresavailable, fatipsodifciien ofdecambirant proteins.
Large-scale (GmEnIAIANRRAYA ALIRARH 100 LeIS of sanAcimRIRIALEL a1, 000 1o 100,000 lters

of capacity. These fermentors use agitator impellers to distribute oxygen and nutrients, especially
glucose (the preferrégﬂ’é‘ﬁ‘?b‘éfﬁ’féﬁe%’gf?gﬂfg@f ik %7:%1’26%%%}%%8}1 ?Eﬂé’%c&%ee‘?ally to
fermentationiiteademmettorthaigerrdnaretianregisrixinzatehrtdoditard in befimbedrieccapacity, and

can range fromy, alawtaﬂg&iﬁ@r toAROWARR IR Srwise, @ufmlmeﬁermﬁmgm@fweeﬁ ipduction of

protein expression I.bS tha}t ql ter the ell % been e swtab e conditions to a
tll‘ilSlC 1 g €CIs ]E-l é éré: ac 1011 cen 1y m é
desired densily, e. g., an out 180- atw stage t & ce Is are| arly stationary

phase. A varfétysy it catsens rﬁﬁy%@’ﬁ%é’é s B ﬁ&té%é‘ﬁ/éﬁﬁ‘f%&@ﬂtﬁ?ﬁ‘éﬂﬁil@%d as is known
in the art and«lesstided dkoliecGells ey rowrestarter pesiodstpriomteindestian. Cells are
usually ipduggd.for,ahout.12:00 hours,alibeHedy I9ngeT ar.Shassk NgdueHoR EEH&JE%}&? used. To

improve the productlon yleld and quality of the antibodie of the inventjon, vario rmentation
conditions o BEHEHIRGH. K5F &S ARBEETHBIOVET TS HPBHE L M AR SO HGing of the
secreted antintey, polypeptited additioriabve ders- oxfewemrfee%m@hem?fer@mmbmﬁsg such as Dsb
proteins (Dshfsnf2shB iRshGs Behl andoiaabta) 6§ E%@@ofq,@mﬂdymﬁelwemm&aa&ﬁomerase with

chaperone agtlvﬂ%} can be us (pl toc trangfg rm.the hos rok r¥9t erone proteins
have been de onst]raterélufg ?é‘c.ﬁ’%?}g the propere?old?ng anél~jE S0 Ubl|lt%/ of r?e(tgrqol?)sélcj)us proteins

produceld in B5dtEA%I™Bost cells. Chen et at (1999)J Bio 35Chem 274:19601-19605; Georgiou et at,
U.S. Patent No. 6,083, KiB;0GC&argibe eta@lditd. © fRatenttifos 6, 0R7:888iBothrrameddndc Plucicthun

(2000) .1. Biol4Giheity %%@cﬂmlizek%(ﬁ%mf@ﬂl@dpvb%lﬁm@51:.(2&9&)olvtﬁé%t@aﬁ%d
275:17106-17113; Areet al. (2001) Mal. i%oblol 39: 1599 210. To minimize 3% g/ Is of expressed

heterologousBi® |nscf@§pa§c Sl(fi'/ibtﬁd B bh At grans aE)Sr% it §e§e5(ﬁi§f e} CBrAIR HOST strains
deficient for Frbtdolytiteen by rrstibaping EUsEd foPinadresentirnivant oh Tébdsdmiien Host cell strains

may be mod megrm-leﬁe@ta genetic:mutatian{slido dhegenesencasingukn awachactesiadiroteases such
as Protease R, 8{‘39@ LOAT Eia-[ S&bhg{%‘i%?sﬁdgdf [0§2AS8,Mbt 3%@?@1%%&&59%%%%%;\40&”"

combinations thereof."Some E. coli protease-deficient strains are available and described in, for

example, JoI{P’e‘flféi’“‘"’ﬁ@WogﬁbP}i‘t%é@é‘&bﬁﬁﬁ(@f% Ve PHIBAMKIG! & 265488 EEBiou et al., U.S.
Patent No. 5568092 akhar habt)al SMidtobidinDrigpRedigldfican? 88 xR (1Y IB ) ked with Eoli strains

dﬁficient for proteqlyvtic %ﬂrﬁe%amhtfe@%@mm r\fwmlﬁsm%@v&sm{ﬁ&ggmﬁt@@m%red .
chaperane p ed as X ystem encodin ntibodies of the
mvenUo#j 15%%,§bwtl al?ﬁ?fcérﬁ %m(% e%ﬁ%?g ?Pys %{Jtel g’%@ c13 d Herein |sqfur¥r1§r purified to
obtain prepaﬁaﬁ%ﬁ‘shtﬁa‘? afe Eﬁjb%ftmﬁﬁcﬁféﬁfé‘ﬁé‘ﬁ@o‘a@%?l%m{e‘? ANEXE A bsisT Btandard protein
purification methodsknewn,in the ai-cantbe Smgloven) T edotowingqproceduiascase@xemplary of

suitable pu”f&%@gﬂtpﬁ%&@q@%ﬁ%ﬁﬁ&ﬂﬁ&g%ﬂmmg%@Jtl&%wgna%em@qgﬁmws ethanol 20
precipitation, reverse phase HPLC, chromato%ﬁ phy on silica or on a cation-exchange resin such as

DEAF, chronfatifBTsInt*Sess BA e A NS HIGHA'S e sreRibratrme RRE K&MHPLESh using, for
examplé!SephadecoreBiure folpnohevndpestivProteihcAtmenobilidde ohtavselid piskisenis used for

immunoalffiniypurificaion-of thedul vergth-antibady-produsis ofthe invention NeisimA is a 411cD
cell wall

20; Packard) is added, and the plates arc counted on a Topcount gamma counter (Packard) for ten
minurtes. Concentrations of each Fab that give less than or equal to 20% of maximal binding are

chosen for use in competitive binding assays.



25 protein from Staphylococcus aureas which binds with a high affinity to the Fe region of antibodies.

Lindmark et a§, (19833 -ksJmmunol. Meth, 62:1-13. The solid phase to Wgyigh Bpbgigy s immobilized is
preferably a column comprising a glass or silica surface, more preferably a controlled pore glass

column or a silicic acid column. In some applications, the column has been coated with a reagent,
such as glycerol, if* & dHerip ety Pieveht s pEtiftd ad hBrenew! P 38EBh t3RfffitE™he solid phase
is then washesbienternnene contaninaris tiorvEpecifisalgdritintito thersolid ghasee,Rirally the antibody

of interest s gecauered fromn the-solid phase:kY elMlaNCYQIRA1A1077634RCTAYSR091067104

2.Antibody Production in Eukarvotic Cells, For Eukaryotic expression, the vector components
generally incRi& APLFEHEP SR S5 SHETBIRTSIE OF e%ﬂ%‘&ﬁ&ﬁf' L GRAEE &N, an origin of
replicatign, oneyB¥ moré3riisnderlgenasomfidaridintsr eléndeshiaifromdiee) andual trafscription
termination SgaMeREEARAIKIGNEE SRIURNEECEPANRAL insthvesionialuse ima-eukaryotic host may
also an insert that encodes a signal seque r gther palvpeptid ving a specific cleavage site at
the N-termini?él\?dgf) t uénr%cg%%’e%lrgo%éi!ﬁ gﬁ%@&%%gtl ér%'?'%% ﬁé?gr%lfc?ggug‘gfggﬁgfggg&%ﬁgg sele?cted
preferably is OB AR RSEBHTZ HUrsRerisros <880 U eurdid aveeihyF A siynarsepttiedey by the host
cell. In mammakian cell ekpréssianis Itmaimaliak sigaatsequencis apstiel rassviralesacretory leaders,
}‘_Or t;-‘xgm@le,tgb_bemf@m téimm‘?z&gﬁﬁ 173l Are @i{(ﬁﬂﬂ@lﬁc ifn%ﬁcwaqnqiﬁg\m -‘)ég@_‘%_ﬁﬁ@?ﬂﬁﬁ?r r?_gion is
igated in req rame encoding the antibodies 0 invention. rigin of replication
1%GeneralIy,zﬂwlgégsc‘)lﬁﬁ(fﬁa%l??eéhgﬁ%% c:(%tn”lgplhcl)gr\iveirr%l 58 g}%f’ neec écgv f?)gr/ H%Hrﬁrﬁwa |§?1C%%nréa§§s|%n vectors (the
SV40 origin fiay tpdidkeipeonseies shiyobsestisded oritdinsitheceadypresneteniskiseton gene
component modePrassiS ERIGERNINGMRCIOES ) BoiaiRa-salpdionganssalaniuraed a selectable

marker. Typig,%i@%%kieg%tis%ﬁs&gﬁﬁg, epgode pratging that{a) confer resistancgdeantbiqties or other 20

toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) compl_emen_t abuxpt_rpphic
deficienb?ges,lb‘?’ ©) Stipphy CHER HrutrildrtLidPavable Fom comiprkiiedrscs Y Mh& gene encoding
D-alanine ratenase for-Bagciin reso@re exanplecofensbiestior sehéméatiizesta dyug 40 arrest growth
of a host cellpJhqse callaihal digspcasssillyiransieimed with-adeteralegens aana-prroduce a
e cole A S YRESR0ES 00 s Sy e selerten men Syl ofsuh
antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
20 antigen as measured in a spectrometer, such as a stop-flow-equipped spectrophotometer {(Aviv
Instruments) or a 8000-series SLM-AMINCO™ spectrophotometer {ThermoSpectronic) with a
stirred cuvette.
An “on-rate,” “rate of associgtion,” “association rate,” or “k,” according to this
invention can also be determined as described above using a BIACORE®-2000 or a BIACORE™-
25 3000 system (BlAcore, Inc., Piscataway, NJ) at 25°C with immobilized antigen CMS5 chips at
about 10 respomse units {(RU]}., Briefly, carboxymethylated dextran biosensor ships (CMS,
BlAcore Inc.) are activated with N-ethyl-N'-(3-dimethylamino propyl )-carbodiimide
hydrochloride (ECD) and N-hydroxysuccinimide (NHS) according to the supplier’s instructions.
Antigen is diluted with 10 mM sodium acetate, ph 4.8, into 5 mg/ml (= (1.2 mM) before injection
30  at a flow rate of 5 ml/min. to achieve approximately 10 response units (RU) of coupled protein.
Foliowing the injection of antigen, 1M ethanolamine is added to block unreacted groups. For
kinetics measurements, two-fold serial dilutions of Fab (0,78 nM to 500 nM) are injected in PBS
with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25ul/min.  Association
rates (ko) and dissociation rates {kyff) are calculated using a simple one-to-one Langmuir

35  binding model (BlAcore Evaluation Software version 3.2) by simultanecus fitting the association
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Another example of suitable selectable markers for mammalian cells are those that enable the
identification etent to take up nucleic acid encoding the angjhodi invention, such
as DHFR, thyﬁ%?é@fmgagge, metallothionein-I and preferably primate 3 rg@t%aﬁe%%g)i‘eogﬂlg’idn genes,
adenosine deaminase, omithine decarboxylase, etc. For example, cells transformed with the
DHFR selectitf Gepricare firseiientifidd sspibimeridgsatiaparenranistofmiteiniteltute medium that
contains methairexale vi)gacempetitive antagonist phDidERsAm apprepsatehest-eell when
wild-type DHER, I efpRioxeq,is e Chingse. Damster auany (HOXcelhIing deficient in PHFR activity
(e.g., ATCC CRL-9096). Alternatlveﬁ)y, host cells (particularly wild-type hosts that contain
endogenous {SIEEET P ek A6 e - FHarrSiBF e OV AR B B0 Y B a N glEsNB B quences,
wild-typesDEERrproteirsréntanctiiey selectable Markercsushas himoglycosided-pass) at
3'-phosphotransieiass (AP cafbeselestehibicallorgwihn medim-containinga.sglection agent
for the selectable rp%rker uch 5as an amirnquycogidi& antil%iotic, e.9., katna_rH cin, neognycin, or 0418.
See U.S. Patént No. lﬂ],@é) ,Tﬁ@%)ﬁrg}r‘?}% er c%jn%porsf?anlfmme ﬁ’x%?%ssfoﬁ anc cgn?ﬂlﬁp\}?gctors usually
contain a proffetepHags reedynizetBiithe tost SrYAREH atdMsioprrabiytitidditease nucleic acid
encoding therdesikegantiodysaequentes:dk) Virtually all eukaryotic genes have an AT-rich region
located gpproximaigly n.Io-3f) BASER, YRSIEAT KA A G el kanseHRlign s Rilated: Another

sequence found 70 to 80 bases upstream from the start of the transcription of many genes is a
CNCAAT regiSASTHERH IH5r 58 SR AErIETSHas™ ATHIE"S B JETE Ye‘f]ﬁai‘?%?f’&%“&ﬁ AATAAA
sequence thatmiagulyeuthdisigrakfocatditoh ot fireepolyniaaibtothe d)end ltheccddiry sequence. All
of these sequeneas Mayi Lokeinserted loto. AkAAHE R REBRSIA LY BER Sitical sRIIREREOMOtErS

suitable for “\%Sh‘é‘{i%% Rrokaryoic Agsts | c"é%&t!ﬂs%cphe%%x%é‘g}m?aﬁﬁRm;;éé‘%a”’ré‘f%ﬁ& lagtose promoter
systems, alkaline phosphatase pronioter, a tryptophan (trp %romoters é’[’em, and hybrid promoters
such as'the tHE7eNBIBTR SRifeVEr Y8R FKROWBACIEREF pIsMEls! 4fe YeitabienPy8thoters for use in
bacterial systems gdserwililncariainte.Shiner 20balgarro(S:Ripsecguenceopesaliftdinked to the DNA

encoding theantRooROLYRERIEE refer.ADLRAGY. RPlRERIde transcription from vectors in mammalian
host cells is controlled, for example, by promoters obtained from the genomes of viruses such as

polyoma virus, fowﬂﬁ%ﬁi‘iﬁ’?dy‘fﬁ%ﬂ%@? B LR B4 RERREYTTS STehSViRE AR ARVt s, avian
sarcoma virusiiestoniyedghl duires o bsratiovirbe WrepattsrB i riduan tfomostpleferaiiySisian Virus 40
(SV40),225 from heisrplogous-masniatiangy ometesifgwithe eithampisiekanummunoglobulin
promoter, from heat-shock romaters..prayided sush promoters are compatible with the host cell
systems. The earR/ and late promoters of the 5VA4Q Virus are conveniently o tained as an 5V40

restriction fraiifet tPaPileg @b HINE HSSo O oIREF BTG B eBhcetié! Phelimbirestt early 30
promoter of tHlermumiain oyteme galaidrusis Gonvehieintly. cbitairiacas acHiradltkid wastriction fragment. A

system for exprgssing RNAJMMapImalian fesisusing 408 RQVIRG, RaRHlemMauvil s As.guvector is

disclosed in lZJO§ F@tent Nt{). 4.419,446. Aéggdificglélon (‘%ff thi; system isagiescribed in U.S. Patent No.

4,601,9%%. See also %éeflses}aélta%?ft gf’tff’ea YEy8.661° )C%rp E('ér>f’“‘<t|c?Féfséliec')n of human -interferon

cDNA in mouse ceffBestfePthenéentes| SRECTR NS kKidabenstesriotarifeschiermhediidmplex virus.
AIternatively,pH]ﬁ;dBmsOSaﬁﬁwsVdﬂdﬁck)ﬂg Hefmicna mp@ﬁt:ﬁ@gcb&usﬁld) gsmhesmf_amﬁter. .e)Enhancer
element compopent TranseriplieRofR-RNARRGRIIRG e Aniaadies, A hi.inventian, Ry higher

eukaryotes is i o . ] , )
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to achieve

30 the maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Alignment for purposes of determining percent amino acid
sequence identity can be achieved in various ways that arc within the skill in the art, for instance,
using publicly available computer sofiware such as BLAST, BLAST-2, ALIGN or
MEGALIGN™ (DNASTAR) softwars. Those skilled in the art can determine appropriate

35 parameters for measuring alignment, inciuding any algorithms needed to achieve maximal
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5 often increased by inserting an enhancer sequence into the vector. Many enhancer sequences are
now known fropg mpapmalian genes (globin, elastase, albumin, a-fetopretgin.canddpgulin). Typically,
however, one will use an enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer
on the late side of the replication origin (bp 100-270), the cytomegalovims early promoter enhancer,
the polyoma ishariter BribeHell eedige BT e veptieatid PO, dntrrodaelovirsiiancers. See
also Yaniv, Natuten@ &ld kiqlidl 9800 enhan ging et mantshtoraetivationp afset kanyatie promoters.
The enhancer may, be sRlised o he ¥eriRLal APORIARR L ¢ taanibadyeneading sequence,

but is preferably located at a site 5' from the promoter, Transcription termination component
Expression VoI UAEERTEIRE R INE Hos{ CBiRyAiEct g RSB brant BnifR&E 15 human, or
nucleated cetieiftond ctiver Mbilticativldt dagdaticiosNeil[80! 661tail seglimiésmeeassary for the
termination ofsanscintien anshiercianitiaintthes R NA. Suiacquensss amcammenly available
from the 5 and, aecamianaly 3yansiated eqione olaukarvolls oL AL RNARPRIRIAS. These
regions contamnhucleotide segrﬁjen'gs transcribed as p(ﬂyaden lated li‘)ragments in the untranslated
portion of theVAMfdbHy serEBH A AT IRE GsEUFtRHRC AP 2otsrmARtish ebifPonent is the
bovine growth hormosiaipioty aderyAalicN-2dgiomn See AW 084H L0P6@att¢hengpressibn wector disclosed
therein. gelegtion and iransiopnatar OfReskeaYScid seﬁamm«%&%ﬂgﬁlggﬁg&gl 0RG.QLExpressing the
DNA in the vectors herein i Clllxjde hligh(’etr, eyl%]ar h(:}tefge s described herein, including vertebrate host
cells. Propag &t BF v B rate A I E i e e RS AP LTS KRS BaSHTS a FoUfie procedure.
Examples of epsefisepriaparailidnahist ool Hriesoarddashkiey Kidney @yt ingtrarssfomied by SV40
(COS-7, ATGegfeiRE H65L)cduumant@mbryonic kidney line (293 or 293 cells subcloned for growth in
suspension culture, Graham et at, J. Gep,Jirol. 36:29 (19/77)) ; baby hamster kidney cells (BHK, ATCC
CCL 10); Chinese hamster ovary cells/-DHER (CHO, Urlaub et at, Proc. Natl. Acad. Sci. USA 77:4216
(1980)) 130 riBUsE & i wEher (VA AtHE FoEsiins ??8?3?0%?. 19 BEHY) S iHEMKey kidney cells
(CV1 ATCC agin?@)pidricanidfeeh imbakayskidrreylipetiai(VEROL 16 2AMGECRE-1687), human
cervical carcipama cellgidbikidAe LS b 6Ck @i saniprkidnencolsdMDGKnAT rbndek 34); buffalo rat
liver cells (BRL 3A, ATCC tCRL]1t44ﬂgg;ihuu%r_;g\arf] lun ceég %/V:ILlS_B AT%§ CCL 75); human liver cells
(Hep G2, HBS%%%C)% mouse ?%lgmf)nary tUmor ( VT B50587, 7\“11308“3 éﬁ@f’)’o “ F%qélﬂréchather et at,
Annals N.Y. Keaiéfy Sch '883vHmegrd e ff MRC2GEeRsersY il fad A human hepatoma line (flep
G2). d4dost cells argdsapstoimed:with tiesheyeldesatihe d-eXpiessiendeniioning usedors for antibody
production angd ghitured, in conventianalnwsnEmeria modified,as ARRraRriAle. fer Rinducing
promoters, selecting transformants, or amplifying the genes encoding the desired

sequences. ESEMPIEE &F#Beful mammalian host celllines are h )Culturing the host cells ~ The host
cells used to produée thelandiboeieofatifsrinentionoday be eufhabd Ireaivarieudfimediia.

(Com me)rciallxla;\éaﬂa@(t@t me&ﬁaiﬁagm@sig@m@ E&@d@%&na}e lemﬁakﬁsqaaeﬂachMmelO) (MEM), "
Sigma), RPMI-1640.(Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are suitable
for i R R T L
(1979), Barnd¥ éphtcdineriBitie fieife ph2sos5erosnd) A ramengnins e RieE 7ithdhe Mogs7866; 4,927,762;
4,560,655; okb;itidh9; MEGs FHABABR WEI 8HdRRI85rosdib SthP aténtRide 30,0 8itndiysbe used as

culture medig,fQr,the NAgheaks: ALOhNGSEMedia Mavibe: I nekPR RANEIAS Rrggssary with
hormones and/or other growth factors, (such Qfﬁl sulin, transferrin, gor epidermal %rowth factor), salts

(such as soditiith BRISHTE, CEETi AT RELIR, SRy BRESpIAeTSiRe e SIeRBYHEBE ),
nucleotides (sudtydies haenogsitecant tiymicilke), antibiotics (such as GENTAMYCINTm drug), trace
elements (defined asdnargania-compends:tisyallinpresgutatfinateoneentiabgnsdndlae micromolar

range), and glucose prian equivalont sneray 20, SOUIGe . ADY.QIRL NeGes ANy sipplements may also
be included at appropriate concentrations that would be known to those skilled in the att. The culture

conditions, sttE ERTBETERTe P R BRY theYie, HPELITbSBISPENT GUBPHYE A IRTRCtnE hbst cell selected
for expressionpamdatvilldig sippdigntitoitireliorarianiyn skillédeartisafirs, polyadenylation signals,

35  and enhancers.
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0 Purification of antibody 25When using recombinant techniques, the antibody can be produced
intracellularly,j eriplasmic space, or directly secreted into the med] tibody is
produced intracmé%?g%y{ gls a first step, the particulate debris, either host%gﬁgggé%i%ifragments, are
removed, for example, by centrifugation or ultrafiltration. Carter et al., Rio/Technology 10:163- 167
(1992) describe a pradedars for iseiatingdedibtne s whkkrdratse dracsentb kidipnshipladic 30 space of
E. coll. Briefly:arit paste: is-thawesds ther prasprcenhsodivmaagtate (pbddyyERIAand _
phenyimethy sulfpnyifuarideENSFLQvehabadl 36mm. SR dRRIR anLs (emaued gy centrifugation.

Where the ar?ﬁ%oﬁ IS secreted into the medium, supernatants from such expression systems are
generally firsfet‘ff?ﬁﬁ“éHfr‘}i?é’aiﬁmﬂeaadﬁW?rﬁéﬂ%&%ﬂ%%@%%@ﬁ%@ﬁb@ﬁﬁ%ﬁﬁﬁeﬁ‘ﬁ%i‘f; %or example, an
Amicon ¢r MilfiposehPedlisointivhretiy stipmemitr ArpreteasadinbibitorogerebiadsRMS E antingbe included in
any of the forggQing steRs Jednhibit Rroteplysis apdiatibiatics mayRedRciided o pieuent the growth
of adventitiour? cEﬁm%minants. . The a tibodg comlpositi n 1prﬁpared from the cell[s can be purified

. the sequences bejne h]hke are COntigous, 1 th ase of a jecrefor Cader -
using, for example, hy o'xyTap.a ite chromatography, gel electrop oresis, Ei , a}nﬁ.afflnlty
chromatograptiyisieith 218! Frfirrtyne Akt Aoy rAphs et thaprbferfebesarifiation-eEhaigue. The
suitability_ of pta_tﬁa;nis@seasagmgafﬁmWaﬁ@&ﬁﬁrﬂ&p@i@d&@ﬁeﬁh&f&p&i&& amd@s@ﬁypgaeﬁg_amwnnmunoglobulin
e domain i[5, RIESROLI, e AnfRACK. BLOIRINA LG HSEH in By anilbodies that are based on

human immunoglobulins containing 1, 2, or 4 heavy chains (Lindmark et at, J. Imnzunot Meth. 62:1-13
(1983)). Protein G i5 Fe8RERGLETET AR St EaypES B FEPRGRIAR S GeTRbE EMBO 10 J.
5:15671575 €1986¥ptiTher makbnk wswitichhthandiisdtle igtadob mttasfiedhistmapstyofieidedgarose, but other
malltr(ices are ?ﬁ@&@ﬁ)ﬁd%e%hﬁ?fﬁﬁl?nsﬁﬁhﬁ fﬂ,'gdiﬂﬁeﬁm&daﬁaﬁ@@}@il?@eF}Q,!Se,gia_S% Qhort .
poly(styrene-divin ne, allow for faster flow.rates an orter processing times.than can be
achieved witﬁllgﬁt%écg.t k?e(;{ée?ﬁagtgﬁtﬁ%%y lé{%)aﬁﬁ)\ﬁ eoz §e g3 apé?ﬁea%nﬁﬁse% a é]r egnatE/S\BXThlresin J.
T. Baket 3 Phiftititrer ke & a8BraFtd Binfieaiits o G dicrihni des 15t 1B prdtiieistiification such
as fractionatigaconian ioe:exthang s cakitnng ethanplregipitatiolvReverse BhasedRIC,
chromatograpiiQQ a%&'gamﬁbmm@éepgm@wkb%a%%%ﬁ@lﬁ&@@%ﬁl%%%a@m@my on an anion
or cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and
ammonium stifate BraLisHHEER'% e also available depending on the antibody to be recovered.
20Following any prélimsedbgrporificdtion ‘stepizidisemidtiseso mphgindgthadetiodyhshinterest and
contamipantsmakdasubiesiagdanaw pHhydropbabiginterastionichromategraphyrusing an elution
buffer at a pH between about %dgﬁéﬁ_sc,ogrefgroplz}{ gr§9rmn%gligt w salt concentrations &e.g., from about

DCTIONS O St TUC < immunola S11S COI’I]P

0-0.25M salt). 25 .Antig%_ f(bg(eparatlon 1 Po@/c onal antibodies ~~ Polyclonal an ibodies are
generally raidBiheAAh i hiFh st s iBR B EETE Ml sr R aparteyRas GBFTHERtBhs of the
relevant antigeteandeareaidjuvant. imfay Isecusefeh tentbmjugate the fetewdrgoaritigenitom protein that is

immunogenig i, the.SRRGIeS I9:PeimmHRifR M. 36 & dakeypale impshhemacyanititks), serum
albumin 5bovine t1 r.oglobulin,uor soxbegrsletrl}/ gir‘lzglrlllh}g;torﬁtlllséisr;fl%eahbigunct%ongll or d?rivatizing agent,
e.g., ma%eimia%% z%ylcglﬁﬁ%lgu%%fﬁ?m?ﬁle ester (con) ga??on ﬁ1roug “Ef/%téﬁﬁé’ r%gﬁ(éfﬁgéfr
N-hydroxysuédigivfider¢ioingalfysiarresicdesyiptetaraitieniriersuestmeampi brideisdC12, or
RN=C=NR, wherenRiandnb2chaxe srtdeperdenty Dwenatylgoups kxammples Dbadisyants which may
be emp'oyedsuﬁ%gq?]gmgﬁzﬁngqgme}a snadiugantand MiPL,PM adigyankimangahesphotyl Lipid A,

synthetic trehalose dicormimycolate). Thé immunization protocol may be selectéd by one skilled in the
an without uﬁﬁ%@t@%‘@ﬁ%’éﬁ%ﬂﬁf of 2 PPl BRI R T e e dit lﬂ‘i”éeé’ﬁﬁb%' ! immunogenic
conjugafés, amdenvativesdyy cothibinmdg englsctB0 ulg or Botigubrith erprotdirsobaconjugabe (for rabbits or
mice, respectivglnbaoMith e wpesotkraund sieomplete adiwantanddinjegting.dhegolution
intradermally at, mulile, sites, Qe month ey, dhe animals are hoasied Wil /2 g a0 the original
amount of pepﬁ&e‘ or conjugate In Eretind" compf’ete ala'ﬁhva%? y su cu?anepus mjécflon at multiple
sites. Seven W fouttédRtdayestatiictie: altitialsire Brediangstie danmividhadsapedfetdntibody titer.
Animals are headsteddinikdhe fitetqibtiedus. tizenjugates aldaicaniipepmiadehin sepprbinant cell
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10culture as protein fusions. Also, aggregating agents such as alum are suitable to enhance the
immune respQnse,s)Meppclonal antibodies Monoclonal antibodies are ghtaipgagh ffom.a population of
substantially homogeneous 15 antibodies, i.e., the individual antibodies comprising the population are
identical except for possible naturally occurring mutations and/or post-translational modifications (e.g.,
isomerizatiorssraiiefatioingy thading e Eredeit-Trl wiindt @mefuries. whndUtrb v eRfE™monoclonal”
indicates thedachanacter afthe astiieehgassot being a mixture of discrete antibodies. 20For example,

the monoclonal antjpog -be made ysi hybridoma irstdescribed.hy Kohler et al.,
Nature, 256:495 1%7 %c?r%%/i eﬁﬁwaqjgéiﬁy%g%%%b%ant DE?\IA@]%JEB?&; PgaE[)ent Nyo 4,816,567).

In the hybrldB?ﬁﬂcﬁ‘iIé(tIJfB]ﬁed RO e B a?)fp‘t}i?p’r’%?gﬁo%tdaﬁ?ﬁ’i]éﬁp%‘l‘fchmﬁ%&aalﬂlﬁgeé‘f& is immunized
as hereirfabaveredésciiivert deeticiehimphodytes theteprodisterorctréycapablenf 25 oprobiucing
antibodies thgtyith specificallkbinddeiner BF@I@%M%&Q{; immunizm@oM@g@@ﬂme&melymphocytes

may be |mmur{|%ed |r} Vitro. %Xmlghef:é@es then are f sqgﬁ(vf\:/étg% eI ma.ce %g”& (§U|table fusing

agent, such as ofye ﬁ)ﬁ?ﬁ% glycol {o form a nf/lg}r? oma cell glnﬁ R/I(ﬁn cfonal ntibodies:

Principles antP¥cietifiingro8 Y%\lﬁéﬁéﬁﬁé@?‘é%@hf%@}h%OThe immunizing agent will typically
include the antigenic pugietriomna-fimsi tromait anidndegotGahearal lyeithdly pesipherphblood lymphocytes
(PBLS') are ysesdfeslls af RGN Atk desiied arspisancals.or Rk node gl are used i

non-human matmmallan sources are ?swe%l}dTQe m@hocylges re ths rused with ar;ﬁgmmortahzed
cell line using™3 SUTEBISFASIATAGSHE ‘86 28 p8|§§ﬁy?ene J ycol & T2 RbHEB S cell. Goding,

Monoclonal 38A#tibodiesst Prinkdplisren d ko iee, Meatehit PrEss.(198a) S5 p. #9103,
Immortalizedppejﬁngs@r@usuglIyea{am@fmmed(m@pmauam@e&ﬁ. partielacly myelemaacells of rodent,
bovine and human origin, Ysuallrat ot mause, mysloma cel inss,are. smployed The hybridoma cells
thus prepare(f dre seeded an grownpm a sunab}i’e culture tnedium that pref eraia]fy contains one or
more subsstaftie’s thgtithi b‘l”f‘tﬁlén grotiah GPsTRATAY 6f HiastRfusEaShsaismEt ey & Ghls cells. For
example, if thepaseptEionyatamakefisdhaskdhaenz ymehypoxaothine g daninesghosphpribosyl
transferase ((1GPRYT. or HPRE)«Ihe, qultire mediypm Qrtﬁh%@%&“{doﬂsa?otﬁ@ Gally yill include

hypoxanthlne amlnoptenn and thymldlne HAT medium), which are substances that prevent the

growth of HGPRTLYéfciemtsns sioydidr geblrdni oHiats ey &l6Mna 2eifs wHelaRc¥EGttuse efficiently,
support stableakighorti. I%eb@mﬂu@ﬁ@m&ﬁanm@@y&y thenselestechantibodysprodaeing cells, and are
sensitivgfo aaf%?ﬂé‘dmt a%hw~mﬁfé'%}nﬁmy%59%§%@5§J&5{@%@&@amw4&616%/ gigma lines, such

as those derived from MO C-21 and MPC-11 mouse tumors available from the Salk Institute Cell
Distribution CEHtEP S5 BRRGETEAIFSITE UEA A8 8P AN RA A EHVAIVEY HiSPedt e.g.,
X63-Ag8-653)avaitatlecfromethendrmericare TeyvelCuitire dooliettiozs, Wihnfspakiiviginkg USA. 15
Human myelgma.and mouse-human heteromycloma cell lines also have been described for the
production of humag monothwQC?J tantlt?qd es(g11 18{ J. Jmmunol Br(pdeur et al.,

Jon 18 S heen %mpma% g’%gqvmn(alg%eﬁ(er Inc., New

Monoclonal Antibody Production ech niques an Aphahca tio arce
York, 1987)) f’@t&ﬁwé%ﬁ@ampwwﬁf@ﬁmw;&ahﬁ%é}% %Féﬁﬁvamhd*%geé%é%&v&%s‘ra?‘pr?}&fucuon of 20
monoclonal antiboties directethagairistih@antigenrddveferabhpsthenbindudgispedificity @f monoclonal

antibodies produgedy:bybridama gelis.isrdetrimined BymmsReneaRItaIoN Qrby ARin vitro binding
assay, such as radi lmmuno§1 sal)éq%PlA or enzyme- -linked .inununosorbent assay (ELISA) The culture

t f trat
medium in whicH tHe’ Ry BAYS Sare cllttfed can he assayed for the

An "isoronic" formulation is one which has essentially the same osmotic pressure as

30 human blood. Isotonic formulations will generally have an osmotic pressure from about 250 to
350 mOsm. The term “hypotonic™ describes & formulation with an osmotic pressure below that

of human blood. Correspondingly, the term “hypertonic” is used to describe a formulation with

an osmotic pressure above that of human blood. Isotomicity can be measured using a vapor
pressure or ice-freezing type osmometer, for example. The formulations of the present invention

35 are hypertonic as a result of the addition of salt and/or buffer.
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25 presence of monoclonal antibodies directed against the desired antigen. Preferably, the binding
affinity and sg%iﬂﬁméﬁggpe monoclonal antibody can be determined by, FpmunRRiEsiRitation or by an
in vitro binding assay, such as radioimmunoassay (NA) or enzyme-linked assay (ELISA). Such
techniques and assays are known in the in art. For example, binding affinity may be determined by the
Scatchard analysis @ Wit stneddicreanaiBiodrBr 17D 2B EPBY) 3T AfSFPYHfidgma cells are
identified that{preducaantibadiesoithe dasiveaspedificitly, affiaity rand/ar actittyscthadlones may be
subcloned bxo'ra&@;magogg'&ﬂg@ﬁ&@%@a{g&mggm é’éé@é%lg%giéﬂgtﬂ%%Q%%ﬁ%gﬁ%@ra)- Suitable

culture media for this purposeé include, for example, 1EM or RPMI-1640 medium, In addition, the
hybridoma c&l&iayiamgsma iRVRY SIS TP MEIMMErde YT SR S8 BN ¥iibodies
secretedshy tlire:sudvdlothesommis aiidhsnepdratad frém therbislugié medidpaseiel flasel, or serum by
conventionaljimmigaaglebuliniputificRiigepiecesisas, W ass farexampiRipreteinA-§epharose,
hydroxylapatite chrogmatogr el electrophoresis, dialysis, or. affinity chromatography. 5SMonoclonal
antibodies mlglflmélfgégngga] lnn%(?gggyyl}%gopn%%%sntsﬁ A ghg@é}?ﬁga%%%t cl)goe.a é(%csn }é In U.S. Patent
No. 4,816,565 Hd e ause (IRER 2o VS TIN ATeltBtlifyiarisitsel siardrtibediad fhsadily isolated
and sequenceddsingecomietitipgat pepeechssescfaiekyrioy dsikgroligemns clebtid EPrabes:that are capable

of binding spgeifigally-10.98Rg%8RCosHNG thaeaY.20chiabhehaing ofamuring antibedies). The
hybridoma cells serve as af‘rﬁferred s?i)urce of such .10 DNA. Qnce ﬁ%qudted, the DNA may be placed
C 0

into expressiBHATERRIIhIH Are thBHYANSHE &ad ikte Hios cand'shidias E. call cells, simian COS
cells, Chinese hamsterdvary{e@H Gicsalisntnsiyslomereslisithataidnrematienviad s diice
immunoglobylig:praieinmin Qe ixrsyathesize: menadanal antibesiosimauch weambinant host cells.
Review articles on recombinant expression.in bacteria o ncqdi ib include Skerra et
at, Curr. Opiﬁlaglﬁa%ﬁsl_ Irﬁqr%ﬁcr?rgf: 1:%5; 53‘?6_%%%1161;91?9%%%%% éﬁ?ﬁ%ﬁn%ﬁrggnﬁgﬁgﬁl%g\g/s8(%89151188 (1992).
In a further etfBEiimRR: CarttiEL ta A TSOIEE T ShicHMEYT Brale mskase g8 érated using the
techniques degaribedimyMeCatfapthetsaMaiunedi8dd:18652:654 (1990). Clackson et at. Nature,

352:624-628 (1991) angl Marks:£lat.J. Mot Biok 2225812946199 desciibe hgisglation of mufine
and human antibodlies, re;&eetiveg/, usm%ngha e i%[‘at{‘ies. ZOrglﬂbscquent pu Iicatigqg describe the

production of ST (A TER G RUM AR ARt b odieS by ERAM'S Griing (Vi ks et alf.t.
Bio/Technoldgygadr 72917 88 pto dmroedone | Pastietabinatadriaripfdetvirdnd itrgiviieéembination as a
strategy»for &@n&tm&tirfgnvgmﬁasg@ ﬂt@gﬁﬂﬂ)r@%ﬁifﬁ,\/ﬂatemﬁm ®faate his! .idmiassa@@; 21:2265-2266
(1993)). Thuaﬁéh??%l%h%%%%gm 5&%@,73&%%@9'&9_%? Egayaa%%att%aggé%@ﬁ'ﬂ%gaﬁaﬁa'sgte&befasiy hybridoma

. b ot
techniques for isolation of monoclonal 25antibodies. A also may be modified, for example,

by substitutifHEXIaiRyS & Fah EE RSP HHfdPF HERG2 SHE R ECORHIEER 'gﬁqrﬂ’gﬁﬁg?ﬁs in place of the
homologous mifinecstéguehoesdtiS. Patantididic4, 3v8:56 Acdiorrimtmudicat, iPreeiRlati-Acad. Sci.

lﬁ]SA, 21:68511;;&9&%)%&&&%9&1@&%&%]9&@5&;&1@#@@%&9@9&9@1&1@6&%&?@gsésfagﬁ,all or lloagt Iof

the coding sequence far 30 a non-immunoglobulin polypeptide. Typically such non-immunoglobulin
polypep |des%§?¥éelgg%’§ |?if§’d ?gtrmt g’%ﬁg?ﬁf%cd%%%?n% gﬁggyan%g-go%? Oy?))r% eoycar% su 0}gituted for the
variable domesitrsief sraRntigBEsnIBiRhg ElE of SHIGNHBGHF toPeredie S EHTifefiEPB¥alent antibody
comprising ofigaftigen<combia)neysiievianing speeiticityefor amniantigercant@iiathdrcantigen-combining
site having spegificity far.a diffetent antgeNesyic, THEMONAGIgNal AriikediasdrseHhgs herein may by

monovalent, the preparation of which is well known in the art. For example, one m%thod involves
recombinant BYERESi S BFIRHRIAEYI SR CHISE Endin ARt S BaIfea RELY @ﬁ%ﬁ‘?ﬁ’. }& heavy chain is
truncatetd geheratiysab amicpoificherthenFoesplioln. so rastielqrel/aniritaiavy eHalissrolsbinking.
Alternatively thetalayaptis cysteins nasidues may:hesubsiibaiedowithorbaihenamineacid residue or
are deleted sg as,to pre w%nt r‘{{,??iﬁgéﬁiﬂg,-r ng\égtrgcﬁeﬁr})%% aa‘r&h%lgo suitable for preparing monovalent
antibodies. Dlgegtlon of a ﬁ%odslzes to produce fragments t}ﬁlereof, ‘particularly Fab fragments, can be
accomplished using/BUIAEtecHHiiEERolrEn tha drt esmtie feb PRy daFtBYte¥aliso may be
prepared in vitrietaising tinouwncnretho dsdimdBesyntiiadictipsote foohdaridtrijorincludinguirbdse involving
cross' liking agents, e eXRAMRIE.JMAMNIGXIAS MaY hesanstuatedusinosadisulfidaexchange
reaction or by forming a thioether bond. Examples of suitable reagents for this purpose include
iminothiolate and methyl-4mere aptobutyrimidate. 153)Humanized antibodies. The antibodies of
the invention may further comprise humanized oréguman antibodies. Humanized forms of non-human
(e.g., marine) antibodies are chimeric immunoglobulins, immunoglobulin chains or fragments thereof
(such as Fv, Fab, Fab’, F(ab52 or other antigen-binding subsequences of antibodies) which contain
minimal sequence derived from non-human 20 immunoglobulin. Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues from a complementarity determining region
(CDR) (HVR as used herein) of the recipient are replaced by residues from a CDR of a hon-human
species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and
capacity. In some instances, Fy framework residues of the human immunoglobulin are replaced by
corresponding non-human



25 residues. Humanized antibodies may also comprise residues which are found neither in the
recipient antikwg)fgg(%%st e imported CDR or framework sequences. InPg@HgE%m%&umanized
antibody will comprise substantially all of at least one, and typically two, variable domain, in which all
or substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all or
substantiallyrafrsiithe TR ek g skt hegeosla:hittha 80 $IRSUNBHIsPGh E8REBAsUS sequence. The
humanized antibady-optimalygismwyilhpenpesaat deast anpaktian efan iruauwaogiakatin constant
region (Fe). typically et Numan memndalaRuln 10ass &L Al Nale ik aaesied (1986)
Riechmann et at, Nature 332 323- 329 (198892gand Presta, Curr. Opin. Struct. Biol. 2: 593-596 (1992).
Methods for Kdm3tzing6H-Ruih A BRisEdIds Srewdi kS im AP IR B { b &y SRR S5 humanized
antibodyshas=operglmioretamihdzacid, résidiesnintrodudadinntaritinomanarsoeieecisvich 4s non-human.
Tiesefnon-hmm@&;ﬁmgﬁa@&é clitﬁ%ﬂﬂmﬁear@@ﬁ@ige{ﬁ_&aﬁ;@,d F%iﬂé "éiﬁﬁgfé,'l'l ﬁ%%i(ﬂ#@saa\fgaﬁt; are tyr;]ically
taken from an "Import" yariable ain. Humanization can be essentially perfarmed following the
method of WHTEand o BHRerS e ST R Sre A8 e S I SURATAIN ot at Nature
332:323-32711DgB)ny atiey évp erate Stshdac 2 Boigpinctdineg Bo{1g8s) rerthialigl Stibstituting rodent
CDRs or CDRusieglienees-ded thetonaspeidings seqlignces-afia, Minanasni kadycAdaardingly, such
“humaniged” antippdies A GG AriibRRias LR C el Mo A EAARAT YRRLGR substantiall

less than an in_taqt humanvariable domain has been s_ubstltuteq by _the‘correspon seqguence from
a non-humad <SPt a2iH Breti g RuPs ARIS8E BRIB IR ety 3si s HU S ah f158dis in which some -
CDR residuesnand s Siblyx surive HRdQr abidue stans dubtistitetmd ibypadsititesdrgih &sabogous sites in
rodent antibqgiSparaginthe choice of human variable domains, both light and heavy, to be used in
making the humanized antibodies is very impartant to reduce antigenicity. According ta the so-called
"best-fit" method, th%jg}enffﬁ%unlgé of the {/%ﬁabgl)ue R orzﬁlatd?ﬁao glcrgf%ent% ?nt.%’gé‘{?s"%é“}%*en‘él% against the

entire lidfary & RawsveAdismentyefike Eusidirrse deidneustarrie Rorfidn Whterde urth is closest 15

- to that of theirodéstiis dhenvaceaptad @stthe human framework (FR) for the humanized antibody. Sims

etat, . Immunol., 151,2296,(1993); Ghothia.ef.al-JiMaokdRiale 13201 28Ai-AnQihes method uses a

particular framework derived from the consensus sequence of all human antibodies of a particular
subgroup of TP HEXU cHETHE P EARME FrafRtiorm Js%dfaggmgﬁ 'SBUEPAFGREFent humanized
antibodies. Qugtan ecatstPret. Nhah hohamdeiousneggdpgs proghedrdhsoengiu®:dmmunot,
151:262%3 (199@kmaceuticisifurhisrimparantthatsantikadiesshehsnanized withpeiertion of high affinity
for the antigen apd, oot favorable, bRladical-RLePErias:, 18 AHIEXS IS SRRk ARGRIMING to a preferred
method, humanized antﬁgodc}eg are repare& by a process of analysis of the parental sequences and
various conc@ﬁ?ﬁ’ﬁFmW&gﬂ’%Fﬁﬂ%ﬁéﬁ@mgﬁm‘@‘é’lﬁﬁﬁ@’n%iﬂhﬁl Rigtaiebitiicparshidl and 25
humanized seguencéydihredigimensgiovial nightinagioiuwiinisneodety arercdmrimonlytavallable and are
famtijliatt)rl to ;h %g@ejé&ill%QﬂM?%@ﬁm,Cmyﬂelaﬁrqum; aig%lé}imiéaab,iﬁcng %J)y'ﬂ!g%@t%mlﬂbdi?play

probable three- enal conformatiopal stryctures of selected candidate immwmglobulin
Coaencts. T e e ST PR HRE e P b in the
functioning ofthedaiiditetien fiemd grsBlimesdeiretiess; refingte aREMEROGT 30! réfaflYRss that influence
the ability of thengandidateuimmuneglabulis ubind iisiantigenstn thislaay iseRaesikuesican be
selected and,combined fram, e (SRl AN JNRRI RERISRER S bRl dRS Agsigd.aafibody

characteristic, such as increased afflnrlal for the target antlci;jen(s), IS achieved. In"general, the CDR

residues are SFBEIRARITFHTO o0 Bas ARANS S OO RAEY FTaishLEREIRG gL BilERY' “&* various forms
of the hafariketbantiboehpdrerodrtemplatdiForamampi ebtiehbmehized dotibatyidiay be an
antibocrdy fragments M@%@%,amwla;@mﬁl %ﬂ@!ﬁ@ﬂ?/ tﬁﬁﬂﬂhﬁ@éﬁﬁwia% gra@aétraﬁnweiﬁwtotoxic agent(s)
in order to generate an immunaconjygate. Alternatively, t anized .anti ay be an intact
oy, such Ao T Tt apCBAH & e i e A RN B0
humanizatiort®hisfriaH et ddfed dafr Hehgareriedy rormsbinipies s iieRrpEs e U Hroduce
transgenic anichalse(@ergsymoiee) thatracestapablespion smpmunizatien, toftipr dduciagpa fulk repertoire of
human %E‘t'bgﬁ'ﬁ&!ﬁ%{Q%&Q@QQE%QJ-@@%%@QH%M@Q&lﬁﬁ?%mplgeiﬁ’%g&%}!@r}etﬁ% ‘gsxample, it hgs
been described that the homozygous deletion of the antibody heavy-chain joining region (J8) gene in
chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody production.
Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will result
in the production of human antibodies upon antigen challenge. See, e.g., Jakobovits et at, Proc. Natl.
Acad. Sci. USA, 90:2551 (1993); 15Jakobovits et at, Nature, 362:255-258 (1993); Bruggermann et at,
Year in Ithmuno., 7:33 (1993); U.S. Patent Nos. 5,591,669 and WO 97/17852.



Alternatively, phage display technology can be used to produce human antibodies and antibody
fragments in iz, fram iymunoglobulin variable (V) domain gene repegeigsfi@mswoimmunized
donors. McCafferty et at, Nature 348:552-553 (1990); Hoogenboom and Winter, 20 Mot Biol. 227: 381
(1991). According to this technique, antibody V domain genes are cloned in-frame into either a major
or minor coaPprsEingerhersra fMahientodshcierbpraghraticirds MES BFEatrdeplayed as
functional angifiegly. fragments on the surface of the phage particle. Because the filamentous particle
contains a single-sgandad PNA Gapyafibe RhAGS SeNRpR.EleEHANs RassdeniRefiynctional
properties of the antibo{d%gl_go' result in selectidon of hle} gene 25 g—:-nco?i%g thffantipgdl}/ exhibiting
those propertis A AHRBSHAYE MR YoM oF e BroBeiREGPRRS BIeah 'BRage bisplay can be
performed insacyariefyroflit pratenyiéviedwéer inomdizativh fisonp Ke il StsdribGhiswera®avid J., Curr.
Opin Struct. Bigh:3:RG4 a1 161 99ioSayera) seHmes-0f Migens.segrigniscarrda usae,for phage
display. Clacieenn Skl o NAM G Octifab IRl oalRlng 2 HVRISR.ALRY Qlaniixazolone
antibodies from a small random 30 cor‘n%lnatorlaf{ Ibrary of V genes derived from the spleens of
immunized nilEABRSHER RGP SRS MB ARRPRBIRTZEd human donors can be constructed and
antibodies to a diversgrasrayiof antigensidcitidingselkéhtigers)foan beis biagadogssentially following
the techpjques.describad byMarks.etak pixMalyBinly 32258459129, prGtifith e1al., EMBO 5.
12:725-734 (199_;3 . See ia]slo_, U.S. Ii?ateptt. Nos. ,5651,332 nd 5,%213,9355matév ;}rhgl Iigghniques of Cole
et at, and BoBIEF St APAHRIAISE VSRS $r the PraparafiontSFhtiman monocional antibodies (Cole et
al., Monoclomatednatidonibg teney Cavmeaiphderly;, M riopss fhlorry opBapanBdkmdr et at, J.
Ithmunot 147Q ) 86r921(#8MWeh-Almilakly,tsman antihidiesnmrn fe aededbys intradyeing human
inununoglobiliinIogiinto, I BNSABNI AUMAR, il RANGE HLMIGNS: FRARIRRRUSIMARLNODIobUIIn

genes have beeh partially or completely inactivate pon challenge, human antibody production is
observeld, wiitdh BlodEn et ot alsahrinhParEm AicPe¥pRes  iRtRIBNyPgERE rearrangement,
assembly anckasttiboesordpertotiehdkhis.approach imdeseriobd FTeresamphercintsgviistent Nos.
5,545,807; 5;p45,800.,R282:1825, 5,625,126, 5,633,425, 5,661,016 and in the following scientific
publications: Marks et 10 at, Bipffechnology. 10: 779-783 (1992)- Lonberg et at, Nature 368: 856-859
(1904); Morrison, NALEHE'SEs 1 1 (1G0T Fhhd SEAt Notirs BrotauihalBos Tabab.o1 (1096),
Neuberger, NediyidBistedHstiogsatd: B89 611996 UMb rpPamimss 22 AU TMEVH. REF. Immunot 13
65-93 (18995)or clinicaiphii@llysyh waanbaniitodiecmaayalsolbe generatoddmvitodyeactiseted B cells (see
U.S. 15Pate%W@&;%&%Q@H&{é%%?r%zr»‘éasi@/%ﬁetmdyf EAUDE NS ession LGEHAIREILCUMStances

there are advantages to using antibody fragments, rather than whole antibodi >maller fragment
sizes allow fAPTEHIE datirics, 4t ?ﬁg)f TELH Y i SPRVEH SHRECEEs ' ST ﬁﬁ% 8 various
techniques hawid deendeyeicpic for thal prddactionlafuntiboodistg melingdratitibisslly, these
fragments werg.derivied:via-prateehdieRigestion glintactantibodiegitsess &g Merimoto et at, .1
Biochem Biophys. Method, 24:107-11 92)..and Brepnan.et al . .Science, 229:81 (1985)). However,
these fggﬁme?ﬂnt%/c’éénr?rﬁs g%%méraossa)ﬁ?ggg%dcj é%y%gécgcr:ﬁ %ﬁgﬁstoﬁgf@stl lé%l% g?\?, F¥ ag?d scFv
antibody fragments/Eas/&I e EeHFESSER iiF AN SELTERE FOTHES: Eulrsthti< =B the' facile
production ofiiasgecameu atsddithesedsagme MdicArititibdy ifchgine atsccanube dsplatedkfrom the antibody

phage librarigg disgyssed,abaye sAlternativelve RalBbb ragmeniscambe: digctheresayered from E.
coli and chemically coupled to form F‘ga,b'), fra mﬁﬁnts gg,: ner etfal., [%io/Tfechrﬂglggy :Ltg):r163-167
(1992)). Accd‘?d]mig fBeéH‘SPﬁg’?’afﬁﬁcr%lgcﬁ?rt%ﬁﬁ% ragments ' 3b Carrbe isofated directly front
recombiffant thesigb 8P cuitdres!FabRiner cais) 2RKitkribitbease in vivo half-life is described in U.S. Patent
No. 5,869,046. In othensmbedimenisshe.aniibody.of.chaicaisiamingle shainRtgiiagment (scFv). See
WO 93/16185;U.S. Patent No. 5.571,894 and | Patent NO,.o, 158. T ' fragment may
also be a "Iinég?daﬁti ((:)acsilff'a?jg.é??pé%vﬁgesn?r%iéepég#l f%%%gt%%%%ﬁ%‘g&?s&ﬁ%% %ﬂ ibody

fragments m&Y S8 iBRRYBHETHTE BRbIZPRSHESES RS BT 7834 et P& 680 /567104 6) Antibody
Dependent Enzighnef MegiatadRt ddradgiTharapyn(ARIER Tcit didserehtibpdie sndfediprasient invention
may alsqspe usgd p-ARP TrbuiconMaatinatheRNtbaty o ppRdrug-askivating.engyme which
converts a prodrug (e.g. a peptidyl chemotherapeutic agent, see WO 81/01145) to an active
anti-cancer drug. See, for example, WO 588/07378 and U. S. Patent No. 4,975,278.  The enzyme
component of the immunoconjugate useful for ADEPT includes any enzyme capable of acting on a
prodrug in such a way so as to convert it into its more active, cytotoxic form.

es.
0



Enzymes that are useful in the method of this invention include, but are not limited to, 10 glycosidase,
glucose oxida% Rmmﬂsozyme, human glucuronidase, alkaline phom%g%%r;{w for converting
phosphate-containing prodrugs into free drugs; arylsulfatase useful for converting sulfate-containing
prodrugs into free thugs; cytosine deaminase useful for converting non-toxic 5-fluorocytosine into the
anti-cancer drtifjBifiuip potiragindprotisdse e stien nkesdivatisf prbtdas examearoRmesigtitiisin,
carboxypeptigdases: (@xguncarbexypeptidnsaitdiancr 1k patbeypeptidase Bisand sathapsins (such as
cathepsins B,806nh 113l A& el hiel So0r g RERNG cePING RIS g fige drugs

D-alanylcarboxypeptidases, useful for converting prodrugs that contain ' D-amino acid substituents;
carbohydrate-cleanhd’@ﬁ%i’ﬁ’é‘?@’uﬁfﬁ%@eﬁéﬁﬂ’gcfﬁ%é%é“e’f’t’f&?’ﬁ’éﬁffé?ﬁ?ﬁid’égg deagst 8¢ converting
glycosyldted foragrisgs ifitorfreecdrergs; P-mbtarmn dsedgseflbforlotuvertingt driigs denmatized with

P-lactams intqfsge.Mugs 80420 RaRnicHin-anigases uich A Renisilin Vamidase.oraenicillin G
amidase, useful for convertinlg dru%s derivatized at th[eir aminq nitro ens with henoxc}/acetyl or

the nunnnum congentrafion that vents, or attenpates the dev opme gc} f least gne symptom . ..
phenylacetyl groups, respeg:?lvefi_/, intd free drugs. K?ternatlvefy, antibodies with e zﬂl atic activity, also
known in theai G dhryir@gei@anBe-used to convert the prodrugs of the invention into free active
drugs (see, e.g., Maskeyi-Naliiias 33 Bn 45740 {haBh)ioA vt edye sibzyme conjugateswan be prepared
as 25deggribed Rereindordelivaryprhing ﬁQEXﬁé%ﬁaﬁd&%@ﬁ&%h@&%@@M&? for an LAEAROVE enzymes
can be covalently bound to the p%l&p%ude or antibodies described herein by techniques well known in

oB

the art such 8FHeHi8B%f tHE L BT8R SRR A e R S8 B3VR Alternatively,
fusion proteingecontipridivigatcieasttisénantien binding region of the antibody of the invention linked to
at least a functionally;agtive periop.kan 3eenzymeref thedpuantioncanbe constusied using
recombinant A teshnigues el kngunnhe.ar (5es, 2.0, Noyberder,ef.al, Natuje 312: 604-608
(1984)). 7) Blspecﬁ%c a.n'é1 polyspecific antibodies ” =~ Bispecific Sntibodies I%sASbs{igairc antibodies
that have’ bin@ﬁ&sﬁ’@%ﬁﬁcif?@éwﬂ%’t ferstens g el {Estopus, Reiuding 1EE2Bn e same or
another protenamalicrmatively, one arm can bind to the target antigen, and another aim can be
combined with an afp hat-Dinds.1o.a.ggerng.maleculs SR IeUkPRIS SHCR 28,8, LG8l receptor
molecule (e.g., CD3), or ;PC‘ r ceﬁtgrs ;o%IgGT_(TFc?lZ _SLtICh as FCc7R1 (Clc:1)64at), Fc R"'ISCD32) and
EcyRIIl (CDI8™d0"%s Y8 7688 s KR a ok allse "CaI AP HETEN Se T SRR AN Y (i Th&oBiFg
antigen-expredéingatedmSoats dntibo dieccerb Bhecgdriveditodin Wirkehyftramtbodiesi@reantibody
fragments (e @niriabi2ispecificamibadiesyle. Bispecific antibodies may also be used to localize
cylotoxic agents (0 gells, whigh XpIess s arae antiaen  Sus.anthaies.Reassss,pne am that binds

the desired antigen and another arm t inds the cytotoxic agent (e.g., saporin, anti-interferon-a,

vinca alkoloid, ricin AR SRretRStreXaer st raltio Sctie & e B HsER P EXRFHES BPknown
bispecific antibddigsinclude 108wt ErhBR/ERtrdEegRITEYWO 96/16673), anti-ErbB2/anti-FcgR1 (U.S.P.
5,837,234), anti- EToB2/amismh3 Ao 15:824:33%) disorady 8RS Sar.making:hispesifis antibodies are
known in.the art. .;ga ditional. production of full length bispecific antibodies is based on.the coexpression
of two im‘munogré Salin eavyscul‘%%\fﬁ/l’ri’gf’hfl thain pa|r§, here the two chains have difieret specificities.
Millstein et atoREtarePrsi3m5: 43PinR0n 83 Baedase Fethereaiid sirrasdortmiEntgrhmunoglobulin
heavy and lightychains sihesally bridemasiguatremas)ypaduce & petentiatimixiurenofntO different
antibody moleciles, okwhich,onfy Qps has theisaiTssLRISREEIiC alrstvie. Ruificationgf the correct

molecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the
product yieldS SFE 5ol SiifF Proledived-als GiSeibEaa A 8aiEE> dPa IR TEIE cker et 20at,
EMBO J9 10:3856-8659 (199¢hic discascbrtiimgiteet differe ot ap proach(fantiboply. variatite domains with
the desiredd biﬁ]fﬂxﬂ“Gﬁﬁ&ﬁiﬁ&meiﬁ%tiﬁh@&lﬂa@migﬁg}lriﬁgfm)mi@glﬁiﬁﬁ)tﬁ,r%%l.&seld’@ei{@&nﬁﬁpg|0bU”n
constant domain sequences. The fusion preferably is with an immunoglobulin heavy chain constant
domain, coma B O e the first 25
heavy-chain SBHEtaRt FEGIIFATRE HIPEoHERI AT Ehen Sk e s PIbENG M HEEBIRATHES present in at
least one of thedkidionsnNAs-sincodingthetimiunaglobubnihgavyichainifiusiensiandydf desired, the
immunogdobylin lightchaim, 2He-INBRHEM INRISEPaHRIG MM eRTAN. ¥R AS»ANG akesGolyansfected into a
suitable host organism. This provides for great flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal ratios of the
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30 three polypeptide chains used in the construction provide the optimum yields. It is, however,
possible to inw&tﬂg},&ggtpg sequences for two or all three polypeptide %@{;&699 Qﬁ(ﬁxpression
vector when the expression of at least two polypeptide chains in equal ratios results In high yields or
when the ratios are of no particular significance. In a preferred embodiment of this approach,
the bispecificisrtibotiektiareddonipo diekoh A myvrie sirite sodishidienhesvyechdimwithea first binding
specificity in pesatmyriang siRypagrisNRegiebulinincavchandighliehainpairdpawiding a second
binding specilighy) e oiher ALy dtas ound iRt s RYINIMENIE ULEIME fRelliales the
separation of the esweéxbls?neu ic compound from unwanted immunog obulin chain combinations, as

the presence GFER iUASHIEBUTRERYRE ERANCIFERT SR SPine BrISEEHeHibReis provides for
an easy wayisofogefalafiendcihiswapproath isxdigdtosectipld/VOlDhi04 6800 kon furthepaetails of

generating bigpgcific antikediesysae Hfafaxamplemeireshabal, Methods niknzymeley 121: 210
(1986). Accordinlgntlo another %P roach d?scrit()jed i{'n WO 9?/2701]] or U.S.P. 5,731,168, the
)a} g 0 ple

. and autoimmune polypeuropathies), renal disorders (such as, for example, slomeiulopephribg
interface betWeen a pair of antibody mofecuies ¢an be engineered 1o maximize the percentage of

heterodimersSattishtéees reedvare dnft Gisi s cotibiffariusaneruien T pectoprddsitietace 10
comprises atﬁe_asi@paptg@fame@ich%ii,agieﬂ @n@nigmtimmyqumﬁwﬂ;d@m@iiﬂ, Indthisraeihod, one or
more small amino.agid.side, shains, from s inerfage of fhe firsh anibgdy maleguls are,replaced with

larger side chains (e.g., tyrosine or tryptophan). Compensatory “cavities” of identical or similar size to
the large sidd EHRPRS <J 4P EPACRRIE JITEHeYFHER BFith e SBEBn Y BB HRG I SETY B replacing
large amino acidigideChailswithvsinalieriomesd éqgrinaldmimesdrtbirdoninepThisprovides a
mechanism fgLinereasing.the Vigld afiherheigiadimear.avel athefopRwantied:Rnginodiigts such as
homodimers. _ . Technigues fogig)%rer?stigg absi,specifiac algtiglggies fgog{‘{ a tibo?}x\g‘rggments have been

. . HomEnune endogrime T CXar etic-re] at AULOITIY CaABes . .
described in fhe Titerature. For example, bispecific antbodies can be prepared using chemical linkage.

