WO 2012/ 047732PCT/ US2011/ 054092 ANTI BODY COMPOSI TI ONS AND METHODS OF USE
RELATED APPLI CATI ONS This application clains the benefit of U S.
Provi si oD 28ppl47sat i on Nos. 61/387,735 5 and 61/ 387, 7PBT/uUsetih/of4obed on
Sept enber 29, 2010, and U.S. Provisional Application No. 61/504, 056, filed
July 1, 2011, all of which are incorporated by reference herein in their
entireties. ANTREBOBNCE OM BESHNGNS ANDMEBMODSCOFSUSH EXT FI LE
VI A EFS- 10WEB A sequence listing is submtted concurrently with the
specification as an ASCI| formatted text file via EFS-Wb, with a file name
of "P468ORIUS.txt", a creation date of Septenmber 15, 2011, and a size of
200, 277 bytes. The sequence listing filed via EFS-Wb is part of the
specification and i s hereby i 5#5@@%¢QH"H¥L$EHEN§nce inits entirety
herein. 15 FI ELD OF THE | NVENTI ON The present invention relates to
ant i - Conpl ex Thigspligption @Hmﬁrﬂl‘i’ bwﬁé@f Hrd Prﬁétlmwé AppliggiongNasnel/d8AB35
BACKEROMD OIS, Gt PTRARL S MM, L . PRRRIRRT Wbl BRdid. o 2 °
nown as nunan herbeSV|rus her "speci es o nega oVI'rus
(CW)  exd1g3040si6cHlcdThBC, 2aplpllauldfwlcmmﬂmjospow@@b@sefémﬁw@rm W) |
guinea pig CW (GPCW), siman CW (SCCW), rhesus CW (rhCWwW) and
chi npanza@ra%/ (CCW). HOW is a conmon herpesvirus that infects nearly 50%
of the U S. population. For the vast majority of 25 hunman infected
i ndi viduals, HCOW infection is asynptomatic. However, in conditions of
illness, and inmune su ressio H nfection, drug-induced imrune
L e, RERTINER o SRR B v SR R0 BESG LSRR e
causés a variety of cllnlcal mani f est AEdhs such as nononucl eosi s,
hepatitis, retlnltls pneunoni a, blindness and organ failure. In addltlon,
in the setti swuemeelg&ﬁlagwsubnh%edamau@mtlyowﬂofhepmqarﬁ%ylomwan ASédtion, WO

2012/ 0474132P 11/ [it pnce to.the, no her
canhavdOURUSRASH Iy edit arbequbacuerim bha eBORTERI G Tatflion B

Congeni ts%lpte'ﬂ@él/ 15 rﬁ(mtaﬂarh di%e &fzopam 'b‘gté's arhé _Emffia&ﬁ@flfs@ingﬁldﬁ&m( EERiWep @n born
to nmothers infected durlng pregnancy becone infected in utero and suffer

dev ast attianigpfehd speeidicatiordindaabercby mcotperatin e f@ermeas itaptiEyrhspan. 126, 000

E have primary HCW infection during pregnancy and approxi mately 40, 000
of the babies born to these nothers have congenital infection. In the US.,
1 in 750 children are born with or devel op disabilities due to HCW

i nfection, including: nental pigia O THE INVENTDION 0SS, Vvision | oss, organ
defects, and grow h defects. Congenital HCW infection is the nost conmon

infectious capRer&enf@b@ltion relates to anti-Complex I and anti-gH antibodics and methods of

using the same.

BACKGROUND

20 Human cytomegalovirus (HCMV) is a B-herpesvirus and is also known as human
herpesvirus-5 (HHV-5). Other species of cytomegalovirus (CMV) exist which infect
additional mammals such as murine CMV (MCMV), guinea pig CMV (GPCMV), simian
CMV (SCCMV), thesus CMV (thCMV) and chimpanzee CMV (CCMV). HCMV is a
common herpesvirus that infects nearly 50% of the U.S. population. For the vast majority of

25  human infected individuals, HCMYV infection is asymptomatic. However, in conditions of
illness, and immune suppression (e.g., HIV infection, drug-induced immune suppression in
transplant patients) HCMV reactivation or primary infection causes a variety of clinical
manifestations such as mononucleosis, hepatitis, retinitis, pneumonia, blindness and organ

failure. In addition, in the setting of pregnancy, the acquisition of primary CMYV infection,



10 abnormalities. After primary infection of a pregnant woman has occurred,
there is currently no approved therapy for the prevention or treatnent of
fetal infwotom47BRus, there is a great need in the art PCo/US2o1d/054092
conpositions and nethods to prevent congenital HCW infection. In
2005, Nigro and col | eagues published a study in which human CW hyperi nmune
gl obul i nth¢udh@f litthscadequenst erteadmotheexgpe bbardevamtchercs! aunsdyupnéesam theHCMW
infection (Nigro et 15 al. (2005) New Engl. J. Med. 353:1350-1362). In one
arm of t958°lePigYCEhIy 1 of the 31 infants born to HCW-infected nothers
were born wt ed wonen
were born mﬁJﬂn@%ﬁ%ﬁgﬁggggé%c?g%ﬁ(ﬁ?@ﬁ% rFﬁ Iggégﬁ%ﬁgﬁ dh ¥ égﬁ%gpread

f rom t heméthtwdtfectedrdtitigs prcgnanl bé@imesinficeedtih@rgpd ackntfter d?ﬁiustaphgchmbai whi ch
anchars (#Ihe fetus to the ut eﬁ‘gFH contai ns specialized epithelial 20cells,

stroral F1Bro0nAt Urieq Yatca ApbEREIPPal 200 vomeripve paenaay HESAY iieridphages.
The HCW; Vial, £xes that
nave s o DlerPHicRne Rk AL UB 0BT e bl ol AR A B IR ™ pes
found i reohpenifal méemniva. In'khe @NP), xn 650 ENMred yte dprmow h nsdmmpahsubngleglcwgto and
UL128, UL 130 and UL131 (herein referred to as "Conplex I") is speC|f| cally
requi r ed1EMYV infgction; ippludmgemgpiehietardgtionehgasing dosss Hapn foss.«agansdofeds. and

macr oph (herein
ot or o g g SRR MbcRlal P HRRRL R P oSO e B Dl B0 B8
fi briobl ashsrmdtitics.hagtdd @eimashiaisetive obh pedeniit vadm @Itiak Weduried, thkcte it outtrerafy dohe

pl acental cel I s that are susceptible to HCOW infection. ~Due to the
di ffi culappraye ﬁ}eé%i%(r Prige RERY i Qepitreatraentioh fitel jaferfiey. aHust Wérerlém&aamf‘é of

phySICI Q}Eg; ] M Igfljg'

parti cul a%lilega/e{}?tn pregn Og%é)ag\%onen{hw%{ov%gfgnB&{%@H{i en\fﬁn%%ﬁ to create a
conmposi tion darpos,Nigeh sndiollesduesphblaftd Hadiy or whh agman@Memlyp&adinase t hat
coul d prot ect fetuses from congenital HCW infection. No nonocl onal

ant i bodyglelshipdEilE) vas edmiaitachiscxpedantdestbes path Fropary ﬂrLCMNem@@tlp@ﬁ\I@fo et

mat er naI f [ a cchi v I osed
nat ﬁr al 1% y- @é@%}r}\?@l%gngr? V%%ff?%? %A%@%’@/ @gﬁ‘g (gfzfg@gm § S‘]%’] ﬁﬁe ﬁﬁ]tfawer e

i sol at edholi @MENEY lidfeBEd lokizeswBre®Rln withidideieaghiRd7/ PATI0OM ST c'hh@ﬂen BbAtkot 0 a
conformati onal epitope resulting fromthe conbination of UL130 and UL131 or
a conbi naticeiad Bomgnveas bﬁmmtfa}i%w.ﬂma&eha(d neutr al | zes CW transni ssi on
(U.S. Patent Publication 008/ 02 265t 2t0(g 2%8) She and
Wang have di sct 0% 8K ‘iaﬂzﬂ’rel% 5‘%‘%?% TRk e<5 r?%%x yhat

Pat ent  NQacefia? Othe Plddbnta FWRiRA @n@for@ﬂhe f@hm tHe §@hRsoraHd g@biaﬁk&gep@mmodl es
to COW in U S. Patent Publication No. 2010-0040602. Additionally,

ant i20gH mﬂn@&bmﬁhﬁbrahtasmﬂy, cnNShelid gelvagnd sppcedizechmaenonhegcs. nThQI\HCMYI ent
popul ati o one marrow trans Ci |ents W th
ABS. and st BAFARS o Go) Bk LorraRt orfline P Pt tsin AR Bb o
(1991); rgﬁlﬁfelﬂrfoﬁﬁlf&hon oBiRlspeddioed! iyBed Ruhd IS Blaatita, A:Bfplexl&dSNV( 2001) ;

and Borucki et al., Antiviral Res. :103-111(2004) w thout success.
Ther e r egtwiopmteinsewdainmgtehbghapnd Ub 1268l B9 amdndcl3drih¢rcmneichioditess f or

1 f t. | | H f t SUMMARY Th
A W e S et et PRGN A S iR iy
Complsex phaerdphabfs. G Eéﬁbléx%va%ﬁrotélﬁsecﬁ%ﬁmggﬁpé@%d g@me‘r@ﬁ‘%f@ﬁe@{o the

i nvention conprise siXx HVR-Hl conprising the am no acid
sequenc etséfiow@xl D) m}ﬁplﬁ(CbI)ly mquifhd?fdﬂinfe@mrofﬁbm@oladne A6 ho twen dhaveyigence

NG 5 oy R B AL PR B TS o AR 16 POl TEReR-o: ( ¢)

an HVR‘ L2 corpgd t%'tﬂegdl%ﬂ“clﬁt?d? réio%hﬂg M%ﬁﬁd@tﬁ'bﬁﬁﬂg?ﬁl(ﬁ ﬁf?dmlfef}augtraﬁéboofm
consi sting of SEQ I D NGs: 10 an HVR-L3 conprising the amno acid

sequenc ephyficiBREQuidhdDcARal d’dmrnamrlty tmode chemmjvldodmtrcbthnctscpmpcmla@y n preg’ratnt chain
vari abl e domai.n frg wor k FR%, f) npri si ng the.am no acid sequence of SEQ I D
NO: 48 arfiPaF HREOWS b most Prgictifial IQrhrese 4 EPmaPQuiRiesfia T egEae s aqs! Antibady

add' ti onaly GISRRALIMERbSdicl MGt &Hid pSRITPERe! iBf ddngdiies Hefv hrebAHe s on

conprise three
monoclonal antibody composition to date has been developed for the prevention of maternal-

fetal transmission of CMV. Lanzavecchia and Macagno have disclosed naturally-occurring
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25 heavy chain hypervariable regions (HVR-Hl, HVR-H2 and HVR-H3) and three
| i ght chain hypervariable regions (HVR-L1, HVR- L2 and HVR-L3), wherein: (a)
HVR- HL cowproedsg7t3ke am no acid sequence of SEQ | D NO 6PCTh)S2HVRBS4422
conprises the am no acid sequence of SEQID NGO 7; (c) HVR-H3 conprises the
am no acid sequence of SEQ ID NO 8; (d) HVR-L1 conprises the am no acid
sequenceantboSEQhhDVdIC 1 Slat¢d Jrok\Re iBmoaapred Fescllshvd irdodtadbpacnt tBE sebtoence of
SEQ I D NO 20; and . (e) HVR- L2 and the first, am no id of the light. chain
vari abl SOBBRRRAOT SRHARSTRUERS BORShS @é%blw@n%%%ﬁéﬁe Wddienesonpingees | p
NOL21. - JMR2OK O ARRGTIHSRALLABAAPMY rapuihRs BRTUIS Yok BIRRHIGPLLS.
the anti-Conplex | antibody conprises (a) a \/?4 conprising the amno acid
sequence008/03SEASnNIQ08%/00812 38 hdakNax] ABangdravSHcloR:dN@tdbdicaridt binyl ta VL
conprising the amno acid sequence_of SEQ ID NO 48 or SEQ ID NO 49, Such
ant i Bodinsateget fFompirar | Coddratene N- 7178k | Ondivaaspa4 vhBise distasr ActtraditiiRor k FR3
conpri si i aGi - Of | 1 : Rt i si ng
Che. am ripabes SR BE0.S, PuRHRIRG =010 Bopdods ARRIGANEAS R 2

ant i - CompbexldnabaitibbdgyM 8 D100 ivas scseedVhl ha agteimcesoavicmepoptilatioss bllSxHic
sequence identity to the amno acid sequence of SEQ ID NO 45, or SEQ ID

NO 46, GrONSERNION [EmsaiAnEea e anddgtisie & VDR CYVaistingis D ebeyele s /-
i dentit Y7/ er?téznﬁa%g ﬁﬂlol %‘-ﬁb%gl%lguﬁg&%h%; als,%gal{ @1&3916}%8% ﬁ%gk&t%ﬁg In
Iments, the anti boady a conp g

sonme enbo cohprises rising the amno acid

sequencess0f(2@HQ 4rd BEBudG ez af, HEQIADRNO644603-an 1 8HQ4) Rithbutklccess) sonme
enbodi nents, the anti-Conplex | antibody conprises a VL conprising the

ani no acid sedgenheamagss agrer iipthart4g deyelgEmonesing! atibqdiesferpressasiddi nent s,
the anti &ggp ] anti y ri - sequence of SEQ I D NO 45 or SEQ
I D NO 46 an %%ﬁloﬁggélggﬁgﬁgg&o ta@@%“ﬁ%ﬁ%i The invention al so provides

i sol ated anti bodi es which specifically bind to HCW gH. In sone
enbodi nents, the anti-gH anti body oSUMMARWenti on conprises three heavy
chain hypervariable regions (HVR-Hl, HVR-H2 and HVR-H3) and three |ight

chai n hyper varficabltiog @ravides ($VaRed dntitoRs whi@nget¥iRally3hind WHHORM V:Coptil&y
HVR-HL conprises the am no acid sequence of SEQ I D NO : 71, ~(b) HVR-H2
conpbi sds Iapertai pabedingnisetdia end4 osalect adibpdisiroShoinonNm gempsreiy BVe: 73

SEQ ID 7 d.,SEQ | D .NO,,93: . .(;c) . HVR- ri.Ses . t.he ! aci d
o e AT R D Ep BN iy aciRbalPHE AESSTBN QR (M FRAR 21 €
of SEQ Idan¥esif;th@@amb acdRekdencs BPREQED NO@;Q?alﬂq{VRim ieethefamPER | D

NG 77; and (f) HVR-L3 conprises the am no acid sequence of SEQ ID NO 78. In
sone enbetl seanense of REQAR NOg (drani Y ByL k ermpprisegsthg arihdadid sespamde of iSHY t he

RIS SRR MU DO W
A n,20Pheondibiing FREQ &Y NG -1 ©iend 0N ARNHR 3G bndrisR2Shd hdthoBictf seqElackBf NO 93
is selected fromthe group consisting of Thr and Arg. In certain
enbodi me¥i@ ID tN{&28nT he geMiibadics bagyfudhensoimpeise ahgkdRaliyagieblgrdogianyframeworkno
acid s e%ngo%lﬁ’gsinsglztge Iarlzr)linl\(l)oaicz SeqﬁeEn%elo? Sﬁa ﬁjgNgﬂé allzn(a a{n[hwjéo?rﬁpriséllng the amino
acid sequence of SEQ ID NO:44.
In additional embodiments, the anti-Complex I antibodies of the invention comprise three
25  heavy chain hypervariable regions (HVR-H1, HVR-H2 and HVR-H3) and three light chain
hypervariable regions (HVR-L1, HVR-L2 and HVR-L3), wherein: (a) HVR-H1 comprises the
amino acid sequence of SEQ ID NO:6; (b) HVR-H2 comprises the amino acid sequence of
SEQ ID NO:7; (¢) HVR-H3 comprises the amino acid sequence of SEQ ID NO:8; (d) HVR-L1
comprises the amino acid sequence of SEQ ID NO:9; (f) HVR-L3 comprises the amino acid
30  sequence of SEQ ID NO:20; and (¢) HVR-L2 and the first amino acid of the light chain

variable domain framework FR3 comprises the amino acid sequence of SEQ ID NO:21.



WO 2012/ 047732PCT/ US2011/ 054092 I n ot her enbodi nents, the anti-gH anti body
conprises an HVYR-H2 conprising the am no acid sequence of SEQ | D NO 94
wher ei n tWe 28ex4e13ee conpri ses an am no acid at positi oRCFAUSC@1/ 0SB | D

NO 94) selected fromthe group consisting of Ser, Thr, Asn, dn, Phe, Met,
and Leu. In sone enbodi nents, the antibody further conprises an am no acid
at position Hnpérteelaectbdddifireats ﬁlban'gmmpplwoh&itﬁmﬂylgompriﬁléb (a)aan‘dH Aomgprising

The inveption alsp provid nti- Hant dies hV|n ence that is
at |eastﬂ%@aﬂ°&@ %eaawcpﬁ?éﬁﬁn@ HE B %EE AONP S sEfQ%F@I Tyt @)  Vine
sequenc , el¢ &%@ 4, or
Leu54 aﬁcg %éG?Iﬁﬂr?rhgédﬁ% | n eng§]c?ig5r%g§?§ 48({1}%11 dég cgﬁﬁdﬁlggéﬁgé
conpri simgy ﬁnhamamprae ladighechagmneaiabbd dentiaal frhmeowodOFIRECprhpF Gy thé anﬁEQadlﬂ)

NGO 88 and SEQ | D NO n sone _enbodi nents, the VH conpri segéan am no acid

I
sequenceCIHALe PESEQO}PM@rﬁ*tlla@%antFM@eenﬂ@nﬂdl@mm&cg 5946 6ghEADe
cont ai ng\léq am no acid at position 54 selected from Asn54, 5er54, Thr54,
GLn54, heSA% Met 54, or Leu54 and/or an Arg at position 56 (Arg56); and (b)
a VL sequencdn tsamia reglbatimi@a@ theQintie Gamtplex € entitden cotprited at Vigsajeme hacing at
sequence of SEQ . In certain enbodi rrents the 15 VH conpri ses an

ami no adpast %%é@éﬂi@@cwe%%atheraérﬁpszgdwmwgqf %E@l@ﬂé%s%

NO: 89. f SE
D Nos o0t TR RERPELIED e seditficohoy RIS VR 8RRy %%21%3%%%% of
SEQ 10D Ney@canfiSBQ VYD e gdansE@ID MBI OnNGhR@mboditats, alildhr@lfbb@ﬂbdlﬁlﬁlﬁ@st he

anti bodies of the invention specifically bind to HOW rrgl ex on the
surf ace %Yu H@N@ﬂ%@th@@mm%ﬁ@lééeql@w A SEL) IS 43 for $EQ I%N@L r0r|S&QsID I'n

Fﬁ\r/teﬁlt |n olﬁaggce“c ica lin%l&gllmr?ﬁ&t o%w&%%gﬁt%ég% %ﬁéﬂ%g)rgf O%I ISE%\W and

neut r al iaa€in&Q0k gt ddﬁbé/ofBSE@mDaﬂb:i4®@ﬂSEqu?NOEMtIh@Gm@fenﬁo@lﬁldngJ te,anfl- 02
lg/m, 0.015 | nﬁl 0.014 Ig/m, 0.013 |%/m, 0.012 lg/nm, 0.011 Ig/m,

0. 010 | dfemmplen] @@@ng/cﬂmpnm@o‘é{ segupice of SEE7ID YOt orSREDINP b andapbs
Ig/ ?88 lsgﬁl%ﬁ%ggB%%%@%mg 5993 1g/m, 0.002 Ig/m, 0.001 g/, 0.0009 lg/n,

i'lg/mL or Iess (e.g., at an antibody concentration

Of 10- 8M 10-8M idekion hisMptdvidds4Solded lﬁ’tlﬁ\zﬂdlejs(?whlaﬁ%sﬁvblfﬁalbb BWe’d HCMV g
certain enbodi nents, isolated ant |§gH anti bodies of the invention

speci i cal | y Inispric ebpdimengithcpng-gthentihody o6 thsiimeention gemprisasitres hedvace of

HCW and tra f ess Islated anti-gH
AR yp?%ﬂ?%%%%&?%#@%ﬁ%ﬁ%ﬁ%ﬁﬂ% i T Bha R g RR4RY .
neutral i eMQ&&rd@M(HNRaDIGHVRQQﬂMn@HV en%)r dhbem:of 0.1 jig/m, 0.09
ilg/n, 08 Ig/m, 0.07 Ig/m, 0.06 |g/m 05 lg/m, 004|g/m 0.03

| g/ R0, O. oz(at)dNR -H1 wmaﬁMmQQP@/swmmptSa@@DNﬂﬂis lg/m, 0.014

o7 0,018 oy 008 U Tin i b By Q0 Sy S 0RO syl

lg/m, NOG3 gg%?ﬁbNo’)wQﬁdgngbpo g3ess (e.g., at an antibody concentration
of 10-8M 10 10-10 M 10-11 M 10-12 M 10-13M or |lower). 5The

anti bodi es ¢¢) HWB-khoempiisa theegmipe apdnogionoadl SEQIBAMDES; i ncl uding, for
exanpl e, ni zed or chlnerl ant i bodi vention al so
ot ovy des. 1 ol Oy e RGP R S aedh Pt s aiEnTs Cearg TR W/ H and o
Conplsex | (e) HVR-L2 comprises the amino acid sequence of SEQ ID NO:77; and

(f) HVR-L3 comprises the amino acid sequence of SEQ ID NO:78.

In some embodiments, the anti-gH antibody comprises an HVR-H2 comprising the
amino acid sequence of SEQ ID NO:93, wherein the amino acid at position 6 of SEQ ID
NO:93 is selected from the group consisting of Ser, Thr, Asn, Gln, Phe, Met, and Leu, and the
30  amino acid at position 8 of SEQ ID NO:93 is selected from the group consisting of Thr and
Arg.
In certain embodiments, the anti-gH antibody comprises an HVR-H2 comprising an

amino acid sequence of SEQ ID NO:72, SEQ ID NO:73 or SEQ ID NO:74.
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In particular enbodinents, the antibody that specifically binds HCW
Conmplex | and/or gHis a full length IgGlL anti body. 10The invention al so
provi des weabetmarsaucl ei ¢ aci d encodi ng the anti bodi es Phatusspaeosfovzal |y

bi nd HCOW Conmplex | and/or gH The invention also provides host cells
conprising the nucleic acid encodi ng such anti bodi es. The invention
further provildeshcacmbotiattntf theraotdigH agibady aomphiad yn ¢HRHHS¢ongprosidgithe | ng t he
host cells containing t ucleic acid.encoding the anti body.that

speci fi &Py a‘t‘)‘ﬁﬁwe%f‘r@f?%{g 118 Nééf‘id‘fﬁ'@lﬁ“@ﬂ?esSSq‘E%? CQHRFISSH £ BIBHRP 4% #r oduced.
The et hodi iR 41 b SEE DGR RYSth o, { emAdeGiophe cel |-
The invg%gll lg)?sal(gos%?ovi des %%%ngpnneéeut?%gpgg%lﬁn%u#g??}g%’corfprsl!a’s?ngj an

ant i - Conydttexnd Lant Inonhy enbiod aimenay) the- aptibady fubthdycongprisas aoaminoaicidon pofitiam
anti-Conplex | antibody and an antjgH anti body and a pharmaceutically
accept a 6&*&@%@@“@%°%%@%&?f%?ﬂanﬁ&r&ul ation of 20 each antibody may
be separate : L : E i : i g

corpr | e an o B onan REP SRR TEE MRl AT SRORY A T

val gancioleidenti@hth erhhofaoid gejuence to SEQHD NOWenilicdein alheSseqpenee icd@prises
conpositions conpri sing_ an i | ex | antibody, or an anti-gH anti body,

ti-Co
or a cor?@iuﬁ@@?iéﬁ\saé‘haw%@ill?%@I%m%‘xnghe%‘mM%%yr LaebeandinAtee® BrertBody. 25

The co [ Lqb S g i b - at i The
compost t et HPHLBLOZ ARGV R RO REB A fg RhoETUA m
gandioc| BHQ ID NZ:8arSED ID Wb .ganad S EQVID Narg). dh dedeimbpdiments, the Vil cbiyeildsi on
al so provi des conpositions ‘conprj sing an_ anti-Conplex | and/or an antigH
ant i bodyanfagring sad ispavcped that is 9970 ideriigal togS RSP I3 NV QA hsep i qUPNER EQ6#NS | n
sone 30 j t . i s i i,nhkbid | eat g p . ng
congeni taEIW?ﬂ %%S&“)glnéhgsreek%ﬁ%gkﬁl%ﬁ §Q§A£Ostﬁ%ﬁwg%5{4f g%t% gﬁ&é‘l’ fg\%#e{’]g)gnspl ant

reci pi emeub®andibi ShAtd® pokieion Bb ANEEE ) tand $Hea VOIsg@enos hdvige saeat 95% or has
been infected with HCOW. Additional enbodi ments include uses in which the
t r anspl aRguanee idsniitto Miesapine ¢rigdusayenprehSFQARN@GOwn periammbetimestsather i sk
of |0 204204 £ (320CHSR01L 034092, J.AGH ¥ Hc P N £ S INEPROR| 1y S

t he ti ssue or or gan ranspl an recipirent 1s's onegative 1 o0r

i nfecti am NOBX g kaihb cRBBiABRNLE WINEorRHHIRO $id drfifo GOIAREnBYof SIEQaDt | body
whi ch binds HCW gH is separate fromthe conposition conprising the
ant i bodyNQ0c Hn perirds crabndimesivpthe enfibodyCompoises 4 YHsscawrnse PEPRG IPE0:89 and

ant i bodi %f tge mlh Ry al so be used in the manufacture of a
madicarrpah. Wé’?ﬁa: _ y be for use in the treatnent, inhibition or
prevention ofinldehin icibBEin AL ths bftibodSes of e i8¥@HBh 8pedifdilRivinde. HEXVBY ent i ng
or treating congenital HCOW infection or HOW infection in an organ or

ti sie tCamglpk Ant theswifpeeri HEMY wid ndutrahze HECMNE pt @nEER0 of Qamg/miedess. dn t he
donor is or. ha een infected wi th HOW. 1n.1Q. additi.onal. enbodi nents the
tr anspl &REAPEEIISIEREITH AL lﬁ?lék??éﬂg{ti})‘%%’/hl ?Iﬁlrbe&eéag Ui B SRR P05 Bincr | sk
of reacty, WMWorhﬂleE?Bﬁ AN SRAPOGH TN and ARG TR SEMRAHCMY Uk bh®¥od

conprise an additional therapeutic agent (e.g., ganciclovir, foscarnet,
val gancihoanitratiamdf @08 agemi, 0.02 uermic 610t Aiwg/reind @d# mgnls 0108 uarglan.002 ukimslsue
transplant recipient is seronegative for HOW infection. In certain

enbodi mehl s Hgfenl b/ mil. R0 Wormsnl. 4005 kel A0 Tesdpl Ak d00p5 oy gH
'S 17 2 FOIPOSHY CObSEHA 3 6o LM 160 B AR o0 G, ! dod8 A o ReR! ex -
ug/ml or less (e.g., at an antibody concentration of 10° M, 10°M 107"°M, 10" M, 10" M, 10°
M, or lower).
In certain embodiments, isolated anti-gH antibodies of the invention specifically bind to
HCMYV gH. The antibodies bind to gH on the surface of HCMV and neutralize HCMV at an
30  EC90 of 1 ug/ml or less. Isolated anti-gH antibodies of the invention bind to gH on the surface
of HCMV and neutralize 50% of HCMYV at an antibody concentration of 0.1 ug/ml, 0.09
ug/ml, 0.08 ng/ml, 0.07 pg/ml, 0.06 ug/ml, 0.05 ug/ml, 0.04 ug/ml, 0.03 ug/ml, 0.02 pg/mi,



The invention also provides a nethod of treating, inhibiting or preventing
HCW i nfection conprising admnistering to a patient an effective anmount of
a conposiwpani2o@npei sing an anti-gH anti body, an anti - Coapluszoi/oasww: body or
a conbination thereof. The invention also provides for a method of
treating, inhibiting or preventing congenital HCW 20 infection conprising
adm ni st0edisngg/ind, 020 Jpir gm0 Mougtml,a00 I&f dgail,i Ov@l langtnht0.®F0 &/ ropeis id/oih
conpri si n(g; an anti body of the invention or a conbination thereof The

i nvent i dHOM kgmbrbAQToesmé, hAhermb0.945aer/mhd- 4 vatml 4. MBae/ml OFQ2use/ml,

i Si dm ni j t t wffeciive i tis 12
Compos: 1N EBPT k5 Andriy DR e ToeI o r Ve oNBilAat o
t her eof .\TheBiMV&NbW&Y. al so provides a nethod of treating an HOW infected

infant, or infant 25 exposed to HCW during gestation, conprising
admi #i st er i ndltteantihedienéfethe irmntedif mey by moaodaml avfibaligompbslirtg, & exemplei si ng

a1 S0 pr dUiTBS R HEEHE B PAGE P B ETHRG 0 ederr A HEMERFESL | on
in an OrtH@cr!;pQJiﬁ&ailEﬁdﬂﬁdHCM@%E%M/&%@I&DP conprising admnistering to the
transpl anted organ or tissu€ recipient an effective anmount of conposition
conpri si ng arnaattichld ymbbdditteets3theiantitsotyithat,spomficlly dndals AEEMdhCompelegdf , to
treat, inhibit .or vent Jnfection arising froman organ or tissue
whi ch wel¥ @Btg -1ﬁéégliﬁgﬁh§§5%3ho onor or tissue donor which is or has been
infegted wt hl"ﬂ_el%/entiég%s%' ?maesng?%%ﬁﬁagi_% a faceln‘:'&ﬁn?ﬁltemﬂqﬁodi& t\PIQﬂ cht he_
transpl ant reci pient has previously been infected th HCOW and i1s at risk
of reactspeaficaly. bifhECKY aanp ¥ 2011&/ dHL 7 VBRI tHdE20bIproGdadbsoéellsr eat nent
may further ,c.orrpgi se adrri,ai stering an abc}g,ti onal therapeutic agent to the
pati ent CEWNGSINEGAHRILFIHHFIF cneQsirgarisBentiRediGSanci ¢l ovir and ci dof ovir).

In certain e dhoemts it QR Qﬂpf 4 he I | RBi,nds
HCW gH i s i Eﬁ% cg%pgsif{l@%ﬁgw %‘ﬁ ai s&s%(gar a’E) gédf“?%% ?ﬁ%)%g%h%g@%@tdl‘\%%ﬁ&r ¥
conpr i sithghbdeclésndonbimiyg vitei nalelche duidelscotiaiyvh Catiblogx tHat spaoifzthe bindsodiphent s
t he conposition conprjsing the antibody which binds HOW gH is adm ni stered
si mfPt aﬂé@d}é’F gHgorthat the %%%Oéblwowgeéh%ﬁmog M URBFFOSINISE FECOBFHHE tg? ng
the anti i i CW Conplex |. The invention also provides an
anti - @ﬁ%ﬁgﬁd%@%ﬁg?ég&&g%lgnti -gH anti body for use in inhibiting, treating
or prevent i ngridGMéntioh asbipesviddsra gharmacuhicd forenilgjontdoenpuisgiad ahGfCobplex
inhibiting, treating or preventing congenital HCW_infection or HOW |

i nf ect i drinfipody. o ¥xai-gil agtibedy. oF aeriphiasion gensndrftomplex hapttedy gad an anti-
transpl at] r. LS. or I : i HCWV.
PR T R e S i T S e
pr evjoousdayh bettbodiy ifaytleadpathtt br twWina dThSplairmatsikicalffofmdeatidnvaby Qthet n
certain enbodi nents the tissue or organ transplant recipient is

ser onegdOMpEise ap adqtianal Hiesperahagent e, saeickyd Eascanet Ka2Ineledors ¥ may be
used in Cti(lpo%ni%nuf acture of a nedi canent. The nedi canent may be for use in
the treatnent,”inhibition or prevention of HCW infection, such as, for
exanpl e, i nhitHetihAguiophBw@ditg dmpoki€iahd SanE e dndilCHIGHx Il RhEIsddyOs: A
HCW infection in an organ or tissue transplant recipient for which the
transpl antied artihady. ariasogdintion o ag antbCompley | aboteand anngicgte antihady. HOWV.

