PATENT
Antorney Docket Mo, QRERIS7-000003

N THE UNITED STATES PATENT AND TRADEMARK OFFICE

in e Prict Application of MAIL STOP AMENDMENT

R. Yongain FHAQ Group Art Unity 16843

Application Noo 1443207 Examipers Canella, Karen A

Filed: March 27, 2015 Confirmation No.o 6938

Farr HYDROPHILIC LINKERS AND
THEIR USES FOR CONIUGATION
OF DRUGS TO A CELL BINDING
MOLECULES

AMENDMENT UNDER T OFR. S LI
Commissioner for Patents
BO. Hox 450
Adpxarsdnia, VA 223151450

Commissionen

In vesponse W the Official Agtion dated March 8, 2018, please amend the above

idenmtified application as follows.
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AMENDMENTS TO THE CLAIMS:

This tisting of claims will replace il prior versions, and Histings, of claimg in the

application:

LISTING OF CLAIMS:

L (Currently Amended) A hydrophitic Hinker of formula (D

yw‘gg«%@mggH}*mng-mgws;:
i it Ag,;i \Rh

wherein:

{1

Y represents 2 functional group that enables reaction of the hydrophilic Haker with a cell-
binding agent;

Q and T are either -P=QX0M)-, or -8(00)-, o <S(0);

i and nare integer from U110 3, but not O st the same time; provided that when ms1, s},

€2 18 ot -P=OXOM ¥ sndwhen o=, m=0, T is not -B=ONOM-; and when O o T i S0,

w st oare not i)

£ yepresents s functional group that enables linkage of the hvdrophific linker toa
eytotoxic drig via g disulfide, thivether, thicester, hydrazone, ether, ester, carbamate, carbonate,
secondary, tertiary, o quatsmnary amine, imine, eycivheteroalkyans, heterprromatic, alkoxime o
side bond;

Ry, Ry, By, and Ry, wre the xeme or difforent and are absent, huenr alkyl baving from 146
carhbon atorns, branched or eyelic stkyl having from 3 to 6 catbon atoms, linear, branched ar
eychie alkeoy! or alkynvl, or ester, ether o amide having 2-6 carbon atoms, or polyvethyluucoxy
it of formuls (OUHAUH,, wherein pis an wteger from 1o about 1008, or combination
thereef,

ar Ry, Bo, Ry and Ry are respectively a chain of two or more stons selected from the
group consisting of T, N, O, §, 8% and P that covidently connetts a vellsurface bindin gligand, 2

phosphinate v sulfon ¥l group, a conjugated drug and among themselves (8, Ry, By and Rab
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Ry and Ke, gre the same or difforent and are absent, H, Hosar ol having Howm 146

carbon woms, branched or eyelie alkyl having from 3 to 6 sarbon atonms, lnear, branched or
evelic alkenyl or &}i(}’i‘i.}}-‘i, or ester, ether or amide baving 2-6 carbon stoms, or polysthylencoxy

anit of formuda (OCHCH),, wherein p is an fnteger from 1 to ghout Y, or combination
thereat:

M s H, o Na, o Koor NURR:Ry or @ pharmaceutical salt,

2. (Curvently Amended) A cell-binding agent-drug conjugate of formula (ix

' ‘m 8 R‘; QE{{? -

4 (1

whereim

Cb represents a cell-binding agent;

Brug vepresents @ drug Hoked 1o the cell-binding agent via the hydrophilic Hrder by a
disulfide, thioether, thivester, peptide, hydrazone, ether, ester, carbamate, carbonase,
eycloheteroalkyane, heteroaromatic, stkexime or amide bond:

Qand T are either <Pr=0XO0M)-, or -8(Op)-, ar -S(0)-;

s and 1 are integer from @ 0 5, but not O at the same e provided that when m=l, ne),
Q s not -Pl=0NOM - and when i1, m=0, Tix net ~P{=00M

By, By Ry, and Ry, are the same or different and are absent. Hnear alkyd haviong Hony 18

carbon atoms, branched or ovelic alkoyl havi mg from 3o & carbon atonm, linear, branched ar
eyelic alkenyl or allynyl, or ester, ether or mnide having 2-6 carbon atorns, or polysthylens SORY
unit of .i"m‘;mz.,ia {DCHCHy ), whereln pis an integer from 1 to abeut 1000, or combination
thereof,

or By, Ry Byand Ry are respectively a chain of two v more atonds selected fom the
group conaisting of C, NCGL 8, 81 and P that covalently vonnects 3 colb-surfsce Etsirxfiis:g Hgand, 3
phosphinate or sulfony! group, a conjugated drug and mmong themselves {Ri, Ry, Ryand Ry

Ka and By, avs the same or different and are absent, HL Hnear alkyd having from 1-6

carbon atonw, branched or oyetic alkyl having from 3 10 6 carbon aioms, Hasar, branched oy
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eychic alkenyt or alkynyl, or ester, ethet or amide ) having 2-6 carbon gtoms, or pulyethylensoxy

nnt of formads {{}{335:?353333};},, whersin p s s integer from 1 8 abaw 1000, v combination

thereof

M is H, or Na, or K, or N'R(RaR; or a pharmacentical salt,

3 {Cuerently Amended) A compotnd of formula (D

wherehy

}”‘*‘*Rg‘%‘"‘“‘&&g“g
R R

Ch represents @ sell-binding agent:
(Fand T are cither ~PG0 HOMY-, or -$(00), or -0

4 (am

mand 1 are integer from O o 5, but not § at the smne tme provided that when med, n=0,

Q 15 not -PGHOM - and when s, mll T s ot Pl OM -

g is an integer from | o 20

Zrepresents @ funclional group that enables Hokage of the commponnst to a oviotoxie drag
By & i 3 4

via @ dhwlfide, thicether, thivester, hydrazone, ether, ester, carbamate, carhonate, secondary,

tertiary, or quaternary aming, imine - eycloheteroatkyane, heteroaromatic, alkogime or amide

Ry, s, Ry, and Ry, are the same or different and are abseut, Boear alloy! havi g from -6

carbon atoms, branched or eyelic atkyl having from 3 to 6 carbon atoms, Hoear, hranched or

eyelic atkenyl or athoynyl, or ester, ether or amide having 2-6 carbon atoms, ot polyethylencoxy

nni of formaly {OCHATH ), whereln pis an integer from 1 o ahout 1000, or combination

or By, Rz, Ry angd Ry are respectively o chain of two 6 more atoms selected from the

group consisting of C, N, G, 8, Si, and P that cova alently connects a cell-surface binding lgand, a

A3

hosphinate or sulfonyl group, 8 cond ngated deog and among themselves (B, Ry, Reand Ryn
PRaRE ¥ grenyp 3] & g

s st Re, aee the same or different and ave ghsent, M, Hnear alkyl bavin g from 1-8

carbon mems, branched or eyolic atkyl having from 3 10 6 carbon roms, Huear, branched or
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¥

cyelic alkenyl ar alkynyl, or ester, ether or amide having 2-6 carbon atoms, ot polyethyleneoxy
anit of formala (OCHMUHL, wherein p is an integer from 1 to about 1000, or combination
thereaf!

M is H, or Ma, or K, or N'RRaR; or 8 pharmaceutical salt,

4. Currontly Amendedy A compoand of formula (IV):

Y—RrfQ-R;]

wherei

¥ reprosents a functional group that enables reaction of the compeurd with ¢ cell-binding
agent;

and T ave either ~-F=OWOM-, or -8(0u)-, ov ~S{0%;

m and ngre imeger from O to 5, but not O at the same time: provided that when msl, ns0,
2 18 not -F{=OXOM)- and when =1 =0, T i not ~P=OXOM

"Drug” reprosents a drog inked to the cell-binding agent via the hydrophilic linker by 2
disaifide, thioether, thicester, peplide, hydrazone, ether, ester, carbamate, carbonate,
cyclohetervalkyane, heteromomatie, afkoxtine or smide bond:

B Re Ry, aud Ry, ave the same or different and are ghsens, linoar alkyl having from 1-6
carbon atoms, branched oy cyelic alkyl having from 3 to 6 carbon atomms, Hnear, branched ot
cyclic atkenyt or alkyny, or ester, ether or amide having 2-6 carbon atons, or polyethyvlensoxy
wait of formude (OCHRCHY),, wherein p is an integer fron 1 o abont 1000, or combination
thereof,

ot Ry, By, By and Ry are respectively a chain of two or more stoms sslected from the
group consisting of €, N, 03 8§, 81, and P that covalently connects a cell-surfuce hiswling ligand, a
phosphinate or sulfonyl group, 3 conjugsted drug and smeng thenmselves IRy, Ry, Ry and Ry

Ry and Ry, are the same or different and sve ghsent, M, lincar alkyl having fram -8
carbon atoms, branched or oyelic alky! having from 3 w0 & carbon stoms, Huear, branched or

eyclic atkenyd or alkynyl, or ester, ether or anide having 2-6 carbon atoms, or polysthylencoxy
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wnit of formula (OCHCHa . wherein p is an integer from 1 to about 10, or combination
thereof;
Mis Hoor No, or Koor NP R BRRyar a pharmaceutival salt

-~

5. Carrently Amended) The conjugate of olaim 2, whersin Drug s selected from the group

consisting of)

1), therapeutic agents comprising a3, Alkvlating sgeats comprising Nitrogen mustards
comprising chlovsmbucil, chloreapharine, cyclophosphamide, dacarbazine, eslramusting,
ifosfanmude, mechiorethaming, mechlorethamine oxide b vdrochioride, manmonnnting,
aitohronitol, melphalan, mitolactol, pipobroman, novembichin, phenesterine, preduimustine,
thiotepa, wofosiamide, wracll mostand; CO-1065 and adozelesing carzeleain and bizelosing
duccarmycin, KW-2 1R and CBI-TMI henzodiszepine dirners comprising diners of
pyirolobenzodiazepine (BRBYor tomaymyein, ndolinebenzodi AFEPIVCS,
imidarobenzothiadiazepines, or oxazolidinobenzodinzepines: Nitrosoureas COTPTISING
caesusting, lomustine, chlorozotocin, fotemasting, nimustine, ranminustine: Alkyhaoiphonates
comprising busulfan, treosulfan, iprosutfan and piposulfan; Triazenes: fdacarbazine: Platinuin
containing compounds comprising carboplatin, cisplatin, oxaliplating aziridines comprising
benzodapa, carboyuone, meturedopa, and wredopa ethylenimines sud methylamelamines
including altretamine, tricthylenamelaming, tricthylenephosphoramide,
tricthylenethiophosphacramide snd trimethylnlomelandnel: b), Plant Alkaloids comprising Vinca
alkalowds comprising vineristing, vinblastine, vindesine, vinereibing, navelbin: Taxoids
comprising pachitaxel, and docetaxol, Maytansinoidy comprizing DM, DM, DM, DML DMS,
D6, BM7, maytansine snd ansamitocins, cryptophyeing comprising cryptophyein 1 and
cryptophyein 8; epothilones, elentherobin, discodenmatide, bryostatins, dolostating, suristating,
tubulysing, cephalostating: pancratistating o sarcodictyin spongistatin o). DNA Tupoisomerase
lahibitors comprising Epipudophylling comprising Y-aminocamptothecin, camptothecin,
crisnstol, deunomycin, stoposide, stoposids phosphate, Innotecan, mitexanirone, novanirong,
retingio acids, retinols, feniposide, Wpotecan, S-nitrocanymothecin{RES 2008 mitenyoms; d),

Anti-metabolites comprizing Anti-folate comprising DHFR tnhibitors comprising methotrexats,
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sge ¥

trimeirexate, denoplerin, plevopterin, and aninopterin-d-aminemersieaaid); IMP
deliydrogenase lulabitors comprising mycophenclic acid, tiarefurin, sod ribavirin, BICAR:
Ribonucleotide reductase Inhibliors comprising hydrosyuren and deferox amine; Pyrimiding
compounds compounds comprising urgell compounds comprising ancitabine, azacitiding, &-
szauridine, capecitabine-tXeloday, carmotur, cytarsbine, dideoxyuridine, doxiflusidine,
enocitabine, 3-Fluerouract], Soxuridine, wnd ratitrexed-Tomadeny; Cytosing componnds
comprising cytarabine, eytosine arsbinoside, snd Sudarabine; Purine compounds comprising
axathioprine, fudarabing, mercaptopurine, thismiprine, and thioguanine; folic acid seplouisher;
e}, Hormonal therapies comprising Receptor antagonists comprising sati-estrogen selegtad from
the groap consisting of megesteol, raloxifone, and tamoxifery LHRH agonists opmpriaing
goscrelin, and leuprolide acetate; anti-androzens coraprising bicalutamide, Autamide,
calusterone, dromeostasolone propionats, epitiostanal, gosereling Jouprolide, mephtiostane,
nilitamide, testolactone; and triostane: Vitamin D3 compotnds comprising CUB 1093, EB 1089,
KH 1060, cholecaleiferal, and ergocaleiferal; phatedynamic therapies comprising verteportin,
piithalocygnine, photo sensitizer Ped, and denethoxy-hiypoorellin A; evtokines comprising
interferon-alpha, Interforon-gamma, tumor necrosis factor-tENES), and human proteins
contatning a TNF domain: {1, Kinase inbibitors comprising anti-EGFR/EDL, imatinib, gefitinih,
pegaptanib, sorafenib, dasatinib, swisingd, edotinb, nilotin, tapatintb, axitindb, pazopanit,
343, hafelinib-INCG408), bosutin

£5I-6063, cabozantinib, vismodegib, iniparib, ruxolitinih, CYTIST, axitingb, tivozanih,

vandetanth, anti-YEGPFR2, muobeitinib, ponatiniba?

serafenib, bevactzumab, cetusimab, Trastuzamab, Ranibizumab, Panitumumab, and ispinesily:
£). antibiatios comprising enediyne antibictics comprising calicheamicins comprising
calicheamicin ¥, 81, ad and B1: dynemicin selected from the group consisting of dynoessioin &
and deoxydynerniein: eapersmicin, kedavcidin, 1027, maduropepting neocarzinostatin
chrmophore and chromoprotein enediyvie antioliotic chromomophores, aclacinomysing,
actinomycing, authranyein, azasering, bleomycins, cactinooyein, carabicin, carminomyein,
carzinophiling chromomyeins, dactinomyein, dasnorubicin, detorubicin, S-iaz0-5-050-L-
merlencine, doxorabicin, morpholino-doxorahicin, eyanomorphobino-doxorubictn, 2-pyroling-

dosorabicln and deoxydozornubicin, epirubicin, ssornbichy, idarabichn, marceliom o,
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nitomyetas, mycophenolic acid, nogalamyein, slivomycins, peplom soi, potfiremyein,
puromycin, guetamycin, rodorubticin, streptonigrin, streptozocin, tubereidin, ubenimes,

zinostating zorabicing h). polyketides comprising bullatacin snd bullatacinans: gemuiiabine,

epoxomicing, borteromib, thalidemide, lenalidomide, pomalidomide, tosedostat, sybrest
LYBRESTAT, PLXSOIZ, STA-S090, Stiawevan STIMUVAX, alleseatin g AL LOVECTINGG,
Hegera XGEVA, Provenge PROVENGE, ¥esvoy YERVQY. Bsoprenvistion inhibitors,

Dopaminergic neuretosiog, Cell ovele inhibitors, Actinomyein D, bleomycin A2, bleonsyein B2,

and peplomyein, Anthracychines comprising daunorubicin, adrinyoin, darubicin, epinbicin,
pirarulsicin, rorabicin, and mioxenirons, MDR inhibitors, Ca™ ATPase ihubitors, Histone
deacetylase inhibitors comprising Vortnostar, Bessidepsin ROMIDEPSIN, Panubinostat,
Valprole acid, Mocetinostal-eMGEDOIER), Belinostat, POL24781, Bntinostat, $BO38,
Resminostat, Givinostat, AR-42, CUDC- 101, sulforaphane, and Trichostatin AL Cg

onxib,
glitazones, epigaltocatechin gallate, Disulfivam, Salinosporamide AL Asti-adrenals com prising
aminoglutethinvde, mitotane, and tilostane; sceglatone; aldophosphamide ghycoside;
aminolevulinie acid; amsacrine; arabinoside, bestrabucils bisantrene; edatraxate; defofamine;
demeralaine; daziquons: cHomithine{BEME, elfomithine: siliptiniom acetate, sioglacid:
gallium nitrate; gacyiosing, ihandronate, lentinan; lonidamineg; mitoguasone; mitoxantione:
mopidamed; nitracrine; pentostating phenamet; pirsrubicing podophylinic acid: 2-ethyihvdraride:
procarbazine; PSK®; razoxane; thizoxing sizofiran: spirogermanium, tenuazonic acid:
friszignone 1,22 irichlorotriethylamine; trichothecenes comprismg T2 toxin, verruearin A,
roridin A and snguidioe vrethane, sIRNA, antisense drugs;

2}, anti-antoimmune disease agents comprising eyclosporing, eyclasporine A,
aminocaproie acid, aeathiopring, bromocripting, chlommbuctl, chloroquine, cyclophosphamide,
corticostereids comprising amcinonide, betamethasone, budesonide. hydrocortisone, Munisolide,
flutivasone propiotate, Huoconolons danazol, dexamethasone, Trimncinolons acetonide, and
beclometasone dipropionate, DHEA, enanercept, hydroxychloroguine, infliximab, meloxicam,
methotrexate, moletil, mycophenylate, prednisone, sirolimus, tacrolimas,

3} anti-infections disease agents comyprising gl Aminoglycosides comprising amikacis,

sstromicin, gentamicin {comprising netibmicin, sisomicis and isepamicty, hygromyein B,

KA
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Kenamyein fcomprising amikacin, arbekaein, bekanamyeln, dibekacin, and robramyeing,

neomyein (pamprising framycetin, paromormycin, and ribestamycing, netilmivin, speetinmmycin,
streptonycin, and verdaraicin; b). Amphenicels comprising azidamfenicol, chioramphenicad,
florfenicol, and thiasmphenical: ). Ansamycins comprising geldanmnyein, and habimyein: 4).

Carbapeness comprising blapenen, doripenei, ertapenen, iipensw/cilasiating meropenerm,

and panipenern; ¢). Cephems comprising carbacephem-torscarbel, cefacetrile, cefaclor,
cefradine, cefadroxil, cefalontum, cefaloriding, cefalotin or cefalothin, cofalexin, cefaloglveln,
cefamandole, cefapivin, cefatrizine, cofazafiur, cofaredone, cofazalin, cefbuperazens, cefcapens,
cefdaloxime, cefepime, cofminos, cefoxitin, cefprozil, cofroxadine, cefterole, cofiwoxime,
vefixime, celdinir, cofditoren, cefepime, cefetamet, cefimenoxime, cefodizime, cofonicid,
cefoperazone, ceforanide, cofotaxine, cefotiam, ceforopran, cephalexin, cofphmizole,
cefpirmmide, cefpirome, cefpodoxime, vefprozil, cefquinome, cefsulodin, coftazidime, coltorany,

0¥

ceftituien, cefticlene, ceftizoxime, ceftobiprole, coftiiaxone, pefurogime, cefuronam,

2

cephamyein eomprising cefoxiting, cofotetan, and cefmetazoled, and oxacephem {Lotuprsing

flemonel, and latamoxefy 0. Glveopeptides comprising Meomnyein, vancomyeinderitavancin
telavaneia), folcoplaniv-(datbavancing, and ramoplaning gi. Glyeyleyelines; i) B~Lactamase
anchactans, and clavam-felssnlaniensidy 1),

Lincosamides comprising clindamyein, and Hncomyeim i Lipopeptides comprising

inhibitors comprising penam-feulls

daptomyein, AS4145, and calcimm-dependent antibiotics {6 k). Macrolides conmprising

azithromyuin, cethromyein, clerithromyein, dirithromycin, erythromycin, Horithronyeis,

josamyein, ketolide-Gelithronyein-cothromyeain, midecamyvin, miccamycin, nleandomycin,

rifamycins-Gifamplelscrifampiae sifabut

trofeandomycin, wd telithromyeiny 1 Monobactans com prising gxtreonam, and Hgemonany

atined, rokitimyein, roxithromyein, spiramyain,

s Oxazolidinenes; 0). Pendcilling comprising amoxicillin, amploillingpivampiciliinhetaatiling

bassmpioilin-metampleiiline

benzylpenicithn, benzathine phenoxymeth ylpenicillin, clometocillin, procaine henayipenivillin,

tmpieiting, axidociilin, axlocillin, hensylpenicitlin, benzathing

carbenicillindearindectiiing, cloxacillin, dicloxacilling epicillin, fnclossciiting mecillinam

tpramecithnesy, mexlocillin, metivillin, nafoillin, oxacillin, penameeiiiin, penicillin,

phenetivillin, phenosymethylpenicillin, pipeacillin, propicitiin, sulbenictilin, tomociiling and
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tcarciiling o). Polypeptides comprising bacitvacin, colistin, and potymysin B: p) Quinolones
comprising alatoflosacin, balofloxacin, ciprofloxacin, dlivafloxacin, danafloxacin, diffoxacin,
enoxacin, eovofloxacin, floxin, garenoxacin, getifloxacin, semifloxacin, grepafloxacin, kano
trovatloxacin, levofloxacin, lomefloxacin, marbofloxacin, mosifloxacin, nadiflonacin,
norfloxacty, orbifloxacin, ofloxacin, pefloxacin novatlosacin, grepatioxacin, sttafloxacin,
sparfloxacin, temafloxacin, tosufloxacin, and tovafloxacin: g} Streptograming comprising
pristinamyein, and quinapristin/datfopristind; r). Sulfonamides comprising mafenide, prontosil,
sutfacetamide, sulfamethizole, sulfanilimide, sulfasalazine, sulfisoxazole, trimnethopring, and
Erizﬁeﬁmprim“s;z;‘ii“&iﬂiﬁhi}}imf;ﬁiﬁwﬁwfm&&}; s} Steroid antibacterials: 1. Tetracyolin
comprising doxyoyelive, chlonetracyeling, clormoeyehine, demeclocyeling, bymecyeling,
mectoeyehins, mamcwi;m mnocycline, exytetracycling, penimepicycling, rolitetracyeline, and
tetrawycling; v} antibiotics comprising annenacin, arsphenamine, bactoprenol inhibitors,
DADAL/AR nhibitors, dictyostatin, discodermolide, sleutherabin, spothilone, sthambated,
cloposide, faropenem, fusidic seld, fuarolidone, isontazid, faulimalide, metronidazole,
mupirecin, mycolactone, NAM synihesis inhibitors, mitrofuranton, paciitaxel, platensimyein,
pyrazinamide, quinupristin/datfopristin, rifampin, weobactam tinidazole, and wvarictn
4} anti-vival deugs conprising ab Enirv/fusion inhibitors ven npnsing aplavireg,

maraviver, viariviroe, enfovistide, PRO 140, and shalizumab; b). Integrase inhibitors comprising
raltegravie, ti‘hi‘i&,“id‘s’iit and globoidnas A7 ) Maturation inhibitors comprising bevirimat, and
vivevon: di Newaminidase inhibitors comprising oseltamivir, zanansiv 1 and peramivirg ).
Mucleosides & nucleatides comprising shacavir, aciclovir, sdefovis, amgloxevir, apricitabing,
brivadine, cidofovir, clevading, dexelvuchiabine, didanosine<ddh, elvue sitabine, envricitabine
6, entecavir, famcielovir, fnorouracil-S-B4, Y- fluoro-substituted 2 F-dideowynuciooside
componnds comprising F-fluoro-2' 3 dideoxythymidine S Band 3 fluore2’ 3

dideoxyguanosine-FEGS, fomivirsen, ganeiclovir, idoxuridive, nstvudine-£398), Laocleosides
comprising fi-1-thymidine and §-1-2-deoxyoytidine, penciclovis, raciviy, stampidine, stavading
-, tartbavivin-Guisasmidine), telbivuding, tenofoviy, irifluridine valse whovir, valganciclovi,
saliitabinedde, and 2idovadine+A8E): §1 non-mcleosides comprising smaniatine,

ateviridine, capravivine, diavvlpyrimidines, delavivdine, docosanel, emivivine ofay R,