Brennarl et at'Sefeitdinsgegien tossyoadlim Ao csldiire whsrein e amme diesi0 are
prote_olyticalIyﬁ@iesa\_/@@.tocgmera@ﬁa&nﬂ&&_fyagmﬁms_M‘Bﬁe_sgﬁ‘aiag&m@mgi‘ammﬁhweid,_i|fbthe presence of
 the dithiol complexing agent.sediym.aisenits o siablize.igingl dithisksia0s.pieventiniermolecular

disulfide formation. The Fab' fragments generated are then_convened to thionjtrobenzoate (TNB)

derivatives. GHE8PthE B RIS dRRYAAVRE IS tHEATR BRVEHE F I SRR EAB PN E derivative to form the
bispecific antibody.Thhétisoreificcarmtibd diesedrogicedeesn bebusethasbifisnes forthe selective
immc;bgltzﬁtfiomeo%mw?ﬁ&us zﬁcﬁcﬁrt&fi’s@@&ﬁgﬁiéﬁ%&’ &ﬁsdimet{yn&ﬁﬁauwﬁcfr&mi@.méb@gd chgmiciﬂy
coupled to form bjspegific.antibodies..Shalaby: ef.at, J: Exp, Med. 175: 217225 (1992) describes the
production o ?ﬁll?ﬁ’rﬁaﬁzé b’?é%eé%%%r%bp’?l F(gllbl Zérﬁofgaé%lxgsl_?géogg%ol% ’fégtg?%%nst was
separately se®fefsdRbnPEcBil&Hg ‘§LPBf?éEFé’6%¥ affee ey eI BRIt ot VIS 8% orm the
bispecific 30castibodighbbeskispetific antibody thus formed was able to bind to cells overexpressing

the ErbB2 receptor and, naimal auman.-os s 2suell-as JHpaRtihe. hic.astivity et uman cytotoxic

ympocytes eqainst yman bast ot aroeis, ., Yatious lechnigies Tof making an solating
bivalent‘antibody Hagre s aiecty froniBComBiiant Call et havt At besidedtibed. For

example, bivarehpierbrodiméry Havé e naBsbrodigees usirly eubindyippamsowtatelmd et at, J.
Immunot 148h)shEdy -Lahd: (1 OR8 )as TheolRpgi nazippRer, peRptidr s dhecfH smnchidmproteins were

inked (0 the b, naians.of o difeienkantiandies b gene sien-Lne.Anibaghamodimers were

reduced at the hingeregion to form monomers and then re-oxidized to form the antibody heterodimers.
The "diabody™ fEEHSIEEY HESCHBEY 57 Bk Gelrm Bt e A kRl \WEK 83" 6 444-6448
(1993) s Dpitovitedean &lterhatviey dnesirarisin fdromeikihg HISRREHEbivalent-apadbady fragments.
The fragmenig.camprisaiReaanmehain:varablpdmaindv@) cannartiad ihlighiehain, variable
domain (VL) igﬁ% which is taa short ta all iring between the two domains an the same
chain. Accor%ﬁ%t e \Rr)\"gﬁrj-i}@%ortnc%ﬁrﬁs? ‘S?Jc?r?? ?%%&r?r%ﬁ?tg%%%% 1%()_85%’!?%% %ﬁ%er_%complementary
VL and Vo démanseptabisthe Liatiienectisraty A idantiySncbitieents 108m8% MAnother
strategy for makéngibispegifichivaientiantiogdyfagmentsbyith godgerofisingla: teniposide;

35 cryptophyeins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
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chain Fv (sFv) diners has also been reported. See Umber et at, J. linmunot, 152:5368 (1994).
Antibodies wi two valencies are contemplated. For examplg ' g&J 3% ?(Q‘tibodies can be
prepared. Tuf&%ﬁi{&ﬁ%nunot 147: 60 (1991). Exemplary bispecific anﬁ lt?t#es )r‘ngly bind to two
different epitopes on a given molecule. 15 Alternatively, an anti-protein arm may be combined with an
arm which bitveiuting thiggehitig mriees E Bt leukddytd Mierelashsthive lapstatipitdinmblecule (e.g., CD2,
CD3, CD28 osB (henfadentpigisdandgl (hayi:) » suehins meyRh(GROAihgyRiuG@32) and FcyRIIl
(CD16) so as [q focus Gellular dpfenss mechanisms 8 he.caliexpressing.ihe particuiar protein.
Bispecific antibodies may also be used 16 localize cytotoxic §%ents to cells which express a particular

20 protein. SteRaistBHIE pTEEEE & BTG S mcH A e PR PBRAER S ey totoxic agent
or a radisnuglidiicheiatonyguchme, BT B0l T BDEF Aowth LE TednmAninth ehbispeeific antibody of

interest binds.{hg.pERtain.fierest AR MNELRIOMS. Ussus:Rcien (I kB SMuUvaleniAntibodies A
multivalent antibody may be interngfgz%giggnd/.or catabollﬁ??g) f s}er than a bi‘}ﬁlint 25 antibody by a

cell expressifiy A ANtiGER TS WRIEH the ARtBoiIs<SBING. The anfibodiss oFtHE presaftinvention can be
multivalent alifodies’ (Whidheare Btiartifad of #ne-Ight clissFevitlithredarmitdre lamitigeh binding sites

(e.q. tgtravaleﬁfcﬁmibofdjesa, Mﬁkﬁhrﬁaﬂ be _ra@uiiIysprﬁuamﬁgohytﬁeoﬂmm@am%exmem of nl_JcIei_c a(_:id
encodingsthe RONBERUAS AhANS alieAniibat. Lo multisalest anhhedyfancampdse a dimerization

domain and three or more antigen binding sites. 30 The preféerred dimerization domain comprises (or
consists of) &fFE e IGHBF & hFE PEYEN RS SEERAPBY te AHHTSBH wHRCBINBYiEE an Fe region
and three or inokemyHigeddsindiion sifesranvino 4ermirfadtotheiRecrayidrxoheipréfelrdidzamultivalent

antibody hergiprgampriges, (OnLeensisis Alhres .10 abauheightiRulRiaiasably fauraatigen binding
sites. The muyltivalent antibody .c rises at least o lypeptide chain (and. preferably two
polypeptide ?ﬁ)’é?ﬁu%,cigﬁé\:?/ﬁoé?g}l% %{(E; plgﬁf’ﬁgﬁﬁ%:% 11@@19?59%%?#5%@%% qué}?l%%% ?Palﬁgﬁfg’ domains. For
instance SthesspERipap i eia ifE)y Y EBnPHEY D FUCRIJH -V ND fn-Prcapiverin2yH 1 is a first
variable domaigyMbanis @secend airbleidomainkheis pnepaiypepiideychaindbaiic region, X1

and X2 fePTQ@%@%@%{@%&&&Q&?&9819(&%&%%@&1%&&%92&&&&i%ﬁﬂ%%{)m& pelypeptide chain(s)
may comprise: VH-CH1-flexible linker-VH-CHI-Fc rer%l;on chain; or VH-CHI-VH-CHI-Fc 5 region chain.

The multival SSRGS HETERP B FERZOR TurfsaPE O pHEES St AT RRB°GHE-BRYE aBly four) light
chain variablerdbinain polyplptides:iThd iufolabert antibed\sivd reinanaieifo misibtagesse.comprise from
about twp to alepteightdighkebalivariakisdemain pRiypantidesmdhgdghtchaiamvpiiable domain
polypeptides contemplated here comprise 3 light, chain, variahle domain and, optinally, further
comprise a ct c?oma'lh. ]_Qly(ﬁ 8 ﬁeteroc nju gate Antibodiés Heteroconjugate antibodies are also
within the sc6H&Hithe ‘B?é@@ﬁ’t“i‘ﬁ\‘ien‘f%fﬁ“ﬂ‘@?éfoﬁ?ﬂﬁ}ﬁﬂﬁﬁe altpritnes are dBRBBsEa of two covalently
joined antiboglesidmongxamnigite, dne0fthexantibodieshin thisihéliébbeonpngateccan hbehcoupled to avidin,
the other to bigtinGueRIR aRtikedies have. dok exampledeeRarapesas R fargetimgmune system
cells to unwarllted cells, U.S.P. 4,676,980, and for. frea mer.lt of HIV infection. WO 91/00360, WO
92/200373 aAd BB BIIEEEY 1P 1E RS MERTDIAIES 1hat The antBEaiee Mmay Be Breparad i vitro using
known methsdarhiasynibfefierprotdimeshiehistiysinensdilymbgs:inloNing crststinkisgadients. For
example, imnumetoxiRssMRytheycrRasttuciad using adisulidasexchange seastienmebynorming a
thioether 20 bond, EAAMBIESALSHIAPIE IAGRN S RLARPURRSR, DClHde mnOfiglag and methy1-4-

mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 4,6 .

p yrimiaat . %6 n J.o. .
Heteroconjud e Bisti SIREEniay: e T au &R PRAT UoRTemBAt RISESHkiA § TRRTHJULS Suitable
cross-lirking Bgent SadecwalbkmoviRinrthecant, hirdarsidiSclosedageinSiRatenuMonid 86186,980, along
\évith a Ql umb%&t%&?zl,iﬁbigmjﬁ&laaiguﬁ&n%@, m&ﬁ&e&h & FLpetion E@g{a@g][mamnlhmay be

esirable to maodi e antibody. of the invention wit S§9$ 0.k ]aeﬂ r. function,.e.g., so as to
modify (e.g.,ré’rn’%gnée.%%{;ﬁ%ﬁé é% an .gfé%-déﬂﬁésﬁ“ er{ ce -Eri#e%ia{‘g %g%gici?ﬁcﬁé%ﬁi&l&) and/or
complement BepeRtaRe cyrRbkiBitgL CIICTGTthRRIRTEHEY . gtpyosine;  arabinoside  ("Ara-C™);

thiotepa; taxoids, e.g., paclitaxel (TAXOL®), albumin-engineered nanoparticle formuiation of

35 paclitaxel (ABRAXANETM), and doxetaxel! (TAXOTERERY); chloranbucil; 6-thioguanine;
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30 preferred embodiment, Fe effector function of the anti-PD-LI antibodies is reduced or eliminated.
This may be i jntroducing one or more amino acid substituti ' F ion of the
antibody. Altef}rgr%tﬁl)\\/{g@?zér%dditionalIy, cysteine residue(s) may be introd%%%égﬁ%'atﬂggéggegion, thereby
allowing interchain disulfide bond formation in this region. The homodimeric antibody thus generated
may have imprvepidrinternatitationtecagainity ardéeo sk rsaxead 85 eohvpibmient- mekdiated cell killing and
antibody-depemrdentes|lulaneyistoxisinDCEOP-Bee Garaniel atmtokxPoiMed.vinéhsdld1-1195 (1992)

and Shopes Sm% 101, 148:2918-2922 (1992)..HO i antibodies with enhanced anti-tumor
activity may also ég%:@le%g?gi jﬁgf}ng% ?@F&%iﬁ%ué%%ﬁgl@r%ggg?nﬁ%@) ’a%(_“(]:?ggmc?l e %ﬁﬁ%lff etal.,
Cancer Rese4Pepr53 5601288103 P ARtEpRStive PP BRtB0dy BARE erdineer#Which has dual
Fc regiors adiflmandtieiehyibrayaEohantedicomiplamantily sidapaARGGcdapabiitibt See
St?_\éer(ljson egﬁ&,&@ﬂ&%&%}%g@%m@ 390%6,2%Qv%@§59%ombin£{3ﬂf‘er‘?%%rtt_'ﬂﬁrg%@&ﬁé half llllfe of the
antibody, one may incorporate a salvage receptor binding epitope into the antipody (especially an
ibody A A EE B e P G o7 BP0 S R G L R, the torm
"salvage rec&prorbinding ephopionrefoxs [0IEYX0epitbpevsfinre Rcrdgidvhcsf Ea1gG wdlecule (e.g.,
IgGl, 1902, 190340540 0d) dixatisFes pensible fon inareasingethevinivivasspiusubalfJife-afdhe 1gG

moleculs, IDQek IR AGIS Seaence Madiieaians AN, 29 seauense, maliisation(s) o the

antibodies described herein-are 15 contemplated. For example, it may be desirable to improve the
binding affinifPEHRO SR EF BRI GIcaI BT SPRIIES HFTRE @ body. Amino acid sequence variants of the
antibody are preparéds lincintrddu dibglefpiopriatenriticlentideaghangiesainto the:lantibddye.nucleic acid, or

by peptide S)ﬂiﬁ@@%ﬁnﬁ&?ﬁé@ﬁéﬁﬂ%ﬁ%@%mﬁﬂg%aﬁ%&a@éﬂﬂﬂ%@ﬁﬁ%éfpﬁu andin iigsertio_ns !nto
and/or substltl]'%u%ns , residues th@_lgotcpe amino aﬁud se L:ﬁ‘”glc%?‘ of théa anﬁlbodgi {f\n combination of

20 deletion, i.nserf'f(l)ﬁ,‘S R Sibgttution |$yr}{5&a%]epo' arnve ai ina né?)?lée%ec‘fsproyl &d that the final
construdf podsdieanthes Ehesire R hiheEiarisiieso T Feai nBrdeiioeh aiged alses iy aftar
post-translatieaappresesses Gidb@aniibiodypsnehias.chiangingihe: nEMPERLOr pokitienf glycosylation

sites. A usefylmethahfaridentfisatian ofcerialn resieliemor regignaalthe antipadyhat are 25

preferred locations for mutagenesis is called "alanine scaming mutagenesis" as described by
cunninghamEMEWENETH SBIEHERSSSIA0STI%85 FIENY). W-PE R LG (B hrétiPeitarget residues
are identified{emer eraygeds residudg sechdB/dig) RSP Ehissdys Tantighlivransrepiacediy a neutral or
negativebfdcf}@cgﬁqemﬁ ,acid:ampist l%&ﬁ;:t@fﬁpwrﬁi@@i%ﬁﬁﬂ@mgﬁi@@@?@%&ﬁ;&th&ﬂ@raaiﬁn of the
amino acids antigen. Those amj id lgcati onstrating functipna sensitivity to the
substitutions%ﬁ%ﬁ%%eafg |nee§brg)}/;ﬂl{(r€3t$o%dﬁglan E{fﬁ&gﬁ%}; At Sﬁér?l \}%%é:lﬁghtgiu%ege%lr,% e(E:?L%'gitg}s&/of substitution.
Thus, while tﬁ'@%‘ifénfoiﬂ}ﬁﬁ’é)(ﬂﬁﬁﬁ'ﬁgsﬁﬁa?hiﬂ%t%@’s@&ﬁ%% paisifeisdre date AFEMS the nature of
the mutation ipiEbisesneechhbt: e pradeternminad. Hirthexamaplessto gnalyzethe iperfanmrance of a

mutation at a,Qiyen siig, ala seanping o, rapdomdmsagengsiziiz-aanducted.atite jarggt codon or
region and the expressed antibody variants are s reened, for‘tgle 35desired aC'[IVfII%O \4{\\/0
2010/0ﬁ634¥€%§§b0§fﬁ€?i’ﬁf4 AROARINO deid Seg i fed g fiof g 1rdube aMiR6 2 and/or
carboxyl-ternitigiote SIDRYABAGIngeid |ergithziiont’ G ieEidile tdupalddiveptisisl coitiiringfa hundred or
more residueseasmvelias:iitaseaueaca insaioaselaingit.ouiitipleamissasidresidues. Examples
of terminal ingestons nclile,an etk iih.andtermioal melbiond ieaidvaprihe ntibody fused fo

a 5 cytotoxic polypeptide. Other insertional variants of(;he_ antibody molecule incl e fusion to the
N- or C-termfHtR"8FHRdEAHBGS o AFFaHRARLABT Y oV ADEE Y b+ Fholy Se i dE SRR increases the
serum h#ilf-lifn6Th&ERRIIBedy!! as troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); anti-sense

oligonucleotides, particularly those that inhibit expression of genes in signaling pathways

implicated in abherant cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras, and

epidermal growth factor receptor (EGF-R); vaccines such as THERATOPE® vaccine and gene

therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID®

35 wvaccing; topoisomerase I inhibitor (e.g., LURTOTECAN®); an anti-cstrogen such as fulvestrant;
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Another type of variant is an amino acid substitution variant. These variants have at least one amino

acid residue iw@&ﬁmpﬁggy molecule replaced by a different residue. The sites9f,dQgreatest interest
for substitutional mutagenesis include the hypenfariable regions, but FR alterations are also

contemplated. Conservative substitutions are shown in the Table A below under the heading of
"preferred subStitgiibhe subsidmsubsttERBhS fesalbsacharg @b Blodic R iaktivmsutien more
substantial changes) decairinaes sxeraplanhsubstititionsyiniakieayeicas futher gescribed below
In reference 10,agHNA.A6I9. CIASEER MAUAER '&E.E?é#g‘%t&%@% REQQUgTS SEeQ0ed:, JABLE A Amino

Acid Substitutions Original Residue Exemplary stitutions Preferred Substitutions Ala (A) val; lett; lie
val Arg (R) lySimelistiey@ R thy Eivh @;%‘éﬁ?%%%; i ASH (B AR g ey ey *
5 heat shock protein (Hsp) 90 poison), and pharmaceutically acceptable salts, acids or derivatives
of any of the above.
A "growth-inhibitory agent” refers to a compound or composition that- inhibits growth of
a cell, which growth depends on receptor activation either in vifro or in vive. Thus, the growth-
imhibitory agent includes one that significently reduces the percentage of receptor-dependent cells
10 i S phase. Examples of growth-inhibitory agents include agents that block cell-cycle
progression (at a place other than S phase), such as agents that induce G1 arrest and M-phase
arrest.  Classical M-phase blockers include the vincas and vinca alkaloids (vineristine and
vinblastine), taxanes, and topoisomerase I inhibiters such as doxorubicin, epirubicin,
daunorubicin, etoposide, and bieomycin. Those agents that arrest GI also spill over into S-phase
15  arrest, for example, DNA alkylating agents such as tamoxifen, prednisone, dacarbazine,
mechiorcthamine, cisplatin, methotrexate, S-fluorouracil, and ara-C. Further information can be
found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds., Chapter 1, entitied "Cell
cycle regulation, oncogenes, and antincoplastic drugs” by Murakami ef «f (WB Saummders:
Philadelphia, 1995), especially p. 13. The taxanes (paclitaxel and docetaxel) are anticancer drags
20  both derived from the vew tree. Docetaxel (TAXOTEREE®, Rhone-Poulenc Rorer), derived from
the European yew, is a semisynthetic analogue of pachitaxel (TAXOL®, Bristol-Myers Squibb).
The term “cytoking” is a generic term for proteins released by one cell population that act
on another cell as intercellular mediators. Examples of such cytokines are lymphokines,
monokines; interleukins {ILs) such as IL-1, IL-1g, 1L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-§, IL-9,
25 IL-1%, IL-12, 10-13, IL-15 . |, IL-33, including PROLEUKIN® rIL-2; a iumor-necrosis factor
such as TNF-o or TNF-B; and other polypeptide factors inciuding LIF and kit ligand (KL}, while
the term “interleukin™ has now essentially become a synonym for cytokine. As used herein, the
ferm cytokine includes proteins from natural sources or from recombinant cell culture and
biologically active equivalents of the native-sequence cytokines, including synthetically produced
20 small-molecule entities and pharmaceutically acceptable derivatives and salts thereof. Cytokines
can be classified on the preximal lecation of the intended target, wherein qufocrine refers to
action on the same ccll from which it is secreted, paracrine refers to action restricted to the
immediate vicinity into which the cytokine is secreted, and endocrine refers to action in distant
regions of the body. Immune cytokines can also be classified by whether they enhance a type I

35 response, (e.g., [FN-y, TGF-B efc), which favor cellular immunity or a type I response (IL-4, -
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ser; ala ser Gin (Q) asn; glu asn Glu (E) asp; gin asp Gly (G) ala ala His (H) asn; gin; lys; arg arg lle (1)
leu; val; met; %g;zmk%ﬁ&leucine leu Leu (L) norleucine; ile; val, met; a@é%&&'&,&}%&K)

10, IL-13, erc.), which favor antibody or humoral immunity. Immmmune cytokines play roles in co-
stimulation, maturation, proliferation, activation, inflammation, growth, differentiation, cytokines
production and secretion, survival of various immume celis.
The term “hormone”™ refers to polypeptide hormones, which are generally secreted by
5 glandular organs with ducts, Tncluded among the hormones are, for example, growih hormone
such as human growth hormone, N-methionyl human growth hormone, and bovine growth
hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; estradiol; hormone-
replacement therapy; androgens sach as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, or testolactone; prorefaxin; glycoprotein hormones such as follicle stimulating
10 hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone (LH); prolactin,
placental lactogen, mouse gonadotropin-associated peptide, gonadotropin-releasing hormone;
inhibin; activin; mullerian-inhibiting substance; and thrombopoietin. As used herein, the term
hormone includes proteins from natural sources or from recombinant cell culture and biologically
active equivalents of the native-sequence hormone, including synthetically produced small-

15 molecule entities and pharmaceutically acceptable derivatives and salts thercof,

IEl.  Modes for Carrying out the Invention
A Humanization Using Phage Display
The hypervariable region-grafied variants described herein were generated by Kunkel
20 mutagenesis of nucleic acid encoding the human acceptor sequences, using a separate
oligonucleotide for each hypervariable region. Kunkel ef al, Methods Enzymol.  154:367-382
(1987). Appropriate changes can be infroduced within the framework and/or hypervariable
region using routing techniques, to correct and re-establish proper hypervariable region-antigen
interactions.
25 Phage(mid) display (also referred to herein as phage display) can be used as a convenient
and fast method for generating and screening many different potential variant antibodies in a
library generated by sequence randomization. However, other methods for making and screening
altered antibodies are available to the skilled person.
Phage(mid) display (also referred to herein as phage display in some contexts) can be used as
30 a convenient and fast method for generating and screening many different potential variant antibodies
in a lbrary generated by sequence randomization. However, other methods for making and screening

altered antibodies are available to the skilled person.

Phagefmid) display technoiogy has provided a powerful tool for generating and selecting
novel proteins which bind to a ligand, such as an antigen. Using the techniques of phage(mid) display

35  allows the generation of large libraries of protein variants which can be rapidly sorted for those
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5

20

25

sequences that bind to a target molecule with high affinity. Nucleic acids encoding variant
polypeptides are generally fused to a nucleic acid sequence encoding a viral coat protein, such as the
gene I protein or the gene VI protein. Monovalent phagemid display systems whoré the nucleic
acid sequence encoding the protein or polypeptide is fused to a nucleic acid sequence encoding a
portion of the gene HI protein have been developed. (Bass, S., Proteins, §:309 (1990); Lowman and
Wells, Methods: A Companion to Methods in Enzymology, 3:205 (1991)). In a monovalent phagemid
display system, the gene fusion is expressed at low levels and wild type gene III proteins are also
expressed so that infectivity of the particles is retained. Methods of generating peptide libraries and
screening those libraries have been disclosed in many patents {e.g. U.S. Patent No. 5,723,286, U.S.
Patent No. 5,432, 018, U.S. Patent No. 3,580,717, U.S. Patent No, 5,427,908 and U.S. Patent No.
5,498,530).

Libraries of antibodies or antigen binding polypeptides have been prepared in a number
of ways including by altering a single gene by inserting random DNA sequences or by cloning a
family of related genes. Methods for displaying antibodies or antigen binding fragments using
phage(mid) display have been described in U.S. Patent Nos. 5,750,373, 5,733,743, 5,837,242,
5,969,108, 6,172,197, 5,580,717, and 5,658,727. The library is then screencd for expression of
antibodies or antigen binding proteins with the desired characteristics.

Methods of substituting an amino acid of cheice into 2 template nucleic acid are well
established in the art, some of which are described herein.  For exampie, hypervariable region
residues can be substittted using the Kunkel method. See, e.g., Kunkel ef gl., Meihods Enzymol.
154:367-382 (1987},

The sequence of oligonucleotides includes one or more of the designed codon sets for the
hypervariable region residues to be altered. A codon set is a set of different nucleotide triplet
sequences used to encode desired variant amine acids. Codon sets can be represented using
symbols to designate particular nucleotides or equimolar mixtures of nucleotides as shown in

below according to the JUB code.

IUB CODES
G (Guanine) Y(CorT) H{AorCorT)
A (Adenine) M(AorC) B{CorGorT)
T {Thymine} K{GorT) V(AorCor(3)
C (Cytosine) S({CorG) DAorGorT)
R(A or ) W (A orT) N{AorCorGorT)
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tyr; phe tyr Tyr (Y) trp; phe; thr; ser phe Val (V) He; Icu; met; phc; ala norleucinc leu Substantial

modificationsw 9@1 (i,qllg i
that differ signif?(t:anéli/ in %1

area of the substitution, for example, as a sheet or helical

inQkthgimaleculeiat iheptatgetsitec ande)ihe hukobihe sida shainy Naturs
> diylded {;(”%3 &@.“Prﬁ%bc% %dsﬁﬁaﬁ%@s@z? e %;&Q%% a%é%ﬁ’?é%‘&%&%% QA%%%%%%%’

eu, lie,

hydrophobig
residues are
met, ala, vai,
lys, arg; (5) ré&
Non-conservati

diigs

neutra

Tidemiitiertee brafitotientardigij g

cal properties of the antibody are accomplishgd Ry sglecting substitutions
eir effect on maintaining (a) the structure of the polypeptide backbone in the
conformation, (b) the charge or
lly occurring
bic: norleucine,
acidic; asp, gin; (4) basig: asn, gin, his,
;“dhd (6) aromatic: trp, tyr, phe.
erof one of these classes 15for another

ydrophilic: cys, ser, thr; 10

class. Any cysteine residue not involved in maintaining the proper conformation of the antibody
also may be substiflHETUgENErafy RIS SEHrB BeiMpRFESthE bRidatRAESTEBife ot 15k $holecule and
prevent aberpéiptrortssiipkiagbCorlersslyorystaiive ond{ shavrayitesad deditotheantisedy to improve
its stability (pagticulary whgseithe-amtibedysisran.antiodyfragment syeh asi20an kY ftagment).

5  will encode the desired group of amino acids. Synthesis of oligonucleotides with selected

nucleotide "degeneracy” at certain positions is well known in that art. Such sets of nucleotides

having certain codon sets can be synthesized using commercial mucleic acid synthesizers

{available from, for example, AppHed Biosystems, Foster City, CA), or can be obtained

commercially (for example, from Life Technologies, Rockville, MD). Therefore, a set of

10 oligonucleotides synthesized having a particular codon set will typically include a plurality of

oligonucleotides with different sequences, the difterences established by the codon set within the

overall sequence.

Cligonucleotides, as used according to the invention, have sequences that

altow for hybridization to a variable domain nucleic acid template and also can include restriction

enzyme sites for cloning purposes.

In one method, nucleic acid sequences encoding variant amino acids can be created by

oligomucleotide-mediated mutagenesis. This technique is well known in the art as described by

Zoller ef al. Nucleic Acids Res. 10:6487-6504(1987), Briefly, nucleic acid sequences encoding

variant amino acids are created by hybridizing an oligonucleotide set encoding the desired codon

sets to a DNA template, where the tempiate is the single-stranded form of the plasmid containing

20 a2 variable region nucieic acid template sequence. After hybridization, DNA polymerase is used to

synthesize an entire second complementary strand of the template that will thus incorporate the

ohigonucleotide primer, and will contain the codon sets as provided by the oligonucleotide set,

Generally, oligonucleotides of at least 25 nucleotides in length are used. An optimal

oligonucleotide will have 12 to 15 nucleotides that are completely complementary to the template

25  on either side of the nucleotide{s) coding for the mutation(s), This ensures that the

oligonucleotide will hybridize properly to the single-stranded DNA template molecule. The

oligonucleotides are readily synthesized using techniques known in the art such as that described

by Crea et al., Proc. Nat'l. Acad. Sci, USA, 75:5765 (1978).

The DNA template is generated by those vectors that are either derived from

30  bacteriophage M13 vectors (the commercially available Mi13mpl8 and M13mpl9 vectors are

suitable), or those vectors that contain a single-stranded phage origin of replication as described

by Viera ef al, Meth. Enzymol., 153:3 (1987). Thus, the DNA that is to be mutated can be
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A particularly preferred type of substitutional variant involves substituting one or more hypervariable
region residugs,of, & R¥gpt antibody (e.g. a humanized or human antibggy)yGaRgEal, the resulting
variant(s) selected for further development will have improved biological properties relative to the
parent antibody from which they are generated. A convenient way for 25 generating such
substitutional™ 4 e tivaIlEssa ity MatdraliciisEtig phalgatansdsliyraiesyrsadimrhypervariable
region sites (Begingic/ssiies) arspmeiaiedriegeneratss alk pogsibisamind substitutions at each site. The
antibody variants thys,gengrated arendisplaxed ine nepRxAsaLfashisndemfilamenteus phage
particles as fusions to the gene Iljﬁ)roduc,t of M13 E{gckag%dDwiahinleach_g)article. Theiphage-displayed
variants are tHEH SRS RSF K ST SH AT SR 9B e DI BT R SRy A% h 8T disclosed. In
order to fenfifyDeEnditiaerdsy pehy Blablelingion difeSAforlynstificatioheraiddsihie seaisAiffg mutagenesis
can be perforrpeshiedentiyshypematiabladegion nesidpescamtibytng:signrifisantdyido antigen binding.
Alternatively, g addifonaly, L a6 Reneleial o analxgs enrsial atuc'ule. g agtioen-antbody

complex to identify contact points between the antibody and its target (e.g., PD-LI, B7.1). Such contact
residues ancefigh#vrifg © fi’e%f&ﬁib@’é@%ﬁﬂdﬁﬁ?@’§)f6?c§%s@?ﬁﬂ%‘ﬁeaﬁ?gﬁﬁﬁdefﬁ“ﬁfé fchniques
elaborated heseirn. Oride Istichivgdtianideare getheratedfthedpanekohirdiiants issbubjedted to screening
as descsl?e%ﬁﬁ%@mhaa@tmgiﬁmmh SYRELIQLLORSHIES INHRR PRLINNIRISlevANERSSaYS may be
selected for u%her deélelolﬁ]r’gen NAno¥he,rity %qur%&?clggeﬁlgddwy r‘iasp_hg)gsgtggeatgtligc%gy %tcers the original
glycosylationa’i Spcéci efh 6t e’%ﬁfﬁg’g‘&y?@‘f ffeﬁng IS meant de e‘iing Ofle or more car ohydrate
moieties fourecierighecknithddycoaniydr auding B or more glycosylation sites that are not present in
the antibody. Glyeasytlalionefipvatinogiasds tiicathseitbendifdbakednon-linkeddytinked refers to
the attachmepf,of the carholydiate MeisIR: e $ide SIS ARATARAdiRGSRS|duenmd he tripeptide

sequences asparagine-X-serine and asparagjne-X-tluieonine, where X is any amino acid 15 except
proline, Hre tRBFECHBRItEH Lelittited tor ﬂﬁﬂé‘ﬁﬁda‘iﬁﬁ?ﬁﬁféﬁidfifl“fW@"@ﬂf’ﬁ&wﬁ"ré{%@ﬁoiety to the
asparag,ine sidedehaipmilitas athelpresenceoteithér ofithiese tiipdptidelseguencesinia. polypeptide
creates a p0tﬁ%&ﬁi&h&&%ﬁl@ti@mﬁied&x@n@%m wlation wefeisdedbamitashm @nt)pfispnel of the
sugars N-aceylgalactogsamin ctose, or xylase tq. 0 'ril caa%i most unonly serine or
threonine, alt%ggﬁlé’ﬁgéyhy _935}(%8%&%3 or' {IE(;/(H?/%SW ycsclhr?ag En%gé %g@% %%e us(geéd?bg) C %réfﬂon of
glycosylation siedan kh ERnmbods isaédhdve Me P Ricdistskeirs soambin Y rr 24fiiAD Acid sequence
such that}i_t cowtaimm&;@rmﬂﬁe miﬂhe,abﬁmfnesmmménmﬁpt@@&qwme&@pIfd)_ddﬁlaked
glycosylation gites)Ihe;aligration Maysalse e madehy &hsm%ﬁmﬂm%wggbtmgdby, one or

more serine or threonine residues to the sequence, of th or[j?inal 25antibody (for O-linked glycosylation
sites).  NGUEK B R SRS EREL BiRgPArnS SRir dBy st eatght 6 the SRRBSdies of the
invention arespreheiitd dyEovsidedsyd dbmetirdasikniokeh itte axtopirsesricthbarrimeldble, but are not
limited to, isalatjpicfamecnatiraksaurcarinme arsrselonaiunalupesiing.asiseagidhsequence
variants) or pigparation Broligenucleate mediated (oraile drasiedlmyiagenesn d0PCR
mutagenesis, and cassetté mutagenesis of an earlier prépared variant or a non-variant versions.
12)Other AntiBsey? MSlRafshds only PrHRIXNHRYETRE W the o8Bt riRsEaH B8 urther modified
to contain adalitiotallaorprobeindoesds wsioeties thabhreskeown iththeartrandofeadilyfawvailable.
Preferably, the 3nmaigties auitable iar.dervatizatian ebihe anfibpdyAreWaleERokPIgROlymers.

Non-limiting

be transformed into a suitable host cell.

30 As indicated previously, the sequence of the oligonucleotide set is of sufficient length to
hybridize to the template nucleic acid and may also, but does not necessarily, contain restriction
sites, The DNA template can be generated by those vectors that are either derived from
bacteriophage M13 vectors or vectors that contain 2 single-stranded phage origin of replication as
described by Viera er al. Meth. Enzymol., 153:3 (1987). Thus, the DNA that is to be mutated

35  must be inserted into one of these vectors in order to generate a single-stranded template.
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examples of water-soluble polymers include, but are not limited to, polyethylene glycol (PEG),
copolymers o 9?/ gw&, LycoUproperne glycol, carboxymethylcellulose&%&gmg)ﬂ%vmyl alcohol,
polyvinyl pyrroli done po y 1, 3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,
polyaminoacids (either homopolymers or random copolymers), and dextran 5 or poly(ii-vinyl
pyrrolidone) gatyestsiehdgrsdt-spelfot sppletes gijethaddntepsiers? poiypropyehe exide/ethylene
oxide co-polymers, polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof.

Polyethylene glycol prqpionaldshyde, Y ye,ASvan'ages I ARASIIAUE.P dig stabilt in

water. The polymer ma be of any molecular weight, and may be branched or unbranched. The

number of pdy eI G AeNg o e Shtibddy 1‘13‘??1%\9 P/’éifﬁ)“%r‘fa BB S8 PORIfREr is attached,
they cansbe thensamgiardditiene romeateculedishadgerieratdthearumibas dnifior typenefipodimers used for

derivatization,eaR.Br.deieimingd %@M&maﬁﬁﬁii&&%ﬂmwgm%@Léﬁdlgthim egrimidhe particular
properties or functl%)ns otf thelantlbgdé/ to be Jmproved, w ether E:[Srée: antlbo }X erlvag_glfe will be used in a
therapy under de 1f]neemjc‘:‘éﬁ'nncﬁmﬁ%1?1§°3etc I&ich Tec niques fher swfarbfm ormarations are disclosed
in Remingtonitpie” 18 SR At ustid "ﬁm&ﬁ&el@fi@ﬁm%sﬁﬁz@miw, "WRGISEIEBREED; £d., Philadelphia
College of Phiaseacy: andiSaieneer(200Q)oDikirasmaceidtical qimttationsa20kherapeutic formulations
are prepgred, for:3orage. by mking.iheactive inorsdienthaving pe desige.degree of purity with

optional pharmaceutically acce table carriers, excipients or stablllzers (Remington; The Science and

Practice of Pharmadyy, ‘SHtHEd IL?EE%EBWC\W A SRR Bk e@éﬁ%""ﬂ&"é&“ fﬂﬁh‘?ﬁdelphla PA
2000). Acceptétshe sarridrs, sex bightntidy cor stalvithedrsadreaoniiidcaoore dipibssisbed thevdaesages and
concentratiopsieMmplayeeh: andiRrudadR s sapinxidasisdnabiaingsascomie asito methionine,
Vitamin E, sodium sulfite; preservati isotonicifiers, stabiliz tal complexes (e.g.
Zn-protein com%lex%s‘j Qﬁefaiunﬁglgggén{sn?ﬁyiﬁ %Dg,&na% o‘?snSoene(lﬁgrc}l?(t:hg)ﬁ1 P nts. When the
therapetitic é@@ﬁ?’@/&’l@‘éf?ﬁkﬁb“ﬂy%b@rﬁ@mﬁﬂ’éi&?ﬁﬂé’éflﬁﬁ‘ﬁb%waﬁ‘aﬂ?ﬁéﬁtt?ﬁﬁﬂ%%peC|f|calIy binds to
the binding domain of the target protein is preferred. For example, 30 based upon the variable region

sequences of an ap{ibody, anfihady fragments or even peptide molecules can be designed which

retain the ability to bind the target protein se ence. Siuch eptldeds can be I){qlnthes ed chemically
and/or produced by P&ABFABIFAAF DRIR fE AR Ei%ﬁtyd(élec ol NN B AL PrEt R Acad. Sci.
USA 90: 7888789314 398])cells copuifmes wirk nudelaadb ) tPf@IﬁFPWaEQ@ﬂgeCWIfﬁbﬁheptlmlzes the

therapeugic Ii;}aﬁleﬁ&iy@me@@@s@ecially if stability is pH dependent. Buffers are preferably present at

concentrations rangipgrarm, aBou 30 M 19,2094 250 b SULEPIR Byffering adenta for use with the
present invention mcfude?)l anlc an Inorganic acids and salts thereof. For example citrate,

phosphate, sBRECIFHIEO %‘ﬁ’ﬁfebi‘fdfﬁ‘r‘&%rai@ Tyihesitaiee Goafifienticpate %‘i{éﬁé’ﬂe‘c‘%ﬁa’iff‘éﬁ&lly buffers may
be compriseduhhistiding @nchtripapth kauiviey Sattsddiydiviasd wisl Freserudtivies @recadded to retard
microbial groiﬁy thedard@ee ﬁy%@glxz@mgam ﬁﬂ;@e@%firﬁeaghﬁ%mém%wyanﬁeigaw preservatives
for use with the > press d&mventqn in udeQ tagne de ng,p [arg(anm]ori g)hch l%}rlde
hexame%ﬁonlum chiforide behiza ﬁonlﬁﬁﬁsﬁa g e, bromide, |od| f enzethonlum
chloride; th|nYé?@ééFPEINeF?bPaBUWF@ﬂE‘éWﬂ}I%I%W@ﬂ aﬁ@Frﬁﬁi‘aﬁéﬁﬁ“sﬂﬂﬁtﬁ%”f’rmhl;ﬂ@ﬁ]ﬁ%ropyl paraben:
catechol; respiginglicyclobexanobeRrppntanabland-daixcresol. 10Tonicity agents, sometimes known as
"stabilizers" are present to adjust or maintain the tonicity of liquid in a composition. When used with
large, charged biomolecules such as protelns and antlbodles they are often termed "stabilizers"
because they can interact with the Rt e Graahe-+ fhirfdSacid side chains, thereby lessening
the potential for inter and intra-molecular interactions. Ton|C|ty agents can be present in any amount
betweer?®.1% to 25% by weight/ 15 pfé?@r‘a%?’i”f@%% taking into account the relative amounts of the
other ingredients. PYATEFFEAtRSHYCERGE FESIERIBRDBENTHR avTerstigar ¢l b arebesistealiy trinydric or
higher sugar ialeshelsasueh @s:ghicetifg emythritokcarabital, rytitohesorDital @inegbinariostak Additional
excipients ing %&9%%@&%&%§§{\Yeﬁc@§ma%mrﬁogﬁ$n§ folowing: tia-Ruikinaiagents, (2)

solubility enhancers tabilizers and (4) and agents preventing denaturation
y Altematwc y, polynucleotides can)be syng smedp S gcet %es?zer or PCR

wsing nucleotide syni

35  techniques. Once obtained, sequences encoding the polypeptides are inserted into a recombinant
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20 or adherence to the container wall. Such excipients include: polyhydric sugar alcohols (enumerated
above); amin%q lﬁ%p4as alanine, glycine, glutamine, asparagine, hFHﬂE@O@%ﬂWF’ lysine,
omithinc, leucine, 2-phenylalanine, glutamic acid, threonine, etc.; organic sugars or sugar alcohols
such as sucrose, lactose, lactitol, trehalose, stachyose, mannose, sorbose, xylose, ribose, ribitol,
myoinisitose YeaYoRasRls ofreiseise uh ey yEaroRosy elitprscleidens gsisiic fetifethylene glycol;
sulfur containingy redte g agents SUch amkea: ghiathiope nthiastihasichsoelium Jhieglycolate,
thioglycerol, g-monotiogl &P&PAl:@{I‘;%&%'%&B&-%&’H%E%ﬁ '%n'i‘)?%'flle%%'slaﬁc%?r]@eh}u%[&%%%@%SUCh as human

serum albumin, bovine serum albumin, gelatin or other immunoglobulins; fgdrophlllc polymers such as
polyvinylpyrrfﬂih%‘ﬁ?ftﬁqdﬁﬁgﬁcvéﬁrﬁfiﬂ‘éléife%‘??%b@ﬁf NP LEHoRctet B eSS dkékcharides (e.g.,
lactose, Maltose; sutrdse)rB0irvapoharidéspsuitly as raffimose; @md!polyisacchardessath as dextrin or

de:(tééllf\- ) ﬂé'rt?l%r&%sﬂ@ ﬂ'ﬁiﬁ&&%ﬂ&@, of ﬁﬁt%%ﬂ@%&%ﬁ%bhﬁﬁwm@ﬁe'wﬁﬁm E&@E&ﬁ?'{h Atfpresent t(;3 he!lo
solubilize the therapeutic agent as well as to protect therapeutic protein against.agifation-induce
aaregation, LR alst Barmits (HEBHL At BE Speteth oA S ads SRR ithout causing
denaturation'8ffifiEActiveisarapattic protein BivantbodybNercibItufEctBRE: arégrésent in a range
of about 0.05sngAx| B abeulodcts mylen apdeferakbly aboktir-PiQ7 meimlita @geutd.2 mg/ml. Suitable
non-ionig, surfactants inGlde, AOIMSAIRALGS 204 080,60 BB RAYOXRAMEES (184,188, etc.),
PLURONIC(r) polyols, TRITON, polyoxyethylené sorbitan monoethers 5 %T{)WEEN-ZO, TWEEIs-80,
etc.), laurom&EROSFADE PBIFSYTRG SRt afd, PoRiekietrsestehytitabennst d8t6r'si 10, 50 and 60,
glycerol monostesilatesyerosbciatty sdcidsesters ek caliwoserhivt garbpsbjtrétinylidaliulose. Anionic
detergents thakcanpoadusashincidersadiuaiiantylsuigte zdiestylesadivm sufesuceinate and dioctyl
sodium sulfongye, Cationic deteraants induds, benzalkaaium, chioride of benzethoniu,chioride. 10in
order for the formilations to be Used for ifi Vivo a min[fstratlon, t'?ﬁe"ygmus% be steriie. The formulation
may be Fendé&e) seskiféasyeting Atishrerpsuier e dmermirdticrisiarisrion dsntfiag Herdpautic compositions
herein generadly. afRplacediinted somtaine nhaving gestadiler accesspeet dgraaxample, &n intravenous

solution bag gr yialhaving.a.staRperpiergerbls y.ahyredaimicinigstion aeedig dalfe route of
administration is in accordance with known and accepted methods, such as by single or multiple bolus
or infusion oVBFATERY BB of HRIR L5ARADIE TARHESS e iFﬁ%SﬁﬁrﬁSfiPri‘n%/aé%r B¥'subcutaneous,
intravenous, inttepiesivsrvissttrdramestl Grrin vl falzimtriie SioHad 3Gr intraarticular routes, topical
administgation, inhalafiamer, Ppesusiainesialsaseficexiandadrelepsameans. 2Qhasdermulation

herein may i3, GRIN,AOIE, 1037 Q1. ACLYE.MPINAY AS fesessA. or 1 paigyar indication

. W anis 11 COIE 10N Wi € HOSIS.
being treated, pre erab y those with complementary activities tEat 3_0 not a&vversefy aﬁect each other.
Alternatively,F8F ffeamiiitaseteesmpesitoRal tomprida wisthacxyaate SroRMESr growth
inhibitory agenticSwuthirmoelecuiestanersiitalstycpréde nesindb rabinratiominL&idunts that are effective for -
the purpose intendeq. 23t&ACHVE: NgFedicRizMAY AsA-ReRhUaRRed-imPUILLAcaRsHIES prepared, for
example, by coascervation technigues,or by nteriacia) polymerization, for oxample,
hydroxymeth?ﬁ‘é%hﬁoese or ge% ﬁ-%ﬁlgrocapsﬁf)es and pcﬁy%m'ethf/hnelfﬁacy? attee) rcr’ﬁ‘(l:roocfyapsules,
respectively, SHeoHdlertrdriRgHaRVEry Sy ST 1o PeRHEFTpIE, Thprstme STRBEAININHeIIS pheres,
microemulsiansc4rana: pasticle siand, nancorpsdles)aikt Maciasnpisions iSugbneehmigues are
disclosed in Remington, s 30RNMAseical PHENGES LD SR SHRonse 1 SARIY, of the proteins

and antibodies described herein may be enhanced through the use of non-toxic "water-soluble
polyvalent mEtaiSHfs o e e SFHERITREC CE PRI 2A 2 PUSTRE S LIBEIN SRDFEh4+, A2+ and A13,
Examplélanions thédt bag formbavatersolisbiesaedtszwiity theaabiovd pobyualéntt rmékabeatiohs include

those formedftam INQLIRAIG ARIfSIANAE aFaanNICIARIdS ueh walemsldbig.salts.havea solubility in
water (at 20G).of ot least, about 20 maimi, allematively,ef least abaut 100 majinl, alternatively at least
about 200 mg/mi. Y "8litable in rganic acids fhat can be used to Torm the "water soluble polyvalent
metal salts" iHERITE HFdROEHTB e RISt CcBEMFriE K CY Wb & dhicaiaiphospiibife defite Suitable 5
organic acidsthatieandpentised inelytecalinhati oroaaskoxyhc leaicandiaramatitiatidsaiyphatic acids
within this deéi@ifémmxﬂgqagg%tidgsgsashﬁ»@M@@ﬁ%@ﬁ%ﬁ#&@&%@%@&%ﬁa%/uﬁ@g&si§s(e-9-, aliphatic
mono-, di- and tri-carboxylic acids). For example, exemplary monocarboxylic acids within this definition
include the saturated C2.9 monocarboxylic acids acetic, proprionic, butyric, valeric, caproic, enanthic,

caprylic pelargonic and capryonic, and the unsatu75ated Cc2.9



10 monocarboxylic acids acrylic, propriolic methacrylic, crotonic and isocrotonic acids. Exemplary
dicarboxylic a\gigggn,c;dy% the saturatcd C2_9 dicarboxylic acids malonig $HeSIRIGSIaric, adipic and
pimelic, while unsaturatea C2.9 dicarboxylic acids include maleic, fumaric, citraconic and mesaconic
acids. Exemplary tricarboxylic acids include the saturated C2.9 tricarboxylic acids tricarballylic and
1,2,3-butanetiitagbesiic et Ageitionanyinie cabdigie Belds of 1S UEnstiéPmay also contain
one or two hyespxyharaidpsite fope frygepxy:eashoylic acids. Exemplary hydroxy carboxylic acids
include glycolic, lagtic, glyceric farionic. Malig iaratic R GltiaAaid pRIRMANis ACdR within this

definition include benzoic and salicylic acid. Commonly employed water so]ubl’e rE)(_)vaalent metal
salts which ré3§FBEEd%tdREHH SEBAYe MHE B PRIRIEY P8I BEBRREs ST I VERTSN include, for
examples (1) mhadrorgahis 20 deidrietar saltsost hdlidesieger zinoahiotidercalwitumethloride), sulfates,
nitrates, phogphates.and dhigeanates vhekihe aliphaticearhexylis.agid.metal salts (egx, calcium
acetate, zinc acetate, calcium proprionate, zinc glycolate, calci actate, zinc lactate and zinc
tartrate); and’ fﬁ e?ﬁ%a’?ﬁ? L}?{gﬁ%& ?gg?bgg)%?yﬁ%gg%e ’rﬁlg{g ysgli%sgl %11" gesr%%glat%%%gg? e 1zac}:'rgbé?l%Eehl‘;i%t(‘niate) and
salicylates. ZBEINAHETS Gttt iehudthia prdvantiorhorifeatment B dis8a2ethe appropriate
dosage of amaﬁgiﬂﬁagefﬁda\pxﬂkgiea@jpdfmih@ﬁyp&mﬁdi’&&%@_ tp be treated, as de_fined above, thg
severity,gnd coursg of the disease Juhetherihaagentis.aAdministeraskior Plevenive gL therapeutic

purposes, previous therapy, the patient's clinical histor)x/ and response to the agent, and the discretion
of the attend P ZOPRYSREIEH: HE KGNS STNABR) BRIt S T THE b ATieh  AI8RE Hime or over a
series of treatnzemts!. the signel articalercrnbodinreptt thidmvepitiontrekitesstert osthhatation resulting
from attenuating,signating throygh-Rihispeeiicallyrhysihe applisationcelifldd anttaedies that prevent
binding to PLcL andior Bif,l, as el to the therapeuic ieaiment o, el dusfyncliogal Ssdisorders.
WO 2010/07 76345 BY 069]%)67.16“4 [infections " PD-1"and its ligands ("PD-1'PD-L") plays an
importart rol&iivéetirstin§ararAitRE ifdTehedls Badinee pearassie Ayl Hateeatis S el %At chronic
infections. PP he sigrralbipgrplaypcatbideya dladntgguliaiingttngrbalance detwdesigas effective
intirtcrot)ia'_sié&mﬁl Q%Qﬁ@&]%ﬁ@%ﬁﬂ@uﬂmg@ﬁ% t%ﬁ%ﬁ]@m@@% tﬁmsl%am?!&awétauetr-h |
nock-out mice clear adenovirus infection more rapi their wi e counterparts, they develop
more severe FBSRIBEEN M Ih SRR BER 5" g(%qmé%ﬂ%@;@@%%hé%aé%lﬁnﬁp argtﬁgfse model of
herpes strom¥4BRerétities, broedingraritite Drictrigntibe dignek snaaeheetedbddeimbie’s, diseraasinte ISV-1 specific
effector D4 LplQaell oxpassionangdrdntRmpdueianandesorvival. Jun et at, FEES Lett. 579:
025964 (2009). , MISHOPIGRNIMSINAL AaLSE LSRG IIEEHRINAE exriReeling, BR-1PD-L

signaling pathway to evade the host iImmune responses that results in chronic infections. Viruses that
cause chronie“fifeBiBneeanaahtfeb s et BN RFURRIE AT BIStFIFerelyeifdhce the antiviral
T cell responsenBarjpercet withiNeathras480: BERGELROO6)vhlernirel gt add Wiral, ch8n5585-45 15

.(2004). Exhaustion.of &6alls:0r-allera of GRS fudcals isandmparanieaser oninaffective viral
control rin%chr.o ic infections and is cha[.act%r,istic.of chroraic LCMV infec iI?ns ip mice as well as
Coll X, Vide hat are

HIV, HBY, HEV AR EITEV TRrselion'fn Fiutan and SV inection in primates. There appears to be a
hierarchical, progiaediedigd§dst ferclismnitinh e p ReRdtiAsersPexatistetrdifsseiediic CDS- T cells,
with cytotoxicityrass HoRiprasiuatiortostfisstutatioweeby sstiwctop0cytokine production. PD-1is
upregulated upon agfivation, and.expressianis.mainigined.at 4 high Ievelbyexhanstese CD8" T cells in

mice with LCMV chronic infection. Barber et at, supra. Administration, of antibodies that blocked PD-1:

PD-LI binding YE&siber P Eia AER Lo P BHEEL S ML CUB SEHIE Ba bR 1 UH&l burden. In
persistedily infdctederiviesanithDBtihefiectives @DtoTrySrek poddetidylsakaeherbffedu fesft DL 1 restored
CD8+ T cells o5 amovsiunclinpahstaterenitingn-pialiferatony seemtionpheyiokines, killing of

Infected cells B e A e IO R RN SHATF A0, VARSI 2PREQARN g the treatment
of chronic viral Tnfections
5,840,523, It utilizes variants of the translational initiation region (TIR) within a cistron. Fora

given TIR, a series of amino acid or micleic acid sequence variants can be created with a range of

35  translational strengths, thereby providing a convenient means by which to adjust this factor for
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As a result of the role of PD-1:PD-L in LCMV, strong interest has been shown in 30 targeting this
pathway to thevgg%e%pf chronic infection in humans. PD-1 expressigpjx; gl 3l V-specific
[Petrovas et at, J. Exp. Med. 203: 2281-92 (2006); Day et at, Nature 443: 350- 54 (2006); Traumann et
at, Nat. Med. 12: 1198-202 (2006)], HBV-specific [Boettler et al.” 1. Viral. 80: 3532-40 (2006); Boni et
al., J. Virol. ghe doieloxrotiorkyA At evedsebint TTRENEMYBE e ARy 4P 8eHieA208-403
(2006)] PD-lniigralsts wpheguiated enuperiphieratiblioed 36G D4 smonecytes and sagyeleid DC's in
patients with girapiC B VARRCtinHGREN Ghatedued B @f&?cﬁ 6634412000 rreng et at, Jr. Viral
Hepat. 13: 725-3 2006 and on CD14+ cells and T cells | %;' |ents Trabattoni et at, Blood 101:
2514-20 (206%‘”)’]““@6&??1 B IEHTT iR i RS Feriss ﬁé”‘“%ﬂq%lﬂ”?% GH¥B/-specific,
HBV-spetificviQrspmnifie tnolSilsgpacH CCDShahd g+ mzerlisnanghrbsmrascpiofiferation and
cytokine 5production. fPetreyms rimal. atJ’shEKEgnMﬁg 0230888 1242006 )iJay.etahsupa; Trautmann

et at, supra; Boni et at, supra. Ur ]ﬁnl et SHURI }/%Iutg aﬂg \Sllg1 )¢ ‘%4@11%81% 8&2097) The
degree of PD 1 expre55|8n may also be a usefu’l diagnostic marker on virus- specmc CD8" T cells to

indicate the d&gFERISrS bééﬂ"’éxﬁ&d&fﬁ‘r‘ﬂaﬁﬂﬁﬂ Tl ReE WV TG THENIEITBP D LB HFESSion on
HIV-specific @l$ sicicellBwonekates aithrgirat | bad, dédginifig @D Goountsitandibdcaeddeased capacity

Or‘: CD8*1B-dce$L§1{QeQH9|Hﬁﬁ&%ﬂQ tﬁ@%@@%ﬁé%ﬁﬁé@@f&%@é&sﬂt@d&ﬁﬁﬁﬁQi@zgi?ﬁ téf%%)_ér\éﬁ’ (Inlbser\éatior:s
there Is a dire tween betwee expressi Specinc cells and vira
E A e T R

load. D'Souzéa mmuno ong-term nonprogressors have functional
HP/-specific memoRjcCBg T el siyhtion iy leettpRowah PouEe kb siemsth &radstitdwpical
progressors heieXpradssignigiganiliesLbcdupeegilatesiid, which eatreiniswwitl sediwced CD4+ T
cell number, degreAREd.GlR i, 68 A %&JL@%@@%gaaeﬁﬂk\éaa?a%}smso o meman 4 CD8+ T cell
function, and elevated plasma vira a Zhangetat, Blood 109: 4671-78 he PD-1:PD-L
pathwaﬁ'nas A1l B ?ﬁ‘ﬂ)h&&‘f&’&‘ﬂ’i‘%@"c%ﬁ%ﬂ? lB‘f%&%?é?Wf@@ﬁ&ﬁ%“ﬁ@?ﬂé’b%?& Pbylori causes
chronic gastritiszamd ¢jadtiodubdenal uleErs2andBis<d risk2afdetondortnetid evepepiwreiicof gastric
cancer. Duringsg.hl iRuiRti-infeation d.cell iespensas.arg inseificianttealpatiniastion deading to
persistent |nfect|on Following exposure to H. pylori in vitro or in vivo, PD-L1 is upregulated on gastric
epithelial cells. Easl%rlc epithelial cells express MHC class Il molecules and are thought to play in
important APC function during H. pylori infection. Anti-PD-L1 antibodies that block PD-1 to PD-Li
interactipn enhance T cell 25 psoliferationr-and Hes2cproduction in cultures of gastric epithelial cells
explosed to H. pylop, jjand:C 4T &allsuRlacking RR:Liwith,eithes: atibodies of.siRNAprevented the

generation of the regulatory T cells, s%%%estm g that PD-L1 may promote T cell supﬁ)re35|on and

persisting mf@éﬂ%ﬁsﬁ %V%S’Fﬂ%\?ﬁﬁcﬂ?e T BT A L F G TR B S e B o RS during H. pylori
infection. Beswitk becitrimfedudéningbmiclis: (433454 30(20BF) 1B 0Rar &sitid Fi-O THTES braigizalso exploited

the PD-1 :PDrldlpathwayhtadnduge maem@h}aggssﬂmrﬁu@mﬁaa&h%nmw}a resRensss, During Taenia

Cr&SSlC?%S (I Efé aé'?[ewfpi"()le S”HheCt Bn hzzo acgitl’l':e)(l;‘f !l[ ngi’ Bﬂllji‘ I&)chare H’lp eg %t%nneig a?atll?}}/ated
macrophages, and T cells express PD- ade of PD-1, PD- [1or PD-L2" significantly

decreased s&ﬁ%f?é@ﬁ&lﬁ Sﬁlﬁsﬁﬁréﬁﬂeéﬁrbﬁ‘&}if’é‘?‘ﬁtlgncﬁil ?ﬂ&cﬁ?ﬁﬁﬁbé‘s%ﬁf%ﬁé%?ﬁ??ﬂfected mice.
Terrazas et dixaintled oP&ragitot35: i85UB48-58W2005)BCuring, ShistosohE shrauisoBicingection in mice,
macrophages gxpressiighdenels aﬁ&%éoefa@ MERALESYavels, of PRobAs Anti-RE-L1 removed
the ability of these r&ach}%h est suppress T %eJI r Ilfrertaglon%y% tro whereas a{}é D-L2 had no
effect. PD-L1SRBTeaSion 0 MACraBRAGES Fess infactens Sl e i by BRSPS Wekks 8 infection,
correlatifiy witiel t¥eal in? éellfeﬁeﬁéwoen%twre?ca?ﬁ@. 4%%%6?’1?[351@%05@8 PYH5)5 2. Tumor
Immunity  oleapiricalkeyidanesdoniueTosmutmmuntyinelydesdd thesplasesvaneeof spantaneous
remission, (i} the presence of defsptable,putipetiegive.Nostinmune respanse dgdumers, (i) the

increased prevalence of primary and secondary malignancies in immunodeficient patients,
illustrative rather than limiting. Methods” for constructing derivatives of any of the above-

mentioned bacteria having defined genotypes are known in the art and described in, for example,

35 Bass et af., Proteins, 8:309-314 (1990). It is generally necessary to select the appropriate bacteria
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10(iv) the detection of increased levels of antibodies and T-lymphocytes in tumor patients, and (v) the
observation tRad tessarynals can be immunized against various types gidyii@gssnsidatudies have
shown that most human tumors express tumor-associated antigens (TAAS) that can be recognized by
T cells and thus are potentially capable of inducing immune response. Boon et al., Immunot Today
16:334-336 (1585 E S SHASR Rt DpERDLBR B ATAESE DT8R EN ST Eaficer patients
with TAA or préfégsicnalaiigeniprpsenting oelisihilsed withshovBudie leban Soedee 298: 850-854

(2002); Gai%ﬁéﬂﬁ@ﬁ]ﬁ(ﬁﬁ”ﬁ@}@@ﬂ%@@ﬁﬂ &ﬁé&&%@&%@%&ﬂ@ﬁm@ﬁc&t al., Adv. Inzmunot 74:
181-273 (2000); Pe rso et at Illn O%cotz 2342- 2348 SQ}(IJI‘?)r ctlon of tumor

hos’[ cell should. secrefs, minimal &
antigen-specific cpg¥ %I chas béen achieved in many of these ackensen et at, Eta-.
Cytokine’Net#dipng 2orss6 irhodoy, weksichhetdtcaipiasn ‘A"dﬁﬁt‘ﬁi@fﬁamsfer of tumor
antigen-specific T cells into patients also has been pursued and has revealed homing of the expanded
cytotoxic T lymphocytes (CTLs)to turdtiibsite8radisicenbauer et at, J. Immunot 170: 2161-2169 (2003).
However, despite tumor nfiltiationeat immune LHRCLLCalS WRALEWR VAT SRidemicontrolled. Itis
well established that the tumor mi¢roenvirotunent can rotefct tumor cells from 25%nmune destruction.