I'n di t4;,onal enmbodi nent.s the.transpl ant, 20 recipient .h reviousl.y been

| 6t ed (h ORPRCRT ST Smh o CROSR AR bERraERL S RS i hent <,

t he mediganeithen@ynirise bhaddigen ihgepcatic agtaht (é.@ﬂgdncldkﬂﬁ@ﬁ%d&m@t, agent (e.g.,
ganciclovir, foscarnet, valganciclovir and cidofovir). In certain

enbodi menplganeiklvaragd sidefovilssue transpl ant recipient is seronegative for
HCW i nfectiog. .The invention also provides a.nethod of treatin :

bt bi 11 ng. or s BUEHeRAES et S RePRE oo Ay emPRR 2B hp ia
patient @nagftods forife ARUMitiR _u@au@%rurlpr%nﬁﬁ@mwﬁe@%ﬂ. IaRbiody or a
conbi nation thereof The invention also provides for a nmethod of treating,

i nhi3oi t iamepodimentsvlenesens)fas oryliting arcaHOyRT pref edingeangamtpl HEMY infdetioniast er i ng

to a pr .woman.an .effective amouynt of .an antib of the i,nvention or
2 conbi i PV EPRST T e OF R PG a6 m R RRRL R B Brron B SR | ng an
HCOW i nfgedidt theldior ¢O6Mak BaDin&RtRAAMHMINHENEV | PAditRnal FHEINABEts WRIRR 138

ef fective anount of an anti body of the invention or a conbination thereof

The i nventihoeh thk srengpl o irebegent hae pregtbusly beer atf¢ate with bi(BYlYiand ivat rpkedient i ng

HCW
6



infection in an organ or tissue transplant recipient conprising

adm nistering to the transplanted WO 2012/ 047732PCT/ US2011/ 054092 or gan or
ti ssue rewopoen47Bn ef fecti ve anount of an anti body of whe/usemensioon, or a
conbi nation thereof, to treat, inhibit or prevent HCW infection arising
froman organ or tissue which was obtained froman organ donor or tissue
donor wheadtivasororinlvagaib eertboimiicamts thd tisd uclor kit traAsidartirenpiknteirbadnegtivs for

i nclude nethods in which the transplant recipjent has previously been 5

| nf ect od MR n abicr@ILgmpodiRets Tieeptios Ao SATPTNEE {8 HEUOLH Wgwgat ment
may fur thefs GOMV LS adat £65th A dobRRInaACLARBHY Wi to the
pati ent é&g.eﬂgg ci%%%%#&% %oséggﬁe P ggf%a C|gﬁo¢?r §ﬁ§§§?3%?§5§%), I n
certai n RGbBICompicx,I. t he anti body which binds HCOW gH i s adm ni stered
separately fromthe, anti body which binds HCW Conplex I. |n other

enbodi ment's, CHBPOBHIORA CPBHBHNGHICARIBPHASOHBRANVGRHIOSMAY AfSA P piésddy the
sinulta i J r : i Leh-hi nds
oW Cor ot Bmfcelent, Pt mSHATEMERY to ol (8 DK RANA TR RN 2T
heart, kireheayion bf MEMV linfogtionp suvhrasafeor cxamtils tihii®itingl prehgtining .or kndatdigher

embodi nents, the tissue transplant is hand, corneal, skin, face, islets of
| anger h&98geHighBCMY iyfaetion MM wicchipp ireamprgay or thisye frapsplang ggcimgnt fpiood

cells, %ﬁ@lﬁﬂ?e%%%@%tég o%gﬁ‘,rtﬁssﬂé’%rvtﬁ d&?&qs oPPR BB 1%%&@ & @lin BRINIF:
cartilage, Trganments, terdons, nuscle T1ning. e 1 nvention also

pr oviiod e sadtidionalndnhbaitt &ss Wi tehsplamdedipichiitis pavBo8PI Bep énfasecdwithrHC MyHhmind/ or
an anti-Conplex | antibody of the invention. Additional enbodi nents include
ant i bodileat i Aficastipafiang 18 edn cobedigreniscihg medicasant My dgthercapeEsd @s whi ch

correspaond..t o t ] i h i.stikng.o

Crvpt ophad iR PR YlE GF - BT bl AR SRTEREI R  on aas
of SEQ IdarthNe chibodimidritdthe dkgadas itissiRnrah il attfreSfdnd i® s&ohdgatiad tora@Omivnat i ons

t hereof Additional enbodi ments include antibodies which binds to an epitope

of HOW igsaipee xIn|cedaimsbo iacnaniha somppysompnrepising the gpabrilytvhiethbingdsi no

aci S f.romth [LOUR .CONSi-St | . ut am ik 47 of SEQ
"D NG 203 G ool B BRTT R OR Binth R Bt AT Ul & i g
at position 4fheGhveplch lalRo N i@ a mbdod bﬂﬁeﬁﬁgmﬁ%ngg drgRsvehties BlOMY

Addi tional enbodi nents include antibodies which bind to a pol ypeptide of

HCOW Coripfeetion compraning afinminstopak yp e paiiens ae eHpetive asmoupeofansamepoatios sequence
SRALPDQTRYKYVEQLVDLT YDAS (SEQ LD NO 194).. BRI EF DESCRI PTI ON THE

I GURES SO Teg AU A e oSk E R ioa 5t F BT tHefeet by
chai n vaniaibs als8prAdds\bh a AetHHdIf Ratii i&@ﬁﬁ@&%&%ﬂﬂ@ 20ngamitheshect ed
human heavy chain variable region: VHL FW (SEQ I hKISZ%, human VH3 FW ( SEQ

| D NO. 53pfectgricanuprismnaadmiFislofiBE® k ProgRROIanQUATERRETY YSoOT Df 854@PosiNg 54) .

Th ' id : d. di t 9. Kabat ing. Th :
nypervaroys el BHANPTES nSPaRby o RRR AT e oo idesi ons
(Padl an {A&84d oMbatinkMHOUV Bscl@Fbius dOMBHENS 8dRIHi§ K00 R¥&fant WEmeh her)

i ndi cates Vernier Positions (Foote and Wnter (1992) J.” Mol. Biol. 224:487)
and FW GDRfieptier angeund nga ¢orapdsamon dodept)singydn anfibmdmel the §8Enti@0)r. a @inplgghagion

teri t it A47,.64, 6 68 | ndi cat Vi i Posi ti. Foat d
wnter (4§52] e pnioRabp prossdssdnyhophBidhedt el By Bt gt "
I ndigat esp5EPRAMVEIARE cefRatdtrdb@prididd 2dthinMdring thant%éff@c?i)ve

Figure 2 shows an ami no acid sequence alignnment of the |ight chain variable
regi on (uounodf acomprsitmAlro8EBis(NSERQ anBb o &lhe wnivetidnuorarcokbgimtioo hiadreof.

var | abl e Tegian k3 EW 10 L EBR L3R bPel ok UTER 26 EWAFY 0N (SEQ
infection in an organ or tissue transplant recipient comprising administering to the transplanted
organ or tissue recipient an effective amount of composition comprising an antibody of the
30  invention, or a combination thereof, to treat, inhibit or prevent HCMV infection arising from
an organ or tissue which was obtained from an organ donor or tissue donor which is or has
been infected with HCMV. Additional embodiments include methods in which the transplant

recipient has previously been infected with HCMV and is at risk of reactivation. The method
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nunbered according to Kabat nunbering. The hypervariable regions (HVRs) are
boxed. Circles indicate VL-VH interactions (Padlan (1994) Ml . |nmunol.
31:169); woubix4amsteri sk (one over the other) indicatesPUgmuse@n/oR®s2ti ons
(Foote and Wnter (1992) J. M. Biol. 224:487) and FWCDR interactions
(Padlan (1994) Mol . Immunol. 31:169). Single asterisk at 15position 47, 64,
66, 68 iafdicettans mdg fuitler cBapiisd amim&n(s’témmgenadditi\tﬁaitthﬁraﬁeilﬁgdenﬂ to fiblpatiBitol .
224 487) Si ngl.e asterl sk at  posi 38({ ates FWCDR interaction

( Padl an (3139@?; CIRIBYIT, fPpsRLI Valescie )ran cl 00‘1’4 gure 3 shows the results of a
neutralizati HRa, &5@% el A
Humani zed 8C§E§@1§%ﬁég%§| es ksgg? g(éﬁg l%%{aén ﬁlg\/l—gaﬁ%aiwﬁ%ﬂ %?SZHSSRZ% in
neut r al |gH;1ts| inQ caswpayidobediddias scpanits frbithacorapositon angEBimnhe batody QRICHC2) .
Panel B: mani zed 8G8k4 anti bodi es _having a human VH1, VH3 or VH7 were

used > HEMVY, Gomprexds %%9@65@?P%mﬁntﬁﬁf&?s@mﬁﬂﬁwnéﬁwms tgtiRReY body
(QE7/ Cz)whlgpéﬁldy ACARY gg—ﬁfs atdﬁﬁm ﬁﬂﬁ%%oﬁs?f%ﬁﬁglgdrm&{ {l%séc@%ﬂtet%tthé/ €

experlnents gure OWSs nu ant sequences 1 n own are ani no
aci d sequefposisio? domprisiRiHcZingibodyt Weich ibirgls FEEMNVCaapldxdf FR3 (WI, SEQ I D
NQS?;AI,SE%IDNO% El, SEQ ID NO59: TI SEQIDNO6O A2, SEQ ID
NO 61; E2, S ellmq@oazlsovzow@@nlaeﬂr@%@ex b /e ang-gibeeabodgdegise SEQ | D
NGO 65; N Kabat
Nonbor i rimbyingtRd e tPp AR CRHTREEioh? 1 Mfind LN SnBhE, BRREAA, KaDEL

varitous ihhibRinigz @chtBEDr @Ebvamngb@ﬂgaﬁta\vaUMWﬁfabt&m SNIRE MY/ Ingition $n & kigsMa or N
Figure 4 containing a sSi ntgl e amno acid substitution. Panel A
Neut r al i%¥&an Ensplagirgcipirne iqnyri gpthgrepyi ardert ﬁla@%l%&anaqr|th%@ﬁﬂoaiwr@dla&bmnan

20121 0473330017 URBYAY oATog eS8 s KOEOERRRI W e Wbt 94t on

assays Usk pgvidiglyteh gifscteUivan IHIEMV&ﬁﬁ iant digkasiremtivatidh. TIHTcéﬂtzﬁﬁl c¥Bdikaents
regions shown in Figure 4 containing two am no acid substitutions. Panel A
Neut r al ithatisson oagrgaytrarﬁpéamwmglmwmegamq ﬁ%aiCé\éVanfec%@ht ai ned a hunan

8G8 \ngl chai nl"hepa‘%gl godl S ofl':tggo Ve %{(ep r%anu ctu %Flngelﬂqc%men hﬂl\,\s an

otk B gl
am no aci d sequence aF|gnnen ey t chaln varla I"e “regi on "of murine

mAb 8G8 th&Enhdat MRy B fosk fin tHerrRAtrhdng hhhl@hﬁinrbr\p%deﬁt%rﬁoffl@gmn1n?é\\:t15¥i\/ {eEQ I D
NG 55) and humani zed |ight chain vari able region for 8G8 on ?A FW (hu8G8. 24

FW ( SE®sifor R@muéy inlihdmgnpisyeritisds tgptengrepmseriad H4AM Y idfcadon o M@

nunberi n pervari.abl e re r. oxed. .Ci.rcles indi ca
Vv 1 et e GRS AR o 3 RS Y Rt oG BT er sk
(one ovahe Hdord Hatah bedinéatRswie HUNGY . RosdditiGs efnbo@hRnBnEe WiipRit (1992)
J. Ml. Biol. 224:487) and FWCDR interactions (Padlan (1994) | . I mmunol .

31: P89) .re@pisgt I@Sam‘e@usgkbf@n iplgsted wath HGMV6and is 8t r16<80ﬁ m@ntwah@s Meﬂeﬁﬂl@r

Posi tions ,( Foot nt er 9 Si ng asterisk
e bost TR AP mE BeSRp R b cobihriss ot padif Gt 18 SR fedfonol
31:169) .gahSiClogH! %S@dﬁ@%gﬁl@&%ﬂ%d@@d&oﬁgq llﬁ R&aint EﬂngadﬁﬁféhtsQfle bhgn Beavy
chain varl abl e region of nurine EQ ID NGO 50) with human heavy

chai n vdrssehiranspleyi saipient Ersaka’e(fMHiCPW inf@EQn| D NO 52) and the

h d h h bl. f VHL SEO I D
NG 45) - The atfedbreasia et etodebbra R D KRS PRV The
hypersvarihblign & z(dfﬁfﬁﬁ)erﬁ’%go Q%@&t aﬁ)effGéth% al{Mh €A Mbi=gfH] anti-

20i nteractions (Padlan (1994) | mmunol . 31:169); doubl e asterisk (one
over theCanplex ) antriaidg at e sorvbmaiier thewsf .t TMmVéIEmmt aésoedelW:snfoea nfctigaPyf J.

Mol Bi ol 224: 487 d FWCDR i nt Padl 199 \bl | .
31: 169) Shegifie e Blhaf Srevar i range M n & G Bl o o
POSi ti ONgedfaROEEMANIn WERLEE abbAR2Af ah-anfBbdy HitRd mvgl?tﬂ)rf@‘?a) oon@u'wl{oﬁ tl"i’e?&ﬁf i sk

at position 58 indicates FWCDR i nteraction (Padl an (1994) . I mmunol
31:169) Th@nn%twnetsplpmwdesmheﬂhod aﬁirchtmgqué{(bMVemﬁanthdrfgtuﬁ oornpuﬁ@ VHL i s

al so shro%Yn é Q1D NO 185) ure 9 sh %ﬁgmﬁgﬁl aci d sequence
al i git MYRISECHAS F%%B‘S?g’&%ﬂf?%rain eét eead]il%lte alhﬂ}t} Y R aesniekey § p
NO 50) Wiohihihviopmdb&avy chain variable region VH3 FW(SEQ I D

The invention also provides a method of treating, inhibiting or preventing HCMV

infection in an organ or tissue transplant recipient comprising administering to the transplanted

8



NG 53) and the humani zed heavy chain variable region of 8&G83 on VH3 FW
(hu8G8.VH3) (SEQ I D NO 46). The am no acids are nunbered accordi ng to Kabat
nunber i ngwOBhe/@073hyper vari abl e regi ons (HVRS) are boxe®#CTdsSealias4dndi cat e
VL-VH interactions (Padlan (1994) Ml . Immunol. 31:169); double asterisk
(one over the other) indicates Vernier Positions (Foote and Wnter (1992)
J. dg0l or tRRuk: w8ip)enamd cffMMiCDRonbterfactanobsly(dPakl mwer(ti®9d) a dhbindtiomunol .
31: 169) ngl e aste sk at po 7,. 64, 66, 68 indicat es Vernl er

Posi ti oﬁeereefg& AN o @W?@é#éﬁ\be%@i@ﬁ@eal@e STOHhR YEAR eF o gRchvasyp) |
Biol. 2 eraction
(Padl an?o?)i%gi%ﬁ(ﬂlb aﬂ%%rru ﬁlrblstﬁsqé% PWies g?%%s[%'eﬁ ﬁ%ﬁ%g@%ﬂﬁo aci d
sequenceAdditigrirembodimehtséndludhinethbas in wiach el tﬁmlslﬁgmt(llamp]fenﬁhﬂ”slpm@lmty Be8 VL
(SEQ ID NO 51) with the |jght chain variable regiaon of ?A FWr?gl on 5 (SEQ
| D N& 55fesicd WIWeHﬁM?éﬁi%@t ripkypt rea¢iiaHoR-af hape Oﬁeérrsﬁrr@fltm wiheva Fw (k4

83 f ds 2 and
36 accor amneiss AMpEh RN, Bl o G ABARR Py URIER By BT 5 2 2
nunber edosmeamnt,diahgntiolokahad cidofdeni ng. The hypervari abl e regions (HVRs) are

boxed. Circles indicate VL-VH interactions (Padlan (1994) Ml . | munol .
31:169) : doudn&ctain spbedinietre thsvatibediewbich binds H{aVY s adarnistredy o

[t or nct T BAeCCrae A THBBE R TG cofbli) S SmealiehY (o

positDi orunfiBodyodhich6inde B1G MV gmi%ﬂiﬂs&r@rmﬁe&aﬂm@m withopitier e sWsbgueht to
(1992) J. Mol.. Biol. 224.487 Si n e asterisk at position 58 indicates
FW CDR ithe arthody srhighriaiadssHC \é@ﬂ?)n | munol . 31:169). An exenpl ary

L Lo SRR Fh e ek PRI,

ant i bodmml‘damelaﬁthwnhh RhéiRbddanealts, Ahe muetra@pmms Hahd \oknehQ SkMl-facSEQ | D
NO 90) with affinity-matured HBL VL (also SEQ ID NO 90 (100% i dentity));
and Pandbles: ofémlgaﬁlmambam aageyudpaachs, ij&mbipoql)fplﬁl@tﬁaﬁeram bleedlyelmhlop% VH

(SE(?Sl DV 56?22163’1\4 v Ve I)ilen 'bRa%LE?)tggrhl?@r% cel_i Hlﬂ%gE]%j’ll Note%gé)ns ugclgrlnnﬂl aci ds

are nunbere accor erl n y ervarl e regl ons

(HVRs) are tme@lvennon also i far%t@b&zwwﬁf&hrbmmltﬂe @e@&gﬂ@ 88 aPin hM?gHZ
from MSL-109 (SEQ I D NO 91) and | GHV3-21*01 équQ | D NO 93) and vari ous

am no acqnd/%abgnﬁlﬁmml arm@edy & Goinvena. afy 1Frplgaéree1bm@@tﬁdmplvﬁe results

f di h b
it at oo RETE" gf Sobbidl SHCUY B Ao iR AT RN R SRS ana
the 25 relndFhiabhgidd2Ghctad BobGhE 2P \WBnsistg Jf &S pRpRiLatposiviodads bNSRYITNI t S.

Figure 13 shows the results of a neutralization assay conparing an anti body
cont24li nlN@ 128808 @n@@ttpoamnﬁéé@SE/QllD(N@rlemndmeeit poﬂi‘u@@?l)ofaffﬁﬁ HBNGNilt h

H G f |i.t t i,th
T o oo i SomBinstibls GfreBf, X ARkl RGPS ingRY; Pibofiss FeH bR gmass ay
usi ng d%it@ﬁ@@f Y REY COMPNE 1396 PRIt athihdh&Rls RRicBRbEBGohdko B8 lahindadds

fibroblasts. H G was depleted of anti-gB specific antibodies anti-Conplex |
speci f i cchated odi the,greun ¢ongisting ofaglviatnonti Eéspostlomﬂ% of SEQIIBXINOR03s (i lysiner ol .

WO 2012/ 47732P .. Fi g f. FACS
anal yst SO HGE oF Bl SEQIHENG A0 putrrEif podiSh g S AER Bk Mt es
conpar edohihimitioROWRrNt Adglaonﬁ@ﬂbogﬁh&fwm@ﬁﬂb aMkS%ﬁlbm&‘%m to ABGlyb&stREsI ty
on the x-axis indicates antibody binding. The y-axis plots the prodportion

of cel | f HCMV Complex I, wherein the polypeptide comprises the amino acid sequence
SRALPDQTRYKYVEQLVDLT LNYHYDAS (SEQ ID NO:194).

BRIEF DESCRIPTION OF THE FIGURES

30 Figure 1 shows an amino acid sequence alignment of the heavy chain variable region
(VH) of murine mAb 8G8 (SEQ ID NO:50) with selected human heavy chain variable region:
VHI FW (SEQ ID NO:52), human VH3 FW (SEQ ID NO:53), and human VH7 FW (SEQ ID

9



at a given intensity expressed as percentage of maxi num nunber of cells at
any intensity. S5Figure 16 shows the results of a neutralization assay in
whi ch hudeB 2ard4HB2 were mxed in a 1:1 rati o and test e®Cirrusaoidios4ep2 on
series for their ability to inhibit HOW infection on epithelial cells. The
conmbi nation of the two antibodies has additive effects and behave according
to t he BNOsH).iTidependeacdearequatbeed a¢ddréing eorKiabacunbdspogs€hchfpervarmblesi ngl e

ds wit ffects A i.s .C =A +B -A* B). 10Fi 1 th
fggﬁf)? S To§ios \2%)_;&? Bajtedo ﬁ@?@sla@s,dlaaé? éfrl%Vhﬁ lﬁ'ﬁracc)%niagptalé\%g;? Fogp @?&‘?«fwo?-
varying Honeetduld Q%0 (ol REne biARML Yoo AONBAL frf watsr Of

HB1. Figure 18 shows the results o utralization assay
HB1- r esi($92N)U. MOMBIinlIRAhU87) dAd TV -CDR himtemctidves (Pedlah {19905 Ma/. deutmal. i zat i on
assay usjn 9§he HB1 antj body, . Panel B shows the results of a _neutralization

assay usinPR-heinglessisrish et PRsHiPn 47h 841481 6% adictesnyernist PesionsiFaeie éére stil |
iti . i Jq \ . i LE . h | t f
nout r al + 5 (199D IEMCE ibROARM I B gecrisk aEpAIEh SORAUS FIBIER S e

resul t s ioferatioe (Radédni (2994 )dolassaynals3 ingpHhe HB1 anti body. Panel B shows the

results of a neutralization assay using the hu8G3 antibody. The hu8G3
resi stant HCNREWR hhosvsgnanipe peid seqisneq alignenheli the Hehtahaingmrighle pgion

20F1 gur e(é’;{g of ARfic %&tﬁ;&ei?'(%dg 18 gli@éﬁiévﬁh hﬁﬁlta{l)ﬁgﬁg cnr{a‘ A bl Boh VB pi

(VR1814 wn I'n para ing resi T8 nsj3 conpared to

t he 1var irogisn HEQ MENG itanindvihumnadn XEWNegioa NISEQIIDeDI53). HRdnfihbhebd ast cell's.
Figure 21 shows the ability of HBL antibody to bind to cell-surface

expr essdWMIIreglacedrding taikagat msnboriaac dhe byrcsyariahly regiont (YRatqrohexadn gH, as
assayed EA nalysis; A 25 differ tisgH antibody. used. as a
posi ti ve&(}:/%% 7 ocgtfe?)\%L ?eF? 1n-tesrﬁcrt glcs:ggaéiiaglr@géﬁ)g‘g?i euﬁﬁ'ai%'gé%sg\%%ﬁ a}sne?lggsi ty,
whi ch i SodovdiahcCahe) iricadsiér gl PO GHsqFBote Xnd BGistc® (199The MolaBid. i s APC
signal, which indicates anti body binding. Figure 22 shows the ability
of hu8GE24t87balF WoCBhRngterastions (Padlanf(bEW) dqir eswerw! G xSingleonteaisk g
resi,stance-conterring poi.nt at.iops.in | ex; ;:..as ACS 30
nal st SOSHRERAA L PSR S h e it KOG e in BE SO Y BV

posi ti veraerty, disglé etk dt §Mfii)1@§@irﬁ%@’te@&&ﬁ@RTﬁt@ra&ﬁ@%{lﬁdiaﬁ (3R imiensi ty,
which is an indicator of H gl ycoprotein expression. The y-axis is APC
si gnal , fwiiuehl.3Adio@ht es anti body binding. WD 2012/ 047732PCT/ US2011/ 054092

Fi 23 A and h h ts of.Scatchard | ySi Sot,0 det th
bi il ng af 1 Egrec) el S e Tyl isERp S PR G S P E HIDe L ed
usi ng t hsdhutValiBgts 2PIREI A TR R0 ManSeD . 3andb&aedRIVhg o Rem¥r QHI,SVPBQ%SJ}WG

rati o of the concentration of bound 125I-1abeled antibody to tota
ant i20odyverd osal inanttird wditomessaysdicside atneaise'bumhe chiorecie ¥Glanitibndp(QE7/C2).

1251 - | abel ed _5and unl antibody.. Fi 4 s the results of
an ELI SAELH, AREsEarT RG CheThH A5V 08 “fuBed I A Toosy B G e oDl
anti body,o(, @ Jatibh MsabCoRidReRhOEHE A TR erlcaT Nght Aol \(ﬁﬁﬂ/@?r EC5@vARNO
acid 68 (Ser) of SEQ ID NO 194) of UL131 (SRA-Helix ) or”a correspondi ng
f r agmentfocthrteaperiments fpecanbalow Ao satred extpatimentsQ47K ( SRA- Hel i x Mut) .
Figure 4 shows mutant sequences in 8G8 HVR-L2. Shown are amino acid sequences
25  of HVR-L2 and the first amino acid of FR3 (WT, SEQ ID NO:57; A1, SEQ ID NO:58; El,
SEQ ID NO:59; T1, SEQ ID NO:60; A2, SEQ ID NO:61; E2, SEQ ID NO:62; T2, SEQ ID
NO:63; SG, SEQ ID NO:64; SGSG, SEQ ID NO:65; TGDA, SEQ ID NO:66). The numbers in
the figure are based on Kabat numbering.
Figure 5 shows the results of neutralization assays using the various humanized 8G8
30  antibodies with mutated HVR-L2 regions shown in Figure 4 containing a single amino acid

substitution. Panel A: Neutralization assay. The HVR-L2 mutant antibodies all contained a

human 8G8 VHI1 chain. Panel B: EC50 values for the experiment.

10



10 DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON | . DEFI NI TI ONS

An "acceptor human framewor k" for the purposes herein is a franmework

conpri si yotzhe/@ni3no aci d sequence of a |ight chain varipablus2domsionz (VL)
framework or a heavy chain 15 variable domain (VH) framework derived froma
human i mmunogl obul in framework or a human consensus franmework, as defined
bel ow. An acdégimzr6 khonaredulta wE neutkalizatemi asedys fusingithcaydnions humamaedGoObul i n

f ramewor k ﬁ n consensus framework may conprise. the sane anmino acid
sequenceéfi %41%‘1”“ ut?t?d RenR-E4meeiPns SARTVAGN Etﬁuae %é‘%ﬂi@ﬁ@é tWRAHYRR2Ci h sone

nmbod
or T oss bty 5, BATRE: Qu FTARERLS. PIRIFCR 2] Myl MupofiSp toRinh€3°, ©

| ess. | mmmmﬂdlcmm PanthB: MC5@egeq! for tﬂawﬁpﬂlﬂléﬁnemr k is identical i n
sequence to the VL human i mmunogl obul i n frarrework sequence or. human
consénsus f r diEWs kshosguarerno acid sequenge glighmept ofythe bight haintyaeiable regign pf of

the sumto a 0 P aTol {te of
a nol ecu Iri%mgfo an anIgﬂg)§ 1{ ﬁ ﬁ%@?h%ﬁgg? Aé%e@?@%&\ﬁﬁ@%& 1 gen).
25Unl essNOI8) eiad Rehn@tihlrlvdhs ehalﬁSamt&ﬁéire@Eih&bﬂ8G8 bh NdiFvg (RfSIGI4 W) (SE@ND t o
intrinsic binding affinity which reflects a 1:1 interaction between nenbers

of a bi MPKH§) phhe alp@oglCldSammWeﬁhMO@mg tgé{:ﬁ)bat muebesfng; diheyiypirveriabld ecul e
X f Y
or its ﬁ Eﬁ\?]?#) aré: (g]xeggn%elb €S 11¥dlcaﬁe p{fﬁlsln Crac 18n%ﬁaaﬁagi%§4g%oq‘t Whngl art

regl
const ant % neasur e commo

i nclyadi g -t S@)uﬁ%&@f@h@l@@)ﬂé%@ﬂ fhe oﬁ&?ﬁhﬁﬂc@tes Wekhsdrrakitiofs ArdbtLxRIMYimEY
enbodi nent s measur i na 30bi nding affinity are described in the
fol | ow r(é992)J MOl ﬂi}iOl' ap4: ﬁ?)t%ﬂdrﬁ%’ Rintarsetionsdfadlet 61994} Yohdmamrpbody wit h

compar ecrt 593 ol ARk D) e AP 6 RGP lnd: PGB ORTRAMER

2012/ 04 AT 3RRGT: QM:‘)Z:OMM 540 %24 aYeh S?d SdsadrisRns oswﬁhs @iniRARL FeNgDEesul ti ng

in an inprovenment in the affinity the anti odyfor anti gen. The
terms " an@r%@omﬁﬂadi@m(la%)lﬁlé@ld{mmm 3lakb%nt i body that binds to Conplex |"

refer. to an t|b that is ca 8b|e of éﬁlndln fgfﬁ }n.vvith uff|C|e
i 1 2 e Yo 3 arns A0 RedtoBls PR Eo IR chalMyrilrdf rdidh &
t her ape%ﬁ&n@fa%tgqswsﬁa@{ aeNO¥%0)GPPhEXad heal P cRIIE vﬁmgfégﬁiﬂtvmt Mm%%ﬁ@t of

bi nding of an anti - ex | antl body to an unrel ated, non- Conpl ex |
prot ei n (V411 E®3 (SE@ﬂDé‘ﬁaljtZ) aigbthohumbeizid helivpghah Vtahéolarﬂgldmfd»ySGB ogol ex |

o e S LR T RS B e RO =,
N
20  interactions (Padlan (1994) Mol. Immunol. 31:169); double asterisk (one over the other)
indicates Vernier Positions (Foote and Winter (1992) J. Mol. Biol. 224:487) and FW-CDR
interactions (Padlan (1994) Mol. Immunol. 31:169). Single asterisk at position 47, 64, 66, 68
indicates Vernier Positions (Foote and Winter (1992) J. Mol. Biol. 224:487); Single asterisk at
position 58 indicates FW-CDR interaction (Padlan (1994) Mol. Immunol. 31:169). An
25  exemplary nucleic acid sequence encoding for hu8G8.VH1 is also shown (SEQ ID NO:185).
Figure 9 shows an amino acid sequence alignment of the heavy chain variable region of
murine mAb 8G8 (SEQ ID NO:50) with human heavy chain variable region VH3 FW (SEQ ID
NO:53) and the humanized heavy chain variable region of 8G8 on VH3 FW (hu8GS8.VH3)
(SEQ ID NO:46). The amino acids are numbered according to Kabat numbering. The
30  hypervariable regions (HVRs) are boxed. Circles indicate VL-VH interactions (Padlan (1994)
Mol. Immunol. 31:169); double asterisk (one over the other) indicates Vernier Positions (Foote

and Winter (1992) J. Mol. Biol. 224:487) and FW-CDR interactions (Padlan (1994) Mol.
Immunol. 31:169). Single asterisk at position 47, 64, 66, 68 indicates Vernier Positions (Foote
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Mto 10-13 M. In certain enbodi nents, an anti-Conplex |I antibody binds to
an epitope of Conplex | that is conserved anong human CW isolates. In
certain ewbadiznant3dg, an anti-Conpl ex | antibody binds t@Canseqisme2 of
Complex | that is conserved anong CW strains that infect different
species. In certain enbodinents, the "anti-Conplex | antibody" binds a 15
conf or nmetnid OMalterd p9220 peMof. BiolnPR4#8T); Smgld astecisk hapositemiiddndeats FWREDR
anti-Conpl ex .I antibod inds to an epitope within an individual protein
menmber dﬁte@&%?épﬁdia%?s%‘ﬁf‘if%ﬁ%ﬂ“@& -’(111‘%3?(3 gL, UL128, UL130 or UL131). The

terms "anti - { . o an. i ] i . '

ant i body t;]a?h%g%gg%%l%g ai;};é qﬁ? n%llﬁgé %Eﬁﬁyatl%ﬁ@tﬁ?ﬁfgﬁ%% lﬁg I rYirattelgl/ﬁé a{gﬁorf‘ﬂl’at

t he ant irhodiye mAbREGE V] (SEQ D AD:di pgito sitei 1gzha tldio variddy @poutdf 6.4 FYe ndgiom
targeti n% H._1n one enbaodi nent, the extent of bindi ng of an_anti -(gJH

ant i Body E@ IBNGrre irad g, humsnizg lighiotheimvarablegsgiop RERG 9B A FIBd8HEGE he

bi ndi n t I 0 r . {0l sa

(R )| GHpREuA AR BERA L B AT AERTEG Fping o (AR

di 3 Sg(i [ aﬁhannmﬁb%ix%g‘?EQ&d)( N®f49§.1lorhg\|iﬂbmirﬁ> albﬁm aﬂ%urﬁbélrf@d micgn%ﬁmmfooi %Mnl\/l
< 0. nM or < 0. nM (e. g. - or less, e.g. from10-8Mto 10-1
25e. g., Tueiing- dhe hﬂ)emﬂfhlegwygionh(%\éﬁi)ﬂ%bwﬁo@gﬁ%ﬁtné,lcaéﬁnVIaﬁ{fiI ijeraghiAnsbody

bi nds t i f 1k8). r i ..In
cert ai n CADaERIoRAPER et L 3Yi 162 SO TR v e SRS Bfen, "
consi@r vetbsaivag g dohdvarkl Wakteis(1092t). Ml eBiol. @2 f487 patid BWECDRSnteldtdoh£(Patlan
"anti body" herein is used in the broadest sense and enconpasses vari ous

30ant i bddPPPtMelctrrew! kN dSHglmserisbat pesianedy, 06, ¢fo A endierass ¥ernichodi es,

pol ycl onal ..ant ibodi es, wauylt/ i ] nt inBodi (e, 0,0 S i.f1c

ot boairasy A R FROVHL0B8RE) M B8, 22895 1 P PRI AR, e

ant i gen-ihilipgteNBWACDRVinttact VO (P @9’@@9&%&2&1@1;@@0% exemplarfRucleic
"anti body fragnent” refers to a nolecule other than an intact antibody that

conpr i sesidaseguence shcasiingator ph8agerafhisiarodiowh 4B EQiIRA¥OL186).-ant i gen t o whi ch

t he i.nt act i b i nds. _Exanpl. f i body, f ts inc| t.
ot 1 ted (e P g B g RERE Seqlen OligBREN SUBRTE Eipa P L B o e
si ngl e- GhALHENtPARIN : "RA 86 sHRSt GEMBL-$EIVL;(SBOADINOWY nsiesiifitEmaitédodi es

formed fromanti body fragments. An "antibody that binds to the 'sanme
epi t ope"HRS VA (abpSE&hi2Nah90 0d8Yo deftetyy; argl Baneh Bt kb euyna drad sdguonies bi ndi ng

nore, - arreaoavar danyn sorkodanst Sl aRPaul, S PaTREhmaRAGRera mE 3H 1 boay
to its gREQUEINOBRY. TAERGIHS Iy ASR@NbAYI 5&%&%%3[(?0& ABMBXP | By

conpetition assay is provided 10herein. e term"chinmeric" antibody
r ef s thypenvaaaile begehynsi(HVikts) efe bexpdrti on of the heavy and/or light chain is

heavy and or TiB Ao He i e eRom e HYA T Evrp s B8 SFOIpRPRLS The
"class" gf I@PI\%"-‘M’%Q;EXIIEPQW@:%;Q g{j}@_@aﬁéﬁ?ﬁmﬁﬁo Q&@?L%‘tﬁﬂ{utgﬁmaae.oﬁi aPOfIRN

regi on 15possessed b s heav ai n. ere are t1ve nmajor classes o
ant i bodiasl Figgée 12@QEhow thie, redulySof analdifighnt andrasiemémadssak uking siec amtippodies
further divided into subclasses (i sot yﬁes), e.g., .| gG’ I&GZ, IIJEGS, Ig}gt,
| gAI, arf@agups mpftechd YRy HE egionse Q¥Rialeation masaps Withdhe By (Fiasdd By and
diffgre lﬁﬁi I 0 Uk y, and it,
resng)ct :}%/Aeﬁ)g Egl?‘g}%g%n%kg@ :ﬂlﬁ%ésadsﬁagée:@lohg(%g%nﬁr% tes'r s to any native
Compl ex | fr aripasry1 oty RGO ialmdaitrSloAdfi6 e asshin Cdrdptiriig £MtibS@I canfigiag S
manmal s such as pri mat eséfgie.gﬁ, _humans) and rodents (e.g., mce and rats),
unl ess IR eieE apdane@d &dll (heeeinagicm @zy%IéBlazw&ﬂoH{é fathobibly tal | of
gH, gL, UlL128.UL130 .an .13 0 eptides. The term al so enconpasses
a ur sl 15 BRE ek Op ARtheecctl B MBEBLLE Rs of “complex 1. 6 g Tep i ce
variants or ghibgtd &4 hdivs MY @sulkE adiiaDReidGlidat RN GRI MRl depRtRNEFBHAMInEICW
gHis shown in SEQ ID

30  globulin (HIG) on epithelial cells and fibroblasts. HIG was depleted of anti-gB specific

antibodies anti-Complex I specific antibodies, anti-gH/gL antibodies or mock-depletion as a

control.
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25 NO|. The ami no acid sequence of an exenplary HCW gL is shown in SEQ ID
NG 2. The am no acid sequence of an exenplary HCW UL128 is shown in SEQ ID
NO 3. Thewanrm4ased sequence of an exenpl ary HCOW UL13@cCirassgiemsiopn SEQ | D
NO 4. The amino acid sequence of an exenplary HCW UL 131 is shown in SEQ
ID NO :5. Additional exenplary sequences for HCW gH, gL, UL128, UL130 and
UL131 nay be Figuredl§ shoGs mlhranekumm@smS)ma:BﬁmmhﬂetenﬁtﬂHEQé}mg(eﬁ)ap@aﬁm‘@tofal

J. Gen. Virol, 91: 1535-1546 (2010)), which are both incorporated
r ef erenc%Bhé%W%a%t% flies gampared fusknoyryanii-gB; smér el and - L3 5@11@;5@1 D NO

20 (AR O ey S S 25 T Ay 08

The t er mt a@oreplietendity, kpaessddas gpeRentaphof metiatus humbenofoalld atanongisay. 11 from
any cytonegal ovirus source, including GW that infects manmals such as
primates (e. gFlgumkﬁaﬁh@yvsél%ﬁdreﬁlé&éﬁtagle%algzatlowﬁéy Hhty lrcath§§G8 and B8 witRer wi se
| 0d ot Sced (P 19 INERELNBRZ RS affu RHRLESKE kiR uo By HCMby A1 R on e
term al so enconpasses naturally occurring vari ant { rotelns of

Conpl ex dpitheléal gells. SPHei comby@itioanf theatvoahtivddies hegatidint s effa'dneaxﬁhﬁerhaveam d
sequence of an exenplary HCW gH is shown in SEQID NO 1. The am no acid
sequenceceRrdimg tag Sérllydqaewngtewﬂghém GO egpoRey © forrthe drgleio aci d
sequence, L 4 ), SEQ | D NO 209. Additional
exenpl aryméjgcﬁ]ﬁ%sﬁ\g@gp %&yﬁg%% IH% %i%m%o %ﬁy be found in Genbank

Accegsi on nuniigirédI1sh328 thd ﬂ@@!ﬂ@&ﬂ aﬁfeuﬁhhzatldn aése det¥infii@lng tAOBdtend ot HEH46
(2010)), which are both incorporated reference herein in their

ent i r et ivi¢h vapimggpacantretionsed hh&@&ﬁhh‘a&él%ﬁ@hlm copgentyagions ogEBlI D NO 208
(gL) and SEQ

Lo ot ets Fohs kst aeu B SL e PR R AC M, oo

pri mat esmt@ntd. PEANTANShbwankk FeQsl@Nfs deBtrBlizatibh @&apnsing HeHB 1 HMRRS. bancl B
ot herwi se indicated. The term enconpasses "full-length,"” unprocessed gH as

wel | as shays ﬂ@rrﬁmtfs of Hn@mllza@@ua&ssy wyingrihg ho8Ee8 sitilgpdyn Thh élEletebistathe term
al sg_en nat ur rri nt S gH, e.g., splice variants
or all eIC[? SIC ?'1?1159 WS %B?IEI%%% (§?3fggH i s about 95% i denti cal
among CW i SCIh%ﬁFNe’SOw sHo%s @i @%l%%f%ex%@&l%ﬂ&?aééﬁ AN IOk tdCME N 1 S

shown in SEQ I . An addi tional exenpl ary sequence for HCW gH may be
found i rMm@@@enBamd AAtkmmSh@msmwmf@meGmlm%@ as{smugagﬂ@tHEl antibbdy GRancI VA r ol .