DAC EX. 2027 IPR2022-01531 Page 10 of 91



Attomey Docket No. QORS397. i‘iﬁt*ﬁi}%
Apphication No. 14/

foscarnet<phos }, imiguimod, interforon alfs, lovivide, lodenosing, methisazons,
nevirapine, NOV-203, peginterforon alfy, podophytotosin, vimantadine, restquimod€R-8483,
and tromartadine; g) protease inhibltors vomprising amypwenavie, ateranavir, boceprevis,
darunavir, fosamprenaviz, fndinavie, lopinavie, nelfinaviy, plecanaril, rhongviy, saguinaviy,
ielaprevie-GVoC-R80, and tipranavin by anti-virus drag g8 comprising-abevme ABSYME, mlddet

,.»\..«

ARBIDOL, calanolide o, coragenin, cyanovisinen, epigallocatechin gallae{BGEGE, fosearnat,

wek: hydrosyurea, KB-1461, miliofosing, 1 pleconaril, portmanieag
e RIBAVIRIN, and seliciclin:

Hr-havinga radioise smpe: of TH, 10, M, BR, Mp Vg Moy Mg, Sy

griffithsin, sast

inhibitors, s
3} anvebd

Fre, M, AL, BB e TG M A or B and

&), pharmaceutically scceptable salts or scids of any of Do S

&, (Previously Presented The conjugate of claim 2, whersin Drug is selected from the group
consisting of wbalysing, calicheamicing, swristatins, maytansmeids, CC- 1065 vompounds,
morpholings doxorubicins, taxanss, cryplephyeins, epothilones, and benzodiazepine dimers,
SIRNA or a pombination thereof, and pharmaceutically aceeptable salts or acids of an yoaf the

ahove,

7. {Previously Presented) The conjugate of elain 2, wherein the coll hinding agent Is selected
from the group eonsisting of antibodies, profetas, vitaming, peplides, polyvmeric micetles,
liposomes, Bpoprotein-based drug carviers, nano-particle drug carriers, dondrimers, and

comnbination thereot,

8, (Currently Amended} The conjugate of clains 2, wherein the cell-binding agent is confipured
i bnd 10 target cells which are selected fom the group consisting of turnor cells, virus infected
oetis, microorganism infected cells, parasite infocted colls, autoimmane cells L dctivated vells
myeloid cells, sctivated Teeells, B cells, oy melanoeytes: colls cxpressing the OIS, CD2G,
D22, CR30, CD33, CIG7, CD38, CD40, DS, ODS2, Cse, Chas, CDT0, CD74, Co7,
OB, CURR, CDI23, T2, D227, CDI62, CDI0Y, CDIZ6. CRACAMS. CEACAMS

DAC EX. 2027 IPR2022-01531 Page 11 of 91
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teareinpembeyanieantisay), DLL4-A-Hike-§), BOFR, OTLAY, OXUR. A8, Endoglin
RS, EPCAM (epithelinlcelladhosionmelesule), FREBEIL iidertiabiranlr-Facior
Hecepterdy, FOGR 1, FOLRHolate-seeepton), GD2 ganghiosids, (3-2 S-ta-eutl-ensfoce-antigen
ghyvolipid), GDA idiotype, Heat shoek proteins, HER 1, HER2, HLADRI g, HLA-DRR, human
chortonie gonadotropin, IGF] R tasabin-like-grovth-faete wi-rageptes, -2 receplos-dintertaulin
Frecoping), IL-6R-tnsetoukis o), Integrinsfen B8 B-a684 SRS,
MAGE-1, MAGE-2, MAGE-3, MAGE 4, anti-wansfersn 1‘@&3@;}&'{}1\ p‘?*“,?; f‘zfiSri;%}»w@}amﬁwm
spanmng-d-dompinse-g
gpill MARTL, MPG, MS4A - toembranespanning-J-domet ﬁ»ﬁﬁ%@é&ﬁ}%&} Nugleolin, Moy
aueogene product, P21, Parstope-antibody having o paratope of anti- {N-glycolylneuraminie
aciedy, PLAP ke testicular alkaline phiosphatase, PSMAL FSAL RORO4L, TAG T2 v

T cell transmembrane protein, Tie (GBI, TNFRSFIOBdiumes

%@?&ﬁﬁ}ﬁ%‘-ﬁmﬁ%} W&%Cmﬁ%&ﬁm&%ﬁ reppratany, TRAIL-R lymornesrasiy

AT

shor-ds, VOAM- {w{-@' HR08y, VEGEF, VEGE., &, VEGF 205

spepiasis-dy
Candg, CALLA, and cells expressing tnsulin growth factar receptur, or epidermal growth factor

RCEROT.

2. (Previously Presented)y The conjugate of claim 2, whersin the cell-binding agent 1 an
antibady, a single chain antibody, an anfibody fragment that binds © 8 target cell, 3 moneclonal
antibody, & single chain monecions! satibedy, ov 2 monoclonal antibody fragment thas binds the
target coll, & chimeric snibody, ¥ chimesic antibindy fragment that binds to the target cell, a
domain antibody, & domain antibody fragment that bads to the target cell, & resusfaced arwilnndy,
A resurfaced single chain antibody, or a resurfaced antibody fragment that hinds  the targes oll,
a humanized antibody or a resurfaced antibody,  humanized single chatn anttbody, ora
humarized antibody fragment that binds to the target cell, 2 tvinphokine, & hormong, & vitamin, g
growth factor, a colony stimalating factor, or & nutrisst-transpont molecnle,

¥

L (Previously Presentady The confugate of claim R, swhereln the fumor cells ars soleetad from

DAC EX. 2027 IPR2022-01531 Page 12 of 91



Attorney Docket No. QUESSO7000003
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the group consisting of lymphoma cells, myeloma cells, venal vells, bregst cancer cells, prostate
cancer celly, ovarian cancer cells, colovestal cancer vells, gastric cancer colls, squamons caneer
colls, small-cell Tung coneer celly, testicular cancer cells, and colly that srow and divide atan

snregudated, quickened pace to cause canvers.

L (Previously Presented) A pharmacentical composition comprising & thevapentically effective
amount of the conjugate of claim 2, and 4 phasmacentically seeplable salt, carvier, diluent, or

exeiptont therefor.

12, {(Previously Presented) The conjugate of claim 2, wherein the drug is selocted from the
group consisting of & toxin, a chomotherapentio agent, 4 drug moist ¥, an antibionie, g radivactive
tsotope, and ¥ nucleulytic cnzyme.

L3 {Canceled)

. Currently Amended) The conjugate of elsim 2, wherein the Conjugate comprises one o

move linker eomponenis of S-maleimidocaproy -6, maleinilopropanovi- MR, valine-

citrulline-tvadelt, alanine-phenylalanine-tala-phey, praminnbenzyioxyearbony4BARS, 4-thin-
pontanoate-t588y, 4(N-maleinidomethyDeyelohexane- 1-carhox viate-MEE, d-thio-butyrate

£SFBEY, maletniidocthy] containing 4B}, 4-th wo-2-hydroxysulfonyl-butyrats 2-Sulfe-SPRRY

and (d-geatyhaminobenroate-4SEARS,

15 (Currently Amended) The conjugate of olaim 2, wherein Prrug s selected from the group
consisting of tbnlysins, maytansinolds, taxanoids-Gaxanes), CC-1065 compounds, dannorubvicin
and doxorubicin compounds, benzodiazepine dimers, calicheamicing and the enediyne
antibiotics, acticomyehy, azaserines, bleomycing, epirabicin, tamoxifen, idarubicin,

dolastatindauristating, dupcarmycing, thiotepa, vincristing, hemiasterfins, and esperauicing.

16 (Previpusty Presented) The conjugats of elaim 2. having o vilre, i vive or ex vive cell

DAC EX. 2027 IPR2022-01531 Page 13 of 91
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Killing gotivity,

17, (Previously Presented) The conjugate of clajin 2, wherein the conjugate comptises either a
peptide of 1220 uoits of natural or unnateral amine acids, or & peansinchenzyl unll, or g &
maleimidovaproy! unit, or s disulfide unit, o 2 thioether unit, or a hydrozone wnit, or an

alkoxime unit,

18, (Previously Presemted) The conjugate of olaim 2, wherein the conjugate is cleavable by a

pretease.

19, (Previously Presented) A pharmuacentical composition comprising the conjugate of olaim 2,

and a pharmaceutically secoptable earvier,

20 {Proviously Presented) A phurmaceutival composition comprsing & therapeutically effsctive
amonnt of the conjugate of ¢laim 2, and a chemotherapoutic agens, radiation therapy agent,

ummunotherspy agent, sutoimmune disorder agent, or anti-infectious agont,

41 (Previously Presented) The hydrophilic haker of claim 1, wherein @ comprises a thie,

disulfide, amino, carboxy, aldehyvdes, malcimide, halvacetyl, hydvazing or hydroxyt group.

22 (New) The conjugate of clatm 2, whereln the drug is devived from g drug contaming @ ~8H,
SCONHNH,, 8, -COR™ or -NHR™, wherein R® is L, CHy, Bt Pr, Ba, or Phy andfor the cell-
binding sgent is iy antibody or profein.

23, (Mew) The conjugate of claim 3, wherehy the eytotoxic drug is a drug containing g -8, -
CONHNHy, -2, -COR" or ~-NHE”, wherein R & H, O Hy, B P, By, or Phy andfor the cell-

binding agent is an antibody or protein.
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24 (New) The conjugate of claim 4, wherein the drug is derived from a drag containing a ~SH,

e

SCONHNHG, -2, «COR” or ~-NHE”, whersin R i H, CHs, B Pr, Bu, o Phy andfor the oell-

binding apent iy an antibody or potein,
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REMARKS

Entry of the foregoing, reconsideration of the subject mater identified in capiion, s
amended, pursaant to and consistent with 37 CER. $1.111, and in Heht of the remarks which
follow, are respeaifully requested.

in the present Smendment, elaim 1 has been amended to further dofine BB, O, T
and v Clalms 2+4 also have been amended to further define R-Re Support for these
amendiments cen be found throughout the Specification, particularly, the Examples (see, ez,
Examples 69, 75, 86, 116, 122, 128, 135, 138, 142 and 147}, Claims 5, 8, 14 angd 15 have been
amended to further improve thelr form. New elaims 22-24 have heen added. Support for olaims
2234 cum be found throughont the Specification, particularly, Flge. &, 7,11, 15, 18, 16 and 18
Cladm 13 was previcusly cancelled. N now maiter has been added. U jponantry of the

Anendment, olainay 1412 and 1424 will be gl the claims pending in the application.

L Hesponse to Claim Objection
Claim 5§ was objected to for informalities. Applicant respectfolly subumits that claim S as

amended does not contain informalities,
I the Amendment, claim 5 has been amended to cerrect 2 typographical error, by
veplacing "Kegeva” with —-XGEVA-, as suggestied by the Bxaminer, Acvordingly,

P

reconsideration and withdawal of the objection are respectfully requested,

ik Respouse to Refections yuder M USC 3 112

A Claims 3, 8, 14, and 15 were rejected under 35 U.S.CL 112 {pre-ATA) second
parsgraph, as being indefinfte. Applicant respectfully submits that the claims as avended are not
indefinite.

fn the Amendment, claims 5, &, 14, and 15 have been amended 1o delete certain
parentheses therein. Claim 14 has begn amended o dolete the word Yeomtaining.” Claim 8 hag
been amended to specify “antibody having 3 paratope.” Further, claitn $ has heen smended g
capitalive trademarks therein, Accovdingly, reconsideration and withdrawal of the tefection are

respectinlly requested.

DAC EX. 2027 IPR2022-01531 Page 16 of 91
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b Clatn & was refected under 35 US.CL 112 (pre-ATA), flest paragraph, as failing to
comply with the written deseription requirement,  Applicant respectiully submits that olaim 5 as
amended complies with the written description reguirement.

In the Amendiment, claim 3 bas been amended to recite Ya radiotsotope.™ Accordingly,
reconsideration and withdrawal of the rejection are respectiully reguested.

< Claims 2412 aned 14-21 wete rejocied under IS LSO 112 {pre-&dA), fist
paragraph, as failing 1o comply with the enahlement requirement, Applicant respectfully
traverses the rejection for the following reasons,

The Office Action asserts that

The spes.;\‘zmtzm} has described conjugation the synthesis of hi-
fanctional mono, bi, et and terraphiosphinate linkers enabling conjugation
to a drug via reaction of a thisl groap on a drug molety and conjugation of
& profein or antibody via o malemiddo [sic, maleimido] gr oup on the
oppusite end of the linker. The use of the malemide gronp i protein and
antibody conjugation is well known in the st However, claim 5 is not
Hmtted o drugs or biologically active proteins having a fres thiol group .

The \g‘seui‘suzizm“\ prov ides note aching or guidance on the modifiontion ski
the muliiude of aimm - to provide a free thied group for conjugation o
the Haker such that the §’ﬁ(}§"§iiia&ii{m and/or the conjugation of the drug,
products or cells preserves the required function of the drug,
nnlticompanent products or cells, Thus, ote of skill in the art would e
roguired o detormine how to modify all the drugs and multioo: ponent
products required o claims {sie, claim] 3 such that the cxpected biclogical
functions of the drugs md products are maintatsed and iF such
modification was possible. Based on this roquirement, one of skill in the
art would be subject o undue experimentation withons reasonable

expectation of suceess in order 1o make and use the broadly claimed
compounds of claln 8. (Office Action a1 pages 4-5)

Applicant respectfully disagrees. As set forth in the previons Amendment, one skilled i
the art would be able o synthesize conjugates of the drgs recited nolaim 3, through an
appropriate chemical reaction with the linker to form a disnifide, thioether, thicester, peptide,
hydrazone, cther, ester, carbamate, car hotte, seeondary, tertiay .00 quaternary aming, nning,
eyclobeterogliane, haterogromatic, alkoxime or amide bond.

The present speeification alse provides specific examples of we acting the Huker with

vagions drugs, besides the drags with a ~SH gronp. For example, in Fig, 11, Drug-CO-NHNH,

DAC EX. 2027 IPR2022-01531 Page 17 of 91
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13 used 1o convert Compounds 150 and 152 e Compounds 154 and 153, respectively in Fig

13, Dirng-= s ueed o convert Compound 166 inte Compound 167; ta Rig. 15, D FOGR 18

wsed to convent Compounds 193 and 196 jnto Compounds 194 and 193, respectively) w Fig. 16,

Diug-CQ-R™ is used to convert Compounds 201 and 204 into Compounds 202 and 203,

respectively; and in Fig 18, Drug-NH-R™ i nsed to convent Compound 238 o Compound 229,
The Gffice Action also asserts that

Claing S . the "drug” includes an anti-infectious disoase agent e
an anti-viral agent L. The conjugate of the instant invention IS 2
cell binding agent, but for rocogmition of noreretroviral or non-lentiviral
viral infections, the virus ftself will be bound, rather than the vell
harboring the vivus. As a free virus i not a cell per se, the targeting of a
free virus cannot be carried out by a Scell-binding sgent” required by the
conjugate of instant claim 2., (Office Action ot page 5)

The Examiner appears to misread the claim langnage. Specifically, elaim 2, from which

elaten 3 depends, recltes 3 cell-hinding agent-drng conjugate of formauda (I

h K;‘{'{}““ RZH }‘““R‘g%“w ?4“""‘ ﬁ?‘ﬁg '
‘ m BR,Ry Je

Newe that Dvag and the cell-binding sgent Cb are both present in formuda (D, Claim 8

! {11

further specifies that Drug includes, among others, an anti-infectious discase agent oF an anti-
viral drug, However, the claim does not require thet when Drug is an anti-infectious diseass
agent or an anti-vieal diog, the cell-binding agent bind to the target virus.

Applicant advises that both bacterial and virel colls SXPIESs cortain antigens on thelr
celt surfaces, the antibody-drug conjugates therefore can bind, bo endocytosed and then kil
the abnornal cells, the same a3 for tamor colls. See, eug., Pinous, et al., Design and T Vive
Charaoterization of Immsnoconiugates ¥ wrgeting HIV gpi60, Journal of Virology, onling
publication, Qctober 19, 2016 (51 pagesy: and Lehar, ot al., Novel antibody-antiblotic
conjugste oliminates imtracellnler 8, gqureus, Nature, 2015, 827, 303328, copies of which
are attached hereto.

In view of the Toregoing, reconsideration and withdeawal of the rejection are respeetfully

requested.
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L Response i Belection under BB USC 8 182

Claim 1 was rejected under pre-ATA 35 US.CL102(0) as being anticipated by WO
Y7897 wo Lees. Apphicant respeetfully submits that claim 1 g8 smended is novel and

patentable over Less for at least the following reasons,

Lees discloses protein/polyseccharide conjugates prepared via 8 heterobifunetional
vinyisulfons, suchoas an Nhiydmxysuccinimide vinylsalfone having the following structure:
Py v ¢
i;ﬂ \N JERN 0»»-,»-?}».»,;{,*3/';%:

e é}
‘yW:ﬁg‘%{}“ggH?‘mﬁs%ggéwg
: m 8 g,,{; ‘R{}

X

e,
i

This compound corresponds 1o

& -
- f
[N g
recited in olaim § ol the present gpplication, where ¥ i G S o THSR O m

forndis 1, nfor m) s U, RofRa) and Ry-Re are absent, angd 257

On the other hand, claim § of the present application recites that when £ av s -5(00)-,
weand 1 are not 9, thereby excluding the above noted compound desertbed 1o Loss,

I view of the above, reconsideration and withduowa! of the rejection are respeetiully

reguested,

IV, NMew Clsims

Newly added claims 22-24 depend from olaing 2, 3 or 4, and thos are patentable at logst

for the reasons set forth ahove.

¥. Conclusion
From the foregoing, further and favorable action n the form of & Notice of Allowanee is

beheved 1o be next in order and such action is earnestly solicited, If there are sy questions
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concerning this paper or the spplication in general, the Examiner is invited o telephone the
undersigoed st his earfiost convenience,

The Director is hereby authorized to charge sny appropriate fees under 37 CER. 88 116,
LAT and 1.200d) and 12T shat may be requived by this paper, sud to credit any overpayment, to

Reposit Acooumt No, 924800,

Respectiutly submitted,

BUCHANAN INGERSOLL & ROONRY PO

Date: March 202008 By

Fang Liu

Registration No. 31283
Customer Mo, 21538

T3 38 6820
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32 ABSTRACT

34 The envelope (Env) giycoprotein of HIV is expressed on the surface of productively-infected
35 cells, and can be used as a target for cytotoxic immunoconjugates (ICs), in which celi-killing
36  moieties including toxins, drugs, or radionuclides are chemically or genetically linked to

37  moneocional antibodies (MAbs) or other targeting ligands. Such iCs could be used to eliminate
38  persisient reservoirs of HiV infection. We have found that MAbs which bind fo the extemnal lcop
39 ofgpdt, e.g MADb 7B2, make highly effective ICs, particularly when used in combination with
40 scluble CD4. We have evaluated toxicily, immunogenicity, and efficacy of the 1Cs targeted with
41 7B2in mice and in SHIV-infected macagues. In the macaques, we tested immunotoxins (ITs),
42  consisting of protein {oxins bound to the targeting agent. [Ts were well tolerated, initially

43 efficacious, but ultimately limited by immunogenicity. In an effori to decrease immunogenicity,

44 we tesied different toxic moieties, including recombinant toxins, cytotoxic drugs, and tubulin

inhibitors. |Cs containing deglycosyiated ricin A chain prepared from ricin toxin exiracted from

46 castor beans were the most effective in killing HiV-infected cells. Having identified

__

47  imrmunogenicity as a major concern, we show that conjugation of IT to polyethyiene giyeol limits

48  imrmunogenicity. These studies demonstrate that cytotoxic {Cs can target virus-infected cells in
49  vivo, but aiso highlight potential problems {o be addressad.