Gauss et at, CARREI L B8N, 8737 s8111160%): BIRgH4t TEGBE METALTS: 1396 (1992),
Soluble factorsysémmyeli. s mmehibratis- mhélm@tﬁcﬁbm@fﬁﬁmmgﬁépané‘?ff@?ﬁﬁm@ﬂmw‘?hnﬁactor P
(TGF-I3)¢ inta{{@u&ﬁxgllﬁmnﬁaso&kagkam@&lliaaoﬁ%mﬁmé\ digandssiicimer agerosisfactor-related

apoptosis-indycing IgAnd Ak a1 Risdrammed dealh iSGeRIn. gand LGty gka BI-HL) have
been found to Be exp ressed tumors and are 30believed to mediate iImmune evasion. Thus,

blockade of tﬁ?gsﬁéﬁﬁﬂwsl ﬂ?ﬁ?@ﬂé&@@lﬁ‘?&@dﬁ“ﬁ@ﬁé@lﬁﬁpﬁfﬁ& Behecik- b oHsiem g aBirbach to
enhance tumarppegific @D hidridel paemilvitgdh foiviocterial Pisltha xpregsiantanisnay+imors is a
component @ this:SURRIRSSIONANE: MAVEGLILSARERKL Wi Sinel M iAnsuePessive.signals. PD-L1
negatlve re u‘Iates T- ceII ec%gtor signaling. PD-LI expression has been shown in situ on a wide
rarity of SolidtCiH ?gufﬁcu Ing %rbreast lung, colon, ovarian, melanoma, bladder, liver, salivary,
stomach, gliomas, figkaidtictisginiesce poteies e it ipgion SERTE APERST BrowAEY latquirmmunot 170:

1257-66 (2003 angeatradnNaliietrBuiz 938080 (2002) Hhiananishusbal, PNASBIA 041i3360-65 (2007);

Strome et ot SAIESL R8P F 8501 8 RORNAmAD 1 ik CaRFEr Q8430 R0RLFORD Konish et at
Clin. Cancer Res 10: 5094 2004); Nakanishi et at, Cancer Imnzunol. Immunot er. 56: 1173-82

5(2007): NorAFECHREENA, be‘aﬂ’c?éraﬁ?& Cﬁ%ﬁf”?fssfdsaf(%ﬁm‘“?ﬁ‘&’ﬂhﬁ%l%ﬁ BLE9R €0 17174- 79
(2004); Wu etclttiradtapbtistaghetn ol 08k B R4c(A0 06 irmm tnclogicadstaming lalisoraykals the

expression OQIEJ%ﬂmPPaAd&m&ﬁ&ﬁm @ﬁmré@b@g@@@@gaaIm]@ras;ainaimaﬁag@ﬁ@r has also been
characterized as agl ronic mflammlato[% q)w 1se. O Coussens et at Natu;)e hagc 860-867 (2002).

o i’
While up to 15% of cancers worldwide have a dlrect infectious orllgﬂi(ﬁ er et at, ¥ fatern. Med. 248:

171-183 (20083, 2H1al HiHdra i triersekr eorstatatons @ﬁ@é?ﬁ&%ﬁﬁ%ﬁféﬁ%*ﬁﬁ%m%a%‘mmu et al., Ntu.
Rev. Cancer &p2age7# (2000) sbtudie saephtingticzto Pbek 10pnprélssien-dntumdistaeisease outcome

show that PD Jn'm%?o%B{%ﬁp@dﬁgg@ggyng%ﬁgé@tpﬁo\%meumammgs@gzm&.ﬁ@ kidrgy, ovarian,

bladder, breast, gastric, and pancreatic cancer, but perha s not small cell lung cancer. Hamanishi et
ok i

at, Proc. NatPAEasesioeyeolndibiosaihaisl asg JWUioRiRiel ot at, Cancer 109: 1499-505 (2007),
Konishi et al., Clin. DancdpRaeis, @3.5@94%@9@@0@)*%%?@%@@3& Carfcerirarevtholommunother,

56:1173-82 @Qﬁﬂé; Nopritgt @tichifdransessRos b3u2bal 5 H2007); Thempseanietak Proc. Natl.
about 25°C to about 37°C, even more preferably at about 30°C. The pH of the medium may be
30  any pH ranging from about 5 to about 9, depending mainly on the host organism. For E. coli, the
pH is preferably from about 6.8 to about 7.4, and more preferably about 7.0.
If an inducible promoter is used in the expression vector of the invention, protein
expressien is induced under conditions suitable for the activation of the promoter. In one aspect

of the invention, PhoA promoters are used for controlling transcription of the polypeptides.
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20 Acad. Sci. USA 101: 17174-79 (2004); Wu et al., Acta Histochem. 108: 19-24 (2006). In addition,
these studies\gygg@stibat higher levels of PD-L1 expression on tumorsfakiasiitaiesadvancement of
tumor stage and invasion into deeper tissue structures. The PD-1:PD-L pathway may also play a
role in hematologic malignancies. PD-1 or PDLI are rarely expressed B cell malignancies, but PD-L2 is
overexpressefiHEhI BT APBEMEigNEntils BrSWRE 4 duprPREdEHISdETER, ' Exp. Med. 198:
851-62 (2008)uPDeLi iBrekphésstd ohomiuligisimyelodisrcélishb it Ratomabirmdblasma cells. T cell

expansion ingfesRANSet0Mmysiomangeilsiisenhaneedn mfrobyRb-4d Jalackades Hkyealat, Blood 110:
296- 304 (2007). PD-L.i is expressed on som y T cell l homas, particularly anaplastic large

used, aceor énizr)B }E%) vector construct em'eltf g&ﬂl aa{srg known dl}/{}‘p Lart.

cell T lymphomas, an Is'expressed on the associated fo icLilar dendritic cell network. 30
DorfmanSet at, AmIhe SuressERabpI80rayD- 006N MerBel fay aisR/SofAtHET Lt ests that
tumor-associaiedik Gelisiase espendingins P Dubtsignals trysifyitalii degiies [yimphomab<Chemnitz et at,

Blood 110: 3@%@&%&%9&%Qngﬁy%ﬁmmﬁ RAGRRSRRRIONGRA b TyoelIBiRilik\rd mediated adult
T cell leukemia and lympRoma. Shimauchi et at, Int. J. Canc,?r 121: 2%1?5;%9 %OGOQ{SThese tumor cells

T}

are hyporesporeise f8M eI I HANS Sy BT BIBRKADE fRerLLERdREN 558 pre&8i8K Bt TNF-a, but not
IFN-y. Studiessirbafirat motelsfderrromstrArefirityPHi dhrexprassion dHmrmbrs.iplibis T cell
activatiqp angJysis-afjumense s andinsomeassadeadsio inareasedtuwmor-speaifia:T cell death.
Dong et al., Nat, Med. 8. £33-:800 S%Q%%%ﬁ?%ﬁ%?ﬁ%ﬁé-w%&ﬁ ﬁt%ﬁ%ﬁfougﬁéép%&%%%99%,)- Thus,

8
the suppression ofaglggtﬁ% Ing thro eg the anti-PD-LI antibodies of the 5invention, so as to
enhance T cBIPRIMCHSAEowWE S FoRFisedd hiamidsteth o AR IR chAY dderifsdutt™éan be effective
treatment forceamncel. indsombindtiarilhenapiegamide gEhaemethodsof(tiéhvwehtiiGaiaahlite combined
with known methods of treatment chronic 10infection or cancer, either as combined or additional
treatment steps or as\additional components of a th%ranuticier_mulationb1.3C rngertéﬁEghancing the
host's iniune fundSH T8 EEmBAP MBS e s (Ble& Of Acrensihg 13 interest Conventional
methods inclerdess) AP@usdeameénieHatdy damestta)infeetbrritis thélbimbr srbiReticoding foreign
MHC alloantigensan(bhttansiesting higpsiad:timoraalisadihoge nes tiatincreasetheyprobability of

immune anti%&@tf?ﬁe@wqu,@ GroiTWPNE RliMylalary Cyiokines, M: G corstimmaiory molecules

B7.1, B7.2) of the tumor, (i) adoptive cellular immtmotherapy, or treatment with activated
tumor-speciféTEde’d AJOPIR e shigir St Aln STREFSD IR EEERs 814Ky iy Wfftrating host
TAymphocytéspexpandifgstbepdhulationeinetitron sdoimaroththauighastimetbtiowisy<iha@hor tumor or
both. Additiom@ﬂmw%ﬁ%a—r&e&im@ Ae-dysivnstisnsbmayhealsahecastivated by in vitro
application of the anti-PD-L1 antibodies of the.igventio . T-cells that are so-acﬂvated ay then be

readministered to tﬁglﬁésﬂl.e{%a‘fﬂ%ﬁ%} ﬁ%%creasspigls (}lrogefn e ine lj(areest “én_ SII%W%J ﬁinraée lation therapy
(e.g., 25 radisfiriehapylishaebase@pnn mddiatiang srdiotde HRUmEREd4HSR 99 kN Bancer cells and
shrink tumorssRadiation therapystanhecadministerad Bitharoexteshally Xissextesnalieam radiotherapy

(EBRT) g i”ﬁ—ﬁi{lﬂ@é‘&‘é&é‘ hrachyihetapy. () hemathssan, ot the.ahpication of £xiQxigdrug which
generally affect rapidly dividing cells; (iii) targeted therapies, or agFents which specg;;ﬁ?lly affect the
efitin

deregulated BiBteirts BT EanteF BN (e Y A ABN PRI AL P MRITor S ST TR Pg&HtiAMD; monoclonal
antibodies, pHotodixiaheigstéhapyh) lofigdrierishenfroihéuciioy tor enkidpeehent of the host's immune
response (e.g., vacgingy4v} hersnanal dheapymdastiaekaise.aftharmenad ergnishieadumor is hormone
sensitive). (Vi Angiogenseinn Bllor, aninckalds of.hlagd.vessel ADARD and, gl and (Vi)
palliative care, or treatmen directe %o improving the quality of care to reduce pain, nausea, vomiting,
diarrhea®and i ith fyesPsitf mediedtistyRuirras? %ﬂ¥n‘é“%§‘?¥8 BNYCBLSHRE SMPEATEtics such as
ondansetronaaeiaprepitant, BN et More, dygfesbe. tredithend regibsefs.or FkpA (2

peptidylprolyl cis,trans-isomerase with chaperone activity) can be used to co-transform the host

prokaryotic cells. The chaperone proteins have been demonstrated to facilitate the proper folding
and solubility of heterologous proteins produced in bacterial host cells. Chen et al. (1999).J Bio

35 Chem 274:19601-19605; Georgiou ef af., U.S. Patent No. 6,083,715; Georgiou et al., U.S. Patent
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In the treatment of cancer, any of the previously described conventional treatments for the treatment of
cancer immuRjky smax-egssonducted, prior, subsequent or simultaneouspgifyéhmsmaaspinistration of the
anti-PD-L | antibodies of the invention. Additionally, the anti-PD-L1 antibodies of the invention may be
adminstrered prior, subsequent or simultaneous with conventional cancer_treatments, such as the
adminstratiohj‘bétméﬁbﬁwr&nﬁﬂo}a}‘é@@?d.z,og%ﬁo%lf’cfhgf"é{’ﬁtigéai@gf}iw%c%?ﬁ’ﬂ‘gg%d monoclonal
antibodies) dtiefiohth&edininistatibanof thEiiothBridpéatictay eBY1 10/@. ivfection: 39: 1981 the treatment
of infection (e;g., acute and/or chronic), administration of the anti-PD-L1 antibodies of the invention
can be combined vs(jth conventiopall treafments igml%gdiiiion to or.in Ii?u of. i”}HA@‘Jiﬁf natural host

. O .Imnze profe expIesse erplogous proteims_(especia t are
immune defenses to III#EC |0n].'J atdral host immune doe nsesto 15'n ectlgn Incluae, E)Ut are not

limited tc® inflerispitisHy fevervaintBdy brsetiie dHiskruRfaHe RO rAIBEy fatrhetistder host defenses,
including lymphekie: secsetian and eytaioxiackcellss@speacialpdurbifjediral pffectngticomplement
mediated lysjg and,apsopization.(fagilitated-phagosyiesisl. Andihagncuiosisshie shifity of the

anti-PD-L1 antibodies of the invention to reactivate %fu cgionala;g-gseu%\é\é?ugmee J%)ar)tr'icularly useful to
aﬂ ) mt L

treat chronic iffeCHEAE, i OB OCUHP RS in Wieh LM R A AR Ry L Ertical for complete
recovery. a.lagtesalelicidbostirifie ctiomeifedy iid gdioived ibdeteriainiidetdont thél dit-PP4: 1 antibodies of
the inveptiondnayhecombined:hy Reministmation.sinubaneous wikh NEos,mrsubseguent to standard
25 therapies Jpﬁ%ﬁ%ggg%)ac&eri [in ef:g?.-'?z ggé%t)grial infections are most commonly treated today with

antibacterial antibiotics, ut sgrlﬂﬁch’o‘ntalmng pathogen-specific antibodies from immunized hosts can

also be effective. £ BACtERPh&ISIE D Ah OGP SRS B tersbenst ol Br BIRIYS (toxugenie
bacteria), vaceinatiosingtbntnacte: toxipandosithe adyrinistedtiorhof trdrapetiticzagemis that block the
30 toxicity of {heHoxiRgiRY e dskBly.&fetlive i polyclonal serum, antibodies, antibiotics etc.). These
organisms include Clostridium spp., bacillus spp., Corynebacterium spp., Vibrio chloerae, Bordetella
pertussis; Staphylococcus spp.dﬁtreplggg% , g%ygfggﬁog‘,ram negative bacteria that also typically respond
to such traditional therapies include Enterobacteria (E.g., Escherichia, Klebsiella, Proteus, Yersinia,
Erwina), Salmonellahapédtrde pidtin oracat atinos A Er cap Sefateth BBpABEAL A are resistant to
phagocytosis:anahepsoRiZatoRea Mer thuso e prayerisa markrsigatficantthallergadaimmune
clearance NG RURPIEQEEUR W tRCTARPINS BRI, EIRMASPRmINEDSIElRMRP. and

Bacterioides fragillis. Bacteria that évade host defenses by invading cells so as to evade serum

[
antibody andPeBHBIEmMEREIESE aRSPARINgt CRETEHGE Y GEAPATEBEThELEHrethdits is almost
entirely B depengéstouporeTelympHityEechnedimeisnen ity onteard @spoeiedhrprossito becoming
chronic infections ASpegififexamplessbskiderS almanata(B. OpbliS.eholeragauis: Soenteritidis),
Legionella SPp. L;%;[%riaa SPPg, I%]raldgxeg" pp. and Mycobacterium, including Al. tuberculosis, M. avium
and M. leprae. %;plroc etes, inc uélng reponema spp., Borrelia spp. and Leptospira spp. are bacteria
10 that cause persiStent afidatBittiRféctionedifahohandipatativm st e atrBgaEsing the
disease syphiligfiszéosextalljtranshutitie dipessaswhithicanthay@seuercipathidlogitakitonsequences if
left untreated, The diseass Rogresses throwah,distinclslages: Thenitial glinicalstageds an ulcer or

chancre at the site treponemal inoculation, Follolvv{?ghthis i% a ;%}e}rio?ldofhsF)irtoc e elrani?,and metastatic
distribution of FrREPEErGAMIERRE AL CORAGEE IR MIETHG 1, Fape st &rRIs Lot Tisfe iSH and resolution
in a conditionkindwnrpkibzse doprdarsbbyp htfisFeshovising trievesotilive nvobee suraapredpiilis, the disease
enters an asymptamatic laiencysparied swbick-mayweanciudadadartiatisyeiiisawhich-is a serious and
often fatal conditipn eyl Mav.aniest LG NRALARAGUINS Wi apeurysis formuation
and secondary aortic value ns_u?ﬁmerpcy, I1) central nervous system (tabes dorsalis, general paresis),
(iii) eyes20 (FReahARPkEPataY] Breeh/ SxPs skl HasH SRR Aeredl RS Bmble the
clinical manifestationsef thealte rieredbidyrisploutias ectramsadittedbpsvhidipyabybdirisgticontact and poor
hygiene. They include yaws (T. pallidum subp. pertenue,) pinta (T carateuni) and bejel (T. pallidum
subsp. endemicum).
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Treatments for syphilis include penicillin (E.g., penicillin G.), tetracycline, doxycycline 25ceftriaxone
and azithromygin.iheaai-PD-L1 antibodies of the invention would be masiaduanrtaneously
administered to treat the latent infection period. Lyme disease, caused by Borrelia burgdorJeri is
transmitted into humans through tick bites. The disease manifests initially as a localized rash, followed
by flu-like symptoms incldding mafRE e cHe stitS

alESE fever  hedtattte, Stitfrigck and arthralgias. Later
manifestations canfinciukieyphigeatoryi 80 tnekpolyartoutar artiaridis, méwiologiamnd loaitdiac involvement
with cranial ngryg palsies,and £adiclopathy myesarditisiend agndhnias. Some casas of Lyme
disease become persisﬁfent,_ rtlasult%nag in ilrrterv%gﬁiatl) eng%mt§% G%Irlll%j%ggyes o geertiary syphilis.

Current therﬁﬁrﬁ/e’quarnF_f/’?n‘iemﬁ|1s‘:'eff';17[r§eéJE indudes prlmarlfyﬁw administration of antibiotics.
Antibioticiresistent strains may Be treat8d/wtHeRIBRBFERIbroquine or methotrexate. Antibiotic

35refractory patientswadift faeusopatbig-paite tad e teaie thwitthgabadentinigMinacychne may be

helptul in late/ghramic, Lyme,dis6ass, Wi, %MQQgigaitqaeom%iﬁmmm%qmﬁce@pa%ﬁamnS- The

anti-FD-L1 antibodiés would be most advantaneously administered to treat the latent infection period.
Other forms B BSHE oIS SR AL IS Y FESTIRE’ ADTH S FELIPRIIS ° 8. ‘RSB 8 Witicatae, B.
pan/ten., B. rispasitd, B cdettdnii antBl pendfsa badhokditegtospiresimyizmgeelt cimtessiogans), typically
resolve gpontansausisuniessRived.titers feach conceniatiansie.calse iRtralepatisiabstruction.
b.virus 10For j Lec&oar}gar\(feaiggliing from viral causes, the anti-PD-L1 antibodies of the invention may be
combined byggppglrllcétlon Simulatenous with, prior to or subsequent to application of standard therapies
for treating viral infé&tidhY: &ucHCBRIReATe 1REPAFIEY Sy dEpERDE HO R Y e aXiAEUES although in
almost all casaoadspinsitatiarioaf human serum containing antitibodies (e.g., IgA, 1gG) specific to the
virus can be effective. 15 1) Inflyenza o, Anflyenza-ipfection results in fever, cough, myalgia, headache

and malaise, which_often occur in_seasonal epidemics. I_nfluenz%(iisfalso asgi(])@cli%}tieg W{i)th a number of
{a' R lar ?] 55101

postinfettious disordaf& Utk FEBEETRSTTY FAVBBEHAMIHE EE Y SHLIFL SRGTMe, and Reye's
syndrome. 20¢nftod iz & Yitfartionmisty ey kessesonbvprarsulriomary karibacerndidefenses, such that
patient's recovering from influenza havg.asvinereasashiisk of developing bacterial pneumonia.

Influenza viral surfage profeins show, marked. anigenic,variation, feswling from miajion and

recombination. Thus,pcytéﬁrfltlc T lymphocytes are the host's primary vehicle for the elimination of virus
after infectior’i‘?aﬁ]ﬁﬂfueTﬁ(Eﬁ3’3“@Fé’(g%‘i‘f%aefh%c?H?@é"ﬁl‘?ﬁfﬁ"f‘y(ﬂ/b‘iéé%‘?séaﬁﬁ?jtﬁ?*.m%oﬂ‘iﬂ GBHBH A is unique in
that it infectstoth laymangialiid neamycdthecaeimals (e.giepigishdrsespbirdsamdgsals) and is the
principal caugesgfRardgraie éﬁgﬂ‘?eeg@eaﬁﬁgaewb%& avalbis infeciad Ry buadifferent influenza A strains,
the segmented I%NAngnomes 0 rtwp tﬁ/o,,Harental virus types mix during replication to create a hybrid
replicant, restl mglgn%n naea\}l\fné}ﬁ?acenrjnd’?g Straffis! Influenza B does not replicate in animals and thus has less
genetic variation arftirifitiaHe afC wEstien e aintleaeskrstypacst avbst ednvertiohatstherapies are
palliatives of ¢hie symptomscekultinguirameiniactionsterbidecth ediostisdmmunedaspesaactually clears
the disease. FlOWEYSL, GHRINSHMAR (ffegelewi%u?&@@%&ﬁ@t@%ﬂq&nﬁ%@uw&m and death.

Influenza A may be treated both clinically and prophylactically by the administration of the cyclic
amines inhibitSr hTAARAH &g notic Heid and hygromtyein

Another example of suitable selectable markers for mammalian cells are those that enable

the identification of cells competent to take up nucleic acid encoding the antibodies of the
invention, such as DHFR, thymidine kinase, metallothionein-I and -1, preferably primate
30 metallothionein genes, adenosine deaminase, ornithine decarboxylase, efc.
For example, cells transformed with the DHFR selection gene are first identified by
culturing all of the transformants in a culture medium that contains methotrexate (Mix), 2
competitive antagonist of DHFR. An appropriate host cell when witd-type DHFR is employed is
the Chinese hamster ovary (CHOQ) cell line deficient in DHEFR activity (e.g., ATCC CRL-9096).
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35rimantadine, which inhibit viral replication. However, the clinical utility of these drugs is limited due
to the relatively digh,ipsigence of adverse reactions, their narrow anti-visglapeesswgrgnfluenza A only),
and the propensity of the virus to become resistant. The administration of serum IgG antibody to the
major influenza surface proteins, hemagglutinin and neuraminidase can prevent pulmonary infection,
whereas mucosal IGRTETERSS 5 b RAETRATE B KB hE s I SPFRLL ISR WAl iRd trachea. The
most effectivezotforent treatrmenfoforinflienizadsivatcmeatiorz- Wik thevadminigidatisnBiARrus inactivated
with formalin g ft-PEaPIQIAGIARR HMBARIE SHAFUS aminARESAR iINEUkALNALOES:1 Ladaysahosts infected

with the measles, virus develope fever,.cough, coryza and conjunctiyitis, Within 1-2 days, an
erythematojgfj ?ﬁlggﬁti‘(ijﬁésf;{b%? %éﬁ nfguﬂjé\?elf%&m %’l%%%lﬂ%ﬁﬁ/ §E?retzaa§e%)€\é¥g§%h%arekﬁﬁ?léé%ody. Because
infection also's e prasedsselio i ity HHemEE: ReariaateHsk foreéleldpiy Bacterial
superinfectiomgssinetuding otitis media, pneumonia and postinfectious encephalomyelitis. Acute
infection is associated with significantmorbidity. angd ortality, especially in malnourished adolescents.

Treatment for measles includes the passive administration of pooled human IgG, which 15 can
prevent infection in"ABHEHAMTHE Qi SETE VR 3 YR L B BAL MR SREFEXBISIE However, prior
immunizatiorvrgitisived dtteprriie dinied sdshheupiis effeutidongrdatdaerst antbpizventeqdisease in more
than 95% of thesaimmunizedic-Asdhargds.ener serohim eldhia vifpsxiaaingls immupization or infection
tpically results i pretection ot lfe. from. subscansatiafection. In.g.smallpioarion ol infected hosts
measles can'deve op Into eS%E’E which 1sa 20 chronic progressive neurologic disorder resulting from

a persistent iFEEIBHORHE CEEAITERGTRISY starnySPEsia cHtsed FPEOMEV AT of measles
virus with detegtsuthairiferfarexnitd viries assemily and Vuddinggleor:thesezpatidntdgmaactivation of
T-cells with the anti:PDrd antibadias Lhthe layeriensAAsdRhacilitater ikl dearrnca.would be

desirable. 253)Hepatitis B virus HepatitistB virus (HB-V) is the most infectious known bloodborrte
pathogeh. It i S TS OP RSB SHagHE 8 &AOhic heptatis and hepatic carcinoma, as well as life-long,

chronic infection. FEHwvingrinfesctigabiehiervira s i piektiastin vep dgedeahe Wit rarsdethen shed the
surface antigrpddBsAgd Thedejachan ol exeessivane yals)alB sAgninsesuimsisedigpstandard
30method for diagnosing.a Repalitis BseHon; An.acute Infection may.feRpve.ar ihgan develop into a
chronic persigtent_ infection. &urrent treatments for chronic HBV include a-inteferon, which
increases the ¥ SEBAIST HradqbhufamEtidEyte A RTGER! (uTsay hthd! sorfaea Pitfepatocytes,
thereby facilitadipgnth@iPrecognitiopsyigyitdtaxiciie Bdphosirte shoAdditidnallypah@mnucleoside analogs

ganeiclovir, 35famCA%&%%H@B%@;SH&%QM%@QM@@&W&Q&WH same.efficagyindhetigatnent of HBV
infection in \?/O 201(?/ 77634PCT4)U82§)99/0 7104 in clinical trial Additlional treat{nelnts for HBV
mple 1 T POX

include pegy é{f eeaaa _pln tef"f Ii%nﬁo’t%‘a% n?(])n\?ll’, om the genomes o1 Viruses such as polyoma virds, Tow’

viras, adenovirus (suck as Adenovirus 2), bovine papilloma virss, avian sarcoma virus,

cytomegalovirts, a retrovirus, hepatitis-B virus and most preferably Simian Virus 40 (5V40),

25  from heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin

promoter, from heat-shock promoters, provided such promoters are compatible with the host celt
systems. _

The early and late promoters of the SV4{ virus are conveniently obtained as an SV40

restriction fragment that also contains the SV40 viral origin of replication. The immediate early

30 promoter of the human cytomegalovirus is conveniently obtained as a Hindlll E restriction

fragment. A system for expressing DNA in mammalian hosts using the bovine papilloma virus as

a vector is disclosed in U.S. Patent No. 4,419,446, A modification of this system is described in

U.S. Patent No. 4,601,978, Sec also Reyes ef al., Natre 297:598-601 (1982) on expression of

human -interferon ¢cDNA in mouse cells under the control of a thymidine kinase promoter from
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entecavir and telbivudine. While passive immunity can be conferred through parental administration of
anti-HBsSAQ sgigh anfiegagdies, vaccination with inactivated or recombingitdiBsagogdss confers
resistance to infection. The anti-PD-L1 antibodies of the invention may be 5combined with
conventional treatments for hepatitis B infections for therapeutic advantage. 4)Hepatitis C virus
Hepatitis C VRR{FIERLY }?ﬁécﬁﬁﬁ%‘g?%g& {9 CHFERI ot GF P aAEP FEsiRivie iidrrosis. While
symptoms ar&egirmbateto infections resulting from Hepatitis B, in distinct contrast 10 to HB-V, infected
hosts can be asymptomatic for 10-20 ygats.- LisatmentiaetAC-V infection includes the administration

of a combination of a-interferon and ribavirin. A promising.potential therapy for HC-V infection is the
orotoase itibitor (AR L) R TR e Rt Bl TSRS (D110,
Medarexj, bafittxiese fapi BRSOy ERBADBIHERSUSARS I B GSPHDIRGRIBEIRLIEYIREHA in a

B2-glycoprotein k«depensentmaanar ;Reregring.18Rharmascauticalshpantidind visaligoat protein E2
antibod(y)(tes) tef: AT.G88R A088: abAg. Tk PUAMATEUICRR) andfhaagiity golyclonal
anti-HCV human immune glo ullns. The anti-PD-L | antibadies of the invention may be combined with

one or more of th&dEreMBh S hRigatTR i etieR LRt thetdpbatedtrraltdye s  Protease,
polymerase anehNSSALaktitors wiyietn mebaiver use cthinlgo reidinafiolr withidite? apti-RBILI antibodies of

the invepfion,i.spesificalivtreatHepatitis.& infestion ineluge the follawingiidentifigdinT able B Table B
Hepatitis C protease %ﬁol(xmerase inhibito %e of inhibitor Inhibitor Name Manufac), Protease

R72271TMN T RACREMEMAUHE TS T02 FROCHE BioBcignces e voeior @ Position

or 3' to the antibody encoding sequence, but is preferably located at a site 5' from the promoter.
b, Transcription termination component
Expression vectors used in eukaryotic host cells {yeast, fungl, insect, plant, animal,
15 human, or nucicated cells from other multicellular organisms) will also contain sequences
necessary for the termination of transcription and for stabilizing the mRNA. Such scquences are
commonly available from the 53" and, occasionally 3, untranslated regions of eukaryotic or viral
DNAs or ¢DNAs. These regions contain nucleotide segments transcribed as polyadenylated
fragments in the unfransiated portion of the antobdy-encoding mRNA. One uscful transcription
20 termination component is the bovine growth hormone polyadenylation region. See W(094/11024
and the expression vector disclosed therein.
g Selection and transformation of host cells
Suitable host cells for cloning or expressing the DNA in the vectors herein include higher
eukaryote cells described herein, including vertebrate host cells. Propagation of vertebrate cells
25  in culture {tissue culture) has become a routine procedure. Examples of wseful mammalian host
cell lines are monkey kidney CV'1 line transformed by SV40 (COS-7, ATCC CRL 1651); human
embryanic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et
al., J. Gen Virol 36:59 (1977)) ; baby hamster kidney cells (BHEK, ATCC CCL 10); Chinese
hamster ovary cells/-DHFR (CHO, Urlaub ef al., Proc. Natl. Acad. Sci. US4 77:4216 (1980)) ;
30  mouse sertol cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980) }; monkey kidney cells (CV1
ATCC CCL 70); African green monkey kidney cells (VERG-76, ATCC CRL-1387); human
cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCEK, ATCC CCL 34);
buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lumg cells (W138, ATCC CCL 75);
hurman Hver cells (Hep G2, HB 80635); mouse manumary tumor (MMT 060562, ATCC CCL51);
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VX500, VX8 13, VX985 Vertex Telaprev(VX950) Vertex/Tibotee TMC435350/TMC 435 Medivbotec
Boceprevir (SH503@34s:Narlaprevir (SCI-1900518/SP900518) ScheripgriRIouadosk 84201335, BILN
2061 Boehringer Ingelheim MK7009 Merck IDX-136, IDX-316 Idenix
TRI cells (Mather ef al., Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a
lmaman hepatoma line (Hep G2).
Host cells are transformed with the above-described expression or cloning vectors for
antibody production and cultured in conventional nufrient media modified as appropriate for
5 inducing promoters, selecting transformants, or amplifying the genes encoding the desired
sequences.Examples of useful mammalian host celllines are
k) Culturing the host cells
The host cells used to produce the antibody of this invention may be cultured in a variety
of media. Commercially available media such as Ham’s F10 (Sigma), Minimal Essential Medium
10 ((MEM), (Sigma), RPMI-1640 (Sigma), and Duibecco's Modified Eagle's Medium ((DMEM),
Sigma) are suitable for culturing the host cells. In addition, any of the media described in Ham er
al, Meth, Enz. 5844 (1979), Barnes et al, Anal. Biochem.102:255 (1980), U.S. Pat. Nos.
4,767,704; 4,657,866; 4,927,762; 4,560,655; or 5,122,46%; WO 90/03430; WO 87/00195; or U.S.
Patent Re. 30,985 may be used as culture media for the host ceils. Any of these media may be
15 supplemented as neccssary with hormones and/or other growth factors (such as insulin,
transferrin, or epidermal growth factor), salts (such as sodium chioride, calcium, magnesiomn, and
phosphate}, buffers (such as HEPES), nucleotides (such as adenosine and thymidine), antibiotics
(such as GENTAMYCIN™ drug), trace elements (defined as inorganic compounds wusually
present at final concentrations in the micromolar range), and glucose or an equivalent energy
20  source. Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperatare, pH, and
the like, are those previously used with the host cell selected for expression, and will be apparcnt
to the ordinarily skilled artisan,
i) Purification of antibody
25 When using recombinant techniques, the antibody can be produced infracellularly, in the
periplasmic space, or directly secreied into the medmm. If the antibody is produced
intracellularly, as a first step, the particulate debris, either host cells or lysed fragments, are
removed, for example, by centrifugation or ultrafiltration. Carter et af., Bio/Technology 10:163-
167 (1992) describe a procedure for isolating antibodics which are secreted 10 the periplasmic
30  space of E. coli. Briefly, cell paste is thawed in the presence of sodivm acetate (pH 3.5), EDTA,
and phenylmethylsulfonylfluoride (PMSF) over about 30 min. Cell debris can be removed by
cenfrifugation. Where the aniibody is secrcted info the mediom, supernatants from such
expression systems are generally first concentrated using a commercially available protein

concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease
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BMS-790052, BMS-791325 Bristol Myers Squibb PHX-1766 Pbenomi ACII-806 Achillion/Gilead WO
2010/077634R hikharfQ9/067104 ACH-1625 Aclo ABT-450 Abbottahs-VRYss/R-Ydjobay
Polymerase Inhibitors

inhibitor such as PMSF may be included in any of the foregoing steps to inhibit proteotysis and

antibiotics may be included to prevent the growth of adventitious contaminants.
The antibody compositicn prepared from the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with
5  affinity chromatography being the preferred purification technique. The suitability of protein A
as an affinity ligand depends on the species and isatype of any immunoglobulin Fe domain that is
present in the antibody. Protein A can be used to purify antibodies that are based on human
immunoglobulins containing 1, 2, or 4 heavy chains (Lindmark et al, J. Immunol. Meth. 62:1-13
(1983)). Protein G is recommended for all mouse isotypes and for human 3 {Guss er al.,, EMBO
10 5:15671575 (1986)). The matrix to which the affinity ligand is attached is most often agarose,
but other matrices arc available. Mechanicalty stable matrices such as controlled pore glass or
poly(styrene-divinyl)benzene allow for faster flow rates and shorter processing times than can be
achieved with agarose. Where the antibody comprises a Cyg3 domain, the Bakerbond
ABX™resin (J. T. Baker, Phillipsburg, NJ} is useful for purification. Other techniques for
15  protein purification such as fractionation on an ion-exchange columm, ethanol precipitation,
Reverse Phase HPLC, chromatography on silica, chromatography on heparin SEPHARQSET
chromatography on an anion or cation exchange resin (such as a polyaspartic acid column),
chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are also available depending

on the antibody to be recovered.

20 Following any preliminary purification step(s), the mixture comprising the antibody of
interest and contaminants may be subjected to low pH hydrophobic interaction chromatography
using an elution buffer at a pH between about 2.5-4.5, preferably performed at low salt

concentrations (e.g., from about 0-0.25M salt).

25 C. Antibody preparation

1) Polyclonal antibodies

Polyclonal antibodies are generally raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to
conjugate the relevant antigen to a protein that is immunogenic in the species to be immunized,

30 eg., keyhole limpet hemocyanin (KLH), serum atbumin, bovine thyrogiobulin, or sovbean trypsin
inhibitor, using a bifunctional or derivatizing agent, e.g., maleimidobenzoyl sulfosuccinimide

ester (conjugation through cysteine residues), N-hydroxysuccinimide (through lysien residues),
glutaraldehyde, succinic anhydride, SQOCl, or R'N=C=NR, where R and R' are independently
lower alkyl groups. Examples of adjuvants which may be employed include Freund’s complete

35  adjuvant and MPL-TDM adjuvant (monophesphoryl Lipid A, synthetic trehalose
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Rl 626 Roche R7128 Roche/Pharmasset NM283 Idenix 11CV796 Wyeth BILB 1941, BI-207127
Boehringer Ingglhai%:k60667, 059190 Gilead PF-00868554 Pfizer pcraszonsmnsrios

dicorynomycolate). The immunization protocol may be selected by one skilled in the art without
undue experimentation.

The animals are immunized against the antigen, immunogenic conjugates, or detivatives

by combining, e.g., 100 ug or 5 yg or the protein or conjugate (for rabbits or mice, respectively)

5 with 3 volumes of Freund's complete adjuvant and injecting the solution intradermally at

multiple sites. One month later, the animals are boosted with 1/5 to 1/10 the original amount of

peptide or conjugate in Freund’s complete adjuvant by subcutancous injection at multiple sites.

Seven to fourieen days later, the animals are bled and the serum is assayed for antibody fiter.

Animals are boosted until the titer plateaus. Conjugates also can be made in recombinant cell

10 culture as protein fusions. Also, aggregating agents such as alum are suitable to enhance the

immune response.

2) Monoclonal antibodies
Monoclonal antibodies are obtained from a population of substantially homogeneous

15 antibodies, iLe., the individual antibodies comprising the population are identical except for
possible maturally occurring mutations and/or post-translational modifications  (e.g.,
isomerizations, amidations) that may be present in minor amounts, Thus, the modifier
“monoclonal” indicates the character of the antibody as not being a mixture of discrete
anttbodics.

20 For example, the monoclonal antibodies may be made using the hybridoma method first
described by Kohle_r et al., Nature, 256:495 (1975), or may be made by recombinant DNA
methods (U.S. Patent No. 4,816,567).

In the hybridoma method, 2 mouse or other appropriate host animal, such as a hamster, is
immunized as hereinabove described to elicit lymphocytes that produce or are capable of

25  producing antibodies that will specifically bind to the protein used for immunization.
Alternatively, lymphocytes may be immunized in vitro. Lymphoecytes then are fused with
myeloma cells using a suitable fusing agent, such as pelyethylene glycol, to form a hybridoma
cell (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press,
1986).

30 The immunizing agent will typically include the antigenic protein or a fusion variant
thereof. Generally cither peripheral blood lymphocytes (“PBLs™) are used if cells of human
origin are desired, or spleen cells or lymph node cells are used if non-human mammalian sources
are desired. The lymphocytes are then fused with an immortalized cell line using a suitable
fusing agent, such as polyethylene glycol, to form a hybridoma cell. Goding, Monoclonal

35 Anmtibodies: Principles and Practice, Academic Press (1986}, pp. 59-103.
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VCH757, VCH916 V rochem VX222, VX759 Vertex MK-3281 Merck ANA598 Anadys IDXI184,
IDX375 |den|)wg§|r(?/@5é3?hamlasset ABT-072, ABT-333 Abbott Labs PCT/US2009/067104

Immertalized cell lines are usually transformed mammalian cells, particularly myetoma
cells of rodent, bovine and human origin.  Usually, rat or mouse myeloma cell lines are
employed. The hybridoma cells thus prepared are seeded and grown in a suitable culture medium
that preferably contains one or more substances that inhibit the growth or survival of the unfused,

5  parental myecloma cells. For example, if the parenmtal myeloma cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the
hybridomas typically will include hypoxanthine, aminoptetin, and thymidine (HAT medium),
which are substances that prevent the growth of HGPRT-deficient cells.

Preferred immortalized mycloma cells are those that fuse efficiently, support stable high-

10 fevel production of antibody by the selected antibody-producing cells, and are sensitive to a
mediam sach as HAT medium. Among these, preferred are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell
Distribution Center, San Diego, California USA, and SP-2 celis (and derivatives thereof, e.g.,
X63-AgB-653) available from the American Type Culture Collection, Manassas, Virginia USA.

15 Hyman myeloma and mousc-human heteromyeloma cell lines also have been described for the

production of human monoclonal antibodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur et

al., Monoclonal Antibody Production Technigues and Applications, pp. 51-63 (Marcel Dekker,
Inc., New York, 1987)).
Culture medium in which hybridoma cells are growing is assayed for production of

20 monoclonal antibodies directed against fhe antigen. Preferably, the binding specificity of
monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation or by
an in witro binding assay, such as radioimmunoassay (RIA} or enzyme-linked immunosorbent
assay (ELISA).

The culture medium in which the hybridoma cells are cultured can be agsayed for the

25 presence of monoclonal antibodies directed against the desired antigen. Preferably, the binding
affinity and specificity of the monocional entibody can be determined by immumoprecipitation or
by an in vitro binding assay, such as radicimmunoassay (RIA) or enzyme-linked assay (ELISA).
Such techmiques and assays are known in the in art. For example, binding affinity may be
determined by the Scatchard analysis of Munson ef al., Anal. Biochem., 107:220 {1980},

30 After hybridoma cells are identified that produce antibodies of the desired specificity,
affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown
by standard methods (Goding, suprq). Suitable culture media for this purpose include, for
example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown in

vivg as tumors in a manymal.
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BMS650032 Bristol Myers Squibb NS5A Inhibitors BM5790052, BMX824393 Bristol Myers Squibb
AZD 2836, AR, 4R d5pW Therapeutics GSK 625433 Glaxo Smith Klipg2)kygaai
Immunodeficiency Virus (HIV) HIV attacks CD4+ cells, including T-lymphocytes,
monocyte-macrophages, follicular dendritic cells and Lan é%erhan s cells, and CD4+ helperllnducer cells

are depleted. As a FESHPHRIERbEIREGEH S Sbtb FBe FERIEPTH H8IFHNARERRII Infection with
HAT results inlaD8:Guin atteadtiB0&o-ofinbviduwalspiamd istrangivittédpvidiseoakcontact,

administration,af infectegbloge embloedpradugis.aiificirl Jnsemipaien withafgrigdsemen,
exposure to lalolod con&alllgln needles or syringes and transmission from an infected mother to infant
during childbirfit A R YeCteq Wit ﬁ?ﬁv may be asymptomatic, or may develop an acute illness that

10 resermbling moﬁ&ﬁ%ﬂ’éﬁsﬁ%ﬂbqé‘%W%@#@d@ﬁéﬁdéé’ﬁe‘?%@ﬂﬁﬁﬁ&ﬁ%@’ﬁh@%%ﬁ? Syhtptoms can
progress to piegiessive srmunedystunstinndnsludinigpessistenifeveizdiig fifeswieadspweight loss,

unexplained 91@559%@1&%3@%&&95'%&5s&ﬁ?%ﬁ‘%&%g%mﬂﬁ&ab%[&%ﬁ&&s gL ol a’%d'diaSiS and

oral hary leukgplakia. Opportunistic infections by a host of parasites are common in patients whose

infections de@%ﬁ%‘fﬁ?&“ﬁl‘ﬁ@ﬁ%ﬁ‘r@&ﬁ?@h&"I%l?l"i'-‘ﬂ\ﬁ ﬁ?&fﬁf&éigﬁ?ﬁﬁ%gtﬁ@gﬁ’%@?ﬁﬁm ifJ including
nucleoside ahgibggizidorudmc(AlgTireitier didndorinciombinatienwithedidanosifieudr zalcitabine,

dideoxyinosingdidgaxyoxiiding Jamiduushinac stavydipe;avesssrdranssrintive.iphibitasrs such as
delavirdine, into host cells such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or
myeloma cells that do not otherwise produce immunogiobulin protein, in order to synthesize
monocional antibodies in such recombinant host cells. Review articles on recombinant
expression in bacteria of DNA encoding the antibody include Skerra er al, Curr, Opinion in

15 Impunol., 5:256-262 (1993) and Plickthun, fmmunol. Revs. 130:151-188 (1992).
In a further embodiment, antibodies can be isolated from antibody phage libraries
generated using the techmiques described in McoCafferty er al, Nafure, 348:552-554 (1990).
Clackson er al., Nature, 352:624-628 (1991} and Marks erf al., J. Mol Biol., 222:581-597 {1991}
describe the isolation of murine and human antibodies, respectively, using phage libraries.
20 Subsequent publications describe the production of high affinity (nM range) human antibodies by
chain shuffling (Marks er al, Bio/Technology, 10:77%-783 (1992)}, as well as combinatorial
infection and in wve recombination as a strategy for constructing very large phage librarics
" (Waterhouse et al., Nucl. Acids Res., 21:2265-2266 (1993}). Thus, these techniques are viable
alternatives to traditional monoclonal antibody hybridoma techniques for isolation of monoclonal

25 antibodies.