91: 1535154 (20 whi ch are both.incor e r r hereln in
Chei r_oniPReticueia i nElgr e Rerurh oo BoGuggRyeshian

The ter rPIC&Nth%'tscarégﬁ'ﬂkensﬁ@elﬂéﬁ&tﬂﬁ&@ddﬁHyeffIB[S to a substance that
inhibits or prevents a cellular function and/or causes cell death or

dest20uct i on. IGgoot MImwaglatatrslatmgtmﬂml ety oﬁH@Mfé‘stra’ﬁﬁ I(WANtRA(MR1814 grown
radi oact.i ve soto é{@ g At 21 31, /21 &ﬁ 186, Re. 1?8
sml53, BRPIY lichvs gen 5o Fostyipnt ataql cpmpare é%ffwégow dyresistant vira

chenot hgﬂﬁ’t%%toh% ﬁl&gﬁﬁ §nc9ﬁb1‘3]5149§ce 1€- 9., methotrexate, adriamcin, vinca

al kal oi vi ncr stl ne, vinblastine, etoposide), doxorubicin, nelphalan,

m tonyci n C, Kipghr Zndhoeislthe dalityaf HB Icimibody tf bied ta ¢dlesucfatatiprgssedygiifed) ;
growt h inhibitory, agents;_ enzynmes and. fragnents thereof such as nucl eol ytic
enzymes; BR{NBE &S}S@C@ﬁ%@?ﬁ@gwﬁ myeatims %gﬁ Hotseryad By FokiSanabysis.

enzyaat 'cﬁf'ﬁ?ﬂeﬁ{t At H ﬁnﬁ@&g%s%ecp%%l%s e co%ﬁl@l%{ eel élﬁﬂltceB r@&idﬁa'Th%Bé gin,

i ncl udi ng ragman S an r variants t ereo and t e various antitunor or

ant i cancets 1angm’tlﬁtedsls3c wdseidis e liiicator\WD HAOMERY £ldobpdat Bt ok piea€1dd,/ DhetPARis is
"Effector functions" refer to_those biological activities attributable to
the Fc relf sgngs whishdpdictersntibply Bldipgry wi th the anti body i sotype.

Exanpl es of %ﬂ&h&%%h%ws &gl %llltf}’%@%{lggg ﬁntlbody to bind to cell-surface expressed

Complex I containing resistance-conferring point mutations in Complex I, as assay by FACS
30  analysis. An anti-UL131 antibody and an anti-gH antibody were used as positive controls for
cell-surface expression. The x-axis is GFP intensity, which is an indicator of HCMV

glycoprotein expression. The y-axis is APC signal, which indicates antibody binding.
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i nclude: d g binding and conpl enent dependent cytotoxicity (CDC); Fc
recept or binding; antibody-dependent cell-nediated cytotoxicity (ADCC)
phagocyt o802p12d@wrs2r equl ati on of cell 5surface receptor ®CTaISg011B5461 |
receptor); and B cell activation. An "effective anount” of an agent,
e.g., a pharmaceutical formulation, refers to an anmount effective, at
dosages and fkigups2B3okisndB shomehaeseksal Scatcherdamhlyeis o ti¢terndes threddnding

t herapeutjc or_prophylacti¢c result. The term"Fc region" herein is used to
define &f -%Pﬁﬁw%i% @éﬁ%f%ﬁh%ﬁq@e?-nﬁwgéN@%Plpﬁe‘ﬁ‘é%%th@ﬁ{éﬁl% %lafarﬂtﬂm of
contai nsyahs8as l&}oﬁbﬁﬁf i@ Q-aQEF 1%/18@ .tl?é)ﬁﬁé%mherc%%é?l@ra}i&bgf Bt PREILULAGS
native sequence Fc regions-an ariant Fc regions. | n one enbodi nent, a
human | gGtibedwiy tolabimibbdy.r €giabantibstiends cdledacOyus 22eon@nthfianoPrialaied o t he
car boxyl -term nus of the heavy chain. However, the C-term nal |ysine
(Lys§47ﬁnéwnpﬁ@€¢én?@§bbn may or nmay not be present. Unless otherw se
speci fi ed hergj i ! } j i . Fc } or
const ant regﬂggﬂvgﬂg%%gé |n§ lg ﬁgggﬁghéﬁ%gik%§%§§g?%h?%gﬁggﬂggpﬁga&?he EU
i ndex, gmsidies eontbsidniibodsabat-HES) @la pephagfiepaas (ahinkbraoided NSedfto himnadidgi cal
Interest, 5th Ed. Public Health Service, National Institutes of Health,

Bet hesdd8 (B of 8§ 1D NO:194) pf HikdibF RRAJeIXPRT) pet eprsespendiag fraghentdomai n

resi dues : - I.: j resi dues. The FR of a

vari abl €° %ﬂéﬁ#ﬂg&%@ﬁ%?ﬁé&%‘ﬁ@%&dzg@d %’%@‘%& ins: 20 FRlL, FR2, FRS3,

and 16R4. Accordingly, the HVR and FR sequences generally appear in the
foll ow ng sequence in VH (or VL): FR1-H1(L1l)-FR2-H2(L2)-FR3-H3(L3)-FR4. The
terms "full length antibody,” "intact antibody,” and "whol e antibody" are
used herein iME&A&hEM;BEﬁ P10 QF EMWM&M&?F%M@W@MTIQ& ure
substantially simlar to a native antibody structure or having heavy chains
that contai n gRrherTFieN®n as defined herein. 25The terns "host cell," "host
cell line," and "host cell culture" are used interchangeably and refer to
cells into WhghaceyRaemnans Matitwdk” frithe b@‘poi&ﬂh@reﬁrﬂisraqwﬂﬂ@ﬁbrkicﬁﬁbﬁﬁh?ﬂlet he
progeny of such cells. Host cells include "transformants" and "transforned

cel I's, ™ amine Reif nequedec eftelight ichein yatigtde deppind ¥ Lo Eamenatk ¢rolpany clrsri ved

t her.ef ram.w t.hout . r rd to t nu r _of passages. oge may ,not  be
comret STy R RAR StSr bR Be T R B g LB B 50 ey
cont ai N HitaatdodfmsusMidrdvorkl BaRMied babwhaveadchosiameard naék e “deérividol ogi cal
activity as screened or selected for in the originally transforned cell are
i ncl udedrdier @hwmanimmypegiobiiin fpagvork or o hemah cetscpiys Sugwaoria mag epmorisci d
sequence whi ch correspaonds talth?t ﬁ% an a Libod%%gggduced by a human or a
human cal't SBYC FEPOGEE FREME N5 Hudam e 591 2 PArFUS20117054092

sour ce tsaale diodira&s, MMM BRh dc@PEHahBs 88 10br RENOor 48BN or less, 7 or
ant i body- encodi ng sequences. This definition of a human anti body

spedilf i dessl § oebesd, ddwdesa, homtass 2 @t leantor Bed yess.o pson engbagamenisrihge VL acceptor

ant i gen-bi ndi resjdues. . A "human consensus framework” .is. a framework

whi ch r dBPROHIRCTE SR LS ArPes SO E Jr PHYLARRE Rty T deiek s n

sel ect i aRq@hcOYMRMATTBARABLO RN scqiicn¥l framework sequences. Generally,
the sel ection of human i mrunogl obulin VL or VH sequences is froma subgroup

of vari abl e dofHimtys edfemne gs.strGegibodtheysum total slibgnrovgensfintsrgtierdetveia a
subgroup.as jn Kabat et al., uences, of . Protejnsg. of | nol ogi cal

it or o5 i PR E P MGG B0 b0 £G5B isg BB SR FGE vo s,
1-3.25! N GREssGHMCAEDBMErwibQlas LR Nkoin tBendhil FURAYOMPer B RHRYICHRIKARARIty as
in Kabat et al., supra. In one enbodiment, for the VH the subgroup is

subgr oupvhith rddkecisn IKhbdtragtondictweenuperabers of a binding pair (e.g., antibody and antigen).
The affinity of a molecule X for its partner Y can generally be represented by the dissociation
constant (Kd). Affinity can be measured by common methods known in the art, including
those described herein. Specific illustrative and exemplary embodiments for measuring
30  binding affinity are described in the following.
An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariable regions (HVRs), compared to a parent antibody which does not possess
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A "humani zed" anti body refers to a chinmeric antibody conprising am no acid
resi dues from non-human HVRs and am no acid residues fromhuman FRs. In
certain ewbadiznantdg, a hunmani zed anti body wi || conpri sePsuhst@anosabty all
of at least one, and typically two, variable 15 domains, in which all or
substantially all of the H/Rs (e.g., CDRs) correspond to those of a

non- humesaclaaltéritoehy, suahdltedatiomrresutisg mrdniiadpkgveaieht mfth¢ hfinkRef deranebpdnidr t o
those of a human antibody. A humani zed antibody optionally may conprise at
| east a 3PYB#-on of an anti body constant region derived froma human
anti body. A f&y, t , IR, ol Y,
refers to anﬁgﬁ Eﬁ?g?haéﬂﬁggiﬁ% gﬁ o%gpgﬁﬁgﬁPgifP%ﬁﬂ&%6§ é?ﬂ%rg@g

" hyper vaoiaakh€bddgghand capableldYBindirmsCorapldx hevithi safficiaft affmntycsuelatﬂat tk t he
regi ons of_an antibody variahle domain whjich are hypervari bIe |n sequence
and/ &r faBfihedtis yetfhhana %}a@@ﬁ%@tﬁ/@rggﬁrgpiuﬂﬁﬂg@%t\}aﬁr&%}né Gope J . In@Keral | y,
natlve f VH (H1, H2,

and't ‘P%ga#ﬂhgﬁékef ]%%h&QQP&téﬁlétQQE ge%%%nﬁlya%gﬁ%pﬁgghgélno aci d

r eS| duesCdniplox 1 hetdiy melressaharaﬁﬁcelt l o ps tieaislhdihg bf G antitodycorqungptent av ity
25det erm ni ng reglons (CDRs), the |l atter being of highest sequence
vari abi IMe3pucg-Sr by avsliiamineassay (Rn. deeiin enbedimeRisng antipody det biads abl e

2652 (ri o B EEM PR alSELAGD: diple <oy 5o B Rl Ay

196:1901-fM /< (.D98K), .or <Exemphr(y.cCORS M 6PRsd, .g. GOR: 12 M&DROL%’M EPRfildin 10° 9
CDR-H2, and CDR- % occur at amno acid residues 24-34 of Li, 50-56 of L2,
89-97 ofMitg 1030M31 Imapagy crphodimentgsngmtipipomplay I guibpgy bigids pman entapsaofet al .

S Pr ot | t th
B Y T I A L e
excepti aro le@aitlboﬂyvmcismqgme roabbmpmnmhatsgcéﬂsewaﬁrhﬂ@ngmrsesﬂnglues

that formthe hypervariable |oops. CDRs also conprise "specificity
det er m rthafgnfpg di mpt)mwsg POReUspEmhogsug9s ﬂiifésﬁinéit@@npl% antgppy’ bindhpch are

resi.gue n G n

coroar b B Py Pabord MRy T IR B SRMALT Ml CRRLRRR oddl?
aCDR- L2, bidsGln leﬁmo@fmﬁnlajﬁ,mcaw@@ﬂﬂr&emaﬁ@tn@er eXOCEhich & nAFHN@.caci d
resi dues 31- 34 of Li, 50-55 of L2, 89-96 of L3, 31-35B of Hl, 50-58 of H2,

and 95- 1932 W12BRUL [Xper BlAlHagro and Fransson, Front. Biosci. 13:1619-1633

(2008).) Unl ess .ot herw.s ate e HVI i eS|d in the
(2008) ) "Unl ef. oLetling; LGGa! b, tNEb e8) AUSS AN pbiier, Losi dugsi n 1
et al ., tBatR§ Bapable of biriing FFWHMOKEA it AFRNityl shicitthaBihel BBy DldfGIRsed t 0 one
or nore heterol ogous nolecule(s), including but not limted to a cytotoxic

ager®). 1dggnostimaiderdherhpeutic ag@ﬁim wegetinggHa Imenerambodimentiithe ¢xtaitodbindingt ar e

nor ses) ot ehfiesE TR EiamRledroT o b5 i B8R AR e BRg
rabbi ts ,th@mlﬁoqgie@gﬁ ab ﬁleﬁsurednecge @rmraaﬂrﬁﬂmnmsmm NiEEPRR RRYdsmerdte

i ndi vidual or subject is a human. infant” as used herein, refers to an
i ndi vi dual anubocbuﬂbpfelundstar@i Inegy ai chssagl@.tl@m omshint (d)XE <t GMOF 10fnil, EHAMMbBUL

oo et g ocaty D10 S RO s ar Godars dBim 10 ok alenMeof it
nat wisal ﬁ:vﬁéxﬁf’l@émﬁ to | 19ANEQRRERI HRIYd fnerAS) aﬁahﬁ%@%ﬁbéd@%u& e dpftope

greater an 95%or 99% purity as determ ned or exanpl e
eIectropﬁ@ib@a@s@em@ﬂmd$@@m§AﬁEwn(@d&hsﬂ@rscmkmdmswngmdhﬁﬁw$anamwgﬂary

TPLO) | FBRDSD DTGP et PIGdoTbR S ESE Iyl @Ffe%“ase
e.g., Flgtman et al., J. Chromatogr. B 848 79-87 (2007).

"isol ated” nucleic acid refers to a nucleic acid nol ecul e that has been
separ at ed fr drheaemognoibedy” hefein issuspdiuthabraadest semse@nd endmpassels ateousnucl ei ¢

aci d i ncl ude nucl ei ¢ _aci d nol ecule contained in.cells rdi,n rlly
cont?i n @Hg rEREes EichicHs bl aplmed o HengrlRnaL Rt leéd?%y%aiem
P; gfn elnt Srﬁﬁlgltélﬁ&iﬁcoiﬁ?i%%@é ge%/Tga I?ehch ABHOMPS 4R antiBE6R} f A dR&lo Tofig 98 fi 9f ent

chr onos Mocati on.
exhibit the desired antigen-binding activity.
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"Isolated nucleic acid encoding an anti-Conplex | antibody" refers to one
or nore nucleic acid nol ecul es encodi ng anti body heavy and |ight chains (or
f ragment swoher2#af732 i ncl udi ng such nucl ei ¢ aci d nol ecul eCs)useor1as®dngl e
vector or separate vectors, and such nucleic 30acid nol ecul e(s) present at
one or nore locations in a host cell. "Isolated nucleic acid encoding an
anti - gH ant i bod{dntibedyefrsgrhant'bredersto moh:cnlmﬁle&rcthamca’ndnmnﬂ e&rtiﬂ:bé;sthencodi ng
anti body heavy and light chains_(aor f s thereof), includin ch WO

t | AOTEOL i
2012/ 047FPEPBETY 1BPH91 POZUGESt ARtlody thas Bings s a@tigsslosyhich the 1BREAEDPOSEt or or
separ at ,;Y&C L, é%%geﬁwy%%hﬁ%ﬁéﬁah&’e m'a?&ﬁﬂt%ﬁ)ed% %% b, Bhb' %% Qg nor e

| ocations In a term "nonocl onal antibody" as used

her ei n riEhigysdibbodies; dintdrlotdyodidst sinpleechhinamtidopopuleatlicoe.@fscBuybatdant i al |y
honobgeneous ntlbodle t he i ndividual antibodies conprising 5the
populatﬂBW“ﬂﬁ@lFd%ﬁ@P@@?ﬁ%ﬂ@¢@@“b@ﬁ@°@%§a§aﬁﬁsep|tope except for possible

variant anti bpgli eﬁﬁlgu&}E fhat bitt {oathé‘keg]g? %{5’# F&E%Q é’%e‘?eg&‘rbre ahﬂgocg%?etré hm of

arising during pro I on o a non antl y prepar such
vari ant saingbody thhi hlodiasibnglipg eStateferenod amibodyraLing Sitigémincosdnigsitioh @ssay by
pol ycl onal antibody preparations, which typically include different

ant i bf)diSé)s/O & ek arl eryarTsl. W refarcant antibody Mosknbiading st thspwsipodeiadts
noat nst Btighhhn DARlioR (SRPBEOAT: T bR REPRRAALEN a0y N ABCER

|ndn©ateﬁx&ﬂe character of the antibody as being obtained froma
substantlally honbgeneous popul ation of antibodies, and is not to be

construed as Fhedein qhgmﬁ%cﬂ@@b%hrefﬁrs fore ibPELENVINGh aRgrtiearal tkalicary et hod.
For exanplie, gﬂt Chqﬂl Rvead' fg%ta;p‘aﬁf’c'ul%% s&ﬁc% $ed wrhﬂ%ctﬁé){e%ﬁ? MR the

present 1 nventl on a vari techini ques, 1 ncludi'ng but 15

not |Imlieédyirﬁi/6ﬂ1%hhylmim thateeiveE fromch dlﬁefe@ﬂtuum@rﬁr spé%em”et hods, phage di spl ay
met hods, and nethods utilizing transgenic animals containing all or part of

the human |mﬁh‘$0@laé$)mflaﬁ angeedy rsfeehtortbe hpaof aenstant Hemaiayes apRny regethods f or
maki 0 al. di. e n Scr.
ant |1§gd)}msse% e%nb Sah% 81 ek E{) ?I%a%velngajnoqgsé(e)snOfﬁangP 0((1:}6% gA Iﬁéf }a%rtaﬁe(gous 20

noi ety (a@idggM anccsew@ﬁapasmegmn@t Ue) fudther’ @dlided ahskubcﬁs@esr(@k)%e@né pbagy, my be
present in a Eharnaceutlcal formul ati on. "Native antibodies” refer to

nat ur al IIgGmdg s,rlgﬁg IgAmand ig/ob iihichepn deul eansiant dpmzanglihﬂbc%’teﬁmﬂu@é@ For

exanple iV G ntlbod gs.are h rotetrane roteins of about
750, 000 dilFEbIdess AR BeutoRlotR IS bt bight kst TaR " vo | dent | cal

heavy chai “S BR dhatcah leQ'ISlékfuhéiﬁel?&ﬂ%F&s t%ra%%%vé Cofaple®THoMigny €ach

heavy chain has a variable region (VH), also called a variable heavy domai n
or @Ohe&ywmlmlmasolmm enchiahmg MY dlal obendis lmynmtaﬂsa‘ﬂlch enptidates dograhwrsar(scH1,

and Smlarly, fromN tq Ctern.nus ach light chain has a
oot a @nﬁj@%ﬂ e pmics i i e o hes s T ROt P cnai
vari abl e dfmitidn of 9l IoPgﬁd%pWIZCSOUEIMndlUIQIWI \}Mfggﬁ%ﬁ&@qﬂe teMRealdd ght chain

of an anti body may gned to 30 one of cal l ed kappa (x) and
| anbda (exyompasmmm]ﬂjqeccamng)vmnts of dq:tmntems@[f Go@l@ohs@arsphmmants or

The term "package ipsert” is used to refer to ins on cust r|Iy
i ncl udedtle Cﬁmﬁ%ém |3THBR REl éngcq%%%@ cg@*slss P “l: &Pn
f t
i nf oismaty@n . aaRWmihb §ciliR L%gee&mle M\Qﬁ%%ﬁt%@%ﬁr i, @f@%ﬁ%ns angl 4$age,

dosage, admi ni stration, i nat1 on therapy,
war ni ngsandoo eeid meqlgnteh@f amsaemblmﬂlﬁ?l\ﬂﬁdﬂa]@@us Blooviar mdBEQ $D NO:3. The E’emmae nt

(%9 am no. acid seq ence ent | pect 0 a reference pol ypeptide
sequencé< SeRTCR SfaRER arpféi@é% %&Qﬂs B ier SERAPNOMRE hna tEhdt dat e
S equencesealf;@ge 8f &n exemplary HCMV UL131 is shown in SEQ ID NO:5. Additional exemplary
sequences for HCMV gH, gL, UL128, UL130 and UL131 may be found in Genbank Accession
30 number GU179289 (Dargan et al., J. Gen. Virol. 91: 1535-1546 (2010)), which are both
incorporated by reference herein in their entireties, and are included herein as SEQ ID NO: 206
(gH), SEQ ID NO: 208 (gL), SEQ ID NO: 205 (UL128), SEQ ID NO: 204 (UL130); and SEQ
ID NO: 203 (UL131).
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S5identical wwth the amino acid residues in the reference pol ypeptide
sequence, after aligning the sequences and introducing gaps, if necessary,
t o achi ewsotzhe/@ems2num per cent sequence identity, and neCTasesliLdeOdONg any
conservative substitutions as part of the sequence identity. Alignnment for
pur poses of determ ning percent am no acid sequence identity can be

achi eved i n vHrritoms “Gayplek HBt asursed hWetehi, nefedseo siky hdtivie iCanipdexal tiond ary

i nstance, using publicly ayajlahle 10 conputer software such as BLAST,
BLAST- 2, CYQMERIOE HURERYEF S @‘}FYI( %%‘h%hagm%%%m@mﬂqﬂﬁ%%}éﬁéwmé@s ?%g-t W3S can
determ i - APRE f e[V e i Lhg any

al gorithrh?rrlgqﬁ%%ggg%gggﬁggﬁfeve)%ﬁx?sﬁgrheg‘%}%sgnmﬁg%tté%\qg% r][t ee?dgwa%%gth of the
sequencesnitbaanign obnhaf gH, glFamd goir Pbs esmbadyosinnomhdsesveityrally actuningairdnts
sequence jdentity val ues are generated using the sequence conparison

conpat erof proRfricasali(quntex e apnlierverians ebdlsdis variatnp hhs ¥Binodsidrsaesnce

program : een filed
i eh uset HRhBaRTHCRIV BRI 0 SITE 1D N, TR M Sy SRR LT
20559, viem@lary HCMY edlis sieovadinlSH@ID NCE2. ThpymighicidRegjusiideaifianrx&aplary
TXU510087. The ALIGN-2 programis publicly avail able from Genentech, Inc.,
Sout h sdﬁCMVaaQilw&wneaﬁKgMNé?%‘£ Mditipgal coerp RBcear@set os HMV et gbde.

The ALI o it 0,;0 [

syat om PECRRGE MBI Rk I e ST R2s S OB A2CRELEE M

ar e 19et day 1531544 Qb @) priggh ambattdinderpoeiteMar i¢ferdnte Steitaini theis ctrerie, Ald GN- 2
is enployed for am no acid sequence conparisons, the % am no acid sequence
i dent i t yAreinchdgd herigings ST He NP 29§ s b SER HHNGi20f (glorand gdihH? N®: g0V en

am no a ig sequence B (which can alternatively be phrased as a given am no
acid segge?ice A 25 that has or conprises a certain % amno acid sequence
identity to, Micttbm 0fHa@8ustEtheteif) réRis RNINPAa@ed ¢H SegLaRcRtB)ratcsotkcul at ed
as follows: 100 tines the fraction X/'Y 30 where X is the nunber of am no
aci d r esheludisg searraels aechi agaimadesl (cgaierhens) pyd rodents éygerées aadirgiahmptesr ogr am
ALl 2 in that. pr s, al ignnent of. nd. B, and where Y | he t I
nuniier - ot RorSERE T IS B sHRRES R, B Rt el ot AR e

| ength off émhatofeagiscfr&@gt&e@ﬁlgﬁnitﬁe Aot TRU&m 415 tRwnipangt hawfaligwcaariagi d
sequence B, the % am no acid sequence identity of Ato B wll not equal the
% am no ‘adies oégdenge shlervariants of alElwdamantﬁJnTés%mmax@md sequence of gH is about

2012/ 047432PCT/.Us2011/ 92 ifi 1y . d i 0 |
2ora cedbuRikNiibambie Y doufBE chle b e bR e RSB P MO 1, e
i mredi atsabyn Bk SEQADNYOPRT & hadHoN eRE IS Bl G ZorGRIPIN B nifyQ@fBlid e

term "pharmaceutical fornulation" refers to a preparation which is in such
f or 0as Génbank peeassion nhebpi GUOGY2RAI (Darganet vk, dfGam Vaol.iNel $35gEdi(@h10)),

t ai therein to be effecti d. whi ch t ai .addi ti I
Comano it bU S o bRaBllBe e Bt Rl BB B B o
for nul atgpm e gasiM ni st er ed. A "pharmaceutical |y acceptabl e

carrier" refers to an ingredient in a pharmaceutical formulation, other
than an act i viheitome egit@oxic agéritChs ussd horstroiefars tom substahgeetbat inhifits or prevents
10pharmaceutjcal |l y acceptable carrier includes, .but is not .limted to, a
puf T er | eSEp it BETOR SSEPt sy cEfdenf og aENIgR, CotoloxicygdRy daciie Pl 41 o
"treat [ Al i riatilons jlhekeof, dech B8 (1 reat 2120532

"tr?g)t m{g}ﬁ‘)teértg’%ﬁg’a%o c%étﬁ csa(F'%i’rﬁqer’\c/)Ignf%oh&iérf %6?1 é?tee %Iht o’aéa]] té? f he

nat ur al ir : Endi Vi .hel ei t her
for pr Oprl()$| a%:as}r Q&C}?éégﬁre ?%gdg%hgpghﬁ?géerﬂgp él%ﬁ%ﬁ?%ﬁglg?g{)g@g%&ggg&%%gg%a |l e

ef f ect s ftiatni@atviddtalkasiiydencrBthe, dimblardhe,| dtepobRid), dexombRUE Ml fHalMccur rence
or recurrence of disease, alleviation of synptons, dim nishnment of any

di rect dnitomykin & thlprmntvicdglavaprubis eiriberopisrafating egelityegonth pyheuiony i ng
net ast asi s,, decreasi ng.the rate of djseas rogression, .. | ioration,or

ol 1 at van st Bt Do eSSl ih A AR G PRGBS FisS B sr SoTbA REn %,
somee gl InBlsule ERIRATichb@AnsiAfly heiRcltBMBNLT B tcaE SR plaht hdidhal

origin, including fragments and/or variants thereof; and the various antitumor or anticancer

agents disclosed below.
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20 devel opnent of a disease or to slow the progression of a disease or to
decrease incidence of a disease or the severity of disease synptons.

The ter mwoani2zlals2r egi on" or "vari abl e domai n" refers PoTUsSROdOSON of an
anti body heavy or light chain that is involved in binding the antibody to
antigen. The vari abl e domains of the heavy chain and |Iight chain (VH and
VL, respecti vélEﬁf@ctmffuacthm‘s’f wegeranthidso ngl@m aaivligies%trﬂbambleﬂb nhd B region of

struct ures, . ith doma n Cco r.sin our conse ra WOr regl ons
(FRs) arfd 3 1\9”%%/ w@ffi’rw Wg [the 31 P%gsO?YWRE}amIe geat arél ye&?%%ﬁ'%% Hojs  Kuby
| nmunol VH or
U sorm Aud I oHindind i odeh ACHEA chdChe 0.%‘2%%%‘%%8‘5’%%8% pfortiRehe

Fur t her maribodyaddpchdahit esl]-iriediatdal aytbtaxipiay (ARACRrphagddygsis; devyn beyuiasioh af ecll

using a VH or VL donmin_ fr n1an nti body that binds the antigen to screen a
30|i%rarsyrf6$er@6%¢réﬁ%at%ﬁ WEGI&P%W%%H%! | #ivali@spectivel y. See, e.g.,

Portol ano et 9 ‘ge‘atnﬁ] ' of, AP %eﬁ? 9 gB %th(lﬁi?%%ﬁmcagf(ﬂ'ﬁ}ﬁaq n&lef@ to anNAL UT €

352:624-628 erm"ve use erein, re e?s to a nucleic
aci d nolacunecfapiab) & dofagps apbipapemglsaf oblartccepsalyclocichiel elthicalevhddch it is

| i nked. The termincludes the vector as a self- WO
2012/04??@?@%WW@SPUT@V@@%U@@1FepI|cat|ng nucl eic acid structure as well as

the vector i noarper akedeldlt Aohieig80PIRIRhe 8 IARHiGEkLidhYrgy Whi ch it has

been introdu Vectors are capa Irecting {he expressi on of

nucl@i ¢ iatnd®glodulid h@dwtchem tRdteonams at ieu§|a)po|rﬂic51k@tdhe Sotbuny &Qi@. SThartérm
referred to herein as "expression vectors.” 5 11. COVMPOSI TI ONS AND METHCODS
In one dBfEees natiresqayeRastiicomgips Hkwegiant e isaions. Bronersanbgidgeeyer urggn 1eG

|
B e R D s e U T
ot her erteady i, SHow&Nor bcﬁélCet‘érrhfmaI lyklhéch}IsM’@l'(bfalli@Fcpkgwndﬂ@ orAndy idices of

the invention are useful, e. g., for the prevention, inhibition and/or
t r eat merfressnt. 10nlpEMiharvissspeaicd kespigerimbaringaipming ewd residuani thaFessgiom of

pat Il%nt % rtcgrrls Qe H(%M‘s[ arc]f eﬁfe%gotthea]ﬂ% u%%%r%gg §ysf°é§x}u%§so ped t%mﬂlp g' S%s MY al so

be used |ag SIS o nféection. one aspect |nvent|on

is also dé@@rﬂiéd ih RaPa@lct al., Foqhd R e bSO Yo ThnnkRbPRR UL In@des:CRAWC. Bkl a
conbi nati on of nonocl onal anti bodi es which inhiblt HOW viral entry into

al | 15cefﬂeralthﬁ@é@ceoﬁ\laﬂh@alénsé@@ns of HealthoBrtdrsdal M&alwgl epithelial cells,
nonocyt es/ mag, « angd.fu b ob ast d reduc ress the
fornation of ECNAREE 8L IR Sl PRty b B TouGst i BB-RatnbAe o
using t h@?@n @HVR()%sﬁddéElSTﬁé ERM@\M!@&e dIMGinGRAVARY boridikss S fokiER Bk ON
are usefu : t he prevention, inhibition and/or treatment of HCW

| nf e?@t ] &RI @BﬂgERBmmld ¢ootdingly.che BIMR hmd BR spasneds geaerhbneppehinghgh

t ed trans 2 n harvested
From pactiny SesrabrBn g e b Es Ry RIS HIEE Compost £ ons
may al so be ugRdegy “fhl‘l‘?en%ﬂﬁegﬁ%&l?” OfntddMYitol . Ghd ORholBak b afdused
Anti-Conpl ex | Antibodies In one aspect, the invention provides isolated

ant i bodihesein hderchingdaltly taQohyltesn antitiody bevingintrecthiodiuhesmtz]ly aimidenttd a Co mpl ex
anti bod ifically binds. to a conformational epito esulting from
the. assdtha FErbogy Shardis Robens Be TP An Hep FPYE RGP TESSR" BbUTBBA MIThin an
i ndipsi dual  meyReEaf ”h@ﬂrﬂéhe’x‘hbst cbI1iRe Wﬁn&mm&mﬁtﬁre"tarteus%atiﬁta@ﬁme@aq
anti bodi es neutralize HOW w th an EC90 of /i, '3
jiglm, d@dtefer gyaells irGo Ohighi egbgetn,ou@ n@@echglldrhas be)etﬂﬁtrpdlq/edj mcl@dmg tlpa Igfbgdtny
0.05 i g/fryuch cells4ﬁostgceﬁ15 1nc?ud% 'tIJansQ{)rmants ang " rat%forrned cells,"” which include the
primary transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent cell, but
30  may contain mutations. Mutant progeny that have the same function or biological activity as
screened or selected for in the originally transformed cell are included herein.