50

7///////////

___
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INTRODUCTION

The HIV enveiope glycoprotein (Env, consisting of precursor gpi60, transmermbrane
gpd1 and surface gp120) is expressed on virions and infected celis, and is the target of HIV-
neutralizing antibodies (Abs). HIV-infected cells present in virus reservoirs may be fargeted with
anti-Env monocional Abs (MADbs), either as unmaodified MAbs exerting cytotoxic effects through
Fe-mediated mechanisms, or as cyiotoxic conjugates. if the toxic moiety is a protein derived
from a plant, bacterial or animal source, the IC is termed an immunotoxin (IT). If it is a small
drug, then the term Ab-drug conjugate (ADC) is commonly applied. ICs containing high-energy
isotopes are known as radio-ICs and unlike ADCs and ITs do not require internalization to kill
cells. Anti-Env iTs and radio-iCs have been shown to have potent in vifro anti-HIV activity at
therapeutically obtainable concentrations, when tested in a variety of different cell types,
including primary T cells and macrophages, and tested against clinical virus isolates. Efficacy
has also been demonstrated in murine models of active and persistent HIV infection (1-13).
Expression of Env on the cells that constitute persistent reservoirs in ART-suppressed patients
may be through ongoing low-level, anatomicalily-localized transcription of viral RNA, or may
require pharmacologic activation of latent provirus utilizing so-called “activate and purge”
protocols (14-17). We propose the use of cytotoxic Abs and 1Cs to actively purgs cells
axpressing Env.

We have previously reported that the most affective iTs were obtained using MADbs that
hind to epitopes located in the extraceliular loop domain of gp41, such as MAD 7B2. These iTs
are especially effective when used in assoeciation with soluble CD4 (sCD4), which destabilizes
the interaction petween gpi120 and gp41, causing increased exposure of this partially obscured
epitope (4, 8, 18). Cthers propose targeting the CD4 binding-site {CD4bs) with sither MADBS, or
sCD4 self (1, 5-7, 9-11, 13). In a companion publication, we again confirmed the efficacy of
MAb 7B2 + sCD4 in killing infected cells and celis stably expressing transfected Env as
compared to highly potent broadiy-neutralizing MADbs that oniy killed cells stably expressing Env,

4
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93 bul not infected cells (Pincus, 3.H., ef a/, ldentification of human anti-HIV gp160 MAbDs that
94  make effective ITs, submitted for publication}. We also demonstrated that size limited the ability
95  of ITs targeted against the CD4bs to kili HiV-infected cells. Smaller {Ts using Fv and Fab
96  fragments of MAbs were effective, but larger {Ts using the same V regions in intact IgG were
97  not. Size did not affect the funciion of iTs targeted elsewhere on Env.
98 in this publication, we describe in vivo efficacy studies of anti-Env ITs, using both a SCID
99  mouse model and SHiV-infected macaques. We compared MAD 7B2, which binds {o the
100  exernal disulfide ioop of gpd1, conjugated to degiycosylated ricin A chain (RAC) to ITs that
101 iarget the CD4bs. We provide evidence that [Ts were well-iolerated and initially efficacious in
102 BHiV-infected macaques, bul that immunogenicity blunted this efficacy within 2-3 weeks.
103 Effective doses of IT were <1% the dose of “naked” Abs shown (o have potent antiviral effecis in

104  similar SHIV infections (19, 20}, or in HIV infected humans (21). To minimize immunogeanicity,

105 we made 7B2-based |Ts with recombinant toxins and produced ADCs with 782, which were

106  effective, but required higher concentrations. However, coupling the {Ts with polyethyiene givcol

107  decreased immunogenicity without compromising specific cytotoxicity. The data support the

__

108  continued development of iCs capabie of killing HIV infected cells expressing Env.

109

o

7///////////

___
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110 MATERIALS AND METHODS

b

111

.
i

i
i

112 Human Samples

.

113 Human blood was obtained from adult volunteers providing written consent. Blood was

%

R

.
__

114  drawn by study nurses who provided blinded samples to investigators. The IRBs of L8U Health

-

115  Sciences Center (IRE# 5030) and Children’s Hospital, New Orleans (ARC# 01-140) approved

i
.

Ty

116  ihe drawing of blood from healthy donors for research purposes. Leukapheresis packs were
117  obtained from Research Blood Components, LLC (Brighton, MA). Cells were from de-identified
118  individuals tested to be negative for known infections prior to leukapheresis. Commercially
119 obtained, de-identified cells are exempt as human subjects research.

120

121 Animal Studies

122 Macaca nemestrina (pigiailed) and M. mulatfa (rhesus) were studied. Animals were

_

D

7

123 infected with SHIV 162.P3, KU-1, or 8%.6p. Animals were housed at the Washington National

___

Primate Research Center (WaNPRC) and at Advanced BioScience Laboratories. All studies

__

were performed in compliance with the National Institutes of Health "Guide for the Care and Use

126 of Laboratory Animals”, were approved by the appropriate Institutional Animal Care and Use
127  Committees, and ali procedures were performed according 1o protocols pre-approved by the
128  JACUC. Animals were under the care of a licensed veterinarian and all efforts were made to
129  minimize animal pain and suffering, in accordance with the recommendations of the Weatherall
130 report. Analgesics, anesthetics and/or tranguilizers were used to limit discomfort, distress, or
131  pain associated with experimernial procedures. Facilities were accredited by the Association for
132 the Assessment and Accreditation of Laboratory Animal Care International and registered as a
133 UESDA Class R research facilities. WaNPRC is certified by the NiH Office of Laboratery Animal
134 Welfare (OLAW A3464-01), and experiments were performed under protocols 2370-12, 2370-

135 20, 2370-18 and 2984-04, all approved by the University of Washington IACUC. Animal studies

.

__

DAC EX. 2027 IPR2022-01531 Page 26 of 91

_

ALISHIAING TTENHOD AQ 9L0Z LT 48qo100 uo /B0 wse A/ dny Woy pepesiumod



140

141

142

143

144

145

146

147

148

149

at Advanced BioScience Laboratories (OLAW A3467-01) were performed under IACUC-
approved protocol AUP 315, Details of animal husbandry at each site have been published (22).
Macagques used in these studies were previously enrclied in vaccine studies. All had
been infected with SHIV for several years, and many were developing symptomatology and/or
laboratory findings consistent with early AIDE. Rather than euthanize these animals, those that
were net acutely i, suffering, or in pain, were chosen for these studies. |Ts were administered
{0 sedated animals by IV injection over a 10-20 min period. Vital signs were measured prior to
the administration of ITs, and in the |atter stages of sedation. Animais were obhserved clinically
throughout the foliowing day, and daily thereafier. Blood chemistry and CBC, were monitored 1-
2X perweek, CD4 counts and viral load were tested weekly. Animals were weighed weekiy.
Mice used for testing iTs and ADCs for anti-HIV efficacy and for studying
immunogenicity were housed at the Research Institute for Children, New Crieans (OLAW
assurance A-4336-01). Studies were performed under IACUC approved protocois 108 (HIV
studies) and 109 (mmunization). NSG mice (NCL/SCiD/gamma-chain KO) were obtained from
Jacksen Labs, and bred in our facilities. Using our published protocols (8, 23), NSG mice wers
treated with cyclophosphamide (100ug/g ip), and 24hr later two separate tumors in different
body compartments weare implanted in Matrigel, The first contained infacted HO/NL4-3, the other
(if implanted) uninfected H9. For the injection, mice were anesthetized with
telazol/acepromazine. Conjugates were administered by intraperitoneal (ip) injection in
PES/1%BSA on the days indicated in figure captions. Following the injection of human tumaor
cells, mice were chserved daily for any clinical signs of distress (hunching, ruffled hair, difficulty
moving, unwillingness to move, or weight loss). if the animal technician, who was unaware of
the experimental protocol, determined that the animals were in pain or distress, they were
suthanized. We have carefully studied the kinetics of tumor growth and HIV spread, and only
rarely did mice show evidence of pain or distress. At sacrifice, mice were bled by infracardiac
puncture while under iscflurane anesthesia, then euthanized by cervical disiccation while still
under anesthesia. Spleens were removed, single cell suspensions made and cryopreserved. In

7
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163 experimenis measuring immunogenicity of ITs, outbred SW mice (NCI) were injected ip with T

b

164  in saline, using a regimen of 10ug/mouse 3 times at weekly intervals. Mice wers bled by

.
i

i
i

165 saphenous venipunciure prior {o, and 3, 5, and 7 weseks post injection.

.

166

%

R

.
__

167  Celis and Reagenis

-

168 HY/NL4-3 cells are HY CD4+T-cell lymphoma culture lines that are persistently infected

i
.

Ty

169 with the NL4-3 molecular clone of HIV (24). H9/NL4-3 cells maintain a productive infection in all
170 cells, even during prolonged passage in tissue culture (8, 25). 293T cells stably express native
171 gpi20/gpdi Env trimers derived from clinical iselates 92UG and C87, and were the generous
gift of Bing Chen and Hangin Peng (26). C8166.R5 celis are CD4+ CXCR4+ lymphoma cell line
173  engineered 10 exprass CCRS (27). Activated T-cell cultures were abtained by culturing

174  peripheral biood menonuciear celis with phytohemagglutinin (PHA, 10 ug/mi),and maintained

175 with [L-2 200U/mi (27). All cells were cultured at 37%in 8% CO, in RPMI 1840 medium with 10%

__

fetal bovine serum (FBS) (Life Technologies, inc).

___

Table 1 describes the constituent reagents that were used 1o construct the {Cs used in

__

178  thess studies. MAbs 7B2 {human anti-gp41) and 824 {(muring anti-gp120, V3-ioop) were
179  secrsted by hybridoma cells in tissue culture using low igG FBS, and purified on protein G-
180  sepharose, as described (8). Alexa ge-conjugated RAC18 MAD to ricin A chain was preparad as
181  previously described (28). Scluble CD4-igG2 (Pro542) was from Progenics Pharmaceuticals,
182  Tarrytown NY (29, 30). Goat anti-human or anti-mouse 1gG (heavy + light chains) was
183  conjugated io either alkaline phospghatase (AP) or flucrescein iscthincyanate (FITC, Life
184  Technoingies, inc). Mouse anti-doxorubicin MAD was obtained from U.S. Biclogical (Salem,
MA).

Chimeric CD4-pseudomonas exotoxing (CD4-PE40) was obtained from Upjohn
187  Laboratories (Kalamazoo, Mi). Single chain variable domain {scFv) PE-based IT HY-PE38, HY-
188 (PESS)-KDEL, and HY-(FPE38mut were produced in £ coff and chemically refolded as
189  described (6, 10). HY is derived from the CD4bs MAD b12, through two rounds of affinity

8

.

__
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190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

208

209

210

211

212

213

maturation {(b12 to 383 to HY). HY-KDEL contains a carboxy-terminus endoplasmic reticulum
targeting sequence (KDEL)

Ricin A chain was prepared in two ways. Deglycosyiated RAC was prepared from castor
bean exiracts, as described previously (31, 32). Recombinant ricin toxin A chain (RTA) was
produced in BLZ1{DE3)RIL cells (Novagen) from plasmid pETirx, which encodes £ cofi
thisredoxin and a tobacco etch virus (TEV) protease-cleavable 8xHis affinity tag in frame with
and N-terminal {o the RTA coding sequence. Cells harboring the pETirx plasmid were grown in
LB at 37°C in the presence of 50ug/ml kanamycin suifate and 30ug/ml chioramphenicel, When
the culture reached an optical density (600nm) of 0.7, the temperature was reduced to 27°C and
0.5 mM of isopropy! B-D-1-thiogalaciopyranoside (IPTG) was added {o induce protein
axpression. After § hr., the cells were harvested by centrifugation and resuspended in 300 mM
NaCl, 20 mM Tris-HCL pH 8.0, 15mM imidazole, and 5% givcerol (N1 buffer). The celis were
lysed at 4°C using an Emulsifiex-C5 high pressure homaogenizer (Avestin} and the lysate was
then centrifuged for 45min at 260,000g at 4°C. The supematant was ioaded onto a 5mi HisTrap
HP column (GE Healthcare) equilibrated to N1 buifer, and afier exdensive washing with N1
bufier, the protein was eluted with N1 buffer containing an additional 300 mM imidazole. TEV
protease was added to the eluate and the proteins were dialyzed overnight at 4°C against N1
buffer. The following morning, dialyzed proteins were again loaded onto a 5ml HisTrap HP
column equilibrated 1o N1 and the untagged RTA was collected in the flow-through,
concentrated, and loaded onto a 26/60 Sephacryl-100 gel filiration column (GE Healthcare)
equilibrated to 100mM NaCl, 10miM KCL, 10mM Na/K-pheosphate {pH 7.0}, 2mM B-
mercaptoethanol. Sephacryl-100 fractions containing RTA were identified using SDS-PAGE
followed by Coomassie brilliant biue staining then pooled and concentrated to 14 mg/mb. The
purified RTA migrated as a single band as determined by SDS-PAGE, and crystallized in 1M
Li.80, and 2.5% polyethylene glycol MW 8,000; forming apparently tetragonal crystals that
measure up 10 0.5 x 0.5 x 0.8 mm. It should be noted that many of the ricin A chain X-ray
structures deposited in the Protein Data Bank arose from crystals belonging to space group

9
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217

218

219

220

221

222

224

225

226

227

228

229

230

231

232

233

234

239

240

241

v
i~
)

P4,2,2 (Tetragonal) with unit cell parameters a = 874, b =674 and ¢ = 1374 {e.g. 2R2X, 2PJO,
33RP, ete). Both RAC and RTA were conjugated to intact Ab at a 2.5:1 molar ratic using the
heterchifunctional cress-linking reagent succinimidy! 8-[3(2-pyridyidithio) propionamido]
hexanoate (SPDPR, Pierce), as described eisewhere {3, 18, 33). Polyethylene glycol (PEG)seon-
NHE was purchased from Shearwater Pharmaceuticals.

The chemical conjugation and purification of recombinant gelonin (Gel) conjugated io
782 and 924 were performed essentially as described previcusly (34). Briefly, a 3 fold molar
excess of the SPDP cross-linker was added to 2 ml of PBS containing 10 mg of purified MADb
and incubated at reom temperature for 30 min. Excess SRPDP was removed by gel filtration and
Ab was slowly added to purified Gel which had been reduced by addiion of DTT. The
conjugation was allowed to proceed for & hr at 4° under nitrogen. The 7B2-Gel conjugate was
then purified by sequeniial chromatography on Superose $-75 and blue sepharose columns.
The final conjugate preparations were aliquoted and stored at -20C.

ADCs of MADR 7B2 and 924 conjugated to monomethyl aueromycin E (MMAE],
duocarmycin, or maytansine, ware preparad using non-cleavable or cathepsin-B cleavable
linkers. The conjugates were purified on PD-10 columns to remove free drug and the degree of
conjugation quantified using hydrophobic interaction HPLC, with a TSKgel Butyl-NFPR column,
buffer A 25 mM sodium phosphate, 1.5 mM ammonium suifate (pH 7.0); buffer B 75% viv 25
mM sedium phosphate (pH 7.0), 25% viv isoproganci, and a linear gradient (10-70% buffer B in
10 min, to 100% buffer B in 15 minutes). The ADCs were desalted on a PD-10 column, and
characterized by size exclusion and hydrophohic interaction HPLC and CE-EF. Drug:Ab ratics
of 2-3 were obtained.

Epirubicin-{Cs-amide)-7B2 was produced employing a 2-ghase synthesis regimean with
succinimidyl-4-(N-maleimidomethylloyclohexane-1-carboxylate using established protocols {35-
37). Residual un-reacied reagents were remeoved by micro-scale column chromatograghy, and
the percent of non-immunoglobulin bound epirubicin was measured in a chlioroform/propanal
supernatant extract following centrifugation of the resulting protein precipitate. Percent

10
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244 covalently bound epirubicin was above 87%, the molar-incorperation-index was 57%.

b

245  Gemcitabine-{Camide)-8S-782 was produced employing a 2-phase synthesis regimen with

.
i

i
i

246  succinimidyl 2-[{4,4 -azipentanamide)ethyl}-1,3 -dithiopropricnate using established protocols

.

247  (35-37). Residual un-reacted reagents were removed by micro-scale column chromatography.

%

R

.
__

248  Percent bound Gemcitabine ranged upward from 81%.

-

249

i
.

Ty

250 Enzyme-inked immunosorbent assay {ELISA)

251 Anti-IT antibody responses were measured using an indirect ELISA performed on plates
252 coated with IT, MAD, or RAC using established protocols (33). Immulon 2HB plates (Therme,
Waltham, MA) were coated for 18-24 hr with 1 ug/mi of antigen in PBS, then blocked with

254 PRS/MY% RSAD.01% sodium azide (PBA) 2004l for 8-16 hours at 4% After blocking, 100ut of

3]
1931
[Sx1

sach test MAD was added and incubated at 4% overnight. The plates were washed and AP-

conjugated goat anti-human or mouse IgG secondary antibody was added at 1ug/mi in PBA and

_

D

incubated for 8 hr. Subsirate 4-nitropheny! phosphate, Sigma Chemical) was dissolved in 8.8%

___

diethancieamine puifer (pH=8.8) t0 a concentration of 0.5mg/ml. Afier a final wash, 100ul of

__

259 substrate was added to each weall, ELISA plates were read at 405nm at room temperature in a
260  BioTek EL320 micropiate reader (BioTek, Winooski, VT) at 5-15 minute intervais. Plasma and
261 tissue culture p24 levels were measured with an antigen capture ELISA sansitive to 7.5 pg/mi,

262 (8,23, 38).

264  immunofiuorescence and flow cytometry

265 HO/NL4-3 cells {(1x10% were stained for flow cytometry in 100ul in round-bottorm 96 wel
plates (Costar, Lowell, MA) (4). To perform indirect immuncfiuorescence, the IT or ADC was
added to the cells in PBA. Cells were incubated 1-2 hr. at 4%, washed, and stained with FITG-
268  conjugated goat anti-human IgG secondary antibody for 1-4 hr., or with murine MAbs to

269 doxorubicin or ricin A chain, Those cells incubated with murine MAbs were washed again, then
270 stained with FITC goat anti-mouse ig. All celis were washed a final time and fixed in 100ul of 2%

1

.

__
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271  paraformaidehyde. Cells were analyzed on a Becton-Dickson LSR I (BD, Franklin Lakes, NJ

i
A}
r:f

with HTS plate reader, and gated on forward scatter and side scatter. 10000 gated evenis were

.

i
i

collected and data analyzed by Flow-Jo software (Treestar, Ashland, OR). None of the MAbs,

.

ITs or ADCs bound to uninfected H9 cells, nor did the FITC-conjugated anti-mouse hind to cells

.
&N &N
o

=
bound by human MAb 782,

.
7
N
3

Ty
N
<]

Cytotoxicity of ITs, ADCs, and drugs

278 Uninfected HE (1.5 X 10% and HY/NL4-3 celis (8x10°) were plated in triplicate in RPMI
279 1840 medium + 10% FBS in 96 well flat-botiom tissue culture plates (Costar). Alternatively
nontransfected 2837, 2¢37T/92UG, or 293T/C97 (aliat 3 X 1@4) were plated. Serial dilutions of
281  conjugaies were incubated with cells for 72 hr. 37" in the presence or absence of 300ng/mi of
282  sCD44. Controls included: no cells (background) and cells in the absence of IC (Uninhibited).

283 When cytotoxicity of small drugs was tesied, the drug was added o the indicated concentration

_

7

__

284  atthe start of the assay. For the final 6 hr. of incubation, MTS/PMS substrate (CeliTiler 96@

___

285  AQueos Non-Radicactive Cell Proliferation Assay Promega, Madison, W) was added to each

__

286  well and absorbance at 480nm determined hourly. Percent inhibition was calculated as: [1-
287 (Amab-Ano ceiis) (Ao mab™ Ano ceiis)] 100,

288

289  inhibition of virus propagation in fissue culture

290 To test the efficacy of ITs against primary HIV isclates, we studied the spread of

291 infection in cell culture by measuring p24 production. Virus was cultured with PHA blasts ora
292 cell line {CB166.R5) that provides comparabie resulis to PHA blasts, but with greater
consistency (27). Primary clade B isclates, R5-tropic 208K8 {38) and dual-tropic HT/92/594
{ARP, from Dr. Neal Halsey and DAIDS}, were amplified in PHA blast culture. Supernatants
295  were harvested, filtered, aliquoted, titered, and frozen. To assay the efficacy of ITs, virus was

296 mixed with cells in a 2 mi culture, incubated for 24hr, celis washed, and IT added. Supernatants

12

.

__
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309
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316

317

318

319

320

321

322

324

330

331

RESULTS

Murine analyses confirm in vitro studies

We have previcusly described a murine model for testing the efficacy of anti-HiV
therapies, including ITs, and have used the maodel fo show that TB2-RAC plus CD4-lgG2 was at
least 10-fold more effective in vivo than CD4-PE40 (8, 23). in Fig. 1, we demonstrate that in
vifro efficacy was predictive of resuits in mice, measuring plasma p24 levels as an indicator of
infection. Experiment 1 shows that the in vivo activity was due to the combination of 7B2-RAC
and CD4-1gG2, but not to either component aione, nor to MAb-mediated neutralization. In
axperimant 2, we observed that athough the scFv HY-KDEL had adlivity equivalent {o that of
TR2-RAC/CD4-igG2 in vitro, HY-KDEL had no in vivo activity, while the anti-gp41 1T was
effective. We also measured the number of celis secreting infectious HIV in the spleens of these
animals. Similar results were observed when measuring infectious centers rather than plasma
p24 results, but due to large variance, differences among groups were not significant, except
combined treatment with CD4-igG2+7RB2-RAC which completely eliminated infectad cealls
{compared 10 a mean of 235,000/spieen in saline-treated animals).

The lack of activity of scFv HY-KDEL may be due to its structure; since an scFv has a
shorter plasma residence time {2-3hr) than an intact ig (2-3d), and thus a shorter window of
therapeutic opportunity (8). Targeting the CD4bs using ITs constructed from intact igGs (HY-
RAC and CD4-1gG2-RAC) was ineffective both in vitro and in vive, confirming our abservation
whereas those based on intact 1gGs do not (Pincus, S.H., ef & ldentification of human anti-HiV
gp 160 MAbs that make effective ITs, submitted for publication). The lack of efficacy of IgG-
hased ITs to the CD4bs was not an artifact of the conjugation process, because the binding of
the ITs to HiV-infected cells measured by flow cytometry was not affected by conjugation to
ricin, and RAC-based {Ts directed against other gp160 epitopes conjugated side-by-side, using
the same linker and bhatch of ricin, were highly effective.