The DNA also may be modified, for exampie, by substituting the coding sequence for
human heavy- and light-chain constant domains in place of the homologous murine sequences
{U.S. Patent No. 4,816,567; Morrison, ef al., Proc. Natl Acad, Sci. US4, 81:6851 (1984)), or by
covalently joining to the imnunoglobulin coding sequence all or part of the coding sequence for
30 a non-immunoglobulin polvpeptide.  Typically such non-immunoglobulin polypeptides are
substituied for the constant domains of an antibody, or they are substituted for the variable
domains of one antigen-combining site of an antibody to create a chimeric bivalent antibody
comprising one antigen-combining site having specificity for an antigen and another antigen-

combining site having specificity for a different antigen,
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nevirapine, loviride, and proteinase inhibitors such as saquinavir, ritonavir, indinavir and nelfinavir. The
anti-PD-L| antheeies,efsdae invention may be combined with conventiongitigatgaapisiior HIV infections
for therapeutic advantage. 56)Cytomegalovirus Cytomegalovirus (CIVIV) infection is often
associated with persistent, latent and recurrent infection. CMV infects and remains latent in monocytes
and granulocyte- mgheolfﬁ?f@%?’b"éé‘ﬁ W@élf?“ef’rlfédchﬂfé‘élli’%%}’n}l}ﬁt&ﬁ?va‘fe@fw|Hﬁqfi?ﬂaé fdHonucleosis-like
symptoms (i ebjdeirersbWwstienigibnas, fvalaise)lcamed axttndancy to rdevdiopratiargicakit rashes to
antibiotics. meﬂdg%mﬁpﬁ@a@hlg quiﬁ%ﬁtmr}mp chhe Vitisiissshednn Ehﬁlddf&@%ﬂﬁ@m&a semen and
to a lesser ex fent |r(1nottf111e gfé%'éjos ralne%gg1 %on gan Carlossoh C‘%‘l’JcIﬁf vei 1etreeg=,v cher to her
fetus or newborrY gha E) jlood transfusi organ transpﬁants V'intection results in general
impairmént dﬂ%‘éﬂ’ﬁl&‘ﬂﬁ‘ﬁ?ﬁﬂﬁwedﬁﬁﬁ%ﬁw“ﬁﬂ W%ﬁp“éﬁ‘f@d%l&éﬁé‘é@n% rESPEFEd 8@ Nnspecific
mitogens angrspeacific:GhMantigens ndinvidi shedso\tataxictability:andrelavatian=afikcD8.lymphocyte
number of CRA alysp Qhﬂ%&sm pmliﬁ@éltﬂagﬂgﬁtpﬁﬁ;%\( ipfaetinn nelyde: theantiyirgls ganciclovir,
foscamet and cidovir, but these druges are typlca onl ly prescribed in immunocompromised patients.
The anti-PD ﬁ%{}%ﬁf&?ﬁ%ﬁl@%}% Hsh Ay Y caoarrnblned with conventional treatments for
cytomcgalovirus inféétions dohithrel apduticsativamaide. 20Ty EpsteinBagrkyins meth@pdtein-Barr virus
(EBV) can establish prisistentand, latantinfestiensranshprinaniyaiiagks3 cells ckalgation with EBV
results in the, clinical condition Cogéguegg%us mor ow&[g}ggé%bgvpzlw OmclHd s feversore throat, often

I oI 1l
with exudate I%néuﬁgr% 1ze laﬂfyy n enopatﬁy and] 25splenomegaly H gatltlsn?s glslé)o%resent which can

develop into ‘j’ﬁ%dl@é“mple“’w&ﬁ%‘tfﬂﬁdéfﬁ?@étfﬂreﬂﬁ WE@\)WW@E&E‘H@‘ idasamativest-dymptoms, EBV
is associatedmitipthietgdvi@iopment of certain cancers such as Burkitt's lymphoma and nasopharyngeal
cancer. Thus, clearance of viral infection before these complications result would be of great benefit.
The antl PD-LI antlbodles of the mventlg n;agl be combined with 30conventional treatments for
Epstein-Barr virus infectidhs for tHETABA I a4 %intage. 8) Herpes virus Herpes simplex virus
(HSV) is transmittedhpyuiredeceritacovwitiramfected wostisa Mireeridfechorrmmayisdigsymptomatic,
but typically raswtirdlistassconiaining infectiausRbparticles. Fheidisersenmanifiesisas cycles of
active peﬂod%%mﬁﬁéa% ibighigsions anesat.ang danpeakaslie VAl ieplypiect the nerve

ganglion for subsequent outbreaks. Lesions may be on the face, genitals, eyes and/or hands. In some

case, an |nfe@ﬂg‘ﬁac%ﬂﬁsﬁ‘¥§8‘?fél9§§n8h%?§h§’m@ T@%Wﬂ@*éﬁﬁ%&‘?ﬁ?@&ﬂ%?&l@‘ﬂ%cted primarily
to resolving tirersyrpiptoinatitbatutbradkdicandiadcitesystemigdoawitivitekbmedicinesiguch as: acyclovir

(e.g., Zoviraxghhck alagicloviin mﬁm@%kﬁa%%@}Mtngagggm)mmtlg@@M;m aslocosanol
(Abreva*), tromantadine and Ezlglactl e cle%@éjqe of Iahent mfectlog(%%b of hertpgﬁ)woyld be of great
t

11 are Ie 8§ 4 NON-AUman species 101 ant
clinical benefwf e antl- énef s ofdt e mventlon may be combined wi conventlonal

treatments fdlﬂ‘}?éfrp"é‘s‘\f/lﬁ?@?ﬁ@@t%ﬁé ‘f?ﬁ“ﬂ’ﬂié’?&ﬁ@&% Hiviahtagertoty) |Te instaptgimdh
T-lymphotrophigevists isiduey o1 tid Thiva Jinsriransmitte dv igsexd al contagindreashfieading or exposure

to contapinafee; bloog, The Virus:actve ﬁaméﬁmf L T qelssalled. Thlcelsmigsuiting in their

overproliferation and overproduction of related cy tokines (e.g
recipient antibody nor in the imported CDR or fra ework sequcnces In general, the humanized

antibody will comprige substantially all of at ieast one, and typically two, variable domain, in
which all or substantially all of the CDR regions correspond to those of a non-human
immunoeglobulin and all or substantially all of the FR regions are those of a human
30 immunoglobulin consensus sequence. The humanized antibody optimally also will comprise at
least a portion of an immunogiobulin constant region (Fe), typically that of & human
imnwmoglobulin. Jones et al., Nature 321: 522-525 {1986); Riechmann et al., Nature 332: 323-

329 (1988) and Presta, Curr. Opin. Struct. Biol, 2; 593-506 (1992),
Methods for humanizing non-human antibodies are well known in the art. Generally, a

353 humanized antibody has one or more amine acid residues introduced into it from a source which
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15 IFN-y and TNF-a). This in turn results in a suppression of Th2 lymphocytes and reduction of Th2
cytokine prodyedion dg+esdL-4, IL-5, IL-I0 and IL-13), causing a reductiopdp ¢had@hiiiyef an infected
host to mount an adequate immune response to invading organisms requiring a Th2- dependent
response for clearnance (e.g., parasitic infections, production of mucosa' and bumoral antibodies).
20HTLV infelsidtatisd e b BBBB ATRR AT R B Shomeuta ot rmatitis and
superinfectionsisvitie Stpiphiyl oedoc dus: sppingrd"Steondy lbides. sppnresultingambdeatintrdin polymictobial

ZepsiS-lHﬂ%éﬁ&%ﬁ&l@%@@ﬂ@lm |ﬁa§o@i5ewtw Adult- %ﬁﬁ%ﬁ@@?ﬁ#ywn@m my:essive
emyelinatin otor neuron dis ear atent
infections Wo%%%g% nlé'}lea%l% %"]fﬁ[lc{;1 tﬁmnezﬁém%\é%g%ﬂ %netﬁgo Celgnf)a%% |§%§r§8n may be
combined wifth*8Bnyetticah P theatiireTes e IR W&%ﬁ?@%ﬁfﬂﬁé}faﬁéﬁﬂ@%ﬁf&@@eﬁm HPV
Human papillgmauvisus{iRy) pueadityatiectskeratiaooytcs datkRCoirs:in dnddaems.80 cutaneous
and genital. Feansaission isheligve) inaamuis ltonab gk coniackanilaLagxyal agilvit. Both

cutaneous and ﬁenlta ‘HPV mfectlon can result in warts_and latent infections and sometimes recurrlng

infections, whi& %ffé@é’n%ﬁ%r&%’)‘?‘ﬁ%t FHFSRiEy AR SBREFL RS syttt BHEHLKs the
appearance eftivatis, dutidenedithenhosbebpabletofitrams MbRngsthes rfdationtiy sthelfst Infection

with HPY ca%@t@@dﬁ@@mi@ﬁm@r@ﬁ&@@m@aﬁ%@%mwmb@mwumr penile and oropharynial
cancer. There are nﬁ kr}owno%res for HPV nfectl urren ttre§t3;1ent tolg iigal qﬁ)é)hcatlon of

Imiquimod, which stimu jlates the iqimr?}mlijrr%aeEsygtﬂ'gdr;rrfsfo atta%‘[g afiected area. ‘rllhe cléarance of HPV
latent |nfectld"r‘%’w&ﬁ‘ld*‘ﬁ’é‘@fegFédf"éflifﬁ‘iéﬁ‘laﬁéﬁé?ﬂuc?ﬁ’é“&?w% AorontipgilcbRes Gilidetifiention may be
combined wittr"castention sdireatments ok dle\Wihiniectiongeoratiissap auiicadyapiagehe.fun&us Fungal
infections, Or HIYCRRER, &@tﬁo‘%@ﬁhﬁh@?&z}% (%IBHHE%}{eMQCH‘BQlBH}QéchREQ&Nm%H%lQnQQ'C’n'Z&t'O” of

hosts with compromised immune systems b%endo enous flora, |mmun|t to mycoses is principally
cellular, hvofdi atr?gﬁﬁé‘ﬁﬂ%ﬂt 1S RS PRI RIS &5 R AP RO Lo §V%1rkcﬁFR oBaBiy REIPAT ISP TK) cells.
Mycoses areSippicady hdrsuste piibld N tivéstitire doy’ a-ﬁt%@’d%lfdné&é@ﬁdrﬁl‘éﬁ?én&n%s‘temlc invasive
mycoses reswting: ke @&marsy mmdmw@omﬁtaﬂwﬁaﬁi@qﬁa@s@moﬂmmas&aiebistoplamosis,
e iRHINE Rle LIPS NP ERNe ARIR R AR Lungalulestans. e ant DD L
antibodies of the mventlon m|n|s rior to simu taneous with or su sequent to any of the

conventlonalﬂ}f%ﬁ%\f\ﬁ?ﬁﬂ’éﬁ?ﬂé?ﬂgof’beﬁt@érﬁﬁ)‘/(: @, Natl. deadidih fEd R 20 S8 By Bstomyces

dermatitis is inhalatien=aequited@nd produces a primary pulmonary infection or hematogenously

disseminated diseagg kﬂf@éﬂﬂ%ﬁ%ﬁ%ﬂﬁ%&%@@e%ﬁn&%% andibe SERKOKFIRArY tract.

Primary expoayj,lldrg\umadyOt algsy entom?tlc (ﬁgr it may p{o 1y c}gvgﬁngn&% nza o C\ es ndrre me This disease

can manifest in fonic indote Bgigedte & 5180 Assot et With* Compromised immune
such as in pa{ﬂ@?ﬂé WHAFRTEYSInEhe g AT TR PA Y PROFCE. ﬁéﬂﬁﬁﬂﬁl@flﬁlﬁeﬁ{@ﬁ%mﬁraconazole,
ketoconazolexfy vatay e aeusiitljectian:ef poiphoiengimbBe-2btakaidiaiadiyonsiaraausad by
Coccidigides,immifis, 5 jnhalatioracauired and.can, gﬁb‘ﬁﬁz RUMAN:PUmENAryNigslion; progressive

pulmonary disease, or hemato enousl disseminated disease mvolvmg predominantly skin,

subcutaneou¥HEEHEY BHahwg Folltsnal B e AitTGRET BIFAR é’i?ﬁﬁéifr%erﬁ’&iflbghé%’?%ﬁ?gmatlc (60%) or
associated wiikplam inflefebiza-likecsimdrime. Rodurmoivie] plewritissand pediessdaryeedditation may

occur. |V|etasiﬁﬂﬁn%glmﬁm%@ﬁ&@nﬁ%i@%f&&@e|§§B@H§§péﬂﬁlﬁ@iﬁgsﬁmlﬂl@§kéﬂﬁ%[§nﬂﬁws tracts from
deeper loci and verrucgllélsprgranu on%e}gé one aiéomts tepg n sheaths and Irlpenm@es 5nc|udmg

[O1C IO U 11 e USNCE, 1.€.,
menlngltls Tﬁe dlsease IS also as%omate wit compro |se unlty stich as'in patlents with AIDS.

Treatmeiit foreéﬁemﬁleidﬁ’éﬁw%%ﬁ%%ma&@%&%@ﬂ%mnﬂwa@wgﬂ@ dhtrfigidorasbife, especially for
long-term mainteARnedithetapy:cthoamendgiahdiseasd: Mepringial ferns agectreatedhasually

the desired antibody characteristic, such as increased affinity for the target antigen(s), is
achieved. In general, the CDR residues are directly and most substantially involved in

influencing antigen binding,
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35with intrathecal administration of Amphotericin B. Histoplasmosis, caused by Histoplasma
capsulatum, isggngdnhalatipn-acquired disease of the reticuloendothelialpgysiamesnogidgh tiny yeasts
reside in macrophages. It can produce primary pulmonary infection, progressive pulmonary disease or
hematogenously disseminated disease involving predominantly the reticuloendothelial system,
mucosal surfaces, AR EdPER%T ShG lzﬁéiea%]f‘?igt'f‘é?\ciﬁ’ftfﬁi‘@ﬁ'tcf’nf@?ftf’éﬂgpbeﬁ@ﬁ 5EREFRS patients with
compromisedniferumity bsaehnaboly fatiertsswithesADS. Privmary expoduremnagycdevidlsynaptomatic or
associated withwafluclikesynsiame.iineluding phednaRiampledttisamonarscayitation and
mediastinal %denoP%t m]%bé\getg‘ggélgnslgﬁda in gth eth E{S??Elncilfll 0 ?d&thell)al | System (hepatosplenomegaly,
Iymphadenopanhy, anemia, Ieucopenla and ocytopenla Emicroug membranes
(oronasopharnygeal 10 ulcerations), gastrointestinal tract (malabsorption), and adrenal insufficiency.
While most primary infections resekmesgoiianeously, when associated with compromised immunity
such as in patients with ADSVElARRe | &ﬁ@g%mgaﬁméc@&%@n%m%@ with.hepategenous
pneumonia, ARDS, dlssemlqated intravascular coag}ul dgn (DIC), ernato%%nously dlsﬁrlbuted

papulopustuf&s Y AR iRGHS® HrStaTIS SHBER fe i ﬁﬁe,&r?ﬁ? fotEHLR B &R lly in
15immunocarigvensisddliputieice 26 braiguibaidilibe m dogepma e Disdeanivaton)niriebnzoles and
ketocongazoley oducuaﬁraw&@ﬂliﬂéomy@qs@ @@&aﬁd by Rarasessigieidesdraslirnsisségan
inhalation-acpired GASIS I0ALCAN BLedlceRLmaRY PUlmRRaNSRloRor P Tiggerously
disseminated disease |nvo ving pre omlnant ﬁe skin, mucouse membranes retlc endothellal

system and ZO4tienhais dnseans ARy e Pfﬁ’i@ﬂy%?%ﬁb?gm%wﬁﬂﬁrh‘?&ﬁ?‘%ﬂﬁ?ﬂ‘ﬁ’@}i”revwe
Treatment ofgthisindentiorh gses ketooenazoteyihtradon zoeandsulfdhamidesibodies Gystemic invasive

mycoses resyiiing {iom.RPostuNIsfic;pacaens,WhIch ageuriRdmmunecampsomisgd)hosts, include

responel m SR e B CaS . B L b eles oF R 2rtion may lso.
have therapéh??é’)véﬂﬁep Prﬁemékt?efaiﬂiéﬁ? EﬁdtWé%%""@&ﬁ?ﬂtlons, especially when combined with
conventional therapi@smativel¥.r gk enfsfasctandigias 94 casised:-Rycanaida-albicansnd. tropicalis, C.
glabrata), Cryfo0eCosis, (GAUSERBY iy BBQ%%@H&H‘?%%%&‘(%)&%&? 5%@%%&8%@%%%'03/ Aspergillus

flaws, A. fumigatus, A. tereus and A, niger) and mucormé/coss cause izopus arrhizus, 30

Rhizomuco, R‘b‘&i’&‘fﬁ‘@dﬁﬁ?ﬁb%ﬁéﬁ%ﬁﬂ%ﬂ@’ﬁég Hipdanand ?ﬁ?&i? S &t &G one or more of
the folloWing-intidazole 2Kk ttdamztioledmtdcoin dze lesHiluporraiibidy smphdiexsinaB witledind without

flucytosine. P@@&H@M%&(&ﬁﬁﬁﬁ@%@@&hﬂp&yﬁ@maE)fﬁ%@mbg rekassified frem.protozoan to

fungi is treat% |tt} rimetho r|m amet ox0l é’.TMP M23 nd i trave 1§.pentlgglm|d|ne
isethionate, as \%Ivvelléis dF Bh rie 3ndsémﬁn tri é%(cgte clin dséﬁnaﬁ%l% %e‘slprlf’ngqume and

atovagnone. Becaugg |%§B&ﬁ%§l§%éﬁwwlévé%‘pﬁﬁﬂﬁédp%%ﬁ@§’ Hdkereivents Asdassified from
protozoan tosfimaind heydareinicetiviar prganismsiwhichdiguisamitasomerdasteadotsmitochondria.

Organisians aLean RUSAAIAEasRIUMANS elde: Balkroniaaian iseush Egogghalitozoon

hellenz, Encephalitozqon intestinalis, Ence halltozoon cuniculi, Pleistophora 5 spp, Trachipleistophora

hominis, TrafRRSEEEShRGA %ch%ﬁ%p‘mw SN RSATRS R Gy 2RI ShA BN SR “BFA chiola
vesicularum a¢ittéfrem EgriteSe2MiCrasysdriBrim Seylorefisis, WictoBipbridi2éri7affikdAlum, Brachiola
algerae.  feslions@iabeligveddmbesttansitierte prdpang fomodicreh conRtactwith animals,
contaminated yaier o ABBINEL INfaeted host.Afler iseing.ostsells, s sPargplasm,arows, 10
dividing or forming a m tinuc eate lasmodiurmh which can have comp lex life cycles including both

asexual’3nd ‘é@iﬂ%ﬂ‘%ﬁﬂéﬂ%ﬁé?{ S&Wﬁ?@ﬁlgﬂweﬁ@é&%ﬁ%@’éﬁﬁﬂﬁ%%ﬁﬂf@ﬁ%?f@ debilitating

diseases oftemnehfwacterizeuhiot Geparidabinfectionsistructed and antibodies to a diverse array of
antigens (including sclf-antigens) can be isolated essentially following the techniques described
by Marks et al., I. Mol. Biol. 222:581-367 (1991}, or Griffith et al., EMBO J. 12:725-734 (1993).
See also, 1.8, Patent. Nos. 5,565,332 and 5,573,905,
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The clinical manifestations of the disease can vary depending on the species and the host's immune
status, and inglydg; genidpctivitis (e.g., V. corneae), chronic diarrhea, 1p@aiabsefrtian and wasting
(e.g., E. bieneush E. intestinalis). Treatments for ocular, intestinal and disseminated microsporosis
includes administration of albendazole. Topical application of fumagillin may also be used effectively to
treat microsporidial KeFsiBEBRjrhERtias oty iRt G‘Eﬁé"‘%?wﬁf?&%ﬂ?rﬁ’ﬁi@% RERF2 4B _hdazole),
antibiotics (ehgmafunagiltim, anibadisoifidd vlatorofectprdhvalidorivde)d aatiprCloraalsii{e ).,
20metronidagzgle), d:pfei@A0R0 BoemdPiSERSE IE&HING fiom payasiticsisorders sHch.am malaria,
schistosomiqsi%a({Jd Ig—:-isbhmagi%sistar among the most or vaﬂent and impartant health problems in
developing ABESURRS These ?gé%ggglgpélsgnplgﬁ}%m%r chal 8cﬁdnes pagauset ey ’rﬁ'ﬁ'y evade host
immunity threirghivariods fiteaifosimets dingurphbing it Husteal iyl 1eispmmiil), 2) rapidly
change surfaggaaligensde @l thgpeansemashanca)lidisguisingrtiemseal veseasihosbieells by
displaying hQgt apllagns, (€0 RChISIQOMISASIRng g&wsalqiﬂgemw)%%M[;%ﬁafgnqwgf in the

treatment of cancer and In conjunction with organ transplants, as well trﬂl%%)%bgl T%reva ence of AlIDs
: lais

can 30reactiVEE1kfent oy SUBERRisAeTRRed s BN PRS0 dRIT 3Bp.; %*8p., Leishmania
spp., Cryptosgéritiam.5p.JeT veiogorasppe andhbiribthvag scienfibe pirontorinfidetions resulting from

in(;eC_tiQn@ V_vim,mgy@&%nogﬁ@siqt%sﬁk}@ mgi—:eabugaémb,qd&a@ﬁoicﬂa@simmigmmmeoﬁorrpbin6_d by
administration in com! 10N Wi ior 10 or subsequent with standar. -protozoan therapies.
Malaria, cauﬁéﬁ”ﬁ%ﬁgﬁég %ﬁ’eﬁ%ﬁv E’cltzilﬂs{r’f"ri’o%vdcllzur’ﬁZ E%C%B[E &airgéi% glngg%fg’eg%%g%iparum, P.
vivax), begin¥fhe ffiféstitniect &l s B ¥p ard ZitabRitn devefopédinfime gttt the féffale anopheline
mosquito. Upordransmission into humans, these sporozites invade and multiply within hepatic cells
without inducing an-jnHammatony£eactian, The Rrogenkohihese» Lroanismsucalled merozoites, then
invade erythrocytic cells and initiate the clinical phase of the disease, typically characterized by fever
and chills. In"ARAY SRR WSA%HHERS TRkection is endemic, nearly all residents harbor continuous low
level chronic infections of low to moderate pathogenicity, with increasing levels of IgG antibodies
providing protection frontsmerozeig.gntnidata:erythrocytes. 10Currently available anti-malarial drugs
for both treatmen&nog %inical disease and parropaia%!‘ag(ickiqclude: Arteme er-Iumerg%petrriagn(therapy, E.g.,

. 21N CirCcumstiancces LS1e, are 8 10 using ant Taging
Coartena and Riameétt), artesunate-amodiaquine t?%erapy artesunate-me Poqume (therapy),

artesunate St GRIHEAR MBS st sah o uly Spiorlepreg dahmasfetdpy iy Prophylaxis, E.g.,
Malarorse (), gotsinesdtidenajpys), chloroquine (therapy and prophylaxis), cotrifazid (therapy and 15

prophylaxis), doxygygline theranyand REePRYIaNS). ineiloquing.iherapy:eng rraplyiaxis, E.g.,
Lariamt), prlmaqulngaug' hhera;%y in P. vivax and f.,ovalte ?njé/; nottfor gtr:olghyl%ﬁd. pr %uanll
(prophylaxis)! &iHEHE RSy ARt AN (RS APy HR G Sp RS P hy oS eRiors diifie, (therapy and
prophylaxis, &¢g. MPtaepienil@)) 7 Biochephbéudts rérdndadhdianarigic “Picans RisarameiPb-L1 antibodies
of the inventiW@p@H@@laﬂyﬁh&r&p@@ﬁ@g’meawmg 1ﬁl\ea5§1ﬂ§_iﬁdaﬁ makrial nﬁasasit_em
Toxoplagmogis, caused by, par &%@%ﬁz%ﬁ??ﬁ%ﬁ{éh‘é JQ&‘@E’&%%%&& Qe asympigmatis,; but a small

fraction can deveefop'cllnlcal disease, which ¢an range from benign lymphadenopathy acute to fatal
infections of this Ls e RidE 8 eI e SBIrEE L b T B T c I8 W EBSRPEBr partially
cooked pork erisnattd frantootitds pagsbddncfctessofl iffected catsviifettion25ageens in humans
usually through the;gasireintesiingldract.and I RAtPZaR 1680 ReRalate andipreliterate (as

tachyzoites) in virtyally every cell of t - These tachyzoites can produce. cysts filled with minute
Slow growing 1 CHiE EHTEE (AR ATy Tt e B T b e o P S esciting in
latent cRfonicanbedtitrcddsstdifict conpromised s e sjRharid Buk s HAGEYE BKify
immunosuppgssives desgsarisUutfe ragsfnomsidéy (are pantieudatyidtprone tetidudferingpfcom
toxicoplasmagis; .1 MERIGRUONS,[RAGAM, USEOW® Beak REMALY saxanlasosisinglydedhe following:

pyrimethamine, both with and without an accompar;ylin antibjotics g .Y%.,, sultadiazine, clindamycin,
rﬁﬁ% Pt

. I E.g.,
spiramycin ahdiNocyEihe): LR AT TSRS RSB SERLY B tESHa Wi th& it BBHE Gtovaquone,

both with andnWithdetealiméEHiciguch linear antibody fragments may be monospecific or bispecific.
35
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Leishmaniasis, caused by by parasites of the genus Leishmania, infect macrophages of the skin and
viscera, and isyiapgmpitgd into humans through sandflies. As there is liglerafshRsaRegific serum
antibody, cell-mediation immunity through activated T-cells appears to be a critical route by which
infection is cleared. Old World Leishmaniasis, also known as tropical 5 sore, is caused by several
species of Leishmania: LY tropidZ“to%ierana =4umiefrs Nl avbrign &éithaniasis is caused by
various subspeciéofntibddiexicatha el ithratziionsiist he seep araSieRTind yes wasimog cell-mediated
immune respgaseybul theaitcame afithechticakdispasavrasults alsandp pak tQ thefast response. If
the host mounts iqla sulRBressed OWB%%WIJ? e ceII-mediz%ted response, the resul&cisv‘ggfuse chronic

"
chemotherape agent..see 10 an aclive anfi-cancer . ¢, 10T SXAmplo, .
cutaneous leishmaniasis, wWith littie hope tor 10 spontaneous cure lzggéi_ aethio Ica, L. Mexicana). If

the host iouttté’ars axtessitewelniediatés response, the response is a lupoid or recidiva
leishmaniasis, withTpetesistenionpnuineratedrlympheidpodsdes apppanngatdbegdgeyot primary lesions
(E.g., L. tropiga), Recidiya Igishmaniasis.can aRPeal it ie Quyearsaltasihe inlliaklesion. There
are two forms of the disease, cutaneous and visceral, with the cutaneous form manifesting in
cutaneous 1e88hs 15 with cell mediated immunity is critical to clearance. In the visceral form,
cell-mediated immuéinityniss ihguificienfitlon Hormetkistehtiiadahpisdade wanifedtotiidadly as polyclonal
B-cell hypergapmagiobilingmiadleukppaniasspienomegabirnd levatad pogustionsed TNF-a.
Miltefosine (E.g... Impavidog) and paramyocin are currently available treatments for both cutaneous
ol TS O e omus
Crytosporidig & st frorH e At T e TS Rith i @m&%ﬁﬁg’f {PrrecredRests. The
infection of intestinal Fiucosabiissieoctn esuitdr diagridaobhectiseasedypically manikests as an acute
E[nfe_ctiﬁn, blﬁﬁggiq&ggg’b S gEﬂr%@%Figﬁf?gw%g%m&goqg_g)ﬁrggmg,%geilg}g%pug@.lEgatments are
ypically palliative, especially hydration, aromomycin, azithromycin and serum Ig (e.g.,
L ctobn O WA BB T CELSHIN T SO 8 TR D T e Sh S e Sed by the
parasite Thypemidserraifimegprofragyee] fisedsssgamibierseorogeilensenfdcly kerrmatirg and cattle
through bitesfsam:theat setsaxily p-Ihachallengathatthispathagendaseg rassssframmsuccessive
generations of populations with disolaxing.difsteny surlese, anligens. Infections afg haracterized by
elevated levels of non- %speci ic and non-protective serum jmmur 0og obulins Treatments for
Trypanosomifsss inctadedastrasBhbuscamtirdsiuionrstird Blfolviliepeitafirdifestort .b.
gambiense), patravenotisssiramngfenifilbn hadestensehiefionithinasdneldisaprohbotihgvith and
without nifurtigey. . RN AIG NURGHORESHIIDGTOLUSIALe UGS fFeisEhigiomsoma spp.)

cestodes and némotodes share the common immune responses of egsinophila and reaginic antibody,
responses WHEACRFEYT B I efeana AN rSErSiseshnisg lfgﬁﬁzﬁﬂﬂgrﬁg)’%é’ TRSB°BY Bfi&tosoma
mansoni, S. fapenbames cab Faspdatchiven dndSirveekichginstanotheis fife eylecdsigdes.in water, which
then hatch intg. miracidiawwhichpesetraie:seails anssreats muliple genartiopsefanerocysts. These
in tun produge torksialled cergariae which can infect the blogdstream of a human host as a
shistosomula, whic migrate |n|t|aﬁy to the ans, and then to tﬁelfiyer. These flukes eventually pair,
mate, and lay eggsTiif f8rf@SEhte A PafaTaS™ W RnEhiaty srlinedietjgeibadistdirmie! 10 intestines
and are excreteth isombnagestra ped-in ithiesubnebcosa ppartdiaenuleguaéthellives-dndagther organs of
the body. Thegranslomatopsinflapmation assariAleshwithiRe HarRad eRdsdsihe.Agfinitive symptom
of chronic schistomsomiasis. Of'lggeatments ,%e%ch%qsoml sis include adminisriatgn of

PraziquantelEERtth Sty e SR GLiAE P& T AREENS End MitaZigai 4 8CELIs 48 it &ti8hs can be
classifield intemegrotip §vortts thdd irastimdddwadirreontiuratd by tsansagercricH diphiflobothrium
latum and Tagnia saginatasushichdhayevaurestrictea.conbgyyoral immune effect. The second group
describes a migratory tissue-encysting larval tapeworms such as Hymenolepis nana, Echinococcus
granulosus and Taenia sal/urn, which induce strong parenteral host responses and protective serum
antibodies. The most seridus 26CE&HE HSEHRHHH RUT4ITSs Echinococcosis, which when implanted
in the liver, lungs, Bremsikidareysdos othebpansaoitithéchddybeanbiedudt spetieforfmtoirof hydatid cysts.

35  two different epitopes, including those on the same or another protein. Alternatively, one arm
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Treatments for Echinococcosis include adminstration of metronidazole, albendazole and surgical
intervention, sygh@ssepmeval, aspiration, marsupialization or omentopexyy,Nematedes are the most
common varied and widely distributed helminths that infect 25 humans, caused disorders such as
trichnosis, ascariasis, filariosis and strongylodiosis. Trichinosis, caused by Trichinella spiralis, can
result from irfge&isnohme skt PdmrasTATPaR hie seBP BN BodrRabehiERk déh as pork. In
humans, infeetignsahiciteitong humgrakigsportecvitheplevatechbght, . fodwed bydgrproduction,
followed by rapid il antkpeyrHaMagee WaESYTMMRAOGYIES . SRTHEORlY known

treatment for ki|||_ngﬁ;%é}ﬁjt worms in the intestine is thiabendazole, while there is no Imown treatment to
kill the larvadoealizexelupsdefiass RIFERAMSES idlis PEhENEIHT TAESERAS in B SIBLY % common
parasite in hbmens:ddsultingidnginainigedtion ofifedalipaontamnited Sibstdneasbodhile patients can
remain asymptomagig,ferverviang ReriodsReitime. Bailarvlalagesiianekiroughiprpody, they may
cause viscergl.damade, perlonitie and Inflammation, cplprdement,of e liver, on Spisgn, toxicity, and
pneumonia. freatments for ascanasis mclude administration of mebendazole .g., Vennox CM,
piperazine, pyratesbpdmirateorxiy. aart erdn By P RIREHT Py abdadarees tiihendazole 5 with
or without pipesisgisesd@xyliesarc nptosanieain andgilotOberepogivme FeoartiiRRxd: antibodies of
the invepyion, maybe adminisieresdn semBnRtan i, RAerSubsadeatkis admipjgiration of these
therapies for the treatment of ascariasis. ilariosis, caused by filarid nematodes, are introduced
into humans ]B‘P]?ﬁ@é‘éﬁééfﬁﬁs?'éwgérca volvutus, which caused onchoceriasis or river blindness, is
transmitted by bited/frbeds 1@ thedritdadlollyifirdetdtidiss darkmeiodge tHefrsdies! suldgetandously and
develop into agults.indyee & BrLenIGhastdesRansaxmadished iasgeameust.eh misrafilaxiae, which
disperse subGiaNER ek and MIGUIRoNLING SYes, ANS! IAUENA.8 (aratsis, of TEMipipits which then
causes the cornea‘to bec raﬁé’opaque. E’ympha ic fifarasis fesults from in ection'by Brugia spp. and
Wucherétia S8558v8P 183 scBeriier of the T9Piph fseiiaee s deTamgeRCINENGIEATY MayBievent draining,
resulting in 15disfigusiageoicition elephaniiasiduce « Jhetimanyrtredtmedittfonfilariasig is the

administratiop of the aptihiofic ixermecinabsndasole.anddisthylcaihamazing silraig(PEC,

Hetrazang) with or without ivemiectin or aibendazole. Other treatment %rOSPECtS includes doxycycline,

which kills a BYBISRA SR N B D BRI B SH TSI STEP L AUREY Y B aFESHe &8 he genus -
Strongyloidesr(Eug. yi8ldster doralfsmiby fittebiyrm prisdadisdas Vb 2B 65 prtswudnd ensvdristhrough fecally
contaminated seilsdh ey cansexisbingath a free living cycle (rabditiform larvae maturing into adult

worms) as well as g parasitic cycle (filariform larvae maturing into. adult worms) which penetrates the
skin, travel to the It%ﬁ%gr%ﬁgetno t%ée%%gﬁ%lﬁyﬁfr%cg’ J fﬁ?ﬁoa({g ;ﬁ&g’s?g _é)tlnﬁt ‘the' Fnteseti?w%é. e\Aé\yl?tlgfsr}lxl_%fection with
25Strongy/oitRee S EEE SR HRMMAE BEEHRIRIE T T&se et i i ioprnrelr iHiR BBy LiElessive
generations etdikaktermiansien prefintdgtionstimayibenayghpiomatic;yorheaneisharasterized by pain -

and diarrhea ip the;gastiolatestinalitagh, Lefler s,.aung Qpen thelyres:(i 8. wosiaonhila) and
urticaria.,BIo%d eosinophila may, aIS@Q% é)res,ent. As persistent infection of strangyloides can mimic
peptic ufcer, SOFARBIAFIRYHidEAER G Sé, mistiagnosis 1S commont Tt 1S

omﬁm,mgd 18 8 1t : .
ronn'sdisease, misdiagnosis’is commaoh: [Tis a particular
problem in ineTRG mm@mwmﬁf&s encoding the immumoglobulin heavy chain fusions and, if

desired, the immunoglobulin Eght chain, are inserted into separate expression vectors, and are co-
transfected into a suitable host orgenism. This provides for great flexibility in adjusting the
mutual proportions of the three polypeptide fragments in embodiments when unequal ratios of the
30 three polypeptide chains used in the construction provide the optimum yields. It is, however,
possible to insert the coding sequences for two or all three polypeptide chains in one expression
vector when the expression of at least two polypeptide chains in equal ratios results in high yields

ot when the ratios are of no particular significance.
In a preferred embodiment of this approach, the bispecific antibodies are composed of a

35  hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
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Known treatments for Strongyloidiosis is ivennectin, albenazole or thiabendazole but as this mediation
only kills adultypssassFgpeated administration is necessary. WO 2010iQ+,/634R %4 /1452009/067104
e.vaccination  Vaccination or the administration of antigenic material to induce immunity to disease
is routinely used to prevent or ameliorate the effects of infection by a pathogen. Enhancing host
immunity carl BB A¥EeP it brfe SirEuigMryER &0 (Re HBE Sty B Hdesisse A dy@nesut also host 5
tissue that hasthedome disedsid (esgaswangerouskidtatidionallyhvageinesare derivéd:dfrom weakened
or dead wholg pathegens B EeHCaRAISAREREBIFES IS RIGSERINE ERIIRPESOR IR ntact pathogen

that are specifically recognized by by human class | or class |l major histocompatability complex
(MHG) molec B R A S AP o e S e TSR HIRH PRl recognized by
T cells. 1DRedenty2ichad Heaishdvin dageco rbirhtt &4Herafeufichvadeirititiresitatidminstriation of
PD-Li blockasiepesiiexhasstadst:N8thmalswesuled. inenhanced funetiorandmirdgontrol in a chronic
infection mouse moglel, Ha g1 %&%&%{?&&%- %Qéﬁ%)a %ﬁ%ré%’%&%@ﬁ% RSB Ieslt e gnti-PD-L1

antibodies described herein may also be combined with antigen vaccination (e.g., administered prior,

simultaneoud B &fte? Y SRR PE ARG T8 b LB E°A AT CASHTE) FoRuttRiGe 1BHRSHEUA%A Shacterial, fungal
or protozoanlistvasSioarasivell as tesmerdmmmitroGRmreddcalitical Diosagésred inPdsages and
desired fyug cRpesatiation sfahamageuticahcampasiionssatibeprasent MMERtio may vary
depending on, i pariclay e, envisioned. The determination,of fe 20, appropriate dosage or route
of administration Is well within the Skifl of an or Inary artisan. Animal experiments provide reliable
guidance for ¢St aTfhifasroioT SHdst(fed SsedTorhiirhispbtie rapyrprerspeciadisealiig of effective
doses can badpeaitarneadfcioning the lpdaeiplesdait dawndy:Merdenticdzancd @aappal, W. "The Use
of Interspecies, BEaIAgD LRI 5. TG0 NSGh ARG PYS Develapmept, Yacobi et at,

Eds, Pergamon Press, New Y¢ opp,42-46. . When in vivo administration of the
polypeptitles BraRtHodilg BRE e BB ARE TS RIPEr ol SIHBTRE A&y P5Fy from about
10 ng/kg up toraionst 200 pdurkgrol maemeriiiredy weight or more per day, preferably about |
mg/kg/day to 10 mgika/siays depencingdpritiir rautR ek asiministsalio te Guidance asdo particular
dosages and methods of delivery is.provided in the. .30 literature; see, for example, U.S. Pat. Nos.
4657 760, 5 0B BT 3 R e L S Bk PER R B ions

will be effectiiEkter difersRtt@atrers RRcPHiftaFahtarbtdarscuhits thsreirimfstPibFintended to
treat a specificcqnganigictibs uesmayoneeassitete dathvernin &manhemeifferentfom thatto another

organ or tiss&l?gsM&_r SONMEHHOFARES A a&%ﬁ%&ﬂ%@k‘%ﬁ%@'tQXtQﬂ%%HﬁQ!Qﬁ%@@J&F%r@QH@i”iSt_ratiOH& or
by continuous infusion: 35Far.repeated administrations over several days or longer, deJ)endlng on the

condition, the™fFESIRTERAT [ESULEARER IRt o' d8sired SRS BrEs S8R B US4 TS oceurs.
However, otHbweioseagecrsdimSndertaibe (Gseftfitit Hebphdg sy divehis tiseragyrigredsilipanonitored by
conventional tgchniguesvand assay shSibpad ministation ef thg-fosmulaiien produthieciemnulations of the

pfesenti’@ve%EQ&J%%LHQ%&%%Q&WEﬂ!ﬁ%%ﬁ%ﬁ%%@@&%@g and Liquid formulations, are administered

to a mammal in need of treatment with the anti-PD-L1 antibodies, preferably a human, in accord with

known methods, Ul JRSREY BRbbE SERnISEXSH SEfostlewst BorastfesRiedifde®n over a period
of time, by intisgriSceddredidinfimpdritgnéal, fivtradetadlifogirial Gusutandoudiciptréuaiticular,
intrasynovial oiniiaheeahiRBhispecific antibody F(ab’), molecules. Each Fab' fragment was separately
secreted from E. coli and subjected to directed chemical coupling in vitro to form the bispecific
30 antibody. The bispecific antibody thus formed was able to bind to cells overexpressing the
ErbB2 receptor and normal human T cells, as well as trigger the lytic activity of human cytotoxic
tymphocytes against human breast tumor targets.
Various techniques for making and isolating bivalent amtibedy fragments directly from
recombinant cell culture have also been described. For example, bivalent heterodimers have been

35  produced wsing leucine zippers. Kostelny er al., J. Jmomunol, 148(5%1547-1553 (1992). The
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topical, or inhalation routes. In preferred embodiments, the formulations are administered to the
mammal by syhssiianeais (i.e. beneath the skin) administration. For sughjatResassipe formulation
may be injected using a syringe. However, other devices for administration of the formulation are 15
available such as injection devices (e.g. the INJECT-EASETm and GENJECTTmdevices); injector
pens (such a5 ERARIPER{Fh{ 4y %?gﬁﬂ%%‘fgr?%%f&t&’f HEEEfsed WG EEs R MEDTIECTORTHI and
BTOJECTORTimriamdbsdibe bt amedusopaftiv delhvdryheystems, were tnlersiredifidiegnbagliment, the
present inV?Eﬂi@cﬂﬂﬁ@&?ﬁﬁ%@Q JﬂalKﬁéfgtﬁﬁmleod@ﬁ@ﬁamjm%trﬁtig&mﬂeéuqiﬂekit&agemﬁrise ?
container of an, aqueous for ion of therapeutic. 20protein or antibody, i ' th single or
il cham b S T g oSS e R o G,
Ravensburg Peefsiany Altematiie Hibraphde dusagerreiapbatiamibiiectiverarfounts of the protein
will depend, fegexamplepor thecegndition:didle tkeaiedviheseveatityiandigoutst ohthsicondition,
whether the grateins,adminisieratier RreYENLIYR.Q  BSIAPSHIS RROE RGNS therapy, the

patient's 25 clinical history and response_to anti-PD-L | antibod%/, the format of the formulation used,
and the disciéfiBn SPHEEEENdIRG PRYSidial FHE it B D T SR BB I &S ikl "AdniRistered to the
patient at onestimemsnievey aiséNesloftisatimertsaivtneaty hedd mmivtersd witeepetient at any time
from diagnosisconwaids sthearii-RiRnle bigetinedy-nay.besgministatedyas.the solemtieatment or in
conjunction with qth rugs. or. therapies. useful in treating t ndition jQ.: jon, For

P DL e BRI o
administration to th@"Hatksit “iRA T A dRe TREDSTHPGT SREBHHTOreMS FLrané-adaiti&trations.
However, othetitddsage beginpensd Mayebe. Usehulsbha4irofess of such therapy is easily monitored by

conventional technigiesi,35, WORAHUAFZGMRGT VSR MURTHALARIElES hMandfacture  In

another embogiment of the invention, an arthIe of ma(puf%cture is r,oviglegl which, contains the
t15 Alt rnati}/ciry afl aml-?/n%}em arm mae;. & CcO mf: Wit arm th Jrn S 10 1, tr(lﬁ crm% .
formulation and preferably provides instructionsTor Its use. The article of manufacture comprises a

container. Suidtsidccordifesreide s fbréanpie st adalsie 625 dudt enBmiBeFvials), syringes
(such as single:praual chambes, syrnges)yandtest tubes: Thenaontaipgumabe frmes from a variety

of materials such ag,glass or plastic, The coptaingr holds the formulation, The label, yhich is on, or
associated Wltﬁ_ the container may indicate directions for regcons%tuthn ndjor use: _Tche label may
further indicatetRartHE oM fuRS SRS USERAOPTRtBTtaerTSr s ustutaHo e atintirt&ttn, and/or for

the treatmenpofesr. TSoel adysfuinchional 4 frdisobileindhe containewholdingstheyfarmialaten may be a

multi- use Via&@%ﬁﬂl@x‘ﬁ’é Jﬁ%ﬁﬁ@{?%@éha%“ﬁ@ﬁ?@!%ﬁ(% Bdfiam,216-ad mjd[}i%@rﬂ%]&i% the_
reconstituted fo,_[?mulafuon. The rtfcle of.m nufacturg {g%\% urther co d(PI’IS second container
ante 0f 1 rhy rt ?"]a {m

.. 1 1 teresi 1 t - .
comprising a"8UTEABIE BTIEhE RS g "B UGS ixing of thalalitiehi*sitt thé lyophilized formulation,

the final protein concentration itfHeseeotistingded formulation will generally be at least 50 mg/ml. The
article of manufactuwenmaydbfudiberyinekse igilienmpatanals desisahle fem aconynekstal and user

standpoiat, ingliding, othenuliers, diliens. et aeadIas»SUngss. and hackage ngerts with

instructions for use. The invention will be more fully understood by reference to the following

examples. TRESEHBUIBIABEHBWRVERHE eohutiv g fimmikg f5e Yebpiorine melitisn. All citations
throughout the diselesigre birdihereby Gxpressiyiincorpedaedicheferencad20inodmether embodiment,
the invention.ravides: fohanetialeRlmanyiactiarg: GRMBNSIGI: chains of the antibody. The
multivalent antibody can comprise a dimerization domain and three or more antigen binding sites.
30 The preferred dimerization domain comprises {(or consists of) an Fe region or a hinge region. In
this scenario, the antibody will comprise an Fe region and three or more antigen binding sites
amino-terminal to the Fc region. The preferred multivalent antibody herein comprises (or
consists of) three to about cight, but preferably four, antigen binding sites. The multivalent
antibody comprises at least one polypeptide chain (and preferably two polypeptide chains),

35  wherein the polypeptide chain(s) comprise two or more variable domains. For instance, the
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the formulations described herein for administration in an auto-injector device. An auto-injector can be
described as gp, jastion device that upon activation, will deliver its conggntsMdihaut gdditional
necessary action from the patient or administrator. They are particularly suited for self-medication of
therapeutic formulations when the delivery rate must be constant and the time 250f delivery is greater
than a few miHsRtS!e ERRMIPTEE iomﬁﬁiﬁyéﬁt@ﬁ)m%tf@b:ﬁﬁmh@ ift Kifffe 35PAlSes 30 Library
Sorting and Sereaninoptd idetify b & Dbl Rtibogiesolypeftdmarin R&DrS ystem) catlt 156-B7) and
murine (R&DySYems . ca#tALa-B fhiftdE GiLsions wers Used asauigpasileraligtnate library
sorting. Specifically, phage libraries ywere E{orted fi}(lslt Fagainst htfllma}n arg\}l}(iglt(ejlgxl _f\%l{(_) Hed by murine,
human, and PR el e Sling Gt three FOURHSENTHE d¥ WelMaxigorp(i] fmmunoplates
were codted rogiernityit- ai e CrBvAkH  angetda MiFen e G eigymidrhah sowrrre b deeldtfsr (kdour at room
temperature with-phage:) blacking bufice RRRT (phespbaterautfaredisaling.(BBS)ana:]% (w/v) bovine
Sorum Bl A 0BT e A0 Antitody ARAS RIS (SRR, oo ot ot ).
Immunot Meth. 284:119-132, 2004) and VHIVL (sec LiaRg et at, J. Mot Biol. 366: 815-829, 2007) were
added to antigérigitancenabsienran aRRMHte PBYERMGA ST KIS TS i P afiie YariE'S following day
antigen-coatéchpiates, werealashedriempimesWithBBIT (PBS with 0.05% Tween20), and bound phage
were elyged with 50 mM HCI and 500 InlVI NaC1 for 30 minutes and neutralized with an equal volume
of 1 M Tris base (pH 7.5)9 Reco%etred ha%eg were amplified in E. colt XL-I Blue cells. During the
subsequent selection roqus, incubation of anti %df/s phage with the antigen-coated plates was
reduced to 2-3 houlsteagrarihestringeniy cfplate WasHingswamogfataanysreréaseéen  After 4
rounds of panRBige:csigaificant @ eleeniowas obsevaeh6 clonasiveks. iekedach-feom VH and

VHIL ltrany sqcingie detgring hsihgihey seqffallu g in oo bumap agdurine PD-L

-Fe. The variable regions of these clones were PCR sequenced to identify unique sequence clones.
15The parentAMadieESt e raiilie PEPSTORST U THT [GEWHEIBRITFYVE BN %ions of
individual clonégirto7tHst. REFandaR@1/EEon{tctenet Hf) SUPPAJ0r88pELHVETY; wahBRently

expressing inipasynalian fdiflcQllsand.piihiogayihR-pretain Areimacdhedl R hage antibodies
were evaluated for their ability to block tge int[eraction betwee %%Iuble PD-1-Fe fusior11 protein and

human or mo?ﬁréﬁé%cDP_f_(it%&pcré?slg "inmﬁgl 1?:%I1§0_?F011?§761\\?§ﬁ1§r5035r1e Adlésfiér’ﬁ%?éd‘ |ﬁr28{‘a‘fn§bfié 1 -upper half).
YW243.55, tHemwneissay with ek 1eso SrBidekirg ramrampor ey birtag ®optr was selected
for subseuenhaffimtyHaiwatconit mpeevefdtsaffipifyder ibatiichinmaniand mousat®brL |. (Table 1).

An antibody yith comparable. crassgeactiyity agaiast hoth primae ansmpriae spegiss(as well as

retaining affinity to human) would provide for a therapeutic of enhanced valye, in th,a_tb he same
antibody that S BESRATER GedixTaYi 2R GiH° 250% SR ARHEATIHBIEILEEA BE s i #iman clinical
trials. This avoieslitiiing ngattadrsyeBsultivigifromathandsaofiscinotsl-Spéeific Sarrb@tB8Construct

Libraries for Affiaiyiimpisverseatefcinpesigiived from the VB Library Phagemid pW0703 (derived
from phagemid pV0350-2b (Lee et al., J. Mol. Biol 340: 30 1073-1093 (2004)), containing stop codon
(TAA) in all CDR-L3 positions and displaying monovalent Fab on the surface of MI3 bacteriophage)
served as the library tempfate fé/giardrg ek #RERvariable domains (VH) of clones of interest from
the VH library for affinity taaltuiatione Bodifihaccraidddsaft tandemizatioh strategids wireused for affinity

maturation. Ry hardJandomizationsene Jgbtchainliiaimith.sglecied Rasitions.ofdee three light
chain CDRs JoWa [AMABMIFscisng, Aming agich designed o TIe garalijupan,aptbodies and
30 preferred embodiment, Fc effector function of the anti-PD-L1 antibodies is reduced or
eliminated. This may be achieved by introducing one or more amino acid substitutions in an Fc
region of the anttbody. Alernatively or additionally, cysteine residue(s) may be introduced in the
Fc region, thereby allowing interchain disulfide bond formation in this region. The homodimeric

antbody thus generated may have improved internalization capability and/or increased

35  complement-mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See
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DNA degeneracy was as described in Lee et at (J. Mot Blot 340, 1073-1093 (2004)). For soft
randomizatioRy 46gighesat positions 91-94, and 96 of CDR-L3, 28-31 apgmf-3emefw4R-H1, 50, 52,
and 53-58 of CDR-H2, 95-99 and 100A of CDR-H3, were targeted; and two different combinations of
CDR loops, L3/H1/H2 and L3/H3, were selected for randomization. To achieve 5 the soft
randomizatidri8riditiorls Eaiéedintfodiiced Hhél et and riones of abimsurhitly 5096 dthe selected
positions, thelpmeitageniciiphia wesgiygn thdstzedondtin70x 0103+ kOymixtwiesbeblrased davoring the wild
type nucleotiges (Gallan.et abssiarnalofMedisinabisnenisiry 34:1283-h2h {19844 0Phage Sorting
to Generate A]\ffiréity Imlgrov ment _ The %ha e clone %%Vioil"'sl iql{entified Wer%%%kg'ected to plate
sorting for the firdt F SixToun SGution Sor r?aé’. dilﬂren fibraries were sorted

Alternatiyely, an a t'b{)diy can W

rolind, TeRoWed By five or Six'réunds o .

against HumasyasdiznsetivnePingn Lyses sehipste BrRIETITS yateTivecrea ep{b 6 Lape 19919-67,

respectivel_y)g&g@mﬂeinum@wsED-Ll-Fe target, at the first round of plate soilin_g, three Iit_)raries were

sorted against 19 taqgl coated olalen G MAKISIRILRIAE) SERRAIeY il Phaggnput about 3
o

0.D./mlin 1% BSA an&r()_.OS% Tween 20 for 2 hours at room temperature. After the first round of plate
sorting, solutiBH &b FAYWAS JErarkedy EPrEie R Sy msaiey Braralibn. Forésitition sorting, |
0.D./m1 phagépripaigatedriromithedirstrroud ofmplatby o rtagwéiading eabatetirvfith 2@mM biotinylated
target prgteinihe ceneentrationis.pased.arnarentabelone phage.l 0o aluekdypkii20 uL buffer
containing 1°fA) §nup§ribl_ot kzﬁiﬁr%g ?ﬂ%%ﬁﬁ%@oé%ié@ngiogg% Tween-20 for 30 minutes at room
temperature. Fhe mixtare was farther diiuted With 106 Superblock, and 100 jiL/well was applied to
neutravidin-coated wells (5 jtg/m1) for 15 minutes at room temperature with gentle shaking such that
biotinylated target bound phagelddhemelsoiateaashediddXowith PBS-0.05% Tween-20. To
determine background, binding, aoio! wells.seniaining Rhage:mwiihtamgels thahaawere not

biotinylated were captured on neutravidin-coated plates. Bound phage was eluted with 0.IN HC1 for 20
minuteshe iPATREEY 17908 oPIPT AL, 1REFES, WnaPBn A8 RIS FFEPIRE Rext round. Next,
five more roundszotisuintitessdringbeds canfieddbtcygetheriwithofihs metibdecofdprerdasing selection
stringency. ThesdirstRihwhicholgiler aritaie salectiombyidesiersingubiatinylated gangehiprotein

concentration fip.* M IR.0iz v 00N, secand a0, Wieh e, (0L allirale, shiegtin by adding
excess amounts of hom |o?|ny ate target’protelrrln?lo ~2000 fo more) to compete off weaker binders
either at roorfPREHHerathredhsreihmey, ﬁﬂjé‘opﬁgb%?ﬁﬂ&?s\ﬁ%@‘ﬂ@%&%é%?ﬁfg‘gab%% 1) to lower
background phiage, hisdiiog, do suttirinenRDRxdb -k ertarge thphieg eosgrting medbibdleisisifitar to the one
described abgys for theJuman ROLL te.antigers Wit adew nedifications, sRecifical.- 100 nM
biotinylated =rine PD-LI-Fc 35W1?31 usec,? for soijutiorﬂaeannipg immediate] af(ﬁer first {ound of plate

r

panning. In tH& 5P L SR Rt PSR St B HcHh B aRRIRG Bt IR Tyt Was feluced from 10
nM to 1 nM, &ifed 200-500 fold excess of non-biotinylated target was added at room temperature.
The affinity matured glofesematershrenfifidhian sceeenetbith tiecligh of broughaist Adfimity Screening
ELISA pﬁ)cedr%%gfgaefo%ggg%g in: thefollowing gxaimls,R HighThiauahput Afinity.Seiegning ELISA

(Single Spot%:ompetltlon Colonies were picked from the seventh and sixth round Screens for the
human and ritifiEEp-1of Srdein ddpeetdidly " Cobnies Werd Groh Frals RigMUats 7Eth 150 ul/iwell of
2YT media withido® ggadehtfieth éndcitlarged de i BEOinah 2 07Z.ims10 GiwbH, plate YRalcor)cdrn the same

plate, a 10 cqlony Of Xleatiniegies-parenialRNAgS was-pigkashas Gonkal. 9% wellNang. Maxisorp(r)
plates were coated with 100gLfwell of urman and muin EDCLEES orotein (3 gqimi), separately in
PBS at 4C oVernight of room temperature for 2 hours. The plaies were blocked with 65 gL of 1% BSA
for 30 mif arfd6 Gy ot sEbTiseRs Jptcredrbpbh 30t riRe Sirtreop REgE  sitsErHataftiwas diluted
1:10 in ELISAnenzymeadinkedirmmunesorbe ptassay)olix iy Hen(RB Siwitnerbe B8R 6.05%
Tween-20) with,ar witheuhd Q.0M [araetRiaiain g 190440t yelwme.aed ingubalgd.atleast 1 hour at

room temperature in an F plate (NUNC). 75 %'—. of mixture with or without targe_t‘protein was transferred
side by side 54 FETHFBAMR ChARyHMds® PN pikid WAL SRS SHERBTISHIENIK to allow the
capture of untvotint HHakpettathedargetspioteid-bo stetspidraliTie yidteveresureatiedrdbdeast five times
with PB$s0.08%:-hweeny20. 20 The binding was quantified by adding horseradish peroxidase
(HRP)-conjugated anti-M13 antibody in ELISA buffer (1:5000) and incubated for 30 minutes at room
temperature. The plates were washed with PBS-0.05% Tween 20 at least five times. Next, 100 ((Elwell
of a 1:1 ratio of 3,3',5,51-tetramethylbenzidine (TIggB) Peroxidase substrate and Peroxidase Solution
13 (11,02) (Kirkegaard-Perry Laboratories (Gaithersburg, MD)) was added to the well and incubated
for 5 25 minutes at room temperature. The reaction was stopped by adding 100 (IL IM Phosphoric Acid
(1-13P04) to each well and allowed to incubate for 5 minutes at room temperature. The OD (optical
density) of the yellow color in each well was determined using a standard ELISA plate reader at 450
nm. The OD reduction (%) was calculated by the following equation.



300Dnonn, reduction (%) = ROD]somn ofcompetitor) (OD4sone of well with no competitor)] x 100

In comparisoRs® 4hedHedsn” reduction (%) of the well of parental phaged(,99% . @Hapes that had the
ODnavi, reduction (/0) lower than 50% for both the human and murine target were picked for sequence
analysis. Unique clones were selected for phage preparation to determine binding affinity (phage
IC20) against bothMHERTAS QTGP el eB SRt Rt parimEtEus sesifaterials
5hPD-I-Fc, hi? DedgtsFynin Big. kdsicipen DelvpoptitaPdontdsfig, ahehin@ 7ol werecpidvehased!from R & D

Systems. liPRgl.dfXRIESRNGZOIClaVEre-ARRR aled ALGENERIREN tisiRd conventianal techniques.
F(b)2 goat antl human G Fc W’S urihas d groml\}g%gs q Irm(punoReseta?chl %labdoratorles
10Conjugat|on ot 6?6 elnsc an &g ? RGBT B p?o eins'were bio Fnaf} 8T with EZ-Link
sulfo-NHS- L@E@iﬁlmiWEﬁié?cé)TWﬂ%Wbt@eaaﬁr‘éfd’i"ﬁ reithpdrarirer Bdngbde fisde ) the
manufacturet,EXCess-Reneasted biatininashemnomed-withvatbERmick Spifvidigh-Gapacity Columns,
050- Sephadeérg%ggnglegﬁnq%ﬁqﬁpgpﬂgxlmépanufacturer 15F(ab1)2 goat anti-human IgG Fe was

Ruthenium labeled with MSD Sulfo-Tag NHS-Ester (Meso Scale Discovery) as described by the

manufacturer and é‘%&@é’&%r‘f rEABTL Y @&%@%%ﬁt%w&vﬁrﬁ%ltﬂh@ﬁ‘@ﬁ@ﬁ)ﬁ?ﬁ@Il]‘:@fapa(:lty Column,
G50-Sephadex. @b géllbinding tssaybisly testingephidgeddntibddies:2 0Aardtibodiecoecehtrations

resultinggn 5Q%dahibitian ﬂ)g@@as%ﬂ"&@ab'mi@r@&b Rk hioniddPhnkdiexpiassing 293 cells were

measured by ele“groche |Iucr£|1{ > ((%g:ls_gv 1IV le}d assa\éigPlgllﬁjt LEXpres %n1293 cells were
washed with pﬁosprﬁaatre u fered faﬁlne B S nd ¢ see cells | per W n 25 jtL PBS on 96

well High Bindijsiates (M%‘é‘éﬁS‘?éaﬁée@%‘?fb%\%mllﬁ%‘ﬁba]t%bﬁféte”aft’r‘%‘?ﬂ"té?‘h‘ﬁeﬁ‘aﬂjFéaftseaﬂbw the cells to
attach to the waithnn sutfagem abiheupiateinAddn2s, gleroh3086IFBSHeleachbwelliand imcubate the
plate for 30 migntes Wit mild AQUAHERAQ.PIDEEAQL: BPEGHICLIAING. SHRS sARNRIAE, ihree times with
PBS on an ELISA microplate washer (ELx405 Select, Bio-Tek Instruments) under gentle dispense and
aspiration cofidieHss &G Te excess PBS in the wells by blotting plate on paper towels. Add 12.5 (AL
of 2X concentration of antibodies to each well THBY% £BS in PBS (Assay Buffer)-and followed by 30
12.5 RL of 4 gg/mL (2X concentratlon) o‘f"l‘fp‘b“i“‘o?(ﬂ‘fﬁ‘f‘fﬁ“ﬂ’ésay Buffer and incubate plate for one hour
with mild aglt'"‘ ’;1"" ll‘;l tate-3with uS ofr&a lllluuplatc washer; a d '“Iut “latc ofrpPaper towels.
Add 25 ttL of 2 gjl'/l B oi? g‘%reptav |nnf:3utWen|um (Mese Scale Discove ancf Incubate in assay buffer
at room temperature for 30 minutSREEEAtle agitation. Wash 3X Wltfg%@'ﬁ'ﬁ%lcropldte washer

and blot plate @am paper towels. Addilibg) @l of IX MSD Read Buffer 35without surfactant (Meso Scale
DiSCOVQI’y). R :g}d 5||Ltcd tuminescen r; Ilghl at-620-nirren—Sector uu%e«“-ﬁeee‘readeﬁMeso Scale
. 5 .