A “human antibody” is one which possesses an amino acid sequence which corresponds

to that of an antibody produced by a human or a human cell or derived from a non-human
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0.015, 0.012 jig/m, 0.011 jig/m, 0.010 jig/m or less. In other aspects
the anti-Conplex |I 30 antibodies specifically bind to Conplex |I on the
surface ovoHQMM4aTsd neutralize 50% of HCW at an anti bosgTase@esns4ar i on of
0.05 ug/m, 0.02 ug/m, 0.015 ug/m, 0.014 ug/m, 0.013 ug/m, 0.012 ug/m,
0.011 ug/m, 0.010 ug/m, 0.009 ug/m, 0.008 ug/m, 0.007 ug/mM, WO

2012/ 04 %68 2P @Mt USROS HudEa a2 balydeperfgiesbr otbheOibnpgdmibodBeddinggeqicncs. 003

pg/m, 0.Q02 pg/m,_ 0.001 pg/m , 0.0009 pg/nj, 0.0008 pg/m, 0.0007 pg/ml
or |ess (s é@ffm%?n%ﬂgﬁw Oéwﬂ?éﬁw‘ix P?ifrlﬂr;‘l?ﬁ a%an@ Zegemgﬂdmo@@ﬂwpg 10- 11

M 10- 17, Mnuh@nldNbeRbiniWeEdidudsn one aspect, the invention provides an
anti - Conp e>}1 I nantwilg%odlf/l c%ﬁpr?héishg at least 5 one, two, three, four, five,

or six HVRs skleRoha&dcednsamug EpmevBekFls & bameiveringhichecaodenss the mdstseguendg  of
SEQ I D NO 6;. (b) HVR-H2 conprising the_ am no. acid sequence of SEQ ID NO 7;
(c) BVRIWQUEHHFMIRG #d rastlugmnioseieetign S& Ry engpn ip WersYHlgmeysmek| 1
conpri si c : - : i.,ng an
ani ho. 2 BnCS, ALBRIGAHS SEARANT huRlan ki Belob i VT Y S (R 1016
and (f) sabErolp ofl Gartabigodonsdin gedubrceanGeacralty,dhs adigeriperf EqudhegsliPa N g2@up as

In one aspect, the inventign provides an anti body conprising at |east one,

at | eastinfabat @al g¥aquentes ol Knqreinao/daguenosicd ettt o NIHVR- HL

conpri si - i agi f ) 6, GAMRLL Si ng
t he am n%l%ela%ﬁﬂgm?e?q%%%é%&g? SS(%E%BR%% ﬁggnd%c’\@ e%@%%ﬁﬁ?ﬁlg i ng E' e am no
aci dosegubgoep &f subQup Rapia 1&is id Klabatamal, heprasipent embbéinidiy, it tho VHpItay i des

an anti body conprising at |east one, at least two, or all three VL HVR
sequencesbgepp &t wigoup Ml @ain Kelre ehale w3 si ng t he ami no aci d sequence of

SEQ ID NO9; (h - L2 I S} n 1.0 i e | e from SEQ
B NG 10, 104 ool BEFRE S A ATLALa Ry SEINENGE ARSI GALET B
NO: 20. Ifrfore Aen-GolaaiHWERY andtdheindatid Resilducs Givpt ngfsn BRS. Inlvesgin\dhbddh&gguences

selected from20 (a) HYR-H1 conprising the am no acid sequence of SEQ I D
NO 6; (BumavRepiznebndyrvidicemprine subriantialicalbioka duehens. and Sppllpvovatialind (c)
R OSSRy AT ORAGAy SPGETRTRR! R DRIGAANG i gech HR
sequences sel'écted Trom (a {1 Corpri st hg the-am no acld sequence of

SEQ I D N@nSiun{dd)antiv&ityl dn€ AINBF dubksastidlReal Bo¥ tROFRS békréspeamticBoRfof 2anlaR NO
10; and (c) HVR-L3 conpri si ng the amino acid sequence of SEQ I D NGO 20. 25In

anot her aatibodh- e humaniged aribiopy dptiensthy mayeomarise ateesé a YprtiquRt g guebaskys

| d f HVR- i Si A h I ' EQ | D NQO 6;
(o) “rvm A P G < A S b 8 A 2 LB R b S

HVR- H3  GRHunfinn@tibb®y, attR Qo ae htiod) uen aes @fdeBiohk hibnbkiz&iand three VL HVR
sequences sel ected from (a) HVR-L1 conprising the am no acid sequence of

SEQ20D NO. 9; Ths)tetaviyiperveoalle iregiony arhél e’ e usedigrado refstpterseeh of ther@iam NO
11; and HVR- L3 i Si h i i f SEQ | D NO 20.
o anot b e Rtk aRy g b ThBRn Afadls HERSTRR afboR R bl e
sel ect e%ﬁh@d%\%& go il BRBb SS"?ngeﬁé?@lggwﬂ&b R6t-6ha3S aMeEIRs RbmpER i NO 6;

(b) HVR-H2 25 ' [ 047732PCT/ US2011/ 054092 conprising the am no acid
sequencd1¥Rs;3EQe [iDthY 17 (Hand2,(1d3), BviRkhKS iv dimpY L €L hd 2. h8).aViRe ganérallsequence

of SEQID NQ 8 and three. VL R sequences. sel ected from(a) H/R-L1 .
compr s  RE T HE 5 L S G e GE AR B Roe63 of BFMHUR S HEN P ing
t he ;8mM nR@&ifnS RGHIT ECIOR s SR 1At r NeInb Bt hithdst(sEdudiVivdrbaaYRAA/S RYolVBE
am no aci d sequence of SEQTD 5 NO 20.
in antigen recognition. Exemplary hypervariable loops occur at amino acid residues 26-32
(L1), 50-52 (L2), 91-96 (L3), 26-32 (H1), 53-55 (H2), and 96-101 (H3). (Chothia and Lesk, J.
Mol. Biol. 196:901-917 (1987).) Exemplary CDRs (CDR-L1, CDR-L2, CDR-L3, CDR-HI,
CDR-H2, and CDR-H3) occur at amino acid residues 24-34 of L1, 50-56 of L2, 89-97 of L3,
30  31-35B of HI, 50-65 of H2, and 95-102 of H3. (Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda,
MD (1991).) With the exception of CDR1 in VH, CDRs generally comprise the amino acid

residues that form the hypervariable loops. CDRs also comprise “specificity determining
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I n anot her enbodi nent, the antibody conprises all three VH HVR sequences
selected from(a) HVR-HL conprising the am no acid sequence of SEQ I D NQO 6;
(b) HVR- HROcompuisng the ami no acid sequence of SEQ | DPRDUA201a068400Z)
HVR-H3 conprising the am no acid sequence of SEQ ID NGO 8 and three VL HVR
sequences selected from (a) HVR-L1 10 conprising the am no acid sequence of
SEQ | D N&i8yes( by “BMRs 2vidolmpireirsdidgpstties cambctantgerd SeRsiarcontafineSB@hiD NO 13;
and (c) HVR-L3 conprising,the amno _acid seguence of SEQ | D NO 20. In
anot her TEHBBRRHERC DRt IShi DayeESHr: Exeein SN RO amggq%;@ﬁc%& a-

sel ect eqchraM (DN b SIRIPr LS HR-I TSR 38) DS G ERGR Rid RHutD NO 6;
(b) I—I\/thf—(Z 15’c?rrpri sai’ngjgC tlﬁe érﬁlﬂ]o acill ngequencej)g)fC SEQ I%ﬁ)l\%d? arl%%fpj( c)
HVR- H3 caimdilils bOg5tofi@.2a88-06 oAL3 B IsERIeNd e, 30-5SaH nNO581 (@rud Hhr@ee VL HVR
sequences sel ected from (a) HVR-L1 conprising the am no acid sequence of
SEQ PD Nomperq #)d Fimesen foghh Barng! 3¢ Wénga%%ég%i)-a Ugtrethawee itestedy NO 14;
and (c) - (=1 \ [ eppf 201 n
ot hot 'SYRATAREHRA bHEP kil AThE S U A PO PR oGRSl e Meirbeds

sel ect echefdinmdoadinghd K ktlat eoatpkigsiang t he ami no aci d sequence of SEQ I D NO 6;
(b) HVR-H2 conprising the anmino acid sequence of SEQ ID NO 7; and (c)

HVR- H3 conpr i AR ngrpocamuade atia 8bbeisroaiugpted teynoyNeeis hefpiologeuse VL HVR

sequenc . \V/R- i Si he am no aci d sequence of
SEQ ID 91%@11%@%,?%1{%% %t?%ﬁ?@e%o %%B{ggrﬁ&ln% %tf':i d 25 sequence of SEQ ID
NO 19, and ( cAn FMBERIaCorPKilsedyistdi@adman oMaginehls gl it afc EQmi{ldd N 20.

I n anot her enbodi nent, the anti body conprises all three VH HVR sequences
sel ect edlomestisated) aniprls 3.2 ¢ 695 isBeaRg Cathaloghiane harspy. RiEgMen e ounspoapd NO 6;

(b) HVR-H2_ risi ' i = ; -

R 1 BRI LR 1SR R s GE R o PR 0 L
HVR sequgite@im&ts,eld mdividuaiof @bjdoVis-alhunt@npri si ng the am no aci d sequence
of SEQID NO9; (b) HVR-L2 conprising the am no acid sequence of SEQ ID

NO 16; and ()0 HuRnE 3asasaphersinntplem éo amindtyidusl ar 9biase ragingfin sgfrpm byth 20.
WO 20Q12/.047732PCT/ US2011/ 054092, . | nEt h enhodi,men t he anti body
conpr o4 MRl PO ALt PRy R AL ncluger BT BT BB AR A Conpr i o1 ng
the anmino aciAh SeslRACetodPERNRVINEN Bis Uebn sépRit¢Rfre@MongjionentldTets adiuRg
acid sequence of SEQID NO 7; and (c) HVR-H3 conprising the am no acid
sequencengirogEet i s @eraberimgnis canantioly saudiad ésgrseiceidre S foraMOayurivR- L1

5 conprising the amno acid.s ence of SE . HVR- L2 ¢ i sing
Che_am 10 AEramed it e X eR B BPRER L RPN R ede R e S i P he

am no acdafilRBAIENFBh s dhkdNb@@phic (c.g., idntxeRdgh OF r&EREPhARMBLENEF
ant i body agbn%??lsegﬁal IeSIt§E(?ee VH I—%%pslgé%%n}:es ng?ltegct e{j fro?% (%) HVF%':'Hlor
con@i siragicwind nzthads fercdssessmguient @otipfdySEQLY, Bedogs  Flqthan leva., 2 Ch@nevegy Bsi ng
the am ') a@i&@%géence of SEQID NO 7; and (c¢) HVR-H3 conprising the am no
acid segﬁén €0 Q ID NO 8 and three VL HVR sequences selected from (a)

HVR- L1 conprigh mgolhid@" AUEIAE a8 irékeRad UReRicOlcidiaBlcbile Nt Ras Bdeh sEpARatbd
conprising the am no acid sequence of SEQ ID NO 18; and (c) HVR-L3

conpr i sifrgn elsempmiand oAt tatsra aenmansht. SEQisoRtAdREIc 4Gd mchniss hancleic acid
enbodi ment, the anti body. c rises. all three VH.HVR sequences sel ected from
() HVRORAeRBoTtan T GRS JHY AR deaun dRcuclic ooty Bt Fepusle. 1o
conpisi Si R hBRcARRcqat Sk tBRANBNEEMATly SEL o dRrd¥bshmaR Mtalisn thEMdifferent
conprising the am no acid sequence of " SEQ ID NO 8 and three VL HVR

sequenc dsors @b eeatued chrooms¢mpl leéRionl conpri sing the ami no acid sequence of
SEQ ID NG 9; (b) HVR- L2 conprisj.ng the. amn cid 20,sequence of SEQ ID
NG 19: and ( 0PN PaTaB BRI R Het it P R dnRge Aae SaP 0% PRING 20,
I'n sorme /hadi e Rofculh 8n @At LAY o &PIRLY 868 1igkt chhint &5 A4EndNR 1B nces

selected from(a) HVR-HL conprising the amno acid sequence of SEQ I D NO 6;
(b) HVR-ihtﬂudipg}suél‘sﬁwg:ict hed anlarolediid a smgleavecr of sepr@td cNDs, and anch {ie)eic

HVR- H3 conpri si he am no N
30 acﬂp molsec{l]lg(sg present at one or more locations in a host cell.
“Isolated nucleic acid encoding an anti-gH antibody” refers to one or more nucleic acid

molecules encoding antibody heavy and light chains (or fragments thereof), including such
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25 acid sequence of SEQ ID NO 8 and three VL HVR sequences sel ected from
(a) HVR-L1 conprising the am no acid sequence of SEQ ID NO 9; (b) HVR-L2
and the fwo=0122m7130 acid of the |ight chain variabl e regconstoiamewor k FR3
conprising the am no acid sequence of SEQ ID NO :21; and (c) HVR-L3
conprising the am no acid sequence of SEQ ID NO :20. In certain

enbodi menckjc @andmoteeule(s) moa singlrivectoaor stpaafe antoas tand Goripluedeid acdaht | body as
provi de TN%t‘gove 30 are substltuttlad at the followng HVR positions: in HVR-L2
( SEQ | D RRFYD§(S) prsesnt plgps of mase lopgtions g afest - certai n enbodi ment's, the

substituti ONSTIRY Ernf ANSES YRl ¥RivddPSLd s ga hﬁ%ﬁ# t%raﬂvanSgdj@J t8h&d b a
certain enbo I nents, any one or re o (0] oW ng su t1tutions my be
made i n mpyladombf nébkiaotiallyi hbnlr\ﬁéaﬂdi(ﬁls(aﬁﬁ@dl@ NO, thé)indilddEal daddBodiEM&mEbMmg D
1E, WO 2012/ Q47732PCT/ USZO 054092 D11T, .D IS, anggGl2A Al'l. possible
conbiPnattheRPubstiqnee idsatical andiet bind theowme £pioRm c¥5aRAES ®asYRle ¥R onsensus

it - Conp BRNiR- Se-cpAiRdnyturally o WBriRf uBlioh b ARME FRRGNARIOT oL 80 e
ant i bodyfn@w?ﬁpj’nlaBﬁﬁlkaRprepSratlﬁn anyh anatnh;%eﬁb@ll? b&ng phschitie ptisor aamwhinfsurih her

conprises an acceptor hunman framework, e. uman i nmunogl obul i n

fr anemrq@ntsastéo wﬁﬁﬁn%ﬁ%@?gﬁeﬁa@m‘flwch M“Cé‘HESﬂIFfélﬁdeé’dﬁ%mer@ﬁbo igh

anti - nt s
and 1 ur (e apBih BARn CRTRLAGR, (WISl pich AtocRinal AfpBAZNEs BORELY

FR2 19eq mnb@dpﬁre&@ldxﬁs I&@ecta@ agafmmst EBBlgSeﬁdwsi’ﬁﬁ@n@f)n Sicehti danNQhu 4he ﬁmdlﬁaﬂ FR4
sequence of SEQ ID NO :25. In other 10 enbodi ments, the anti-Conplex |

ant i body T@RpONgle dndigztes the chajacienofdhe anibody @iﬂéﬁll@%‘aamﬁ% o a gibgtapiiglbher

of S0 1B TBpEt B bt SRR Ry BN N o RE Y "o
| D NO 2%he hititidh 8% agypadtienisthble Fandéda eﬁiﬁorhoo%ﬂai bathpdemPbd 624 VRS

as in any of the above enbodi nents, and further conprises a VH conprising
an FR1 gsserdaecs voth @E@qugltﬂquq@ogmay;beme% & dftccBEQuED ingnding byt FR3
seq nce E FR4 s E I n h

oad it Ui oSl £ g BB BT S e B B S ek B
above er&HbIERSin Msgdﬁﬁé zﬂﬁﬁwﬁ;%ﬂﬁtrahﬁ alRorMparCoNTRE h&hﬁglrﬁrﬂuﬁ%lo‘tﬁﬁﬁll%(:e of
SEQ I D NO 33, a FRZ sequence of SEQ 23, a FR3 sequence of SEQ |
NO 34, aweh meftrds g@h@énrc@eafpl%E@eﬂmdN@%akl@@m@ngﬂ@maiéntl@dmﬁdiemﬁescrmd
anti-Conplex | antibody conprises HVRs as in any of the above enbodi nents,
and fur &Y™ ‘conprises a VL conprising an FRL sequence of SEQ ID NO 35, an
FR2 sequence Qfnake@ahfibd¥” 3&rersad alr bdilsoRdq e eendlcoSER:tbPIINh3drolaBds an FR4
sequence of SEQ ID NO 38. In other enbodi nents the anti-Conplex 1 antibody
conpi saBoikhyRs. gasl dyteteig mofety b radiohabele rihe diakeshansibodinehay be presentdoapri ses a
VL conprisi ng ZE itsequence of SEQ ID NO 39, a FR2 sequence of SEQ ID
NO. 40 | PhRRRTS ‘if‘ BUIOBES | D NO : 41, and a FR4 sequence of SEQ | D NO
142, In ot her“l\%ﬁb@ﬂﬁﬁ%&le@" RIS t@'ﬂhﬂura@@r’“ﬂ%ﬁ?ﬁng iRARunBEEYuIGPABlRBS WiHRS as in
any of the above enbodi nents, and further conprises a VL conprising an FRL
sequenc evapfinSgQctueNd’ w&xamplémats’@dg@ puebaticsSSEQh¢tDroNOameric glyergrosaeuence of

SEO I D FR4 42. 30I f.th b
oS boaraout 130 Freh cORERAST 1E) i BEra Dbt ot i 4 v a KaaoL G DR om
SEQ2sD NRXttfe &@mﬁﬁ@bb&éﬂof@&n N- to C-teh‘ﬂuﬁ@oéaeﬁ he@@%gﬁl ha® vaRitlc m ex |

anti body conprises a heavy chain variable domai n”(VH) sequence havi ng at
| east 90%H)94I%¢ cHRUp VaBAhlc Dy dBo4in Qﬁwem%alﬁma@@%m@m, folowed by three

2012/ 04(7307%2 PCT USZOMS%%&Z gg%g}%f ﬁ%n&[%cly 0%1 i tt8y eo t he %ﬁnh?ghta i d
sequenc Ty Qi IR !
Sequenc e, 0avh A8 tediGARIL) N calibd vaadBlc BBXE dA 0P Won Ui Afiblc %%I{Qaupr

99% identity contains subStitutions (e.g., conservative substitutions),
inserti cfnhowert byle tatstann EghitdCa) domaino Thkdigheflerreofta sdhodnmey bbadsigird to
antl-CorrpIe anti bo conpri si that .5 ence retains the ability to
b1 i 0 B e Bes Rk PR 0GR G BHERL Daspdod e agnoaci b PHenE Rt aci ds
have beeR,sybsidnigt ed, inserted and/or deleted in SEQ 1D NO 45, or SEQID
NG 46, or SEQ ID NO 47. In certain enbodi nents, substitutions, insertions,
or del etions Timaemmipackmi iosest”asitsidde réftreto iviRsiclionsecustonnariihmckRsd in [ n a
particul ar e e VH conprises one, two_or three HYRs sel ected
from (eppmmﬁﬂéc'ﬂfj pa@@%&ﬁs okt @"‘PFH%C BiefHGS dbatgodiag afrmaton 4kpustry indicrens; (b)
HVR-H2 conprising the am no acid sequence of SEQ ID NO 7, and (c) HVR-H3
conprising the anino acid sequence of SEQ I D NO 8.



I n anot her aspect, an anti-Conplex |I antibody is provided, wherein the
anti body conprises a light chain variable domain (VL) having at | east 90%
91% 92%wWO2042/@4%% 95% 96% 97% 98% 99% or 100% sequenseolidemwrty to
the ami no acid sequence of SEQ ID 15 NO 48 or SEQ ID NO 49. In certain
enbodi ments, a VL sequence having at |east 90% 91% 92% 93% 94% 95%
96% 97%sa@B%Upsage, Madaisdanin, tymbioatial thsrapylehirsinticetiens(aadgr waconmgser vat i ve
substitutions), |nsert|o s, or deletions relative to the reference

sequenc EONFRIPING Ahepciof ERPFULSHPBHY conpri sing that sequence retains

the ability t@ aj, ag=lal «f 1 to
10 am no aC|dseﬁ§@gypeen su%§§$¢ﬁ?gﬂuﬁﬁﬁgeb?é3&%9§7g§ %%Kﬁaigaggﬁw%ESEQ | D
NO 48 orsek@ct [3 dvB@nédas tha perettagaiofeaniadiaoiE ntsduct rea sathisdatd sﬁquems that are

|nsert|ons or del etions accur in_ regions outS|de the HVRs (| in the
FRs) 5 | idgptisak with theamigaagdiresighes in rtfereeew? YRPE 6ﬁf‘equet%a%ﬁ>r aligpiag th/Rs

| ect | D
NG O et% AR B B ink EBTHATEN. W ISR R BHERER s
N@ 10 Tif¢ntapding apt ¢tdikdedng amypsansérngivichabstititiensas ipart ©€ thzabgeenod idebtitsEQ | D

NO: 20. . I n_anot her aspect, .an anti-Conplex | antibody is provided,
wher ei n Algmet foseapaseTRr eéf‘é@nangxppra%nt.aﬁll%mwé)ﬁeqllﬁ@ceémm ﬁ‘ﬁh‘?esaobtedﬁﬁi ded

above, i [

erbod; mant Ao BR A B NIBh T GIRTPRE R ToRbPY SRR RIS b8 o 45
and 18EQ doEﬁpN@ré&ftwﬁt%%’@ﬁC&si BEAST, Bnakud), MIGN%r—Mé@fD@h@DNMAB)&oﬂware

nodi fi cations of those sequences. In one enbodi nent, the anti body conprises

the VH athpsspkiledyinghe ad C?Ihd@E@mDath%.ﬁQfa@E@q for nlégmne sqaesentingadipe
| udi th
| ncl udi ng yBPgt%htﬁmsaﬁe%g@& {o%ﬁ | TREL dléﬁ%‘il'g@a&t ogeu_h%%gll Fe%gtﬁg@%iﬁ"&egg% ?%0 er

enbodi nen nprises seque NG 47

and SEQ HegNOnfffred! 6%p ﬁltpby@lhserem oW o mbabfdasaqt@be odeatity WMldes are
2012/ 047732PCT/ US2011/ 054092 nodi fications of those sequences. |n another
enbodi rr@werateﬁelsmﬁtth%@aye@@repmpglé@ntq@élpmr@mgrm Péé@%%c@he ARIGEE | D NO 45

and %EQ sequeENce c e{r?sﬁg%g tgfog{rr%? l 919 auQEOIQ? %t éen 19[% hathllcona%ld the sdolu]; Iecc% ' Ons
of those equence n an oditnen nprises

and VL spquesac®d withIke ddauht@lﬁﬁo@ndthgmI@bﬂyagﬂﬁofﬂo@sm@ﬁmg@hb Ci, aotssmll ng

post-translational 5 nodifications of those sequences. |In another

enbodi marlere tthseregwteir@bmdeéb]rﬁbﬂ@é@ghtt&egmtraaﬂvaLde@%7esTherAEE®HZD NO: 47

d SEQ | D NO.48 I di f
ot hosratindnaualF REhDI o coPfi 18, R S Rdhhe e BBt abd s
ant i bodyeohtpaled GRAPGE 8Surte bdtica M X LIGINI $r l__g?arh @Emﬁ@'[’ﬁ@ cSRpilaPRr @S &a UNIX
anti - Conplex | antibody provided herein. For exanple, in certain 10

enbddi mepestingnysiem. ibddgingsligitaoUNI¥dV4.68t Adbsegeenss caimphrisandroMAENdE: $¢b t he
same epi,t ant i ex | antl body conprising a VH conprising an
ani no acid B%éﬁ%ﬁrbeg“’éta"’sﬁg) Ni¥Y45-47 and a VL conprising an anino acid
sequence of %Qtﬁdﬁoﬁ%@r&AL@@ﬂlpe&@oﬂ@d fdrAnAnd &8 BRfucAGREIparitdiR, the %

i

invention provides an anti body that nds to the sanme epitope as an
ant i - Corphies a¢1damuebw1yle@tamlf Rgiveg aamm@r:ldwftcmsnwtmm voty, pegpanda goenhe

anm no aci ds 15dsel ecte 13 0 | ut am ne aci d posi.tion, 47 of ggQ
NO: 203, 3%5/8P AECatI%hATh (‘étt}tcg] 8 t‘tl’P%thVeEV r%“é ap bgﬁégz“t‘}%no 3R SPQUCRCA D at
am ng acghsl Haost édrﬁﬁhs‘é@a@@rta‘%ﬁ% Mv?iﬂﬂ@c%ps%aﬁ&c@ AELiRAbL! QNE, 6r*&§51%§fa givhe

correspondi ng am no aci ds which conprise the epitope rray be at

appr oxi retied ycitl hequeaneB) mmatcukatﬁdlas folhevdJL 131 amino acid sequence but nay
differ due to amino acid sequence differences in UL 131 between vari ous
HCW strains. 20ln a further asp i on provides an anti body
that binds to a pol ypeptide of H m&%)t acﬂm%m{wherel n the pol ypeptide

rr% ' S%hér@% S HRinfk 8 SEAYERER SRR %B!Kldﬁﬂ%%%&%%ﬂé@g ID

alignrnent program ALIGN-2 in that program’s alignment of A and B, and where Y is the total
number of amino acid residues in B. It will be appreciated that where the length of amino acid
sequence A is not equal to the length of amino acid sequence B, the % amino acid sequence

identity of A to B will not equal the % amino acid sequence identity of B to A. Unless
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In a further aspect, the invention provides an antibody that binds to the
sane epitope as an anti-Conplex | antibody provided herein. In additional
aspects, wbeoizn4emsti on provi des an 25 anti body that bi n#€Tius2a4thes®ane
epitope as an anti-Conplex | antibody provided herein with an ECO90 of 0.7
jig/lm, 0.5 jig/m, 0.3 jig/m, 0.1 jig/mM, 0.09 jig/m, 0.08 jig/m, 0.07
jig/lm, spe@bicgliygtartd otbedbsg, aly Aoramir®. @4d §eqgéne iddnti®Bv4ligg/ustd h@ed2rg i g/ m
0.015, 0.012 jig/m, Q.011 jig/m, 0.010 [tg/m or less. In other aspects
the i nveidie 4r r&ég l%r]{*eéme&%fg}y PFP&F‘E)lBg Reraciagh ppag %@%ﬁ%ﬁ@pagﬂan
anti-quggﬁ§ | anti body provided herein and which neutralizes 50% of HCW
at 30 an a t?%ody concentration of 0.05 Ig/m, 0.02 Ig/m, 0.015 lg/mM,
0.014 | g/ M, TheQddn I'ghlanthaccliti@l Zodgylation" BBk o b gtaplaratiOn GddcH igAnrkych@ofd 8s
lg/m_, 0.008 |g/m., 0.007 Ig/nm, 0.006 Ig/m, 0.005 Ig/m, 0.004 Ig/ni,
0.003 | P lﬁ‘Fljmlbgt?dQOlP%%li %Ctl‘@.%ogtilaq ggting Inggedar gontgingg thedeip gpke cifgstive, and

ant | body" TanCar Tty aaaand Sonlo s SRREE LT Bhab 35 Sy S0 1an
or | owerthe fdrmuéatibumidubd basiministeaéd.t he 1 nvention, an anti-Conplex | anti body

according to any of the above enbodinents is a nonocl onal antibody,
i ncl udi ng a chi pRarmacculgaimcseialle catisaeErsiRangpggdiontingmbagpassuiisibnt , an

anti - Co . j i p i . . aFVv,a Fab, Fab',
SRy, o Bniatof BB o8Bl AORATKAEA T oxcto GaubBet 1, 0 Thody i s
a fulol |pghaghiccanidallpadscptadl@earri@rindld &¢Cbutlighst lamtddxody bofferpédeggicrant i body

class or isotype as defined herein. In a further aspect, an anti-Conplex |
antibodﬁ“&@@@ﬁdﬁ@&ﬂﬁﬁmﬁﬁy of the above 10 enbodi nents may i ncorporate any

nti bod SEBIENY of the above 10 enbodi ments may incorporate a
bl ow, B Bxertel 570 TRt Sbrchf B QBhAoa B AR AR oo mRWEIE. 1 On

provi des‘ticad ey ederdid clxae] escitvBtiondinng attomgto diter @Rmbfirdl cOrBOAf RNt s, an
anti-gH anti body specifically binds an epitope of}gﬁ‘and neutral i zes HOW
15at an iEGypluak baagpeassd, endcdn by parformed cithes for prophydaxis e duringdhscquirsg/afl | 0. 4

jiglm, Q.31 2.0/ Q.1 j.ial Q9. ] . .0.08 jiqgl 0.07
i o, Bna e ROghbR eps oreb R ppi. W s bt ¥ s %lhy

0. 01 ji WchirrerRe Ok RocuReMttDf[disgAsdl alQ¥vidtids Df syﬂ?tsﬁﬂpdiﬁﬁﬁ@mémwany dihetant i - gH
anti bodi es specifically bind to an epitope of the gH gL di mer produced in

bacul oviipdiscohpatholgaicricRmsé¢qucngss of thegiscase, prayenting mctastaspdergasing the gafe of

enbodi nepts, the | C50 may. be 0.01 0. 0n .03, nM. 0.04 .n 0.,05
ot 0. ogige BOBTIRY By et ooy Bian o ARRAC bt AR S E
0. 14 nMprBenbRisnh séind 8mbBddimehtsQeckipddMont Bf ik ieFenB ol 0fiuiBDicSdeldyhe anti bodi es
bind to gH on the surface of HCW and neutralize 50% of HCOW at an anti body

con@ént rdevelopmenit af aldisegsandr, to 8logotha grodressOnees awgeade, or@o dcrergt micidapcoef ug/ m |
0. 05 ”94H§mg9m9ﬁe&Qéﬁhuﬁ?ﬁ&%gﬂgéﬂlmﬁQ'02 ug/m, 0.015 ug/m, 0.014
The term “variable region” or “variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains
of the heavy chain and light chain (VH and VL, respectively) of a native antibody generally
25  have similar structures, with each domain comprising four conserved framework regions (FRs)
and three hypervariable regions (HVRs). (See, e.g., Kindt et al. Kuby Immunology, 6™ ed.,
W.H. Freeman and Co., page 91 (2007).) A single VH or VL domain may be sufficient to
confer antigen-binding specificity. Furthermore, antibodies that bind a particular antigen may
be isolated using a VH or VL domain from an antibody that binds the antigen to screen a
30  library of complementary VL or VH domains, respectively. See, e.g., Portolano et al., J.
Immunol. 150:880-887 (1993); Clarkson et al., Nature 352:624-628 (1991).
The term "vector,” as used herein, refers to a nucleic acid molecule capable of

propagating another nucleic acid to which it is linked. The term includes the vector as a self-
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25ug/ M, 0.013 ug/m, 0.012 ug/m, 0.011 ug/m, 0.010 ug/m, 0.009 ug/m,
0.008 ug/m, 0.007 ug/m, 0.006 ug/m, 0.005 ug/m, 0.004 ug/m, 0.003

ug/ M, 0.W0201eg4mi32 0. 001 ug/nl or less (e.g., at an anChadgoicosmentrati on
of 10-8M 10-9M 10-10 M 10-12 M 10-12 M 10-13M or lower). In one
aspect, the invention provides an anti-gH anti body conprising at | east one,
two, 30 rtplicaang hoeleic atidwepctare wiwelHéRBe salt@ahestpdmatedifta)thddRonk afarhpst si ng
t he am no _aci d sequence of SEQ I . 71; (b) HVR-H2 conprjsing an am no
aci d sed§Hniee vdusheit ?éﬂbﬁfepdﬁtr@eeﬁff dgl%@u? yectgrs agg capgble @§ ﬁlrmﬁgﬁge THEPPI8i ng

t he am i ; ) :

20121 041130 RRBST P Budbes R A R ks o are emed jo berenas o o
SEQ | D Nexpi6ssigreyectdwi* L2 conpri sing the am no acid sequence of SEQ ID

NO 77; and (f) HVR- L3 conprising the am no acid sequence of SEQ I D NO 78.