14
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344

345

348

349

350

351

Studies in macagues

Although studies in mice are useful in evaluating in vivo anti-HIV effects, mice are not
ideal. Studies in macaques are believed o be most predictive of efficacy in humans. Because
there are considerable antigenic differences between HIV and SIV Envs, and the |Ts farget HIV
Env, we have tested the ITs in macagues infected with chimeric SHIV, expressing X4 and RS
tropic HIV Envs {(Bupplemental Tabie). The macagues we studied have AlDS and are not meant
{0 be a model for the use of iTs to eliminate latent and persistent reserveoirs, Although we have
chosen to test the {Ts in SHIV-infected macaques, it must be emphasized that these studies
were not designed as efficacy studies {(insufficient power), but rather to test toxicity,
pharmacokinetics, and immunogenicily, in a phase | preclinical trial. However, we did measure
viral load and CD4 counts, in order to determineg if there were signs of efficacy (Fig. 2,
Supplemental Table).

Macaques were freated with escalating doses of different [Ts. Animals were monitored
clinically and in the laboraiory by CBC, chemistry, CD4/CD8 counis, plasma viral lead, and
PEMC provirus. Antibody responses against the administered {Ts were measured befors and at
different timas following adminisiration of the {Ts. in experiment 1 (Suppiemental Table}, we
compared 7B2-RAC/CD4-1gG2 to CD4-PE4D. The latter has bean used in human clinical trials,
and was found to be hepatotoxic at very low doses, with a by, of ~80 min, and no avidence of
clinical efficacy (43, 44). Macaques receiving CD4-PE40 developed dose-related slevations of
serum hepatic transaminases 3 days after administration, which retumed to normal by 7 days,
which is similar to observations in patients (43, 44). Escalating deses of CD4-PE40 were halted
at 16 ug/ky. In contrast, 7B2-RAC/CD4-igG2 was iolerated at doses as high as 65 ug/kg 3X per
weelk (Experiments 2 and 3, Supplemental Table) with ne clinical or laboratory evidence of
toxicity beyond moderate decreases in serum albumin at higher IT doses. PE was the toxic
moiety used in all the {Ts based on scfFv HY, which were tolerated by most animals in doses as
high as 500ug/kg (Experiment 4, Supplemental Table), thus indicating that the foxicity of CD4-

15
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367

368

369

370

371

372

380

381

382

383

384

PE40 was probabily unigue to that molecule, and not a function of PE. One animal receiving HY-
KDEL did develop capillary leak syndrome at the highest dose, which was only diagnosed upon
necropsy foliowing euthanasia. This diagnosis was based on decreased plasma albumin,
ascites, and pulmonary edema. Many of the animais receiving the iTs had early AlIDS, with
increasing weight loss, diarrthea, and opportunistic infections. Yet most tolerated the Ts well,
even at very high doses. These resulls are consistent with observations in healthy, uninfected
macagques dosed with 3B3-PES3S, a precursor of HY-KDEL, and with CD4-PE40 (45).

We studied the immunogenicity of the ITs in the macaques, using ELISA to measure
Abs that bind to the IT (Fig. 2). In panel A, we show the relationship of plasma viral load (left
axis, bars) and antibody response (right axis, lines) in three macagues from experiment 3. By 3
weeks, 2 of the macagues had developed a high level of anti-IT Ab (J87188 and JO8124), one
had a lower, but measurable response (K880988). All macaques appeared {0 have an initial
decline in viral load with initigtion of IT therapy, but in only K88099 was that suppression of
viremia maintained beyond the third week. These data suggest an inverse relationship betweaen
IT efficacy and immunogenicity. In Fig. 28 and €, we show the relationship belween CD4 cell
count and anti-iT antibody responses. All but one of the animals with normal CD4 counis
(>300), developed anti-IT antibodies, and the correlation between CO4 counts and antibody
lavels was highly significant.

Serial plasma viral lcads are shown in the Supplemental Tabie. In 8 of 11 animals
receiving adequate doses of IT {experiments 3 and 4}, there was a >50% decline in viral locad 7
days post treatment, when compared to the average of three pretreatment values. There was a
mean 75% reduction in viral load at day 7 in animals receiving 782-RAC+CD4-1gG (32-84ug/ky)
in experiment 3, compared to a 10% mean reduction in those animals receiving HY-PE or HY-
KDEL (125-500 ug/kg, experiment 4). These differences were not statistically significant. Nor
was there a significant difference in pre vs post-treatment V0is by paired t tests. However, these
studies were insufficiently powered 1o test the efficacy of the {Ts. Only a total of 11 animals
{experiments 2, 3, and 4) received a sufficient amount of IT to expect an effect. Interestingly, the

£
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degree of response to T therapy at day 7 was significantly negatively correlated with initial viral
joad (R%=.49, P=.018), suggesting that free virus in the plasma may act as an immunoiogical
“sink”, binding to the IT before it can reach the target cell. The effect of immunogenicity on the
efficacy of the IT was also demonstrated: there was a marginaily significant negative correlation
between levels of anti-{T antibody and the therapeutic responses to IT at day 21 (R%=.37,
P=.04), but not at earfier time points.

These data show that {Ts using RAC or PE were well tolerated, even in sick animals.
The ITs were immunoagenic if animals had a functional immune system, and this immunogenicity
likely affected efficacy. The best responses were observed in animals treated with 7TB2-RAC +
CD4-igG2, even though the maxdmal dose was 8-fold less than that used for HY-PE or HY-
KDEL. The HY ITs are single chain constructs, whereas 7B2-RAC uses intact IgG. The longer
Tz of Fo containing molecules could explain the increased efficacy of 7B2-RAC. The dose of
7R2-RAC used was 2-3 orders of magnitude lower than the amount of MAbs used in recent
macague studies that demaonsirated the therapeutic efficacy of neutralizing MADbs in treating

active SHIV infection (19, 20).

Recombinant Toxins

The maijor limitation {0 the use of repeated doses of iTs is immunogenicity, not toxicity.
Less immunogenic alternatives 1o the use of toxins have been developed for cancer therapy,
and we have sought 1o apply these to the development of anti-HIV ITs. One approach is the use
of recombinant toxins. Gel, a single chain protein toxin has the same N-glycosidase activity as
ricin A chain, but lacks a cell-hinding B chain. iTs targeting CD33 conjugated to Gel have
recently completed phase | clinical trials demonsirating excellent in vitro cytotoxicity against
target cells and low immunocgenicity in patients, despite multiple injections {48). Figs. 3 and 4
show resulls comparing 7B2-RAC to 7B2-Gel in vitro and in vivo, Direct toxicity of the ITs on
H9/NL4-3 and uninfected parental HE ceils (Fig. 34) showed that the RAC-based [T was 5-10X
more effective than its Gel counterpart. Yet Gel should have equimolar toxic activity to RAC,
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since both have the same enzymatic activity. Because the Gel was recombinant, we asked
whether recombinant toxins function less well than native when used in an IT, Fig. 38. Two
forms of 7B2-ricin A chain were grepared, one using deglycosylated ricin A chain obtained from
castor beans (RAC), the other with recombinant ricin toxin A (fRTA), made in £. coli. Two
different highly-purified preparations of rRTA were tested. Cne was of sufficient purity o yieid
high-grade crystals (Fig. 38, lefl). RAC outperformed the rRTA by threefeld (Fig. 358, right).
We tested the comparative efficacy of RAC vs Gel {Ts in suppressing infection with
primary isolates in tissue culture cell lines (Fig. 3C) and PHA blasts {30, showing similar
resuits, with greater activity demonstrated by the IT using RAC. Studies in mice demonstrated
that the RAC IT had greater anti-HIV aclivity than Gel, measured both as plasma p24 (Fig. 44)
and infectious centers (mean values: untreated 15845 infectious celis/splean, 7B2-Gel 3039,
7B2-RAC 184, differences are not significant). Both RAC and Gel had similar immunogenicity
(Fig. 48). These resulis indicate that the use of Gel has litile effect on immunogenicity, but

results in a less effective IT compared to deglycosylated RAC,

ADCs

Because ADCs are even iess likely to be immunoganic, we have aiso studied the
afficacy of MAb 7B2 conjugated to small drug molecules. A concern about the use of ADCs for
targeting HiV-reservoirs, is that the current generation of ADCs utilize agents that target dividing
cells (e.g. tubulin inhibitors) and it is likely that persistent reservoirs of HIV include resting cells.
Fig. 5A shows the molar toxicity on H8 cells of ricin and potent cytotoxic drugs used in the
therapy of lymphomas and leukernia’s. Ricin is 3 logs more cytotoxic than gemcitabineg, the most
effective conventional chemotherapeutic agent. Four different ADCs were prepared (Fig. 58),
conjugating epirubicin or gemcitabine to anti-Env MADs, using either non-cleavable or peptide
cleavable linkers. The first ADC that we tested was 7B2 conjugated to epirubicin. The ADC
bound to infected cells, because both Ig and epirubicin were detected on cells by flow cytometry
{Fig 5C). But no cytotoxicity was observed (Fig 5D and E). We reasoned that a more effective
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drug would be nesded. But conjugation t¢ gemcitabine also failed to produce an effective
conjugate (Fig 5F). The non-specific toxicity observed at very high doses of ADC, suggests that
the small drugs attached to the MAbDs retained their cylotoxic activity foliowing conjugation.
Having failed with conventional chemotherapeutic agenis, we next made conjugates with
the newer agents used in recently developed ADCs (47-49), including monomethyl aueromycin
E (MMAE), duoscarmycin, or maytansine, with non-cleavabie or cathepsin-B cleavable linkers
{Fig. §). Titration of cytotoxicity by free drug {Fig. 64) shows that these agents are 2-3 orders of
magnitude more toxic 1o HY cells than gemcitabine, but stili >1 log less toxic than ricin. Ab io
drug ratios of 2-3:1 were obtained with no loss of Ab-binding activity (Fig. 88}, but there was no
avidence of cytotoxicity in persistently infected HB/NL4-3 cells or of in vivo efficacy (Fig. 6C and
£y, Similar conjugates were made with anti-gp120 MAb 924, and they aiso failed to demonstrate
cyiotoxicity (not shown). It should be noled that H8/NL4-3 cells are rapidly dividing {doubling
fime ~18 hn), and so would be expected 1o be susceptible to the effects of these drugs.
Because cells transfecied (o stably express native HiV Env on the cell surface are more
sensitive 1o the cytotoxic effects of 1Ts (Pincus, S.H., ef a/, [dentification of human anti-HIiV
gp160 MAbs that make effective {Ts, submitted for publication), we tested the ADCs in 2937
cells stably exprassing gpi160 of the clinical isclates 92UG and ©97 (26). As shown in Fig. 8E,
the ADCs exhibited specific cytotoxicity against the Env-expressing cells at high concentrations
of 1 {(>1ug/mi). The ADCs killed naither non-transfected 2837, nor H9/NL4-3 cells. At these
very high concentrations, 782-RAC was toxic to non-transfected 2937, but the IT retained
specific toxicity even in nanogram concentrations on celis stably expressing gp160-expressing
{Pincus, S.H., ef a/, identification of hurman anti-HIV gp160 MAbs that make effective iTs,

submitted for publication).

Decreasing immunogenicity of ITs by conjugation to PEG
Although the use of RAC in ITs is confounded by its immunogenicily, it does offer distinct
advantages over smail drugs for use against HIV. On a molar hasis ricin is more toxic {o cells
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DISCUSSION

The leng-term objective of these studies is to develop cytotoxic ICs for use in purging
persisient reservoirs of HiV infection. The activation of latent provirus may be necessary io
induce expression of sufficient Env to result in cell killing. Using histone deacetylase inhibitors,
investigators have demonstrated activation of latent reservoirs in patients whose viremia was
fully suppressed by anti-retroviral therapy (14-17). However, relying on viral cytopathic effect
and/or host defenses to eliminate activated cells, there was no evidence that such freatment
reduced the reservoirs in these patients. We propose that a more active approach {o eradicating
persisiently infected celis will be necessary. Our efforts have primarily focused on comparing
different anti-Env MAbs for their ability 1o target iTs 1o infected celis. We have consistently found
that those targeted 1o the gpd 1 external helix-loop region (for example, MAD 7B2) when used
with sCD4, were the maost efficacious MAbs for delivering anti-HIV [Ts o HiV-infected cells (4, 8,
18, 33 and Pincus, 3.H., et al, identification of human anti-HIV gp160 MAbs that make effective
ITs, submitted for publication}. To extend this observation, we tested iTs and ADCs based upon
MAb 7B2 for safety and efficacy, in both mice and SHiIV-infected macagues. The animal models
reflectad active, rather than persistentfiatent infection, but they atlowed us to compare different
ICs and io identify potential probiems and solutions for the use of ITs in HIV infection.

The maijor findings to emerge from these studies ara: A) Anti-HiVs 1Ts were well-
tolerated in SHiV-infected macagques, even with relatively advanced AIDS. The demonstration of
safety is reassuring given the toxicity shown by CD4-PE4Q in the only human trials of an anti-
HIVIT (43, 44). Dose limiting toxicity with CD4-PE40 in macaguss was similar to that observed
in humans {15ug/kg) whereas other anti-HIV ITs were tolerated at much higher doses. B} in vivo
gfficacy of 7B2-RAC+CD4-1gG2 in immunodeficient mice was clearly demonstrated. The data
suggest that the |Ts showed therapeutic efficacy in macagues, but that any benefit appeared to
be short-lived and blunted by immunogenicily elicited by the toxins. C) ADCs were marginally
effective in cytotoxicity assays relative to 1Ts. No specific cytotoxicity of ADCs was observed on

21

DAC EX. 2027 IPR2022-01531 Page 41 of 91

ALISHIAING TTENHOD AQ 9L0Z LT 48qo100 uo /B0 wse A/ dny Woy pepesiumod



512

513

514

515

516

518

519

520

521

522

(o]
[S
[#8)

5]
e
NN

(o]
S
(o2

o33
]
o

(93}
S
~J

U1
&
w0

(o]
[ge]
e}

infected cells, but was clearly demonstrated at high ADC concentrations on that stably express
Env, which are more sensitive to 1Cs. D) The immunogenicity of ITs can be suppressed by
PEGylation, suggesting a potential solution {o this problem.

iTs to the CD4bs, all single-chain constructs, have been shown effective in vitro and in
murine models (1, 5-7, -11, 13). We found that scFv and other menomeric constructs targeted
{0 the CD4bs functioned well in vitro as {Ts, whereas the same V-regions in the context of intact
g were 10-100X lass cylotoxic to infected cells (Pincus, 8.H., et ai, Identification of human anti-
HIV gp160 MADbs that make effective [Ts, submitted for publication). in contrast, intact lgG MAbs
against the V3-loop of gp120 (MAD 924) and to the gpd1 helix-ioop region (MAb 782) were
highly lethal to HO/NL4-3 cells. On the basis of our in vivo studies, we believe that ITs prepared
with intact IgG are more effective than those using scFv or other single chain, Fe-lacking
constructs. This was observed in mice (8) and by the relative lack of efficacy of HY constructs in
macagues, despite use at much higher doses. The greater in vivo effect of ITs using intactigis
most-likely due 10 increased plasma residence time {days for lg vs hrs. for scFv), as we have
previously demonstrated (8}, Thus the requiremeant for using single chain constructs to target
the CD4bs may Himit the utility of such iTs.

Our goal is to use Abs to eliminate persistently infected celis, rather than to protect
uninfected cells by neutraiizing virus infectivity. Yet results from the treatment of active infection
with highly effective neuiralizing MAbs {18-21) have bean exirapolated to HiY eradication
afforts, placing great emphasis on the role of virus neautralization (58). Howevear in the case of
ICs, this focus on neutralization may be misieading. Clearing persistent reservoirs will require
the elimination of cells containing functional provirus. To obtain this cytotoxic effect using MAbs
will require either the stimulation of Fo-mediated Ab effector functions (complement-mediated
killing, ADCC) or the delivery of toxic moieties to cells. Studies in SCID mice indicate that Fe-
mediated effector function can play a role in eliminating HIV reservoirs (60). The direct delivery
of toxic agents should enhance the killing of persistently infected ceiis by MAbs. The different
forms of cytotoxic ICs each have merits and disadvantages for use in eradicating HiV infection.
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Anti-HIV {Ts have been exiensively tesied in vitro, showing activily against different cell types
and clinical isnlates at therapeutically achievable concentrations; efficacy in murine models has
also been shown. But the immunogenicity of ITs could limit their therapeutic utility (81). Anti-iT
antibodies rarely resuit in anaphylactic or other reactions, rather they lead to enhanced
clearance and neutralization of IT function. However {Ts hold some advantages over the less
immunogenic ADCs, including greater cytotoxicity on a meolar basis than the best small drugs
and ability o kill non-proliferating cells. Radio-1Cs do net require interalization for cell killing,
but can cause bystander killing and must be used within hours of production due to short
isotope half-life. Preclinical studies in a relevant macagque model of latency and activation will be

required to determine the relative merits of these approaches.
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Fig. 1. Efficacy of anti-HiV ITs in vitro and in mice.

%

N Experiment 1. Demonstration that iT efficacy reguired conjugation to RAC, and was not

due to 782 or CD4-igG2 alone. Top: In vitro measurement of cylotoxicity. HiV-infected HS/NL4-

-
7
~d

>

3 cells were incubated with indicated concentrations of MAbs or {Ts and cell viahility assessed

_

779 by MTS dye-reduction on day 3. Data are presented as the mean and SEM of triplicate

780  samples. If no error bars are visible, then the error is smaller than the symbeol (as with all figures
781  inthis manuscript). Representative of >5 experiments. Bottom: Groups of 8-9 animals were

782 injected with 2.5 X 10° HO/NL4-3 cells ip in 40% Matrige! one day after being treated with

783  cyclophosphamide (100 ug/g). Animals received ip injections of IT (10ug), MAbB (10ug) and/or

784  CD4-lgG2 (Bug) onday 1, 3, and 5. Mice were sacrificed on day 7. Plasma p24 was determinad

_

__

by antigen capture ELISA. Group means and standard errors are shown. Statistical

_

7

786  comparisons used the Mann-Whitney non-parametric tiest. * P<.05, ** P<.01, if bars not

.

.

787  markad, then NS. Representative of 2-3 experiments (depending upon iT).

788 Experiment 2. ITs targeted against gpd1 were effective in vivo, whereas those to the

789  CD4bs were not. Top: In vitre assays show ITs targeiad o the CD4bs are effectively deliverad

790 Dby scFv, but not intact 1gG. Representative of »5 experiments, depending upon the IT. Botiom:

791 Groups of 8 cyclophosphamide-treated animals were injected with 167 M8 {ip) and 3 X 10°

792  H2/NL4-3 {s¢) cells in 40% Matrigel. iTs (5 ug/dose) were administered ipondays 1, 3, 5,7, 9,
793  and 11. Animals were sacrificed on day 12. Plasma p24, mean and SEM are shown. Althcugh

794  scPv HY-KDEL was highly efficacious in vitro, it showed no effect in vive. Represeniative of 2-3
795  experimenis (depending upon the iT).

796

797  Fig. 2. immunogenicity of anti-HiV ITs in macaques. (A} Relationship of antiviral efficacy of

798 1T and anti-iT Ab response in experiment 3. Vertical arrows beneath the time scale indicate

33
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800

801

802

819

820

821

times of injection of 7B82-RAC + CD4-1gG, 35ug/kg for the first three doses, 84ug/kg thereafter.
Day1 is the first administration of the IT. Plasma viral lcads are shown on the left axis and as
vertical bars. The time zero viral lead represents the mean and SEM of three pre-treatment
determinations. Anti-IT Ab is shown on the right axis, using the line graph. Ab is represented as
the absorbance ebtained in ELISA, with RAC-coated welis and a 1:500 plasma dilution. (B and
C) Relationship of CD4 count and anti-[T Ab response. B shows results from individual
macagques, C shows the overall correlation. Ab is shown as the change in absorbance between
the pre-hbleed and the peak antibody level (Delta Ays). The specific IT the animal received was

used as antigen. The F test was used io determineg the statistical significance of the correlation.

Fig. 3. In vitro efficacy of ITs prepared with deglvcosylated RAC and recombinant protein
1oxins. (A) The cyioioxic effect of 7TB2 conjugaled to degiycosylated RAC or Gel, Cytotoxicity of
the ITs {in the presence of CD4-IgG2) was compared in uninfected HY cells (left) or persistently-
infected HY/NL4-3 (right). An MTS dye-reduction assay was used to measure cytotoxicity on
triplicale samples. Mean and SEM are shown. Representative of »5 experiments. {B) The
cyiotoxic effect of 7TB2 conjugated o deglycosylated RAC and rRTA (wo different preparations).
The purity of the rRTA is demonstrated by s ability to form crystals in 1M Li,80, and 2.5%
polyethyiene glycol MV 8,000, Tetragonal crystals measuring up to 8.5 x 0.5 x 0.8 mm were
formed. Represantative of 3-4 experiments. (C and D) Ability of IT's to inhibit spread of HIV
infaction. HIV spread in tissue culiure was tested in C8166.R5 celis (C) or PHA blasts (). Virus
stocks were grown in PHA blasts. C8186.R5 cells were incubated with virus stock and grown for
3 days. Cells were washed, and 10* “infected” cells were mixed with 10° uninfected celis, in the
presence of the indicated IT (200 ng/ml) and CD4-IgG2 (200 ng/mi). Cells were incubated for 5
days, with aliquets removed daily for p24 antigen testing. Samples were run in triplicate, day 3
results are shown, mean and SEM. Representative of 2 experiments, 3 time points per
experiment. PHA blast cultures were infected for 24 hr. with cell free supematant, the cells
washed, and triplicate cultures established with indicated iTs. Culiure supematants were

34
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826

827

828

sampled on day 5 and 7, day 7 results are shown. Statistically significant (student t) resulis are

indicated; *P<.05, ¥P<.01, *P<.001. Unmarked comparisons are not statistically different.