Discovery). The ECL values were Analyzed with concentrations of the tast antibodies used in the
assay, using afsuNparameter noﬁﬂhéﬁrﬁlﬁ’aﬁssﬁaares fit, to obtain the @850 values of each competitor
in the assay. SR@$pPIS and DISCUSEI0B:n Fifteen unique phage antibgdies derived from YW243.55
that bound both-human-and m"”rqerD“ L1-were-chesen-and-refermatte " tc fulHergthHgG 1 antibodies
for further eva uyatrg% The light anld heavy chain variable region sequenites of these antibodies are
reported in Fig@te§A21A and B.  jaso; glu asn

Glu (E) asp; gin asp

Gly (G) " ala ala

His (H) asn; gin; lys; arg arg

Tle {T) leu; val; met; ala; phe; norlescine _ lew

Leu{L) norleucine; ile; val; met; ala; phe ile

Lys (K) arg; gln; asn arg

Met (M) leu; phe; ile leu

Phe (F) leu; val; ile; ala; tyr tvr

Pro (P) ‘Ala ala
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10The fifteen reformatted Abs were tested for their ability to block the binding of PD-1 to 293 cells
expressing eiygrMimaper mouse PD-LI via an electrochemiluminescegt {EGkdaelfinding assay.
(Table 1 - lower half: In Table 1 "Format I" describes soluble human PD-1-Fc binding to human PD-LI
-tranfected 293 cells; "Format 2" describes murine PD-|-Fc binding to murine PD-1 | transfeced 293
cells, and "Foififaf$3" describes hyf#fan PD-1 binding to murine PD- 15 I¥-transfected 293 cells. While
all fifteen affinfixdprproved Abs ha&lacquwed significant cross-reactivitys¢p mouse PD-L1
YW243.55570-was-selected-as-H ““mary candidate-to-pursue-based on fts-ability-te-block binding of
both human aw?rgvguse PD-L1 tol HB’T(TabIe 1: ICss values of 49 pM ind 22 pM, respectively). Table
1 Clone ForfiyatXiFormat 2iForgmateBe; thrheD1-Fc- biotin/ hPDL1-293pl€50 in nM D1-Fc-  tin/
PDL1-293 ICSVgﬂ@M

ile; lew; met; phe; ala; norleucing teu

Substantial medifications in the biological properties of the antibody are accomplished
by selecting substitutions that differ significantly in their effect on maintaining (a} the structure
of the polypeptide backbone in the area of the substitution, for example, as a sheet or helical

5  conformation, (b} the charge or hydrophobicity of the molecule at the target site, or (c} the butk
of the side chain. Naurally occurring residues are divided into groups based on common side-
chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

19 {3) acidic; asp, glu;

(4) basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe,

Non-conservative substitutions will entail exchanging a member of one of these classes

15 for another class.

Any cystelne residue not involved in maintaining the proper conformation of the
antibody also may be substituted, generally with sering, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added 1o the
antibody to Improve its stability (particularly where the antibody is an antibody fragment such as

20 anFv fragment),

A particularly preferred type of substitutional variant involves substituting one or more
hypervarisble region residues of a parent antibody {e.g. a humanized or human antibody).
Generally, the resulting variant{s) selected for further development will have improved biclogical
properties relative to the parent antibody from which they are genecrated. A convenient way for

25 generating such substitutional variants involves affiity maturation using phage display. Briefly,
several hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible amino
substitutions at each site. The antibody variants thus generated are displayed in a monovalent
fashion from filamentous phage particles as fusions to the gene III product of M3 packaged
within each particle. The phage-displayed variants are then screened for their biological activity

30 (e.g binding affinity) as herein disclosed. In order to identify candidate hypervariable region sites
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for modification, alanine scanning nmtagenesis can be performed to identify hypervariable region
residues contributing significantly to antigen binding. Alternatively, or additionally, it may be
beneficial to analyze a crystal structare of the antigen-antibody complex to identify contact points
between the antibody and its target (e.g., PD-LI, B7.1}. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elaborated herein. Once such
variants are generated, the panel of variants is subjected to screening as described herein and
antibodies with superior properties in one or more relovant assays may be selected for further
development,

Another type of amino acid variant of the antibody alters the original glycosylation
pattern of the antibody. By altering is meant deleting one or more carbohydrate moisties found in
the antibody, and/or adding one or more glycosylation sites that are not present in the antibody.

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers to
the attachment of the carbohydrate moiety fo the side chain of an asparagine residue. The
iripeptide sequences agparagine-X-serine and agparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for enzymatic attachment of the carbohydrate
moicty to the asparagine side chain. Thus, the presence of either of these tripeptide sequences in
a polypeptide creates a potential glycosylation site. O-linked glycosylation refers to the
attachment of one of the sugars N-accylgalactosamine, galactose, or xylose to a hydroxyamino
acid, most commonly sering or threonine, although 5-hydroxyproling or 5-hydroxylysine may
also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by altering
the amino acid sequence such that it contains one or more of the above-described tripeptide
sequences (for N-linked glycosylation sites). The alteration may also be made by the addition of,
or substitution by, one or more serine or threomine residues to the sequence of the original
antibody (for O-linked glycosylation sites).

Nucleic acid molecules encoding amino acid sequence variants to the antibodies of the
mvention are prepared by a variety of methods known in the art. These methods nclude, but are
not limited to, isolation from a natural source (in the case of natorally occurring amine acid
sequence variants} or preparation by oligonucleotide-mediated (or site-directed) mutagenesis,
PCR mutagenesis, and cassette mudagenesis of an earlier prepared variant or a nom-variant
versions.

12) Other Antibody Modifications

The antibodies of the present invention can be further modified to contain additional

nonproteinaceous moieties that are known in the art and readily available. Preferably, the

moieties suitable for derivatization of the antibody are water-soluble polymers. Non-limiting
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examples of water-soluble polymers include, but are not limited to, polyethylene glycel (PEG),
copolymers of cthylene glycolpropylene glycol, catboxymethylcellulose, dextran, polyvinyl
alcohol, polyvinyl pyrrolidone, poly-1, 3-dioxolane, poly-1.36-trioxane, ethylene/maleic
anhyd:fide: copolymer, polyaminoacids (either homopolymers or random copolymers}), and dextran
of poly(n-vinyl pyrrolidone)polyethylene glycol, polypropylene glycol homopolymers,
polypropylene oxide/efhylene oxide co-polymers, polyoxyethylated polyols (e.g., glycerol),
polyvinyl alcohol, and mixtures thereof. Polyethylene glycol propionaldebyde may have
advantages in manufacturing due to its stability in water. The polymer may be of any molecular
weight, and may be branched or unbranched. The mumber of polymers aitached to the antibody
may vary, and if more than one polymer is attached, they can be the same or different molecules.
In general, the number and/or type of polymers used for derivatization can be determined based
on considerations including, but not limited to, the particular properties or functions of the
antibody to be improved, whether the antibody derivative will be used in a therapy under defined
conditions, etc. Such techniques and other suitable formulations are disclosed in Remington: The
Science and Practice of Pharmacy, 20th Ed., Alfonso Gennaro, Ed., ?hiladelphia College of
Pharmacy and Science (2000).

D. Pharmaceutical Formulations

Therapeutic formulations are prepared for storage by mixing the active ingredicnt having
the desired degree of purity with optional pharmaceutically acceptable carriers, excipients or
stabilizers (Remington: The Science and Practice of Pharmacy, 20tk Ed., Lippincott Williams &
Wiklins, Pub., Gennare Ed., Philadelphia, PA 2000). Acceptable carriers, excipients, or
stabilizers are nontosic to recipients at the dosages and concentrations employed, and mnclude
buffers, antioxidants inéiuding ascorbic acid, methionine, Vitamin E, sodium metabisulfite;
preservatives, isotonicifiers, stabilizers, metal complexes (e.g. Zn-protein complexes); chelating
agents such as EDTA and/or non-ionic surfactants,

When the therapeutic agent is an antibody fragment, the smallest inhibitory fragment
which specifically binds to the binding domain of the target protein is preferred. For example,
based upon the varisble region sequences of an antibody, antibody fragments or even peptide
molecules can be designed which retain the ability to bind the target protein sequence. Such
peptides can be synthesized chemically and/or produced by recombinant DNA technology (see,
e.g., Marasco et al., Proc. Natl. Acad. Sci. USA 90: 7889-7893 [1993]).

Buffers are used to comtrol the pH in a range which optimizes the therapeutic
effectiveness, especially if stability is pH dependent. Buffers are preferably present at

concentrations ranging from about 50 mM to about 250 mM. Suitable buffering agents for use
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with the present invention include both organic and inorganic acids and salts thereof. For
example, citrate, phosphate, succinate, tartrate, fumarate, gluconate, oxalate, lactate, acetate,
Additionally, buffers may be comprised of histidine and trimethylamine salts such as Ttis.

Preservatives are added to retard microbial growth, and are typically present in a range
from 0.2% - 1.0% (w/v). Suitable preservatives for use with the present invention include
octadecyldimethyibenzyi ammonium chloride; hexamethonium chloride; benzalkonium halides
(e.g., chloride, bromide, jodide), benzethonium chloride; thimerosal, phenol, butyl or benzyi
alcobel; alky) parabens such as methy? or propyl paraben; catechol; resorcinol; cyclohexanol, 3-
pentanol, and m-cresol.

Tonicity agents, sometimes known as “stabilizers” are present to adjust or maintain the
tonicity of liquid in a composition. When used with large, charged biomolecules such as proteins
and antibodies, they are often termed “stabilizers” because they can interact with the charged
groups of the amino acid side chains, thereby lessening the potential for inter and intra-molecular
interactions. Tonicity agents can be present in any amount between (1% to 25% by weight,
preferably 1 to 5%, taking into account the relative amounts of the other ingredients. Preferred
tonicity agents include polyhydric sugar alcohols, preferably trihydric or higher sugar alcohols,
such as glycerin, ervthritol, arabitol, xylitol, sorbitol and mannitol,

Additional excipients include agents which can serve as one or more of the following: (1)
bulking agents, (2) solubility enhancers, (3) stabilizers and (4) and agents preventing denaturation
or adherence to the container wall. Such excipients include: polyhydric sugar alcchols
(enumerated above); amino acids such as alanine, glycine, glatamine, asparagine, histidine,
arginine, lysine, ornithine, leucine, 2-phenylalanine, glutamic acid, threonine, efc.; organic sugars
or sugar alcohols such as sucrose, lactose, lactitol, trehalose, stachyose, mannose, sorbose,
xylose, ribose, ribitol, myoinisitose, myoinisitol, galactose, galactitol, glycerol, cyclitols (e.g.,
inositol), polyethylene glycol, sulfur containing reducing agents, such as uvrea, glutathione,
thioctic acid, sedium thioglycelate, thioglycercl, o-monothioglycerol and sodium thio sulfate;
fow molecular weight proteins such as human serom albumin, bovine serum albumin, gelatin or
other immumogiobulins; hydrophilic polymers such as polyvinylpyrrolidone; monosaccharides
(e.g., wylose, mannose, fructose, glucose; disaccharides (e.g., lactose, maltose, sucrose);
trisaccharides such as raffinose; and polysaccharides such as dextrin or dextran.

Non-ionic surfactants or detergents (also known as “wetting agents™) are present to help
solubilize the therapeutic agent as well as to protect the therapeutic protein against agitation-
induced aggregation, which also permits the formulation to be exposed to shear surface stress

without causing denaturation of the active therapeutic protein or antibody. Non-ionic surfactants
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are present in a range of about 0.05 mg/ml to about 1.0 mg/ml, preferably about 0.07 mg/ml to
about 0.2 mg/ml.

Suitable non-ionic surfactants include polysorbates (20, 40, 60, 65, 80, efc.), polyoxamers
(184, 188, eic.), PLURONIC® polyols, TRITON®, polyoxyethylene sorbitan monoethers
(TWEEN®-20, TWEEN®.80, efc.), lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene
hydtogenated castor oil 10, 50 and 60, glycerol monostearate, sucrose fatty acid ester, methiyl
celluose and carboxymethyl cellulose.  Anionic detergents that can be used include sodium
laaryl sulfate, dioctyle sodium sulfosuceinate and dioctyl sodiom sulfonate. Cationic detergents
include benzaltkonium chioride or benzethonium chloride.

In order for the formulations to be used for in vivo administration, they must be sterile.
The formulation may be rendered sterile by filtration through sterile filtration membranes. The
therapeutic compositions herein generally are placed into a container having a sterile access port,
for example, an intravenous soluiion bag or vial having a stopper pierceable by a hypodermic
injection needle.

The route of administration is in accordance with known and accepted methods, such as
by single or muitiple bolus or infusion over a long period of time in a sultable manmer, e.g.,
injection or infusion by subcutaneous, intravenous, Intraperitoneal, intramuscular, intraarterial,
infralesional or intraarticular rowies, topical administration, inhalation or by sustained release or
extended-release means.

The formulation herein may also contain more than one active compound as necessary
for the particular indication being treated, preferably those with complementary activities that do
not adversely affect cach other. Alternatively, or in addition, the composition may comprise a
cytotoxic agent, cytokine or growth inhibitory agent. Such molecules are suitably present in
combination in amounts that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsules prepared, for example, by
coascervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose
or gelatin-microcapsules and poly-(methyimethacylate) microcapsules, respectively, in colloidal
drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remingfon's
Pharmaceutical Sciences 18th edition, supre.

Stability of the proteins and antibodies described herein may be enhanced through the use
of non-toxic “water-soluble polyvalent metal salts”. Examples include Ca™', Mg™', Zn”, Fe*,
Fe¥', Cu®, $n”", $n*", Al*" and AT". Example anions that can form water soluble salts with the

above polyvalent metal cations include those formed from inorganic acids and/or organic acids.
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Such water-sofuble salts have a solubility in water (at 20°C) of at least about 20 mg/ml,
alternatively at ieast about 100 mg/ml, alternatively at least about 200 mg/ml.

Suitable inorganic acids that can be used to form the "water soluble polyvalent metal
salts" include hydrochloric, acetic, sulfuric, nitric, thiocyanic and phosphoric acid.  Suitable
5 organic acids that can be used include aliphatic carboxylic acid and aromatic acids. Aliphatic
acids within this definition may be defined as saturated or unsaturated Cpe carboxylic acids (e.g.,
aliphatic mono-, di- and tri-carboxylic acids). For example, exemplary monocarboxylic acids
within this definition include the saturated Cy.p monocarboxylic acids acetic, proprionic, butyric,
valeric, caproic, enanthic, caprylic pelargonic and capryonic, and the unsafurated Cog
10 monocarboxylic acids acrylic, propriolic methacrylic, crotonic and isocrotonic acids. Exemplary
dicarboxylic acids include the saturated C,4 dicarboxylic acids malonic, succinic, glutaric, adipic
and pimelic, while unsaturated C,. dicarboxylic acids include maleic, fumaric, citraconic and
mesaconic acids. Exemplary tricarboxylic acids include the saturated C,.s iricarboxyvlic acids
tricatballytic and 1,2,3-butanetricarboxylic acid. Additionally, the carboxylic acids of this
15 definition may also contain one or two hydroxyl groups to form hydroxy carboxylic acids.
Exemplary hydroxy carbexylic acids include glycolic, lactic, glyceric, tartronic, malic, tartaric

and citric acid. Aromatic acids within this definition include benzoic and salicylic acid,
Commonly emploved water soluble polyvalent metal salts which may be used to help
stabilize the encapsulated polypeptides of this invention include, for example: (1) the inorganic
20  acid metal salis of halides (e.g., zinc chloride, calcium chioride), suifates, nitrates, phosphates
and thiocyanates; (2} the aliphatic carboxylic acid metal salts (e.g., calcium acetate, zinc acetate,
calcium proprionate, zinc glycolate, calcium lactate, zine lactate and zinc tartrate); and (3) the

aromatic carboxylic acid metal salts of benzoates (e.g., zinc benzoate) and salicylates.

25 E. Methods of treatment:

For the prevention or treatment of disease, the appropriate dosage of an active agent, will
depend on the type of disease to be treated, as defined above, the severity and course of the
disease, whether the agent is administered for preventive or therapeutic purposes, previous
therapy, the patient’s clinical history and response to the agent, and the discretion of the attending

30 . physician. The agent is suitably administered to the patient at one time or over a series of
treatments.

In a particular embodiment, the invention relates to costimulation resulting from
attenuating signaling through PD-1, specifically by the application of PD-L1 antibodies that
prevent binding to PD-1 and/or B7.1, as well to the therapeutic treatment of T-cell dysfanctional

35 disorders.
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1. Infections

PD-1 and its ligands (“PD-1:PD-L™) plays an important role in regulating immune

defenses against pathogens that cause acute and chronic infections. PD-1:PD-L signaling plays a
5  key role in regulating the balance between an effective antimicrobial immune defense and
immunec-mediated tissue damage. For example, while PD-1 knock-out mice clear adenovirus
infection more rapidly than their wild type counterparts, they develop more severe hepatocellular
injury. Twaieral., J. Exp. Med. 198: 39-50 (2003). In a mouse model of herpes stromal Keratitis,
blocking anti-PD-L.1 antibody exacerbated keratitis, increasing HSV-1 specific effector CD4 T

10 cell expansion and IFN-y production and survival. Jun ef af., FEBS Lett. 579: 6259-64 (2005}

Microorganisms that cause chronic infection have exploited the PD-1:PD-L signaling
pathway to evade the host Immune responses that results in chronic infections. Viruses that cause
chronic infection can render virus-specific T cells non-functional and thereby silence the antiviral
T cell response. Barber ef al., Nature 439; 682-87 (2006); Wherry er al., J. Virol. 78: 5535-45

15 (2004). Exhaustion of T cells or anergy, of CD8™ T cells is an important reason for ineffective
viral conirol during chronic infections and is characteristic of chronic LCMV infections in mice
as well as HIV, HBV, HCV and HTLYV infection in human and SIV infection in primates. There
appears 1o be a hierarchical, progressive loss of function within the phenotype of exhausted virus-
specific CD8™ T cells, with cytotoxicity and IL-2 production lost first, followed by effector

20 cytokine production.

PD-1 is upregulated upon activation, and expression i3 maintained at a high level by
exhausted CD8™ T celis in mice with LCMV clronic infection, Barber ef al, supra.
Adrmimstration of antibodies that blocked PD-1: PD-L! binding resulted in enhanced T cell
responses and a substantial reduction in viral burden. In persistently infected mice with

25 ineffective CD4" Ty response, blockade of PD-1:PD-L1 restored CDR" T cells from an
dysfunctional state resulting in proliferation, secretion of cytoidines, killing of infected cells, and
decreased viral load, strongly suggesting a therapeutic approach for the treatment of chronic viral
infections.

As a result of the role of PD-1:PD-L. in LCMV, strong interest has been shown in

30  targeting this pathway to the treatment of chronic infection in humans, PD-1 expression is high
on BIV-specific [Petrovas et al, J. Exp. Med. 2063: 2281-92 (2006); Day er al., Nature 443: 350-
54 (2006); Traumann ef al., Nat. Med. ]2: 1198-202 (2006)], HBV-specific [Boettler ef al., J.
Virol 8Q: 3532-40 (2006); Boni ef of., J. Virol §1: 4215-25 {2007}], and HCV-specific T cells
[Urbani ef al., J. Virel §0: 11398-403 (2006)]. PB-L1 is also upregulated on peripheral blood

35  CDI14" monocytes and myeloid DC’s in patients with chronic HBV infection [Chen et al, .J.
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Tmmunol. 178 6634-41 (2007); Geng et af., J. Viral Hepar. 13: 725-33 (2006)], and on CD 14~

cells and T cells in HIV patients |{Trabattoni 7 al., Blood 101: 2514-20 (2003)]. Blocking PD-

1:PD-L1 intcractions in vitro reverses the exhaustion of HIV-specific, HBV-specific, HCV-

specific and SIV-gpecific CD8+ and CD4+ T cells and restores proliferation and cytokine

5  production. Petrovas et al,, J. Exp. Med. 203: 2281-92 (2006); Day et al., supra; Trautmann et
al., supra; Boni et al., supra; Utbani et al.,, supra; Veluet al., J. Virol. 81: 5819-28 (20G7).

The degree of PD-1 expression may also be a useful diagnostic marker on virus-specific

CD8™ T cells to indicate the degree of T cell exhaustion and disease severity. The level of PD-1

expression on HIV-specific CD8” T cells correlates with viral load, declining CD4" counts, and

10 decreased capacity of CD8' T cells to prolifeate in response to HIV antigen in vitro,
Corresponding to in vive observations, there is a direct correlation between between PD-1
expression on HIV-specific CD4™ T cells and viral load. D’Souza ef al,, J. Immunol. 179: 1979-
87 (2007). Long-term nonprogressors have functional HIV-specific memory CD8™ T cells with
markedly lower PD-1 expression, in contrast to typical progressors who express significantly

15 upregulated PD-1, which correlates with reduced CD4+ T cell number, decreased CD4" T cell
number, decreased HIV-specific effector memory CD8" T cell function, and elevated plasma viral
load. Zhang et al, Blood 109: 4671-78 (2007}

The PD-1:PD-L pathway has also been umplicated in the chronicity of bacterial
infections. Helicobacter pylori causes chronic gastritis and gastroduodenal ulcers and is a risk

20 factor for the deveiopment of gastric cancer. During a A. pylori infection, T cell responses are
insufficient to clear infection, leading fo persistent infection. Following exposure to H. pyloii in
vitro or in vive, PD-L1 is upregulated on gastric epithelial celis. Gastric epithelial cells express
MHC class I molecules and are thought o play in important APC function during H. pylori
infection. Anti-PD-L.1 antibodies that block PD-1 te PD-L] imteraction enhance T cell

25 proliferation and I1.-2 production in cultures of gastric epithelial cells explosed to H. pylori and
CD4 T cells. Blocking PD-L1 with either antibodies or siRNA prevented the generation of the
regulatory T cells, sugges%ing that PD-L1 may promote T cell suppression and pefsisting
infections by controling the dynamic between regulatory and effector T cells during A. pylori
infection. Beswick er al, Infect. Immun. 75: 4334-41 (2007).

30 Parasitic worms have also exploited the PD-1:PD-L.1 pathway to induce macrophages
that suppress the immune vesponse. During Taenia crassiceps {i.e., tapeworm) infections in
mice, PD-1 and PD-L2 arc upregulated on activated macrophages, and CD4+ T cells express PD-
1. Blockade of PD-1, PD-L1 or PD-12 significantly decreased suppression of in vifro T cell
proliferation by macrophages from tapeworm infected mice. Terrazas er al, Int. J. Parasitol. 35:

35 1349-58 (2005). During Shistosoma mansoni infection in mice, macrophages express high levels
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of PD-L1 and more modest levels of PD-L2.  Anti-PD-L.1 removed the ability of these
macrophages to suppress T cell proliferation in vitro, whereas anti-PD-L2 had no effect. PD-L1
expression on macrophages from infected mice declines after 12 weeks of infection, correlating

with a break in T cell anergy. Smith ez a/., J. Immumol. 173 1240-48 (2004).

2. Tumor Immunity

Empirical evidence for mumor immunity inchides (i) the observance of spontaneous
remission, (ii) the presence of detectable, but ineffective host immume response to tamors, (iii)
the increased prevalence of primary and secondary malignancies in immunodeficient patients,
10 (iv) the detection of increased levels of antibodics and T-lymphocytes in tumor patients, and (v)
the observation that test animals can be immunized against vatious types of tumors.
Studies have shown that most human tumors express tumor-associated antigens {TAAs)
that can be recognized by T cells and thus are potentially capable of inducing immune response.
Boon ef gl,, Immunol. Today 16:334-336 (1995). Early phase clinical trials have been initiated by
15 wvaccinating cancer patients with TAA or professional antigen-presenting cells pulsed with TAA.
Dudley er al., Science 298 850-854 (2002); Gajewski ef al, Clin. Cancer Res. 7: 8955-901s
{2001); Marincola et al., Adv. Immunol. 74: 181-273 (2000); Peterson ef al,, J. Clin. Oncol. 21:
2342-2348 (2003). Induction of tamor antigen-specific CD8+ T cells has been achieved in many
of these trials. Mackensen ef al., Eur. Cviokine Netw 10: 329-336 (1999); Peterson ef al., supra.
20 Adoptive transfer of tumor antigen-specific T cells into patients also has been pursued and has
revealed homing of the expanded cytotoxic T lymphocytes (CTLs) to timor sites. Meidenbauer
et al., J. Immunol 170 2161-2169 (2003). However, despite tumor infiltration of immune
effector cells, mumor growth was seldom controlied.
It is well established that the twmor microenvironment can protect tumor cells from
25  immune destruction. Ganss e al., Cancer Res, 58: 4673-4681 (1998); Singh ef al., J. Exp. Med.
175: 139-146 (1992). Soluble factors, as well as membrane-bound molecules inchiding
transforming growth factor § (TGF-B), interleukin (IL)-10, prostaglandin E;, FASL, CTLA-4
ligands, tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), and programmed death
receptor ligand 1 (PD-L1, aka B7-HI) have been found to be expressed by tumors and are
30  believed to mediate immune evasion. Thus, blockade of this negative immune regulatory signals
on tumor cells i a promising approach to enhance tumor-specific CD&+ T-cell immunity in vivo.
PD-LI expression on many tumors is a component to this suppression and may act in
concert with other immumoesuppressive signals, PD-L1 negatively regulates T-cell receptor
signaling. PD-L1 expression has been shown in situ on a wide varity of solid tumors, including

35 breast, lung, colon, ovarian, melanoma, bladder, liver, salivary, stomach, gliomas, thyroid,
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0.049 0.022 EXAMPLE 2 5Characterization of Anti-PD-L | Antibodies (B1Acore) Binding affinities
of anti-PD- '—1\98%11% @ﬂmodles Y W243.55 and YW243.55570 agalnstl;@xf%ga@ﬁ%gyman and
mouse PD-Li were measured by surface plasmon resonance (SRP) using a BIAcoreTm-3000
instrument. Recombinant human PD-Li-Fe (R&D Systems, cat # 156-B7) and recombinant mouse
PD-LI-Fe (R&DSyspithsbars eadrod e Piisere HirEe ) Coatdtrerr CMS 138 ho<ahBoPeMips to achieve
approximately 500 espanse ity (Ru): Hankingticsmeastiiements stwmdoldsseriakdiutions (3.9 nm to

500 inn) were e m)agn%’ﬁif Dulieh G Wil O-Goep [1wae8u201 Bheniallpvciple of S0 TL/min.

Association rates ( dissociation rate ) were calculated using a sim e one-to-one Languw

binding modé&FETARsré vt éﬂ%@@éﬁ\ﬁé‘?@%rﬁ% §‘2’fe"i'ﬁ%m€ﬁﬂllfﬁ'ﬁﬂﬁ‘ff{?ﬁ§ iHtion constant (kD)
was calctilateds thenatiol 1 bkedke’er ResThie Birichi g2edfiniliesmpfanti-PDAVASgRagE drtibody clones
YW243.55 angl \W24d:20.2/2MeaskIeH 8ie 1eparteddpelow in Table 2. Table 2 20BIAcore binding

affinities Clone hmgg}g&i}wggg; I%tdlﬁlulirealslmggaqmtﬁg gxgrglszgllgﬁlblf %S%M e)xpression on various
CHNCETS.

Tnterestingly, cancer has also been characterized as a chronic inflanmmatory disease.

10 Coussens ef al., Nature 420: 860-867 (2002). While up to 15% of cancers worldwide have a

direct infectious origin [Kuper e al., J. Intern. Med. 248: 171-183 (2000)], many human tumors

are related to chronic irritation and inflammation. Zou et ol, Ntu. Rev. Cancer 5. 263-274
(2005).

Studies relating to to PD-L1 expression on tumors to disease outcome show that PD-L1

15 expression strongly correlates with unfavorable prognosis in kidney, ovarian, bladder, breast,

gastric, and pancreatic cancer, but perhaps not small cell lung cancer. Hamanishi et af., Proc.

Natl. Acad. Sci. US4 104: 3360-65 (2007), Inman ef al, Cancer 109; 1499-505 (2007), Konishi

et al., Clin. Cancer Res, 10:5094-100 (2004); Nakanishi et al., Cancer Immunol. Immunother. 56:

1173-82 (2007); Nomi ef al., Clin. Cancer Res. 13: 2151-57 (2067); Thompson et al., Proc. Natl.

2 Aead Sci. USA 101: 17174-79 (2004);, Wu er al., Acta Histochem. 108: 19-24 (2006). In

addition, these studies suggest that higher levels of PD-L1 expression on fumors may facilitate

advancement of tumor stage and invasion into deeper tissue structures.

The PD-1:PD-L pathway may also play a role in hematologic malignancies. PD-1 or PD-

L1 are rarely cxpressed B cell malignancies, but PD-L2 is overexpressed in mantle cell

25  malignancies. Brown ef al., supra; Rosenwald ef al, J. Exp. Med. 198: 851-62 (2003). PD-L.1 s

expressed on multiple myeloma cells, but not on normal plasma cells. T cell expansion m

response to myeloma cells is enhanced in vitro by PD-L1 blockade. Liu et al., Blood 118; 296-

304 {2007). PD-L1 is expressed on some primary T cell lymphomas, particularly anaplastic large

cell T lymphomas, and PD-L1 is expressed on the associated follicuiar dendritic cell network,

30 Dorfman er al., Am. J. Surg. Pathol. 30: 802-10 (2006). Microarray analysis further suggests that

tumor-associated T cells are responding to PD-1 signals in sity in Hodgkin lymphoma. Chemnitz

et al., Blood 110: 3226-33 (2007). PD-1 and PD-L1 arc expressed on CD4" T cells in HTL.V-1

mediated adult T cell leukemia and lymphoma, Shimauchi et al., Int. J. Cancer 121: 2585-90

(2007). These tumor cells are hyporesponsive to TCR signals, and PD-1 blockade tncreased their

35  expression of TNF-¢, but not [FN-y, Studies in animal models demonstrate that PD-L1
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expression on tumors inhibits T' cell activation and lysis of tumor cells and in some cases leads to

increased tumor-specific T cell death. Dong et al., Nat. Med. 8: 793-800 (2006); Hirano 1 al.,
Cancer Res. 65 1089-96 (2005).

Thus, the suppression of signaling through PD-L1 with the anti-PD-1.1 antibedies of the

5 invention, so as to enhance T cell fumction, shows promise to attentate tumor immunity, and as a

result, can be effective treatment for cancer.

F. Combination Therapies
The method of the invention can be combined with known methods of treatment chronic
10 infection or cancer, either as combined or additional treatment steps or as additional componets

of a therapeutic formulation.

1. Cancer:

Enhancing the host’s immune function to combat tumors is the subject of increasing
15 interest. Conventional methods include (1) APC enchancement, such as {a) inicction into the
tumor of DNA encoding foreign MHC alloantigens, or (b} transfecting biopsied tumor cells with
genes that increase the probability of immune antigen recognition (e.g., immune stimulatory
cytokines, GM-CSFE, co-stimulatory molecules B7.1, B7.2) of the fumor, (iii) adoptive cellular
immunotherapy, or treatment with activated tumor-specific T-cells.  Adoptive cellular
20 inwnunotherapy includes isolating tumor-infiltrating host T-lymphocytes, expanding the
population in vitro, such as through stimulation by 1L-2 or tumor or both. Additionally, isolated
T-cells that are dysfonctional may be also be activated by in vitre application of the anti-PD-L1

antibodies of the invention. T-cells that are so-activated may then be readministered to the host,
Traditional therapies for cancer include the following: (1) radiation therapy {e.g.,
25 radiotherapy, X-ray therapy, irradiation) or the use of ionizing radiation to kill cancer cells and
shrink tumors. Radiation therapy can be administered cither externally via external beam
radiotherapy {EBRT) or internally via brachytherapy, (if) chemotherapy, or the application of
evtoxic drug which generally affect rapidly dividing cells; (i) targeted therapies, or agents
which specifically affect the deregulated proteins of cancer cells {e.g., tyrosine kinase inhibitors
30 imatinib, gefitinib; monoclonal antibodies, photodynamic therapy); (iv) immunotherapy, or
enhancement of the host’s immune response (e.g., vaccine); (v) hormonal therapy, or blockaide
of hormone {e.g., when tumor is hormone sensitive), (vi) angiogenesis inhibitor, or blockaide of
blood vessel formation and growth, and (vii) palliative care, or treatment directed to improving

the quality of care to reduce pain, nausea, vomiting, diarthea and hemorthage. Pain medication
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6.30 x 10-5 193 %4AA&.80 x 105 1.80 x104 6.43 x 10-18 EXAMPLE w4y opseiiieiyef anti-PD-LI Abs
for human, rhesus and mouse PD-LI - FACS and radioligand cell binding assay) This example
shows the specificity for the anti-PD-L | antibody of the invention for 5Shuman, rhesus and mouse

PD-Li. In addHf6rs PSRBT RIIR) o tHE BB Fo it 8 4Rt on and aprepitant, can permit

more aggressive treatment regimens.
In the treatment of cancer, any of the previously described conventional treatments for
the treatment of cancer Imumunity may be conducted, prior, subscquent or simultaneous with the
5  administration of the anti-PD-L1 amtibodies of the invention. Additionally, the anti-PD-L1
antibodies of the invention may be adminstrered prior, subsequent or simmultaneous with
conventional cancer treatments, such as the adminstration of tumor-binding antibodies (e.g.,
monoclonal antibodies, toxin-conjugated monoclonal antibodies} and/or the administration of
chemotherapeutic agents.
10
2. infection:

In the treatment of infection (e.g., acute and/or chronic), administration of the anti-PD-L.1
antibodies of the invention can be combined with conventional treatments in addition to or in lien
of stimulating natural host immune defenses to infection. Nawral host immune defenses to

15 infection include, but are not limited to inflammation, fever, antibody-mediated host defense, T-
Iymphocyte-mediated host defenses, including lymphokine secretion and cytotoxic T-cells
(especially during viral infection), complement mediated lysis and opsonization (facilitated
phagoeytosis), and phagocytosis. The ability of the anti-PD-L1 antibodies of the invention to
reactivate dysfunctional T-cells would be particularly useful to treat chronic infections, in

20 particular those in which cell-mediated immunity is critical for complete recovery.

4, bacteria

For infections resuliing from a bacterial infection, the anti-PD-L] anfibodies of the
invention may be combined by administration simultaneous with, prior or subsequent to standard
25 therapies for freating bacterial infection, Bacterial infections are most commonly treated today
with antibacterial antibiotics, but serum containing pathogen-specific antibodies from tmmunized

hosts can also be effective.
Bacteria that are pathogenic as a result of the secretion of foxins, {fexogenic bacteria),
vaccination with inactive toxin and/or the administration of therapeutic agents that block the
30 toxicity of the toxing are usually effective {e.g., polyclonal serum, antibodies, antibiotics efc.).
These organisims include Clostridium spp., bacillus spp., Corvnebacterium spp., Vibrio chloerae,
Bordetella pertussis, Staphyvlococcus spp., Streptococcus spp. (Gram negative bacteria that also
typically respond to such traditional therapies include Enterobacteria (E.g., Escherichia,
Klebsiella, Proteus, Yersinia, Erwina), Salmonella, and Pseudomonas aeruginosa. Encapsuiated

35 bacteria, which are resisiant to phagocytosis and opsonization, and thus often prevent a more
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human PD-L | expressed at the cell membrane on 293-transfected cells. Human and mouse
PD-L1 were 5@8% % ected into 293 cells. Cells were harvested andgg 92 %%q 900 cells per well
in a 96-well plate To amg studies. Rhesus blood was obtained from Southwest Foundation for
Biomedical Research (San 10 Antonio, Texas). Blood was diluted with an equal volume of PBS and
overlayed ons@6f%micolfamgacqGEnMeakivenrs) forlsdp avativrratmondnutlempédis siMononuclear

cells were Iy%@@;ﬁhﬁ@gpbb@m;g@}I@#ama@étmla%glms buffer (Qiation) and cultured overnight at 1.5

x 106 cells/ml Wlthé /m PMA %A |ongm cin.in 6 eII g:ulture mt%d 12 Was RPMI 1640
h d
with 10% fetal bovine semrlurﬁt (ﬂ& é) £s, 101 tlons 0 tﬁe? oll orvv?ﬁ st%’lements from 15

Gibco: Gluta W@H&%W&Q‘éﬁé "b‘é}?ﬂﬁﬂln@ﬁéﬁfﬁ?ﬁ‘i‘r’cﬂg hE4g Wf?ﬁ“é%%@nﬂ%?f’%rﬁ?ﬂﬁl&(nds Cells
were haryestégehienfalbonvingnghycaiachaligruidtadiatp 96hwetkpletdfordoindingsiigigsot@pproximately

120,000 cellsperwel) specisc TREPR: LhARIOON W2 E3- 3212 10 OF HRISERIR(N 4Ry control were
titrated starting at |Qug /mI in three- fold s?rlal dilutj onso% bound to ceIIs in 500 qumes for 25

minutes on 20 f&* eWg WETE R S8 S0 B RGP R 4t RS 1 $Hdd) at 20 ugim1
for 25 minutesion jeéMRkasas cells were also co- stalned with CD3 FATC and CD4 APC (BD
Biosciences) to distipigiisht CRdtdhLetlsonema HH. Sevnplaspyesrirunofpa.Beskmandickinson

FACSC%Iburhap ccia‘!}élee %&1 s1sl%|19 rg%: ?atecf ? ﬂ‘%%ﬂ? gy C}frep%é‘ b%nga%,g aF% oL Q%Lgsmg) | }%ntl -PD-Li

antibody concentration was analyzed 25 using Tree Star, Inc. Flow.lo(r) software; E’Cls values (Ab

concentratloh{%fé‘é%&%lﬁsvﬁﬁh%é‘ff‘fﬂgxﬁ?&?% |nﬂﬁ%éré’%%ffcﬁfété&vﬁsﬁ‘?ﬁeﬁai@faﬂ&?ﬁb‘h In addition,
equilibrium bindingstusiésaivanerperdoried de-gefmezascuthtengifidities (#adsy forky Wig4i355S70 binding

to human andjionse.PRRakhexpiesseeon d93icellsdexampleidB) Higsenalues apesimmarized
below in Table 3: 30Table 3 ECis Summar % WO 2010/077634PCT/US2009/067104 Mouse0.30.13

Rat0.8 EXAM Lﬁlg’clgcﬁﬁlﬁlt%}"?ngggﬁtfgrcne lblp anti- Ijnifr(ﬁﬁsqlsnﬁupﬁaatncgﬁl1%Sodge Sﬁg LI - Equilibrium
Binding Raditshgiitg celtBmditeriessayd resdudedltrapdisatdeainehafiaiior mstide PD-L1 were
cultured in gresnth-imatkiagseitich gensisiash %mwem&méi@ﬁugm@mteﬁmm&&% fetal bovine

scrum (PBS)m%mMakgbﬂémﬁ?m%P&%\ﬁﬂl 0-SHERIOTNGIN, FhBL AR URLR Sl &5%1&% Cells were
washed with binding buffer [F12 with 2% FBS and 50 mM Hepes, and were

placed into 9BRAEH Bﬁtgﬁné@séb‘b 8&%%%&?%‘%@"&&?‘?%55%%%ﬁﬁ’&uﬁﬁ%ﬁﬁéf“’%‘ﬁe anti-PD-L1
10 antibody, ¥W248vEE:&¥0. Ml Givd sriodimatetiusitidthddodbgammm thodistheivadielabeled

antiPD-k} an@iﬂ@d&ﬂ&w&fﬁlmr&ﬁqwr&m fhee.12ad-NA bygel filrationysichdINAPBngalumn; the
purified Ab had aé‘"’ eC|f|c t|V|t 741 m/p Compe dgltlon reagtlcalrectlxtur%g, of. 50 td.. volume
edcC

ations 0 ‘;C V " tTang conta
containing a fixed concentration of i naté antibody an d’ecre?xs%g concentratlong of serially dliuted

unlabeled anfitsddy wBi¥ faeed Siﬁ‘t’é 9%%811%%%@? PIEERbRIa stttk en SIkhes expressing
human PD-Lpate:msutine d@sicwrare cultured in growth media, which conS|sted of 50:50 DMEM/F12

media supplemented.yithy, 1330 fefa baving g&&amn(&%%mgcmh{lé LAUAR, dycyctine,
penicillin-streptom %Wn at 37C in 5% C02 re wa hed wit b|nd|n buff 50 50 DMEM/F12

Il
with 296 PBSCEHHRE HEPES BH 2, S a’2‘i£1rnl]\3l TR ATidd) Bnd Vemfgl a8 at AR approximate
density of 208100CuseHg i ndRisisedoipr] ﬁhglkimférf%ifme%@m

Lyme disease, cavsed by Borrelia burgdorferi is transmitted into hmmans through tick
bites. The disease manifests initially as a localized rash, followed by flu-like symptoms including
malaise, fever, headache, stiff neck and arthralgias. Later manifestations can include migratory

30 and polyarticular arthritis, neurologic and cardiac involvement with cranial nerve palsies and
radiculopathy, myocarditis and arrhythmias. Some cases of Lyme disease become persistent,
resulting in irreversible damage analogous to tertiary syphilis.

Current therapy for Lyme disease includes primarily the administration of antibiotics.
Antibiotic-resistent strains may be treated with hydroxychloroquine or methotrexate. Antibiotic

35 refractory patients with neuropathic pain can be treated with gabapentin. Minocycline may be
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20 competition reaction mixtures. The final concentration of the iodinated antibody in each competition
reaction with 0 pM (-420,000 cpms per 0.25 rtiL) and the fi n of the
unlabeled ant?ggy\gn théﬁcompetltlon reaction with cells varied, startlngpe{;’tk ggg& gI\I/qy]%éo then
decreasing by 2 fold for 10 concentrations. Competition reactions with cells were incubated for 2 hours
at room tempeliire. \egehjseiitionredietion Withesilo fisr cdchies ietneertrativniéhantabeled antibody
was assayedris: teplieate; Afienthe 2hauninssbalieantheeompstition-teactions wengitransferred to a
Millipore Multl§creen flltﬁr plate and washed 4X with binding buffer to separate the free from bound
iodinated antlbody "The filters were counted on a Wallac Wizard 1470 gamma counter (PerkinElmer
Life and Analytical SEREHEEY IfctYivds gt Matorhewiitant dafa agataldaledtiéing NewLigand
software {Gementeeh¥, whithiude$ithe:3afiktidgralgorithm pfMunsonclrichiRobasd (B.determine the
binding afﬁni?)lt&fn%lﬁ@ﬂ%ﬁfﬁ@ﬁ% M&%@Qﬁb%&fouﬁ?%ﬁﬂﬁ@%@&”ﬂn&éﬂe—a&?&&@n@aﬁmr.o caudeh€ Kd values
as determined b Scat ard .analysis corroborates the EC50 values of antiPD-Li antibody binding to
human and n]}l]orﬁs fﬁbqfs I’uacsfoé]hown in Table 3. EXAMPLE 4 Selectivity and Affinity of anti-PD-LI Abs
(1C,q_11 This example shows the binding selectivity and affinity (as 1050) assay used to
evaluate 5thel-length anti-PD-Ip1 antiggies of the present invention for their ability to block binding of

PD-L1 tg,both PD- %&”93%1 Mﬁm%%lb%ﬂcdﬁ&sbmé%%ﬂ E?Rtﬁafa‘?ep.!)?% QR%Q{{&Q iQhPD-Li-Fe

ELISA (Format 4): 10 Nunc MaX|sorp late was coated with 0 ng/mL hPD-LI-Fc

in PBS overrh@ﬁ?ﬁwgéﬁwngcm?éélm%ww o Wéé‘f%’?ﬁwg@(m@ﬁ%ﬁewﬁr% microplate
washer and IthoekiwéiswitheGiB9mBS AN PBBstAdddiBcBNs of2 Xepodoentratigpe of entibodies to each

well in 0.05"/Qdween H:2% BSAL RBRLAssayDiluentand fallowediiidesRey 0§200 ng/mL (2X
concentratlorph%f hB7f_Clmtheb|otin [ V\7§ef¥ Diluent and incubate plate for one and 15 half hour with
S

agitation. Was WeIS SIX times with Buffer and add 25 pi of StreptavidinHRP (1:40,000 in Assay

Diluent, \GE Healthcare). Incubate plate for 30 minutes with agitation and wash wells six times with
Wash Buffer. Add 25 p1_, of TMB substraiedicirkegaard and Perry Laboratories) for one hour and stop

reaction with 25 pltEQﬁJexMa 'f’n?&ﬁ&h%ﬁtﬁﬂ%v@ea%&b%%g%@aﬁ’écﬁ?&@Eﬂaﬁ%g Qﬂ%ﬁ}’%ﬁehcw values as

described under ECL cell-binding assay_in 20Example | rmats 5, 6 hPD-1-Fc-biotin

binding to hPBH:t ECS‘(E(S?FMP%WEF&; f&?ﬂ’f&‘ﬁzﬁs g rﬂffbﬁ%’ cfﬁté%ﬁ’&}{}eaé%lgﬁ\? e?fc%?ﬁfli’fﬁfﬁoig Fc-biotin was
used insteaddshB7. ufbeshiotinhfditib imténg i cCTdELT Brstivsisatadtemctiod BeneswasibBeinutes. 25For

mB7.1-kg-biotim.bindie-ter QB(D&Lp%f&%(%@ﬁHiﬁfnﬁﬁi&ﬁ@ f@ﬁm&sasi{au@gem&rmb&waxeept that

mPD-L1-Fc was used.to coa Qlahe mstead of IgP lf Feand mB7.1-Fc- biotin was used for binding
FECOvEIng IFoIn 1n nereased fsk o deV Cl0 111g aC Cl’la NCUMonia,

instead of hB? 1-Fc-biotin. Tlhe TMB su strate reaction time“was /7 minutes. For mPD-1-Fc-biotin

binding to inPD-LI-EEfEBrHE Pt roiat e siiket 18UgR B E EI P ETmBHEHAbove except
mPD-1-Fc-biotih revastused:-for Bindingoinstetdyofptind 3. ke30k d:bictinrihive TdiBsibsate reaction

time was 5 MifluteSion of virus after infection. Influenza is classified into three primary types: A, B and C.
25  Influenza A is unique in that it infects both humans and many other animals (e.g., pigs, horses,
birds and scals) and is the principal cause of pandemic influenza. Also, when a celi is infected by
two different influenza A strains, the segmented RNA genomes of two two parental virus types
mix during replication to create a hybrid replicant, resulting in new epidemic strains. Influenza B
does not replicate in animals and thus hag less genetic variation and influenza C has only a single

3¢ serotype.
Most conventional therapies are paliiatives of the symptoms resulting from infection,
while the host’s mmune response actoally clears the disease. However, certain strains {c.g.,
influenza A} can cause more serious illness and death, Influenza A may be treated both clinically
and prophylactically by the administration of the cyclic amines inhibitors amantadine and

35 rimantadine, which inhibit viral replication. However, the clinical utility of these drugs is limited
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Results: Assessment of the ICsu of the affinity-matured phage anti-PD-L1 Antibody
YW243.55.S7Q 4o flpskdnteractions between the designated binding paisiigdgaontes,in Table 4.
35YW243.55S70 was able to block binding of human PD-LI to hB7.1 Fe with a half-maximal WO
2010/077634PCT/US2009/067104 inhibitory concentration of 38 pM, a concentration relatively
comparable 84td1E8o FalE M IRRATE thel PO HPIRY it rATHIATYS BV BiaB6E 8tudies
measuring théntapacityofyY W2413:. bbgAditocblbeckibstiv interactisnsof PR-hiwithukRiDalodnd B7.1 were

cqnsiste nt WiEEhHB%é@_ Elubady rt@%h@%(ﬁﬁiéﬂﬂ%%_ @ﬁ_’;\ﬁé@é-ﬁo%%?]%&;«éiﬁ@%%ﬁﬁ&%ﬁcﬁﬁ?-
-hionn/bPD-L1 IC50 mg}l]\r/lmForm%t 5 hPD- | -bIOtIn/|;|l_l]J(;k1 IC50 |r(] I%M Format 6 m tZlél-lnotmmPD-

IC50 in pM 1can prevent nary micction, whereas mucos 18 Tequire prevent intection o

S upper respiratory tract and trachea. The most effective current treatment for influenza is

vaccination with the administration of virus inactivated with formalin or f-propiolactone,

2 Measles virus
After an incubation of 9-11 days, hosts infected with the measies virus develope fever,
cough, coryza and conjunctivitis. Within 1-2 days, an efythematous, maculopapular rash
10 develop, which quickly spreads over the entire body. Because infection also suppresses cellular
immumnity, the hest is at greater risk for developing bacterial superinfections, inchuding otitis
media, pﬁeumonia and postinfectious encephalomyelitis. Acute infection is associated with
significant morbidity and mortality, especially in malnourished adolescents.

Treatment for measles inclodes the passive administration of pooled human IgG, which
15 can prevent infection in non-immume subjects, even if given up to one week after exposure.
However, prior immunization with live, attennated virus is the most cffective {reatment and
prevents disease in more than 95% of those innmunized. Asg there is one serotype of this virus, a
single immumnization or infection typically results in protection for life from subsequent infection.
In a small proportion of infected hosts, measles can develop into SSPE, which is 2
20 chronic progressive neurologic disorder resulting from a pessistent infection of the central
nervous system. SSPE is caused by clonal variants of measles virus with defects that interfere
with virion assembly and budding. For these patients, reactivation of T-cells with the anti-PD-L.1

antibodies of the invention so as to facilitate viral clearance would be desirable.

25 3) Hepatitis B virus
Hepatitis B virus (HB-V) is the most infectious known bloodborne pathogen. It is a
major cause of acute and chronic heptatis and hepatic carcinoma, as well as life-long, chronic
infection. Following infection, the virus replicates in hepatocytes, which aiso then shed the
surface antigen HBsAg. The detection of excessive levels of HBsAg in serumn is used a standard
30  method for diagnosing a hepatitis B infection. An acuie infection may resolve or it can develop
mto a chronic persistent infection.
Current treatments for chronic HBV include a-imteferon, which increases the expression
of ciass 1 human leukocyte antigen {HLA} on the surface of hepatocytes, thereby facilitating their
recognition by cytotoxic T lymphocytes. Additionally, the nucleoside analogs ganciclovir,

35 famciclovir and lamivudine have also shown some efficacy in the treatment of HBV infection in
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mPD-1-biolinimPD-L Format 7 IC 50 in pM Y243 55.570 38 42 N 48 EXAMPLE 5 10Enhancement of

CD4+ and CD8+ ctivity in vitro by ann-PD-L1 antibody YW243. i p 16 in vitro
assay nglgoe%;ge{?n%g@ shows the effect of the anti-PD-L1 antibodiesScl?F /Zégﬁr?{)/%}%{#r? upon activation

of PIVIEL T cell receptor transgenic CD8+ T cells, as measured by enhancement of yIFN production in
response to melanetytelpepidigiogp190inkmthivpiiteé duwied-OR§4Fdcellgafachb dbifiried from PMEL

TCR transgedicnice.hess 8 Tvaglls gxplesmadiiR sResificatthe apkal peplide. Following
purification of the. CD8+ T cellsﬁ}%?glti le roun%s of stimulation arei;l:)lerfor ed to‘i%%gl%rate and expand

the activated” @5‘ S-Palu-oéleﬂfs,am]ﬁlc Wil then i’ G‘Fhesuﬁf‘écg“& a%8 581- %Cfgr%ess%ﬁ'? n pa%flel, B16

melanoma célfsgelipecatdesiptifrn- tefupregdhaerthBl-PDpisdredsisrinen, e Rells are
co-cultured ivcthenprieasnosvolpaii-Renhamtieyirmdthei2h; effactpaitNywapieduction is evaluated.
816 cells were chosen for the tertiary stimulation because they endogenously express low levels of
gpiOO0 peptide (as opposed to exogenous ao%plic_ation of the peptide). Moreover, as these cells also do
not express PD-L2, 87.1 or B7.2, the éffect SFBHHItIGNEISignaling unrelated to PD-Li (e.g signaling
through CD28 or CHidpatids ¢ s (2 uded: sigralilsgritirogganiROet) i hapaintized! 28 PMEL assay:
As shown in gigute SmanthRRskd AniRedies-eahanceshat e pereeniags akdrhypraducing PMEL
cDg T ‘fg"s §"§*?th/9 & e%&adlgl%J%%%st%’fakﬁrh'gé&%?cd%‘%%‘3-5'5 [ERROBE. R e, dpignated;amounts of 0100
peptide. 30 D.0I1.10I1n"Vitro assay:
includes the administration of a combination of w-interferon and ribavirin. A promising potential
therapy for HC-V infection is the protease inhibitor telaprevir (VX-960). Additional treatments
include: anti-PD-1 antibody (MDX-1106, Medarex), bavituximab (an antibody that binds anionic
phospholipid phosphatidylserine in a B2-glvcoprotein 1 dependent manner, Peregrine
15 Pharmaceuticals), anti-HPV viral coat protein E2 antibod(yi(ies) (F.g., ATL 6865 — Ab68 -
Ab65, XTL Pharmaceuticals) and Civacir® (polyclonal anti-FICV human immune globulin). The
anti-PD-1.1 antibodies of the invention may be combined with one or more of these treatments for
hepatitis C infections for therapeutic advantage.
Protease, polymerase and NS5A inhibitors which may be used in combination with the
20 anti-PD-L1 antibodies of the invention to specifically itreat Hepatitis C infection include the
following identified in Table B
Table B

Hepatitis C protease and polymerase inhibitors

hibior Name - catert
“Protease R7227/TTMN 191 Roche/TarerMune
CTS-1027 Rache Biosciences
VX500, VX313, VX983 Vertex
Telaprevir (VX950) Vertex/Tibolee
TMC435350/TMC 435 Medivir/Tibotec
Boceprevir (SCHI03034), Schering-Plough
Narlaprevir (SCHSG0518/8P%005138})
BI201335, BILN 2061 Boehringer Ingetheim
MEK7T009 Merck
IDX-136,IDX-316 idenix
BMS-790052, BMS-751325 Bristol Myers Squibb
PHX-1766 Phenomix
ACH-806 AchilBon/Gilead
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A similar assay utilizing Ova-specific TCR Tg CD4+ T cells shows enhanced T cell proliferation in the

presence of t
PD-1 (Fig 4).
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cultures at 49[19 905&%”%1@9 5 ﬂ?erca&geépﬁl ck%ﬁlﬁgi&?%@g&ﬂ\fe rIrIHg(Q un with HTV results in AIDS

5

15

in at least 50% of inviduals, and is transmitted via sexual contact, administration of infected

blood or blood products, artificial insemination with infected semen, exposure to blood-

containing needles or syringes and transmission from an infected mother to infant during

childbirth.

A host infecied with HIV may be asymptomatic, or may develop an acute illness that

resembling mononucicosis ~ fever, headache, sore throat, malaise and rash.

Symptoms can

progress to progressive immune dysfunction, including persistent fever, night sweats, weight loss,

unexplained diarrhea, eczema, psoriasis, seborrheic dermatitis, herpes zoster, oral candidiasis and

oral hary leukoplakia.

whose infections develop into AIDS,

Opportunistic infections by a host of parasites are comunon in patients

Treatments for HIV inchide antiviral therapies including including nucleoside analogs,

zidovudine (AST) either alone or in combination with didanosine or zalcitabine, dideoxyinosine,

dideoxyeytidine, lamidvudine, stavudine; reverse transcriptive inhibitors such as delavirdine,
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Da 8 FN-v intracellular slat in Golgi-Plug (BD Biosciences) was added for the last 5 hours of culture as
per 15 manuf ructions. IFN-y intracellular staining was don ciences
Cytoflx/Cytopg‘%rS#‘lgé(%tﬁ%I/PermeablI|zat|on Solution kit as per manufac%tﬁ%@ssg?ﬁgrﬁﬁﬁins and all
staining antibodies were also from BD Biosciences. Cells were surface stained with CD8a PE and
Thyl.1 FITCmmicintrabefiidar stdinutwith IERRoR PG Rtas aamarig. coveeitratibrsitAthéamples were
run on a Beckman-Rigkins@nipAG SGaliut andhdaianias analyzeddMeaingH (ee.Siahalnc.
FLOWJOTM so twar %m 0.in ngth ssav;. adv?ﬁ)leen and mesenteric lymph nodes from D011.10

t
transgenic mlr(%n\}\?gre arvestgamgsrusheé into smgl1 “cell suspensions, and lysed of red blood cells.
Cells were cultured for 72 25 hours at a density of 1 x 106 cells per ml in 6 well plates with Ova

peptide at 0.3 JIM. Culture media was)RPMdyb64e:vE08%6 fetal bovine scrum + 20uM HEPES, and
1:100 dilutions of t@&%@w&%§w@m@&mr@mt&ém%a@wﬂn%te%@%maqme@t&n

pemcﬂlm/streptomycm and non- essentlal amino acids. After the primary stimulation, cells were
harvested and Bufitied for EHZ 4 d&h %%sﬁ%egmaf’ BRSTSE B4 USSR ?é’a&x BR R4 ber
manufacturerdindtie etioe WPW@CP@P{W@W@MS’F Sl SWRiretiien f@@feﬂ"@‘%@rnlght. The
next day, celgsamﬁrﬁdwayeﬁ@mtemﬁ&}ad dandcareuikturedwith i radiaied. (10: 000 ingsdA20 cells.