I n one grbodi@®MPOSITEIONS AND MEPHOMSIes an anti body conprising at | east
one, at least 5 two, or all three VH HVR sequences selected from (a) HVR-Hl
conpri si ng t He oataspeciadicdnsajive nckasod, ibRapt,|dd thibdisédvery bf mbhiidial eitoxdicsi ng

the am np acid sequence o EQ | D NG 72; and (c) HVR-H3 conpri sing the

ani no el neuigliaRd ee@%ﬁ%“fb&h&?%&m B seitimurbefisor odiehihebHiad By
conpris r f 1CES

cel ot o T bk FAR refilfied ¥ ERSLI ! afiodictiE bl EYH SERIRAEE 5 o

1 71;  (b)Aiiedict @f Hi2 iaampibh arangefuhee. @nfon thegaewknsionliehidb@ionfanSotednlvdt 13; and

(c) HVR-H3 conmprising the amino acjid sequence of SEQ ID NO 75. |n another
embddi meREM Y Hdectinpi gwasniteb MENTY dafeghion @lipfestien obpaticaty dhroughHCHMVal | t hree

sequencar o CRE gy el {EIP dffhodBrinhE SRR Bh BB O ence of
SEQ | D N¥eédon.and (c) HVR-H3 conprising the anmino acid sequence of SEQ ID

NG 75. 151 n anot her aspect, the . invention provides an antibody conprising
at | east one,Ingpcpepgst thojpyension g alsq hased iypagi Be IHeAEs OSemeRAsEWIS r om (a)
yit

HVR- L1 i Sj ‘ ‘ : | i -
conpr i 51 uE N ekt huRith °F pffboR ARARRR: g pRLet HEW Pt PraghlfifAi
conmpsi sidey tipte ofiticidacbiatcindeistince110f cpBh€didl BelNOmbBoeyiek/mbcrbMiddds saivpr i si ng

an am no_acl d sequence selected fromSEQ ID NGO 72, SEQ ID NO 73, or. SEQ 20
| D NO 74ibroblasts andyegpest andfor sapraess, the fesmptiereelt HoN Y Fasistané strains. AntceBsay

conpri si o8N LSl . | eas | . , al |
Chr e wiiirsoethey ML AGRBIERIRS: FuRboMotsfRe iR f e hRER Bl e o
sequencan@intiSE@d i8N ¢.4 Lor (tid previBomi2n ki Hidni antl g teanRAt soHav dirfedisance
selected from SEQ ID NO 72, SEQ 1D NGO 73, or SEQ ID NO 74, and (iii) HVR-H3
25 conpraosgegtabHCAMY mfeetiancand djigeitereotqutients dgopgloC PG nErindirzmplagted (b) a
VL mai n_conpr. sing.at .l east aqne t, 4 east .t or all three VL. HVR .
squincete B RLLE R e s Bisoroes B P B S iraRbnsthor bh Ry ey
SEQ | D NTVB:. Thd JoniPdsitiods aRFRIsoDenPed R tiddiRghodkiol R VERfetied. SEQ | D

NG 77, and (c¢) HVR- L3 conprising the am no acid sequence of SEQ I D NO 78.
30l n anot her aspect, the invention provides an antibody conprising (a)

HVR- HL conpr i4&i ng ExrmplanndnticGempley dedtibogiesSEQ | D NO : 71; (b) HVR- H2
conprising the am no acid sequence of SEQ ID NO 72; (c) HVR-H3 conprising
t he am no acild osegtnent heghiveiEon pPRWWBSTSlated pntidgRics thag bmgrto Siomeplexhk &mi no

aci d sequence qof SEQ I D NQ.76; (e - L2 WO, 2012/ 047732P UsS2011/ 054092
Cormpr i SR SR AP A b e SRR B P4 R (1 IO
conmpsl S'e?ﬁoﬁ@re@ﬁ‘&iﬂg fidfl e agQRNEEoSELERYE €150 AN ISEQiHLINGL &3 to hcgipther
aspect, the invention provides an antibody conprising (a) HVR-HL conprising
t he ami nwuitlds iad igkyded cecrofer SEQomPlana. 17 som¢ binbeliRchB, themphiEinmiet he ani no
antibodies neutralize HCMV with an EC90 of 0.7 pg/ml, 0.5 pg/ml, 0.3 pg/ml, 0.1 pg/ml, 0.09
ug/ml, 0.08 pg/ml, 0.07 ug/ml, 0.06 ug/ml, 0.05 pg/ml, 0.04 ng/ml, 0.03 pg/ml, 0.02 pg/mi,
0.015, 0.012 pg/ml, 0.011 pg/ml, 0.010 pg/ml or less. In other aspects the anti-Complex 1
30  antibodies specifically bind to Complex I on the surface of HCVM and neutralize 50% of
HCMYV at an antibody concentration of 0.05 ug/ml, 0.02 pg/ml, 0.015 pg/ml, 0.014 ug/ml,
0.013 pg/ml, 0.012 ug/ml, 0.011 pug/ml, 0.010 pg/ml, 0.009 pg/ml, 0.008 ug/ml, 0.007 pug/ml,

24



5 acid sequence of SEQ ID NO 73; (c) HVR-H3 conprising the am no acid

sequence of SEQ ID NGO 75; (d) HVR-L1 conprising the am no acid sequence of

SEQ | D NOwd@p12(wy73kVR- L2 conprising the am no aci d sequentased118&@92 D

NO 77; and (f) HVR-L3 conprising an amno acid sequence sel ected from SEQ

I D NO 78. In another aspect, the invention provides an anti body conpri sing

(a) HVR--HI0610:/mdrfpo0 Ssigiml th@04eund/md, (e03d. gty 00026 gin], SEID 11 113/iNO 0. GODE) p(gb:)ll

HVR- H2 conpri si n t he am no acid sequence_of SEQ ID NO 74; M

conpri sitH OSHee/ahi woaawnb@d%dég &t arsEebpy MmCstration)of R 110cd\ﬁ1dp| si ng

t he am 11 S §e) NO 76; (e) HVR-L2 conprising the am no
e FEESH B Ny 7 i)

acid sequénce of (f) HVR-L3 conprising an am no acid

sequence sel gaioad affeeMieER dnoNGrA8des bialantiQRihAENT STy IBRpSsin@ Myle@e or
more am no acids of an _anti-gH anti body as provi ded above are substituted

at tRe fask] o, AYeHRIpOss, of sid]VRasevaed-om$eEdiVB-Nbcomprisipg dictanvng agdand

Subst i ¢ aeomee SESERMBIRAT: (hPuRiTE fom i fats ST SRS ER I or more
of the fwd)lwgu Wﬁm&d@ﬁ%ﬁew@ m?&]geﬁda cﬁrrsyz Rt dpAVR-n1 HVR- H2

(SEQ I D NO 9. 0 D6M L and TS8R Al possible
comnbi natqolmElSIlifg thhremioavisl SqbIICE DﬁSEQrIQ NP, @&Mﬁds?s@mnmymm ammg @Q@us

e - gh SREEOHe St Rttt 8P crSine S Odh SRR IOaR: B 1T YRGS boay

Comi S&PnipVicheake arﬁm%rbxldosfeqﬁa@e@bsﬁe podipnent s, and further conprises an
acceptor human frarrevvor e.g. a human i nmunogl obulin framework or 25 a

human consendu®né agveirckinvdntioa rpmvmtées apribboodyeromprizmgan ldastgkcasttledsotiyo,

oo ol e RS BB ARt B R 5B e p e e peee S B

NG. 80, > R-FB2 3o arffN HSROY Gh
NO 82. | nsﬁer%%?ﬂts Qtohignan?l li{egail-l a%talélfal 5%!iﬁ]eélg@rng)r|§sgsDgtlvol?{s%Eas(l |Rn any

of the afWRd{éndfmmlsmgltls arranmiamdlmqmenceomfrﬁﬁ(@ HeN8VL conprising 30 an FR1
sequ nce of g NO83 a.FR2 se e %&I D NO.84, a FR3 se uence of
SEQ i D NO: 85, M ZReEhe %R%%%&Hgﬁ%mb? 0 %@9 COMRTIS{AR AHERst [8epéttcastyn
ant i - gH qat by LfvIRER & E&%cb?&l&@éa%érﬁge@ I@Vﬁe@flvé’on?/ﬁ}%'l Hehhddy ef‘cuf'ona' n
(VH sequence having at |east 90% 91% % 93% % 96% 97% WO
2012/ 04 KegrmACT H1S52Q 1D/ MG A0 &9 E‘Q%LBMpmmgmm%hmeqcudrse@and@sﬁledtqd framt he

am no ac dse uenc D NQ 92 but wherein the am no tion
54 is ﬂg \faﬁg@lﬂ VRrle’ %ﬂﬁ%“%gc‘iha agingeddl $GyRNesE CSQE%A%N?}@
certain enbo ROUR &t PO 94%
95% 96% 97%l gg/ljlbggimgégt%?lden??t %fﬁgt%gﬁsﬁtut?s%‘ﬁ‘ja{%“%gf&teg%}n
cons®r vat) M¥RSHU s miptisihp diesgmind rasﬂrsbqlmnsc oKJSE(d DO BN &) HEVRHY eorhyarisinye

ref erence sequence, but a ant -gH anti qu r| sing that sequence

ret ai ns HhHaMHSAcd %thlfalcslo fqng t%Y TR e aan%%%qi of 1to
10 amn i

NG 92 blc}te &?vd]gggfﬁﬁ ﬁ@%%@%ﬁ%ﬁ?@v %ss I %&%EI%? i!sdesontEi an_grl1 or §&{?er gi n
t he am nbe amim aaid eqsaérice ofi SEQ IDENAsH (6RHVR .2 @etipaiking eindxatinoroidsequence
substltutlons insertions, or deletions occur in_regions 10 outside the
HVRs (i .Qf SEQ 1P NesIEray ()dbY Rdmbgangprisingeth aﬁwnwubﬁﬁqlu%&w SER BE82¢-he VH
sequgnce in

postot ans! aty anarre gt et bbb infiis K AR\ AR (RG] Bctod

enbodi mefrdm (4)1eVRH C corppriisgsthe Agind yeid @afqutelliure&ﬁ“sm?ﬂ) 3): eqwﬁll\m BIIII (a)
HVR-H conprjising the am no acid seguence of SEQ 1D NGO 71, (b) HVR H2
conpri siwgPakingihemie agidseguce of SERIBNG % @@M%@b’lﬁﬁmn?mwl@@e amineg

NO 73 a R~ I eguence
of S 1N Re S E PG i N AR B SR oA B BFU R

i nvent i QngeRigitEesmol dcideqadnat Bf SBQIIDIING: %QW)BHWK L/l;)coﬁ@pislng thaf anhie@atid90%
91% 92% 93% 94% 95% 96% 97% 98% 99% or 100% sequence identity to
t he 38 riequsicel oEREUdRAEOI1L: grEc) B Wield gomprisias theaimping gpigdearanes of REQID20
sequenceNaaZ\bl ng at least 90% 91% 92% 93% 94% 95% 96% 97% 98% or
99% i denti'ty contains substitutions (e.g., conservative substitutions),

insertions, ah aféthet driiitslimehtathl \watib&lytdoenpiigéLdl PIRER \EEHVRNGRucrtdt saébtaml - gH
anti body conprising that sequence retains the abi|i tgﬂ&‘o bind to gH In

cert ai n feorp 6diléRtH] campréting thefaming ecid sequrpee bGP @(béEN&-HBstu t ut ed,
inserted and/or deleted in SEQID NO :90. In certain enbodi nents, the
substitutions, insertions, or 25del etioi’s occur in regions outsi de t he HVRs
(i.e., in the FRs). Optionally, the anti-gH anti body



conprises the VL sequence in SEQ ID NO 90, including post-translational
nodi fi cations of that sequence. In a particular enbodi nent, the VL

conpri seswone12/mws2or three HVRs sel ected from (a) HVR PCTAs2qniosiony t he
am no acid sequence of SEQ ID NO 76; (b) HVR-L2 conprising the am no acid
sequence of SEQ ID NO 77; and (c) HVR-L3 conprising the amno 30 acid
sequenc e:oofpriSE@ theDarhl'(ﬁokSid sequence bﬁ SEQdDHﬁ@ Taape 6t) H\aR- Hamdrnlgﬁimgmb bmdyo of
the inventjon conpr.i s é:go any of the enbodi nents QVi ded above,
and a VIECHLSSHESR T SEQUBINGHLEH iSRG 15 BuieAecaLsAsIod e o TR

T I (D ST gy

post - t r anghate ohREQMDAVOIi 1Qatndfe$ HMR -LA@empaisiqy eicasino lhoidanqidnes oeSiHQdDnent ,
the antibody conprises the VH and VL sequences in SEQ ID NG 88 and SEQ
| D N& 90YOr: spectively, i ncI udi ng post-transl ati onal nodifications of those

5sequences. | i VL
cequences i n BEE RE ARG MERby ol RaPbi R LRI R FEs et Afed
post - t r gieh &) OVIRIH haﬂhlﬁmsnag thoamind adid @apes@quemﬁpﬂ) N6 bl HIVERel2 aspect

t he invention, pr OVI des an anti body that etes with and/or binds 10 to
the sanmeOBPrBBdhagmag agit squqqcaﬁ%[SB@&P NPoh irad ) AEYRiHR, cqrgpristigsthp paling
certain L d/ or

Bi nde. 1 d TR S S B R ek R ot i o
an ami n&oﬁ@rﬁlngeﬁlelﬁﬁﬁﬁsacﬁif seiact bf B@ IBNO88 (or HSER andompMbing GgHnhigb AGIdAN
am no aci d sequence of SE ? ID NO.90. In a further aspect, the invention
provi dessearngnef PEQYDIMNAL! Shte) HyR-hd compesiap rtheoa@ema@cw@eqswna%@f SKQID
anti bodﬁ\@ ogprising amno aci ds which correspond to the amno acids

sel ecte Fom tryptophan at am no acid position 168 of SEQ ID NO 1,
aspartic aci dnahoth6i ¢tebitientPOSiahiibdly4btpeiscsHEQhtdd WOHVR wqqénoeeseaéctatﬁ no

acid position 171 of SEQ ID NG 1 and conbi nati ons thereof.
cor r espdHn () YR rfdl %ﬂl@@%ﬁhé [malshestiql sesuengs erﬁﬁQ)B%Nﬂa? (beHéﬁR-H2

3?? ¥ gi’“ o {Pémgr%ﬁe & g]'é agld Sg&{lecl)l%e bPSEbngI?Qafnan gC%I A gli—f?% C%lnb Uhe TRYno

m ho sequence r'énc &arious How
strains. a01d sequerlcd oRGHQLIDONGIS ARy MR sequ@i@&s semctbrd%rﬂe@ }WRéLrltl body
that binds to the sane epitope as an anti-gH anti body provided herein with

an | C50 domprivmgrthmgeinefacyl gquenge of 3EQAM N®r9 Var Hé’lPs omdipega the antine afids0

0. 11 v et RRPEQTBR G i) FRICES 6mAi™ e Toosee e ek ™
0.03 25 nd200. 02 nM 0.01 nMor less. For exanple, in certain embodinents,

an antibody is provided that binds to the sane epitope as HBl1 (an anti-gH
ant i20ody congniagothgr embadimenjudneetibidySe@priseiNd BeccavidHY Racqgenpae sadectast  SEQ

M 0. 130 8 RrO TR e G ite SR AR SR 0. 06 nm
0. 05 nMcothpPdingvhe Sn(d oM seau&%e BMSEQ I@]NOM Qﬁd t@mR-pr cdawtsﬁv? t'héﬁﬁurl‘cpw
30i nfection at "an ECO90 of O. ig/

8 ]I ) 6 i i g/
0.4 ji g/émd sequaicg o SHQ, IDONO:§ mgi/thtee \CLHVBl Sglllmnces()semtqdl fgfmr’(a) H)VE&IJ i g/ m

Vol oMprispiedhe hfig HsiceRantish 6P ELID NG b O EBlR 1 kil Mo arin§Feia
20 1%04753%?&@3 65RO 0548924 (c) HVHL3 @bIAGFisiAE BRI LA sLAVKABE begE@IOi des

an antibo that binds to the sane epitope as an anti-gH anti body prOV| ded
her ei n awa: Zﬂeut ralize 50% of HCW at an ant i body concentrati on of 0.1
lg/m, 0.09 | 008| 0 0. / 05 | 4
o/ | 003 iiigheher esstifegtnine 350Gk Yodics ik Vigh segu f‘d?%do
0.012 | ofdrh (a)QI@lini Q&Hﬂmsn% #48@mino acid sequence of SEQ ID NO:6; (b) HVR-H2
comprising the amino acid sequence of SEQ ID NO:7; and (c) HVR-H3 comprising the amino
30  acid sequence of SEQ ID NO:8 and three Vi, HVR sequences selected from (a) HVR-L1
comprising the amino acid sequence of SEQ ID NO:9; (b) HVR-L2 comprising the amino acid
sequence of SEQ ID NO:16; and (c) HVR-L3 comprising the amino acid sequence of SEQ ID

NO:20.
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51lg/m, 0.009 Ig/m, 0.008 Ig/mM, 0.007 Ig/m, 0.006 Ig/m, 0.005 Ig/m,
0.004 Ig/m, 0.003 ilg/mM, 0.002 Ig/m, 0.001 tg/m. or less (e.g., at an
ant i body woneemrsei on of 10-8M 10-9M 10-10 M 10- 11 MpCTQB201M0540043 M or
| ower) . In a further aspect of the invention, an anti-gH anti body
according to any of the above enbodi nents is a nonocl onal anti body,

i ncl ud| ng a dh|atrethelccmlbmimmmaé1d aotibdtyrampaistsd dbitiyee VLIOHMR sqecrexbedeateht , an

anti - nt| |s an anti body frag Fab, Fah',(  scFv,

di abody, 93 31 £ragiRE (e PRIBMGY éqqus%daﬂsrlﬁz%@ NGi& GhEVlY s a full
| engt h ,

|sotypeactzgﬁs][1 dfg?ﬁéthga glp ea‘@{%i éeaﬁéh% Okg% Iw ?Ef;gﬂ% 8(3}%:’\?@%%&%% g%lﬁhgla ody
accor di ngid equdrec abSEQ IBNMON zmairth&e ﬁﬁyHVR(sraqmlcaet elared fﬁfm (et)é{VRa'ﬂu res,

singly or in conpination, as described in Sections 1-7 below 151. Antibody
Affidi t yromprising|the gapogicid ssapder REREQ, IDINOSh (Db HKR-bR prgﬂﬁlﬁ%éhﬁ%r@ﬁo agld

pI’MOVI de%e@%rn% gf %ﬁgﬁp‘%@&% %ﬁn@?mﬂ;k E§%§%®£ﬂglnéﬂlﬁ%}aﬁ?&o f&lldgéﬁﬂenc é@%@% < 10
from 10-M200 10-13M e.g., from10-9 Mto 10-13 M. In one enbodi nent, Kd

is measured by a radiol abel ed ant i gen bi ndj ng assay (RIA) 20 perfornmed with
the Fab ver silBanghergmbadimppigihe gptibegyesopyrisgiall thres \anHVEerpaaencqesdestesed by

reasur ed by Oat Kbk PTopeRe IRl A% Sle o QIR O A gen 1

(12500) - lcebgristhgand argiid dcill deljgerpt @5 SRQADANO ; tahd (HIHVOR-IEREIne s iskfg thokabe) ed
antigen, then capturi ng@?ound antigen with an anti-Fab anti body-coat ed

pl at e (saééi scgugjice ofRER TR NG 8 andthragry, HBRgrequepggs whwsteddiqm 69 %[/

est abl i s or.. { 8@();{ T .
(Ther no gglﬁ)g{r%?llgfdll%%ﬁglro 5 C%:dos}aéﬁ %%g?)%rsmég Wit é)Sﬁﬁ%)“ %%%]%ha é%t%l?fég&d
ant i - Falyeqidnc®6fFEQIBRYO! 18l adis(c) HVESD3 @ana@ing fhCaniine Rakie cquinc@oBIEQaDd
subsequently bl ocked with 2% (w v) bovine serumalbumn in PBS for two to
five hodNQ: 28 room tenperature (approximately 23C). In a non-adsorbent

pl ate (Nunc #2 10 211 - i n.ar ed with
ser |1§I di | ut ﬁog@o%g I) 6mtf—0d8m 2 ﬁtagt?%(g(&l%) %s %gttrl]lgel%s ﬁ&tﬂ w&t%lﬁelgﬁggeg]%%es(ﬂe nt
of the ardrh (MEGFRaN t&ﬂmaym Bakdno adid E’éqasﬁ@ SFISEY ID NCRA®) HRESH2

57: 4593- 4599 (1997)) ab of interest is then incubated overnight;
however ,compeisingdbbamingricitiespqeense PASEQFIBYNG: 1 6nd &) FPERitbtoqreanteping thp8UINCE5

2012] barriet b rRaRss Al e TR Rk Rals e Y o piate

for i ncuRatpriligahe 4ARG dRNRGHEHCH 0ESES- 10 NOR (b0 FE/ 10D chmpritigg S dthin®Rcids
then renoved and the plate washed eight tinmes with 0.1% pol ysorbate 20

( TV\EIQN— 20qyenice om TDREQ: 1ohandy(catdR-ha vemgrisiag thelBoin kridwequene o6SEQIDI | ant
N%\I%OZO TM Packard) is added, and the plates are counted on a
TODCQJ 5 gamma count er (Packard) for ten m nutes. Concentrations of

each Fab thaty,gbme ch®88intdda tHranBHbB) cdnthrifds alP{hréan{ PBIR E’éqﬂgﬁd%g s@b@cghosen
for use in conpetitive binding assays. According to anot her

enmbodi neam (Kd1YB-hreegopradngdic ngisuadid sauphEfivEQ B3 ditinod) B3y using a

Bl ACOREc) - 2000 Bl A E t t 25C
o bR Pedhe finib draiokt gb SER TS0 Eupt A sV L Rt e b bl 236
car Q@Xy rﬂ%idﬁéhﬁé&g O@ISEQ"I@"N @‘ @&ﬁﬂﬁfk‘é \&WWR s%@@lce@eﬁ@ga@roﬂl (‘39 HVRIIE

activated with N-eth - - di et hyl am nopropyl) - car bodi i m de
hydr ochl qompdlsm(gEliI})mmndwN- d@yuhmm pESEQI I NOde (YNHS)R-82 @od dicrfgst aminhecid of

su I|er instructi.o s. Ant uted.with 10.mM sodi um ac
4.8, 1o B i egas resn Aeope® L diiig Bs St R AT i n
Lo achi oY@ PR~ ) PRVSELY cARpHERRARS yHEbER SEMidhoOfF St OO Pldin

Fol lowi ng the injection of antigen, 1 15 Methanolamne is injected to
bl ock urma=adirechtgyraoupse oﬂ:morelanmao acigs pEasante@Gempkx [tanobddyl ad psavidal above

dil f Fab (0. i i P h 0, 05%
pa fﬁbbft@% %@b%(eﬁ%m f?ﬁ gs‘%&?\é’@@'\%ﬁasr ?@E@*ﬁe?@ﬁgﬁ'@@ﬁ 8&%7%@&%6 of
appr oxi gt gﬁylﬁﬁn[aehmeabdaﬁﬁaﬁg fﬂ&é Qi stitiGs &59&&@%@@ QGiighd Q rates

(koff) aré calculated using a si'nple one-to-one Langnuir bindi ng nodel
( Bl ACORPprévificdvatimatn oertatoémbadimenss siyamedr Zjorbyf thic lfmlldvang sulstiutid@s mayi ng

t he aSSOCIat on and dj SOC|at|on S The e U|I|br u dISSOCIatlon
constantefv@fieménxa@re st 5D (SER ADRB 7k R4 E R el 134%@ et al.

J. Mol. Biol. 293:865-881 (1999). If the on-rate exceeds 106 M1 5 1 by the
surface plasnmon resonance assay above, 4’hen the on-rate can be deterni ned
by using a fluorescent quenching techni que that nmeasures the increase or

decr ease in fluorescence em ssion intensity (excitation = 295 nm em ssion
340 25 nm 16 nm band pass) at 250C of a 20 nM ant| anti gen antibody (Fab

r o NN o - Y - o



2. Antibody Fragnents 30l n certain enbodi nents, an anti body provided herein
is an anti body fragnent. Antibody fragnments include, but are not limted
to, Fab, wekri2@Eat2- SH, F(ab')2, Fv, and scFv fragnentspCarus2ailosto92
fragnents descri bed below. For a review of certain antibody fragnments, WO
2012/ 047732PCT/ US2011/ 054092 see Hudson et al. Nat. Med. 9:129-134 (2003).
For a r dvldwDdfl SsatdyG12agadintessibeeembenagons & the kbdviei sabstituticiis@rdhar macol ogy
of Monocl onal Antjbodies, vol. 113, Rosenbur nd Moore eds.,

(Spr i ngemeR/BPIsIe] DINER O9BeRyUS Sﬁwenéw:ﬁﬁé?{%@%?}- see al so WD 93/16185; and

U.S. Patent I\]!ﬁsatny Bf thé %bg%4etﬁ6%itﬁerﬁ§,7an4aﬁgi%dj?}?}leg-ﬁ §1§tﬂ§)§lg ?ﬂllﬁlflagﬁ%sa. %gn{ (ab) 2

fragments conprising 5sal vage receptor g epitope resi avi ng
i ncr easethtiodingent ganhaitfFCoinplex 1astbddySompatetiVRIe as i BB Okbabove Di abodi es
are antibody fragnments with two antigen-binding sites that may be bival ent
or bi’s peditgdimenty @nd figtheg comprises azpcmmrggmﬁnmw,@ﬁef}mﬂdson et al.,

USA 90:qgﬁﬁﬂ$§%%§ﬁ%ﬁ8é§88§%%}a 0 |é%%%%gﬁ%ﬁ%%?ﬁg%béﬁé@ﬁg?ggg(§% eg%}iggd
i n HudsamtieCoraplex I MaibodiedmpHschdPVRS4s in2D9Bf the above erbbodjimentd parai flarther

anti bodi es are antibody fragnents conprisin% all or a Egrtion of the heavy
chai n va&oPEELes HY¥raPmpEsingen FBA sqaussres poREQADINE: 22 YhFRE prbuaneefiSas) B

dommi . _ . . | . iy .
2 haran <0 5g BERSSend LS ) RETRI TR solygleP AL SPONRN BT b BGRY ' ©
U. S.10PategiiodMaent§ R4 tBCOmBILK .1 ahbksityi doatyiséy AYRBAL th fBvLE: stRde by vari ous

techni ques, including but not limted to proteolytic digestion of an intact
ant i bodyembodigaents, #gd Smm EPMPIASHY Ve eBMIiSHEAN %gﬁeq@émq@f CEQID HO:EH1a  or

h 1 . CR3. . ) o . .
Cer tal n oo S e s g R Bl 41Ee Bp P PR B LR Rty

Certai n SHOIDINORYI th @htd dfsbidases thed@8TdhSiEx 1 entdhody icBmbkises HRAR € inNay
4,816,567, and Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855
(1984)) .oflthe Hhexe ewkadimentsaanchiumer commitsehody copwpisingas FRInsaudgerahSHQriPabl e
regi,gn ( , ari ahl e i Live rom ~hangt rabbi t,
o rign- node: o PRESFARRGCof S0 1 N R e AR 10 Mo P Wi ' T’

further et 6f SBQADINBIISC IRbihchadyodifedts tiid A#SCoMble&NagtibaitdoRpeiKed N
whi ch the class or subcl ass has been 25 changed fromthat of the parent

ant i bodyH VRhpsisrdny o4 thd abos embodigicngeamsnfurtherrcominiigeng Vincagneping an &l eof
In certain enbogdi chi ric anti i u Lzed anti

Tyor cal 15 Rar SR RN RS SRR T i NSRS SRR (o
humans, Nbi4eaddet BROk&FchhefFITIH Ne:.by. and affinity of the parenta

non- human anti body. Generally, a humani zed anti body 30 conprises one or
nmor €0var i abl dndoetheinambadimpitcin #REomplay L anTBRly, copprisgolVRens it drrddhy ar e

deri ved - h i body, . FRs . j th
dor i ved PPERTRUAGRCHA oAy eeabHeBet Vi RonirS b AREtF GotIMAl y wi
al so conpoisseaftR) S@flené FHHOD AD ND:38, aﬁ@l@ﬁ%ﬁﬁ%@%@%ﬁ@l{dﬁ@@ﬂ?}é@@é@?@ human

constant region. In sone enbodi nents, sone residues in a humani zed
ant i bodyscawaace abSEQIDNQ:3Ri thin other erebpbmdits gha agi-domplek denikodymoentpuiven

ont ot B SR SRdt, MR ch Lhe VR Cesl dies ars detlked).

ant iZ30di @guRbd oMBEQIBNOBIMRKRNG4NREER & SEG B9 NWRY, a BRY sequbRecd8ag) b and
NO:41, and a FR4 sequence of SEQ ID NO:42. In other embodiments the anti-Complex 1
antibody comprises HVRs as in any of the above embodiments, and further comprises a V,
comprising an FR1 sequence of SEQ ID NO:43, a FR2 sequence of SEQ ID NO:44, a FR3
sequence of SEQ ID NO:41, and a FR4 sequence of SEQ ID NO:42.

30 In any of the above antibodies, the Vi FR3 sequence may be substituted with one
selected from SEQ ID NO:67 or SEQ ID NO:68.
In another aspect, an anti-Complex I antibody comprises a heavy chain variable domain

(VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99%, or
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Fransson, Front. Biosci. 13:1619-1633 (2008), and are further descri bed,
e.g., in Rechmann et al., Nature 332:323-329 (1988); Queen et al., Proc.
Nat ' | AcawlO 28c2/047133A 86: 10029- 10033 (1989); US Pat ent NosT/US20180340387,
7,527,791, 6,982,321, and 7,087,409; Kashmiri et al., Methods 36:25-34
(2005) (describing SDR (a-CDR) grafting); Padlan, Ml . |nmunol. 28:489- 10
498 (1991D})‘V(szbqsmaebdamgt§?uoehuarhamacgi Snudek lof SEQUD NO:4 or, SE@IIhNIk4361n43 60

(2005) (descr g "FR shuffling");. and Gs

(2005) ﬁ&almfarfﬁaeglr%?nw Vi ggauense hesiga af lea%%%%g G0 028%)%'3 5{5 Prg the
"gui ded bl Q) t hat
may bo. et For honanigARf Safiind FISHLbN QAL comkeroh ln%fet%‘é&%"‘%?d‘ﬂ’ ‘?I%e&n”ﬁﬁ
regi ons wekkdbedrelisivagp theecfttrast sdquericemithadn(ig&emplex antibBdysompridhg thit 15

| munol . 151: 2296 (199 framewor k regions derived fromthe cqonsensus
sequéncée@wenﬁarﬁéﬁn%\%.agéﬂy tosbipd toCompiex dulmhser@ifhgrbribments: & g obt thédyy

U g MR A B8 VS G, oor PSS Rletdl i, STPTNGS or SFEIB 7 v
mat ur e (SOt drcSEQ yDeraﬂ edy) cdrtadnEmbskmertg) ibstitotionsy MBertiges, wk deietuﬁﬂsaﬁcemr k

regi ons (see, \gl%o and Fransson, Front. Biosci. 13:1619-1633
(2008) ) : ma@ﬁaorzscﬁugsaqlﬁ‘e wicons thediRsyeln ¥ paticwarsrhadigentrh Pm%%@eqsee

©9. Eagg 6o Alpee Iyl Ry AT, 2TRVIORTR AR08 (ROB1H008 Biac BF -

certi@ai n &E@mmm@) HAIR 812t dobgatsingrthy kel doit @igterics o SEQMBNNGIT, iabddy. Hunman
anti bodi es can be produced usi ng various techni ues known in the art. Human
ant i bodi@¥RIAd compranag ticyarneasid seaueycq of SEEAIIDNX8and van de Wnkel , Curr.
Opi n. Pharma 7 0 | .

20: 450- 459 (?ﬁ@gﬁ)tﬁer a3§8§ct aﬂ}élrrléngé%l Eoghtg%%ﬁagprbgﬂﬁgevﬁ%g tlﬁéy%%a%i stering

an i Munegiiséa Htrcam@aﬁame demaial (Vthabvingat ke 90nndi fd, e2bsf 93%r oI5 %,
intact human anti bodies or intact antibodies with human variable regions in

res ponse96t°/o 93?(1, 9§&n P87 ﬁhl@%g@ue&fclﬁelﬁﬁy traths apyiy ecd peguertndiSEQIRP 30 or a
por tlSOn uI | oF w Ak %ﬁP[Qll’Ijl od1 Srits Wﬁs@g{;‘eerﬁl A5%n n%ﬁflegstQBQE PoiS

|mmnogl are present ”éxt f ODSO egrat ed

random y92rntog s, v usPRb6S,, 9100895 O6TEDY, 1dens ntamrsag@iﬁwon@l(@ t he
endogenous i m‘runogl obulin [oci have WO 2012/ 047732PCT/ US2011/ 0 4092

gener al Iwnm@iwﬁ rRestitwtinne  inspiions.qyidelations iekative esthe sefersbeasaaberpchlitran
antlbodle t ni c _ani.mal,s, see Lon 7-1125
D005y ERCAREEY | ARG SRR IR sREEn R Hs M Mty S PG Cafp et b af o1 e
XEm%ﬁ%teﬂ%ﬂﬁh&ﬂé/ a t&aﬁaf Pat BNImiNe acids KR 1R saasaltédimgrt EMNAS

t echnol ogy; U.S. Pat ent No. 041, 870 describing K-M5 NL’lJSE(r) t echnol ogy,

and 20. S. dehé@(bmtSEQ)BD NEXH thEQHDl NQt4%rin NertaismpodimeoB6theGabstitetinns, bi ng

VEL MousEO tech H f t b di
gener at SH Syt AN i F o BRls T BN B M FROE bRt " ¢
a di ff er@qodiHEmNhE w%ba@hsésaﬂie%o GIUARE FAMRY QA &SéATa) AN R-DEcIRRARIY

hybri dona- based met hods. Human nyel oma 10 and nouse- hurran het er onyel oma
cel | |i rbsampo achbsegnovact SER 1B NOrdn HyRekl o:ptmbrl%m fho adiies adidyasuoeen

descri bed e, : zbhor, J. 133:. .30 1984 Br odeur . et
Al wbﬁ%ﬁ%ﬁ%%ﬁ?ﬁ&@ﬁ%&ﬁa&%ﬁ%@%hﬁ AR5 P APHOREIGRO 51 63
( Marxgel ke™NoO:-bpc., New York, 1987); and Boerner et al., J. |nmmunol.