Fig. 4. In vivo effecis of RAC and Gel {Ts. (A) Efficacy. Groups of ten mice were injected with
107 H8 ip and 3X10° HO/NL4-3 sc in 0.2ml 40% Matrigel and were treated with the indicated |T
{(10ug/mouse) and CD4-1gG2 (5 ug) ondays 1, 3, 5, &, and 10. Animals were sacrificed on day
12, and plasma p24 determined. Statistical comparisons used the Mann-Whiiney test,
Representative of 3 experiments. (B) immunogenicity. Groups of 3 mice received injections of
ITs using the murine anti-gp120 MAD 924 conjugated o either RAC or Gel. Mice received 3
weekly ip injections of iT (10ug) in saline. The development of antibody responseas against both
compeoneants of the IT (MAbL 824 and toxin) were measured by ELISA. Results are mean, SEM of
friplicate determinations on 1:1000 plasma dilutions. Each line represents an individual mouse.

The open circles indicate plasma from a control mouse treated with the inappropriate IT.

Fig. 5. Testing of ADCs utilizing the chemotherapeutic agents epirubicin and
gemcitabine. (A) Cytotoxicity of unconjugated small drugs used in ADCs, compared to ricin, H@
cells were incubated with serial dilutions of conventional chemotherapeutic agents usad to treat
lymiphoma or with ricin, Toxicity was tasted in a 3 day MTS dye-reduction assay, and the resulis
converted 1o % viability. Represantative of 2-3 experiments. (B) Characierization of ADCs. (C)
Binding of 782-RAC and 7B2-epirubicin to HO/NL4-3 celis. Cells were first incubaied with
uncenjugated 7B2 or ADC, washed, and detected using the indicated secondary Abs. MADB and
ADC and IT were detecled equally with anti-Hu lgG, whereas only the appropriate conjugate
gave a signal with RAC or epirubicin specific MAbs. (D) Cytotoxicity of ICs on HO/NL4-3 celis. A
3 day MTS assay was performed in the presence of CD4-1gG2. Results are Ay — Bkgd, mean
and SEM of triplicate samples. Representative of 5 experiments. (E and F). Cytotoxicity of anti-
gpt120 MAD 924 to epirubicin (), gemcitabine (F), compared to RAC. The indicated iCs were
incubated with uninfected HE cells, or persistently-infected H/NL4-3 for 3 days, and cell viability
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853  measured by MTS dye reduction. Mean and SEM of triplicate values. Representative of at lsast

G
i
e
:;;E

wo experiments.

o
i

.

56  Fig. 6. Preparation of ADCs using newer cyiotoxic agents. (A) Cytotoxicity of unconjugated

,//’/
ja]
%

%

R

.
__

857  small drugs used in ADCs, compared to ricin, as performed in Fig. 54. Representative of 2

-

858  experiments. (B) At the top, a tracing from hydrophobic interaction chromatography

i
.

Ty

859 demonstrates an ADC consisting of a mixiure of 0, 2, 4, or 6 small drugs per Ab. The table
860  shows the average drug:MADb ratie caiculated from such tracings, as well as the linker type. (C)
861  Cyiotoxicity of ADCs and a RAC-conjugate on uninfected HS and HI9/NL4-3, tested in the
presence of CD4-1gG2, using MTS dye reduction assay, mean and 3SEM of triplicate samples.
863  Representative of 2-4 experiments. (D) In vivo efficacy of anti-HIV iCs. Mice received the

864  indicated conjugate in the prasence of CD4-igG2. The first 3 columns on the lefi are replicated

865  from Fig. 1, and all were part of the same experiment. One of 2 experiments. (E) ADCs were

__

{ested on 2837 cells stably expressing native gp120/gp4 1 trimers of the clinical isolates 92UG

___

and €97, on nan-transiected 2837, and on H9/NL4-3. ADCs weare tested in the prasence of

)
s
[e
~

sCM4 {300ng/mb). Representative of 3 experiments.

869
870

871

#§72  Fig. 7. Effects of PEGylating TB2-RAC. PEG:,, was conjugated to 7B2-RAC at 3¢, 16, or 3X
873  molar ratios. (A} Microcapillary electrophoresis of reduced protein preparations. Resuits show
874  incomplete PEGylation {arrow heads). Antibody L chain and RAC co-migrate at MW ~28,000.
875 (B} Cytotoxicity of PEGylated iTs. Killing by the 30:1 conjugate was inhibited in MTS assay on
HO/NL4-3 celis. (C) Immunogenicity of PEGyiated ITs. IT alone or the 10:1 PEG-conjugate was
877  administered to mice {4 mice/group, 2 weskly injections, and bled 1 week later). Murine

878  antiboedies against human Ig and to RAC were measured by ELISA

.
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880  Table 1. Immuncconjugates and their constituents.

\5§ 881

\*\% An IC consists of a MAD or other targeting agent linked to a
\Q Cytotoxic immunoconjugate (IC) maiety that is toxic to celis. These may include protein
%ﬁ% toxins, small drugs, or high-energy radionuclides.

-

\Nﬁ’\ - . \ An 1C wherein the toxic moiety is a protein toxin usually
\\Q\§§ Immunotoxin (IT) derived from bacteria or plants. Toxins used here include:

D
\s;\\\ s Ricin A chain: deglycosyiated native ricin A chain
§§§ {(RAC), recombinant ricin toxin A (fRTA)

«,q% s Pseudomaonas exotoxin A; PE4D and PE38 are
s domain | deletion mutants, lacking receptor binding
\ activity. PE38-KDEL has a C-terminal endoplasmic
\ reticulum-targeting domain

s elonin {(Gel) is a single chain toxin with N-
Gelonin (Gel) i ingle chain toxin with N
\ glycosidase activity similar to ricin A chain
\ Antibedy drug conjugate (ADC) ﬁ:;ﬁ \g/ti;%r‘;xi?‘!g;e(jgx;c moiety is a small drug. ADCs used
\ s  Conventional chemotherapsutics agents: Epirubicin
\ {Epi) and Gemcitabine {Gemy)
\ » Potent inhibitors of mitosis: Duocarmycin,

\ Mayiansine, and Monomethyl aueromycin E (MMAE)

N\

§§ Radicimmunoconjugate An IC wherein the toxic moiety is a high energy radionuciide

X
\§ Tarueting agents Dealiver the toxic moiety of an IC to the appropriate target

\ Argelng agents cell. For HIV these include:

\ = Anti-gp160 MADbs used here includs: 7B2 {gpét
\ external domainy, HY (gp120 CD4bs), and 924
\ {gp120 V3 ioop)

\ s CD4

\ 882

\ 883

\ 884

& 885

§ .

_____
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Fig. 1. Efficacy of anti-HiIV ITs in vitro and in mice.

Experiment 1. Damonstration that iT efficacy reguired conjugation to RAC, and was not
due to 7B2 or CD4-IgG2 alone. Top: In vitro measurement of cytotoxicity. HiV-infected H8/NL4-
3 cells were incubated with indicated concentrations of MAbs or iTs and cell viability assessad
by MTS dye-reduction on day 3. Data are presented as the mean and SEM of triplicate
samples. If no error bars are visible, then the error is smaller than the symbal {as with all figures
in this manuscript}. Representative of >5 experiments. Bottom: Groups of 6-9 animals were
injected with 2.5 X 10° H9/NL4-3 cells ip in 40% Matrige! one day after being treated with
cyclephosphamide (160 pg/g). Animals received ip injections of IT (10ug), MAb (10ug) and/or
CD4-igG2 Bug) onday 1, 3, and 5. Mice were sacrificed on day 7. Plasma p24 was determined
by antigen capture ELISA. Group means and standard errors are shown. Statistical
comparisons used the Mann-Whiilney non-parametric t test. * P<.05, * P<.01, if bars not
marked, then NS. Representative of 2-3 experiments (depending upon IT).

Experiment 2. |Ts targeted against gp41 were effective in vivo, whereas those {0 the
CD4bs were not. Top: In vitro assays show [Ts targeted o the CD4bs are effectively delivered
by sefv, but not intact |gG. Representative of »5 axperimanis, depending upen the IT. Bottom:
Groups of & eyclophosphamide-treated animals were injected with 107 H9 (ip) and 3 X 10°
HO/NL4-3 (sc) celis in 40% Matrigel. ITs (5 ug/dose) were administered ipondays 1,3, 5,7, 9,
and 11. Animals were sacrificed on day 12. Piasma p24, mean and SEM are shown. Although
scFv HY-KDEL was highly efficacious in vitro, it showed no effect in vive. Representative of 2-3
experiments {depending upon the iT).
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912  Fig. 2. Iimmunogenicity of anti-HiV {Ts in macaques. {A) Relationship of antiviral efficacy of
913 IT and anti-iT antibody response in experiment 3. Vertical arrows beneath the time scale

914  indicate times of injection of 7B2-RAC + CD4-1gG, 35ug/kg for the first three doses, 64ug/kg
915  thereafier. Dav1 is the first administration of the IT. Plasma viral loads are shown on the left axis
916  and as vertical bars. The time zero viral ioad represents the mean and SEM of three pre-

917  ireatment determinations. Anti-IT Ab is shown on the right axis, using the line graph. Ab is

918  represented as the absorbance obtained in ELISA, with RAC-coated wells and a 1.500 plasma
919  dilution. (B and C) Relationship of CD4 count and anti-iT Ab response. B shows resuits from
920  individual macaques, C shows the overall correlation. Ab is shown as the change in absorbance
921 between the pre-bleed and the peak antibody level (Delta Aygs). The specific IT the animal

922 received was used as antigen. The I {est was used to determine the statistical significance of
923  the correlation,
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928  Fig. 3. In vitro efficacy of iTs prepared with deglycosyiated RAC and recombinant protein
929  toxins. {A) The cytotoxic effect of 7B2 conjugated to degivcosviated RAT or Gel. Cyiotoxicity of
930  ihe ITs (in the presence of CD4-igG2) was compared in uninfected HY cells (left) or parsistently-
931  infected H9/NL4-3 (right). An MTS dye-reduction assay was used 1o measure cytotoxicity on
932  iriplicate samples. Mean and SEM are shown. Representative of »5 experiments. {B) The

933  cytotoxic effect of 782 conjugated to deglycosylaied RAC and rRTA {two different preparations).
934  The purity of the rRTA is demonstrated by its ability to form crystals in 1M Li,80, and 2.5%

935  polyvethyiene glycol MVY 8,000. Tetragonal crystals measuring up t¢ 0.5 x 0.5 x 0.8 mm were
936 formed. Representative of 3-4 experiments. {C and D) Ability of IT's to inhibit spread of HIV

937  infection. HIV spread in tissue culture was tested in C8166.R5 celis {T) or PHA biasts (D). Virus
938  stocks were grown in PHA blasts. C81686.R5 cells were incubated with virus stock and grown for
939 3 days. Cells were washed, and 10% “infectad” cells were mixed with 10° uninfected cells, in the
940  presence of the indicated IT (200 ng/ml) and CD4-IgG2 (200 ng/mi). Celis were incubated for 5
941  days, with aliquots removed daily for p24 antigen testing. Samples were run in triplicate, day 3
942  results are shown, mean and SEM. Representative of 2 experiments, 3 time points per

943  experiment. PHA blast cultures were infected for 24 hr. with cell free supernatant, the cells

944  washed, and triplicate cultures established with indicated iTs. Culture supematants were

945  sampled onday 5 and 7, day 7 results are shown. Statistically significant (student t) results are
946 indicated: *P<.05, *P<.01, “*P<.001. Unmarked comparisons are not statistically different.
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Fig. 4. In vivo effects of RAC and Gel ITs. (A} Efficacy. Groups of ten mice were injected with
107 HO ip and 3X10° HO/NL4-3 scin 0.2ml 40% Matrigel and were treated with the indicated IT
{(1Cug/mouse) and CD4-1gG2 (5 ug) on days 1, 3, 5, 8, and 10. Animals were sacrificed on day
12, and plasma p24 determined. Statistical comparisons used the Mann-Whitney {est.
Regpresentative of 3 experimeants. (B} Immunogenicity. Groups of 3 mice received injections of
ITs using the murine anti-gp120 MAD 924 conjugated to either RAC or Gel. Mice received 3
weekly ip injections of iIT (10ug) in saline. The development of antibody responses against both
components of the IT (MAb 824 and toxin) were measured by ELISA. Results are mean, SEM of
triplicate determinations on 1:1000 plasma dilutions. Each line represents an individual mouse,
The open circles indicate plasma from a control mouse treated with the inappropriate 17,

41

DAC EX. 2027 IPR2022-01531 Page 61 of 91

ALISHIAING TTENHOD AQ 9L0Z LT 48qo100 uo /B0 wse A/ dny Woy pepesiumod



961

962
963
964
965
366
967
368
969

70
971
472
973
974
975
876
977
378
979
980
981

B

Lol o ay | CYEOIONIR . Nslecules
1-5?..-‘-%““—‘—‘—‘%%?“* + S Ricin & Targat Shrusg Linker Trssg pav int!
3 3 N Gemcitabine -
o 1.0 A F Epirubicin ]2 gt Epiruticti  sencieavabyy 8.84
e \\§ S-Azacytigine ) . ) )
<€ 0.6 \ 824 GaiZ0  Epiuniol aonsiesvably 843
) Y H
by & G4 GoiE0 Bemoiabing nonclesval 481
N a4 Gl Garmuiabins nonsissvabia {8
0.0 Seer el )
¢ 42-11-10 % 8 7 6 & -4 3 G et Demcistine SOASR
§ - - clasvabig

{Drug] M

Q WV 7B2-RAC
L o8]\ N 7B2-Epi
8 i ¥ 1 \“\\.-\ - % 782
R W WG - - 0.0 e SR
Anti-Hu lgG  Anti-RAC Anti-Epi g1 110
' HCT pa/mi
H3 HYY i3 F H HEf Nig-3
1.2{ SR gy JLetuent g S By . .
Lo N \.::_ pe N . . 5-‘\ \\_‘.\\',.q RS . K\‘I \LE\V"‘;}‘?}“&"'\)
$0 \\ IS Epirubicin 'Y R Gimzcémbme
< 06 NN N 924.RAL <19 T e Ny B 9
\ A i 05 s N L 3924-Gem
0.3 3 . % 924‘*‘5[}! 3. & \ & \
o0 ; MR o 2ol 3 W 8234-RAC
T 104 0 102 10 et 100 10t 108 108 10t 10
{IC] ng/mi B3 ngimi

Fig. &, Testing of ADCs utilizing the chemotherapeutic agents epirubicin and
gemcifabine, (&) Cylotoxicity of unconjugated small drugs used in ADCs, compared to ricin. H@
cells were incubated with serial dilutions of conventional chemotherapeutic agents used {o treat
lymphoma or with ricin. Toxicity was tested in a 3 day MTS dye-reduction assay, and the resulis
converied o % viability. Representative of 2-3 experiments. (B) Characterization of ADCs. (C)
Binding of 7B2-RAC and 7B2-epirubicin to H9/NL4-3 celis. Cells were first incubated with
unconjugated 782 or ADC, washed, and detected using the indicated secondary Abs, MAD and
ADC and iT were detected equally with anti-Hu 1gG, whereas only the appropriate conjugate
gave a signal with RAC or epirubicin specific MAbs. (D} Cyiotoxicity of 1Cs on HO/MNL4-3 celis. A
3 day MTS assay was performed in the presence of CD4-IgG2. Results are Asg — Bkgd, mean
and SEM of triplicate samples. Reprasantative of 5 experimenis. (E and F). Cylotoxicity of anti-
gpt20 MADb 924 10 epirubicin {(E), gemcitabine (F), compared {0 RAC. The indicated iCs were
incubated with uninfected HE cells, or persistently-infected HB/NL4-3 for 3 days, and cell viability
measured by MTS dye reduction. Mean and SEM of triplicate values. Representative of at least
two experniments.
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986  experiments. {(B) At the top, a tracing from hydrophobic interaction chromatography

987  demonstrates an ADC consisting of a mixture of Q, 2, 4, or 8 small drugs per Ab. The table
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994 iested on 2837 cells stably expressing native gp120/gp41 trimers of the clinical isolates 32UG
995 and €97, on non-transfected 2937, and on HB/NL4-3. ADCs were tested in the presence of
996  sCD4 (300ng/mi). Representative of 3 experiments.

998

43

DAC EX. 2027 IPR2022-01531 Page 63 of 91

ALISHIAING TTENHOD AQ 9L0Z LT 48qo100 uo /B0 wse A/ dny Woy pepesiumod



_

%

.

.

7

i

%
? Z

,9///

10 sef
P>

PEGHY ConjugaBon Rty Ab BAC 8§
e 53 ¥ Y

M

-

33 \
\§ B o8
a8

_

gy Usinniugeted
~oe 301 conjugation
g 10 ponjugation

LT

82

i
33

C  prebiesd ic PEGAC

u Sithiuly
& Anti-Rigin

\\ 999

1000

1001

1002

10403 Fig. 7. Effects of PEGylating 7B2-RAC. PEG:qu was conjugated to 7B2-RAC at 30, 10, or 3X
1004  molar ratins. (A} Microcapiliary electrophoresis of reduced protein preparations. Results show
1805  incomplete PEGyiation {arrow heads}. Antibody L chain and RAC co-migrate at M ~28,000.
1006 (B} Cytotoxicity of PEGylated iTs. Killing by the 30:1 conjugate was inhibited in MTS assay on
1007  H9/NL4-3 cells. (C) Immunogenicity of PEGylated ITs. 1T alone or the 10:1 PEG-conjugate was
1008  administered to mice (4 mice/group, 2 weekly injections, and bled 1 week later). Murine

1009  antibodies against human Ig and to RAC were measured by ELISA

44

DAC EX. 2027 IPR2022-01531 Page 64 of 91

ALISHIAING TTENHOD AQ 9L0Z LT 48qo100 uo /B0 wse A/ dny Woy pepesiumod



Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

DAC EX. 2027 IPR2022-01531 Page 65 of 91

)
bl

opeidipaoypsdy,. e AF




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

o

=)}

b

=

o~ mg So

= 8. 111 3 £

: % LGD -

g 5 Qm\\\\\\\ cB25

-4 o 2 0 Z T PR S

g Koo € e S

Ko FO%5 00 m &

L o : BDGO M m

£8E828° <docuu 5

Lo B .

5

=

- %R o Mw a

& o ..:a!v .m&y“\ .nmg&a

o £ 4 v Q00
%: m. m,__,m%
o - R
L U3 e P P
< 15O 0

=y o
o 3
E% SES
A <8
= o

o

:
-

_

e A e




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

‘ o
% S 2
£ g = &
o o
3.“.@ e
Sm | " .ﬁ.m
™ 1A%+ % 3 &
oo % =
- 8% 2
5
Fomg
2 &
3o L
&

DAC EX. 2027 IPR2022-01531 Page 67 of 91

498124
Days post initiation of IC

200 800 600 600
G4 Cells

CD4 Count

KaBass
847 GO+ cellsimm

Anti<iC Ab
00 0.3 08 08 12 150
Dadta Ay

2 2 8
penTy {R4N BISeld

<

opoddiopsdooy. e A e




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

o N o= S v T o+ S

—

=)}

[

s <3 2
e M % ;

mwmﬂ& e 2 xQ s

m«; w 2 g 2 A B I &

g m m§ ® ) b I P w

- i

™ ko b ud 0—

“““““““““ a

- 3 o 4

2 il o :

& @ =

S . gt " =

n o ‘s i o I~

- s iy < N

(=

(g\]

e

=

@)

<

a

8 782-RAC
N P

HCY ngimd

b
~
o
-
==

opoddiopsdooy. e A e




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

. mADb 924
N

DAC EX. 2027 IPR2022-01531 Page 69 of 91

.w..
S @ g0 h
How e S m tne e 4
3 m ya m Am
- b A
) “, PO A AT
v £ 3 Fo T
@ % ALY g
@ The &N e
PR W!ﬁ&ﬂ\u\\ﬁ
o 1wﬁm\dﬂ o .wmm\.q
c oo
0% 3
e 1 nt_dw
e 0F O
oMM
L3 b T P
x v s
LM LO

. F
;o

00000

§

o

« (myBd)pzd

opoddiopsdooy. e A e




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

—
=)
7] S
(=)
L EO
=]
R 0% S
w2 {3 Ak T % 15
F <5 333 %
g3 W 3 & £ooo e
3 @ = ) ah Fe 2
£ 2 KL QY -
& mon 0 e
P G P Prow P B 5.7 p A W
E & B ww L \mw P : - —
51 £ £ ¢ 2% W B L & z =
o > R 7 umu =y 1
£l 5 g2 4 = 3 w5 it
S ¢ 2 R 1. E Z 5 N
5 & B v Y Bl o B —d
< & £ b % Z b P
S @ 3 |
2 ls E £ £ P B &
% e 2 L & it C P
oot B 93] 2 B 7 o o
BElZ £ B @ 25 Py Sk
2Ry = - = 5. 5
- S I 2 0 T~
o1& # 8 3B & S
O . =
E
- TP co SN o S = o .mm w. ./u
iy ¥ 2 U & .
2 a o oo o X
[ B - % B =
bl
2 @)
sy 5 & & @ <
<& B 8 H L a
(4] 5 =,
: 235
3 = oLt T3
R & Ny
"2 vmﬁeﬁu
S ] 3 \ G,
G , “
m m .w m 1 ﬂ« g \\\.w.\ﬁm . &
sEas y b
Q.\m 8 e 1 ‘ﬂ.- z \\\
BU i L 7l
B % 712
4y % ke “ o,
ain = B
. e B ;L &
% el w© £
A ]
g 1V A
! 7" 8, @
i 2 .
/ = 3 -
m. g e 4l g 5
w\mw\\ o Y
7 = -
YTETETE S e <
» o <3 <2 Z

A mmFﬁ C




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

—
=)
S
& (=)
= o
5 w Z 2 Wm S H
3 2128 % P82 &0
,um 821837 3 2 o oghocr ok Dau

G182 28 ¢ SRREERE
LA R R T mu o =
” : R Vg
=28 N A G =

& 4 #n i P
FEERRAL . &
............ ° " W0 m
IEER R 2% o m
Tl w % g am @ =
3¢ Z P S
E1 312 3 5 % 2 N
g~ m E ® o A
@ ~ wyBd prd ewseid \
o o . %
%3
n 2
g2 : =
2

&1 Gemcitabine
7

%
£3

i
23
o
o
s

»\\

7
%

\
&
-8

FADCY ngimil

<
S
o4
T
<
1
ie
ne
5 3
b4 ]
P \x\&ﬁ.\.\\\ Q«M s
oo x\\w M
4 S
vt B P
4y iF e ey
L ih 2 B =
g v m ?
Y 7,
7 A2E_Q
7 _— A
% e =
4 &
=
: ™ %7 B
v & " g £
i e L
2] *

5 © 7 o
L G ey ¥ , ; =
T “ S 9
we - o3 e \w\\ po-

y %7
o8y g
D 5 e s oty ="
\'4 G E
<L L) C & & &
gwﬁ

opoddiopsdooy. e A e




Downlcaded from http://jvi.asm.org/ on October 21, 2016 by CORNELL UNIVERSITY

s Anti-Hul
[1 Anti-Ricin

iIC

RAC 8§
Mouss

PEG

Ab

-p- 10:1 conjugation
DAC EX. 2027 IPR2022-01531 Page 72 of 91

'A ~O- 30:1 conjugation

"% £ -+ Unconjugated

it
oo
73 .
& s £
5. =€ O
,mw &
b 1
E E
Plo
Op
f w Ty 13
7 ¥ L] £
2 o W % o B
g ®
<t &L g
_A A o 2
< i m 5 m
3 o
fi.