Co-cultie WES SELURI OGN oo Aaics I PIEALs Mol W .00 LR T, cel t0 40,000

A20 cells with'titrated Ova pep tide and antib ody at a final concentration of 20 35lig/mi. After 48 hours,

cultures werd'ftised dﬁ%ﬁ?@hf%fﬁ%“ﬁ?%&%?@#cfﬁmﬂm‘g e 5T R HMEXEURYY Plates were
later thawed bhaivestédionaicetkhamesiars, ahilVragdionasbetagountemEXoeMPLEISISEnhanced

proliferation gfHmMARKRELdas)! lﬁm]@M&x&%m&p@ﬁmﬁ%gmﬁcme@m BPshdific Figure 5
demonstrate%NR; ahilit 1: Iggltglllg I\/Pﬁ)&f 2, ab]}gvtM% g ast% RSBQ I ce (prollferehtlon (Er,fIDQUman CD8T

cells in response f87ESNs $rom ah mismatc onor. espon ells were enriched
from whble blsath@yDonor A by first using CD8+ T 10 cell RosetteSep(r) (StemCeII Technologies) as
per manufacturer's inrstiatiaicle listwese ithracdiluted-Hyaegual voluwae.afphosptiate buffered

saline (PBS) gnd seqarated by aradien! sentifuaptionicoysriaving.an FlcalkRagys plus (CE

Healthcare). After separation, cells were stained with C (BD Biosciences) and found to be 78%
CD8+ T cel|sané@?é%gr‘é‘cfl’ﬂ}ﬁ?\é‘%éﬁmﬁ%\&é?ﬁﬂ%|‘fﬁﬂ2°8“(’fit{9,“é ﬁé"’é“’t‘?&&é‘?’r&/’@?ﬁ%l?é’&fﬂfar Probes).
15To serve asfaitogefciteaptigerndresenting cells (APCs), mononuclear cells were first isolated from
whole blgod from Donor B and then depleted of CD3+T cells. Blood was diluted with an equal volume

of PBS and mononuclear cells were i Iate%asf%%g graq;ent centrifugation over Ficoll. Cells were

stained with CD3 FITC (BD Bioseieneés), washed, ‘and then incubated with anti-FITC microbeads
(Miltenyi Biotec). CBB'EFFerpositvEREl |§%éf@&?§ér?ﬁéﬁréfe%ﬁmé infections and primarily

attacks B cells, Infection with EBV results in the clinical condition of infections mononucleosis,
which includes fever, sore throat, often with ecxudate, generalized lymphadenopathy and
25  splenomegaly. Hepatitis is also present, which can develop inte jaundice.

While typical treatments for EBV infections are palliative of symptoms, EBV is
associated with the development of certain cancers such as Bukitt's lymphoma and
nasopharyngeal cancer. Thus, clearance of viral infection before these complications result
would be of great benefit.  The anti-PD-LI antibodies of the invention may be combined with

30  conventional treatments for Epstein-Barr virus infections for therapeutic advantage.

8) Herpes virus
Herpes simplex virus (HSV) s transmitted by direct contact with an infected host. A
direct infection may be asymptomatic, but typically result in blisters containing infectious

35  particles. The disease manifests as cycles of active periods of disease, in which lesions appear
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20AutoMACS cell separator (Miltenyi Biotec). Cells were then irradiated 2500 rads in a cesium
irradiator.  \G&hsyekgsg0-cultured in a 96-well flat-bottom plate with :p,000064%H4T cells and
150,000 APCs for 5 days with antibodies at 1014m1. Culture media was RPMI 1640 + 10% fetal
bovine serum + 20tiM EPES, and 1:100 dilutions of the following supplements from Gibco:
25Gluta-MARSBfRRT i thoates! smiinFst 5 g e i HoH S SEE A 4o e, on day 5,
cells were hamvested; hashedzand!staypedndith @8- Biotimfotiowed byesiraptavidin®@erCp (BD
Biosciences)..aampigs were run on a-Beckman Dickinson FACSCalibur and data was analyzed using
Tree Star, Inc. FlowJo software, . = An approximately 45% enhancement in proliferation of CD8 T
cells responding to CEligH Péer}ﬁeraoﬁé’ I\}fﬁ%fﬁrlﬁsis&rﬁa‘%?ésg Bé‘ﬁ%‘?(%at’s ‘Gbser e%eiﬁYfP%OBlrdggence of the
anti-PD-Bl. ERI: B2 Efdets arsPpi Pidekasrtishic crY i vigsrinduér-s- ZoviarRells under
conditions ofwehrancStimdatian bavelbaemnshapwntondficegutatecand 3asusidinexpaession of the
inhibitory recgpior PR:%, Higatian AlRRakRY sithel ks M igands, R didpd:PRika contributes to

the refractory state of the chronically activated T cell, attenuating its response to its,cognate antigen. In
mice persistefitfintd&fed iRy nisHEEHc Ehtdm My MEV USRI SeREEEBT PD-1 or its
ligand PD-LI is=suffisiéntemeevitalizkoshre fichiprefasiomniaEecells, enhancing the magnitude and
functiong] quality of the anti-viral T 5 cell response. Similarly, humans chronically infected with HIV or
HCV exhibit T cells refractory to simulation ?ﬂ;e activity can be enhanced in vitro by blockade of
PD-1 or PD-LI. Therefore, activity of PD-L1 blockade in the LCMV model suggests therapeutic
potential for enhan&iFadthraraHEENMREHiMhUbTyY BbRtHa"EeNed 1 vRRKpEffnents in the
mouse, we havsetrfahipatteddhe hurmanizecd Bladti-PDylds antibesy (w243 .55878)]ddy cloning the

pha_ge-der'veﬁhséwraﬁﬁll%mﬁéa@memﬁ@ﬂsi5@9@%@199@13@&&afﬁ%ﬁrs%@m@aﬁram&e@g@ 2a heavy
chain and mouse kappa light chain constant domains. T'o prevent antibody-medjated cytotoxicity of
PD-L1 eB?pre@r‘?g*‘%@ﬁs‘?ﬁainﬂiﬁiﬁhb“ﬁ&’ff‘ﬁ&é‘p@&%ﬁ%ﬁlﬁ@ ?B&%&éﬁﬁ@%@%&ﬂﬁ%‘ﬁ&&eﬁ and 297
(asparagine) Thgretatiangetidoralaging (D ANAY.-Bhiedds; IRL etsing » BidlGemROO12 726 (9):
6591-6604. Tg festthaabiliia of iheanirRRdetanihodytaenhapssanti-yiridmnmonity in a chronic
infection, mice \ere, IIecenat Ray,0.th 22,400 RlRGUS.faring LS, (1) ol drlong, 13 LMV or the
Armstrong strain of LEWRI 88 a8 erence control. The schematic of the experimentaf)éesign appears
in Figure 6. |1af8e4ib#with Clone 13 results in a chronic infection, characterized by T cells that expand
but are pmable to efiectiveliclear dhecvisas, twhilgoAumsitr ongcli@M Msistake aneldronithin8is 20 10 days of

infection. On day, 14, mice beganfeatmentwish.gither.ant BR:LsusonpelalaS:delivered at Iffing/kg
doses 3x/week. At Days 21 and 28, anﬁttﬁ,r&s of CD8 T cell fun?et%?inrﬁlf%ct viral titers in blood and tissues
. al, Na

were perform&d POESHEH RN plidished FA of Bater & r&438%68557'(2006), this
example sholws¢heilitprof tid amePBve 1900y threfiisarpettivieytotoxic Wirphdeyte réssponse to
LCMV 25 follgwingse 2 weekdpatroentriagimaniifaichr avigduc M\binkestian fgume Th shows the % of
CDS T cells thatexpress CRI07A.0NINEIF Gell SUIAES IR ISRRARIS IR LG MY SPEGific peptide.
Plasma membrane expression of CD107a, normally expressed intracellularly, accompanies the
degranulatioffroeesSrsbirREiedree&tves as a surrogate marker for degranulation. Relative to the
response of cells from the acute Armstrong LCMV infection, cells 30 frum animals infected with the
chronic strain, clone 13, are impaired j;deggaglation (control g group), while PD-LI blockade was able
to restore CD8-k degraulation to level arable to those observed in the Armstrong infection.
Similarly, 76 demon S aTHE TheFSa LA I BF N S ing b LT T AP SRES 0 LOMY gp33
in the arifl-PBuancmesaebgrnp Tempmiveity édmtiorilo cccur drpughaliisth sptiet e ARMPD-Li Ab on _
reducing or efaglisatimghlc-GMbu4as inblpothantktissies was: testedk dni FiguraB8Aipthengraphs show log
virus ters n (g pIcaleg s conablAnd ROnk reled apintals aldayadang 28 after

infection with Clone 13 Antibody treatment was initiated at Day 14 post-infection. Blockade of
PD-LI resu“eafmfﬂ%shwd blocks the appearance of warts, but leaves the host capable of transmitting the

infaction to others.
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5 significant reduction in viral titers in blood, liver, brain, lung, and kidney. Impressively, in 3 of 5 mice,
a—PD-.Li Ab re&%cgg(}%l[ggq LCMV tit(—;-rs to Ievgls pelo_w detection (.<1 X ]Ipé@%g%% B@l&ﬁequent{
experiment of comparabfe design, virus eradication in blood and liver was observed in 5/5 mice treated
for 2 weeks with anti-PD-LI at doses of either 10mg/kg or 2 mg/kg 3x/week (data not shown). The
lower graph showslifietkinetit$IbY redeletiGndop vinzdititerscin sheh bicodiesdd 0 ddrmopgtiates an average

reduction of 9&i8%pin-the1antixk Dricldttated.@ralipal Raymdiralativera sentiok.dhesasdata support

the importan(t:e .of . the P -UPD-L1 pa hway in inpibit' LT cell re§gpons§sf{ chr nic infections and are
. Topica] applicafion of Imig 1@0 ; V\% {1 ates H;i,lgl ric s¥s 'mtg aC rﬁ]ﬁac atfected areﬁ. )
consistent W|t(f?e?}e@fs of in Vitro PD-L'1 blockade on 1 cells ob ained from humans with chronic

infections suchcad riaisatidE Vatits i R Rt ateHY A posmtsbbe? Bereimintiigot fENbamnta
production by«(¥&iiEseells inveesponseteduGibd gigdlpeptide! treatbpleéndiWe idfdstlatéd from infected
mice and a sjpgle.gell.s psion was generated by crushing the organs in complete media: IMDM
(Invitrogen Inc., Carlsbad, CA) containing 10% 20 heat inactivated fetal bovine serum, 2 mM
L-glutamine, 100 U/ml Penicillin/Streptomycin and 10 inM 2-mercaptoethanol. The red blood cells were
lysed using ACK lysis buffer (0415 M K€ 1, 10 mM KIICO3, 0.1 ntM EDTA). To measure antigen
specific CD8 T cell ragpansester spRACcHLSWE RS MBshegiiagompipicomedipantisiestimulated in
vitro forl% hO%l(l)’ OIMEQO%hgf I'h%M\_téiBae otrlrgg?i)%Ee%eh{]lr(nﬁ‘}}éYs%Eé;r g_:%}h&%ggm&é%omc'h ngl%gt?qgon’ FL). 1x106

splenocytes were 25 cultured in 96 well flat bottom plates with 100 ng/ml of 0P33 peptide in the
presence of TOEPHAitS TG STANah B RTRM I PSR Hia T ATERErE S £Y B EREY KA GY I I2RAY of brefeldin A
and 1 ttliml (2:1880itHutidh)cafsmuinensinr B ipiianmi ngew)ibiadaiticChliL0 Pa &iibEiyeldne 1D4B, BD
Biosciences, 5aRelQ8e S iRENCHhaIAN GRS WEHEWASD ad0N6a 1N ABR: GoRiaIBING 2% fetal

bovine serum ang. cell surfac rqagkers.wer stai{r)lgd&.lé;soi ‘fluorolghrqzlé‘ne. gog&'g@)ate_dg 0 antibodies:
anti-CD8 APE‘,O‘-(CCt one 5367, I6Sciences’ San Jose, aniti-CO4 Per p- ng.lg tlcTISone RM4-5, BD
Bioscierées, Ranfisgeincpiyanticami-Pbld prbdishe’ Je3rBOiBisstibheesnsEifdned 'CA). Staining
for intracellulamifiNepusasa oneussiggihe Cytofix Gytapenndiug kibBD-BiassierceseRan Jose, CA)
according to the manufacturer's instructions using anti-IFN-y PE-Cy7 (clone XMG1.2, eBioscience Inc.
San Diego, CA). To detect the number of 0P33 35specific CD8 T cells, fresh splenocytes were stained
with OP33 pentamef &R B iAREH LY KEEBrorimeHE ME B asnBhe Fy A84rdidg to the
manufacturepsrmstuittiorsy DEtdovas bolldctetubingarBBEAGSAriaviB Biosceneal, San Jose, CA)
and anajyzedyithoFHownalPnR afivargi(liesrotakl NeAshiand R D Datefmination: afkds MV viral titers:
MCS7 fibrosarcoma,cells are infected with 10-fold serial diltions, of L GMY;dontaining blood or tissue
homogenateim complete MBS Fhe reaction Is then incubated for 2-6 hours in a%?(?m a tissue
culture incub&6sPsthenab9e rrasrEdelith D MENFEBREAI AT S HBRY ISR RIS TS R owed by
incubation foc@rdays, themiheomathyleelulosentayen isramoveecabl aspisatiernled he cells are fixed
with PBS/4‘Vohg§i@;ggm%[gggy%r&gg&%@eabiIized with 0.5% Triton-x for 20 minutes, washed in
PBS, then blocked in 10% FCS for | hour with mild rockin ..S_tajni.ng for LCMV E pl%ne with VL4
antibody {1 hour), WEHEY S eh 8?&%‘?0%5%%%”&%%-%’3%%&(T:E&ﬁ)“?ha‘tﬁ‘%%rc ing biifter. This
followed by veashingiBsey thammaekdindiéphenplepetismingmsnbytrates s | GMAP88B8-SHTAB
3r-11g/tablet)@-walis JaidexepporkpdEfAMBLES BB Lbloakasls incanagmes, jolkis maw apparent that
many tumors_exploit expression of PD-1,liga 1o ¢ ti-minor T. cells responses.
Several num s e S A o ot
tumors and taABFfiltr ko REE SN AthiSERRMER dPHIR e Rt S is Mt & &sociated with a
worse piognesissietse iuhds skiodelssdembdsy atedimilaeinsreasegdfir-Ddtcheekpiession within
tumorstand d%mge&fé%#gnam!i@, &%g&%ﬁnggyg’d@itsﬁ;%%*ﬁi{(&%e;gng&ﬂm&hﬁgﬂgm&&g&mut‘f‘ﬂé/- Here Vfr? f
present an experiment demanstrati e impact of blocking PD-LI on ic tumor growth o
1038, Ova TS o AR D CET T Ly HgER Gt s PEETRILS (iohrS QRf Hiboc colls
express ovalftirapscidigiriravica inadetuktienysrleeipresspiy-prd BitontRPDerpcsitHeir cell surface
as assessed bysFilaw taytemelt: wHusiosr ammemginedkeA). Miaenwareineardatessubeltaneously with
0.5 millign M38.Qva, cells on Dav: 0. 0@%@{&% gn Day 14 mice (when tumors had reached an

average size of 250 mma3) 10 mice/group were
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30 treated with 10mg/kg anti-PD-L | (YW243.55S70-mouse 1gG2a-DANA), control 1g, or blocking
anti-CTLA4 AR WGli3-4510-11) 3x/week for the duration of the study. Rlagkadaei#e-L | either early
or in late intervention is highly effective as a single agent therapy at preventing tumor growth. In
contrast, blockade of CTLA4, another inhibitory molecule expressed on T cells showed no evidence of
inhibiting tumor gro‘@ﬁ?‘?l’}'ft‘f’i‘é’éﬁ RS U BHET S 6 I TR D RGN &8 BB H5895-20 axis over
CTLA4/B7 infisuppiressidntiglitheysteti-inmoichimuneave spodrs énand spipgort theepotentisd for the
treatment of fuman, gmegsiwmanw@mm@% heRDs- HeipRrastian with RRnlsand B7.1.
MC38.0ya Sy({]%ﬁﬁ €IC tumor n%odel ode (P I? 0, 7Q5t%n|ngl%lso ere, ngscglll%te 5 eubcutaneously
with 0.5 milliSh ME3E6VE E&f iR 150 m |é°r6 iters of & aﬁlhgef ﬁeglnnlng on 50 mice were
recruiteddintcelopds-oRpagidataicHt lfroupétiens B@?@W‘?Cglfdl}lﬁai“’é}ﬁ g’r‘%ﬁf’ﬂ’}“%’éﬁﬁe‘ﬁﬁ‘&ﬂﬁ}ﬁ’g 40 mice were
allowed to graan amarsitmikiayind. Sithesepdyrstanieawithsinitar-sizethitdnmars: Were recruited into
one of 3 treafment GrUPS (GHOURR Righs E@%ﬁHQ}Qﬁ%&%&M%ﬂ 186 A0e.he. mickwigighed 2x / week.

Mice not recruited into below treatment grou%a due to dissimilar tumor volume were euthanized:

Group 1: antMEi98 aHEbBEY Ry 1o Re 4V 5T SMeRIE SRS 2 P ARIPEBR Bhtibody, 10
mg/kg IF, 108nprhiaD lie@xpsraek @tour@tatiogpl0 amtibody, Mdibrghsg [FreiB0ppinidd, 3x/week

15Groupd: o ERAL). anliRAs WGlKGRLANY Dl Db AhESKB1GR,5: a0 Fod-4 antibody, 10

mg/kg IF, 100 tit, D14, 3x/w ***Grou }anld eg pad %nc% on DIS?rlqmp § 4, and Son D14.
20EXAMPLEPI§ m%?ﬁté%?aﬁcssoofegﬁ% %g%ﬁ ' Oth Ses? giljen‘jtvs.1 to ﬁor\? e for aﬁ}ﬁiﬁﬁmor effect or

Immune- Enfapiéipis THBraiby-iess G’%’ch&él“’ ofteg) A, MBI AR TS MR B Bfated
subcutaneousipwiths@bimit onrdisa8uQvagokiiin (D00 rictodters:of HBSEH paatligetuiice are allowed

o grow tumajs, Mige ieiohied At measisd 2iiveals jiliday b1 (uhenihe mor volume i

between 100-200 min). On Day 11, following tumor measurement mice are recrw}ed into | of the 12
treatment grdﬂ%%&‘f&%”ﬁfﬁ% ngtféc?f}ﬂffeyd ﬁﬁ%‘%éﬁé\‘m‘ (ﬁﬁgﬁfcénr%lﬁb{’é’ die fgna?ssflmﬁar tumor

volume are egthamizeld. Gemcitabine (Group 4) treatment starts on day 12, while treatment for the
remaining antibOdYng&ldaﬁdﬁiﬁﬁt%M dayud4. &II volumesiarg.1 00.plinsnest vehisiesaid additional

details as 30re orted belo ., Group antJ Q.antibody, 10 ma/kg IP. 100 ttl. 3x/week x 5, n=10
Group 2: anti-PD-L1 ant OB“ ;- 10 n %12 plw_m%gweeﬁ%g N=10 G Chr%ulig 1SSaentl VEGF antibody, 5

mg/kg IF, 108itrse MNV@%&@%@W@%@@%%WC@@%%W@ Aﬁ‘ﬁﬁﬁmgﬂrﬁ 4 53R By 12, 16, 20,
n-=10 Gooupdeasti-PDetibramntiodinitadintsgpli2fasnibodynant 10 Cheup-GvaniiPdxbrdt entibody +

anti-VEGF anfibady.; id0s QietRaZRNRRi-b rAHPQM-Gemcitabine, n=10 Group 8 anti-gp120

antibody + Gemmtabme n=10
Systemic invasive mycoscs resulting from opportunistic pathogens, which occur in

immunocompromised hosts, include candidiasis, cryptococcosis, aspergillossi, mucomycosis and

pReumocystosis. By heightening inmumune response in a compromised immune system, the anti-

25  PD-L1 antibodies of the invention may alse have therapeutic value in the treatment of these
conditions, especially when combined with conventional therapies.

Treatments for candidiasis (caused by Candida albicans, C. tropicalis, C. glabrata),

crytococcosis (caused by Cryptococeus neoformans), aspergillosis (caused by Aspergiflus flavus,

A, fumigatus, A. tereus and A. niger) and mucormycosis {caused by Rhizopus arvhizus,

30 Rhizomuco, Absidia, Cunninghamella, Mortierella, Saksenaea spp.) may be treated by one or

more of the following imidazole, ketoconazole, intraconazole, fluconazole, amphotericin B with

and without flucytosine. Pneumocystitis (¢causcd by penumocystis carnii) recently reclagsified

from protozoan to fungi is treated with trimethoprim-sulfamethoxole (TMP-SMZ) and

intravenous pentamidine isethionate, as well as dapsone, TMP-dapson, trimetrexate, clindamycin-

35  primaguine and atovagnone.
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5Group 9: anti-gp120 antibody + anti-VEGF, n=10 Day 12: Mice from group 1 are bled (100microliters)
retro-orbitally thesia for CBC analysis.  Day 14 and Day roup 4 are bled
(200 mlcrollte‘r% %g[r@qor%%ally under 10anaesthesia for CBC analysis. gg{/q%%% %:g except group
4, are bled (100 crol ers) rct o-orbitally under anaesthesia for CBC analysis. Day 26: All mice, except
group 4, are bled (M0 amicrdivey spveadobp riditaiispuritie pandiestivesiactorP K egheifiss 08y Tumors
are measurepf@&damiﬁe freighethdXhnealicARimalgaxibitingwaight }Qﬁﬁoﬂfc?lﬁ%awmfbe weighed
daily and euth%n Ift Iose >'?F10% boqxev%%ght ice will b%é: @#mzew en fumor volumes

Nans 0()?’! 1ENEUS
exceed 3, 000'm m or aft %' months if tumors do not form. This stud shows Figure 10) that PD-LI

blockade wad Bt/ &fettife trak R tie ogh d o0 ﬁd@&‘i‘f%"f’é‘ﬁﬁ%ﬁ‘%@ Eeawitacalone.
EXAMPLE 16k fpresgiompiantisRDq_TrantibodyinmammadigitaellSosema conndhijdl@example illustrates

preparation %fcmﬁﬁntiaﬂyaglmpsy@mmmsmmkfDcMzzu@anme@y by regombinantexpression in
mammalian ceIIs The vector, §RK5 e EP 307,247, published March 15, 1989), is employed as

the expressiSAEEES id’ﬁlpﬂgﬁ%ﬁ?y, REA"SAESERY the light and/or heavy chain of the antibody is ligated
into pRK5 with seldefetivesstrichioneh sy frestomteivdnseris riteuch eNAangsinghgatisHsmethods such
as described:iaamboeke ok Shprar-3Rimene embogiranhothe:selectedbasihcelsvmnay be 293

cells. HypareRm e SISt & o, bRA2) AIBAIN DR CONTHENGR Nl SAYE, CHl' s piples In medium

such as DMEM supplemented with fetal calf serum mid optionally, nutrient components and/or

antibiotics. ABGUESFOU iFIINAEHEBEAE TR piRISIERtIOk REFHNET S AB L GB°BRA encoding the
VA RNA genéfHniinpippayafet diarCetlz3%i6549 (1982 @madissolved in 500 iL of 1 niM Tris- 35HC1,

0.1 mM EDTA, 0. Z%Ze'\élﬁaa@@|%811T@smi§nmi)>stﬂ;aedi§e@s@Q@ﬁi ~EROBWISEn 200 Gk Qkat M HEPES (pH
7.35), 280 mM_ NaCl, 1.5 mM NaPO4, a\? | a itate | allowed to fo f%{ Cr[or 10 minutes at 25C. The
le

precipitate is sutsgpé?l]dm%ﬂaﬁtatadcfe tm Jéné lswatl'ﬁd affowed 10°S or ¢ é%ou?li‘rouf hours at 37C.

The culttire relhsprPiaspl FErEHGCH arfd Zenitdf2096561¢Eerol in PBS is added for 30 seconds. The 293
cells are then washpeuwithrsrumifrerpaedium, freshimeditioni daddeduaacthenceliscare incubated

for about 5 day§pena.ARPrOXIAL ?'yp&%m rseafien shentransfagions,he suliurgymedigp is removed

and replaced with culture medium (alone) or culture medium containing 200 pCi/m135S-cysteine and

200 p.Ci/m1 %“%@Sﬁ?élm?br‘fﬁﬁﬂ“&?ﬂ&?c&"i‘? thfP%éﬂﬁatiaﬂU%é%ﬂa%%ﬁ%dﬁeaﬁlaﬁﬁdﬁf%@|1ected |
concentratedreiviarspirefite frangdifoadetrontodd89s SBS getlidhwedoroeetisedzgab may -be dried 10
and expgseditafilra.fer-a selected period of time to reveal the presence of the antibody. The cultures
containing transfected cells may undergo further incubation (in serum free medium) and the medium is

tested in selected bioassays.
d protozoan

Disease resulting from parasitic disorders such as malaria, schistosomiasis and

leishmaniasis are among the most prevalent and important health problems in developing

25  countries. These diseases pose particular challenges becaunse they may evade host immunity

through various means, including: 1) living inside host cells (e.g., Leishmania), 2} rapidly change

surface antigens (e.g., frypansomes) and 3) ‘“disgui.sing” themselves as host cells by displaying

host antigens (e.g., schistosomisasis}). The use of immumosuppressive drugs in the treatment of

cancer and in conjunction with organ transplants, as well the global prevalence of AIDs can

30 reactivate latent or subclinical infections from Plasmodium spp., Toxoplasma spp., Leishmania
spp., Crypiosporidium spp., Trypanesoma spp. and helminths.

For chronic infections resulting from infections with protozoan parasites, the anti-PD-L1

antibodies of the invention may be combined by administration in combination with, prior to or

subsequent with standard anti-protozean therapies.
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In an alternative technique, the antibody may be introduced into 293 cells transiently using the dextran
sulfate methogglaseribggiby. Somparyrac et at, Proc. Natl. Acad. Sci., kgifémodmtif81). 293 cells
are grown to maximal density in a spinner flask and 700 jig DNA encoding the pRK5-antibody is
added. The cells are first concentrated from the spinner flask by centrifugation and washed with PBS.
' The DNA-dextran pleEETE REIBEEE Sh %ﬁlal%é’ﬁaﬁ’é‘rﬂé%ﬁ%ufh&ﬁ? - Th&8iléeale treated with
20% glyceralfoir@0rmsetonds, iwashtd nwithitissuelculamenmigdiviehdedirecintrddyeed o the spinner
flask containing, tissupieHIIEREH UNMipar igimhidSh avinednsiinnand Pelofighmbbavingtransferrin.

After about f%%[ﬁdlaysﬁﬁp%g%ggiﬁge is centri d and filtered.to remove %Iégcand debris. The

n S Wcltkljlrplg (ljllgucmf an 1 I'l’é%lato. TCaction. TOIeTY OE
sample contalnlrf’gv the exp ssea antibody can then be conc n‘tr_a.tea an(f Suﬁﬁé’d y any selected
method, SuchgéieisyalshrerseiEsidhah ers ratserds iy b Bhibvghiate th&antibody can be
expressed inifs#ie) cellalil bexihA-enboding 26 thilantboehs ligalke ovintd A Snéaricbastransfected into
CHO cells using kpownireaganis.auehasGaROE o REABRSK AR dersriRet.ahove, the cell

cultures can be incubated, and the medium repla eéj with cylture mediLfLm (alone) or medium
containing a1?38?8‘73‘6@’%@11“5%‘3@5@}%%Pgﬁgﬁéa.n}&gf? USRI G e HYRSEER Bt Antibody, the
culture mediuma snvdydoeaeplaced with serum free' medium. Preferably, the cultures are incubated for
about 6idays, and thes:-ihe Seeanditiened.medinm inhactestedndhemaglivin gentainiag the expressed

antibody can th(%nlbe con?%n_tra}{gd a@}d Rurifgeg‘.bé/ W selected method, . Epitopes-tagged variants
of the antibotly may also be Céxpreeé.nsce 'in host énHO?{;eﬁ?g(a?’T € DNA er?(lz%dizﬁ}g the a%ﬁ;k?ody ligated into

PRK5 may b& SHleotRRISHIsT thel BRI ve ctBieSERECIHINBIE insd R undef§s™ER to fuse in
frame with aseleicied/epitopeatag: stichag, sepelyshis-85tagrihtoaBaculdrugigxpsegsion vector. The

poly-his taggad [INA eReRdinaihe.antibedyinseit-canathen eysubelonaesintoir sy 4Q4driven vector
contalnl‘r;g a selection marker sucph as DH Fiof&;se_l ction of. sta@lle clon%s. F n?ll}{é t}Qe CHO cells can

be transfectdd PAS HESIBEd ABoVET A "driven Vector. Pabeting may be performed, as
described abevemisHfydeiaerddstary. THe digture Metitiaresntaidingimeybxsierseerpbly-His tagged
antibody canghgrheigoneenisaied bandnpuritiedibyanyselpeiegimerhogasuehiasdandi2tchelate
affinity chron(wtﬁgpa%aaggxmph The @g“ﬁ%@.‘é Ay also be expressed in CHO and/or COS cells by a

CHO cell

. laxis, Eg., .
transient expression procedure or in s by another stable expression procedure. Stable

expression in CHO BBl aih d HEsr oo WIRG o Bdrd e RE P SSTRLR %X pressed as an
IgG conXtructafiimiizun adinesinky anlivhithrthe codigidequarses for the 10soluble forms (e.g.
extracellular domaing),of he sesRESIIMERIRIBING Ak fsed 10,8019 G Leansiaplregionsequence
containing th'e hiqp?’ Cf:HZ an Clﬂ')% 881593 igiscﬁasgd‘{v rlclﬁ al o'X_tla_']?()ltl?'ggl?d | rmhadeno E&)”OWing PCR
amplification‘f‘tsnntlaa1 regaﬁé% ive DNAS'are subcioned In a 8é(pressmn etior usmﬁ standard
techniques a¥#eschseiiprusabEr etr! ClER BYBtoESIS VIR SldelirrBIBEY ¥AR3.16, John
Wiley and Seas {18971 Cldeaxpressintveehdrsaresqanstrictettof ichaversompatiile restriction

sites 5’ and 3 of the, DNA, of inteaatia allowsthe.canuerientshuitling oh £ DNAS.hReygctor used
expression in CHO cells is as described in Lucas et al., Nucl. Acids Res. 24:9 (1774-1779 (1996), and

uses the SVAY UEHY SFORTIEISThENEEPAY GYRE %e)lgp‘ifeg?ig%d%f HERSRIEZRYh ERPEEHIY dihydrofolate
reductase (DiER)LID PRy ebicropermifecseddetion fordstalite) thirrenanebiofithenglasmid
following trangsfeation. 2T welvesnierogsamspbtheidesited plasmidiDMASniE@duERENto
e R A AN, L e, SRS SIS U ANS(ehton. SRgeNI,

SUPERFEC (hrjg&ﬁiua en ,85 _ﬁ%??r’?lorﬁl%ﬁ\lﬂr %Boe ringer 'I\/Iannhelm)? The cells are grown as
describéfl in Peas Biating disra loRspestAtely 3 x 10-7 cells are frozen in an ampule for further growth
and production as deserbed bielow: 2:thecampulesreontaiirigithepiasotid BN AEredpawed by

placement '”ﬁ%@tﬁ%&%?ht%ﬂfj with and without an accompanying antibiotics (E.g., sulfadiazine,
clindamycin, spiramycin and minocycline). Latent toxoplasmosis may be treated with the

antibiotics atovaguone, both with and without clindamycin.
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mixed by vortexing. The contents are pipetted into a centrifuge tube containing 10 mLs of media and
centrifuged ag,\;lrpgoqeg Lpr 5 minutes. The supernatant is aspirated angd the cells arg,jesuspended in
10 mL of selective media (0.2 /Am filtered PS20 with 5% 0.2 pan diafiltered fetal bovine serum). The
cells are then aliquoted into a 100 tril, spinner containing 90 mL of selective 30 media. After 1-2 days,
the cells are transféridaimisia CHERMLY Spipriet filediviti eSO eetedtive grswhasedfum and
incubated at8¢ GinAfte Fateihex 2s Frdaysied 3 d ihnHe thnibeARELB0O0 ak sSpirnenstare seeded with 3 x
10 celle/m.. Fheicell Medimisaexcipnant it media byRenTHaatan,aRd [esuspension in

production m%b_fium. Athoug_h a.n%zsuitable CHO media may be employed, a production medium
described in WS pata kY NGB 155 WadS Ry SEh e B D i KR ARy BLTTREE. A 3L
production spirmérdsisdédedvabilsoici 06 leddlsimia; LOrwday 0, the cellkinummyerrémd Pevis determined.

On day 1, theygpinnahissampled.and sparaingmithifltaredailis-canmenset QN day2, the spinner is
sampled, the temperature sthifted . 331% gnd%g) ngl_) %cs?%o q{le_ Oqlltégoesef%pq: 10'i§aErH1‘s eoalf e10% antifoam
(e.g., 35% pgﬁ’fésﬁreﬁéi 'f/‘f%l dxane emuision, Dow Col Ing’ Bb Médical Grade Emu SIOI’]S) taken.
Throughout Zesttfe Protuction, BaéPH 9 etfustelcdsshareesdry rynpssist AGaHE 79X: After 10 days,
or until the vigkilityddrepped belewu 0%4iithe: calbaialturedsuhdeiesiatdy eantrifigatertand filtering
through g 0.22 en.filter..[he filtrate was sithen slorsdat 4G.onimmediately loaded apgo columns for

purification. For the poly-His tagged constructs, the proteins are purified,usm_gna Ni-NTA column 10

(Qiagen). BefSHHrifdRESh, hidsPoIEsisdddBYS the BSKUitioReTRIEE (818 J5HE

coheeHtration of 5 mM.
The conditionedimedtid ispbvhbedidrtam@ring Ki-ReT Algoimnnequilivrated-at 4C7mwi2®-mM Hepes, pH
7.4, buffer copiainingid3MeNaGrlagng: oM dnichzalerst ddflew.r aig.ef #nsrdnléain.rafter loading, the
column s washed i adeitional etulibion Rufler,ang e prRisReed il equlipration buffer
containing 0. 5 M imidazofe. Qtheﬂhig]h(fy purified protein is 15su sequegntly desalted into a storage
buffer codhtaififrdbmedit el dpadiy, b4NCN SCIaRErE28 RaKis! Brre s RigraiosHrE 25 Superfine
(Pharmacia) eolsrfficand stoiedattB0Cand thimdiunoadingSin (EeicdintanipgyctonistBuets are purified

from the conditigned. media:as.follaws,he sanditiansderdinmyisaumpadQalp a 5 mi Protein A -
column (Pharmacia) which had been equilibrated in 20 mM Na phosphate buffer,%H 6.8. After loading,

the column is 20 WALHEES:{ensRaRy I BYEHBFABER BUHLFHEBFE TR W FHE°AM citric acid,
pH 3.5. The eluteduprotieincsannriediately neutralized by collecting | ml fractions into tubes containing
5)7; /ALz@; 1M Tri&i@,g&t@!;ﬁfﬁi&% éﬁliﬁmghmewﬁﬁ%@@@&%&sﬁsubﬁ@gmpﬁyymimamiodséorgges
uffer as described aboye for the poly-His. ed proteins. omogeneity is asses y SD
iy am B o R DYoot 11
Expression ofitiabpuresahtitbtiyih Edbin darbris desdiptess | bBiraiz Sprdparatich ¥P4n
unglycosylated:tam of artinBRehicantipadysiyisteonmbinantexpressiondinidoasollr@6Tdhe DNA
sequence engoding,ihe aRli-RD:L1.aniaasis, inlialyamplfied sing seleeted RGR.yimers. The
primers should contaip restriction enzyme sites WQ'CP correspond to the restriction enzyme sites on
the seletted E3TELdIoH VENSP RGRMENF SEEREE5EER vectors may be employed. An example of a
suitable vector is pBR32&¢derivedfenh B dbit; mesiBolivarerats Gete, 2:98¥97™YWhich contains
genes for ampigillin.ane ieitasy clined esisiancad thashvagionisdigasted withseastrictisn enzyme and

dephosphorialidied i, DGR ambllied sequancen. AL engaied nto e feaig Thg vector wil

preferably include Sequence ncode for an antibiotic resistance gene, a trp promoter, a polyhis
leader (includijeine fFEFSH STRED AUHE HoIRIS fie Al <Livace e FORMUSE Cle 40 A% site), the
NPOR cudingpeediond lambdadtian seriptionakdégomitator, and an arglj gene.

Treatments for Trypanosomiasis include intravenous administration of the following:

pentamidine (for T.h. gambiense), intravenous suramin (for T.b. rhodesiense), eflomithine,

melarsoprol both with and without nifurtimox.
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5The ligation mixture is then used to transform a selected E. coli strain using the methods described in
Sambrook et glgHdpias-isansfonnants are identified by their ability to grewraR i /mMaigs and antibiotic
resistant colonies are then selected. Plasmid DNA can be isolated and confirmed by restriction
analysis and DNA sequencing. Selected clones can be grown overnight in liquid culture medium such
as LB broth 10 supfst E’r‘ﬁ@ﬁté‘geWﬂﬁ EHESHEm FRRAdeY éht‘%(ﬁﬁffi’f’@?ﬁé}?@db‘é’éﬁﬁ%ﬁw be used to
inoculate a laxgerseaimeulitcenhheineliscarspthen giaswmibia eesitethaptichbdensitynsauring which the
expression p@mp;gr@%&yggﬁngﬁ After culturing the cells for several more hours, the cells can be
harvested by centn;u]gatlon The e{ell éellet gbtalned gy e centrlfu%atlon bgan be SO|U%1|IZ€d using
various 15agents KITOWR T R aﬁ and e bofibiized an |6méf?/ can then pe’plirified using a metal
chelating’ colrmcinhtrer @@nﬁrt@k@ma{ﬂé‘ll&ﬂl’ubf@t Bildihgess tievarstibhiigh then ApghPIRLi antibody may
also be expressedin Hidoltisapalyitisdaggeddanpk wsingithe folpwingprotedurenmhe DNA
encoding antibagl. s ily anabiiecina.selgelad RO pMELS: e RmEr contain restriction

enzyme sites which correspon to the restriction enzyme 20 sites on the selected expression vector,

and other us&fiicsdgtientdd piswaing 1y Lrftadmendts it atisiiltiatisn adid purification on
a metal chelationetdumd «ardgrotdslyticaemovaluvith WhierokinadehFhed:CRvainplified, poly-His

tagged $§qU%ﬂ&%e%‘%dt%%&%&@%ﬂ@@@tﬁﬁﬁ!@ﬁﬁi%smﬁ%samﬁm iRpsedbtanransfarm an E. coli

host based on straln 52 35 %% tA tonA I “Emo ts é an acl % ransformants are
first grown in E’I% C aJtalnlng 5(;]111 car %lrsﬁ](?l inat 30 Wlt nté u%rrr% J BD%00 of 3-5is

reached. CuW@@F@%W@M&@‘B@ﬂ%@%qmﬁ’@RAP media (prepared by mixing 3.57 g
(NH4)2S04, 0.71 greaditim ditratehididihiasiO Anghke hihid&igdiifed yeagtextractybmeg Sheffield

hycase SF '”(ﬁ%n%‘é’%t%m@&wgyd%;%@ NniM MPOS, pH 7.3, 0.55% (w/v) glucose and 7 mM
MgSO41 and grown for approximately 20-30_hours at 30C with shaklng Samples are removed to verify

expressidn by 3085@“?9?3\@%“&??&%% ° KRS BIRELAIR SN RUTRYTY SEfidred Lells. Cell pellets
are frozen urititqpurificatibpsaPid/réfdldingm ok apbfqoestardrons.0vBith e fermémtadions- (6-10 g pellets)

is resuspendgghial Chvlsmas W/ Vite LddhguaniginecrfdnMoisisipHBstubirgSglid:sadium sulfite and
sodium tetratthronate IS 319 to make final cgr}gnegtratrons of,0.1M § gao 02 I\{l res e%trvely, and the

VIeRglepls aang, CCHS cranulosns ar eng
solution is Stll’lpeg égjovernldsht at4 IS step results in a enature proteln Wlt cystelne residues

blocked by s}mlﬁf@rPﬁ@ﬂ@rﬂdrrﬁeedraﬁdﬁ%f&ehﬂqﬁu@réacar%eﬁmﬁiﬁ?ﬁ% BTét?kﬁ‘?éthHﬁ‘ﬁcentlfllge for 30
min. Theosupesndtant-isidilistaanaith Scbinalumes ohitietabchepataddiumnlibuffengd hkiguanidine, 20

inM Tris, pH %cé):ﬁrasﬂotrl@?rsegst&rraygrh&%@reuﬁr%@%&%%%Q@ﬁeﬂdmg on the condition, the
clarified extract is lpaded on o a E ml Qla gen Ni-NTA metal chelate c créurlrbra&ad in the metal

chelate column bufféf*HE d3IdHA TS RS & e e ngﬁ’amf}%%g%on alhlng &AM idazole
(Calbiochem suies! W)E%HWW T ystonmiriise edPwiteibuite poemeaiiing 250 mM imidazole.
Fractions containingdheodesiedspratsinmetenpaatethandisinradab 44 IRretein aanceriration is
estimated by,its absarbance;al£80 ing, using fhe calcplated;e XE‘YL?%Q %gﬁgg&r%h%gsg on its amino

acid sequence. 10The proteins are refolded by dilutin sampie S ow%/ﬁlnto freshly prepared refolding

buffer consistiRgBIsSEHA PHE PG CPIEMRNECE 208 etied o5 BN/ G 6 M glycine and
| mM EDTA. Refalding volisihvescrel creserises thak.the fimedner otéinigondientratigrisnbetween 50 to 100
micrograms/mak, Jhe fefoldingegoltiondsstired aentivalAs forilbe-360houss Theigfolding reaction is
quenched by thg %dc#rtron f I FA to frnalE concentratlon of 0.4% (pH of 15 approximately 3). Before
further purlflcaﬂon 0 dtﬁlegpro ein, JOIHSH & filtered through a 0.22 micron filter and acetonitrile is
added t6%2-10% fmﬁh%ﬁb@?ﬁﬁ&ﬂ@ﬁ?@h‘éﬁ@f@%@@%&@i’ﬁs@ SirovpBisgrappeaerrla Piios RUH
reversed phase<elkiribeising:admabita ufter-ef 0.1% TFA with elution with a gradient of acctonitrile

fom 10 to 80%. Aisuals QLIRciGNs Wil AZRQaRseranes pie AalvEsdan S aeliacrylamide gels

and fractions containing homogeneous 20 refolded protein are pooled, Generally, the properly refolded
species of mO¥PPrdtE ?%f?‘@l%&'&? ﬂ’iﬁeefér}\?’e%’f‘%ﬁ‘@é%?%i;@ﬁg%f ACLeitRRE §f‘ﬁ6§“ﬁ%se species are
the most compattevithiciiairdy drapbrolboit irfteriorss dtrialdesdf oavahtapachion bridh. the reversed phase
resin. Aggregated species are usually eluted at higher acetonitrile concentrations. In addition to
resolving misfolded forms of proteins from the desired form, the reversed phase step also removes
endotoxin from the
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25samples.  Fractions containing the desired folded anti-PD-LI antibodies are pooled and the

acetonitrile regVved 45139 a gentle stream of nitrogen directed at the selttiggoRrgieins are formulated
into 20 mM Hepes, pH 6.8 with 0.14 M sodium chloride and 4% mannitol by dialysis or by gel filtration
using G25 Superfine (Pharmacia) resins equilibrated in the formulation buffer 30and sterile filtered.

CLAIMS 1. ARPRSDIAEE hBue ch ik A0 BTG R PoRIBSSMIE At SPSEHCRIfTbiTHE 6 PD-L1
comprising amdPvRekniz., HVR-H2 and HVR-H3 sequence, wherein: (a) the HVR-H1 sequence is

GFITSX,SWIH (SEf:IRNG 1 )istlithe HMR:HAsRAHaNRECIS ABERIZRBY GESXBXARSVKG (SEQ ID

NO: 2); (c) the HVR-H3 sequence is RHWPGGEDY. (: N@: 3): further wherein: X1 is D or G; X2
55 o L KA TEPr S PSP SRR AL RS mie Rk L B A ST 5 T

polypeptite Gfitslarithduirtisragten prraig VPRI Y EYI SAHERNBILR P ¥ ethE AsEHdences
juxtaposed befiwean: thfeid \HRsi@ecoging idthederulaimbination with, prior or subsequent to

(HC-FRL)-(HYR:HMHH GRR QALY R: 2tk R2 M R:3)-(HC-FR4). 4.The polypeptide of claim 3

wherein the framewark sequences are human. 5.The pomggdtide f cIair‘rL4,Wherein the framework

sequences are VH S{iBEHB T CBh SRS S HE RSB i B TS Doy papiide of Ei&in & Wherein one or
more of the ffamiewnrk seguenbdd pauied fotloamiysICIRRIISEY.OLIVESTE0T MOPFGGSLRLSCAAS
(SEQ |Qd\|oﬂﬂ)blﬂ&fﬁR@f§twyﬁ%B@g%W¥é é&E&QiﬂEALM@éTﬁ)dH?@DE R igtults, induce a

ﬁg-r I7S)ADTS 1 I}Jc;!_gé}% %Mr'&}?o%s%ﬁa%y J&%%gﬁ%&&r&%’?&é:@ﬁﬁ%m@fﬂgfw@éséssv&%{:g’&%ls!?y TVSA (SEQ ID

and throughout the eyes, further inducing a keratisis or retininitis which then causes the comea to

become opaque. Lymphatic filariasis results from infection by Brugia spp. and Wuchereria spp.

Over time, scarring of the lymph tissue, especially in the groin, may prevent draining, resulting in
15 disfiguring condition clephantiasis.

The primary treatment for filariosis is the administration of the antibiotic ivermectin,
abendazole and diethylcarbamazine citrate (DEC, Hetrazan®) with or without ivermectin or
albendazole. Other treatment prospects includes doxycycline, which kills a symbiotic bacteria,
wolbochia.

20 Strongylodiosis, caused by parasites of the genus Strongyloides (E.g., S. stercoralis, S.
Siilleborni), 1s a discase that is passed to humans through fecally contaminated soil. They can
exist in both a free living cycle (rabditiform larvae maturing into adult worms) as well as a
parasitic cycle (filariform larvae mataring into adult worms) which penetrates the skin, fravel 1o
the lungs, then the pharynx and ultimately reside in the intestine. Autoininfection with

25 Strongyloides is also known to occur, which is essentially repeated infection by successive
generations of filariform larvae.

Infections may be aymptomatic, or can be characterized by pain and diarthea in the
gastrointestinal tract, Loffler’s syndrome in the lungs (i.e., eosinophila) and urticaria. Blood
gosinophila may also be present. As persistent infection of Strongyloides can mimic peptic ulcer,

30 gallbladder disease and Crohn’s disease, misdiagnosis is common. It is a particular problem in
immunocompromised hosts,

Known treatments for Strongyloidiosis is ivermeetin, albenazole or thisbendazole bur as

this mediation only kills adult worms, repeated administration is necessary.
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7.The isolated heavy chain polypeptide of claim 1 in combination with a variable region light chain

comprising a VR- L2 and HVR-L3, wherein: (a) the HVR-L1 GEdS,
RASQX4X5XW¥% EQ ID NOs: 8); (b) the HVR-L2 sequence is &gk}%%x%s’ 'sEQ ID NOs: 9):

and (c) the HVR-L3 sequence is QQX11X-12X13X1.4PX15T (SEQ ID NOs: 10); further wherein: X4 is
DorV; X5iSVorl; X6is S or ®; X, igaacsptnX6 ISV orL; X9isForT; X10is Y or A; X11is Y, G, F,
orS; X12,is L, Y, Rf@fc)ﬁéiim iﬁe\édlhslni@ssaﬁm&fEnagelrii%ﬂ;&dﬁal-lm%dﬁ’ceTnﬁhﬂdﬁi%l&dﬁeéuW R,PorT.

8.The poneIBtli(ijnecbgfuch:glm prcv amé r%%e[aic)%%?cés Qcc%mn b?)(z?a I3 Xc% I%‘iy kn)é% Ishgst X10isY; X11
isY; X12isL; X13is Y; X14is H The peptide of claim-7 further comprising variable

region light cﬁéﬁﬁnfféﬁ?%ﬁfdﬂ?%@tfﬂ‘éﬁgég‘jﬂﬁ%{ﬁé Iif?éﬁ}i'}é@ﬁ IV RENCEBY A GO 1t formula:
(LC-FRI}-(HViR: T( LGFRR)R(EHRMR ) IeC BREPEHV RrAB)eflaT-FRe)nd G hiepelypeptide of claim 9

wherein the framawerk §c%@ %eﬁqﬁt%eeﬂumaﬁmngmagop&Ix@m@'Qqu&@lﬁlm J;ﬁaefae&emethe framework
sequences areaVL k%g X gnsensusgrqmeygork 1 %f) I ptl gjlf_claén WQerein one or more
of the framewor tspeq1 ficet is thefollowing: LE-FR |§ Q? sSPS VEDRMITC (SEQ ID
NO: 11); LC-FR@Q@RM@@@K@@MM@WQSE@ |BREe 1pigepefIRIgqelar interest are those
GVPSRFSG$B&GT REXEIS SLQREDHATYKC (SEQ ID NO: 13); LC-FR4 is FGQGTKVEIKR (SEQ
D NO: ). 13.An inglalid #RiEBr L arilbodkarAriaRA MG aamanh BRiRghaherein the

antibody or antlbodg/ fragment comprises a heavy chain and a light chain variable region sequence,

wherein: (a) & & PR SHBHELS R HRETT YR %]?“&ﬁ%lfﬂ\fﬁnﬁf%d WRERIR Y dfther:

a chronic infection mouse model. Ha er al., JExp Med. 205(3): 543-5355 (2008). As a result, the
anti-PD-L.1 antibodies described herein may also be combined with antigen vaccination (e.g.,
administered prior, simultaneous or after} to treat infection {e.g., acute and chronic) resuiting

15 from viral, bacterial, fungal or protozoan invasion as well as tumor immunity.

G. Pharmacenutical Dosages:

Dosages and desired drug concentration of pharmaceutical compositions of the present

invention may vary depending on the particular use envisioned. The determination of the
20 appropriate dosage or route of administration is well within the skili of an ordinary artisan.

Animal experiments provide reliable guidance for the determination of effective doses for human

therapy. Interspecies scaling of effective doses can be performed following the principles laid

down by Mordenti, J, and Chappell, W. "The Use of Interspecies Scaling in Toxicokinetics,” In

Toxicokinetics and New Drug Development, Yacobi et al., Eds, Pergamon Press, New York 1989,
25 pp.42-46.

When in vivo administration of the polypeptides or antibodies described herein are used,
normal dosage amounts may vary from about 10 ng/kg up to about 100 mg/kg of mammai body
weight or more per day, preferably about 1 mg/kg/day to 10 mg/kg/day, depending upon the route
of administration. Guidance as to particular dosages and methods of delivery is provided in the

30  literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344; or 5,225,212, It is within the
scope of the invention that difterent formulations will be effective for different treatments and
different disorders, and that administration intended to treat a specific organ or tissue may
necessitate delivery in a manner different from that to another organ or tissue, Moreover,
dosages may be administered by one or more separate administrations, or by continuous infusion.

35  For repeated administrations over several days or longer, depending on the condition, the
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(i) the HVR-H1 sequence is GFTFSX1SWIH (SEQ ID NO: 1); (ii) the HVR-H2 sequence is

AWIX2PYGG VKG (SEQ ID NO: 2); (Hi)the HVR-H3 sequenge.j FDY (SEQ ID
NO: 3); and (t?))(tgég%@ﬁ%%ain comprises an HVR-L1, HVR-L2 and va{é\% Ebrygﬁl?lﬁther: (iv) the

HVR-L1 sequence is RASQX4X5X6TX7X8A (SEQ ID NOs: 8); (v) the HVR-L2 sequence is
SASX2LX108{SED Fpuaredoyiivi)dgssefipRuesice olidieeisaons PXIpX HBXa4P X28T (SEQ ID
NOs: 10); whekeis roshnisther 6a nbR1iS1ReQf dgieXDishs kg videmmynilrarV cSemaiabe V or I; X6
may be S or Nad maxdggsfﬁsor F; X8 may be V or L; X9 may be F or T; X10 may be Y or A; X11 may

hniques a NEN

beY,G,F,orS; X12maybel, Y, ForW; X13maybeY,N,A T,G,Forl;, X14 may be H, V,P, T or
[; X15 may be A, R, P£J Tﬁi}%ﬁ-mgf ntiponq 1a%5r?ntib0dy fragment of claim 13 wherein X1 is D; X2
isSand X3is T. 15.The an%u&m‘an%’ﬁbﬁ‘ry‘ﬁiagm ent of claim 13, wherein X4=D, X5=V, X6=S, X7=A
and X8=V, X2=F, ah S1guitions et thooresept entiorsrpludingbur het htitsbidyceratitisodydragment of
claim 13, whatgin Kimblatéas ranthdreledXdd = hakbrVin X6eBo ikahand hSEY .35 and X10--Y,
XL1-Y, X12-4, (13, X1d:Hand X155A,,,17..The antibady.or.aniibody, firgmeqr.oflajm 14 further

wherein the antibody or antibody fra‘?g_Yment comprises: variable rgf(f;lon heavy chain framework

sequences jUKEPEERIbAMISERTNE FIVREHEESBIE T Totsitdae! time, by intramuscular,
(HC-FR1)-(H¥ Rt itpr@deiCrER 2 ofi-dsRaH 2)b0ut@ o R 3 n(le tRHB) H(HEyRR4).. nb8thddae ematibody or
antibody fragment, of slaimdhiomperein the framework sequences are human. 19. The antibody or

antibody fragment ?I clai rmldS c\";/;/nril}egein ¥he vartig I gion he \r%/ chain frart?ework sequences are VH

ble re
1 reic. i3 5 ’[h& L’%a 10718 are . nistered 1o ¢ I 18 .
subgroup llI consensys framework. 20, The an I|Jf)ootly or antibo y fragment of claim 18" wherein one or

more of the fraifiBwete Setetsedsie HHe AR O CEERI LIRSV ESTBGIVOPEE SLRLSCAAS
(SEQ ID NOifctHGR 2 isyWWR QARSK GIEMIA (S E Qr | RINGs Yot G iR Joisnulation are

RFT'SA;%TSME&XMi%ﬁ%ﬁ%&é/@%%&%@%@ﬁ"@@%ﬁl&@“é&\é\é&%‘e&&VTVSA (SEQ

ID NO: 7). 21. The antibody or antipody fragment of claim 15 further wherein the antibpdy comprises:

variable regi8ﬁ’ﬁé‘1¥f1&ﬁ“%1m€f¢‘(§}wé]\:%r% §é€& %fé‘érsdfﬁ%f’é’plﬁglﬁlﬁgﬂlﬁg@ﬁ e MVRESLE S ding to the
formula: (LC@R@PQEWL%%@E@S@R@)HQPWF@-‘E@G(W@}FR@)‘QQHVR-L3)-(LC-FR4).

In a specific embodiment, the present invention is directed to kits for a single dose-
administration unit.  Such kits comprise a container of an agqueous formulation of therapeutic

20 protein or antibody, including both single or multi-chambered pre-filled syringes. Exemplary
pre-filied syringes are available from Vetter GmbH, Ravensburg, Germany.

The appropriate dosage ("therapeutically effective amount™) of the protein will depend,
for example, on the condition to be treated, the severity and eourse of the condition, whether the
protem is administered for preventive or therapeutic purposes, previous therapy, the patient's

25  clinical history and response to anti-PD-L1 antibody, the format of the formulation used, and the
discretion of the attending physician. The anti-PD-L.]1 antibody is suitably administered to the
patient at one time or over a serics of treatments and may be administered to the patient at any
time from diagnosis onwards. The anti-PD-L1 antibody may be administered as the sole
treatment or in conjunction with other drugs or therapies useful in treating the condition in

30 guestion.

For anti-PD-L1 antibodies, an initial candidate dosage can range from about 0.1-20
mg'kg for administration 1o the patient, which can take the form of one or more separate
administrations. However, other dosage regimens may be useful. The progress of such therapy is
easily monitored by conventional techniques.

35
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22. The antibody or antibody fragment of claim 21 wherein the variable region light chain framework
sequences ar&,é/&uﬁ%g?%?l consensus framework. 23. The antibody or %‘%@%%@%@em of claim 22
wherein one or more of the framework sequences is the following: LC-FR1 Is
DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 11); LC-FR2 is WYQQKPGKAPKLLIY (SEQ ID NO:
12); LC-FR3 is GVPSRF3a€S SRERIETIRISS| QPEDFATYYC (SEQ ID NO: 13); and LC-FR4 is
FGQGTKVEIKR (SEGhdR:N&ibldimerd b HReapithadynofanantibadydagmentatielaimch6 wherein the
antibody or anfibad.fIagmEnt EPTIRSERL(R) vaVAkIe LeaIANNeANEAL AIDGRERk seauences

juxtaposed between the HVRs according to the formula: )

(HC-FR1)-(HUARH A Y g1 eapr s 2 (49 R 3 e RaR s e AR AR HREYRIA Poslet YiPS (afiable region light
chain frafnewiork beghe ntes,|sxiapgesadibatargn thdul \CResbacordigrg) tendhiesfavhauldlhe

LGP UM ERANHE LU GRS M Sl ) i fanarial by
chain framework sequences are t rolowing: (I - | ) .

(S0 1o Noo ) T HE 5 B A R G ST KPS g R e
RFTISADTSNTFRYLOINSURAED TARYPel ARY (S ity 83 (o) erERy SWEIOGTLVTVSA

(SEQ ID NOin&smaddtustbanavherseinrthe nainablgdlig b chainrfiamsawork seguandestaialthe following: (i)
LC-FRL i Dk%M&é9%%%%&%?%@9@@&&&%&%&Eﬁé‘Qa&%)as@'lk&%ﬁ%ﬁé&é’%@ KPGKAPKLLIY

(SEQ ID NO: 12); (iii)) LC-FR3 is GVPSRFSGSGSG DFTL-I:I_SSL?PEDFATYYCH#S Q.ID NO: 13); (iv)
LC-FR4 is FEOETRAEKR SR 15 B %05 °THE BRSEHrOFantBEdy A4S Sf claim 24
further Compmgim@,@numﬁﬁ,{ghm gtmmipggimqnd container comprising a suitable diluent (e.g. BWFI).