147: 86 (1991).) Human anti bodi es generated via human B-cel | hybr i doma

t echnol ogy arle aabther abpsats dnbandi-Complex éantabady iPpoeidefiavhereibShamaodBei . USA,

103: 3557- 3562 Addi tj onal t hods i.ncl ude those. descri b for
exanpl o, OP}PTUS(saZg 3 s S e s PR A3 Fe, 4B 8 40 T AREs B nae! onal

human | gihiath Qﬁggl%%lcfeﬂgﬁb\réy Qﬁ'o?l@gﬁbsﬁhlen{ 'tlfb%ﬁl)tlb@&dc&lh risS A0} 2 @{W' Xue,
26(4): 265-268 (2006 descri bi ng human- hurman hybri omas) Human hybri dona

t echnol cgyuan@es iorﬁQ H@Nﬁb%glyc) SEQ IBINQ:43emspidedyi mcl\ddinlgrmlststrarsthtanandl ein,

Hi st ol og d Hi st gpat hol ogy, 20(3):927-937 and Vol

Br andl ei O‘ﬁﬁéﬁt‘rﬁ’é‘é ng‘ﬁée ?ﬁqﬁg‘%lcﬁﬁjs%i c in}fﬂ‘?é‘ﬁfttg? &%{[ dpcPmprses téﬁhng @S&ogy,

27(3): 185%('1%‘10&5219%@() ID NO:46 and SEQ ID NO:49, respectively, including post-translational
modifications of those sequences. In another embodiment, the antibody comprises the Vi and

V1. sequences in SEQ ID NO:47 and SEQ ID NO:49, respectively, including post-translational
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Human anti bodi es may al so be generated by isolating Fv clone variable
domai n sequences sel ected from human-derived phage display libraries. Such
vari abl e wormaizn4gBguences may then be conbi ned with a desirnsdoihosmn2
constant domain. Techni ques for 25sel ecting human anti bodi es from anti body
i braries are described below. 5. Library-Derived Antibodies

Ant i bodireadifiatione of thiwposiquiereres fanbther embediticon) theeantibedy ewh@ises theyv; and

screeni ng conbinatorial |ibrari for antibodies wth the desired activit
or acti vV °44SNCEBn i@@ﬁ%ﬂ\&?ﬁ“é w;@%ﬁ&ly ng%f%_aefélva Ye EHHSURE POt-traRsI4ffanak o
gener at i ng4;iRRARGs dF &Bkéﬁeghggseér n8ioARA eﬁﬁ&ﬁﬁia%h{] ﬂleaﬁltiﬁH&}hcdrh&{s%%{h%:\{ f %{

anti bodi es possessing t ire I nding characteristics. Suc s are
revi ewedyy €qgences in $16Q deMNiodmaed SEQ. ID NOMH, hagsctivelylVbicaciingposBirahshgional
178:1-37 (Q.Brien et al., ed., Human Press, Totowa, NJ, 2001) and further
descri beBodificgions phthopgsagrences el apogher ﬁ?dm\m Sy 1tigady e RS0 4154092

Nat 8. - : ) 4 BR4- : : t
a5, Vorungiarte s 95 89A13he BEGp RO rencen B R PR g MRIchR B
Mol ecul anodBiicdtogy o2#Bsd &ludntes.(Lo, ed., Human Press, Totowa, NJ, 2003);
Sidhu et al., J. M. Biol. 338(2): 299-310 200\&&1;fl Lee et al., J. Mot.

Bi ol . 340(5) :Inpdyrsber@smect. shppunyentw) nreyides a ody\ghet compeles, Wit and/eudpands
101(34): /- 0 : . . 4(1-2):
T70: 130 (9QBAFTHE chiSAe AR ColPk Sftiley Broviact nqr T PO! xS0 Sortili (2

and 1YL gedresinéds, Sapatibédl iy pelvidtddhd opptigpeithsadohdinds (ehe khrad cfiRpd)as and
reconbi ned randomly in_phage libraries, which can then be screened for
ant i gen-a9i anéir rmple% §antihody sempripiag ai Vi GANHITESEAN Ao agidyequraces qf phhHD | |

P
12: 433-485 . \Ph typicall. L; ntd itRely as
si ngl e- cﬁé?ﬁgé\? %ﬁ a(\ELcCI%\g;r}ep r?%{%ga?r%gln 1?5{0 gérlagécﬁ%g% éflrs%tg%%?\rs@gg?%%% @sﬁ@r‘@m
i mruni zed souhGgErtravpdde thd BRe@fon protidesdit dnbibddethat Bind® thesamogsdpeat hout
t he requirement of constructing hybridomas. Alternatively, the naive

r eper t oi anéngromplex | arerwdy somprising smitaarids)Whieh persesperd @ the AgIne asislsr ce of
ol SRk B AN e b 2 SRR AT SR 20y

i nmuni zat'ion as d%scrl I S et

Fi nal |'y,poRitiow & 11dfSIEEY IEEROCZ0B; abmetideid b 886 asd pokitibh a8bf $EQIDCNOI3End
unr earranged V-gene segnents fromstemcells, and using PCR priners

cont ai niaegbizatieasihsegtie hoecartespensbepaming agidg Whchcompiise sheGDRRD BYYY bASt and
t | ish t.in vit d i bed b ) d
Whter . pHydphERfihP AT oy iR B oSl Bfengt B TRETMERE TR  bi ng

human aninhikedyidRER@acd dibfeRnt&SinIUTCI3UdRwdeavaBERTRCRIV Ueilfat ent  No.
5,750,373, and US Patent Publication Nos. 2005/0079574, 202005/0119455,

2005002660001 a 2OURE @IpLTtL 86, inP@Wiph P160G88N aRODRYYORE BI6ds, to 2007popdRod6, and
2009/ 00 ti bodi es or antibody fragnments.jsaolated from human
ant1 body 15 v Spmale aRtafG B B B R tseuhEPEE R4 SAEnt | boay

fr agrrentsm@mgrrmﬁq YN b1 epeg NyaPphishegie® Rl v4gert ai n enbodi nents, an
anti body provided hereinis a nultispecific antibody, e.g. a bispecific
anti body. Muillniadpetledrfaspecartid boditen raewderomouitibady thahbindoi ths sanatpitope es

bi ndi ificiti f t L t t diff t sit o tai.
o bod et CorBbist T mu ey R lsati T I G enpish SR i Pt g g
t he sat hed!htib@d}f Bkt ©HYs t@?tﬁ@%agfé’@gg%g? as aaRCHAbRXE @Hﬁ%dﬁ?@)ﬁde@ﬁ'&eiﬁﬁvi&%ﬁl

bi ndi ng specificities is ex | and the other I's for gH.
cert ai n ECbafi W pg/sml, B sygaui, Didqugmi,itbbogg/ed, (oY nbindd0.0% neing, 607 Lgmelnd.06

Cocal | 2ot drbehgufl sl € PR Aam 00 D It 8.0 E 'to
2012/ 047;7@1%136;%&&.5%9 L8P és‘bg% the invention provides an antibody that binds to the same
epitope as an anti-Complex I antibody provided herein and which neutralizes 50% of HCMV at
30  an antibody concentration of 0.05 pg/ml, 0.02 ug/ml, 0.015 pg/ml, 0.014 pg/ml, 0.013 pg/ml,
0.012 pg/ml, 0.011 pg/ml, 0.010 pg/ml, 0.009 pg/ml, 0.008 pg/ml, 0.007 pg/ml, 0.006 pug/mi,
0.005 pg/ml, 0.004 pg/ml, 0.003 pg/ml, 0.002 ug/ml, 0.001 pg/ml, 0.0009 pg/ml, 0.0008
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Complex | or gH on the cell surface. Bispecific antibodies can be prepared
as full length anti bodies or antibody fragnments. Techni ques for mnaki ng

mul ti specwbi2e12zmtri3dodi es i nclude, but are not |inmted t@CTrUSC@tiob40aNt
co-expression of two immnogl obulin heavy chain-light chain pairs having
5different specificities (see MIstein and Cuell o, Nature 305: 537 (1983)),
WO 93/ 08829, 00007 Tigauhedksr(c.gt, athn antibBOcdnceBatica&Fa 0¢ MAD) )M 1antM, 107
"knob-in-hol g" en hneeringﬁ&see, e.g., US Patent No. 5,731, 168).

Mul ti - sp¥eld i Malt i Bbdréa™erhy al so be nade by engineering el ectrostatic
steering eff ' At -l ' '

2009/ 089004A ﬁ%sf%{t@%sa‘gﬁ%?%g ‘Jv?ggg‘?’ aﬁ%‘?ﬁ%ﬁ@%&ﬁ%@%ﬁ#@%ﬁﬁ% a(sn\ﬁ)?sfé%e,

e. 9., USbba embodimentd i67 Mmod88onaAndtitydnimaudifies chimeric, Soh@Azed o2R%han
81(1985)); wusing leucine zippers to produce bi-specific antibodies (see,
e.g. > Kowtibpdyy Iaongpembodimenigapti-Compigy byntibgdy ispmsatipadiofragmentsd giga Fv,

ol |1 ngaittef S RO ald RO AUAREE W fil B BRI M Dass e ng g
usi ng silegiteastidy, &ATadk Bt} 185 NBtH ol 8€ot@eithntiGOAPE ks sRSr i@ity&)e ad defimgunol .,

152: 5368 (1994)); and preparing trispecific antibodi es as described, e.g.,
in Tutt hereinsal . J. Immunol . 147: 60 (1991). Engi neered anti bodi es
with three or functional ..ahti gen, bi.ndi,ng_si t.es, includi "Cct opus
ant i bodi es, " BrdUIig 4 ek ldnn hedFn! pllboe de gk o e R bRy AL) . The

ant i1podyentodih@@§may inteFRirite ahpof the Edaudes stglydah c@bindbok; AR deRFibedPN"
conprising an antigen binding site that bi ngs to Conplex I or gH as well as
anot her ,Scgii¢fsek-éhelop0ant i gen (see, US 2008/ 0069820, for exanple). 7.

Anti body Variants In certain enbodi nents, am no acid sequence variants of

t he anti bodi prqvi ded hegei.n ane tenpl ated. For exanple, it may be
desirabl e toe];irrpr%"eellfﬂ%rybf&ﬁhi%}gAg{i?’?ﬁ}egy and/ or ot her biol ogi cal

ti f th tj hody. Ani i d i ants, of ti bod
D5 be. br epar da o8 afieh Bt s o g S B SRR R Rt B oo § e
sequencengadéng ah faﬁﬁ?gg;l ANy sfRici fRYIIPBRIL 8 cSdPeE SHSand PG halnRY HdNGQt | ons

i ncl ude, for exanple, etions from and/or insertions into and/or
subslfi t it ko EE o EEY) ofbs neimlhd.A petrel, 8 pomad. dngedu@d eglnlod. 3tipgmb®td body.

i ve. ate/eh i Fo e Rl O b Bl Bl SPRTkdh oS TighEl o B ERRE AL

the desi 1, QR A0HEr0 @it uEhl, B0, 0.030981h 0GR MHidife emM¥diments, the anti-gH
2012/047L[‘/g§g|5CT/U 011/0551%92 a) Substi%?{)tion, insertion, and Deletion

Var i ant saintibodieqd specidictlly hind ndpadeprapt of thergt/podymerardduetd itbaculvyironwitbrannor e
R ST A T N T S
in habl e\ ¢odek, biva MeaslhHaMOD 06GNISEH Y Al BD3IIE6d fIVE AN, 0. MPREI, 0.12
substantial changes are provided in Table 1 under’ the héadi ng of
nM, 0.13 nM, 0.14 nM, 0.15 nM, 0.16 nM, or 0.17 nM.
In other embodiments, the antibodies bind to gH on the surface of HCMYV and
neutralize 50% of HCMYV at an antibody concentration of 0.1 pug/ml, 0.09 pg/ml, 0.08 ng/ml,
0.07 ug/ml, 0.06 pg/ml, 0.05 ug/ml, 0.04 ug/ml, 0.03 pg/ml, 0.02 ug/ml, 0.015 ug/ml, 0.014
25  ug/ml, 0.013 pg/ml, 0.012 ug/ml, 0.011 pg/ml, 0.010 pug/ml, 0.009 ng/ml, 0.008 nug/ml, 0.007
ug/ml, 0.006 pg/ml, 0.005 pg/ml, 0.004 png/ml, 0.003 pg/ml, 0.002 ug/ml, 0.001 ug/ml or less
(e.g., at an antibody concentration of 10°® M, 10°M 107 M, 107" M, 1012 M, 10" M, or
lower).
In one aspect, the invention provides an anti-gH antibody comprising at least one, two,
30 three, four, five, or six HVRs selected from (a) HVR-H1 comprising the amino acid sequence
of SEQ ID NO:71; (b) HVR-H2 comprising an amino acid sequence selected from SEQ ID
NO:72, 73 or 74; (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO:75; (d)
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"exenplary substitutions,” and as further described belowin reference to
am no acid side chain classes. Amno acid substitutions may be introduced
into an awoi2bdW7B2 i nterest and the products screened POT/US2@ed540021
activity, e.g., retained/inproved antigen binding, decreased

I mmunogeni city, or inproved ADCC or CDC. 10TABLE! Original Residue
Exenpl arijVBubistanprisimgnthe Bméxfoeadid stqSeaixstaf SEQ BhN0AT@ (A VRAL2 cdreprising the Val

2;% E}Rﬁ aal%liqo @%g%ﬁgﬁgﬁé@iﬁ é (El)7 Z%nr(]i (DHIIJ\Sfi{-I:A)f gdmll)_rxlls?r;lg t%re %m%onaci Fs)eq(ug)l)lceel u
of SEQ ID NO:78.

In one embodiment, the invention provides an antibody comprising at least one, at least

5 two, or all three VH HVR sequences selected from (a) HVR-H1 comprising the amino acid
sequence of SEQ ID NO:71; (b) HVR-H2 comprising the amino acid sequence of SEQ ID
NO:72; and (¢) HVR-H3 comprising the amino acid sequence of SEQ ID NO:75. In another
embodiment, the antibody comprises at least one, at least two, or all three VH HVR sequences
selected from (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO:71; (b) HVR-

10 H2 comprising the amino acid sequence of SEQ ID NO:73; and (¢) HVR-H3 comprising the
amino acid sequence of SEQ ID NO:75. In another embodiment, the antibody comprises at
least one, at least two, or all three VH HVR sequences selected from (a) HVR-H1 comprising
the amino acid sequence of SEQ ID NO:71; (b) HVR-H2 comprising the amino acid sequence
of SEQ ID NO:74; and (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO:75.

15 In another aspect, the invention provides an antibody comprising at least one, at least
two, or all three VL HVR sequences selected from (a) HVR-L1 comprising the amino acid
sequence of SEQ ID NO:76; (b) HVR-L2 comprising the amino acid sequence of SEQ ID
NO:77; and (¢) HVR-L3 comprising the amino acid sequence of SEQ ID NO:78 and an HVR-
H2 comprising an amino acid sequence selected from SEQ ID NO:72, SEQ ID NO:73, or SEQ

20 IDNO:74.

In another aspect, the invention provides an antibody comprising (a) a VH domain
comprising at least one, at least two, or all three VH HVR sequences selected from (i) HVR-HI
comprising the amino acid sequence of SEQ ID NO:71, (ii)) HVR-H2 comprising an amino acid
sequence selected from SEQ ID NO:72, SEQ ID NO:73, or SEQ ID NO:74, and (ii1) HVR-H3

25  comprising an amino acid sequence selected from SEQ ID NO:75; and (b) a VL domain
comprising at least one, at least two, or all three VL HVR sequences selected from (i) HVR-L1
comprising the amino acid sequence of SEQ ID NO:76, (i1)) HVR-L2 comprising the amino
acid sequence of SEQ ID NO:77, and (¢c) HVR-L3 comprising the amino acid sequence of SEQ
ID NO:78.

30 In another aspect, the invention provides an antibody comprising (a) HVR-H1
comprising the amino acid sequence of SEQ ID NO:71; (b) HVR-H2 comprising the amino
acid sequence of SEQ ID NO:72; (c) HVR-H3 comprising the amino acid sequence of SEQ ID
NO:75; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:76; (¢) HVR-L2
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comprising the amino acid sequence of SEQ ID NO:77; and (f) HVR-L3 comprising an amino
acid sequence selected from SEQ ID NO:78.

In another aspect, the invention provides an antibody comprising (a) HVR-H1
comprising the amino acid sequence of SEQ ID NO:71; (b) HVR-H2 comprising the amino
acid sequence of SEQ ID NO:73; (c) HVR-H3 comprising the amino acid sequence of SEQ ID
NO:75; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:76; (¢) HVR-L2
comprising the amino acid sequence of SEQ ID NO:77; and (f) HVR-L3 comprising an amino
acid sequence selected from SEQ ID NO:78.

In another aspect, the invention provides an antibody comprising (a) HVR-H1
comprising the amino acid sequence of SEQ ID NO:71; (b) HVR-H2 comprising the amino
acid sequence of SEQ ID NO:74; (c) HVR-H3 comprising the amino acid sequence of SEQ ID
NO:75; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:76; (¢) HVR-L2
comprising the amino acid sequence of SEQ ID NO:77; and (f) HVR-L3 comprising an amino
acid sequence selected from SEQ ID NO:78.

In certain embodiments, any one or more amino acids of an anti-gH antibody as
provided above are substituted at the following HVR positions: in HVR-H2 (SEQ ID NO:91):
positions 6 and 8. In certain embodiments, the substitutions are conservative substitutions, as
provided herein. In certain embodiments, any one or more of the following substitutions may
be made in any combination: in HVR-H2 (SEQ ID NO:91): D6S, D6T, D6N, D6Q, D6F,
D6M, D6L, and T8R. All possible combinations of the above substitutions are encompassed
by the consensus sequences of SEQ ID NO:93.

In any of the above embodiments, an anti-gH antibody is humanized. In one
embodiment, an anti-gH antibody comprises HVRs as in any of the above embodiments, and
further comprises an acceptor human framework, e.g. a human immunoglobulin framework or
a human consensus framework. In another embodiment, an anti-gH antibody comprises HVRs
as in any of the above embodiments, and further comprises a Viz comprising an FR1 sequence
of SEQ ID NO:79, an FR2 sequence of SEQ ID NO:80, an FR3 sequence of SEQ ID NO:&1,
and an FR4 sequence of SEQ ID NO:82. In other embodiments, the anti-gH antibody
comprises HVRs as in any of the above embodiments, and further comprises a Vi, comprising
an FR1 sequence of SEQ ID NO:83, a FR2 sequence of SEQ ID NO:84, a FR3 sequence of
SEQ ID NO:85, and a FR4 sequence of SEQ ID NO:86.

In another aspect, an anti-gH antibody of the invention comprises a heavy chain

variable domain (VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%,
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Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr Pro (P) Ala Ala Ser (S) Thr Thr
Thr (T) Val; Ser Ser Trp (W Tyr; Phe Tyr Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Iwe;201244773ket ; Phe; Ala; Norleucine Leu Am no &Cirds2emps49e2 gr ouped
according to comon side-chain properties:

98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ ID NO:92 but
wherein the amino acid at position 54 is Asn (N) and/or wherein the amino acid at position 56
is Asn (R). In certain embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative
5  substitutions), insertions, or deletions relative to the reference sequence, but an anti-gH

antibody comprising that sequence retains the ability to bind to gH. In certain embodiments, a
total of 1 to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO:92
but wherein the amino acid at position 54 is Asn (N) and/or wherein the amino acid at position
56 is Asn (R). In certain embodiments, substitutions, insertions, or deletions occur in regions

10 outside the HVRSs (i.e., in the FRs). Optionally, the anti-gH antibody comprises the VH
sequence in SEQ ID NO: 87, SEQ ID NO:88 or SEQ ID NO:89, including post-translational
modifications of that sequence. In a particular embodiment, the VH comprises one, two or
three HVRs selected from: (a) HVR-H1 comprising the amino acid sequence of SEQ ID
NO:71, (b) HVR-H2 comprising an amino acid sequence selected from SEQ ID NO:72, SEQ

15 1D NO:73 and SEQ ID NO:74, and (c) HVR-H3 comprising the amino acid sequence of SEQ
ID NO:75.

In another aspect, an anti-gH antibody of the invention comprises a light chain variable

domain (VL) having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to the amino acid sequence of SEQ ID NO:90. In certain embodiments, a VL

20 sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity
contains substitutions (e.g., conservative substitutions), insertions, or deletions relative to the
reference sequence, but an anti-gH antibody comprising that sequence retains the ability to bind
to gH. In certain embodiments, a total of 1 to 10 amino acids have been substituted, inserted
and/or deleted in SEQ ID NO:90. In certain embodiments, the substitutions, insertions, or

25  deletions occur in regions outside the HVRSs (i.e., in the FRs). Optionally, the anti-gH antibody
comprises the VL sequence in SEQ ID NO:90, including post-translational modifications of
that sequence. In a particular embodiment, the VL comprises one, two or three HVRs selected
from (a) HVR-L1 comprising the amino acid sequence of SEQ ID NO:76; (b) HVR-L2
comprising the amino acid sequence of SEQ ID NO:77; and (¢c) HVR-L3 comprising the amino

30  acid sequence of SEQ ID NO:78.

In another aspect, an anti-gH antibody of the invention comprises a VH as in any of the

embodiments provided above, and a VL as in any of the embodiments provided above. In one
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WO 2012/ 047732PCT/ US2011/ 054092 (1) hydrophobic: Norl eucine, Mt, Ala, Val,
Leu, Ile; (2) neutral hydrophilic: Cys, Ser, Thr, Asn, dn; (3) acidic:
Asp, G u;w0ap1dmasize: His, Lys, Arg; 5(5) residues that ipaftlusesieesobzai n
orientation: GQy, Pro; (6) aromatic: Trp, Tyr, Phe. Non- conservati ve
substitutions will entail exchanging a nenber of one of these classes for
anot her aplaelsmernbe algrqﬂ@dayfcomtisd:si theiVitbaral VL acquantesiimBBIMESNOBYsandtSEQ HY one
nor e rvariabl e 10 regi on resjdues of paren anti body (e.g. a
hunani 2%8(95 FRaPReH Vet NBIYEIRg. poeétﬁetsktlpg}al oot By ot thgsassAreiieys) sel ect ed

for further sfudyuf é&b&&%&ﬂ@nt”&@aﬁhﬁ@o&' J%ﬂﬁ)lp(sgs e VH ug g@@[& hSds ih @E@%ﬂﬁ ain

bi ol ogi cal properties (e.g., Increas inty, nmunogenicity)
rel ati vaNO@&S&tane SE&y EnNCa9, irkspdytizend iraluding j)oslnammlstuhmt aotifeblighsroftiadsned
certal n biol ogical properties of the parent antibody. An exenplary

subsPi t JEHASS- variant is an affinity matured antibody, which 15 may be

conveniently Lplt: ation
Feohni ques SuAEnat e fbodinhe hAGERIERLRL T ARECE FHlchl i TR 18
resi duesN@rso amdtSHQeID N9Q, hespeeativichyn inchundingd pebt-@andatsplabedifieati@iadehand

screened for a particular biological activity (e.g. binding affinity).
Al t er at iS6H%CICES- 9., substitutions) may be made in HVRs, e.g., to irrprove

anti body 20 Ik YA i ,
a0t B0dy 20, a1 gh kG i, 0TS0 BRHERFd AR B0 gpad
t he 1®onab itiee JMBLBPAL O I MEETS aﬁtﬂﬁﬁy peovdded Koneimd Ror dxandddd, hiockataidl . Bi ol .

207:179-196 (2008)), and/or SDRs (a-CDRs), with the resulting variant VH or
VL bei ngmtogiraents.on apiibrilyriy peeridedithas COmPEteH Wtittl apgyor bidp Entheyarse AREANGES | ng

Foogenbaiy vt =L e2d SETBRHARY vt HiBrh iR ASRE g S H S S RN,
al ., ed.88 digIrind BNESSomprBimp, anfﬁﬂo aéﬁ@@@enbe d)tTSECQfIB noodi ments of affinity

mat uration, diversity is introduced into the variabl e genes chosen for
mat ur ati on byln&rfyfﬂ@ﬁff aép%rthfemyerﬁfonrm@ﬁé@%an(@t@ody @t qatodhesan@qqem@naiaﬁ

shuf f . N9 an(t-)r F#ﬁnt%%ggr g §}151Sg ft%moea&:tlc?s o IER gtg%sﬁ%ne ntZot éA‘ ar%n%%oaré %le e(ti) rary is

then create I en screened y any an

vari ant sroth E@pﬁobﬁarﬂzﬁsahﬁﬁ@a@ﬁ bbdiiby 168 @ MD IO Meidpadictaeid a%taﬁﬁﬂtu@&d
di versity involves HVR-directed approaches, in which several HVR residues

(e.g., 4ositioasittoéSERIDIND; rwyolmeet ﬂ@nmﬁl&wltha\ﬁlrcefsﬁmﬂél\t(htx@nd/ed in

t bi b f | d tif |
Scannt ng ORUEReBvE, ThoGurshRGeaE i S Bl i Rof BV Be at ot ¢ en
t ar get edhpprodn2082h 0 i SRPLINIR2ELLIN QRARPZid sequencelbut BRK dad darRost@Nt s,

substltutl ons, insertions, or deletions g% occur within one or nore HVRs
so 120ng assl @Q@WCeldtf&rmqebnsgf@bemﬁngms MéHt&alIrSeduce the ability of the

anti body to nt i Far nserv t ti.ons

conservat i ve BateRPbY SR B Y S0BhEipRET R s Rbadtind o LiRriiieans

reduce hisndiaAf-o®f {dtMolly pRRYdB BRI th An VESa t}@{ﬁﬂge of 0.0l to O. 17 nM. In various
embodiments, the ICsy may be 0.17 nM or less (e.g., 0.16 nM, 0.15 nM, 0.14 nM, 0.13 nM,
0.12nM, 0.11 nM, 0.10 nM, 0.09 nM, 0.08 nM, 0.07 nM, 0.06 nM, 0.05 nM, 0.04 nM, 0.03

25 nM, 0.02 nM, 0.01 nM or less. For example, in certain embodiments, an antibody is provided
that binds to the same epitope as HB1 (an anti-gH antibody comprising a VH sequence of SEQ
ID NO:89 and a VL sequence of SEQ ID NO:90) and has an ICsy of 0.17 nM or less (e.g., 0.16
nM, 0.15 nM, 0.14 nM, 0.13 nM, 0.12 nM, 0.11 nM, 0.10 nM, 0.09 nM, 0.08 nM, 0.07 nM,
0.06 nM, 0.05 nM, 0.04 nM, 0.03 nM, 0.02 nM, 0.01 nM or less), or neutralizes HCMV

30  infection at an EC90 of 0.8 pg/ml, 0.7 pg/ml, 0.6 pg/ml, 0.5 pg/ml, 0.4 pg/ml, 0.3 ug/ml, 0.2
ug/ml, 0.1 pg/ml, 0.09 pg/ml, 0.08 pg/ml, 0.07 pg/ml, 0.06 pg/ml, 0.05 pg/ml, 0.04 pg/ml, 0.03
ug/ml, 0.02 pg/ml, 0.01 pg/ml, 0.015, 0.010 pg/ml or less.
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5 alterations may be outside of HVR "hotspots” or SDRs. In certain

enbodi nents of the variant VH and VL sequences provi ded above, each HVR
ei t her i swonal@rsd, or contains no nore than one, two @CTiUuse@a/oa49ono aci d
substitutions. A useful nethod for identification of residues or
regions of an anti body that nmay be targeted for nutagenesis is called

"al ani ne scarnniofigr mptcagethe snvehtias pedesics i eatitody Gurn bimlg hathe 50an dpMéiicl as an

(1989) Sci.ence, 244:1081-1085. In this netho resi due or, group of target
resi dueé‘n(l(%g% ?‘I}tlbé’ﬁéi&’é%’éf} fat é%ggﬂ’é%ﬁé%s‘i?“@? 'H:@}QV 3128 ,antlﬂi%i,}’ COREFIYRUIT ar e

s . t iy . .
(e A9 PRGTIPUSLERIMOR D DBY iml SIBUNELY GIRIAER AILIBAESL. e
ant i bodyugaint,lv.E@NLd/B€0.01S @f/Meat @d dAil LhEI3 SLRS10.6 12t iBms, 00BN Remi,ieeduced

at the amno acid |ocations denonstrating functional sensitivity to the

i nitbal wnst0.009tieimE 0.008Al mt, K07\l ], 0di06aurint, i0dMalvgyml, . Wrygtmal, 0.003
structure o antigen-anti body conplex to identify contact RQints between
the ant i%lalp il %@ﬁ(@éﬁ sBhodlsh &y o a3 pnfthody spReeRERMRI 0 gr E5iMues
may be tgrig -10 1M a i dates for substitution. Variants may
be scr eelg);dﬁ/%’g@deft;/lérqpﬁ M\%ﬂfﬁﬂé@ 1?%39' contain the desired properties. Am no
aci d sequencédniarfsehdriagpst oftht udenasn, no-antpdl ativody baxyding &r aiyrdithd abevons 20
ranging in length fromone resjidue to pol ypeptides contajning a hundred or
mor e r e<SSRRPdENCHE isgNPnQeonah it body, jBFBEINE ASBINNS n BUBRNIZEd Q) s anfibedyp| e

an o . | ‘ . o L ons. | ant .body
LU Yo S e R T et P AL S g
ant i bodyisteidecet FEat ncfrapdeent. Nl dnoghicd ambaeditrizat, e atib&dyt Brarful lshgdf aritivedy,

anti body to an enzyne n&ﬂg%ﬁ for ADEPT) or a polypeptide which increases the
ser um ha-§ -3 pgcbibl ankibody,er gberyantibgdyaass 9% HohtrE 8 dofaraddsean. In

certain enbodj i I LNl t . i ease or
decr ease theqlé@%%rtag&\ﬁﬁgéﬁﬁﬁ%? %}{ﬁf”?ﬁ%}gg%"?‘gﬁgfd%%é?f aeteedj%(a}{éﬁ}t% ?1% or
del et i orin&drp&tadecds i eel fostusek I g1y Or Artoaibinddiodyasirycrited ¢ By¥@ivne M7 elow.
acconplished by altering the amno acid sequence such that 30 one or nore

gl ygaesyl ation sites is prg@,}iggd)pgjz[,ﬁlﬁgoved. Where the anti body
conprises an Fc region, the carbohydrate attached thereto nay be altered.

Native anti badi-es,iRAPHERtnRY aﬁmdg%ﬁtlfe%'be_%tibﬂ,paisﬁ;%\li&{e&&mhj R a8
branched, WO 2012/ 047732PCT/US2011/ 054092 bi antennary ol i gosacchari de t hat
i s generdsbyiaaon emtyeadt Gd)ah <N-UM Kk deenMo<AOmAD, < bhM, Ke). ChilX, dohéi nMobr t he Fc

region. S e : igght et al. TIB T 426-32 (1997),. The

o Lgocacond! B TondanEhods 605 10 Byl abed &-rogn [0 AMRaa" M acet yi
gl ucosam ne ( : 2 Lall g I : e
attached to g%%ﬁo?ﬁﬁgﬁgaeﬁﬂ g? 'B%Q![r %(go%iﬁ%%%%n g}ri\?idgln‘l?g;%sga c(g]ng?i de

st r ot urperfolmedwiti tlenfebdicnemt sf amandibbdy of intnsst efid ithentigen godacabal bydei n an

anti body_ of the inven}i,on gn% be _made in order to create anti body variants
R i

with cerfPhPwingprayy ealysies njth obRabs dpddies Hymeashied by ¢yl ingfabar e

rovi ded, hayi [ 12 r.e.tha f :
(i et 1y oy Mgl ERORHRETR AR bth O ESe O R Bu B ERTESe 1
fucose iunlsbeted aatigénhday captyiribg bbuirainantiYei oitB AGanfirfamattibddy-@atad platomeed% t o
65% or from 20%to 40%_ The amount of fucose is determ ned by cal cul ating
the averaeCheiint -bM9/uBEsSMiSATSE 1¢1989 udaresiehbsheonditingp sazhe pssat i ve to
t he sum rid
and 2 g Bl 1 8 R AL o R g ety SRR R YR
descri bedpiufin\@h2FaBATHRYGCapt LebipbEmMsSodifn dadfodne (pH Ad)eamispar agi ne

subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours at

room temperature (approximately 23°C). In a non-adsorbent plate (Nunc #269620), 100 pM or
26 pM ['*T]-antigen are mixed with serial dilutions of a Fab of interest (¢.g., consistent with

30  assessment of the anti-VEGF antibody, Fab-12, in Presta et al., Cancer Res. 57:4593-4599
(1997)). The Fab of interest is then incubated overnight; however, the incubation may continue

for a longer period (e.g., about 65 hours) to ensure that equilibrium is reached. Thereafter, the
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15 residue | ocated at about position 297 in the Fc region (Eu nunbering of
Fc region residues); however, Asn297 may al so be | ocated about 3 am no
aci ds upswoearvm@r73downst ream of position 297, i.e., betweguspagiosioons 294
and 300, due to m nor sequence variations in antibodies. Such fucosylation
variants may have inproved ADCC function. See, e.g., US Patent Publication
Nos. US r2B308¢04rb TrboFer & eshacapturk ;pldtiSfa? 0ietb @38 2dorh Kyropmathiek(e @., 20r ddegy o

Co., Ltd). Exanples of publications related to "defucosylated" or
" f ucoseﬂﬂ’é‘f)'r dihssplutign s t@etagﬁrwtefi AR{ the e yegehed gig @@@ﬁd@mggﬂ;pﬁwrbate

2000/ 61739; ( - : / . U - US
2004/ 00 92?3;)2(% W%%O%% 4ﬁ§ T:o’lélg‘ﬂ\}jlj'g;n %%Oéﬁ %%% fﬁ 'Oéldl% 590 ?i‘s; @‘%%gélg%ﬁsl%gﬁlgﬁgz . US
2004/ 01Q9A6ROSANAODB/ 0 Fatl:0d) MEI R0 31 DB4 PEies MOcANE! GB5FO8COMNT ™

2005/ 035778; W?2005/053742; W?2002/031140; Okazaki et al. J. Mt. 25Biol.
336: ﬁzs@amagcwm&?a}ciww%é@mm@& &tongentragogs alcspch Bpb iy givg Fess 8ea qr2004) .