Yo W e W ow
v ;

opoddiopsdooy. e A e




ARTICLI

doi:10.1038/nature 16057

Novel anti
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1

S, aureus is the leading cause of bacterial infections in humans world-
wide and represents a major health problem in both hospital and
cormmunity settings'. However, 8. aureus is not exclusively a patho-
gen and Lomxroni" colonizes the anterior nares and skin of healthy
individuals. When infection does occur, the most serious 1:1febt40ns
such as endocarditis, osteomyelitis, necrotizing pneumonta and sepsis
take hold after dissemination of the bacteria into the bloodstream™
Ovwer the last several decades, infection with S. gureus has become
increasingly difficult to treat due to the emergence and rapid spread of
methicillin-resistant 8. aureus ('\/IR"}A) which is resistant to all known
R-lactam antibiotics®. Alarmingly, reduced susceptibility to vancoroycin
and resistance to Hoezolid and ddph)rnyu:l have 4 ready been reported
in MRS A clinical strains?,

Investigations going back at least 50 years have revealed that
S. aureus is able to invade and survive inside mammalian cells, includ-
ing the phagocytic cells that are responsible for bacterial clearance™ .,
S. aureus is taken up by host phagocytic cells, primarily neutrophils ;mci
macrophages, within minutes after intravenous infection'?. While the
majority of the bacteria are effectively killed by these cells, incomplete
clearance of 8. aureus inside blood-borne phagocytes can allow these

infected cells to act as “Trojan horses for dissemination of the bacteria
away from the initial site of infection. Indeed, patients with normal neu-
trophil counts may be maore prone to disseminated disease than those
with reduced neutrophil counts™¥14 Once delivered to the tissues,
S. aureys can invade various non-phagocytic cell types, and intracellular
5. aurens in lissues is assoclated with chronic or recurrent infections
including osteomyelitis'®, recurrent rhinosinnsitis'®, pulmonary infec-
tions!” and endocarditis!®. In addition, intracellnlar S. aureus has been
shown to undermine innate immune responses and induce subseguent
destruction of neatrophils'?, Together, these data suggest that ablat-
ing intracelhdar S. aureus is key to clinical success, but until now there
has been no way to test this hypothesis directly.

En’n'a{:eihlhr MERA ave protected from antibiotics

To confirm the hypothesis that mammalian cells provide a protective
niche for 8. aureus in the presence of antibiotic therapy, we compared
the efficacy of three major antibiotics that are currently used as the
standard of care for invasive MRSA infections {(vancomycin, dapto-
mycin and linezolid) against extracelfular planktonic bacteria versus
bacteria sequestered inside murine macrophages (Table 1). All three
antibiotics failed to kill a highly virulent community-acquired MRSA
strain, USA300, sequestered inside macmphacts exposed to clinically
achievable concentrations of the antibiotics, consistent with other stud-
ies showing that the majority of existing antibiotics are i ;nefﬁciem at
killing intraceflular S. aurens both in vitro® and i vive™

Infracethdar 5. aureus spreads infection

To compare directly the virulence of intracelfular bacteria versus
free-living p"ankt{m‘r bacteria and to determine whether the intracel-
lular bacteria are able to establish infection in the presence of vancormy-
cin in vive, mice were infected with eq\.waknt doses of S. aureus taken
directly from broth culture or bacteria sequestered inside host peritoneal

Table 1 | Antibiotic minimum inhibitory concentrations for MRSA

Antibictics Extracellular MRSA  Intracelluiar MRSA Serum Crax
(MIC (ug mi="y) (MIC (g mitTy) (pgmi™)
Vancomycin 1 =100 50
Daptomycin 4 »>100 &0
Linezolid 0.3 -20 20
Rifampioin 3.004 50 20

Extracellular MIC is the minim
trypticase
seguestered
ted). Data are surnmar.zcd from rhmc aif
seruin concentrations for clinically refevant antibiotics,

evented growth of MRSA seeded in
hat prevented "'rv.vﬂ! of I\ F\ A

dose 1 ent experiments. Serum Caay, the expecred
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Figure 1 | Intracellular MRSA are protected from vancomycin.

8, Experimental design for generating planktonic versus intraceflular
bacteria for infection and treatment with vancomycin (vanco).

b, Bacterial loads in kidney, 4 days after infection. ¢.fu., colony-forming
units. Bach point represents data from a single mouse (s1=5 mice per
group). ¢, Planktonic or intracellular bacteria were suspended in media
containing vancomycin and cultured alone or on a monolayer of MG63,

and surviving bacteria were enumerated 1 day later. Error bars represent
means 1 standard deviation {s.d.}. 4, Survival of MRSA cultured with

vancomycin with or without MG63 cells. Error bars show s.d. ND, none
detected. Dashed lines indicate the limit of detection. Representative of
three independent experiments.

macrophages and neutrophils (Fig. 1a). Mice infected with intracellu-
lar bacteria had equivalent or higher bacterial burdens in the kidneys
4 days after infection compared with those infected with planktonic
bacteria (Fig. 1b). Infection with intracellular bacteria also resulted in
more consistent colonization of the brain (Extended Data Fig. 1). To
characterize this observation further, we infected MG63 osteoblasts
with either planktonic MRSA or an equivalent nurmber of intracellular
MRSA, in the presence of vancomycin. Planktonic bacteria exposed
to vancomycin alone were effic efiilv killed, {(Fig. 1¢). However, we
recovered a small namber of surviving bacterta (approximately 0.06%
of input) associated with the MG63 cells 1 day after infection, which
had been protected from vancomycin by invasion into osteoblasts.
MRSA that were sequestered inside peritoneal cells showed a sig-
nificant increase in both survival and ctficiency of MG&3 infection
in the presence of vancomycin. About 15% of intracellniar MRSA in
the leukocytes survived under vancomycin exposure identical to that
which sterilized cualtures of planktonic bacteria. Intracelbular 5. aureus
that were sequestered in MG63 cells (Fig. 1d), primary haman brain
end(ﬂhelia] cells and A549 bronchial epithelial cells (Extended Data
Fig. 2} were also able {0 increase by almost tenfold over 2 24 h period
un der constant exposure to 2 concentration of vancomycin that kifled
free-living bacteria. Together, these data suggest that intracelhular reser-
voirs of M‘QSA in mye.md cells can promote dissemination of infection
to new sites in the presence of active antibiotic treatment, and that
intracellular growth can occur in a variety of cell types despite constant
antibiotic therapy.

Designing the antdbody -antiblotic conjugate
These findings suggested that therapies aimed at eliminating intracel-

ular bacteria may improve clinical success. To test this conclusively,
324 | NATURE | VOL 527 | 19 NOVEMBER 2015
© 2015 Macmiilan Publish

we ¢ velopcd a novel therapeutic that is activaled specifically inside
mammalian cells that have taken up S. aureus. The antibody-antibiotic
conjugate (AAC) consists of an anti-S. aureus antibody (THIOMAB,
engineered to confain unpaired cysteines) covalently linked via the
introduced cysteines to a highly efficacious antibiotic using a cath-
epsin-cleavable linker containing a novel quaternary ammonium salt
(Fig. 2a). The resulting AAC has no direct antibacterial activity when
bound to planktonic 5. gureys and does not diffuse into mamma-
lian cells, owing to the size of the antibody. However, when AAC-
opsonized bacteria are taken up by host cells, intracellular proteases
cleave the linker and readily release the antibiotic in its active form®
{Fig. 2b). Dependiag on the antibody specificity, we found that thou-
sands of AACs can bind {0 a single bacterinm and deliver a sufficient
concentration of free antibiotic within the phagosome to result in
bactertal killing

The anti bodv and antibictic components were carefully chosen
and optimized for maximal efficacy. A panel of more than 40 anti-
$. aureus antibodies were cloned and purified from B cells derived
from the peripheral blood of patients recovering from various S. aureus
infections and screened for binding to a panel of clinically relevant
5. aureus strains and to USA300 isolated directly ex vivo from the kid-
neys of infected mice. We found the greatest extent of binding with
antibodies directed against wail—teu}:om acids (WTAs), pathogen-
specific polyanionic glycopolymers that are connected to the thick pep-
tidoglycan layers of Gram-positive bacteria {Fig. 2¢). S. aureus produces
WTAs composed of phospho-ribitol repeating units that are fucther
modified by either a- or p-O-lisked N-acetylglucosamine (GlcNAc)
sugars mediated by TarM or Tar$ glycosyltransferases, respectively®.
A human imrounoglobulin Gy (IgGy) that remgmzea 3-O-linked
GleNAc sugar moedifications on WTA bound to al 8. qureus strains
tested. Monoclonal antibodies recognizing the o&~-()-11nke(i GleNAc
bound well to S, aureus strains cultured in vitro; however, expression
of the a-O-linked GlcNAc was absent on some 8. gureus isolates.
On those strains that co-expressed the ¢- and {S—O—lini{ed GlcNac,
B-specific antibodies yielded consistently higher binding to in vive-
derived MRSA (Fig. 2¢). Antigen specificity of the antibodies was con-
firmed by genetic means, such thatan stibodies against a- or B-GlcNAc
sugar modifications on WTAs failed to bmu to "S aureus strains lacking
the TarM or TarS glycosyitranferase, respectively (Fig. 2d). We esti-
mate that ~15,000 3-WTA-specific an hbodles can bind to protein-A-

deficient S. aureus USA300 by measuring binding of radiolabelled
antibodies (data not shown).

To characterize antibody binding to WTA at the molecular level
further, we co-crystalli zed the Fab fr:-gme“}t from an anti-B-WTA
antibody in compi“*( with a synthetic form of the minimal repeating
B-WTA unit (C2 carbon of ribitol- 1-phosphate linked to the C1 posi-
tion in GleNAc via a i-glycosidic bond) and determined a crystal struc-
ture of the complexat 1.7 A resclution (Extended Data Table 1). The
structure reveals how the minimal §-WTA epitope binds to the com-
plementarity determini ngxcgmn (CDR] of the Fab antibody fragment
{Fig. 2¢}. The heavy chain H1 and H3 CDR loops forr a binding site for

the GlcNAc, with the GlcNAc hexose ring stacking against the Trp 33
indole side chain. Importamly the antibody has an extended L1 loop
containing two arginioe residues {Arg 27d and 28) that interact with
the phosphate group on the ribitol backbone. This arginine ‘tweezers
motf triangulates the ibitol phosphodiester backbone in relation to the
GlcNAc moiety, and is probably a key reason for the $-anomer-specific
recognition of Lz]chAc WTA by the armbodv

An extensive set of criteria was used to choose the optimal antibiotic
for the AAC platform. We chose the rifamiycin class of antibiotics for
their high potency, unaltered bactericidal activity in low phagolysoso-
mal pH, and their ability to withstand intracellular insults. A rifamycin
derivative {a rifalogue) that aliowed connection to the linker antlbody
through a tertiary amine {T. Pillow, manuscript in preparation) had
optimum physicochemical properties to allow for efficient bacte-
rial killing. The chemical groups known to make direct contact with
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by, Mechanism of AAC action. ¢, Binding of Alexa »‘ASS anti-B-GleNAC
WTA monoclonal antibody {mAb} or anti-a-GIcNAC WTA
monocional antibody, or isotype control antibody, anti- cytome galovirus
glycoprotein-D (gD) to USA300 isolated from infected kidneys (n =3}
MEFL, mean flusrescence intensity. d, Binding of anti-GlcNAC WTA
antibodies {red} or isotype control {grey) to protein- A-deficient USA300
lacking tardf or farS (n=13). W', wild type. e, Crystal structure of
anti-B-GleNAc WTA Fab bound to a synthetic minimal $-WTA unit.

bacterial RNA polymerase are conserved between rifampicin and the
rifalogue®. Consistent with this, the minimum inhibitory concentra-
tion {MIC} for the rifalogue is identical to rifampicin (4 X 1077 M), as
measured in a conventional growth iohibition assay using planktonic
bacteria (Fig. 2f). The rifalogue, but not rifampicin, resulted in a more
than 1,000-fold decrease in the nuraber of viable, but non-replicating,
bacteria after ovemight incubation in minimal PBS buffer (Fig. 2g). The
rifalogue was also able to kill classically defined persister ce is;, bacteria
that presumably enter a dormant state to survive antibiotic treatment
(for example, ciprofloxacin) of growing cultures®® (Fig. 2h), while
treatment with rifampicin had no effect on recovery of persister cells,
in agreement with previous observations®®. Additionally, rif falogue,
but not rifampicin, was able to kill non-dividing MESA sequesturcd
inside murine macrophages, in part due to its capacity to accumnulate
rapidly in mammalian cells (Extended Data Fig. 3). As predicted, the
rifalogue had no ability to kill extracellular bacteria when linked to the
anii-3-WTA monodeonal antibody in the AAC format, but was fully
bactericidal after the AAC was treated with cathepsin B to release the
active antibiotic (Fig. 21).

o confirm that the linker used in the AAC is cleaved after internali-
zation of the AAC inside cells, we examined cleavage of the linker with
a flucrescence resonance energy transfer (FRET)-based probe consist-
ing of the same anti-MRSA antibody conjugated to two dve molecules
that were separated by the same finker used in the AAC”. When the
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Antibody light chain {pink) and heavy chain m]ue) are shown. £ MIC
determination for rifampicin and rifalogue on USA300 (s ==5}. g, Survival
of stationary phase USA300 incubated with 1 % 107° M rifampicin or
rifalogue (1 =4). b, USA300 bacteria were incubated without antibiotic
blmk) 01 with 3 ug ml™ ciprofloxacin (Cipro; green, ved and grey).

1 ugmi~ of rifz \u‘gu\ {red) or rifampicin {grey) was added as indicated
(n=3).1, Intact AAC does not kill plankionic bacteria but does after pre-
treatment with cathepsin-B (s == 3). g~i, Brror bars show s.d. for trvrh ate

samples (1 = biological repeats).

fluorescent molecules are covalently associated, fluorescence at 488 nm
is quenched; upon cleavage of the linker, quenching is lost. Video
microscopy demonstrated that the linker was cleaved within minutes
of nptake of the MRSA opsonized with the FRET conjugate (Fig. 3a).
We confirmed by mass specteomelry analysis that free rifalogue was
released inside macrophages after uptake of MRSA opsonized with
active AACs, but not when op*aomzed with a non-cleavable version
of the AAC, which was prepared by replacement of the natural amino
acid t-citrulline with p-citrulline at the P1 position, making the linker
uncleavable by cathepsins {Fig. 3b).

AACs eradicate intracelidar 5. qureus infections

When the AAC was used to opsonize MESA, it readily killed bacteria
inside the macrophages, whereas the same bacteria opsonized with
non-cleavable 8-WTA AAC or monoclonal antibody alone survived
{(Fig. 3¢). AAC-opsonized MR5A were killed inside every cell type
tested, including human muacrophages, endothelial and epitheliaf cell
lines (Fig. 3d). These data dernonstrate that the AAC releases active
antibiotic and kills 5. gurens only after internalization inside host
cells, providing a unique tool to assess the importance of infracellular
8. aureus in various settings. To determine whether specifically tar-
geting intracellular 8. aureus could prevent cell-to-cell transfer of bac-
teria, infected peritoneal cells were incubated with MG63 osteoblast
cells in the presence of vancomycin (Fig. 3e). Addition of AAC to the
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culture media resulted in a significant reduction in the number of viable

intracellular bacteria 'ecoverc‘d 1 day after infection. Similar treatment
with the unconjugated anti-MESA antibody plus a tenfold higher molar
concentration of rifampicin, purported to be one of the best-known
antibiotics for treatment of intracellular bacteria®, had very marginal
efficacy. To confirm that targeting intracelfular S. aureus could also
prevent transfer of infection from intracellular reservoirs in vivo, mice
were infected by infravenous injection with equivalent doses of plank-
tonic or intracellular MESA and then treated with PBS or vancomyein,
with or withoat a single dose of AAC. In the presence of vancomycin
only intracethdar bac,iexm were able to efficiently colonize the brain
{Extended Data Fig. 1}; however, treatment with a single dose of AAC
effectively e,.lmmai,ed the bacteria that had escaped vancomycin treat-
ment (Extended Data Fig. 4)

AAL is superior to vancomyein in vive

To determine the role of intracellular infection in bacteracmia, AACs
were tested in an intravenous infection model. First, we tested the
efficacy of unconjugated anti-MRSA antibodies by treating mice
with either anti-f-WTA antibodies, anti-a-WTA antibodies or intra-
venrous immunoglobulin {IGIV), a pooled immunoglobulin prepa-
ration from ~10,000 humans, 1h before intravenous infeciion with
wild-ty rpc USA3G0 MRSA. 8. aureus is a common colonizer of human
skin and mucosal surfaces and preliminary analysis of nmitiple sources
of hu*mm seram, including HGEV, demonstrated that human seram
contains approximately 300 ug mi™! of anti-S. aureus antibodies, of
which -«/(Wo are directed towards the GleNAc modifications of WTA
{Extended Data Fig. 5). Even in this prophylactic treatment setting,
unconjugated antibodies did not have any efﬁmgy in preventing infec-
tion, whereas treatnrent with vancomycin eliminated detectable bac-
teria {Fig. 4a). However, the efficacy of vancomycin was limited when
treatment was initiated several hours after infection was established
{Fig. 4b}. In at least one model of bacteraemia, 95% of the bacteria
in blood are found to be associated with neutrophils within 15 min
{ref. 6), suggesting that failure of vancomycin in this model could be
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rifampicir

Ty nlc. celis

mAL AAC

enumerated 48 b after incubation with indicated cells lines. HBMECs,
human brain microvascular endothelial cells. Horizontal line indicates
the limit of detection. e, Intracellular USA300 as in Fig. 1a were added to
a monolayer of MG63 with antibody, AAC, or a mixture of antibody plus
rifampicin in media containing vancomyein (vanco). Surviving bacteria
were cnumerated 24 b later. b-¢, Error bars represent means £ s.d. from
triplicate wells. Data are representative of 2-4 biological replicates.

due to antibiotic escape through survival inside host cells. To test this
directly, mice were treated with a single dose of AAC 24 h after infec-
tion. A single dose of AAC was efficacious and proved superior to twic
daily vancomycin treatment initiated at the same time (Fig. 4c and
Extended Data F Fig. 6a).

Mouse serum has no appreciable anti-§. aureus antibody. To deter-
mine whether endogenous anti-WTA antibodies found in normal
human serum might compete for binding with the AAC, SCID mice
were reconstituted with physiological levels of human IgG by daily
treatment with IGIV. The fes‘ul"ng SCID-halpG mice had sustained
levels of al teast 10 mg ml™* of hurnan Ig in the serum and were
equa I‘iy susceptible to i mfﬁ,hon with MRSA L,ompated to untreated
countrols {data not shown). [tespite the presence of potentially compet-
ing antibodies, a single dose of anti-MRSA AAC administered h
after infection with MRSA was still more efficacious than vancomycin
{Fig. 4d). An AAC made with an irrelevant antibody (anti-cytomegalo-
virus glycoprotein Id antibody)—which could stilf bind to protein A
on MRSA—had much less efficacy. AACs made with anti-B-GlcNAc
WTA antibodies appeared to be more efficacious than those made with
anti-a-GlcNAc WTA antibodies (Extended Data Fig. 6b), suggesting
that the extent of antibody binding determines antibiotic delivery.
Treatment with the AAC was more effective than treatment with an
equivalent dose or repeated dosing of unconjugated rifalogae, and
release of the antibiotic from the AAC was essential for efficacy, as
an AAC generated with the non-cleavable linker was not efficacious
in vivo (Fig. 4e).

Discussion

Treatment of patients with invasive MRSA infections with conven-
tional antibiotics results in failure rates of up to 50% (refs 29-32),
in most cases without measurable ouLgrowth of antibiotic-resistant
strains. Survival of antibiotic-susceptible subpopulations of S. aureus
in the presence of antibiotic treatment is well documented and is
probably due to multiple factors, including survival of persister bac-
teria that are not actively dividing and poor antibiotic exposure of
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intravenous infection. a, Wild-type (WT) mice {n = 8 per group) were
treated with 50 mg kg™ ' of the indicated 2 ti-MRSA antibodies 1 h before
MRSA infection or twice daily with 110 mg kg™! vancomycin {(Va n(m

b, Treatment of wild-type mice (n =15 per group) with 110 mg kg™
vancomycin (twice daily) was initiated either at 1 h, 7h or 24h after
infection. ¢, Wild-type mice (n =5 per group) were trested with
saline, anti-B-WTA antibody used in the AAC (monocional antibody
mAb}), vancomycin {twice daﬁy), or anti-MESA AAC (a single dose of
50 mg kg -y sranmg 24 h after infection. d, e, SCID mice {d, 5 mice per
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bacteria in protected niches™ . However, it has been difficult to
determine conclusively what role intracellular 8. aureus plays in dis-
case pathogenesis and antibiotic failure. To address directly the extent
to which this ability to survive and replicate inside cells contributes
to the failure of conventional antibiotics, we developed a novel ther-
apeutic in the fo'fm of an AAC that is specifically designed to be
activated only within host cells. We found that a single dose of AAC
treatment is effe nve in a murine model of bacteraemia, in which
vancomycin, the current standard of care for MRSA infection, failed
{Fig. 4). This suggests that ablation of the intracellular pool of path-
ogens is key for clinical suceess in the treatment of potential fatal
MRSA infection.