Upon mixing of the diluent and the lyophilized formulation, the final protein concentration in the

reconstituted formulation will generally be at least 50 mg/ml. The article of manufacture may

15 further include other materials desirable from a commercial and user standpoint, including other
buffers, diluents, filters, needles, syringes, and package inscrts with instructions for use.

The invention will be more fully understood by reference to the following examples.
They should not, however, be construed as limiting the scope-of the invention. All citations
throughout the disclosure are hereby expressly incorporated by reference.

20 In another embodiment, the invention provides for an article of manufacture comprising
the formulations described herein for administration in an auto-injector device. An auto-injector
can be described as an injection device that upon activation, will defiver its contents without
additional necessary action from the patient or administrator. They are particularly suited for
self-medication of therapeutic formuiations when the delivery rate must be constant and the time

25 of delivery is greater than a few moments.

EXAMPLE 1
Identification of Anti-PD-1.1 Antibodies in Phage Libraries

30 Library Sorting and Screening to Identify Anti-PD-L1Antibodies
Human (R&D Systems, cat# 156-B7) and murine (R&D Systems, cat# 1619-B7) PD-1.1-
Fe fusions were used as antigens for alternate library sorting. Specifically, phage librarics were
sorted first against human antigen, followed by mwrine, human, and murine antigen in the
subsequent three rounds. Nunc 96 well Maxisorp® immunoplates were coated overnight at 4°C

35  with target antigen (10 ng/ml} and were blocked for 1 hour at room temperature with phage
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26. The antibody or antibody fragment of claim 25, wherein the constant region is selected from the

group consisting pf 19631, 19G2, 19G3 and IgG4. 27. The antibody of angibogy fisgingnt of claim 26
wherein the constant region is IgG1. 28. The antibody or antibody fragment of claim 24, further

comprising murine constant region. 29. The antibody or antibody fragment of claim 28 wherein the
constant reglfisserstetPirbrhtrelgiobeshstbting 8P gesh 1y 67N RIS B HRPRES 30. The
ant?body or qaﬂbpdydft(a@%e@t\oﬁmag, whienejznpﬂa_gecmatantwﬂgkaa isdgG2Aer 3. The antibody or
antibody fragment of,¢laim.26,8aving geduredermigimalafiector Junglion, 32 Heaptibody or

antibody fragment of claim 31, wherein the minimal effectar function results from an effector-less Fc
mutation. 33 TR GRATSEP SPUTRBEE FFRGHIEATS DTS et &R BRREESFIeSE Fc mutation is
N297A. 84. THevastibpdytigrramvtitsd diathragrersbfdciai B2 Wih Bpdi P Bevefidbidte [E8seFc mutation is
D265A/N297%;, 35 Theepikedyer-amibedy fragmeintiahelaim 3k, witereinsthe:miaimal effector

o e BT A GOSN %ga«;}y%%'@ga%g GRt-EDgL antbady ot anliaghsbinging fragment

: . ibody or anti agment comprises a heavy chain an |g151t chain variable

region seque@wé’é{l vhdrBlpe cells. During the subsequent selection rounds, incubation of antibody phage
with the antigen-coated plates was reduced to 2-3 hours, and the stringency of plate washing was

10 gradually increased.

After 4 rounds of panning, significant enrichment was observed. 96 clones were picked
gach from VH and VH/VL library sorting to determine whether they specifically bound t0 both
human and murine PD-Li-Fc. The variable regions of these clones were PCR sequenced. to
identify unique sequence clones.

15 The parental clones of interest were reformatted into IgGs by cloning Vi and Vy regions
of individual clones into the LPG3 and LPG4 vector {Lee ef al, supra), respectively, transiently
expressing in mammalian CHO cells, and purifying with a protein A column. The 13 Phage
antibodies were evaluated for their ability to block the interaction between scluble PD-1-Fe
fusion protein and human or mouse PD-L1 expressed in 293 cells (IC 50 values are designated in

20  Table 1 —upper half), YW243.55, the antibody with the lowest 1Cso for blocking human PD-L1
binding to PD-1 was selected for subsequent affinity maturation to improve its affinity for both
human and mouse PD-L.1. (Table 1). An antibody with comparable cross reactivity against both
primate and murine species (as well as retaining affinity to human) would provide for a
therapeutic of enhanced value, in that the same antibody that has been well characterized

25  experimentzl modeis can be used in human clinical trials. This avoids the uncertainly resulting

from the use of a model-specific surrogate.

Construct Libraries for Affinity Improvement of Clones Derived from the V.;;; Library
Phagemid pW0703 (derived from phagemid pV0350-2b (Lee et al, J. Mol Biol 340:
30 1073-1093 (2004)), containing stop codon (TAA) in all CDR-L3 positions and displaying
moenovaient Fab on the surface of M13 bacteriophage) served as the library temyplate for grafiing
heavy chain varisble domains (V) of clones of interest from the Vy library for affinity
mataration. Both hard and soft randomization strategies were used for affinity maturation. For
hard randomization, one light chain library with selected positions of the three light chain CDRs

35  was randomized using amino acids designed to mimic natural human antibodies and the designed
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(a) the heavy chain comprises the sequence: EVOLVESGGGLVQPGGSLRLS

CAASG FTFSQﬁWEW%ﬁQAPG KGLEWVAWISPYGGSTYYADSVKGREI rs2000/067104

SADTSKNTAYLQMNSLRAEDTAVYYCARRHWPGGFDYWGQGTLVTVS A (SEQ ID NO:20), and (b)
the light chain comprises the sequence: DIQMTOSPSSLSASVGDRVTITC
RASQDVSTRVAWXGORPGKAPRPrSASHE ¥ IV PERERGLE SETHRIT{2004). For soft
TISSLQPEDRALY: Y4 QQ¥dYds dP ATiEen G- 54K W KR ASEQ.ID2NOL 249 .38 2 sTdfe BRtibody, or antibody

fragment of clain), 29having-radused:orminimal £1ieetBk iuncian. 28.Ihe AatlQdyprantibody

fragment of claim 37, wherein the minimal effector function results from an effector-less Fc mutation.
39.The antib6UYP BRI Hagh &ntor daind SE wHsreiRsHEIdRdRISr el Be TRAFAITSh is N297A.
40.The ahtibodydt amtibddydragnitiotofoiainmB8iuwh dreinuthiee fiéc td messimetdyUidition is

fDZGS_A/ N2974e fﬁecm%fsmmgz?ye%@ggm@Imf(aagﬁnﬁ@mlaimﬁof.wh@rﬁirinmrmimmeéseffector
unction results from aglycosylation. .42. anti or antibody fr ent of.clai urther
comprising allﬁvt?’rfnm r%h?:grr%{gtgﬁ% ?gélgﬁ.ﬂ%gﬁ}ﬁ(%paeﬁﬁg’%vfgr%n%g%zf/i rg:'ger#gﬁ Jg? c?#ggm%%g wherein the
constant regidf’i¥)selected from the group consisting of IgG1, 1gG2, IgG3 and 1gG4. 44.The antibody
or antibody fragment of claim 43, wherein the constant region is IgGl. 45.The antibody or antibody

fragmeny,of chaim 44.havingreduces.er mipimaleffector function.  46. The antibody or antibody

fragment of claim 45, wherein the minimal effector function results from an egfe%:tor-les; Fc mutation.
The phage clones previousiy identified were subjected to piate sorting for the first round,

followed by five or six rounds of solution sorting. The libraries were sorted against hwman and

| murine PD-L1-Fe separately (R&D Systems, cat. # 156-B7, cat # 1019-B7, respectively). For the
human PD-L1-Fc target, at the first round of plate sorting, three libraries were sorted against

15 target coated plate (INUNC Maxisorp® plate) separately with phage input about 3 C.D./mi i 1%
BSA and 0.05% Tween 20 for 2 hours at room temperature, After the first round of plate sorting,
solution sorting was performead to increase the stringency of selection. For solution sorting, I
O.D./ml phape propagated from the first round of plate sorting were incubated with 20 nM
biotinylated target protein {the concentration is based on parental clone phage 1Cs, value) in 100

20 pL buffer containing 1% Superblock {Pierce Biotechnology) and (.05% Tween-20 for 30 mimutes
at room temperature. The mixture was forther difuted 10X with 1% Superblock, and 100 pL/well

was applied to neutravidin-coated wells (5 pg/mt) for 15 minutes at room temperature with gentle
shaking such that biotinylated target bound phage. The wells were washed 10X with PBS-0.05%
Tween-20. To determine background binding, control wells containing phage with targets that

25  were not biotinylated were captured on neutravidin-coated plates. Bound phage was ehited with
0.1N HCI for 20 mimutes, neutralized by 1/10 volume of 1M Tris pH-11, titered, and propagated

for the next round.. Next, five more rounds of sclution sorting were carried out together with two
methods of increasing selection stringency. The first of which is for on-rate selection by
decreasing biotinylated target protein concentration from 4 nM to 0.5 nM, and the second of

30 which is for offerate selection by adding excess amounts of non-biotinylated target protein
{100~2000 foid more) to compete off weaker binders either at room temperature or 37°C. Also,

the phage input was decreased (0.1~0.5 O.D/ml) to lower background phage binding. For murine
PD-L1-Fe target, phage sorting method is similar to the one described above for the human PD-

L1 Fc antigen, with a few modifications. Specificaily, 100 nM biotinylated murine PD-L1-F¢

35  was used for solution panning immediately after first round of plate panning. In the four
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47. The antibody or antibody fragment of claim 46, wherein the effector-less Fc mutation is N297A.

48. The antibgdy gt antbdy fragment of claim 46, wherein the effector;less Eg/miation is
D265A/N297A. 49. The antibody or antibody fragment of claim 45, wherein the minimal effector

function results from aglycosylation. 50. A composition comprising the anti-PD-L1 antibody or antigen
binding fragriéntastayest dlamriia-Barae bieoniagditacarie astend prdindcedttalRheceptable
carrier. 51. Amagiciedokmantfackiseomprisiagythedanmpositiamaialatm 50 and at least one

chemotherapeutic agents ge¢- LA A GG Ol MANIAGIUE AceIdiNg.1p ﬁlé‘iﬁl@_lﬂ‘ﬁ’&%ﬁlﬁ the

chemotherapeutic agent is gemcitabine. 53. An article of manufacture comprising the composition of
claim 50, and* oA ShBE 7 SamG CoSHHEEiE Y Bidfdeuias B2 s article of manufacture comprising

the composition of claim 50 and at least one antibiotic. 55. The article of manufacture according to
claim 54, whegginythe aptiDiatic.isenantisviral agentsraf.kpesasticle of manufacture according to claim
55, wherein anti-vir§I agent IS a reverse tlranscri[ptaﬁe.iqlhibit r. 57. hg alrticle of drnanufacture

. . 0 S WErS ed Trom the seventh and SiXth 1o H%S Teens 10T 11g human and mynpe
according to claim ,w%erel_rfncf'ne reverse transcriptase inhibitor is a poﬁymerase Inhibitor. 58. The
article of mahlraéturetateosidirg td-eletie Bsieseremrinetatit Vitaltdgentig < prétdagedinhibitor. 59. An
article of manufiastute-teaipisifit the COMPOEIN6 Mok etaimiSo @t least tnevagtires 60. An article

of manufacturg Compesing e FRMPAEHIER AfC'alM.PQ oGol Ne ACIE.QS MANUIACHEE Of claim 51,

wherein the chemotherapeutic agent |fs an antiVEGF agtibﬁd]y. P41922R2/§1]equgnpe] Listing. TXT
Sequence LidRg" 0¥ NG BR/RA CHIE" HshRrRiaéekel 6 85I 2 re/ml) separatcly in

PBS at 4°C overnight or room temperature for 2 hours. The plates were blocked with 65 uL. of

1% BSA for 30 min and 40 pL of 1% Tween 20 for another 30 minutes,.
The phage supernatant was diluted 1:10 in ELISA (enzyme linked immemosorbent assay)
15 buifer (PBS with 0.5% BSA, 0.05% Tween-20) with or without 10 aM target protein in 100 uL
total volume and incubated at least 1 hour at room temperature in an F plate (NUNC). 735 L of
mixture with or without target protein was transferred side by side to the target protein coated
plates, The plate was gently shaken for 15 min to allow the capture of unbound phage to the
target protein-coated plate. The plate was washed at least five times with PBS-0.05% Tween-20.
20 The binding was quantified by adding horseradish peroxidase (HRP)-conjugated anti-M3
antibody in ELISA buffer (1:5000) and incubated for 30 minutes at room temperature. The plates
were washed with PBS-0.05% Tween 20 at least five times. Next, 100 ul/well of a 1:1 ratio of
3.3%5,5-tetramethylbenzidine {TMB) Peroxidase substrate and Peroxidase Solution B (H20;)
(Kirkegaard-Perry Laboratories (Gaithersburg, MD)) was added to the well and incubated for 5
25  minuigs at room temperature. The reaciion was stopped by adding 100 ul. 1M Phosphoric Acid
(HsPO4) to each well and allowed to incubate for 5 minutes at reom temperature. The OD
(optical density) of the vellow color in each well was determined using a standard ELISA plate

reader at 450 nm. The OD reduction (%) was calculated by the following equation.
30 ODys0ne, Teduction (96) = [(ODsspus of wells with competitor) / (ODysom of well with no competitor)] x 100
In comparison to the ODyso., reduction (%) of the well of parental phage (160%), clones

that had the ODusqn reduction (%) lower than 50% for both the human and murine target were

picked for sequence analysis. Unique clones were selected for phage preparation to determine
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Mariathasan, Sanjeev Lehar, Sophie M. wu, Van Cheung, Jeanne <120> ANTI-PD-L1 ANTIBODIES
AND THEIR USE T, ENFANCE T-CELL FUNCTION <130> P4192R2 545036141 21,092 <151>
2008-12-09 <160> 40 <210> 1 <211> 10 <212> PRT <213> Atrtificial sequence <220> <223>
sequence is synthesized <220> <221> variant <222> 6 <223> residue is D or G <400> 1 Gly Phe Thr
Phe Ser Xaabgéipg'ﬁﬁ'ﬁ]@ﬂ_ﬁ@lgfd(’égl@ylgt both human and murine PD-L-Fc by comparison with

parental clones.

Materials

5 hPD-1-F¢, hPD-L1-Fe, hB7.1-Fc, mPD-1-F¢, mPD-L1-Fc¢, and mB7.1 were purchased
from R & D Systerns. hPD-L1 expressing 293 cells were generated at Genentech using
conventional techniques. F(ab"; goat anti-human IgG Fc was purchased from Jackson

ImmumoResearch Laboratories.

10 Conjugation of proteins
PD-1-F¢, and B7.1-Fc proteins were biotinylated with EZ-Link sulfo-NHS-LC-LC-biotin
(Pierce) for 30 minutes at room femperature as described by the manufacturer. Hxcess non-
reacted biotin was removed with with Quick Spin High Capacity Columns, G50-Sephadex
{Roche) as described by the manufacturcr,
15 F(ab"), goat anti-human [gG Fe was Ruthenium labeled with MSD Sulfo-Tag NHS-Ester
{Meso Scale Discovery) as described by the maﬁufacturer and excess non-reacted Sulfo-Tag was

removed with Quick Spin High Capacity Columm, G50-Sephadex.

ECL cell-binding assay for testing phage antibodies

20 Antibody concentrations resulting in 50% inhibition (ICs) of the binding of hPD-1-Fc 1o
hPD-L1 expressing 293 cells were measured by electrochemiluminescent (ECL} cell-binding
assay. hPD-L1 expression 293 cells were washed with phosphate buffered saline (PBS) and
sceded at 25,000 cells per well in 25 pl. PBS on 96 well High Bind plate (Meso Scale
Discovery}. Incubate plate at room temperatare to allow the cells to attach to the carbon surface

25 oftheplate. Add 25 pL of 30% FBS to each well and incubate the plate for 30 minutes with mild
agitation to block non-specific binding sites, Wash plate three times with PBS on an ELISA
microplate washer (ELx405 Select, Bio-Tek Instruments) under gentle dispense and aspiration
conditioﬁs. Remove excess PBS in the wells by blotting plate on paper towels. Add 12.5 pl. of
2X concentration of antibodies to each well in 3% FBS in PBS (Assay Buffer) and followed by

30 12,5 pl of 4 pg/mi (ZX concentraticn) of hPD-1-biotin in Assay Buffer and incubate plate for
one hour with mild agitation. Wash plate 3X with PBS on a microplate wagher, and blot plate on
paper towels. Add 23 pl of 2 ug/mL. of Streptavidin-Ruthenium (Meso Scale Discovery) and
incubate in assay buffer at room temperature for 30 minutes with gentle agitation, Wash 3X with
PBS on microplate washer and blot plate on paper towels. Add 150 uL of 1X MSD Read Buffer

35 without suwrfactant (Meso Scale Discovery). Read emitted luminescence light at 620 nm on
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<211> 18 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <220> <221>

variant <222§§03éa§ﬁ;£§idue iIs S or L <220> <221> variant <222> 10?5 /%’5%;055&4%@ is T or S <400>
2 Ala Trp lle Xaa Pro Tyr Gly Gly Ser Xaa Tyr Tyr Ala Asp Ser 151015 Val Lys Gly <210> 3 <211> 9

<212> PRT <213> Atrtificial sequence <220>
Sector Imager 6000 reader (Meso Scale Discovery)., The ECL values were analyzed with the

concentrations of the test antibodies used in the assay, using a four-parameter nonlinear least

squares fit, to obtain the 1Cs, values of each competitor in the assay.

5 Results and Discussion:

Fifteen unique phage antibodies derived from YW243.55 that bound both human and
murine PD-L1 were chosen and reformatted to full length IgG1 antibodies for further evaluation.
The light and heavy chain variable region sequences of these antibodies are reported in Figures
11A and B. '

10 The fifteen reformatted Abs were tested for their ability to block the binding of PD-1 to
293 cells expressing either human or mouse PD-L.1 via an clectrochemiluminescent (ECL) cell-
binding assay. (Table 1 — lower half: In Table 1 “Format 1™ describes soluble human PD-1-Fc
binding te human PD-LI-tranfected 293 cells; “Format 27 describes mmrine PD-1-Fe binding to
muring PD-L.1 transfeced 293 cells, and “Format 3” describes human PD-1 binding to murine PD-

15 Ll-transfected 293 cells, While all fifteen affinity improved Abs had acquired significant cross-
reactivity to mouse PD-L1, YW243.55870 was selected as the primary candidate to pursue based
on its ability to block binding of both human and mouse PD-L1 to PD-1 (Table 1: 1Cs; values of
49 pM and 22 pM, respectively).

Table 1

| YW251.11¢

YW 2431 T
| YW243,8h ¢ Ca i RN >100 © o
YW254.2 376
0 IYW254.3 ¢ =100 0
L YW254.4 0 RRETr
| YW254.9 C 0204
" YW254.33 . TTTSA00
OONMIB24 14z 1
CYW262.50 - 25 i
YW262.16 . .75 . | . 0626 .. .
COYW262.64 0 o o 025610 b 00 st L

YW243.55.5
YW243.55.8

YW243.55.30 0.108
YW243.55.34 0.084
YW243.55.49 0.08
YW243.55.51 0.078
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P4192R2 Sequence Listing. TXT <223> sequence is synthesized <400> 3 Arg His Trp Pro Gly Gly Phe

Asp Tyr 5 <21‘g> 4 j@ > 25 <212> PRT <213> Atrtificial sequence <22&Qf> § ylence IS
synthesized < 86;8 Ilj%\/al GIn Leu Val Glu Ser Gly Gly Gly Leu Val ﬁ@% g&ﬁ%lOlS Gly Ser

Leu Arg Leu Ser Cys Ala Ala Ser 2025 <210> 5 <211> 13 <212> PRT <213> Artificial sequence
<220> <223> sequgnt¥/ g $yinthes|zed ©.096 0.066 |
YW243,55.84 0.124 0.051
YW243,55.89 0.066 0.13
YW243.55.H12 0.103 0.156
YW243.55.H37 0.109 0.163
YW243.55.H70 0.084 0.042
YW243,55.51 0.114 0.074
YW243.55,537 0.100 0.024
YW243.55.570 0.049 0.022
EXAMPLE 2
5 Characterization of Anti-PD-L1 Antibodies (BlAcore)

Binding affinities of anti-PD-L1 phage antibodies YW243.55 and YW243 55870 against
recombinant human and mouse PD-L1 were measured by surface plasmon resonance (SRP} using
a BiAcore™-3000 instrument, Recombinant humean PD-L1-Fc (R&D Systems, cat # 156-B7) and
recombinant mouse PD-L1-Fc (R&D Systems, caté 1019-B7) were directly coated on CMS35
10 biosensor chips to achieve approximately 300 response units (RU). For kinctics measurements,
two-fold serial dilutions (3.9 nm to 500 nm) were injected i PBT buffer (PBS with 0.05%
Tween-20) at 25°C with a flow rate of 30 ul/min. Association rates (k,,) and dissociation rate
(ko were calculated using a simple one-to-one Languir binding model (BIAcore Evaluation
Software version 3.2}.- The equilibrium dissociation constant (kD) was calculated as the ratio
15 keo'kan _
The binding affinities of anii-PD-L1 phage antibedy clones YW243.55 and
YW243.55.570 measured are reported below in Table 2.

Table 2

20

YW243€5 (Fab) | 5.80x 10" | 7.30x 107
YW2A3.55 (5G| 2705 10 260 %107 [ 963x 107 | 580%10° | 9.20% 10° | 159 x 107
TYW24355570 | 530x10° | 100X 107 | 189% 107 | 480x10° | 140x 107 |292x10°
b
E YWM&SS.S;Q 139010 [630x10° | 162x 107 | 280x10° | 180% 107 | 64310




<400> 5 Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val 510 <210> 6 <211> 32 <212> PRT

<213> Atrtifici <220> <223> sequence is synthesized <400> P 2\ lle Ser Ala Asp
Thr Ser Lys A@ﬁ?&?&ﬂﬁ%yr Leu 151015 GIn Met Asn Ser Leu Arg Ala & u/ %go P?6r7 % Val Tyr Tyr

Cys 202530 Ala Arg <210> 7 <211> 11 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized EXAMPLE 3A \

Specificity of anti-PD-E.4 Abs for human, rhesus and mouse PD-LE - FACS and radioligand
cell binding assay

This example shows the specificity for the anti-PD-L1 antibody of the invention for

S human, thesus and mouse PD-LI. In addition, it shows the affinity of the Ab for mouse and
human PD-L.1 expressed at the celi membrane on 293-transfected cells.
Human and mouse PD-L1 were stably transfected into 293 cells. Cells were harvested
and plated at 150,000 celis per well in a 96-well plate for binding studies.
Rhesus blood was obtained from Southwest Foundation for Biomedical Research (San
10 Antonio, Texas). Blood was diluted with an equal volume of PBS and overlayed on 96% Ficoll-
Paque (GE Healthcare) for separation of mononuclear cells. Mononuclear cells were lysed of red
blood cells using erythrocyte lysis buffer (Qlagen) and cultured overnight at 1.5 x 10° cells/ml
with 5 ng/mi PMA plus 1 pM ionomycin in 6-well plates. Culture media was RPMI 1640 with
10% fetal bovine serum, 20uM HEPES, and 1:100 dilutions of the following supplements from
15 Gibeo: Gluta-MAX, sodium pyruvate, penicillin/streptomycin, and non-essential amino acids.
Cells were harvested the following day and aliquoted to a 96-well plate for binding studies
(approximately 120,000 cells per well),
The PD-L1 antibody YW243.55.870 or Herceptin® antibody control were titrated starting
at 10ug/ml, in three-fold serial dilutions and bound to cells in 50ul volumes for 25 minutes on
20 ice. Cells were washed and then bound with anti-human IgG PE (Caltag) at 20 pg/mi for 25
minates on ice. Rhesus cells were also co-stained with CD3 FITC and CD4 APC (BD
Biosciences) to distinguish CD4+ T cells.
All samples were run on a Beckman Dickinson FACSCalibur and Mean Fluerescence
Intensity of PD-L1 binding data as a function of anti-PD-L1 antibody concentration was analyzed
25 using Tree Star, Inc. Flowio® software; ECs values (Ab concentration associated with half-
maximal binding) were calculated using Kaleidagraph, In addition, equilibrium binding studies
were performed to define accurate affinities (Kds) for YW243553S70 binding to human and
mouse PD-LI.1 expressed on 293 cells (Example 3B). These values are summarized below
Table 3:
30 Table 3

ECso Summary

Rhesus 0.3
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<400> 7 Trp Gly GIn Gly Thr Leu Val Thr Val Ser Ala 510 <210> 8 <211> 11 <212> PRT <213>
Artificial sequwﬁnﬁ%&PM%Rz Sequence Listing. TXT <223> sequepeiisayitbgsized <220>
<221> variant <222> 5 <223> residue is D or V <220> <221> variant <222> 6 <223> residue is V or |
<220> <221> variant <222> 7

Mouse 0.3 - 0.13

Rat 0.8

EXAMPLE 3B

Affinitv measurement of anfi-PD-L.1 Abs to human and mouse PD-1.1 ~ Equilibrium

Binding Radioligand Cell Binding Assav

5 293 cells transfected with hyman.or mouse PD-LT weére cultured in growth media, which
consisted of RPMI 1640 media supplemented with 10% fetal bovine serum {FBS), 2 mM L-
glutamine, 1X penicillin-streptomycin, at 37 degrees C in 5% CQ,.  Cells were washed with
binding buffer {50:50 DMEM/F12 with 2% FBS and 30 mM Hepes, pH 7.2) and were placed into
96-well plates at approximately 230,000 cells in 0.2 mL of binding buffer. The anti-PD-L1

10 antibody, YW243.,55.870.hlgG, was iodinated using the lodogen method. The radiclabeled anti-
PD-L1 antibodies were purified from free **I-NA by gel filtration using a NAP-5 column; the
purified Ab had a specific activity of 17.41 uCi/ng. Competition reaction mixtures of 5¢ pL
volume containing a fixed concentration of fodinated antibody and decreasing concentrations of .
seriaity dlinted unlabeled antibody were placed into 96-well plates. 293 stable transfectant cell

15 Hnes expressing human PD-L1 and murine PD-L1 were cultured in growth media, which
consisted of 50:50 DMEM/F12 media supplemented with 10% fetal bovine serum (FBS), 2 mM
L-glutamine, 1X penicillin-streptomycin, at 37°C in 5% CO.. Cells were washed with binding
buffer {50:50 DMEM/F12 with 2% FBS, 50 mM HEPES, pH 7.2, and 2 mM sodium azide} and
were added at an approximate density of 200,600 cells in 0.2 mL of binding buffer to the 50 pL

20  competition reaction mixtures. The final concentration of the iodinated antibody in each
competition reaction with cells was ~150 pM  (~120,000 cpms per ¢.25 mL) and the final
concentration of the unlabeled antibody in the competition reaction with cells varied, starting at
500 aM and then decreasing by 2 fold for 10 concentrations. Competition reactions with cells
were incubated for 2 hours at room temperature. Competition reaction with cells for each

25  concentration of unlabeled antibody was assayed in triplicate. After the 2 hour incubation, the
comp‘ctition reactions were transferred to a Millipore Multiscreen filter plate and washed 4X with
binding buffer 10 separate the free from bound iodinated antibody. The filters were counted on a
Wallac Wizard 1470 gamma counter (PerkinElmer Life and Analytical Sciences Inc. Wellesley,
MA), The binding data was evaluated using NewlLigand software (Genentech), which uses the

30 fitting algorithm of Munson and Robard to determine the binding affinity of the antibody.
Musson ef al., Anal. Biochem. 107: 220-39 (1980}

The Kd values as determined by Scatchard analysis corroborates the EC50 values of anti-

PD-L.1 antibody binding to human and mouse PD-L.1 as shown in Table 3.
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<223>residue is S or N <220> <221> variant <222> 9 <223> residue is A or F <220> <221> variant
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EXAMPLE 4
Selectivity and Affinity of anti-PI2-11 Abs {1Csq)
This example shows the binding selectivity and affinity (as 1Cs) assay used to evaluate
5 the foll-length anti-PD-L1 antibodies of the present invention for their ability to bleck binding of
PD-L1 to both PD-1 and B7.1.

Methods!
hR7.1-Fe-biotin and hPD-1-Fe-biotin binding to hPD-1.1-Fe EI.ISA (Format 4):
10 Nunc Maxisorp 384 well plate was coated with 25 pl. of 250 ng/mL hPD-Li-Fc in PBS

overnight. Wash wells three times with 0.05% Tween in PBS (Wash Buffer) on a microplate
washer and block wells with 0.5% BSA in PBS. Add 12.5 pl. of 2X concentration of antibodies
1o cach well in 0.05% Tween, 0.5% BSA in PBS {Assay Diluent) and followed by 12.5 ulL of 250
ng/mL (2X concentration) of hB37.1-Fc-biotin in Assay Diluent and incubate plate for one and
15 half hour with agitation. Wash wells six times with Wash Buffer and add 25 pl. of Streptavidin-
HRP (1:40,000 in Assay Diluent, GE Healthcare). Incubate plate for 30 minutes with agitation
and wash wells six times with Wash Buffer. Add 25 ul. of TMB substrate (Kirkegaard and Perry
Laboratories} for one hour and step reaction with 25 pl. of 1 M Phosphoric Acid. Read
absorbance at 450 mm and analyze ICs values as described under ECL cell-binding assay in
20 Example 1.

Formats 5, 6, 7.

For hPD-1-Fe-biotin binding to hPD-L.1-Fc (Format 5), the format i similar to the above
assay except hPD-1-Fc-biotin was used instead of hB7.1-Fc-biotin for binding. The TMB
substrate reaction time was 17 minutes, |

25 For mB7.1-Fe-biotin binding to mPD-1.1-Fc (Format 6}, the format is similar to Forinat 5,
except that mPD-L1-Fc was used to coat plate instead of hPD-L1-Fc and mB7.1-Fc-biotin was
used for binding instead of hB7.1-Fe-biotin. The TMB substrate reaction time was 7 minutes.

For mPD-1-Fc-biotin binding to mPD-L1-F¢ (Format 7), the format is similar to the
mouse ELISA mentioned above except mPD-1-Fe-biotin was used for binding instead of mB7.1-

30  Fe-biotin. The TMB substraie reaction time was 5 mintes.

Results:
Assessment of the ICsy of the affinity-matured phage anti-PD-L1  Antibody
Y'W243.55.870 to block interactions between the designated binding pairs is reported in Table 4.
35  YW243.55870 was able to block binding of human PD-LI to hB7.1 Fe with a half-maximal
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variant <222> >residueis Y, G, F or S <220> <221> variant <222> 4

inhibitory concentration of 38 pM, a concentration relatively comparable to its ICsy value for
blocking the PD-L1/PD-1 interaction (42 pM). Biacore studies measuring the capacity of
YW243.55570 to block both interactions of PD-I.1 with PD-! and B7.1 were consistent with
these ELISA results {data not shown).

5
Table 4
An‘l.lb()dy S} PFommats 4| i Formats o ol o Format7 oo
et | BPD-1-biotihPD-LY | mB7.1-bigtin/mPD-L] | mPD-I-bitin/mPD-L1
YW243.55.570 38 12 75 ag
EXAMPLE 5
10 Fnhancement of CD4+ and CD8+ T cell activity in vitro by anti-PD-L1 antibody YW243,55.570

PMEL/B16 in vitro assay

This example shows the effect of the anti-PD-L1 antibodies of the invention upon

activation of PMEL T cell receptor transgenic CD8” T cells, as measured by enhancement of -

IFN production in responsc to melanocyte peptide, gpl100. In this procedure, CD8+ T cells are

15 obtained from PMEL TCR transgenic mice whose CD8+ T cells express a TCR specific for the

gpl00 peptide. Following purification of the CD8+ T cells, multiple rounds of stimulation are

performed to generate and expand the activated CD8+ T-cells, which will then in tum upregulate

PD-1 expression. In parallel, B16 melanoma cells are treated with I'N-y to upregulate their PD-

L1 expression. Then, the cells are co-cultured in the presence of anti-PD-L1 antibody, and the

20 effect on IFN-y production is evaluated. BI6 cells were chosen for the tertiary stimulation

because they endogenously express low levels of gpl00 peptide (as opposed to exogenous

application of the peptide). Morzover, as these cells also do not express PD-L.2, B7.1 or B7.2,

the effect of additional signaling unrelated to PD-L1 (e.g. signaling through CD28 or CTLA-4 or
PD-1.2 induced signaling through PD-1) is minimized. o

25

PMEL assay: _

As shown in Figure 3, anti-PD-L1 antibodies enhance both the percentage of IFN-y-
producing PMEL CD8* T cells and the average levels of IFN-y produced in response to the
designated amounts of gpl00 peptide.

30
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.0311.10 in vitro assay:

A similar assey utilizing Ova-specific TCR Tg CD4+ T celis shows enhanced T cell
proliferation in the presence of the anti-PD-L1 Ab following prior stimulation with Ova peptide
to induce expression of PD-1 (Fig 4). In the final stimulation, irradiated A20 B cclls that express
PD-L1 were used to present the designated concentrations of Ova peptide to the DO.11.10 T
cells. Notably, the contributien of the PD-1/PD-L1 axis is more pronounced at lower degrees of
antigen receptor stimulation, levels that more closely reflect the physiologically relevant

magnitude of stimulation,

Materials angd Methods:

PMEL assay
Primarv stimulation (day 0-4)

Spleen and mesenteric lymph nodes were harvested from PMEL transgenic T cell

receptor mice. Organs were crushed into single cell suspensions and lysed of red biood cells.

CDR]" T cells were isolated using the CD8" T cell isolation kit and AutoMACS cell separator
(Miltenyi Biotec) as per manufacturer’s instructions.

Spleen was isolated from a non-transgenic sex-matched mouse and crushed into a single
cell suspension and red blood cell lysed. Cells were pulsed with 0.1pg/ml of gp100-peptide for
two hours at 37°C and washed.

Cells were co-cultured in a 96-well flat-bottom plate with 200,000 PMEL CD8]™ T cells
and 75,000 gpl00-pulsed splenocytes for 4 days. Culture media was Iscove’s Modified
Dulbecco’s medium + 0% fetal bovine serum -+ 20uM HEPES, and 1:100 dilutions of the
following supplements from Gibco: Gluta-MAX, sodium pyruvate, penicillin/streptomycin, and

non-essential amino acids,

Secondary stimulation (day 4-7 .

PMEL cultures were spun down and the media was aspirated using a multi-channel pipet.
Fresh media was added and mixed to wash the cells, followed by another spin. Majority of the
media was removed and antibodies (Herceptin®, Y'W243.55.870, or none) were added for a final
concentration of 10pg/ml. Conditions were set up in duplicate wells such that the average IFN-y
production could be assessed at the endpoint,

DC-1 cells were pulsed with 0.1 pg/mi gp100 peptide for 2 hours at 37°C and washed.
Gp100-pulsed DC-1 cells were added to washed PMEL cultures at 40,000 cells/well. PMEL and

DC-1 + antibody were co-cultured for 3 days.
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Third stirulation (day 7-8)

One day prior to third stimulation on day 6, B16 melanoma cells were incubated with
20ng/ml of mouse TFN~y (R&D Systems) overnight to upregulate their PD-1.1 expression.

On day 7, PMEL cultures were spun down and the media was aspirated using a multi-
chamnel pipet. Fresh media was added and mixed, followed by another spin, Majority of the
media was removed and antibodies were added for a final concentration of 10 ug/ml.

After overnight stimulation with IFN-y, B16 cells were washed and split into three groups
for a two hour incubation with either no gpl00, gpl00 at 1 ng/ml (gp100 low), and gpl(GG at
10mng/mi (gp100 high). Cells were washed and then added to the washed PMEL -+ Ab cultures at
40,000 cells per well and incubated together overnight.

Day § IFN-v intracellular staining

Golgi-Plug (BD Biosciences) was added for the last 5 hours of culture as per
manufacturer’s instructions. IFN-y intracellular staining was done using BD Biosciences
Cytofix/Cytoperm Fixation/Permeabilization Sclution kit as per manufacturer’s instructions and
all staining antibodies were also from BD Biosciences. Cells were surface stained with CD8a PE
and Thyl.1 FITC and intracellular stained with IFN-y APC at saturating concentrations.

All samples were run on a Beckman Dickinson FACSCalibur and data was analyzed

using Tree Star, mc. FLOWJIO™ soffwarc.

DO11.10 in vitro assay

Spleen and mesenteric lymph nodes from DO11.10 transgenic mice were harvested,
crushed nfo single cell suspensions, and lysed of red biood cells. Cells were cultured for 72
hours at a density of 1 x 10° cells per ml in 6 well plates with Ova peptide at 0.3 uM. Culture
media was RPMI 1640 + 10% fetal bovine serum + 20pM HEPES, and 1:100 dilutions of the
following supplements from Gibco: Gluta-MAX, sodinm pyruvate, penicillin/streptomycin, and
non-essential amino acids.

After the primary stimulation, cells were harvested and purified for CD4™ T cells using a
mouse CD4 T cell purification kit as per manufacturer’s instructions {Miltenyi Biotec). Purified
CD4" T cells were then rested overnight.

The next day, cells were harvested, washed, and co-cultured with irradiated (10,000 rads)
A20 cells. Co-culture was set up in 96-well U bottom plates in triplicate weils, with 50,000 CD4™
T cells to 40,000 AZ0 cells with titrated Ova peptide and antibody at a final concentration of 20

pg/mb.  After 48 hours, cultures were pulsed overnight with 1pCi/well of 3H-thymidine and
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frozen the next day. Plates were later thawed, harvested on a cell harvester, and read on a beta-

counter.

EXAMPLE 6

Ephanced profiferation of human CB8+ T cells in a Mixed Lvmphocvte Reaction by Anti-
PD-L1

Figure 5 demonstrates the ability of anti-PD-L] (eg, YW243.55.81) o enhance
proliferation of human CD8 T cells in response to cells from an MHC-mismatched donor.
Responding CD8+ T cells were enriched from whole blood of Donor A by first using CD§+ T
cell RosetteSep® (StemCell Technologies) as per manufacturer’s instructions. Cells were then
diluted by an cqual volume of phosphate buffered saline (PBS) and separated by gradient
centrifugation by overlaying on Ficoll-Pagque Plus (GE Healthcare). After separation, cells were
stained with CD§ APC (BD Biosciences) and found to be 78% CD8+ T cells. Cells were
flucrescently labeled with 2.5 uM CESE tracer dye (Molecular Probes).

To serve as allogencic antigen presenting cells (APCs), mononuclear cells were first
isolated from whole biood from Donor B and then depleted of CD3+T cells. Blood was diluted
with an equél volume of PBS and mononuclear cells were isolated afier gradient centrifiigation
over Ficoll, Cells were stained with CD3 FITC (BD Biosciences), washed, and then incubated
with anti-FITC microbeads (Miltenyi Biotec). CD3 FITC positive cells were then depleted on the
AutoMACS cell separator (Miltenyi Biotee). Cells were then irradiated 2500 rads in a cesium
irradiator.

Cells were co-cultured in a 96-well flat-bottom plate with 150,000 CD8+ T cells and
150,000 APCs for 5 days with antibodies at 10pg/ml. Cuolture media was RPMI 1640 + 10% fetal
bovine serum -+ 20pM HEPES, and 1:100 dilutions of the foliowing supplements from Gibeo:
Gluta-MAX, sodium pyruvate, penicillin/streptomycin, and non-essential amino acids.

Omn day 5, cells were harvested, Washed and stained with CDE-biotin followed by
streptavidin-PerCp (BD Biosciences). Samyples were run on a Beckman Dickinson FACSCalibur
and data was analyzed using Tree Star, Inc. FlowlJo software.

An approximately 45% enhancement in proliferation of CD8 T cells responding to cells

from an MHC-mismaiched donor was observed in the presence of the anti-PD-L1.

EXAMPLE 7
Effects of PD-L1 blockade on LCMYV in vive model

T celis under conditions of chronic stimulation have been shown to upregulate and

sustain expression of the hibitory receptor PD-1. Ligation of PD-1 by cither of its two ligands
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SeqUeNnCe  gtrenuating its response to its cognate antigen. In mice persistently-infected with Iymphocytic
chorjomeningitis virus (LCMV), blockade of PD-1 or its ligand PD-L1 is sufficient to revitalize
chronically refractory T cells, enhancing the magnitude and functional quality of the anti-viral T

5 cell response. Similarly, humans chronically infécted with HIV or HCV exhibit T cells refractory
to simulation whose activity can be enhanced in vitro by blockade of PD-] or PD-L1. Therefore,
activity of PD-1.1 blockade in the LCMV model suggests therapeutic potential for enhancing anti-
viral and anti-twmor imnmmity.

For the LCMV in vivo experimenis in the mouse, we have reformatted the humanized
10 anti-PD-L1 antibody (YW243.55570), by clening the phage-derived heavy and light chain
variable region sequences upstream of mouse Ig(iZa heavy chain and mouse kappa light chain
constant domains. To prevent antibody-mediated cytotoxicity of PD-L1 expressing cells, by
inhibiting Fey receptor binding, positions 265 {aspartic acid) and 297 (asparagine) were changed
to alanine (DANA). Shiclds, RL et al J. Biol Chem 2001 276 (9): 6591-6604. To test the ability
15 of the anti-PD-L1 antibody to enhance anti-viral immunity in a chronic infection, mice were
infected at Day 0 with 2 x 10° plague forming units (pfu) of Clone 13 LCMV or the Armstrong
strain of LCMYV as a reference control. The schematic of the experimental design appears in
Figure 6. Infection with Clone 13 results in a chronic infection, characterized by T cells that
expand but are unable to effectively clear the virus, while Armstrong LCMV is cleared within 8-
20 10 days of infection. On day 14, mice began treatment with either anti-PD-L1 or control mlgG
delivered a1 10me/kg doses 3x/week. At Days 21 and 28, analysis of CD8 T cell functicn and

viral titers in blood and tissues were performed.
Consistent with published data of Barber et al, Nature 439:682-7 (2006), this example
shows the ability of the anti-PD-L.1 Ab 10 enhance the cytotoxic lymphocyte response to LCMV
25  following a 2 week treatment regimen in a chronic LCMV infection. Figure 7A shows the % of
CDS T cells that express CD107a on their cell surface in response to gp33 LCMV-specific
peptide.  Plasma membranc ecxpression of CD107a, normally expressed intracellularly,
accompanies the degranulation process and therefore serves as a surrogate marker for
degrenulation. Relative to the response of cells from the acute Armstrong LCMV infection, cells
30  from animals infected with the chronic strain, ¢lone 13, are impaired in degraulation (control Ig
group), while PD-L1 blockade was able to restore CD8+ degraulation 1o levels comparable to
those observed in the Armstrong infection, Similarly, 7B demonstrates the increased % of IFN-y-
producing CD8 T cells in response to LCMV gp33 in the anti-PD-LI-treated group relative to

control Ig.
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and tissues was tested. In Figure 8A, the graphs show log virus titers in the indicated tissoe of
control Ig and PD-L1 treated animals at day 21 and 28 after infection with Clone 13 LCMV.
Antibody treatment was initiated at Day 14 post-infection. Blockade of PD-L1 resulted in highly

5 significant reduction in viral titers in blood, liver, brain, lung, and kidney. Impressively,in3 of 3
mice, o-PD-L1 Ab reduced blood LCMV titers to levels below detection (<1 x 107). In a
subsequent experiment of comparable design, viras eradication in blood and liver was observed

in 5/5 mice treated for 2 wecks with anti-PD-1.1 at doses of either 10mg/ke or 2 mg/kg 3x/week
(data not shown). The lower graph shows the kinetics of reduction of viral titers in the blood and

10 demonstrates an average reduction of 96.8% in the anti-PD-L.1 treated group at Day 28 relative to
control. These data support the importance of the PD-1/PD-L1 pathway in inhibiting T cell
responses in chronic infections and are consistent with effects of in vitro PD-I.1 blockade on T

cells obtained from humans with chronic infections such as Hepatitis C and HIV.

i5 Materials and Methods:

Determining % IFN-gamma production by CD8 T cells in response to LCMV gp33 peptide
Spleens were isolated from infected mice and a single cell suspension was generated by
crushing the organs in complete media: IMDM (Invitrogen Inc., Carlsbad, CA) containing 10%
20  heat inactivated fetal bovine serum, 2 mM L-glutamine, 100 U/ml Penicillin/Streptomycin and 10
mM 2-mercaptosthanol. The red blood cells were Iysed using ACK lysis buffer (0.15 M NH,CL,
10 mM KHCOs;, 0.1 mM EDTA). To measure antigen specific CD8 T cell responses, the
splenocytes were washed in complete media and restimulated in vitro for 4 hours with the LCMV
peplide GP33 (KAVYNFATC, Prolmmune Inc., Bradentom, FL). 1 x 10° splenocytes were
| 25  cultured in 96 well flat bottom plates with 100 ngAml of GP33 peptide in the presence of 100
units/ml of human interlenkin-2 (Sigma-Aldrich, St. Louis, MO} 1 pl/ml of brefeldin A and 1
pl/ml (1:3000 dilution) of monensin (BD pharmingen) and anti-CD107a FITC (clone ID4B, BD
Biosciences, San Jose, CA). After incubation, cells were washed once in PBS containing 2%
fetal bovine serumn and cell surface markers were stained using fluorochrome conjugated
30  antibodies: anti-CD8 APC {clone 53.67, BD Biosciences, San Jose, CA) anti-CD4 PerCp-Cy5.5
{clone RM4-5, BD Biosciences, San Jose, CA) and anti-PD-1 PE (clone J43, BD Biosciences,
San Jose, CA). Staining for intracellutar IFN-y was done using the Cytofix Cytoperm Phus kit
{BD Biosciences, San Jose, CA) according to the manufacturer’s imstructions using anti-IEN-y
PE-Cy7 (clone XMG1.2, ¢Bioscience Inc. San Diego, CA). To detect the number of GP33
35  specific CD8 T cells, fresh splenocytes were stained with GP33 pentamers (H2-Db linked to
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Artificial sequ <§% > <223> sequence is synthesized <400> 16 Al fT %%‘l?ﬁ Ii Tyr Gly Gly
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sequence <220> <223> sequence is synthesized <400> 17 Arg Ala Ser Gin Asp Val Ser Thr Ala val
Ala 510 <2104 8Pammpny a2 BradpRT, £R1 Ssonfifi dialhsapunicere220ssuctions.  Data was

collected using a BD FACSAria (BD Biosciences, San Jose, CA) and analyzed with Flowljo
Software (Tree Star Inc. Ashland OR).

5 Determination of LCMYV viral titers:

MC57 fibrosarcoma cells are infected with 10-fold serial dilutions of LCMV-containing
blood or tissue homogenate in complete IMDM. The reaction is then incubated for 2-6 hours in
at 37°C in a tissuc culture incubator, then-everlayed with DMEM containing 1% methylcellulose.
This is followed by incubation for 3-5 days, then the methyleellulose layer is removed by

10 aspiration. The cells are fixed with PBS/4% paraformaldehyde, then permeabilized with 0.5%
Triton-x for 20 minutes, washed in PBS, then blocked in 10% FCS for 1 hour with mild rocking.
Staining for LCMV is done with V1.4 antibody (1 hour), washed 2x, then developed with anti-rat
HRP (1:400) in blocking buffer. This followed by washing 3x, then adding o-phenylenediamine
substrate (SIGMA P8R06-50TAB 3mg/tablet) to wells to develop.

15

EXAMPLE §
PD-L.1 blockade in cancer

It is now apparent that many tumors exploit expression of PD-1 ligands as a means to

attenuate anti<tumor T cells responses.  Several human cancers have been characterized to

20 express elevated levels of PD-L1 on both tumors and tumor-infiltrating leukocytes and this

elevated PD-L1 expression is often associated with a worse prognosis. Mouse tumor models

demonstrate similar increases in PD-L1 expression within fumors and demonstrate a role for the
PD-1/PD-L1 pathway in inhibiting tumor immunity,

Here we present an experiment demonstrating the impact of blocking PD-L1 on

25 orthotopic tumor growth of MC38.0va murine colorectal carcinoma cells in syngeneic C5786

mice (Figure 9A). These ccils express ovalbumin via retroviral transduction and express PD-L1,

but not PD-L2 on their cell surface as assessed by Flow Cytometry (histogram — Figure 10A).

Mice were inoculated subcutaneously with 0.5 million MC38.0va cells on Day . On Day 1 or

on Day 14 mice (when tumors had reached an average size of 250 mm®) 10 mice/group were

30 treated with 10mg/kg anti-PD-L1 (YW243.35870-mouse IgG2a-DANA), control Ig, or blocking

anti-CTLA4 Ab, (UCI0-4F10-11) 3x/week for the duration of the study, Blockade of PD-LI

either eariy or in late intervention is highly effective as a single agent therapy at preventing tumor

growth. In contrast, blockade of CTLA4, another imhibitory moelecule expressed on T cells

showed no evidence of inhibiting tumor growth. These results demonstrate the unique role of the

35  PD-1/PD-L1 axis over CTLA4/B7 in suppression of the anti-tumor immune response and support
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PRT <213> A%" i h nce P4192R2 Sequence Listing. TxT <220> %ﬁ; eis
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Gly Gly Leu VabGntr&Ghy 1B n@nsof human cancers with antibodies that block the PD-L1 interaction

with PD-1 and BR7.1.

MC38.0va syngeneic tumor model: methods. On Day 0, 70 animals were inoculated
5  subcutancousty with 0.5 million MC38.0va cell in 100 microliters of HBSS+matrigel. Beginning
on D1, 20 mice were recruited into one of 2 treatment groups (see below: group 1 or group 2.
The remaining 40 mice were allowed to grow tumors until Day 14. Of these 40, 30 mice with
similar-sized tumors were recrutted into one of 3 treatment groups (Groups 3-3). The tumors
were measured and the mice weighed 2x / week, Mice not recruited into below treatment groups,

10 due to dissimilar tumor volume were euthanized:

Group 1: anti-gp120 antibody, 10 mg/kg IP, 100 pul, DI, 3x/week
Group 2: anti-PD-1.] antibody, 10 mg/kg 1P, 100 puL, D1, 3x/week
Group 3. anti-gp120 antibody, 10 mg/kg 1P, 100 uL, D14, 3x/week
15 Group 4: anti-PD-L.1 antibody, 10 mg/ke IP, 100 pk, D14, 3x/week
Group 5: anti-CTLA-4 antibody, 10 mg/kg IP, 100 pL., D14, 3x/week

#x*Groups 1 and 2 began dosing on D1; Groups 3, 4, and 5 on D14.
20 EXAMPLE 9

Combinations of anti-PD-L1 with other agents to provide for anti-tumor effect or Immune-
Enbancing Therapy — MC38 Ova model

On Day 0, 150 animals are incculated subcutancously with (.5 miilion MC38.0va cell in

100 microliters of HBSS + matrigel. Mice are allowed to grow tumors. Mice are weighed and

25  measured 2 x/week until Day 11 (when the tumor velume is between 100-200 mm’). On Day 11,
following tumor meagurement, mice arc recruited into 1 of the 12 treatment groups below. Mice

not recruited into below treatment groups, due to. dissimilar tumoer volume are euthanized.
Gemcitabine (Group 4) treatment starts on day 12, while treatment for the remaining antibody
groups starts on day 14, All volumes are 100 pl in inert vehicle, with additional details as

30 reported below:

Group 1: anti-gp120 antibody, 10 mg/kg IP, 100 pL, 3x/week £ 5, n=10

Group 2: anti-PD-L1 antibody, 10 mg/kg IP, 100 uL, 3x/week x 5, =10

Group 3; anti-VEGF antibody, 5 mg/kg 1P, 100 pL, 2x/week x 5, n=10
35 Group 4: Gemeitabine, 40 mg/ke IP, 100 ul, Day 12, 16, 20, n=10
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Group 7: anti-PD-L1 antibody + Gemeitabine, n=10
Group 8: anti-gp120 antibody + Gemcitabine, n=10
5 Group 9: anti-gp 120 antibody + antl-VEGF, n=10

Day 12: Mice from group 1 are bled (100 microliters) retre-orbitally under anaesthesia for CBC
analysis.
Day 14 and Day 22; Mice from group 4 are bled {100 microliters) retro-orbitally under
10 anaesthesta for CBC analysis.
Day 19: All mice, except group 4, are bled (100 microliters) retro-orbitally under anaesthesia for
CBC analysis.
Day 26: All mice, except group 4, are bled (100 microliters) retro-orbitally under anaesthesia for
PK analysis,
15
Tumors are measured and mice weighed 2X/week.  Animals exhibiting weight loss of
>15% will be weighed daily and euthanized if they lose >20% body weight. Mice will be
cuthanized when tumor volumes exceed 3,000 mum’, or after 3 months if tumors do not form,
This study shows (Figure 10) that PD-LT blockade was more effective than o-VEGF and

20 aninductive regimen of gemcitabine alone.

EXAMPLE 16

Expression of anti-PD-L.1 antibodv in mammalian cells

This example iliustrates preparation of potentially glycosylated forms of anti-PD-L1

25 antibody by recombinant expression in mammalian cells.

The vector, pRK5 (see EP 307,247, published March 15, 1989), is employed as the
expression vector. Optionally, DNA encoding the light and/or heavy chain of the antibody is
ligated into pRKS5 with selected restriction enzymes to allow insertion such DNA using ligation
methods such as degeribed in Sambrook ef al., supra.

30 in one embodiment, the selected host celis may be 293 cells. Human 293 cells (ATCC
CCI. 1573) are grown to confluence in iissue culture plates in medium such as DMEM
supplemented with fetal calf serum and optionally, nutrient components and/or antibiotics.
About 10 pg if DNA encoding the pRKS5-antibody is mixed with about 1 1gg DNA encoding the
VA RNA gene [Thimmappaya et al., Cell, 31:543 (1982)] and dissolved in 500 pL of | mM Tris-

35 HCL 0.1 mM EDTA, 0.227 M CaCl,. To this mixture is added, dropwise, 500 pL of 50 mM
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Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val 151015 Gly Asp Arg val Thr lle Thr cys

Arg Ala Ser Gjn A | Ser 202530 Thr Ala val Ala Trp Tyr Gin Gin Ly%‘g% %I ,E}( la Pro Lys
354045 Leu L\lépg ff?e%%ﬂgér Ala Ser Phe Leu Tyr Ser Gly val Pro Ser 50 ¥ 9%‘ f%eﬁger Gly Ser Gly

Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
Gin Gin 808380EP4%02RY. S¥guéhteListnyM XTP0s 100 205 tieitairsisailpwe® 10RO 201> 113 <212>

PRT <213> Hame saniens r400x22:-Glwyah@indaud Vel Glu Ses i s iideba kewnabGin Pro Gly
151015 Gly Sabeo';Jé_ 1%%3'1’ '}Al\{l)’lgrsl_a% g7s(,e r'ﬁ%%lﬁ!}?‘ﬁ%@d}%ﬁﬂ&%iﬁ%ﬁ &;rtjtn gtnlg Benﬂgoefr 20% glycerol in PBS

is added for 30 seconds. The 293 cells are then washed with serum free medium, fresh medium is
5  added and the cells are incubated for about 5 days.
Approximately 24 hours after the transfections, the culture medium is removed and

reptaced with culture medium (alone) or culture medium containing 200 pCi/ml **

S-cysteing and
200 pCi/ml %S methionine. After a 12 hour incubation, the conditioned medium is collected,
concentrated on a spin filter, and loaded onto a 15% SDS gel. The processed gel may be dried

10 and exposed to film for a selected period of time to reveal the presence of the antibody. The
cultures containing transfected cells may undergo further incubation (in serum free medium) and
the medium is tested in selected bicassays.

In an alternative technique, the antibody may be introduced into 293 cells transiently
using the dextran sulfate method described by Somparyrac et al., Proc. Natl Acad. Sci., 12:7575

15 (1981). 293 cells are grown to maximal density in a spinner flask and 700 pg DNA encoding the
pRKS5-antibedy is added. The cells are first concentrated from the spinmer flask by centrifugation
and washed with PBS. The DNA-dextran precipitate is incubated on the cell pellet for four
hours. The cells are trezted with 20% glveerol for 99 seconds, washed with tissuz culture
medium, and re-introduced into the spinner flask containing tissue culture medium, 5 ng/ml

20 bovine insulin and 0.1 pg/ml bovine transferrin. After about four days, the conditioned media is
centrifuged and filtered to remove cells and debris. The sample containing the expressed -
antibody can then be concentrated and purified by any sciected method, such as dialysis and/or
cohmnn chromatography.

In another embodiment, the antibody can be expressed in CHO cells. The DNA encoding

25  the antibody lgated into pRKS can be transfected into CHO cells using known reagents such as
CaPQ,; or DEAE-dextran, As described above, the cell cultures can be incubated, and the
medivm replaced with culture medium {alone) or medium containing a radiolabel such as *$-
methionine. After determining the presence of the antibody, the culture medium may be replaced
with serom free medium. Preferably, the cuitures are incubated for about 6 days, and then the

30 conditioned medium is harvested. The medium containing the expressed antibody can then be
concentrated and purified by any selected method.