Ex I b, Ld - i.0g; i,.bodi
Mol bde e 2y R ER BRI o R A B R B e AR et
Arch. Bi ochemcdBrdiphysanodwd cimB3dibdht, (KIS bjcasliSd Rehg Apfice MaskdSn 2808412257108

A, Presta, L; and WD 20Q4/056312 Al, Adans et al., especially at Exanple
11), andstaysekisge BIACGORE ndd00 argcBIALORE 09 (BIAGHS Iy Pissisrerade) ene, 30

FUT8, k : . . al - I | h-BhOt ech. Bi oeng.
87: 614 Q((Sgg%%h %%@g%édxsﬂn %?I?gf\&, &%?So%egg Egﬁpgﬁ%ﬂg%tﬁ ?@9&?%‘12680- 688

(2000) ; carbxyVM2AQBtB8RkG4) biosensor chApd (NS BIACER EANL $ aty 2 tifated héth Npetyi-ded
with bisected oli glosacchari des, e.g., in which a biantennary o

ol i gosad¥hé&i-rdecthylammepepryb-qarkodapidelyidsechigride{EDS ane Ay draxyspesaumede by

d cNAc. / P 0 4092 - i I . ve
reduced 't uc 3 s?a g%bi’%“?lg %g ﬁ%dg %gé lgﬁéé@ggowﬁ% E\ éf&%ur%g@%g\rirg In(lla@%%ﬁ lugg%cﬁth%’

ant i bodypryami & gg/al €0 s61) eeste iffedion at B 14K RBRWI/SQUABAB(td @aliichdi r et et
al.); US Patent No. 6,602,684 (Umana et al.); and US 2005/0123546 (Umana et
al ). ArfppissayatolriOamseonsg wihitsdRU) oh seupberepigiaimckdkaving icdniection efpatigen, 1

ol i gasacghar.! deg ald 1%%%%&6& B GIB& feld Or?n&l?:sr &op k%lleégs LYY e%étjs R Roig
antibody variants hay “Have 1 npfove ction. "Such antibody variants
ar e descetilediutiongof, Fab0 O nh &SR0T afcRafeeled &1 PBE with 0/63%998/:6%8640( Raj u,
S.); and WO 1999/22764 (Raju, S.). c) Fc region variants In certain

enmbodi meAVSEEN RS o}Suﬁf?ﬁ@anrﬂB{ﬁa)at?if diffaveats ofrapprasympiely 2 wlédineed into 10

he F i on,.of i b .qvi d i h : i F
Fogi on VarPERiSH s o B REBGRPRR B Db eh ELCRY A RIRN P REe
sequence_dn@milir bid ik ARbel (BEA CORIRE v g68nBofivai#v ErSioh 83) O kirt@MAEsSING an

am no acid nodificati onné)e: g. a substitution) at one or nore am no acid
posi20i orfgting thegesacetion ent dibonaiton, scnivegriamy.ehhé oquibomre dpsediztonaensiant body

vari ant t ssesses, 15 sqne but nhot al ., ef fector, functions j.ch nmake
ek BREEET B Ko eI ShsCh Hen e Bl RO " e
ant i body(199b)Viif@c bf-rhtfRRELANT 0y B 1 GErgyah s@fdc plmoh #EGhhRR%s{a$W6Hv@shen
conpl enent and ADCC) are unnecessary or deleterious. In vitro and/or in

vi vo cyttbt oxirae tyn bedagmisehbypesingntuertednt icodnfig taghnigee that measures the
reducti an/ depl et.i on of. and/ or ADCC.activities. For _exanmple,.Fc receptor
(FcR) _bilﬂ‘JF%% 059%%{9%5%%%8“@8%%%8% e@ﬁgéwltﬁw—gﬁin "F%%@h | acks
FcyRsbi ngh g {heacLpdskKalpot gk D0 MBHEaRGSdntnti¥ddy (PUb &)k PBSHEIRY Dindi ng
ability. The primary cells for nediating ADCC, NK cells, express Fc(RIII
only, whbe pascnroboyta@sing xpnesgatikoSRIf antigshRl mcandedo Rificktrometr, engr &ssi on

Ki ot ATRGIOREgUE D ERoPSMEST (452 hangea P Bethos e M SeOor i

vitro AP ophBiARRS ?h&%@Rg&fdnngWthoistﬁreﬁth&w.e of interest is
25described in U S Patent . 5,500, 362 (see, e.g. Hellstrom 1. et al.

Proc. Nat'l Acad. Sci. S - 7059- (1986)) and Hellstrom | et al.,
Proc. Nat'l Acad. Sci. %S%n@‘)@lé%g@g (1985); 5,821,337 (see Bruggemann,
M al ., J...Exp.. Med. ,166:1351-1361 (1987)). .Alternative

non-Padi ohct 195 B4 ot a A RBE s e f Ll Bk et e i

non- r adi Dafdody eré%we@tts odlgdet Yutassadt [frdited toOMEL FLIFTRAE S, GeLb Teehneldagyy | nc.
Mount ai n Vi ew, ; and CytoTox 3096(r) non-radioactive cytotoxicity assay

( Pr omegdraghatiss ol othe fragmeatsdesetl CEdMasreFigh afisetain antibody fragments,
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assays include peripheral blood nononuclear cells (PBMC) and Natural Killer
(NK) cells. Alternatively, or additionally, ADCC activity of the nol ecul e
of interes8020my4bB2assessed in WO 2012/ 047732PCT/ US201 PCOAKOG2/05i09D, €. Q.
in a animal nodel such as that disclosed in Clynes et al. Proc. Nat'l Acad.
Sci. USA 95:652-656 (1998). O g binding assays may al so be carried out to
conf i r mseh&ludsdrect ahtNdoodyd. i9s1 29aE3H (003). Bomdre@eyy afrsdFh éngmeitacks, cGDC
activity,

SS05! 13@4@%?%%2@%@@%@""”p@%fw%?%«%%h?ﬁé, PO ThE dpetigs SL e or med
) - . ) 163
(1065, WSl ReE AU PEU026 3 18 loody sLITHERI0 oWIEREERNERAS 102 g

MJ. G drunine NoBl DT ,aBBand 5388724483 Koz dBdygsionFet Riab b B{abd), fraghéms vontprising

cl ear ance( half |life determ natiaons can al so. be perfornmed %Ifl ng net hods
knowR i ratViaee Keeptpisiading egitopepigtigyspand §agng drcregsed inpye half{ifggerol.S.

18(12): 6 )). 10Anti bodies with reduced effector function

i ncl ude%{aﬁ%&iﬁ%\)\?@&&g% )stitution of one or nore of Fc region residues 238,
265, 269, 27MiaB&ie¢s @2 dntebudy IR@michts SvittPatoedmti gho-binding3TteO8a) mapue biviatent
mutants include Fc nutants wth substitutions at two or nore of am no acid
posi t i orf¥ bxpscifiog§ee, squexample, ERA0$H97, Wi | Q4 Ky 6d nudsoneh pl. &Ver HedR: 13

mut ant  wi St tetii: resi 7o anj No.
7332, o COEEmAIONERR o 29LE ARRL HRaGR0E (ROTod BBk BUER NP T Rlesai ng

t o HORs aadecteldsdics bedilsode&ibed.ig HudsdnSt aPavenn/edo9:189-137 (196). WO
2004/ 056312, and Shields et al., J. Biol. Chem 9(2): 6591-6604 (2001).)
In certain enbBelFweRey anibodiss pissalibody fragmengoipp sE AkorRpareeft ofthdi t h one

' i d: SUbSt tut | ich i _ ot t
sl o BTSSR B RS, bR o °
resi dueshtibbdy. SarerterRaBoi@ings, adingR: @R an@ely1BeBuinin tinglcknigi on t hat

result in altered (i.e., either inproved or di mni shed% g%l% bi ndi ng and/ or
Conpl enmedtibgsbpdicaeitis.dpe oWkthams YA cpe).s.d) §: Patgat Nede448d@ Bh. US Pat ent

No. .G, 194, 551 9 1642, d | 00] € N | nol... 164: .4178-4184
(2000 25ant BERIL L GEE cnE PEmefBR drforfiesBhiagsy eTEHBE byt imid (" he

neonat alprbteolyae aieStion(dfaRMtactMAtiBdy & Vvﬁmtjmsdi@ti@n fb? fredolfbidn@ Rt @1k g.
maternal 1gGs to the fetus éGuyer et al., | munol . 117: 587 (1976) and

Ki m et df..colipr phagehrmsldescpipe@hgeiniog4) ), are described in U52005/ 0014934A1
(Hinton et al.). Those antibodies conprise an Fc region with one or nore
substitutions therein vii Chimenic awtHomudized Aftibollies Fc regi on to FcRn. Such
Fc variants 30i ncl ude those with substitutions at one or nore of Fc region
resi dues: 238n c2%4in cR®OdinZnR, aR 8ftjbod) Provddiil, heBdi js Bdhimedd 2ntitdily, C3dbin 356,
360, 362, 376, 378, 380, 382, 413, 424 or 434, e.%. substitution of Fc
regiZdn rdimerifcanitbadict arepss@ihednog.: in 1 PaiomNo. A436,567; and Morrison et al., Proc.

322738 40" (T86aY 106 Toht Lt R0 e T e Sl oS T R .
and WO %h2fid&h vaeiable reding (c0f. nevartsbimpbien dofivddiroragimouse atat, abitnster,44bbit,

Cystei ne engi neered antibody variants In certain enbodinents, it my be
desi r abl® nEB-hepaPEmale sechis sgngilrabrrtp Bynabeasieat regiong In a-fyrghes ppgsaple, j n

Whi ch ong 19he P hrftitody hOHeSasQhw AL AP taht%’o%ﬁl iRGRiGURS tal M S o haS ¥4 L1 NE

25  changed from that of the parent antibody. Chimeric antibodies include antigen-binding
fragments thereof.

In certain embodiments, a chimeric antibody is a humanized antibody. Typically, a
non-human antibody is humanized to reduce immunogenicity to humans, while retaining the
specificity and affinity of the parental non-human antibody. Generally, a humanized antibody

30  comprises one or more variable domains in which HVRs, e.g., CDRs, (or portions thereof) are
derived from a non-human antibody, and FRs (or portions thereof) are derived from human

antibody sequences. A humanized antibody optionally will also comprise at least a portion of a
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residues. In particular enbodinents, the substituted residues occur at

accessi ble sites of the anti body. By substituting those residues with

cyst ei ne,wpeaci4vs2t hi ol groups are thereby positioned aCTASC@IPFPE Sites

of the antibody and may be used to conjugate the antibody to other

noi eties, such as drug noieties or |inker-drug noieties, to create an

i mrunoc dnjmagatoesta@sedion.dbson cptbdduntdte rsotme HR residhics inaertumanizedhodbadbritrs,

any one of nore of the fol|owi ng residues may be substituted wt st ei ne:
05 ( KaBAYTHGTHE i fioedy 9

h
V205 ( Kal i Gegrsrandingdesidupsdrogh a pAR-Nmen aptthedy (Frie gy Ioedy £H8 heavy

chai n; | NG: h nai | i . i ne
pel e o M L L RS RS ST R
No. 7,52ifihél. 15e) Anti body Derivatives In certain enbodi nents, an
ti bod i ded h in may be furth di fied t tain additi I
ﬁgn:oégt 21 nac ATkt Bedietaid meBORMAR HE 158 AP FeAFRES B éllraéé{: P .
The noi gt } OF 7. | 1 §\0 i i e e
e R s A (el G R S B S
sol ubl e gpounee 332:823-821 (1988}, Qaicen biadl., PZBbd. Kot Bdcdd ScpolSyesdyioend 09ty col
(PEG, copolymers of_ ethyl ene chol/ ro glene gl%col, ' . _
car boxyrfég%%)I EeRatampBles. %@%Lﬁ%{%, b A 5 2,82 bR/, 083 HOPLKaspmiB 6l i done,
oly-1, ' 6= &hi I [l e gl
Copol yrie AL RAE ) edortifl SPRERTR) EalbHGR TR, Bof AN 2885 g
dextian 498 (P9 1y (esetibiih “Rylirfadindpregpakyet hl. ewer/glly 8eHU3-6p 1 RE05) PdseritEing

gl ycol honopol yners, prolypropyl ene oxi de/ et hyl ene oxi de co-pol yners,
25p0 yox B IHITHREQ: Hs] QBT & s, Veghogle 866158 (O3 el imeiecmbi 57 drfdancer.

i xt t f | vet I I I> d t
S SR AL E6: SR <RERL RSB TRge agvent ages

mol ecul ar weilglthan frindcwonk rogiohy dachedbe tscdTbr Rnediehtion heclide g breafot pol yer s
attached to the antibody may vary, and if nore than one polyner are

at t achedimitggelp: dameopeork rrgiangneleged dsing teehestrl methoddsce) pggeney eflal. & he
nu r d/ or, typ o] rs.used for.derivatization can term ned
e T PSR B e B Rl PR e P

proper t if@snrantivbditd SMspRficil ieubsrolp oflglit@r BeavyraRhDKREabehetiHRr (séhe.g.,
anti body derivative will be used in a thera under defined conditions,

etc. WSRE12YDA7e2Pat/ 498709 BEACYAA8 (A9t nand Repsio o akedt /mneanf.ugat es of

i i i h b | ectively h db
exposur o o aal BEPER SR RRRER  Satmeqiy whe R e nEn S Bt oM B e Tis cous
noi ety ifﬁan@evﬁﬁfkg%ik))r& Bt ve Alapiotind@ranssdil, #GonNBlokei. £5:a619-5633. (201%9); Lad:

11600- 11605 (2005) he radi atron may be of any wavel ength, and includes,
but 20s rotm@vark mégient deolyedviroml seregning HRnlabrades (sent. clgaBacocdilndr Fiob€lMies:, but

whi ch h ina us ety t te r i cells
pr oxi nal gbgﬁ%ﬂgﬁ?{@ggzvﬁ@ﬁ§¥8¥gfﬂaéé%ﬁg(2ﬁﬁ%?§ﬁggéﬁkﬁ%ﬁ§érg%§£@conbinant
Met hods and Conpositions Antibodi es may be produced using reconbi nant

met hods and conposi ti orfs, Hemgn Agbotligtescribed in U S. Patent No.
4,816,567. In one enbodinment, isolated nucleic acid encoding an
ant i - Conpl ex Ip cgiigip seppdigrent am pitibog ki pEgidaddipycia st hyrparpiiibpdy. nHpgan

rovi ded, ..-Sue¢ i g ] i e : ISLNn
Phe L aniPafit TS RE) iRt IR BhE o BRPRGnAR0RES B

(e. @5 tdescriteghtn@nily Brvahasjlyarihanng Winkeh€uan O Bhrmbdvl a5:13681714€2001)
enbodi nent, one or nore vectors éﬁﬁﬁ}@ expressi on vectors) conprising such

nucl ei ¢ 2nddenbctar @it Girg Eanuna!. Her208¥bodi ment, a host cel
conprising s %&&ugﬂt%io(d\ieg%iagl bie?)repared by administering an immunogen to a transgenic
animal that has been modified to produce intact human antibodies or intact antibodies with
human variable regions in response to antigenic challenge. Such animals typically contain all
30  oraportion of the human immunoglobulin loci, which replace the endogenous
immunoglobulin loci, or which are present extrachromosomally or integrated randomly into the

animal’s chromosomes. In such transgenic mice, the endogenous immunoglobulin loci have
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provi ded. In one such enbodi nent, a host cell conprises (e.g., has been
transfornmed with): (1) a vector conprising a nucleic acid that encodes an
am no aciwogetumense conprising the VL of the anti body amdTars2@miosmonci d
sequence conprising the VH of the antibody, or (2) a first vector
conprising a nucleic acid that encodes an am no acid sequence conpri sing
the VL ofend@lly hecnangdtivawyl. &ndreaicsecfonechuéxciooobtamipy hisnangansibodies &om aci d

t hat encodes an am no aci d, sequence c [ 'n t he VH of e antjbody. In

one. enbIHIMEHC AV RBISHsSH 0B N ém&%@%#i gl?g? égo%%@%@@%i‘ampeﬁ Ovary
CHO c N0 I %\@?N Ml nt,

ga me% ho?a(lt)eanNOE?lng a%]ga%tgﬁj-l Ap e%?sf@an [ (?FM cg))(raj Sﬁt |t%cghII—Ilbg)§? ngggggt? gmg

provi ded, 7W@9edescﬂﬂmgHBIMKH®mhmlb§3e§J Su’ﬂ’attetrthg7a)4ﬂ1;8§0 de&lrllbmgdel sing a
nucl ei ¢ aci d encodi ng the 25anti body, provi.ded above, &Qr condi tions

sui t &bl eMPSPER ficBadlpen apd Urhd atght ABEHWlOQI?&bB?ﬁtIOB%\BI Up %@8 éI?QPg t he
ant i bodyy E % yE (Ig@ﬁ/fOU% ®|tec(h%{)lqlé9)st {H6io 1 ﬂjoi'hnaltact an‘ubolegJ r

reconbi na i on o an anti -Corrp ex ant i y or an anti -

ant i bod)genﬁutbﬁéiy@udcardnﬁl’s&ﬂ@ gfuatheranbdibiodlye, g. bygcomtasing @dthr d dilé@reabh)u/tﬁan is

isolated and inserted into one or nore vectors for further cloning and/or

expressic@ﬁStF‘Wrﬁglﬁ@rst cell. Such nucleic acid may be 30readily isolated and
sequenced usipg : [ I | ,de
probes that are %g&g@%&k?? ?‘Lalp(éﬁﬁﬁlqg%ecél cama @%e&&gﬁgggeﬁg@ d’g @) e heavy

and 1oi g hind@ﬁlﬁls&&uﬁlﬁn hberaiiyoldindydll linddErA@d ﬁf&lﬁaﬂcﬁmm&ﬂdcﬁﬁél) 92
Suitabl e host cells for cloning or expression of anti bow;/ encodi ng vectors

i ncl ude 39fibREPYRVIedoRt desgrbady dPP Cael Kz Qéée’m"%dl heBepH0] @IE4e Bipgsu

ti bodi
e R LR P e B S SRR
f r agmentige. aNgwPQrk PEIBT), @8 Bodrieaet 21, I].almn&ﬁ@l., B9 86 (1999).) Radreant aIMbSdles
55, 648, 237, 5,789, 199, and 5, 840, 523. ﬁSee al so Charlton, Methods in
Mol ecul aengiatsd oggyunkg) B-celd dypsiquagechng, ogfdare alsp Aessabrg Bslsl ot Torwe, Vo,
20031)5 A‘?Ct e2§cz &?ﬁl l(ﬁ%%%%%%%? gﬂf(%g §8§1‘t18na1 etﬁl(g] 51ac%qﬁi%e %o?egﬁﬁrtlbseg H)r .

rexpression be 1'sol PO t acteri al

cel I paSetxampr & 5Y. phlest N6 aﬁIS%Eﬂﬂgscﬁlﬂﬁlgtﬁoddﬂlbﬂ@fnﬁﬁéﬂfnﬁeﬂ(ﬁumhﬂ I@ddi tion
to prokaryotes, eukaryotic mcrobes such as filamentous gﬁ&or yeast are

10sui t alﬂnélb@dléhffﬂ@ hdbl‘lé&rp@ egdlklingy) prskNg Xfl@ﬂdaaleiﬂb@w %6{6)3%!65(1 eoPor s,

| udi d t
honan JeereHBR GGy BhER PR EEREn R bSaR s R el R e R TRy or
fully hun®@deaéeasy VallnRs ARBRAM cinSEB (585N OB S1opitolo 18% 26895 7-937
22:1409- 1414 (2004), and Li et al., Nat. Biotech. 24:210°215 (20086).

Sui 24bl d26Dtand Molllsnerpand Brandigive d&giooln and Fmdyfigssyﬁap@dnmlmdcﬁlzmté al so
derived from rgani sms (i nvertebrates and vertebrates).
Exanpl ed /5§ Fﬁ%@%k&gﬁgggi (?@Oiﬁncl ude plant and insect cells. Numerous
bacul oviral sfgRidsntiba¥Rs BRERIsoIRYechéhRE WRiAinTaY dehiaedblcoffid unction
with insect cells, particularly for transfection of Spodoptera frugi perda

cel I's. scquencey sehicteddtdm humrltalundelsvetdmhaget dioplog libtairics. z%@bha@rllablstdgmagee e.g.,
US Patent Nos. 5,9 77 0,498, 6,420,548, 7,125, 97 nd 6,417, 429
(descri BPAYBESARAY Eebpecambinainit ao%lf%%warm%ﬁﬁef %‘?jﬂﬂﬂﬁ s fop
tra%ger&bf’ecﬁﬂlgﬂﬁﬁrﬁan antibodies M%ﬁ{feﬁi@ﬂb@&ye11%I1E§ar%¥sc%|b§&)b&8wuSed as hosts. For
exanple, mamrmalian cell lines that are adapted to grow i n suspensi on nay be

useful . Qther exanples o ost cell lines are nonkey
ki dney CV1 |ine transfor WWE@JQGZWWWB human enbryonl c kidney line

E ]2_81;’7;) ; 2 g?’ bcﬁrlldbod%g 11981 Cc[)hllf)%gtlogs Sk the nver%io%lhr%g} gé 1s‘3fated by scr%%ﬂméﬁ rol. 36:59

combinatorial libraries for antibodies with the desired activity or activities. For example, a

variety of methods are known in the art for generating phage display libraries and screening
30  such libraries for antibodies possessing the desired binding characteristics. Such methods are

reviewed, e.g., in Hoogenboom et al. in Methods in Molecular Biology 178:1-37 (O’Brien et

al., ed., Human Press, Totowa, NJ, 2001) and further described, ¢.g., in the McCafferty et al.,
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25 hamster kidney cells (BHK); nouse sertoli cells (TWM4 cells as descri bed,
e.g., in Mather, Biol. Reprod. 23:243-251 (1980)); nonkey kidney cells
(CV1); Afwocare/grsen nonkey ki dney cells (VERO 76); humeaTasemiload092
carcinoma cells (HELA); canine kidney cells (MDCK; buffalo rat liver cells
(BRL 3A); human lung cells (W38); human liver cells (Hep &); nouse

manmar y Naoaer 34ENIE- ﬁ@OE&stoanRlal clédtiee 3R 62628 (199d); l\éanys ¢t alnJNdvhéolet

ot sA”%fi:% 5059 (oS RR Mtk dnd R dbirsam My Mielk ?éSﬁEﬂéﬂéfL%vary
S Lakd, Huphpceid, 18 0%@%%@%%?#{&@%(3” e Blol ?éﬁ(%i e b fees

For a reNiéwof Bagr349(5): mmmubqaaomwelmm Rrone¥ark vict@dBce UHr 1EHN34)body
productign, see i WO 2012/ 47732PCT/ US2011/ 054092 and Wi,

oo nads A6REE S al et bk ct st Inpiggof slad o 60108 1 To-paae e st

Totowa, NJ), 8 e t
anti-gH antlbggleﬁ%ﬁ h%%‘ﬂ%ﬁgﬁe%%Pﬁ%ﬁ%% f%%n?%@?@gd sc%%gﬁggg%gamﬁkd
char act eyyi poégnérase dhhii reaqiofpPCRI) é@&mmﬁine@ mﬂeﬁﬂy ElSplﬁgﬂllbITarlbs othogh eal

activities by vari oys assays known in the art. 1. Binding assays and ot her
assays thenbe yogecspd oa§atéeftn-blaﬁlnam>bagfoa&ﬁeécfnheﬁén V\ﬁv@ﬁ@ﬁ B Ang Resiegundds it s

t
ant 90, 12094085 Bkl | Plge Sttty LoRONINIR) ROBR AV E RN A%, kARt oD,
an ant i hedy) flagihesto laspe@ Esb framdit diibgiried froaniplmxnitedmotifted piovidediig-efinity

anti bodi es_descri bed herein. I n anot her aspect, conpetition assays
may be ugEBodies HOdh%tmmyn%g@ndﬁth%b@hy TR BRfCOBEIICHAE BY BRSO gH wi t h

S S REAISE o WTE TS ED

such a conpeting’ ant epi t ope ar or a

conf or majfiagtieddirbtaopidy ra@ﬂ‘ge @Hn@{-seﬁ:f)imﬂ &30 delf antigens Viaeficit h@dmam[ﬁpétwnyas
met hods for nmappi ng an epitope to which an antibody binds are prOV|ded in

Nbrris (dfgcgd)ed begintiege avabptMEORt 6207:2@@4' (1P Vdimdlysnaive W@@aﬁaara sahﬂ ogy
vol 1566 n(la e Ség {D ca‘:fly%’y cToOntu% urirea e)nl%%& V& ne %%( %1”&36% %r%( ucs(t-)e%)géﬂ !cu?c{] usi

i nmobi | i'ze I's’Inc t1on cohpr|5| a flrst

| abel ed Iﬁﬁﬁérb@&ﬁmhﬁ@ra@dﬂ@&qh@n@ﬂ@h@ﬁe Ith@lﬁlgmlyi,vaﬁ@@@emlw@gwnaaﬁh # second
unl abel ed antibody that is being tested for its ablllt§W@o conpete with the

first aricheyaphshireprrasigairpign vrGompesesibed b»ngqagenirmm@eé teznk Mﬂid@/wmy be

PPN 2t S L08R SRt bR LBRtns dRebiER iR el ahids Bt T oo

t he secapfletiMpbaledatemNGoty50, 30t &1d USPdRat P@cnlcuﬂ@lﬁNos? 2009007937@NnS
perm ssive for binding of the first antlboq¥ lex | or gH excess

unbd@ind 208610862155 204520360000, 2903/ 0 hel 24mBR0/ 1&059&8@07/93%%4512@7/%92%6

i mmobi liz or gHis measured. If the anmount of | abel associated
with i mfd §QW§§@Q&%§RD|EX | or gHis substantially reduced in the test

sanpl e rel ati %@tib&it& HAPEdYHra Bolatcldednt Rdthan Agivea} EbrakR@hret he second
anti body is conpeting with the tfirst antibody for binding to Conplex | or

gH. See ddasilowd Ancagentitadéss (01 98B yn Antitiddy diagerent hedor at ory Manual ch. 14
(Col d Spring Harbor Laboratory, Cold Spring Harbor, NY).
6. Multispecific Antibodies

25 In certain embodiments, an antibody provided herein is a multispecific antibody, ¢.g. a
bispecific antibody. Multispecific antibodies are monoclonal antibodies that have binding
specificities for at least two different sites. In certain embodiments, one of the binding
specificities is for Complex I or gH and the other is for any other antigen. In certain
embodiments, one of the binding specificities is for Complex I and the other is for gH. In

30  certain embodiments, bispecific antibodies may bind to two different epitopes of Complex I or

gH. Bispecific antibodies may also be used to localize cytotoxic agents to cells which have
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WO 2012/ 047732PCT/ US2011/ 054092 Conpetition assays can al so be
performed in a manner as described above with FACS using cells transfected
wi th gH awo/2or2/@artser nenbers of Conplex | or Conpl ex || pamaSexpoe®sed on
the cell surface. Additionally, ELISA with gH and/or reconstituted Conpl ex
| or Conplex Il can also be used in a conpetition assay. The use of FACS
and ELI Slbmpiem;asgﬂ en?o]aamd:eill-@lﬁfaem dBiapvci ficConibbdics taralt propatedss fudl [Ength her
descri bed Bn the Exg 2. Activity assays In one aspect, assays are

pr ovi dedfiBpdipg@intt 5&1’83%@5 Conpl ex | antibodies thereof having

bi ol ogi cal ”féc}{%; (E)[Mes 3t RlaRRk %%lngp%*c{f‘é'awl JHYs i ?ﬁhé’%%t aft it lin3REEd i cal ly
bi nding to a con rrrat|ona epi t ope resu ting fromthe association of
UL128, Uré&intihdid toarpregdithigbf tw@rmﬁﬁ)umgkﬂ:xuﬁn haddy;chbmmghm ghetlm pains kepiiigope
within a single protein of Conplex |, neutralizin an EC90 of 0.7
[tg/ Rl cf*rlfsffrégfsspewﬁcglswe% %b‘éﬁlﬂéli*ﬁ Gucliqy daprgg0s: 353% @,9%)2;/%) Br048edsand

ot her e t S 1658 nts
he ECo0 TRy & el 10SaBst1 b dn iRl naRhe bt s, T

jig/lm datdredw. 5 WBI Oé&ﬁrMelmclﬁemhﬁbddm rE@%lscb Be ﬁhaﬂ’@bﬁengﬁuga’eniﬂlg Grecﬂreﬁailc In
still other enbodlrrentst he EC90 is or less. In ot

15enbodistsHfs ctfpes Ergurking mtipody P@hﬁqerqsipmﬁré%@olephl%{W@r 2@%13%899%95 CHORE

EC90 is dj e ig/m
or |ess. Q’rk ot t?ecglngg I |1ﬂr99%?1 ﬁ%‘&g‘%és ng B? i?ﬁ‘tﬁ?ﬁ 45?8@&?118&%&#{
enbadi mesus, SdecEQ20: 815(1@89)1)Quslm@1’en&1n@|zlpbas$o pfoduROsikplafis asigalidsIbdry

anti bodi es havi ng such biolo Og?:u cal activi tsédare al so provided. In one

ﬁspect o shoyclay et dr dvirdwe 0148(8)3}§47fyi 199901 ugine Adiebediitechnplogy &t
nout r o1 AT ERRH T fSbhY e BuP L Lok bl IBE A MG, s B

jig/inm, do: (744J4L(91M81(1993)ﬁ ahd gdlﬂg sin@leThpindVWsFvMithets (géem (G)fuBeﬂ dt@l’ m, 0.2
jig/im, 0.1 ] 009‘6 m, 0.08 jig/m, 0.07 j % 006]|g/m

0. 05 Judmumb t§42f[3t6§/(ﬂr99 ), ang PECPAIARE tﬂsgwfémmw@dl%@s %Cﬂh@i @cgrrp@&uttuebns of
t he ji.nvent n. b| L dimer 25 expressed in baculovirus with an

| eedor B yal ﬁs@(?‘w@ 0.16 nM 0.15 nM 0.14 nM 0.13 nM 0.12 nM

0.11 nM 0 10EﬂgMee£bd(h91tlﬁMle@wﬁﬁ tHrdd oOmBre faMtidAaOmtigbh biddHg sithd, ifbl@ingM
0.03 nM 0.02 nM_ 0.01 nMor |ess. Conpositions conprisin ant’i bodi e3

havi ng s@ﬂmmﬁ@n@‘g}d@%” ae risgiinojuded horoip(sand/oUS 20%(&0265 %el)al so provi ded.
In certain e n an body of. t.he in est Qr such

bi ol ogi cal 3 cafll v?‘iyor gaeggle@x ?:Fﬁlln als? IP%IPS%% \é/[z%% QP%/EQ%S(Q,F elg{A on of such
an ass aYOompVQn%Qﬁa%ﬁé&?ﬁﬁ&i@@sﬁ@ﬁﬁﬂ%@@&c@&nﬁek MBHER GO RicH G bfSther, differchiie

i nvention al so provides conpositions conprising |nnunoconjugates conpri sing
an afti -a0oepl xS, IUSAEQQSWHBQ farexample)gH ant i body herein conjugated to one
or nore cytotoxic agents, such as chenotherapeutic agents or drugs, growth
i nhi bitory agents, toxinhs4dgshogy Vavianot ein toxins, enzymatically active

toxi ns of bacterial, fungal, plant, or animal origin, or fragnents
thereof), or Inaditdaehiboeincned, apas acid sequerlcd varignte obbd aftiddiesgitovided herein

i mrunoconj ugate is an anti body-dru conj ugate (ADC) in which an antibody is
conj ugatigicqricraplatedy FRpeanyiegdsmay ﬁ% g toimpieye thebindipgaffigity and/or

nmayt ans 'éﬂgéi%u(lgf gallﬂnﬁjeﬂ?&to%@ﬁe Ml%bd}? Kgﬁnoogcq’d se%’ué&c%’\glgéntg Al arFHﬂt%ﬂ? ?na@at ent

EP 0 42
25  be prepared by introducing appropriate modifications into the nucleotide sequence encoding

the antibody, or by peptide synthesis. Such modifications include, for example, deletions from,
and/or insertions into and/or substitutions of residues within the amino acid sequences of the
antibody. Any combination of deletion, insertion, and substitution can be made to arrive at the
final construct, provided that the final construct possesses the desired characteristics, e.g.,

30  antigen-binding.
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10 Bl); an auristatin such as nononethylauristatin drug noieties DE and DF
(MMAE and MVAF) (see U. S. Patent Nos. 5,635,483 and 5, 780, 588, and

7,498, 298y0 2a12¢iarw3t ati n; a calicheam cin or derivativePCharseafi/of®er U. S.
Patent Nos. 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701,
5,770,710, 5,773, 001 and 5, 877 296; Hlnnan et al ., Cancer Res.