In designing the AAC to test this hypothesis, we used an autibiotic
that kills intracellular bacteria. This rifalogue antibiotic also ablates
non-replicating bacteria, and antibiotic-resistant persister cells. We
posit that this characteristic, along with its ability to accumulate
within the intracellular milieu, is essential for AAC success. When
the closely related rifampicin, which does not have these character-
istics, was conjugated to the same anti-WTA antibody it did not kill
intracellular bacteria and exhibited poor efficacy in vivo (Extended
Data Fig. 8). These studies show that arming antibodies with unique
bactericidal antibiotics can result in promising new therapies. Many
potent antibiotic-like componnds with the desired characteristics to
kill difficult-to-treat intracelludar pathogens fail in clinical practice
owing to poor pharmacokinetic properties or undesired host toxic-
ity. The use of an AAC might be able to overcome these problems,
making it a novel platform for delivering potent antibacterial com-
pounds that maay not have a suitable profile as unconjugated drugs.
Antibiotic failure has been associated with the ability
bacterial pathogens to survive within host phagocytic cells®. The

© 2875

of a variety of

entration of 10 mg mi™!, then infected with MRSA. Treatment as
indicated was begun 24 h after infection. Vancomycin, 116 mg kg™ ' twice
daily: AAC, 50 mg kg~ ' a single dose on day L rifalogue, 0.5 mg kg~
either once on day I, or once daily (days 1-3). a—e, Bacteria in kidneys
were determined 4 days after infection. Schematic of each expeumcma\
design is shown in Extended Data Fig. 7. Each point shows data from a
single animal. Bars show geometric mean. Dashed lines indicate limit of
detection. Mann-Whitney U-test. #£ < 0.05; ##P < 0.01; #*# %P < 0.005.
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extent to which other common human pathogens beyond 8. aureus
depend on this intracellular protected niche merits investigation; the
AAC platform promises to enhance antibiotic efficacy against these
infectious discases.

Onfine Content Methods, along with any additionat Extended Data display items and
Source Data, are available ir* the online version of the paper; references unigue to

these sections appear only in the oniine paper.
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METHODS

Ethics statement. All animal procedures were conducted under a protocol
(#08-1990) approved by the Genentech Justitutional Animal Cave and Use
Committee in an Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC)-accredited facility in accordance with the Guide for the
Care and Use of Laboratory Animals and applicable laws and regulations. For
cloning of antibodies from human B cells, informed written consent was obtained
from all donors and was provided in accordance with the Declaration of Helsinki.
Approval was obtained from the health research ethics committee of Denmark
through the regional commitiee for the Capital Region of Denmark.

Bacterial strains. Allin vive experiments were done with MRSA-USA300 NRS384
obtained from NARSA (https://www beiresources.org) unless noted otherwise,
The generation of protein-A-deficient strain Amcr USA300 NRS384, as well as
protein-A-deficient USA300 lacking farM or farS has been described pre-
Aousty®™¥, The protein- A-deficient strains were used only in some in vitro experi-
ments to determine antibody spec
MIC determinations for extracellular bacteria. The MIC for extraceliular
bacteria was determined by preparing sevial twofold dilutions of the antibiotic
in tryptic soy broth. Dilutions of the antibiotic were made in quadrupficate in
96-well culture dishes. MRSA (NRS384 strain of USA300) was taken from an
exponentially growing culture and diluted to 1 x 10%c.fu. mi™!. The bacteria
were cultured in the presence of antibiotic for 18-24 b with shaking a1t 37°Cand
bacterial growth was determined by reading the optical density {OD) at 630 run.
The MIC was determined to be the dose of antibiotic that inhibited bacterial
growth by >90%.

MIC determinations for intracelindar bacteria, Intracelluiar MIC was determined
on bacteria that were sequestered inside mouse peritoneal macrophages {see later
for generation of murine peritoneal macrophages). Macrophages were plated ata
density of 4 X 10° cells ml ™ and infected with MRSA at a ratio of 10-20 bacteria
per macrophage. Macrophage cultures were maintained in growth media sup-
plemented with 50 pg ml™! of gentamyein to inhibit the growth of extracellular
bacteria and test antibiotics were added to the growth media 1 day after infection.
The survival of intracellular bacteria was assessed 24 h after addition of the antibi-
otics. Macrophages were lysed with Hanks buffered saline solution supplemented
with 0.1% beovine serum albumin (BSA) and 0.1% Triton-X, and serial dilutions
of the lysate were made in PBS solution containing 0.05% Tween-20. The number
of surviving intracellular bacteria was determined by plating on tryptic soy agar
plates with 5% defibrinated sheep blood.

In vivo transfer of infection model. USA300 stocks were prepared for infection
from actively growing cultures in tryptic soy broth. Bacteria were washed three
times in PBS and aliquots were frozen at —80 °C in PBS 25% glvcerol.
Intracellular bacteria infections. Seven-week-old female A/} mice {Stock 000646}
were obtained from Jackson Labs and infected by peritonezal injection with
5 x 107 c.fu. of USA300. Mice were killed 1 day after infection and the perito-
neum was flushed with 5ml of cold PBS. Peritoneal washes were centrifuged for
5 min at 1,000 r.pam. at 4°C in a table-top centrifuge. The cell pellet containing
peritoneal cells was collected and cells were treated with 50 pg mi™ ' of Jysostaphin
{Cell Sciences, CRL 309C) for 20 min at 37°C o kill contaminating extraceljular
bacteria. Peritoneal cells were washed three times in ice-cold PBS to remove the
lysostaphin. Peritoneal cells from donor mice were pooled, and recipient mice
were injected with cells dexived from five donors per each recipient by tntrave-
ail vein. To determine the number of live intraceliular
colony-forming units, a saxaple of the peritoneal cells wete lysed in HB {(Hanks
balanced salt solution supplemented with 10 mM HEPES and 0.1% BSA} with 0.1%
Triton-X, and sertal dilutions of the lysate were made in PBS with 0.05% Tween-20.
Free bacteria infections. A/i mice were infected with various doses of free bacteria
using a fresh aliquot of the glycerol stocks used for the peritoneal tnjections. Actual

‘o
infection doses were confirmed by ¢ fu. plating. For the data shown in Fig. lathe
was 1.8 X 10%c.fu. per mouse, and

nous injection into the

1.
actual infection dose for intracellular bacteri
the actual infection dose for free bacteria was 2.9 x 10° c.fu. per mouse. Selected
mice were treated with a single dose of 110mg kg™ of vancomiycin by intravenous
injection immwedistely after infection.

In vitro iransfer of infection to nom-phagocytic cells. Generation of MRSA-
infected peritoneal cells. Six-to-eight-week-old fernale A/J mice (see earlier) were
infected with 1 x 10%c.fu. of the NRS384 strain of USA300 by peritoneal injec-
tion. The peritoneal wash was harvested 1 day after infection, and the infected
peritoneal cells were treated with 30 ug ml™" of lysestaphin diluted in HEPES
buffer supplemented with 0.1% BSA (HB buffer) for 20 min at 37°C. Peritoneal
cells were then washed twice in ice-cold HB buffer. The peritoneal cells were
diluted to 1 x 10° celis mi~! in RPMI 1640 tissue culbture media supplemented
with 10 mM HEPES and 10% fetal calf serum, and 5pg ml™7 vancomycin.

Free MRSA from the primary infection was stored overnight at 4°C in PBS

© 2015 Mac
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solution as a control for extracellular bacteria that were not subject to v
killing,

{ufection of osteoblasts, HRMEC and A549 cells. MG63 cell line {CRL-1427) and
A549 cells (CCL185) were obtained from ATCC and maintained in RPMI 1640
tissue culture media supplemented with 10 mM HEPES and 10% fetal calf serum
(RPMI-10). HBMEC cells (catalogue #1000} and ECM media (catalogue #1001}
were obtained from ScienceCell Research Labs. The cells were used without fur-
ther authentication or testing mination. Cells were plated in
24-well tissue culture plates and cultured to obtain a confluent layer. On the day
of the experiment, the cells were washed once in RPMI {without supplements).
MRSA or infected peritoneal cells weve diluted tn complete RPMI-10 and van-
comycin was added at Spug mi~Uimmediately before fnfection. Peritoneal cells
were added to the osteohlasts at 1 % 10° peritoneal cells per ml. A sample of the
cells was lysed with 0.1% Triton-X to determine the actual concentration of live
intracellular bacteria at the time of infection. The actual titre for all intections was
determined by plating sevial dilutions of the bacteris on tryptic soy agar with !
detibrinated sheep blood.

Generation of the anti-S. aureus antibodies. The human I3G antibodies against
anti-B-GleNAc WTA monoclonal antibody (mAb) and anti-a-GleNAc WTA mAb
were cloned from peripheral B cells from patients after 5. aureus infection using
3 monoclonal antibody discovery technology that conserves the cognate pairing
of antibody heavy and light chains®®. Antibodies were expressed by transfection
of mammalian cells?. Supernatants containing full-length IgG1 antibodies were
harvested after 7 days and used to screen for antigen binding by enzyme-linked
immunosorbent assay (ELISA). These antibodics were positive for binding to
cell wall preparations from USA300. Antibodies were subsequently produced in
200-mi transient transfections and purified with protein A chromatography
{(MabSelect SuRe, GE Life Sciences) for further testing.

Symthesis of the linker drug. Synthesis of the rifalogue linker drug was per-
formed as follows. Protease cleavable linker MC-VC-PAR-OH? (1.009 g,
1.762 mamol, 1.000, 1,009 mg) was taken up in N,N-dimethylformamide
(6mui, 77mmol, 44, 5,700 mg). To this was sdded a solution of thionyl chlo-
ride (1.1 equiv, 1.938mmol, 1.16C, 231 mg} in dichloromethane (DCM) (I ml,
15.44 mmol, 8.765, 1,325 mg) in portions dropwise (half was added over 1k,
stirred for 1h at room temperature, then the other half was added over another
hour}. The solution remained a yellow colour. Another 0.6 equi
chiloride was added as a solution in 0.5 mi DCM dropwise, carefully. The reaction
remained yellow and was stirred sealed overnight at room temperature. The
reaction was menitored by liquid chromatography mass spectrometry (LT/MS),
indicating 88% conversion to benzyi chloride. Another 8.22 equiv. of thionyi
chloride was added dropwise as a solution in 0.3 ml DCM. When the reaction
approached 92% benzyl chloride, the reaction was bubbled with N, The con-
centration was increased from 0.3 M to 8.6 M.

MC-VC-PAB-CL (8.9 mmiol) was cooled to 0°C and rifalogue (dimethyl piper-
a:f.inebenzexazim)rit’émycin“ {0.75g, 0.81 mmol, 0.46, 750 mg)) was added. The
mixture was diluted with another i.5mi of DMF to reach 0.3 M. Stirred open to
air for 30 min. N,N-diisopropylethylamine (3.5 mmol, 3.5 mmol, 2.0, 460 mg) was
added and the reaction stirred overnight open to air. Over the course of 4 days,
four additions of 0.2 equiv. N,N-diisopropylethylamine base were added while the
reaction stirred open to aix, until the reaction appeared to stop progressing. The
reaction was diluted with DMF and purified on high-performance liquid chroma-
tography (HPLC; 20-60% ACN/FA-H, () in several batches to give MC-VC-PAB-
rifalogue (0.38g, 32% yield) m/z=1,482.8.

The non-cleavable rifalogue linker drug was synthesized using the exact same
method, but replacing MC-VC-PAB- G with MC-V-D-Cit-PAB-OH.
Conjugation of the linker drug to antibody. Construction and production of
the THIOMAB variant of anti-WTA antibody was done as reported previousiy®.
Briefly, a cysteine residue was engineered af the Val 205 position of the anti-W'TA
light chain to produce its THIOMAB variant. The thio anti-W'TA was conju-
gated to MC-ve-PAB-rifalogue. The antibody was reduced in the presence of
50-fold molar excess dithiothreitol (I

rophil

Or mycoplzsma <on

onyi

umu {GE Healthcare). The anttbody was re-oxidize
molar excess dehydroascorbic acid {MP Biomedical) for 2.5h. The form:

interchain disulfide bonds was monttored by LO/MS. A threefold molar excess
of the linker drug (MC-VC-PAB-rifalogue) over protein was incubated with the
THIOMAB for 1 h. The AAC was purified by filtration through a 0.2 pm SFCA
filter (Millipore). Excess-free linker drug was removed by filtration. The conjugate
was buffer exchanged into 20 mM histidine acetate pH 5.5/240 mM sucrose by
dialysis. The number of conjugated MC-VC-PAB-rifalogue molecules per mAb
was quantified by LC/MS analysis. Purity was also assessed by size-exclusion
chromatography.

DAC EX. 2027 IPR2022-01531 Page 79 of 91




Mass spectrometric analysis. LO/MS analysis was performed on a 6530
Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS (Agilent
Technologies). Samples were chromate yrapl,::u on a PRUP-S columm, 1,000 4,
Bum (50mum x 2.1 mun, Agilent Technologies) heated to 80°C. A linear gradi-
ent from 30-60% B in 4.3 min (solvent A, 0.05% TFA in water; solvent B, 0.04%
TPA in acetonitrile) was used and the eluent was directly ionized using the elec-
trospray source. Data were collected and deconvoluted using the Agilent Mass
Hunter qualitative analysis software. Before LC/MS analysis, A A C was treated
with lysyl e*}dopepmiase {(Wako) for 30 min at 1:100 w/w enzyme to antibody
vatio, pH 8.0, and 37°C to produce the Fab and the Fe portion for ease of amalysm.
The drug-to-antibody ratio (DAR) was calculated using the abundance of Fab and
Fab1 calculated by the MassHunter software.

Flow cytometry to compare expression of anti-MRSA antibodies. Analysis of

bacteria isolated from infected mice. Balb/c mice were infected with 1 x 107 c.fu
of MRSA (USA300) by intravenous injection and Kidneys were harvested on day
3 after infection. Kidneys were homogenized using & GentleMACS dissociator
in 5 mi volume per two kidneys using M-Tubes and the program RNAOLO1
{Miltenyi Bistec). Homogenization buffer was: PBS plus 0.1% Triton-X-100, 10pg
mi~! DNAase (bovine pancreas grade IT, Roche) and protease inhibitors (com-
plete protease inhibitor cocktail, Roche 11-836-153001}. After homogenization,
the samples were incubated at room temperature for 10min and then diluted with
ice-cold PBS and filtered through a 40 pm cell strainer. Tissue homogenates were
washed twice in ice-cold PBS and then suspended in a volume of 0.5 ml per two
kidneys in HB buffer (Hanks balanced salt solution supplemented with 10mM
HEPES and 0.1% BSA). The celf suspension was filtered again and 25l of the
on (Fig. 2¢).

Antibedy staining for flow cytometry. Bacteria (1 X 167 of in vitro grown bacteria
(Fig. 2d), or 25ul of tissue hmnoger‘-:ﬁe described earlier (Fig. 2} were sus-
pended in HB buffer and biocked by incubation with 400ug mi~! of mouse IgG
(Sigma, 15381} for 1h. T uaresce*niy fabelled antibodies were added un‘e.ctly
to the blocking reaction and incubated at room terperature for an additional
10—20 *n’ ied three times in HB buifer and then fixed in
% paraformaldehyde before FACS analysis. Test antibodies (anti-f-WTA
anti-a-WTA or isotype control-anti CMV- gD) were conjugated with Alexav-488
using amine reactive reagents (Invitrogen, succini rmul ester of Alexa Fluor
488, NIT5-A488). Antibo\Les in 50 mM sodium ph sphate were reacted wit]
5-10-fold molar excess of NTIS- A488 in the dark for 2-3 h at room temperature.
The lebelling mixture was applied to a GE Sepharose 5200 column equilibrated
in PBS to remove excess reactants from the conjugated antibody. The number of
A488 molecules per antibody was determined using the ultraviclet method as
described by the manufacturer.

For analysis of bacteria in tissue homogenates a non-competing anti-5. aureus
antibody {zF1 {ref. 38}} was conjugated to Ale}.a 647 to distinguish S. aureus from
similar sized particles. Test antibodies were examined at a range of doses from
80ngmi~!to 50 pgmi~’. Flow cytometry was performed using a Becl\ton Dricks
FACS ARIA {BD Biosciences) and analysis was performed using Flow]o analysis
software (Flow Jo LLC).

WTA-antibody complex purification and crysi‘ailizati(m. The anti-B-WTA
antibody Fab fragment was expressed in Escherichia coli and purified on Protein
harose followed by SP sepharose cation exchange and size-exclusion chro-
matography. Antibody was concentrated to 30mg ml™* tn MES butfer (20mM
MES pH 5.5, 150mM NaCl) and mixed with a 2:1 mol/mol ratio of the W'/
anziogue {diluted in water) for crystaliization trials. Sparse mratrix crystallization
screening provided initial hits in PEG-8000 based conditions, which were further
f;phn ized to provide diffraction quality crystals. Ultimately, data were collecte
crystal grown by the vapour diffuston method in 2 s;ttm? drop containing 0.5 ul
pmtun and 0.5 1} 0.08 M sodium cacodylate pH 6.5, 0.16 M calcium acetate, 14.4%
PEG-8000, and 20% glycerol. Crystals were cryo-protected in mother liquor, flash
frozen in liquid nitrogen, and stored tor dafa collection at 100K
Data collection and structure determination. Data were collected to 1.7 A at
bearnline 221D at the Advanced Photon Source (APS} under cryo-cooled con-
ditions (100 K) at a wavelength of 1.0 A. Data were reduced using HKL2000
and SCALEPACK in the space group £2,2,2,, with unit cell parameters of
-63.7 A, b=111.4A, c=158.4 A (see Extended Data Table 1 for process-
ing statistics). The structure was solved by sequential molecular replacement
searches using Fab constant and variable regions (Protein Data Bank accession
4[77) as individual search models. Iterative rounds of manual model adjustiment
with COOT followed by su‘uuated annesling, coordinate, and b-factor refine-
mient with Phenix and BUSTER {Global Phasing) gave a final model with R/Rae.
values of 20.6% and 23.7% res p(.c.md amachandran statistics calculated by

bacterial suspension was taken for each staining reac

. Bacteria were wa

T

G Se

MeolProbity indicate that 97.2% of the rnodti residues lie in favoured regions, wi ith

0.5% outliers.

Generation of a synthetic WTA fragment. Synthesis of dibenzyl phosphorochlori-
date. A mixture of NCS (3.5g, 26.6 mmol) was suspended in toluene (30ml). Then
dibenzyl phosphonate (2.0 g, 7.6 mmo}) was added. The mixture was stirred at
room temperature overnight. The white solid was filtered Oﬂ and the organic phase
was evaporated o give dibenzyl phosphorochloridate (1: 2.1 g, 96%) as hgm vellow
oil. TH NMR (3006 MHz, CDCl, 25°C) § 7.36 (s, 10H), 5.26 (m, 4H).

Synthesis of 4-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-p-glucopyrano-
s¥i)-1-O-acetyl-n-ribitol-5-dibenzylphosphate. A mixiure of 2 (described in ref. 44)
{500 mg, 0.95 mmol] dissolved in pvv‘\dwne (12 ml} was cooled to —30°C aqd 1
{described ref. 44) (595 g, 2.0 mmol) was added, stirring for 2hat —30°Cand
warmed to room temperature for 4 h. The mixture was added to H;0, and concen-
trated in vacuo. The residue was purified by column chromatography (silica gel:
700 to ~300 mesh; dichloromethane: methanol in a 30:1 a5 eluent} to give 4-0- (/,
acetamnido-3,4.6-tri-O-acetyl-2-deoxy-p-p-glicopyranosyl)- 1-G-acetyl-p-ribitol-
5-dibenzylphosphate (3; 190 mg 24%) as light yellow solid. 'H NMR (300 MHz,
Acetone-dg, 25°CT 8 7.29-7.23 { 1), 7.08 {d, 15}, 5.08 (t, 15, 4.99-4.78
(rn, 6K, 4.31-3.97 (m, SH, 3.82-3.6, (, W, 3H), 1.88 (s, 313, 1.86 (s, 6H), 1.79 (s, 3H),
1.69 (s, 3H). LC/MS {m/2) ES-+ 784 [M+H] ™,
Synthesis of 4-O-(2-acetamido-3,4,6-tri-O-acetyl-2-decxy-B-p-glucopyranosyl)-
1-O-acetyl-p-ribitol-5-phosphate. A mixture of 3 {150 mg, 0.19 mmol}
dissolved in MeOH (6 ml) was hydrogenated over 10% Pd/C (20 mg) for 2h at
room temperature. Then the mixture was filtered, and the filtrate was evaporated
to give 4-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-3-p-glucopyranosyl)-1-O-
acetyl-p-ribitol-5-phosphate (45 160 mg) as light yellow oil. LC/MS (s/z) ES+-
604 (M+HIT.