Epitope-tagged variants of the antibody may also be expressed in host CHO cells. The
DNA encoding the antibody ligated mto pRKS may be subcloned out of the pRKS vector. The
subclone insert can undergo PCR to fuse in frame with a selected epitope tag such ag a poly-his

35  taginto a Baculovirus expression vector, The poly-his tagged DNA encoding the antibody insert
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202530 Ser Tyr Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu Trp val set- Val lle

Ser Gly Asp C&% EOI% @g&:{hr Tyr Tyr 505560 Ala Asp Ser Val Lys Gly Apg-Phebideper Arg Asp Asn
Ser 657075 Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala Val Tyr

Tyr Cys Ala Arg Gly Phe Asp Tyr Trp Gly GIn 95100105 Gly Thr Leu Val Thr Val Ser Ala 110 <210> 23
<211> 118 <@bmePRTkeRIGHAGHFTADP SEtieiteler eopouneg 22 deakeeyshsyMhRERiPed <400> 23 Glu
Val Gin Leu VG Benfelyitaly. Giyndiguiéali@ndkQdsbe transfected (as described above) with

the §V40 driven vector. Labeling mayv be performed, as described above, to verify expression.
The culture medium containing the expressed poly-His tagged antibody can then be concentrated
5 and purified by any selected method, such as by Ni**-chelate affinity chromatography,
The antibody may also be expressed in CHO and/or COS cells by a transient expression
procedure or in CHO cells by another stable expression procedure.
Stable expression in CHO cells is performed using the following procedure. The proteins
are expressed as an IgG comstruct (immunoadhesin), in which the coding sequences for the

10 soluble forms (e.g. extraceliular domains) of the respective proteins are fused to an IgG1 constant
region sequence containing the hinge, CH2 and CH2 domains and/or is a poly-His tagged form.

Following PCR amplification, the respective DNAs are subcloned in a CHO expression
vector using standard techniques as described in Ausubel ef al., Current Protocols of Molecular
Biology, Unit 3.16, John Wiley and Sons (1997). CHO expression vectors are constructed to

15  have compatible restriction sites 5’ and 3’ of the DNA of interest to allow the convenient
shuttling of cDNA’s. The vector used expression in CHO cells is as described in Lucas et al.,
Nucl. Acids Res. 24:9 {1774-1779 (1996), and uses the SV40 early promoter/enhancer to drive
cxpression of the ¢cDNA of interest and dihydrofolate reductase (DHFR). DHFR expression
permits selection for stable maintenance of the plasmid following transfection.

20 Twelve micrograms of the desired plasmid DNA is introduced into approximately 10
million CHO cells using commercially available transfection reagents SUPERFECT®(Quiagen),
DOSPER® or FUGENE® (Boehringer Mamnheim). The cells are grown as described in Lucas e
al., supra. Approximately 3 x 107 cells are frozen in an ampuie for further growth and
production as described below,

25 The ampules containing the plasmid DNA are thawed by placement into water bath and
mixed by vortexing. The contents are pipetted into a centrifuge tube containing 10 mLs of media
and centrifuged at 1000 rpm for 5 minutes. The supernatant is aspirated and the cells are
resuspended in 10 mIL of sclective media (0.2 um filtered PS20 with 5% 0.2 um diafiltered fetal
bovine serum}. The cells are then aliquoted into a 100 mL spimmer containing 90 mi. of selective

30  media. After 1-2 days, the cells are transferred into a 250 mL spinner filled with 150 mL
selective growth medium and incubated at 37°C. After another 2-3 days, 250 mL, 500 mL and
2000 mL spinmers arte sceded with 3 x 10° cells/mE. The cell media is exchanged with fresh
media by centrifngation and resuspension in production medium. Although any suitable CHO
media may be employed, a production medium described in U.S. Patent No. 5,122,469, issued

35 June 16, 1992 may actually be used. A 3L production spinner is seeded at 1.2 x 10° cells/mL.
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151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 202530 Asp Ser Trp lle His Trp
Val Arg Gin Ala Pro G%I@/s Gly Leu 354045 Glu Trp val Ala Trp lle Ser Iérg(éggu%ﬁ@/?&ly Ser Thr Tyr

Tyr 505560 Afg%@éeger al Lys Gly Arg Phe Thr lie Ser Ala Asp Thr Séf ys Asn Thr Ala Tyr

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Arg Arg His Trp Pro Gly
Gly Phe 95100185 (A$p FimiTinpeGlyd@ihiGlysTinmede DvakT hrivah Bey Alaehpd 15 w@ie 24P4192R2

Sequence LighngrikXd 521 LanlkBcsR o7 BRE, iél3nprtficialre0urnesptdel>smadBn sequence is

synthesized ?34’ 9>ar%d4 30 mL of 500 g/l glucose and 0.6 ml of 10% antifoam (e.g, 35%

polydimethylsiloxane emulsion, Dow Coming 365 Medical Grade Emulsion) taken. Throughout

5 the production, the pH is adjusted as necessary to keep it at around 7.2, After 10 days, or until

the viability dropped below 70%, the cell culture is harvested by centrifugation and filtering

through a 0.22 san filter, The filtrate was either stored at 4°C or immediately loaded onto

colummns for purification. ’

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column

10 (Qtagen). Before purification, imidazole is added to the conditioned media to a concentration of

5 mM. The conditioned media is pumped onto a 6 ml Ni-NTA column equilibrated at 4°C, in 20

mM Hepes, pH 7.4, buffer containing 0.3 M NaCl and 3 mM imidazole at a flow rate of 4-5

mi/min, After loading, the colunm is washed with additional equilibration buffer and the protein

eluted with equilibration buffer containing 0.25 M imidazole. The highly purified protein is

15  subsequently desalted into a storage buffer containing 10 mM Hepes, 0.14 M NaCl and 4%
mannitol, pt 6.8, with a 25 mi G25 Superfine (Pharmacia) column and stored at -80°C.,

Tmmunoadhesin (Fe-containing) constructs are purified from the conditioned media as

follows. The conditioned medivm is pumped onto a 5 ml Protein A column (Pharmacia} which

had been equilibrated in 20 mM Na phosphate buffer, pH 6.8, Afier loading, the column is

20 washed extensively with equilibration buffer before elution with 100 mM citric acid, pB 3.5. The

gluted protein is inunediately neutralized by collecting 1 ml fractions into tubes containing 275

w1, of 1T M Tris buffer, pH 9. The highly purified protein is subsequently desalied inte storage

buffer as described above for the poly-His tagged proteins. The homogeneity is assessed by SDS

polyacrylamide gels and by N-terminal amino acid sequencing by Edman degradation.

25
Example 11
Expression of anti-PD-1.1 Antibody in £, coli
This example illustrates preparation of an unglycosylated form of anti-PI>-1.1 antibody
by recombinant ¢xpression i E. coli.
30 The DNA sequence encoding the anti-PD-L1 antibody is initially amplified using

selected PCR primers, The primers should contain restriction enzyme sites which correspond to
the restriction enzyme sites on the selected expression vector. A variety of expression vectors
may be employed. An example of 2 suitable vector 13 pBR322 {derived from £, cofi; sec Bolivar
et al., Gene, 2:95 (1977)) which contains genes for ampiciliin and tetracycline resistance. The

35  vector is digested with restriction enzyme and dephosphorylated. The PCR amplified sequences
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Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala

Ala Ser Gly Phe Thr Phe Ser 202530 Gly Ser Trp lle His Trp val Arg Gip Al s Gly Leu
354045 Glu T}%O\%giﬂ}jlgﬁﬁp lle Leu Pro Tyr Gly Gly Ser Ser Tyr Tyr 505@@%‘;& %gj @Zr Val Lys Gly

Arg Phe Thr lle Ser Ala Asp Thr Ser 657075 Lys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala
Glu Asp 808580hFihigxied Ve TryrvToyer CYie Atatareirgefeish 1T ipclre Glye@ly Phieh354@8105 Asp Tyr Trp
Gly Gin Gly ThedgtbiéablimndabRes Aia-dh0dd 2 sohh1dR 2tk fdt &% PR s3> HOMO
sapiens <400> 25 AS%”G Gin Met ThE.Gin S?r Pro S%)S%KGL%&?ré‘IﬁlSer Val 1%}{1%&5 Gly Asp Arg

val Thr lle TRY &5 AT Al S&f Gi ser fle ser = & feon
transcriptional terminator, and an argU gene,

5 The ligation mixture is then used to transform a selected E. coli strain vsing the methods
described in Sambrook ef al., supra. Transformants are identified by their ability to grow on LB
plates and antibiotic resistant colonies are then selected. Plasmid DNA can be isolated and
confirmed by restriction analysis and DINA sequencing.

Selected clomes can be grown overnight in liquid culture medium such as LB broth

10 supplemented with antibiotics. The overnight culture may subsequently be used to inoculate a
larger scale culture. The cells are then grown to a desired optical density, during which the
expression promoter is turned on.

After culuring the cells for several more hours, the cells can be harvested by
centrifugation, The eeli pellet obtained by the centrifugation can be solubilized using various

15 agents known in the art, and the solubilized antibody can then be purified using a metal chelating
column under conditions that allow tight binding of the antibody.

Anti-PD-L1 antibody may also be expressed in E. coli in a poly-His tagged form, using
the following procedure. The DNA encoding antibedy is initially amplified using selected PCR
primers. The primers contain restriction enzyme sites which correspond 1o the restriction enzyme

20  sites on the selected expression vector, and other usetftl sequences providing for efficient and
reliable franslation initiation, rapid purification on a metal chelation column, and proteolytic
removal with enterokinase, The PCR-amplified, poly-His tagged.sequences are then ligated into
an expression vector, which is used to transform an E. cofi host based on strain 52 (W3110
fuhA{tonA) fon galE rmpoHis(htpRis) eipP(lacly). Transformants are first grown in LB containing

25 50 meg/ml carbenicillin at 30°C with shaking until an 0.D.600 of 3-5 is reached. Cultures are then
dilwted 50-100 fold into CRAF media (prepared by mixing 3.57 g (NH4)2504, 6.71 g sodium
citrate-2H.0, 1.07 g KCl, 5.36 g Difco yeast extract, 5.36 g ShefﬁeEd hycase SF in 500 mL water,
as well as 110 mM MPOS, pH 7.3, 0.55% (w/v) glucose and 7 mM MgSO4) and grown for
approximately 20-30 hours at 30°C with shaking. Samples are removed 1o verify expression by

30 SDS-PAGE analysis, and the bulk culture is centrifuged to pellet the cells. Cell pellets are frozen
unti purification and refoiding,

E. coli paste from 0.5 to 1 L fermentations (6-10 g pellets) is resuspended in 10 volumes
(w/vyin 7 M guanidine, 20 mM Tris, pH 8 buffer. Solid sodium suifite and sodivm tetrathionate
is added to make final concentrations of (. 1M and (.02 M, respectively, and the solution is stirred

35  overnight at 4°C, This step resuits in a denatured protein with all cysteine residues blocked by
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202530 Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr Ala Ala
Ser Ser Leu Glu Ser G7¥_Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly &1 [g%lo;gg% P Phe Thr Leu
I

Thr lle 657075 S&r &&r L'eu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Tyr Asn Ser Leu

Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg <210> 26 <211> 108 <212> PRT
<213> Artificialfsgga@ncel e 4382R s Seguackel HHNY. XTIk BockuapBlraseefifesscisbynthesized
<400> 26 A%léle@@u&%amxmée&ﬁmﬁ%nu&@g LonkSenda Samlulelads Llyidep Arg val Thr lle

Thr Cys Arg ﬁ)l ainﬁe rh%mpﬁsfoél) dﬂ[? %litcred through (.22 micron filters to clarify. Depending on the

condition, the clarified extract is loaded onto a 5 ml Qiagen Ni-NTA metal chelate column
5 equilibrated in the metal chelate column buffer. The column is washed with additional buffer
containing 50 mM imidazole {Calbiochem, Utrol grade), pH 7.4. The protein is cluted with
buffer containing 250 mM imidazole. Fractions containing the desired protein were pooled and
stored at 4°C. Protein concentration is cstimated by its absorbance at 280 nm using the calculated
extinction coefficient based on its amino acid sequence,
10 The proteins are refolded by diluting sample slowly into freshly prepared refolding buffer
consisting of: 20 mM Tris, pH 8.6, 0.3 M NaCl, 2.5 M urea; 5 mM cysteine, 20 mM glycine and
1 mM EDTA. Refolding volumes are chosen so that the final protein concentration is between 50
to 100 micrograms/ml. The refolding solution is stirred gently at 4°C for 12-36 hours. The
refolding reaction is quenched by the addition of TFA to a final concentration of 0.4% (pH of
15 approximately 3). Before further purification of the protein, the solution is filtered through a
0.22 micron filier and acetonitrile is added 1o 2-10% final concentration. The refolded protein is
chromatographed on a Poros R1/H reversed phase column using a mobile buffer of 0.1% TFA
with ehution with a gradient of acetonitrile from 10 to 80%. Aliguots of fractions with A280
absorbance are analyzed on SDS polyacrylamide gels and fractions containing homogeneous
20 refolded protein are pooled. Generally, the properly refolded species of most ptoteins ate eluted
at the lowest concentrations of acetonitrile since those species are the most compact with their
hydrophobic interiors shielded from interaction with the reversed phase resin, Aggregated
species are usually eluted at higher acetonitrile concentrations. In addition to resolving misfolded
forms of proteins from the desired form, the reversed phase step also removes endotoxin from the
25  samples.

Fractions comtaining the desired folded anti-PD-L1 antibodies are pooled and the
acetonitrile removed using a gentle stream of nifrogen directed at the solution. Proteins are
formujated into 20 mM Hepés, pH 6.8 with 0.14 M sodivm chloride and 4% mannitol by dialysis
or by gel filtration using G25 Superfine (Pharmacia) resins equilibrated in the formulation buffer

30 and sterile filiered.
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202530 Thr Ala val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr Ser Ala
Ser Phe Leu Tyr Ser Gly Val Pro ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
Thr lle 657075 ser Ser Leo Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gin 808590 Tyr Tyr Asn Val
Pro Trp Thr Phe Gly Gin Gly Thr Lys val Glu 95100105 lle Lys Arg <210> 27 <211> 108 <212> PRT
<213> Artificial sequence <220> <223> sequence is synthesized <400> 27 Asp lle Gin Met Thr Gin
Ser Pro Ser Ser Leo Ser Ala Ser val 151015

CLAIMS

1. An isolated heavy chain variahle region polypeptide that specifically binds to PD-L1
comprising an HVR-H1, HVR-H2 and HVR-H3 sequence, wherein:

(a)the HVR-H1 sequence is GFTFSX.SWIH (SEQ 1D NO: 1);
(b)the HVR-H2 sequence  is AWDGPYGGSX;YYADSVKG (SEQ (D NO:  2);
(c}the HVR-M3 sequence is RHWPGGFDY (SEQ 1D NO: 3

further wherein: X,is D or G; Xzis Sorl; Xzis T or S.
2. The polypeptide of claim 1 wherein X;is D; X;is S and X;is T.

3. The polypeptide of claim 1 further comprising variabie region heavy chain framework
sequences juxtaposed between the HVRs according to the formula: (HC-FR1)-(HVR-H1)-{(HC-
FR2}(HVR-H2)-(HC-FR3)-(HVR-H3)-(HC-FR4).

4, The polypeptide of claim 3 wherein the framework sequences are human.

5. The polypeptide of claim 4 wherein the framework seguences are VH subgroup il
consensus frameawork.

B. The polypeptide of claim 5 wherein one or more of the framework sequences is the
following:

HC-FR1 is EVQLVESGGGLVAQPGGSLRLSCAAS (SEQ ID NO: 4)

HC-FRZ is WVRQAPGKGLEWY (SEQ D NO: 5)

HC-FR3 is RETISADTSKNTAYLOMNSLRAEDTAVYYCAR (SEQ ID NO: 6)
HC-FR4 s WGQGTLVTVSA (SEQ 1D NO: 7).

7. The isolated heavy chain polypeptide of claim 1 in combination with a variable region
light chain comprising an HVR-L1, HVR-L.2 and HVR-L3, wherein:

(a)the HVR-L1 sequence is RASQXGXTXXA (SEQ ID NOs: 8);

(bythe HVR-L2 sequence is SASXLX,S (SEQ 1D NOs: 9); and

(c)the HVR-L3 sequence is QOX4X2X2%aPXeT (SEQ 1D NOs: 10},

further wherein: Xsis DorV; XsisVorl; XgisSor N; XsisAorF; XgisVor L XeisFor T; Xy is
YorA; XqisY, G F,or8; Xqp, sl Y, ForW; Xzais Y, N AT, G, Forl; XyisH, V, P, Tor|;
Xisis AW, R, PorT.

8. The poiypeptide of claim 7 wherein X is D; Xgis V; Xsi8 §; Xris A; Xpis V; Xeis F; Xy is
Y: X8 Y: Xezis Ly Xaais Y Xqais H; Xqsis Al
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Gly Asp Arg val Thr lle Thr Cys Arg Ala Ser Gin Asp val ser 202530 Thr Ala Val Ala Trp Tyr Gin Gin
Lys Pro Gly Lys Ala Pro Lys 354045 Leo Leo lle Tyr Ser Ala Ser Phe Leo Tyr Ser Gly Val Pro Ser
505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leo Thr lle 657075 Ser Ser Leo Gin Pro
Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Tyr Tyr Ala Pro Pro Trp Thr Phe Gly Gin Gly Thr Lys
Val Glu 95100105 lle Lys Arg <210> 28 <211> 108 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized P4192R2 Sequence Listing. TXT

9. The polypepiide of claim 7 further comprising variable region light chain framework
sequences juxtaposed between the HVRs according fo the formula: (LC-FR1)-{HVR-L1)-(LC-
FR2}-(HVR-L2)-(LC-FR3)-(HVR-L3)-(LC-FR4).

10. The polypeptide of ciaim 9 wherein the framawork sequences are human.

11. The polypeptide of claim 10 wherein the framework seguences are V0L kappa |
consensus framework.

12. The polypeptide of claim 11 wherein one or more of the framework seguences is the
following:

LC-FR1 is DIOMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 11);

LC-FR2 is WYQQKPGKAPKLLIY (SEQ D NO: 12)

LC-FR3 is GVPSRFSGSGSGTDFTLTISSLOPEDFATYYC (SEQ ID NO: 13);
LC-FR4 is FGQGTKVEIKR (SEQ D NO: 14).

13 An isolated ant-PD-L1 antibody or anfigen binding fragment thereof, wherein the
antibody or antibody fragment comprises a heavy chain and a light chain variable region -
saquence, wherein:

(a) the heavy chain comprises an HVR-H1, HVR-H2 and HVR-H3, wherein further:

{i} the HVR-H1 sequence is GFTFSX,SWIH (SEQ ID NO: 1)
(i)  the HVR-H2 sequence is AWDGPYGGSX;YYADSVKG (SEQ D NO: 2);
(i the HVR-H3 sequence is RHWPGGFDY (SEQ ID NO: 3);and

(b) the light chain comprises an HVR-L1, MVR-L2 and HVR-L3, wherein further:

(iv)y the MVR-L1 sequence is RASQX XX TXXA{SEQ 1D NOs: 8);

(v} the HVR-L2 sequence .is SASXLX;S(SEQ ID NOs: 9)

(viy the HVR-L3 sequence is QQX:X2X3XisPXisT (SEQ 1D NOs: 10}
wherein: Xqis D or G; Xais Sor L; Xzis T or S; Xymay be D or V; Xsmay be Vor |; Xsmay be S
or N; Xymaybe AorF; Xgmaybe Vorl, Xgmaybe ForT; X,umay be Y or A; Xyymaybe Y, G,
F,orS; Xp,maybel,Y, ForW; X;smaybe Y, N, A T, G, Forl; XyymaybeH, V, P, Tori; X5
maybe AW R, PorT.

14, The antibody or antibody fragment of claim 13 wherein X;is D; X;is S and X;is T.

15. The antibedy or antibody fragment of claim 13, wherein X,=D, Xs=V, X:=S, X5=A and
Y=V, Xo=F, and Xg=Y, Xi1=Y, Xio=L, Xi5=Y, Xi4=H and Xz=A.
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<400> 28 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val 151015 Gly Asp Arg val Thr lle
Thr Cys Arg Ala Ser Gin Asp val ser 202530 Thr Ala val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro
Lys 354045 Leu Leu lle Tyr ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
GIn Gin 808590 Tyr Tyr Thr val Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg
<210> 29 <211> 108 <212> PRT <213> Atrtificial sequence <220>

16. The antibody or antibody fragment of claim 13, wherein X.=D, X,=8 and X;=T, X,=D,
Xs=V, Xe=8, X;=A and Xg=V, Xo=F, and X;=Y, X11=Y, Xio=L, X12=Y, X=H and X=A.

17. The antibody or antibody fragment of claim 14 further wherein the antibody or antibody
fragment comprises:

variable region heavy chain framework sequences juxtaposed between the HVRs according to
the formula: (HC-FR1)-(MVR-H1}-{HC-FR2)-(HVR-H2)-{(HC-FR3)-(HVR-H3}-(HC-FR4).

18. - The antibody or antibody fragment of claim 17 wherein the framework sequences are
human.

19, The antibody or antibody fragment of claim 18 wherein the variable region heavy chain
framework sequences are VH subgroup Il consensus framework.

20. The antibody or antibody fragment of claim 19 wherein one or more of the framework
sequences is the following:

HC-FR1 is. EVQLVESGGGLVQPGGSLRLSCAAS (SEQ 1D NO: 4y,
HC-FR2 is WVRQAPGKGLEWV (SEQ D NOG: 5}

HC-FR3 is RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR (SEQ 1D NO: 6);
HC-FR4 s WGQGTLVIVSA(SEQ 1D NO: 7}

21, The antibody or antibody fragment of claim 15 further wherein the antibody comprises:
variable region light chain framework sequences juxtaposed between the HVRs according to the
formula: (LC-FR1)-(MVR-L1)-(LC-FR2)}-{HVR-L2)-(LC-FR3}MHVR-L3-{LC-FR4),

22. The antibody or antibody fragment of claim 21 wherein the variable region light chain
framework sequences are VL kappa | consensus framework.

23. The antibody or antibody fragment of claim 22 wherein one or more of the framework

sequences is the following:

LC-FR1 is DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 11);

LC-FR2 is WYQQKPGKAPKLLIY (SEQ 1D NOG: 12)

LC-FR3 is GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC(SEQ ID NO: 13); and
LC-FR4 is FGQGTKVEIKR(SEQ D NO: 14).

24, The antibody of or antibody fragment of claim 16 wherein the antibody or antibody
fragment comprises:

(a) variable region heavy chain framework sequences juxtaposed between the HVRs according
to the formula: (HC-FR1}-{HVR-H1)}-(HC-FR2}-{(HVR-H2)-(HC-FR3}-{HVR-H3}-(HC-FR4), and
(b) variable region fight chain framework sequences juxtaposed between the HVRs according to
the formuta: (LC-FR1}H{HVR-L1}-(LC-FR2)-(HVR-L2}-{(LC-FR3}-{HVR-L3)~(LC-FR4);
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<223> sequence is synthesized <400> 29 Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser
Val 151015 Gly Asp Arg val Thr lle Thr Cys Arg Ala Ser Gin Val lle Asn 202530 Thr Phe Leu Ala Trp
Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr Ser Ala Ser Thr Leu Ala Ser Gly Val
Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 ser Ser Leu Gin
Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Tyr Tyr Thr Val Pro Arg Thr Phe Gly Gin Gly Thr
Lys Val Glu 95100105 lle Lys Arg <210> 30 <211> 108 <212> PRT <213> Atrtificial sequence

wherein the variable heavy chain framework sequences are the following:
{H HC-FR1 is EVQLVESGGGLVQPGGSLRLSCAAS (SEQ 1D NO: 4}
(i) HC-FR2 is WVRQAPGKGLEWYV (SEQ ID NO: 5
(iti) HC-FR3 is RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR (SEQ 1D NO: 8);
{iv) HC-FR4 is WGQGTLVTVSA (SEQ 1D NO: 7% and

further wherein the variabie light chain framework sequences are the following:

(N .C-FR1 is DIQMTQSPSSLSASVGDRVTITC (SEQ 1D NO: 11);

(if LC-+R2Z is WYQQKPGKAPKLLIY (SEQ D NO: 12}

(itiy = LC-FR3 is OGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ D NO: 13);
(iv) LC-FR4 15 FGQGTKVEIKR (SEQ 1D NO: 14).

25. The antibody or antibody fragment of claim 24 further comprising a human constant
region.
26. The antibody or antibody fragment of claim 25, wherein the constant region is selected

from the group consisting of 1gG1, 1gG2, lgG3 and igG4.
27. The antibody of antibody fragment of claim 26 wherein the constant region is IgG1.

28. The antibody or antibody fragment of claim 24, further comprising muring constant
region.

29. The antibody or antibody fragment of claim 28 wherein the constant region is selected
from the group consisting of IgG1, 1IgG2A, igG2B and 1gG3.

30. The antibody or antibody fragment of claim 28, wherein the constant region is 1gG2A.
31, The antibody or antibody fragment of claim 26 having reduced or minimai effector
function.

32. The antibody or antibody fragment of claim 31, wherein the minimal effector function
resulis from an effector-less Fc mutation.

33. The antibody or antibody fragment of ciaim 32, wherein the effector-less Fc mutation is
N297A.

34, The antibody or antibody fragment of ciaim 32, wherein the effector-less Fc mutation is
D265A/NZ297A.
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<220> <223> sequence is synthesized <400> 30 P4192R2 Sequence Listing.TXT Asp lle Gin Met Thr
Gin Ser Pro Ser Ser Leu Ser Ala ser val 151015 Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp
val ser 202530 Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr
Ser Ala Ser Phe Leu Tyr Ser Gly val Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
Thr Leu Thr lle 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Gly Tyr
Gly Val Pro Arg Thr Phe Gly Gin Gly Thr Lys val Glu 95100105 lle Lys Arg <210> 31

35. The antibody or antibody fragment of claim 31, wherein the minimal effector function
results from aglycosylation.

36. An isolated anti-PD-L1 antibody or antigen binding fragment thereof, wherein the
antibody or antibody fragment comprises a heavy chain and light chain variable region
seguence, wherein:

(a) the heavy chain comprises the sequence; EVQLVESGGGLVQPGGSLRLS
CAASGFTFSDSWIHWVRQAPGKGLEWVAWISPYGGSTYYADSVKGRFTI
SADTSKNTAYLQMNSLRAEDTAVYYCARRHWPGGFDYWGQGTLVTVS A (SEQ ID NO:20),
and

(b) the light chain comprises the sequence: DIQMTQSPSSLSASVGDRVTITC
RASQDVSTAVAWYQQKPGKAPKWYSASFLYSGVPSRFSGSGSGTDRTL
TISSLQPEDFATYYCQQYLYH PATFGQGTKVEIKR (SEQ ID NG:21).

37. The antibody or antibody fragment of ciaim 29 having reduced or minimal effector
function.

38. The antibody or antibody fragment of claim 37, wherein the minimal effector function
rasults from an effector-less Fc mutation.

39. The antibody or antibody fragment of claim 38, wherein the effector-less Fc mutation is
N297A.

40. The antibody or antibody fragment of claim 38, wherein the effector-less Fc mutation is
D2B5A/NZ97A.

41, The antibody or antibody fragment of claim 37, wherein the minimal effector function
results from aglycosylation.

42, The antibody or antibody fragment of claim 36 further comprising a human constant
region.

43. The antibody or antibody fragment of claim 42, wherein the constant region is selected
from the group consisting of IgG1, 1gG2, igG3 and IgG4.

44, The antibody or antibody fragment of claim 43, wherein the constant region is 1gG1.

45, The antibody or antibody fragment of claim 44 having reduced or minimai effector
function. '
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<211> 108 <212> PRT <213> Atrtificial sequence <220> <223> sequence is synthesized <400> 31
Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 151015 Gly Asp Arg Val Thr lle Thr Cys
Arg Ala Ser Gin Asp val Ser 202530 Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys
354045 Leu Leu lle Tyr Ser Ala Ser Phe Leu Tyr Ser Gly val Pro ser 505560 Arg Phe Ser Gly Ser Gly
Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 ser ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr cys Gin
Gin 808590 Tyr Leu Phe Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg

46, The antibody or antibody fragment of claim 45, whersin the minimal effecior function
rasults from an effector-less Fc mutation.

47. The antibody or antibody fragment of claim 46, wherein the effector-ess Fo mutation is
NZ2GT7A.

48, The antibody or antibody fragment of claim 46, wherein the effector-less Fe mutation is
D265A/MN297A.

49, The -antibody or antibody fragment of claim 45, wherein the minimal effector function
rasults from aglycosylation.

50. A composition comprising the anti-PD-L1 antibody or antigen binding fragment of any of
claim 13-35, 36 or 21-49 and at least one pharmaceutically-acceptable carrier.

51. An article of manufacture comprising the composition of claim 50 and at least one
chemotherapeutic agent.

52. The article of manufacture accordihg o claim 51, wherein the chemotherapeutic agent is
gemciiabine.

53. An article of manufacture comprising the compostition of ciaim 50, and at least one B7-
family costimulatory molecule.

54, An article of manufacture comprising the composition of claim 50 and at least one
antibiolic.

55. The article of manufacture according o claim 54, wherein the antibiotic is an anti-vira
agent.

56. The article of manufacture according to claim 55, wherein anti-viral agent is a reverse
transcriptase inhibitor.

57, The articie of manufacture according to claim 56, wherein the reverse transcriptase
inhibitor is a polymerase inhibitor.

58, The article of manufacture according to claim 55, wherein the anti-viral agent is a
protease inhibitor,
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<210> 32 <211> 108 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<400> 32 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu ser Ala Ser Val 151015 Page 11 P4192R2
Sequence Listing. TXT Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp Val Ser 202530 Thr Ala
Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr Ser Ala Ser Phe Leu Tyr
Ser Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser
Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin

50. An articie of manufacture comprising the composition of claim 50 and at least one
vaccine,

80. An articie of manufacture comprising the compaosition of claim 50.

g1. The article of manufacture of claim 51, wherein the chemotherapeutic agent is an anti-
VEGF antibody.
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808590 Tyr Phe lle Thr Pro Thr Thr Phe Gly Gin Gly Thr Lys val Glu 95100105 lle Lys Arg <210> 33
<211> 108 <212> PRT <213> Atrtificial sequence <220> <223> sequence is synthesized <400> 33
Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 151015 Gly Asp Arg Val Thr lle Thr Cys

Arg Ala Ser Gin Asp Val Ser 2025%9 QE I’gl Vg{IaAlg T[i% T%r Gjrr;ﬁ(,}in Lys Pro Gly Lys Ala Pro Lys
354045 Leu Leu lle Tyr Ser Ala Ser I!J LAY RN, @/t\/aPPro Ser 505560 Arg Phe Ser Gly Ser Gly
Ser Glryl] Thr Asp Phe Thr Leu Thr Ille 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys

Gin & %’O%ﬁ?ﬁﬁ;@mﬁa’f’yr Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu

Maecker, Heather
Mariathasan, Sanjeev
Lehar, Sophie M.

Wu, Yan

Cheung, .Jeanne

<120> ANTI-PD-L1 ANTIBODIES AND THEIR USE TO ENHANCE T-CELL FUNCTION
<130> P4192R2

<150> us 61/121,092
<151> 2008-12-09

<160> 40

<210> 1

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<220>

<221> variant

<222> 6

<223> residue is D or G

<400> 1
Gly Phe Thr Phe Seg Xaa Ser Trp Ile His
10

<2310> 2

<211> 18

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence 15 synthesized

<220>

<221> variant

<222> 4

<223> residue is S or L

<220>

<221> variant

<222> 10

<223> residue is T or &

<400> 2
A1§ Trp Ile Xaa Prg Tyr Gly Gly Ser Xaa Tyr Tyr Ala Asp Ser
10 15

val Lys Gly

<210> 3

<211> 9

<212> PRT

<213> Artificial sequence

<220>
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95100105 lle Lys Arg <210> 34 <211> 108 <212> PRT <213> Atrtificial sequence <220> <223>
sequence is synthesized <400> 34 Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
151015 Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp Val ser Page 12 P4192R2 Sequence
Listi ng. TXT 202530 Thr Ala Val Alg Jrp.Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle
Tyr SepAlasagide LeUsh vk Ray %\%}f o SeF G55 tNPa '5%5 Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr Leu Thr lle

<400> 3

Arg His Trp Pro G1§ Gly Phe Asp Tyr

<210> 4

<211> 25

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1s synthesized

<400> 4
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser
20 25

<210> 5

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 5
Trp val Arg Gln A1§ Pro Gly Lys Gly Leu Glu Trp val
10

<210> 6

<211> 32

<212> PRT

<213> Artificial sequence

<220
<223> sequence is synthesized

<400> 6
Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu
1 5 10 15

Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr TYr Cys
20 25 30

Ala Arg

<210> 7

<213> 11

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 7
Trp Gly GIn Gly Thg teu val Thr val Seg Ala
1

<210> 8

<211> 11

<212> PRT

<213> Artificial seguence
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657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Phe Phe Tyr Thr Pro
Pro Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg <210> 35 <211> 108 <212> PRT
<213> Artificial sequence <220> <223> sequence is synthesized <400> 35 Asp lle Gin Met Thr Gin

Ser Pro Ser Ser Leu Ser Ala Ser v@ég%%glg Glly AngacjﬁrgU 8
Ser 202530 Thr Ala Val Ala Trp Tyr Gin Gin E?/s ro Gl

y

Ala Se2Phedawerty Sers@hhastiRed Ser 505560

<220>
<221>

variant

<222> 5

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<227>
<223>

<220>
<221>
<222>
<223>

<400>

residue

variant
6 -
residue

variant
7 =
residue

variant
9 *
residue

variant
10
residue

8

is b or

is V or

is § or

is A or

is V or

Arg Ala Ser GIn Xaa Xaa Xaa Thr Xaa Xaa Ala

<210>
<21l>
<212>
<213>

<220>
<223>

<220>
<221>

9
7
PRT

Artificial sequence

5

10

sequence s synthesized

variant

<222> 4

<223>

<220
<221>

residue is F or T

variant

<222> 6

<223>
<400>

Ser Ala Ser Xaa Leu Xaa Ser

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

<220>
<223>

<220>
<221>

residue is Y or A

9

10
9
PRT

Artificial sequence

5

sequence is synthesized

variant

<222> 3

<223>
<220>

residue is Y, G,

F or s

Page 3

Val T1hxr lle Thr Cys Arg Ala Ser Gin Asp val
Lys%la Pro Lys 354045 Leu Leu lle Tyr Ser



Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu Gin Pro Glu Asp
Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Ser Leu Phe Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys val
Glu 95100105 lle Lys Arg <210> 36 <211> 108 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 394?;& eSGirgMIa_\/IgEETh»lrs%rgl S l?ro Ser Ser Leu Ser Ala Ser val
151Q3 216l Aspayg Val Thr lle Thr Cys rg%ﬂa Q&Y Gin spg\'/a Ser 202530 Leu Leu lle Tyr Ser Ala

Ser gt el T1yr Ser GIE/ 5055
<223> resfdue is C, Y, F, or w

<220>

<221> variant

<222> 5

<223> residue is Y, N, A, T, G, For I

<220

<221> variant

<222> 6

<223> residue is H, Vv, P, Tor I

<220>

<221> variant

<222> 8

<223> residue is A, W, R, Por T

<400> 10
GIn Gln Xaa Xaa Xaa Xaa Pro Xaa Thr
5

<210> 11

<211> 23

<212> PRT

<213> Artificial sequence

<220>
<223> seqguence is synthesized

<400> 11
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val ng Ile Thr Cys

<210> 12

<211> 15

<212> PRT

<213> Artificial sequence

<220> ) .
<223> sequence is synthesized

<400> 12
Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15

<210> 13

<213> 32

<212> PRT

<213> artificial sequence

<220>
<223> sequence is synthesized

<400> 13
Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
1 5 10 15

Thr Leu Thr ITe Ser Ser Leu Gln Pro Giu Asp Phe Ala Thr Tyr
25 30
Tyr Cys
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Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 6570 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr
Tyr 8085 Ser Leu Tyr Thr Pro Pro Thr Phe Gly Gin Gly Thr 95100 Val Pro Ser 60 Leu Thr lle 75 Cys
Gin Gin 90 Lys Val Glu 105 lle Lys Arg <210> 37 <211> 108 <212> PRT <213> Atrtificial sequence

<220;1<022i: sequence Is Synthesﬁigziéogngche Listing.TXT
< >

<211> 11
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 14
Phe Gly GIn Gly Thr tys val Glu Ile Lys Arg
5 10

<210> 15

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 15
Gly Phe Thr phe Ser Asp Ser Trp Ile His
5 10

<210> 16

<211> 18

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<400> 16
A1% Trp Ile Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr Ala Asp Ser
5 10 _ 15

val Lys Gly

<210> 17

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<400> 17
Arg Ala ser Gin Asg val ser Thr ala val Ala

<210> 18

<211» 7

<212> PRT

<213> Artificial sequence

<220> . )
<223> sequence 1is synthesized

<400> 18
Ser Ala Ser Phe Leu Tyr Ser
5

<210> 19

<211> 9

<212> PRT

<213> Artificial seguence
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Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 151015 Gly Asp Arg Val Thr lle Thr Cys
Arg Ala Ser Gin Asp Val Ser 202530 Thr Ala Val Ala Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Lys
354045 Leu Leu lle Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly
Ser Gly Thr Asp Phe Thr Leu Thr II% 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr cys GIn
Gin 898590 Ser Trp Tyr His Pro Pfo TH PheS8i§ i B AP LYS Val Glu 95100105 lle Lys Arg <210>
38 <2A73> 108wétk2>RRIyH8S Aadificial sequence <220> <223> sequence is synthesized <400> 38
Asp LIgOg}inllglet Thr Gin Ser Pro Ser Ser Leu Ser 1510

Gln Glin Tyr Leu Tyg His Pro Ala Thr

<210> 20
<211> 118
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 20
Giu val GlIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe ser
20 25 30
Asp Ser Trp Ile His Trp val Arg GlIn Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala Trp ITe Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser
65 70 75
Lys Asn Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Arg His Trp Pro Gly Gly Phe
95 100 105
Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val ser aAla
110 115
<210> 21
<211> 108
<212> PRT
<213> Artificial sequence
<220> _
<223> sequence is synthesized
<400> 21
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Asp val Ser
20 25 30
Thr Ala val Ala Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ser Ala Ser pPhe Leu Tyr Ser Gly val Pro Ser
50 55 60
Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Ser ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 a0

Tyr Leu Tyr His Pro Ala Thr pPhe Gly G1n Gly Thr Lys val Glu
Page 6



Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin 2025 Thr Ala Val Ala Trp Tyr GIn Gin Lys Pro Gly Lys
3540 Page 14 Ala Ser val 15 Asp Val Ser 30 Ala Pro Lys-45 P4192R2 Sequence Listi ng.TXT Leu
Leu lle Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr
Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin
808590 Tyr Phe Tyr lle Ry Pro THPREGIF RS The YvA Elu 95100105

Ile Lys Arg
<210> 22
<211> 113
<212> PRT
<213> Homo sapiens
<400> 22
Glu val GIn Leu val Glu ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe ser
20 25 30
Ser Tyr Ala Met Ser Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val ser val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
65 70 75
Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp
80 . 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Gly Phe Asp Tyr Trp Gly Gin
95 100 105
Gly Thr ieu val Thr val ser Ala '
110
<210> 23
<211> 118
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 23
Glu val GlIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30
Asp Ser Trp Ile His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala Trp Ile Ser Pro Tyr Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp ser val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr ser
65 70 75
Lys Asn Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Arg His Trp Pro Gly Gly Phe
95 100 105
Asp Tyr Trp Gly GTn Gly Thr Leu val Thr val ser Ala
116 115
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lle Lys Arg <210> 39 <211> 108 <212> PRT <213> Artificial sequence <220> <223> sequence is
synthesized <400> 39 Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 151015 Gly Asp
Arg val Thr lle Thr Cys Arg Ala Ser Gin Asp Val Ser 202530 Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro
Gly Lys Ala Pro Lys 354045 Leu Lqul %gyr Ser Ala Ser Phe Leu Tyr Ser Gly val Pro ser 505560 Arg
Phe SapGly.Ser Gly Ser Gly Thr AspPhé THALELFhr ife 527075 Ser Ser Leu Gin Pro Glu Asp Phe
Ala ¥RLTyrITgr Cys Gin Gin 808590 Tyr Trp Tyr Thr Pro Thr Thr Phe Gly Gin Gly Thr Lys val Glu
95108165 {81y Arg,<210> 40, <211> 108 <212> PRT <213> Artificial sequence

guance
<220>
<223> sequence is synthesized
<400> 24
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly phe Thr Phe Ser
20 25 30
Gly Ser Trp Ile His Trp val Arg Gin Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala Trp Ile Leu Pro Tyr Gly Gly Ser Ser Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg phe Thr Ile Ser Ala Asp Thr Sser
65 70 75
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
B0 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Arg His Trp Pro Gly Gly Phe
95 100 105
Asp Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ala
110 115
<210> 25
<211> 108
<212> PRT
<213> Homo sapiens
<400> 25
Asp Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln ser Ile Ser
20 25 30
Asn Tyr Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly val Pro Ser
50 55 60
Arg Phe sSer Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Ser Ser Leu GlIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gin
80 85 30
Tyr Asn Ser Leu Pro Trp Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105
Ile Lys Arg
<210> 26
<211> 108
<212> PRT

<213> Artificial sequence
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<220> <223> sequence is synthesized <400> 40 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala
Ser val 151015 Gly Asp Arg val Thr lle Thr Cys Arg Ala Ser Gin Asp Val Ser 202530 Thr Ala val Ala
Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 P4192R2 Sequence Listing. TXT 505560 Arg
Phe Ser Gly Ser Gly Ser Gly Thr %%

Héﬁta?r'ghr ngj 'é’féyrﬁlls%qlS?O& Ser Ser Leu Gin Pro Glu Asp Phe
Ala Trwgbyr Tyr Cys Gin Gin 8085 er yrelgﬁe ife Pro ProTht Phe Gly Gin Gly Thr Lys val Glu
95189295 Hedupsgagis synthesized

<400> 26
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Asp val Ser
20 25 30

Thr Ala val Ala Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu ITe Tyr Ser Ala Ser Phe Leu Tyr Ser Gly val Pro Ser

50 55 60
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin G1In
80 85 a0
Tyr Tyr Asn vVal Pro Trp Thr Phe Gly Gin Gly Thr Lys val Glu
95 100 105
Ile Lys Arg
<210> 27
<211> 108
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 27
Asp Ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Asp val ser
20 25 30
Thr Ala val Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly val pPro ser
50 55 60
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gln
80 85 a0
Tyr Tyr Ala Pro Pro Trp Thr Phe Gly GIn Gly Thr Lys val Glu
85 100 105
Ile Lys Arg
<210> 28
<211> 108
<212> PRT
<213> Artificial sequence
<220>

<223> seguence is synthesized
: Page 9



<400> 28
Asp Ile

1

Gly Asp

Thr Ala

Leu Leu

Arg Phe

ser Ser

Tyr Tyr

Ile Lys

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

<220>
<223>

<400>

29
108

Gin

Arg

val

Ile

Ser

Leu

Thr

Arg

PRT o
Artificial sequence

sequence is synthesized

29

Asp Ile

1

Gly Asp

Thr phe

Leu Leu

Arg Phe

Ser ser

Tyr Tyr

Ile Lys

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

<220
<223>

<400

30
108
PRT

Artificial sequence

sequence is synthesized

30

Met

val

Ala

Tyr

Gly

Gin

val

Thr
Thr
20

Trp
35

ser
50

Ser
65

Pro
80

Pro
95

Gin

Ile

Tyr

Ala

Gly

Glu

Trp

P4192RZ Sequence Listing.TXT

Ser Pro Ser Ser Leu Ser

Thr

Gln

Ser

Ser

Asp

Thr

Cys
Gln
Phe
Gly
Phe

Phe

Gln Met Thr GIn Ser Pro

Arg

Leu

Ile

Ser

Leu

Thr

Arg

val
Ala
Tyr
Gly
Gin

val

5

Thr
20

Trp
35

ser
50

ser
65

Pro
80

Pro
95

Ie

TvYr

Ala

Gly

Glu

Arg

Thr

Gin

Ser

Ser

Asp

Thr

Cys

Gin

Thr

Gly

Phe

Phe

Arg
Lys
Leu
Thr
Ala

Gly

Ser
Arg
Lys
Leu
The
Ala

Gly

10

Ala
25

Pro
40

Tyr
55

ASp
70

Thr
85

GIn
100

Ala
ASD
70

Thr
85

Gin
100

rage 10

Ser
Gly
ser
Phe
Tyr

Gly

Leu
sSer
Gly
Ser
Phe
Tyr

Gly

Gin

Lys

Gly

Thr

Tyr

Thr

Ser

Gin

Lys

Gly

Thr

Tyr

Thr

Ala

Asp

Ala

val

Leu

Cys:

Lys

Ala

val

Ala

val

Leu

Cys

LysS

ser

val

Pro

Pro

Thr

Gln

val

Ser

Ile

Pro

Pro

Thr

Gin

val

val
15

ser
30

Lys
45

ser
60

Ile
75

Gln
90

Glu
105

val
15

Asn
30

Lys
45

ser
60

Ile
75

Gin
30

Giu
105



Asp

i
Gly
Thr
Leu
Arg
Ser
Gly
Ile

<210>
<211>
<2172>
<Z213>

<220>
<223>

<400
Asp
1

Gly
Thr
l.eu
Arg
Ser
Tyr
Ile

<210>
<211
<212>
<213>

<220>
<223>

<400>

Ile

ASp

Ala

Leu

rhe

ser

Tyr

Lys

31
108
PRT

Gin

Arg

val

Ile

Ser

l.eu

Gly

Arg

Met

va]l

Ala

TYr

Gly

Gln

val

Thr
Thr
20

Trp
35

Ser
50

Ser
65

Pro
80

Pro
95

GIn
I'te
Tyr
Ala
Gly
Glu

Arg

PA192R2 Seguence Listing.TXT
Ser Pro Ser Ser teu Ser Ala Ser

Thr

Gln

Ser

Ser

Asp

Thr

Artificial seguence

sequence is synthesized

31
ITe

Asp

Ala

Leu

rhe

Ser

L.eu

Lys

32
108
PRT

Cys

Gln

Phe

Gly

phe

Phe

Gin Met Thr Gln Ser Pro

Arg

val

Ile

ser

Leu

Phe

Arg

val

Ala

Tyr

Gly

Gln

Thr

5

Thr
20

Trp
35

ser
50

ser
65

Pro
30

Pro
95

Ile

Tyr

Ala

Gly

Glu

Pro

Thr

Gln

Ser

Ser

Asp

Thr

Artificial sequence

seqguence is synthesized

32

Cys

Gin

Phe

Gly

Phe

Phe

Arg Ala
25

Lys Pro
40

Leu Tyr
55

Thr Asp
70

Ala Thr
85

Gly Gln
100

Ser ser
10

Arg Ala
25

Lys Pro
40

Leu Tyr
55

Thr Asp
70

Ala Thr
85

Gly Gln
100

Ser
Gly
Ser
Phe
Tyr

Gly

Leu
Ser
Gly
ser
Phe
Tyr

Gly

GlIn

LYS

Gly

Thr

Tyr

Thr

Ser

Gin

LYyS

Gty

Thr

Ty

Thr

AsSp

Ala

val

Leu

cys

Lys

Ala

Asp

Ala

val

Leu

Ccys

LYS

val

PIro

Pro

Thr

Gln

val

Ser

val

Pro

Pro

Thr

Gin

val

val
i5

Ser
30

Lys
45

Ser
60

Ile
75

Glin
90

Glu
105

val
15

ser
30

Lys
45

Ser
60

Ile.
75

Glin
90

Glu
105

Asp Ite GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val

1

5
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Gly
Thr
Leu
Arg
ser
Tyr
Ile

<210
<211>
<212>
<213>

<220
<223>

<400>
Asp
i

Asp

Ala

L.eu

Phe

ser

Phe

LYS

33
108

Arg

val

Ile

Ser

Leu

Ile

Arg

PRT_ L
Artificial seguence

seqguence is synthesized

33
Iie

Gly Asp

Thr Ala

Leu

Arg

Ser

Leu

Phe

Ser

Tyr Tyr

Ile

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

<220
<223>

<400>

Asp ITe Gln Met Thr GIn Ser Pro Ser sSar Leu Ser Ala Ser val
5

1

Lys

34
108
PRT

Artificial seauence

sequence is synthesized

34

val

Ala

Tyr

Gly

Gin

Thr

Thr
20

Trp
35

ser
50

Ser
65

Pro
80

Pro
95

Ile
Tyr
Ala
Gly
Glu

Fhr

P4192R2 Sequence Listing.TXT

Thr Cys Arg Ala Ser Gln Asp val
25

Gln

Ser

ser

AsSp

Thr

Gin

Phe

Gly

Phe

Phe

GIn Met Thr Gin Ser Pro
5

Arg

val

Ile

Ser

Leu

Tyr

Arg

val

Ala

Tyr

Gly

Glin

Thr

Thr
20

Trp
35

Ser
50

Ser
65

Pro
80

Pro
95

Ile
Tyr
Ala
Gly
Glu

Pro

Thr

GIn

ser

Ser

ASD

Thr

cys

Gin

Phe

Gly

Phe

Phe

LYys Pro
40

Leu Tyr
55

Thr Asp
70

Ala Thr
85

Gly Gin
100

Ser Ser
10

Arg Ala
25

Lys Pro
40

Leu Tyr
55

Thr Asp
70

Ala Thr
85

Gly Gln
100

10

Gly
Ser
Phe
TYr

Gly

Leu
ser
Gly
Ser
Phe
Tyr

Gly

Lys

Gly

Thr

Tyr

Thr

ser

Gln

LYS

Gly

Thr

Tyr

Thr

Ala
val
Leu
Cys

Lys

Ala
Asp
Ala

va'l

Leu

cys

Lys

Pro

Pro

Thr

Gin

val

Ser

val

Pro

Pro

Thr

GIn

val

Ser
30

LYS
45

Ser
60

Ile
75

Gln
90

Glu
105

val
15

ser
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser GlIn Asp val Ser
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Thr

Leu

Arg

Ser

phe

Iie

<210>
<211
<212>
<213>

<220>
<223>

<400>
AsSp
1

Ala

l.eu

Phe

ser

Phe

Lys

35
108

val

Ile

Ser

L.eu

Tyr

Arg

PRT_ L
Artificial

sequence is synthesized

35
Tle

Gly Asp

Thr Ala

Leu

Arg

Ser

sSer

Ile

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

<220>
<223>

<400>
1

Leu

Phe

Ser

l.eu

Lys

36
108
PRT

Artificial sequence

seguence is synthesized

36

Ala

Tyr

Gly

Gln

Thr

20

Trp
35

ser
50

Ser
65

Pro
80

Pro
95

P4192R2 Sequence Listing.TXT

25

Tyr Gln GIn Lys Pro
40

Ala Ser phe

Gly ser Gly

Glu Asp Phe

Pro Thr pPhe

seguence

Gln Met Thr G1n Ser Pro
5

Arg

val

Ile

ser

Leu

Phe

Arg

val

Ala

Tyr

Gly

Gin

Thr

Thr
20

Trp
35

ser
50

ser
65

Pro
80

Pro
95

Tie
Tyr
Ala
Gly
Glu

Pro

Thr

Glin

Ser

Ser

AsSp

Thr

Cys

Gln

Phe

Gly

Phe

Phe

Leu
Thr
Ala

Gly

Ser
Arg
Lys
Leu
Thr
Ala

Gly

Asp Ile GIn Met Thr GlIn Ser Pro Ser Ser
5

Tyr
55

Asp
70

Thr
85

Gln
100

Ser
10

Ala
25

Pro
40

Tyr
55

Asp
70

Thr
85

Gln
160

10

Gly Asp Arg val Thr 1le Thr Cys Arg Ala
20 25

Gly Lys Ala Pro

Ser
Phe
Tyr

Gly

Leu
Ser
Gly
Ser
Fhe
Tyr

Gly

Gly
Thr
Tyr

Thr

ser
GIn
Lys
Gly
Thr
Tyr

Thr

val

L.eu

Cys

Lys

Ala

ASD

Ala

val

Leu

Cys

Lys

Pro

Thr

Gin

val

Ser

val

Pro

Pro

Thr

Gin

val

LYS
43

Ser
60

Ite
75

Gln
90

Glu
105

val
15

ser
30

Lys
45

ser
60

Ile
75

Gin
90

Glu
105

Leu Ser Ala Ser val

15

ser GIn Asp val ser

Page 13
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Thr Ala

Leu Leu

Arg Phe

Ser Ser

Ser Leu

ITe Lys

<210> 37

val

Ile

Ser

Leu

Tyr

Arg

<211> 108
<212> PRT
<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 37

Ala

Tyr

Gly

Gin

Thr

Trp
35
Ser
50

ser
65

Pro
80

Pro
95

P4192R2 Sequence Listing.TXT
Tyr GIn GIn Lys Pro Gly Lys Ala Pro
490

Ala Ser Phe Leu Tyr
55

Gly ser Gly Thr

Glu Asp pPhe Ala

Pro Thr pPhe Gly

Asp Ile GIn Met Thr Gln
1 5

Gly Asp

Thr Ala

Leu Leu

Arg Phe

Ser Sser

Ser Trp

ITe Lys

<210> 38
<211> 108
<212> PRT

Arg

val

Ite

Ser

Leu

Tyr

Arg

val

Ala

Tyr

Gly

Gin

His

Thy
20

Trp
35

ser
50

Ser
65

Pro
80

Pro
95

Ile

Tyr

Ala

Gly

Glu

Pro

Ser

Thr

Gln

Ser

Ser

Asp

Thr

<213> Artificial sequence

<220>

<223> seqguence s synthesized

<400> 38

Pro
cys
Gin
Phe
Gﬁy
Phe

Phe

Ser
Arg
Lys
Leu
Thr
Ala

Gly

Asp I7e GlIn Met Thr GIn Ser Pro Ser
1 5

Gly Asp Arg val Thr Ile Thr Cys Arg

20

Thr Ala val Ala T;g Tyr Gin Gin Lys

Asp
70

Thr
85

Gin
100

Ser
10

ala
25

Pro
40

Tyr
55

Asp
70

Thr
85

Gln
100

ser
10

Ala
25

Pro

Ser
Phe
Tyr

Gly

Leu
Ser
Gly
Ser
Phe
Tyr

Gly

Leu
Ser

Gly

Page 14

Gly val Pro
Thr Leu Thr
Tyr Cys Gln

Thr Lys va'l

Ser Ala Ser
GIn Asp val
Lys Ala Pro
Gly val Pro
Thr Leu Thr
Tyr Cys GlIn

Thr Lys val

Ser Ala Ser
GIn Asp val

Lys Ala Pro

Lys
45

ser
60

Ile
75

Gin
90

Glu
105

val
15

Ser
30

Lys
45

Ser
60

Ile
75

GlIn
90

Glu
105

val
15

Ser
30

Lys
45



Leu Leu

Arg Phe

Ser Ser

Tyr Phe

I'lte Lys

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

<220>
<223>

<400>

39
108

Ile

sSer

Leu

Tyr

Arg

PRT

Artificial sequence

sequence s synthesized

39

Asp Tle
1

Gly Asp

Thr Ala

Leu Leu

Arg Phe

Ser ser

Tyr Trp

Ile Lys

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

<220>
<223>

<400>

Asp Ile GIn Met Th
1

40
108

Gln

Arg

val

Ile

Ser

Leu

TyYr

Arg

PRT

Artificial sequence

sequence is synthesized

40

Tyr
Gly
Glin

Ile

Met
val
Ala
Tyr
Gly
Gln

Thr

Ser
Ser
65

Pro
80

Pro
95

Thr
3

Thr
20

Trp
35

ser
50

Ser
65

Pro
80

Pro
95

5

P4192R2 Sequence Listing.TXT

Ala Ser Phe Leu Tyr ser Gly

55

Gly ser Gly Thr Asp
70

Glu Asp Phe Ala Thr

85

Pro Thr Phe Gly Gln
100

Gln

Ile

Tyr

Ala

Gly

Glu

Thr

ser

Thr

Gin

Ser

sSer

ASp

The

Pro

Cys

GIn

Phe

Gly

Phe

Phe

r Gin Ser Pro

Gly Asp Arg val Thr Ile Thr Cys
20

Thr Ala val Ala Trp Tyr GIn Gln

35

Leu teu Ile Tyr Ser Ala Ser Phe

ser

Arg

Lys

Leu

Thr

Ala

Gly

ser

Arg

Lys

Leu

ser
10

Ala
25

Pro
40

Tyr
55

ASp
70

Thr
85

GlIn
100

Ser
10

Phe Thr

Tyr Tyr

Gly Thr

Leu
Ser
Gly
sSer
Phe
Tyr

Gly

Leu

Ala ser

25

Pro
40

Tyr

Gly

Ser

Page 15

Ser
Gln
Lys
Gly
Thr
Tyr

Thr

Ser
GlIn
Lys

Gly

val

Pro

teu Thr

Cys

Lys

Ala
Asp
Ala
val
Leu
Cys

Lys

Ala
Asp
Ala

val

GIn

val

Ser

val

Pro

Pro

Thr

Gin

val

Ser

val

Pro

Pro

ser
60

Ile
75

Gin
a0

Glu
105

va'l
15

ser
30

Lys
45

ser
60

Ile
75

GIn
90

Glu
105

val
15

ser
30

Lys
45

Ser



P4192R2 Sequence Listing.TXT
50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn
80 85

90
Ser Tyr Phe Ile Pro Pro Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105

Ile Lys Arg
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