Synthesis of 4-O-(2-acetarnido-2-deoxy-B-p-glucopyranosyl)-p-ribitol-5-phosphate
(5). A mixture of 4 (80 mg, 0.16 mmo}} dissolved in MeOH (10mli) wa

to 5°C and K;CO5 (30mg, 0.21 mmol) was added and Stli‘fcd at 5°C for 3h.
The reaction was then quenched with 1 N HCl, and concentrated in vacuo. The
crude p*nduct was purified by gel filtration (LH-20, MeCH) to give 4-O-(2-
acetamido-2-deoxy-B-o éluwpyr:;noxyl J-D-ribitol-5-phosphate (5; 13.3 mg, 23%)
as a white smhd 1H NMR {300 MHz, MeOH-d,, 25°C) 6 4.62 {d, 1H), 4.30-4.02
{(m, 3H}, 3.92-3.32 (m, 9H}, 2.03 (s, 3H}. LC/MS {m/z) ES+ 436 [M-+-H|™

Time of kill for free antibiotics on non-replicating bacteria. 8. aureus (USA300)
was taken from an x')vernivht stationary phase culture, washed once in PBS and
mLSPE‘l wded at 1 107 c.fu. mi™! in PBS with no antibiotic or with 1 x 167¢
antibjotic in a 10 ml volume in 50 ml polypropylene centrifuge tubes. The bacteria
were mcubated at 37°C overnight with shaking. At each time point, three I mi
samples were removed from each culture and centrifuged to collect the bacteria
Bacteria were washed once with PBS to remove the antibiotic and the total number
of surviving bacteria was determined by plating serial dilutions of the bacteria
on agar plates.

Killing of persister cells by free antibiotics. 5. aureus (USA300) was taken from
an overnight stationary phase culture, washed once in tryptic soy broth (TSB) and
then adjusted to a final concentration of 1 x 107¢.£u.ml™" in a total volume of
10mi of either TSB or TSB with ciprofloxicin (0.05 mM)}. Cultures were incubated
wjfh shakin at 37°C for 61 and then the second antibiotic, either rifampicin
(1pgrmlHor '{he rifalogue (1 pg mi~) was added. At the indicated time
were removed from each culture, washed once with PBS to remove the antibiotic
and re-suspended in PBS. The total number of surviving bactetia was determined
by plating sexial dilutions of the bacteria onagar plates. At the final time point the
remainder of each culture was collected and plated.

Cathepsin release assay for AAC. To quantify the arnount of active antibiotic
released from AACs after treatment with cathepsin B, AACs were diluted to
200pg mi~ in cutnepsm buffer {20 mM sodium acetate, 1 mM EDTA, 5mM
L-cysteine, pH 53, Cathepsin-B (from: bovine spleen, Signra C7800) was added at
10ug mi~ ! and the samples were incubated for 1k at 37 °C. As a countrol, AACs
ncubated in buffer alone. The reaction was stopped by addition of 9 volumes
of bacterial growth media, TSB pH 7.4. To estimate The total release of active
antibiotic, serial dilutions of the reaction mixture were made in quadruplicate
in T'SE in 96-well plates and MRSA (USA300) was added to each well at a final
density of 2 % 10%c.£u. mi™" The cultures were incubated overnight at 37°C with
shaking and bacterial growth was measured by reading absorbance at 630 nM
using a plate reader.

Synithesis of anti-B-WTA antibody FRET conjugate. We synthesized and conju-
gated a maleimide FRET peptide to the anti-B-WTA THIOMAB antibody. We used
a FRET pair of tetramethylrhodamine (TAMRA) and fluorescein. The maleimide
FRET peptide was synthesized by standard Frnoc solid-phase chemistry using a
PS3 peptide synthesizer (Protein Technologies; B.-C.L., M.D. and R.V,, manu-
script in preparation)?. Briefly, 0.1 mmol of Rink amide resin was used to generate
C-terminal carboxamide. We nsed a Fmoc-Lys(Mit)-OH at the N- and C-terminal
residues in order to remove the Mtt group on the resin and carry out additional
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side-chain chemistry to attach TAMRA and fluorescein. The sequence of Val-
Cit-Leu was added between the FRET pair as a cathepsin-cleavable spacer. The
crude maleimide FRET peptide or maleimidocarprovi-K{TAMBA}G-V-Cit-L-K
{fluorescein) cleaved off from the resin was subjected to further purification

by reverse-phase HPLC with a Jupiter 5u C4 column (5, 10mm x 250 mum;
Phenomenex}. Our FRET probe allows monitoring not only of the intracelluar
trafficking of the antibody conjugate, but also the processing of the linker in the
phagolysosome. The intact antibody conjugate fluoresces only in red due to the
fluorescence resonance energy transfer from the donor. However, upon the sub-
strate cleavage of the PRET peptide in the phagolysosome, the green fluorescence
from the donor is expected to appear.

Video microscopy to detect cleavage of the linker inside macrophages. Murine
peritoneal macrophages were plated on chamber slides (Ibidi, catalogue 80826)
in complete media as described for the macrophage intracellvlar killing assay.
USA300 was labetied with Cell Tracker Vielet (Invitrogen C10094) at 100 pg mi ™
in PBS 0.1% BSA by incubation for 30 min at 37 °C. The labelled bacteria were
opsonized with the anti-3-WTA-FRET probe by incubation for 1h in HB buffer,
Macrophages were washed once immediately before addition of the opsonized
bacteria, and bacteria were added to cells at 1 x 107 bacteria per mi. For no-
phagocytosis controls, the macrophages were pre-treated with 60nM Latrunculin
A {Calbiochem) for 30 min before and during phagocytesis. The slides were placed
on the n e immediately after addition of bacteria to the cells and movies
were acquired with a Leica 8P5 confocal microscope equipped with an environ-
mental chamber with CO; and temperature controlfers from Ludin. The images
were captured every mirute for a total time of 30min using a Plan APO CS x40,
N.A: 1.25, oil immersion lens, and the 488 nm and 543 nm laser lines to ex
Alexa-488 and TAMRA, respectively. Phase images were also recorded using
543 nim laser line.

Cuantification of released antibiotic inside macrophages. Primary murine peri-
toneal macrophages or RAW 264.7 cells {purchased from ATCC) were infected
in 24-well tissue culture dishes a5 described later for the intraceltular killing assay
with MRSA opsonized with AACat 100 pg ml ™" in HE. The RAW 264.7 cells were
used without further authentication or testing for mycoplasma contamination.
After phagocytosis was complete, the cells were washed and 250 1] of complete
media plus gentamycin was added to wells and the cells were incubated for the
indicated time points. At each time point, the supernatant and cellular fractions
were collected followed by acetonitrile (ACN} addition to 75% final concentra-
tion and incubated for 30 min. Cell and supernatant extracts were lyophilized by
evaporation under N2 (TurboVap; Biotage) and reconstituted in 100 pl of 50%
ACN, filtered using a 0.45 glass fibre filter plate (Fhenomenex) and analysed by
LC/MS/MS as follows.

The rifalogue was separated on an Acquity UPLC (Waters Corporation)
under gradient elution using a Phenomenex Kinetex XB-C18 column (100 A,
50 x 2.1 mm internal diameter, 2.6 um particle size}. The column was maintained
at room temperature. The mobile phase was a mixture of 16 mM ammonium ace-
tate in water containing 0.1% formic acid (A} and 90% acetonitrile (B} at a flow
rate of 1 wd min~ % The rifalogue was eluted with a gradient of 3-98% B over I min,

oS8

wlated with

followed by 0.8 min at 98% B, then .7 min of 3% B to re-equilibrate the colummn.
The Triple Quad 6500 mass spectrometer {Ab Sciex) was oper
itive jon multiple reaction-mounitoring (MRM) mode. The rifalogue precursor
{Q31} ion monitored was 927.6 m/z and the product ((33) ion mounitored was
MS/MS setting parameters were as follows: ion spray voltage, 5,500 V; curtain
gas, 40 psi; nebulizer gas (GS1), 35 psi, (GS2}, 50 psi; temperature, 600°C; and
Linear calibration curves were obtained for 0.41-100 nM concentration range
by spiking rifalogue into cell or supernatant fractions (facking MESA or AAC) that
We
MultiCuant software (Ab Sciex).
In vitro tntracellular killing assay. Nou-phagocytic cell types. MIG63 (CR1-1427)
1540 tissue culture media supplemented with 10mM HEPES and 10% fetal calf
serum (REMI-10). HUVEC cells were obtained from Lonza and maintained in
and ECM media {catalogue #1001) were obtained from ScienceCell Research Labs.
The cells were used without further authentication or testing for mycoplasma

The injection volume was 10yl

ed in a pos-

CRATER

895.2 mizwith collision energy at 27 eV and declustering potential at 191 V. The
dwell time, 150 ms.
were treated similatly to samples. Concentrations of vifalogue were cal
and A549 (CCLI185) cell lines were obtained from ATCC and maintained in RPMI
EGM endothelial cell complete media (Lonza}. HBMEC cells {catalogue #1000}
contamination.

Murine macrophages. Peritoneal macrophages were isolated from the peritoneum
of 6-8-week-old Balb/c mice (Chatles River Laboratories). To increase the yield
of macrophages, mice were pre-treated by intraperitoneal injection with 1 mlof
thioglycolate media {Becton Dickinson}, The thioglycolate media was prepared at

© 2015 Mac

nillan Publishers Limited.

a concentration of 4% in water, sterilized by autoclaving,
6 mouths before use. Peritoneal mactophages were harvested 4 days after treatment
with thioglycolate by washing the peritoneal cavity with cold PBS. Macrophages
were plated in DMEM supplemented with 10% fetal calf serum, and 10 mM
HEPES, without antibjotics, at a density of 4 x 107 celts well ™! in 24-well culture
dishes. Macrophages were cultured overnight to permit adherence to the plate.
Human M2 macrophages. CD14% monocytes were purified from normal human
blood using 3 Monocyte Isolation Kit 1f { Miltenyi, catalogue 130-091-153) and
plated at 1.5 x 107 cells o2 on tissue culture dishes pre-coated with fetal calf
serutn (FCS) and cultured in RPMI 1640 media with 20% FCS plus 100ng mi™!
thM-CSE. Media was refreshed on day 1 and on day 7, the media was changed to
5% seram plus 20 ng ml ! -4, Macrophages were used 185 later.

Assay protecol. n all experiments bacteria were cultured in TSR, To assess infracel-
tular killing with AACs, USA300 was talen from an exponentially growing culture
and washed in HB. AACs or antibodies were diluted in HB (Hanks balanced salt
solution supplemented with 10 mM HEPES and 0.1% BSA) and incubated with
the bacteria for 1h to permit antibedy binding to the bacteria (opsonization},
and the opsonized bacteria were used to infect macrophages at a ratio of 10-20
bacteria per macrophage (4 X 10°bacteria in 250 pl of HE per well). Macrophages
were pre-washed with serum-free DMEM media immediately before infection,
and infected by incubation at 37 °C in a humidified
5% CO, to permit phagocytosis of the bacteria. After 2 b, the infection mix was
removed and replaced with normal growth media (MEM supplemented with 10%
FCS, 18 mM HEPES) and gentamycin was added at 50 ug ml ™ to prevent growth
of extracellular bacteria®®. At the end of the incubation period, the macrophages
were washed with serum-free media, and the cells were lysed in HE supplemented
with 0.1% Triton-X (lyses the macrophages without damaging the intracellular
bacteria). Serial dilutions of the lysate were made in PBS solution supplemented
with 0.05% Tween-20 (to disrupt aggregates of bacteria) and the totel number of
surviving intracellular bacteria was determined by plating on tryptic soy agar with
5% defibrinated sheep blood.

ELISA for quantification of anti-MRBS A antibodies in human serum. Cell wall
preparations (CWPs) were generated from protein-A-deficient S. aurens by incu-
bating 40mg of pelleted bacteria per ml of 10 mM Tris-HCH (pH 7.4) supplemented
with 30% raffinose, 100 pg mi™* of lysostaphin (C

and aged for 20 days to

issue culture incubator with

1{Cell Sciences), and EDTA-free
protease inhibitor cocktail (Roche), for 30 min at 37°C. The lysates were centri-
fuged at 11,600z for 5min, and the supernatants containing celi wall components
were collected.

ELISA experiments were performed using standard protocols. Briefly, plates
were pre-coated with CWP and then incubated with human IgG preparations:
purified human IGIV Immune Globulin {ASD Healthcare), pooled serum from
healthy donors or from MRSA patients. The concentrations of anti-staphylococcal
IgG present in the serum or purified IgG were calculated by using a calibration
curve that was generated with known concentrations of anti-peptidoglycan mAb
{4479} against peptidoglycan.

Intravenous infection model for testing efficacy of the AAC. Seven-week-
old female mice, Balb/c, were obtained from Jackson West, or SCID mice were
obtained from Charles River Laboratories. [nfections were carvied out by intra-
venous injection into the tail vein. SCID-hulgG model: CB17.SCID wmice were
reconstituted with IGIV Immune Globulin (ASD Healthcare) using a dosing
regimen optimized to achieve constant serum jevels of >10mg mi™

' of human
IgG. IGIV was administered with an tnitial intravenous dose of 30 mg pet mouse
followed by a second dose of 1 5mg per mouse by intraperitoneal injection after
5 by, and subsequent daily dosings of 15 mg per mouse by intrapetitoneal injection
for 3 consecutive days. Mice were infected 4 b after the first dose of IGTV with
2% 107 c.tu. of MRSA diluted in PBS by intravenous injection. The wild-type
USA300, protein-A-sufficient strain was used for all in vivo experiments. Mice
that received vancomycin wete treated with twice daily intraperitoneal injections
of 1o mgkg ™ of vancomycin starting between 6 and 24 h after infection for the
duration of the study. Expetimental thevapeutics (AAC, anti-MRSA antibodies
of free rifalogue antibiotic) wete diluted in PBS and administered with a single
intravenous injection 30 min to 24 h after infection. All mice were killed on
day 4 after infection, and kidneys were harvested in 5 mi of PBS. The tissue
samples were homogenized using a GentleMACS dissociator (Miltenyi Biotec).
The total number of bactetia recovered per souse {two kidneys) was determined
by plating serial dilutions of the tissue homogenate in PBS 0.05% Tween on tryptic
soy agar with 5% defibrinated sheep blood.

Statistical amalysis. All experiments were performed on biclogical replicates.
Sample size for each experimental group per condition is reported in appropriate
figure legends and Methods. For cell culiure experiments, sample size was not
predetermined, and all samples were included in the analysis. In
menits no statistical methods were used to predetermine sample si
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of mice per group), and all animals were used for analysis unless the mice died
ot had to be euthanized when found moribund. These cases are annotated in the
figures. The mice were not randomized after infection, and the investigators were
not biinded to outcome assessment. When appropriate, statistically significant
differences between control and experimental groups were determined using
Mann-Whitney fests.
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Extended Data Figure 1 | Intracellular MRS A can infect the brain even
in the presence of vancomycin. I vive infection of mice shown in

Fig. 1a. Mice (s =5} were infected with equivalent doses of {ree bacteria or
intracellular bacteria and treated with vancomycin at 110 mg kg™' 10 min
after infection and then once per day. Bactervial burden was rmonitored in
on. Bars show geometric mean.
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Extended Data Figure 2 | MRSA is able to grow in the presence of
vancomycin when cultured on a mouolayer of infectable cells.

&, b, Similar to the set up in Fig. 1d, planktonic MRSA were either se
in media alone, or in the presence of vancomycin. Intracellular bacteria
were generated by infecting a mouslayer of either A549 bronchia

epithelial cells (a) or HBMECs (b) in the presence of vancomycin (vanco).

In these experiments plates were centrifuged to promote contact of the
bacteria with the monolayer to enhance intracellular infection. At each
time point, the culture supernatant was collected to recover extracellular
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bacteria and adherent cells were Iysed to velease intracellular bacteria.
Extracellular bacteria (planktonic bacteria) grew well in media alone,

but were killed by vancomycin. In wells containing a monslayer of
mammalian cells {intraceliular MBSA + vanco) a fraction of the bacters,
were protected from vancomycin during the first 5h after infection and
were able to expand within the intracellular compartiment aver 24 b, Error
bars show s.d. from triplicate wells. Representative of three independent
experiments.
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Extended Data Figure 3 | Rifalogue can also kill intracellular bacteria.
a, Determining the intracellular MIC for rifalogue and rifampicin. MRSA
was allowed to infect peritoneal macrophages Lnd macrophages were
cultured overnight in gentamycin to kill extracellular bacteria. Various
doses of rifalogue (red) or rifampicin ( grey\ were added to the culture
medium 1 day after infection and the number of viable intracellular
bacteria was determined 24 h later by spotting macrophage lysates

onto agar plates. Data shown are representative of more than three
independent experiments. b, Diffusion of rifalogue versus rifampicin into
wurine macrophages. Murine peritoneal macrophages were incubated
with rifalogue or hfamp;cm in the culture media. Welk were harvested

at 10 and 60 min and the total amount of ciated with
the cells was determined by quantitative mass spectrometry. Results
are shown as percentage of input. Ervor bars show s.d. from tr riplicate

antibiotic asse
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wells. Representative of two experiments. Rifalogue is more lipophilic
than rifampicin as a result of its two additional fused aromatic rings,
determined by memumg logDs at pH 7, with rifalogue at 3.4, LeAng
100-fold h]gf\er than rifampicin ’ka 1.3). Additionally, rifalogue has
a more basic amine {pK, 9.7) compared to that found in rifampicin

{pK, 8.2). This balance of lipophilicity and basicity in rifalogue allows

it to localize preferentially in lysosomes. It is challenging to develop
antibiotics with these properties for systeruic administration due to
poor pharmaco ic {PK} properties and toxic ity pro ofiles associ ‘,ted
with indiscriminate accumulatlou of these molecules in all host celis.
However, appending such antibiotics to an anti-MRSA specific antibody
both extends its half-life in the circulation and converts it into an inactive
pro-drug whose properties are manifest only after it has been released in
phagolysosomen of cells infected with MRSA.
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Extended Data Figure 4 | AAC kills MRSA that survive treatment with
vancomycin. i vive infection of mice as shown in Fig. ta. Mice were
infected with equivalent doses of free bacteria or intraceliular bacterjia and
treated with either saline (PBS) or vancomycin {(vance) at 1 16 mg kg™,

10 min after infection and then once per day. Selected mice were given
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Vancomycin
at 30 mg kg~ ' 10 min after infection. Four days after infection, bacterial
burden was moenitored in the brain. Each point represents data

from a single mouse {1 == 5). Bars show geometric mean. *P < 0.05,
Mann-Whitney U-test.

DAC EX. 2027 IPR2022-01531 Page 86 of 91

rs Limited. All rights

s described earlier and also treated with 3 single dose of AAC



incubate with polyclonal Ig;
purified or sera

WTWTA
CWP ELISA

tarM tarsS
DKO CWPR ELISA

Extended Data Figure 5 | Human serum contains high levels of anti-
8. aureus antibodies that can compete with the AAC for binding,

3, To estimate the concentration of antibodies that could potentially
compete for binding with the anti-B-WTA antibody used in the AAC,
human IgG from various sources (normal human serum, serurm from
MRSA infected patients, purified human IgG (Sigma) or IGIV derived
from pooled normal donors) was tested for binding to various bacterial
cell wall preparations (CWPs) by enzyme-linked immunosorbent assay
(ELISA). CWPs were made from either USA300 {wild type (WT)) or
AtarMAtars (DKO) USA3G0; the latter strain is deficient in the W'TA-
GleNAc antigen recognized by the anti-WTA antibodies. For these
studies protein-A-deficient USA300 background strains were used to
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minimize non-specific antibody binding. A standard curve was generated
by titrating known amounts of an anti-MRSA antibody directed apainst
peptidoglycan on both cell wall extracts. b, Estimated concentration of
anti-S. guretis antibodies in huma um. The amount of anti-MRSA
antibodies in each sample was estimated by comparing the signal obtaine
for each sample with the standard curve. In the absence of WTA GleMNAc
antigens, ~60-70% less serum IgG binding was observed {DKO ELISA;
red bars). This indicates the high prevalence of natural antibodies against
WTA in adult human serum. Results are reported as ug mi ™ of antibody
per 10mg ml™* of total IgG. Error bars show mean = s.d. from triplicate
wells. Data are representative of two independent experiments.
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Extended Data Pigure 6 | Optimization of the in vivo model of
bacteraemia. a, Titration of AAC in intravenous infection model shown
in Fip. 4¢ (n =8 mice per group}. b, Efficacy of AACs specific for f-WTA
or a-WTA in SCID-IGIV model. SCID mice (s =8 mice per group)

were reconstituted with IGIV Immune Globulin using a dosing regimen
optimized to achieve constant serum levels of >10mg ml™* of human

TgG and infected with MRSA. Mice were treated with 66 mg kg ™! of the
indicated AACs in a single intravensus injection 1 day after infection and
bacterial burden was monitored in kidneys 4 days after infection. Each
point represents data from a single animal. Bars show geometric mean.
Mann-Whitney test: %% P < (.005, not significant (NS) P> (.05,
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Extended Data Figure 7 | Schematic of in vivo experiments presented in Fig. 4.
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Extended Data Figure 8 | Comparison of anti-$-WTA AACs made
with rifalogue and rifampicin. a, Rifampicin-AAC and rifalogue-

AAC release equivalent amounis of § viotic after treatment with
exogenous cathepsin-B. Released an \Cs made with
rifalogue {red) and rifampicin (grey) ave eq they can kill
USA300 grown in broth culture. Error bars om triplicate wells,
b, Intracellular killing assay in primary mouse ;macrophages as shown in
Fig. 3¢ indicates that the rifalogue- AAC, but not rifarnpicin-AAC 1s able
to kill intracellular 8. aureus. Ervor bars show s.d. from triplicate wells.

<, Greater intracellular retention of unconjugated rifalogue compared
with rifampicin after release from AAC inside macrophage cells. MRSA

was opsonized with AACs and incubated with macrophages (RAW 264.7
cells) to permit phagocytosis. The macrophages were washed to remove
extracellular bacteria and samples of cell lysates or supernatants were
collected in triplicate at indicated time points and the total amount of
released antibiotic was determined by quantitative mass spectrometry.
Error bars represent means + s.d. from triplicate wells. a-c, Representative
of twe or more independent experiments. &, Rifampicin-AAC is not
efficacious in the SCID-IGIV intravenous infection model as shown in
Fig. 4d. Bach point represents data from a single 1= § mice per
group). Bars show geometric mean. Mann-Whitney U-test: not significant
(NS), P> 0.05.
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Extended Data Table 1 | Data collection and refinement statistics for anti-B-WTA-WTA complex
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