53: 3336- 3342 (1993); amd o 3 eion VagiaRB25- 2928 (1998));
ant hracycl i ne 15such as daunonyC|n or doxorub|C|n (see Kratz et al.
Current Med. IChertain tﬁlbédﬂneﬁ% aiftiOE varides havays eile @lmore Bimows gadh subs@tuitdeds

Chem Letters 98- 3 6);. Torgov, et al conj em 717-721
(2005) ; %559%4163 gltes Prpiet SRR MBI s v %ﬁ%@éﬁ‘
Dubovvchl d3dvARR02) ;. King et

an

ol ve suBs@aHiGhs e Mefvn GPEMC

d‘orﬁ&rv%

Chem  45: 4336- 4343 (2002)

6hd cf‘?’th% ﬁ]e%dﬂig%?t

NO. 6,630, 579);

met h6t r exbitautiaisiidBRiragibsan@itchxiages asﬁmbvﬂsd toEatl@k ehderplachdati avgedf,

| ar ot axg| ,
anot her

herei n (ofo)

i ncl udi ng

t eset axel ,

EREBRIAREPStL
&9 %Iﬁflilo Qi b
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aer Ugl nos

( PARI,
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a), ricin A chain,

and PAP-S),

abrin A chain,

gel onrtr, mrtogellin, re

nodecci n A chai n,
Al eur i t dBIUROEERICIEF OF BRIV AR hPHCBE ot ei ns,
nonor di ca chaﬁgﬁibq>|nh|b|tor
sapaonari a off|C|naI|s i nhi bitor,

al phasar ci n,

Phyt ol aca aneri cana proteins

curcin, crotin,
strictocin,

phenonyci
i nmunocon
a radi oag
i sot opes

Mrigingmyci n, and t
JRigRIuEe conprises al

he tri cot heasaplary n anot her ¢
n anti body Ssipstikasens bed 30 her

nbodi nereferré&n
ei N coibsti@g@bed t o

tAlyeaatomto form
are available for

avaaduogenj ugate. A variety of

t he production of radi m‘nnl uga

vadi oacti ve
t es anmpl es

i ncl ude A
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2012/ 0477
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SQSB@; US2011/ 05409

nucl ear maanetic

LGlgt g es, for exanple tc99m g

resognance (I\II\/D\ i nnm ng (:.\I sSQ

rgis123, or a spin

known as nngnnf Lc

resonancse

Grégl ng, nri), su

e odi ne- 123 agaln i odi ne-

€81, indium 111,

fluori ne-f§

iron. 5Cg

&n (g room=13, Tt
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[A) (S OXyygcerli- J.I gdUUI I HI
|5%ﬂ§'and cyt ot oxi ¢ agent nay
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N- succi ni

fGlbi#unct i onal pro
faal rl\l‘l 3 /7 n\lrl rl\ll

t&ipnGmoupl i ng agents such as
di—thi n\ p+ np| ohate / QDFD\
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succi ni m

d@lii(@-(l\l- mal ei ni do
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tla (smco),

i m not hi
di et hyl

| gD(II) bifunct
adi pi'mi date HC1),

'A%%aGhPE%!K, TVes of 1m doesterg;
active esters (such as disucci

(such as
nlﬁidvl suber at e),

al dehydes
(p-azi doh
bi s- (p-di

Ieghch as gl utaral

d£8Nunbenzoy1) - et

dedydal) MebiAda; 2¢; dorid@ionmpound

HVArleHeing: A Yy Mety A2 BBS anat es

SLdusuch as bis

(fcneh ac
~J =A% A AN} AJd

(Luch as tol uene

2,6-diisd
1,5-difld

€), and bis-
oro-2.4-dini troben

ALl Bf; AL POt ne conpounds (SUcC
zene). For exanple, a ricin in

nAS
nunot oxi n_can be

pr epar ed
Car bon- 14
triam nep

adetd®lscri bed in Vi

Jﬁ?ggcetic acid (N

tkmuﬁhﬁﬂeal SC|ence 238 1098

[(e1987) .

nnnnnnnnnnn
IUL Il_yl ul CL Il_yl

uL 6"9&?§ &f exenpl ary ch

ﬁ%ting agent for

conj ugat i
may be a

qgogﬁ radl onucl eot
"cleavable linker"

|g1§ to the anti body. See VWI94/
facilitating release of a cyt

TIQ26. The T1nker
otoxic drug in

Ser (S)

Thr

Thr

Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Ala; Norleucine Leu

Amino acids may be grouped according to common side-chain properties:
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the cell. For exanple, an acid-labile |linker, peptidase-sensitive |inker,
phot ol abile Iinker, dinethyl |inker or disulfide-containing |Iinker (Chari

et al., Gaocerz@®em2 52:127-131(1992); U.S. Patent No. 5peO8/SOA0N54v8y be
used. 20The i munuoconjugates or ADCs herein expressly contenplate, but are
not limted to such conjugates prepared with cross-1linker reagents

i ncl udi ng, but) lndtophotnd: Nedectame, BeP3]a, EMCEBeu, GBS, HBVS, LC- SMCC, MBS, MPBH,
SBAP, SLk, Sl 2B . SMPH,. sul f o-,EMCS, sul f o- GVBS, sul f o- KMUS,

sul o-vBs, sdPhise @Yol Sy SNEE e A3 oshee. and Svs

(succi ni m dyX3)aidid: Agp,Subf one) benzoat e) which are commercially avail abl e
25(e.g., fromPierce. Biotechnology, Inc., Rockford, IL., US A). F. Mthods
and CowpositH%H%w?gﬁwgﬁﬁhﬁ%gstics and Detection In certain enbodi ments, any
of the anti - @onfplidues thadintlidnoclciam @kdlaten: @, iPrqgH anti bodi es, or conpositions
conpri sing sug? antibgdifs, as provided herein, are useful for detecting
the presence BF2r s L% T2l or gH in a biol ogi cal sanple. The term
"detecting” Qﬁo@ébﬂdé@dti@§&sﬁtuﬁm§eﬁﬁeﬁﬁé\{%iﬂé AhicHBePb SHEDItRAE bMiSses
detection. In certain enbodiments, a biological sanple conprises a cell or
ti ssue, feuaiothes cpisacent a, ki dney, heart, lung, liver, pancreas, intestine,

th , b .~ L end s ki.n, .h t | ves, d ins. Furt ,
V0 2012/ 0477 SHCA BT BEa8 S EBIBEN Sl s PE R AR R BOR oo may
be 4900 oA BLRles BV OHBLRLJ Bhuahiz3d oRirhiiekicabapeldhorllybyobl ast s

and macrophages. n one enbodi ment, an anti-Conplex | antibody and/or
an ant i -rgsdltamg vdyadifs fselecied dori furthemsttdyowdilidfavd imaginfomitignsole. gdemgpodvicorenisg in

rovided. In . a further aspect, .a nethod. of detect.ing the.5 presence of
o] o et et PSR G e e et St FaM SR hagesy R aaay o i
enb_odi ”%Ee?vt aﬁtﬂ%d?ﬁh@@gwﬂpﬁi%i s%ﬁs"tar?tfh'll&%thﬂn@&l c&’fhﬁ‘n Bio%g%lail 9?8peﬁé§8f e t h an
anti-Conplex | antibody and/or an anti-gH anti body, as descri bed herein,

under cqndint paiwdye Am csxsimpary subshiutidhal yacfinttihen affinity n@ourpd extitodsmvhiocbdy t o
Conpl_ex 1 and/ or t.he binding of the anti-gH an ib&dﬁ.to H, and det.ecting
whetiRor AT BEREEF U  Endthe PREECATHISOHEET Ay T BB0Y SRl ex
|10 andf,ef od M6sAdsbriskd lf%‘f@ifé.bﬁﬂé{ﬂﬁ%ﬂe %Hnltoﬁiﬁﬂer‘i:%Eiﬁﬁi& d?@mu%ﬁ%@éhd the Vhiid OF

in vivo nmethod. In one enbodi nent’,” an anti - Conpl ex anti body or an anti-gH
ant i bodyanobodiecdinflhyeatangrhagé amhscasened Corqaetxcular dindlogiodacanidy @rg. &midinggH

ant i body %s.gsed to select subjects eligible for therapy with a
anti-Cbﬁ%lgﬁ’i anti body or an anti-gH anti body or a conbi nati on of an

ant i - Compl ex Ay aMidR90y , ahsditlioRdirha gk ARid RABVRs.%.8; oMhBERGRARIEX | and
gH is a bi omarlker fo;2 ée ectlﬁ%r? f aflL}g%at ?enlts. 58 I%xeﬁpcﬁgry d(lg(§)(;l‘ ders
t hat20mayafbeitydi Sighastedtiosd may be madposHVRAthoohots|a.cl, mysddites encdded by dedddSMV

i nfection, suych as HOW infection fromtranspl anted organs or tissues,
congeni ttg‘I‘t qngﬁneo INpHRIEQN; 3 RighHeaauengyt %Etngd WA BHRYARALRFESSAPRE: HEW

i nfecti ' il i 0yf adul irn i S,
conposi {1 SRt M it B0 20 1t AN AR Aol EORSRCORBITFRES: g1
ant i bodiresul@aagevapiaayVilad. VIL biep sestcddbribiadinp uffirdtye Afitaityt matutedntbg, | abel s or
noieties that are detected directly (such as fluorescent, chronophoric,

el ect r orfoB¥RKENE eRdFRseIgrieEeB AtcondMY libstico fat bera desgsird)c & aigt Higagenkeom
Mo ool Ot af UEDCARAE N VIRDLEE SidiBBNIR: 1 SRY B G SR AR BIPIRC rbiw O+

t hrough an enzymatic reaction or>nol ecu I nteractian. enpl ary
i ncl ude,NR@200a).§ 1NdmE kfibbeichehd, oftali@nityadataiasioh ofiessid2 R, inttdduced Ao el - H,
and 1311\7’ariable genes chosen for maturation by any of a variety of methods (e.g., error-prone PCR,
chain shuffling, or oligonucleotide-directed mutagenesis). A secondary library is then created.
The library is then screened to identify any antibody variants with the desired affinity. Another
30  method to introduce diversity involves HVR-directed approaches, in which several HVR
residues (e.g., 4-6 residues at a time) are randomized. HVR residues involved in antigen

binding may be specifically identified, e.g., using alanine scanning mutagenesis or modeling.

CDR-H3 and CDR-L3 in particular are often targeted.
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fl uorophores such as rare earth chelates or fluorescein and its
derivatives, rhodam ne and its derivatives, dansyl, unbelliferone,

| uceri f erwioes12/@7132, firefly luciferase and bacterial | rcirfuse@smsqork S.
Patent No. 4,737,456), luciferin, 2,3-dihydrophthal azi nedi ones, horseradi sh
per oxi dase (HRP), al kaline phosphatase, |3-gal actosi dase, gl ucoanyl ase,

| ysozyme, sacbhhartathecnabddiases,,suBQautipns, ipbartoss ondélclass mayalcawt wslen @t dase,
and gl ucose-6-phosphat e dehydr ogenase, heterocycljc oxi dases_such as

uri case B HGR £ foag ax ?@%?f%%&%owwa%ﬁéﬁ ﬂ%@hﬁiﬂ e Rpt tlﬁcgfkyrtegen
per oxi de,; Idi : g | : i or
nicrope?g%?ggggg'gﬁ%%gh g%ggﬁﬁgkggé%ﬁ#§@3ﬁ§?gggé?§§%%g gggﬁpgggfgi st abl e
free radircatisd hasid) thaedd hdtesubstiidial)) 12dued BitElRRGE WS thh§ bO bdd® 2 HVRs. Such

G Pharnmaceutical F rnulati?ns w Phar naceut i cal .fornul ati ons of an

ant i 2CorfrCE%ions way Pparkidsof B Rankqtsnots i SIHowyIn sprtain epbpdimentson th vagrnt

anti - Co i (e t i i re
pr cpar ed By i g ahey PRRHRANAY iR R un AR R R LA BERER MR,
one or makevwaoptthedamiphardedstitutioad.| y acceptabl e carriers (Rem ngton's
Phar maceuti cal Scjiences 16th edition, Osol, A Ed. (1980)), in the form of

| yophi | i zed fopiairlanethad fosidepdifisefion afgrsidncs s regaensd 9B ppieqdyribatanay, be

anti - Co I i . tolgs i ' i i ngl e
corbi e iabispatis AR ER S0hhROHERKCIS S UTHIBLES CiinfheR

f or mol atandnBellRNagINEseedice, k198 ad 08Pt Riths re&@hdd, @rrssidiccorgengy ¢l thigeN@Ritoes C
to recipients at the dosages and 1l0concentrations e and i ncl ude,

. ( 1pl oyed,
but are (A6t chargpd egidues sushps aigs aspu bl iys a9H @b pIEe éi,enfgﬁcfdremder,epla@ﬁsi Bther

organi c | ds: [.OxX] ts. 1N ' a i hd . [,.oni_ne.:

o920 RS B0l 05} 0 S5RALL o B A TR icr
hexanet Hawrtdttioe bf Bkiadebodyenziahieipah wafeditedr iIFdethelaRBRRUMGRI AR ingbdwied at
phenol, butyl or benzyl al cohol; alkyl parabens such as nethyl or propyl
par aben;the ahaetsid lopnms demenstragipg flsEeam oensitautyda thmvitial srpgtitionscr esol ) ;

| ow ol ecul ar.. wei ght , () ess. than about. 10 Si S ol [ des: . pr.eteins,
suor s Bk, it R I o bRk AR R BRI tasBliBh e <
such as daatayipdiiis Brfwceh tORGbo@MAiOanRigblSSsdhcddnast @hMGEdd @ighbammpe,
asparagi ne, histidine, arginine, or |lysine, nonosaccharides, disaccharides,
and ot haesidegsiaylrtatestedion elimenategl aglcandidetes foanwhssitutionr Vaeirntsimay:bechel at i ng
agents such a4t%PTA'.su ar.s iUCh a%;SﬁFros%ﬂ4nannltol, 20t r ehal ose or

sor bi t ol **"°§81 r SFGWH]ge eLtll?'Ftr ]ile-yic HES Sﬁie%{g JOWINT® et al conpl exes (e.qg.
Zn- protei n cOmHoAxaBIequetd/iert AR il dcGnHs f Al RhdogHUcBrmAitalpRbiyes hyl ene
glycol (PEG . Exenplary pharmaceutically acceptable carriers herein further
i ncl20de remgngmstength drondengyresidspter ilypeptidgesmostagninga undrod abmeravesitivest asact i ve

hyal uroni dase gl ycoprot ei ns (sHASEGP or._exanpl e, hunman_sol upbl e.PH 20
val ur ontdbeaniaaREeEeRont SiuRAse muliBle S RN R E B B

I nt er nath@RNahl inddifons inFedd & dhtiBSERABRRLY N HAREH R caIshyIRIRRES OMfhcruse,

i ncl udi ng r HUPH20, are described 1 n US Patent Publication Nos. 2005/0260186

and 2006h&1aabgariants ke aghody madecos4ABEIGHe the fupabiotbd Nuior k-terreings ofibce

addi ti onal. cosam no cana ch as, chondroi.tinases. enpl ary
yophi | 1EEOAEREGRg ol 1 A ORL TAP: BlyETHEY HicH BatRes ditsern eI 055
30 AgueqishaiidbB@gdy fornul ations include those described in US Patent No.
6,171,586 and W2006/ 044908, the latter formulations including a

hi sti di ne-acetate buffq&.dﬁ&gﬂ%gﬁgqgggbgn herein may al so contain active
O -

ingredients, in additi 1 npl ex | antibody and/or the anti-gH
antibody, as pRERSR %ﬁ%oal%enisb fin Qt?tﬁ}o'dg ﬁﬂlr(ﬂ;idédrlfétﬁré\iﬁﬁ§ fMredfto increase or decrease

the extent to which the antibody is glycosylated. Addition or deletion of glycosylation sites to

an antibody may be conveniently accomplished by altering the amino acid sequence such that
30  one or more glycosylation sites is created or removed.
Where the antibody comprises an Fc region, the carbohydrate attached thereto may be

altered. Native antibodies produced by mammalian cells typically comprise a branched,

45



WO 2012/ 047732PCT/ US2011/ 054092 being treated, preferably those with
conplenentary activities that do not adversely affect each other. For
exanpl e, WO 20my4bB2desi rable to further provi de ganci cl @¢irs2élossapnet |
val ganciclovir and cidofovir. Such active ingredients are suitably present
in conbination in anmounts that are effective for the purpose intended.
5Act i ve hingerediyeoligosamhaik thattis gppedly attachadrbycapslinkagepo épal €tof thoCH2

exanpl e,  by.co ervatlon echni ques or by interfacial nmerization, for
exanpl e, Weﬁ%@%g@% & &8e gfg&tskﬁﬁ?ﬁ@éééé%&@& ndhe

ol J I 1 .dru

el T ver s B R S R Y A B 10
nlcroenutﬁﬂﬁMS)gﬂaMOﬁpamimam@mn@mdwwamseébambesymedujmGMﬂcm@emmbSﬁanéofSuch

technlques are 10di scl osed in Rem ngton's Pharpaceutic Sci encges 16t h

edi t iPon, thekigntenpary p gOS@i@%yie structure. éu%qr%ﬁ %EP@l@P@ésl@O%ﬁéﬁ&nap B¥s may be
prepar eqy; g%acmaq 11?51‘?%#&)% Liﬁ& 'nBﬁﬁi% 1%&%?&9%&8@%11{1 Ude
sen1perne§ e matrices o BI I'c po ynmers containing t
antlbodyuwmﬂmchﬂmnhamQﬁ@namdphﬂmhhs forn1of shaped articles, e.g. fllns or
m crocapsul es. The formulations to be used for in vivo adni ni stration are
general |y st dhiongembpdipment, pptiboshyaipripes peeadpyidedbadnmt rahelydrae gructyyp that
filtrati r ds and
Corpos (s Rt REETds8yy bt haBLoRR RIRE ARRE. P CRERARSHE biollidid

ant ifodifasosamilbuh aatibodyghiapté fro@di%eso pr%ayiread dhes 63%, ey SPetoused of ftorn
therapeutlc net hods. I n one_ aspect, conp03|t|ons conpri sing an antl Conpl ex
| ant i badyo tr40%n aheiamgpnbef faﬁ@seb%)@fgie@rm%b}a@ﬂl? eHrghe avragerAnBBH9f Bisescan
anti - gH S S,
composi ¢ MRhen P S A% TORL AR il aPREEhE el R ARRBEE o

an anti -(€onmebeplek, Hwﬂdmdmlgndaﬁmsa@ﬁmagbkm&mda@ﬂydBSBMAJEBI lTn)th@satl ng HCVIVI
infection i1s provided. In certain enbodi ments, conpositions conprising an

ant i - CorfpP@sometingy @ﬁsarybfzdrm%Oe?rQ@B/ﬂé’?ﬁ%f@rt%wpbr Len2Yhrdfercimibic agparagine
ant | %Odcfe??id l%cat?c%t ab%#b@&tlo Cz’?)ﬁ 1n?nh }uc r% g(Eu BB hOdfPOc reérpgaést%le%‘?gl S

provi de n certaln e tron pI’OVI es Ccomnposli

Conpri SiHygveRer, A@ﬁwﬁﬁg@%@d bé loBted BBELH 103 arﬁﬁloaél@{ds upblr@ft blshs@eardbf ant i -
Conpl ex | antlbody and an anti-gH antibody for use in a nethod of treating

an i ndi viogiigh 2R3vii g carcaRmmitions &34 ansh’ Wefipe fosningr mmﬁewaaﬁlw ino the

i ndi vi dua ef unt .of the, co 05|t .S

ant |+ ot bR iRy AR Shrishls Ay PSSR el AR CE TRrePhart<30 e o ment s
the i nvqr‘a&éxﬁpumﬁ@ﬁbﬂmsC@gpom/t)lsm@sf(pﬂestusp)Itms 00O Y362 O (K vV BRI,
inhibiting or treating congenital HCW infection or HCOW infection in a

ti sle drogyedim, Ittd)anEwaﬂ@s ofguibpeations fadatedin ‘lefucheylatednepifasnsedeti¢iessiie,

So15) g bRt yARsB fasl ik SEEM ST G b eb Y Vaon 0200129246 % or gan

transpl amo3/0e¢sPiseuls 100298 6PRIRUIS MD4f000361GVWS ztfoaﬂmgmo lus 20bdidii19ned;

enbodi ments, the fransplant recipient or individual has previously been
i nf ect edJSRO0H/IORSANAS R80HO1GI86R; WO BONDYSE 4% WE2003/084H20;i Whect i on.

ncl vi Q0o SRR RS oS LAY BY A 2f P R BP 0 Rer OBk Szl Qne

addigsi ongh. @!@@ﬁ@ﬁ@é‘:@(g@@%ntYanﬁn&Ohnﬁﬁ A8B Bibbod BasheVe7: b4 pigoas.
enbodi ments, the invention also provides compositions conprising an anti -

Conpl ex Hxaampiéshddyll dlnesacmpalvib of giedaeing Idoﬁiyoscytat@;hammbdremmdeleblhﬁfﬁm«zfdﬂy and

an anti - antJbod o] rotr cted

" ant, TR arotieeuT s LRI Gt 16 g G At R am R S s (198G LS
adni ni stgf iy 291 e Uﬁ“@odﬂfl%f?ﬁogiﬂleﬁxfe&ﬁtl Va%d%ﬁ@%bmf%?lzl&l CRERRASIAdI 0N
conprising an antib of the invention or a conbination thereof in further

e nbodi nmesspeialtyred Emmmpht lilgangdrkowcldas cdbmmsmch @n alphanhﬁ fusosydtransfeast ige@onpl ex
antlbo r a i-gH tibody or an |.ex anti body
ant i f‘glr%T § 6<aa§1< fE'H&g%el\aRSqer B8t YAgans ﬁﬁpﬁhqt ﬁg% f%’f Birshigi Mg 6#@23390?‘9;

inf ect Quld, I d5 kAL Bloch SKacioesd- @é%@bbgﬂﬁ%momﬁ/d@s@%l " according

to any of the above enbodiments’is prefera
Antibodies variants are further provided with blsected oligosaccharides, e.g., in which a

biantennary oligosaccharide attached to the Fc region of the antibody is bisected by GlcNAc.
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15In a further aspect, the invention provides for the use of a conposition
conprising an anti-Conplex | antibody and/or an anti-gH anti body or an

ant i - Conpwexoiz/mantdzbody and an anti- gH anti body in thePgRst@as4oe2 or
preparation of a nedicanent. In one enbodi nent, the nedicanent is for
treating, preventing or inhibition HOW infection. In a further enbodi nent,
t he nediSiehentibady viaaants seyihave redatddnigeosytatior mhd/ogingrrovethADICA fagctkd@W
infectiaon 20 conprising adm nistering to, an indjyi havi ng an HCW

| nf oot | RIS BEEh YEDRROUHENY o HECHbeH Edmh N 35@%@40%?7 BRS¢ he
medi ca i~ j "(‘EMQ& tH b Ayl 1] tr '
congen ”ngdg? W%Qﬁtn$§'§’§%ﬁ@é r HCM?/ e?%\%‘)ggﬁlgﬁ %ogg/glgﬁs}lg B(I[ajt[%a'rﬁg S ?Iéla) n é??fgr? g% ant
reci pi entaribos withi a¢ heabthenctgabiospt anidad it ileiligpsaocigaide artached o6 theFcatgibaarcheen
infected with HCOW. | n one such enbodi nent, the tissue or organ iransplant
reci pi erfdsq Hogded naydraniibodsvargptsppanhava inpioveh COGuaghet: | Hirdi2nBheydi ment s,
the tra LaL.ant or - whRelh&d o) {. I A t it h
HOW and reRSers SRR el WIS TARKT 1PReI AL, D) oRARI (LG 5P ot
enbodi mBNs19MIR 76 Rgaent further conprises an effective anmount of at

| east one additional therapeutic agent, e.g., as described below. In a
further enbodi ment, the)nmedi&agmatkians for use in treating, inhibiting or
preventing an HCOW infection in an 1 ndividual 30 at risk for infection
conpri si ng adAicBitgih @mbBEinicdts, Be binelbiel hiad adll nisWilHtiofd Ma¢ bé UrodbicddBto

medi canent _to inhibit or prevent HCW infection. In other enbodinents, the
medildamghe F¢ segiay ofmantihodyr pravidad) herainkthoxeby ghewraien: $mifeusgionoaripmf die Fe

Cxpose oM LG, st 200, £ EOMRL S, 20 L SLSLL S 0,688 LLAT o0
2012/ 047gBIRCTLHSRAbMASHAIA Ths RAGYRfidaBn (1Y NubO06r) s 6ATDI Bk on

thereof. "An "individual" according to any of the above enbodi nents may be a
human. lamigertidiposigaivodi nents, the nedicament is for for reduci ng HCOW

viral titer qr preventing an i,ncrease in H viral .fiter in an individual.
' one. enbodireHEa EREORRIRBu eI T OB SOMaM T SCBRrHE b FHE FRIDIRHE  an
ef f act | V@nRMRYALt O cfRcfor FRBABRY, WHh HOKEH h AeHShbRcafBldhre BN pEatlond M | body
and/or an anti-gH anti body to reduce HCW viral titer or prevent an

i ncr easevhiph tieMlflife af theiangbodylin vones enfrothintrggitcertain effectdr fnindueds'(such aa
human, and/or pre t.and/or an orga ranspl ant. recei pient at risk for
HOW | nSEGRER R A LIS LB A st o GRS T Roenft 'Ge BRG0T e wHRPHBEY 1 or
treati ngyedk eHERE Edddutd IPcdntitinkthd Fadcdih ddeidvioh RF@EC A/or ADETEEIRRAI Ment
the nethod " conprises admnistering to an individual an effective anmnount of

a conpodiariepamplontr iesémigr @oR abindinGenylye xarl beactnidbatdy teaendiierth@ hamttibodyd

anti body. In other enpodinents the invention provides a nethod of . .
pr evént i A Heribaiding{gerge 1t1?eL>’altaF1ﬂ@g e denstt: f|y5), hefAPt3RY Bt 'E}H8’<§‘g a[a@aw/

i nfecti in. i r . | apt reci pi r LC

transpl ok 55 16, Mg BHAFAPCCIR L L BIaR o oS i Brevom,
conpri sidgreR§FERILSHER TRE Fe(raN. IFARI xbfbddbn 6/ hemadpeleBOtellsa§ buth@AtizNn
effective anount of a conposition conprising an anti-Conplex | antibody and
an ant i -Tpdleahon baghyA64iaf Remetck ot KenrdbotiimreRey, Imiveneli 840¢-402 (B9 anNonanspl ant

recipient in seronegative for H i nf jon..ln additional..enmbodi nents,
the {1 arlUPAREFBARRP B ¢ ST Wirasn ARSS. pHaYh SharP bt Rreot id w ¢h
HOMsandeb& iRl ifi USK PafentiQVs 56@362 1Rk, i:aN HMGrdmf Bt 410Proc! RuPNERMSH, 894
enbodi ment, the nethod further conprises adm nistering to the individual an

ef f ect i B8 HIPOLINO3 ¢F 9&8)) dnddddlisonm, hddilt PoralNat hdcap dut LSAEGeHO-1892 466, bed
bel ow. | n_ot enbodi nents, the i hyentio i a hod,for .treating,
i nhi bi t | lﬁq&ﬁ%gﬂaa%%éwwifn%%%@? Thedit f,j'?g?l QLIS gé%%‘ﬁl&&%%lyt o LW

during gRRLalibeiveGORE htHdds AATLRIRHTSY % Ofot Beinh f16 306 TAR Bhi8GibldRe
anount of a conposition conprising an antibody of the invention or a

conbi natdyaroxibigy gsedy 6 flaw ¢ytankétisi @ledMEchmology dinngMbontamyVietv, CiAe amd Oy Tox
enbaodi nepks nmay . .be a human. . nafu er ect, .the invention

ot Vi et TR B cF s e R Ak Dol 5 Tsept G o

i ndi vi d%&ay@ﬁncﬁdcﬁ'ﬁgﬁﬁﬁerhl@l@&& lBﬂonulc[éa?é‘&ls?pﬁmr%o%atNau%ngﬁﬁ} ) EQIEPr I Ses

adm nisterrng to the 1 ndividual an effective armount of a conpositlion
conpr i siAlgeraativahyt, br Chtiqpdrady) ARG detdity afithe onolequl @off integddt anay bbashgssed ia nhi bi t
or prevent HCW infection. In 30 one enbodi nent, an "individual" is a

hunman.
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In certain enbodi nents, the invention provides a nethod for reduci ng HCW
viral titer or preventing an increase in HCOW viral titer in an individual.
I n one ermwodnranri32t he nmet hod conprises adm ni stering teCThis20masaopziual an
effective anount of a conposition WD 2012/ 047732PCT/ US2011/ 054092
conprising an anti-Conplex | antibody and/or an anti-gH anti body to reduce
HCW vi naio, eigt,en a @ninpr evcelat suah ab that daslesddnn s et alaPrdd Ner’l Adadl. SanSA

enbodi nment is a human, anpd/or. pregnant _and/ or an o
transpl a‘%ét65r2e€5éa36?§§r? ﬁﬂat}lm@kgﬁsaﬁyw IS PoearTig ou&aw@mgw t the atid ﬁs be
measur eq; y legglﬁln@?@ﬂf RRed Qcﬁsr@DéraEtwlft}prSé%X@gptq B¥d e5L bRl LE %Sl‘ﬁre
viral anti ogl ca or tissue ‘based dssays to neasure t

pr esencewer 2ENZoBYS sptawtO 200N, Eorasdets cofnplentiemk ad?r)l\}Atl(nelat(EiBC asm(mafyi C
viral genes fand/ or viral genones to determine viral |o nd/ or culturing

d
virus frh?rﬁegaﬁ?ﬁ%@ee SOCHABIPy 1347aNe-330ENQ eh¢le /s BHHUNGY i e Sa¥92y163f(6996)

exanpl e d,{

Cw MONI ( 60 ﬁ%@ﬁ?ﬁ?gﬁﬁﬂhﬁb@%%& %tggﬁoseh\?o]%% n?ggctl on
and noni ItOGr27a&I2r743 (H04))haicBpbilmiing hel guant dédrartihalf 1i6¢ déliMiniidhs chimalser t ai n
enbodi rrents the HOW viral titer in an individual is reduced by about any
of 100%begsuiprgbysizsmethadsknopgyin the et (504268080555 B.5bek,, Insbdmmeng!l. 350
30% 25Y% 9 | ess relative to an untreated individual or

rel ati vepgt(lzﬁt@ﬁgéa%%@ ﬁ'er of the same individual prior to treatnent. 15In

additi onal enb@thodRRtvdth retieccd reﬁaaoﬂfunbﬁasmelutié #&sp kx&ﬂhtsaﬂstﬂﬂwm R Yor Or gan
or tissue that is able to be transg anted fromone individual to a secon

i ndi vi duagre of &g r%tm@ue&%ﬁe% 80209t T 3PT-3R7 aBd AR (BS; Peiget Ne 667,456k ted
to, a heart, n

i £ or e e hARRY inch e it BN ons LTS Mbte anlifly BUS positions

| i mted 268, 2dt0nd0, 290rap@ 3L 7, isKluding Hidce.-callsd E‘DANK” F@ﬂl@&iﬁlhafﬁtﬁ,sumlﬂﬂldﬂi&fﬂ ow,
stemcells, whol e bl ood, I atlets, 20serum blood cells, blood vessles,
heart vaPsiduesRéfand Bghto ’ﬁﬁlﬁg@ﬂ@ BatcidNo <7328 1) age, | i garments, tendons,
mJSCl' e lini ngbert 1n tlboa a falilltcst hﬁfé ﬁrﬁeg or (tilm?msﬁ]e\fiennﬁdlgétcpﬁ&y ' dee ?%scribed

COI’TpOSI tions an ar ma eu | ca | at 1 ons conprising any o

anti - Congk&x.d, @8t P&t@@t@@@ 6B 036; BHD a004/0568 18 Sarfdr Shidlde et MEY EBiDI. (BeM: 9(25:0r
use in (qu)é of the above ther apeutl c methods. 1n one enbodi ment, a 25

phar mac Pl 404 {H0h) at i on corrprl ses any of the anti-Conplex | antibodies
and/ or ant| -

ant.i bo erei.n ,and har ceutical |y acceptabl e
o ver o dhsBhtb 2beS iRl SStherS il 3ol RREERIEEEh bifent P REER oy
of the adﬂhho cOaRLISN¥itltiohR WhikddinfsorNADOC, 813!, 'sul%ﬁt@fﬁn‘s E%sﬁ%n@Qleﬂgdaﬂt%tel n
and at | east one additional therapeutic agent, e.g., descri bed bel ow.

30THE ant3tsddicde icgionBUoumpwsing obresidues)t he i nventi on can be used either

al one or in conmbination w t her agent a.thera For,. i nst a t he
St bodi eb ot B Sl B i 385 By totof Bb B R0 RERETEe-

addi ti ongdhet ﬁﬁj’r@&b‘ﬁtﬁr'dﬁnﬁ%@&) Clc[‘bﬁ@fntgaahﬂ/o? @ﬁ@ﬂéﬁ@éﬁft Eepé’fﬂieﬁfj@ bto‘%
therapeutic agent is a ganciclovir, valganciclovir, foscarne

ci dof ovi (CD@)ne W09 A2/ Detl7in 3 XPRAL SO B1/ V50 9W @ ONSH 643rbod Idvsogis eaad J

additio s an additionally therapeutic isolated
ant i bod mm“”O g%u@ﬁgcﬁgg?%() on t her api es noted above enconpass conbi ned

admni st rati OA‘nt(BMa?ers%EhVYﬁcr‘éﬁseE{‘hﬁﬁ 1&@@5@%&)&&9&%@@&1@ nb&fé’td!@%%deﬁtotr he
same or separate formulations), d separate 5adm nistration,

case, adhtRi)s whathiiprespnsiliie foribé mwﬁer@b‘ npwshalilg@s tathe fdtas GGuyenttl arth c an
o Bt b3 ST ARSI P ok 8 38 PSSR ne
US2005/0014934A1 (Hinton et al.). Those antibodies comprise an Fc region with one or more
substitutions therein which improve binding of the Fc region to FcRn. Such Fc variants
30  include those with substitutions at one or more of Fc region residues: 238, 256, 265, 272, 286,
303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, ¢.g.,
substitution of Fc region residue 434 (US Patent No. 7,371,826).
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Conpositions of the invention (and any additional therapeutic agent) can be
adm ni stered by any suitabl e neans, including parenteral, intrapul nonary,
and i ntra~wezal2o4arsd, 10if desired for |ocal treatnent, PoTAsk@sioswat

adm ni stration. Parenteral infusions include intranmuscular, intravenous,
intraarterial, intraperitoneal, or subcutaneous adm nistration. Dosing can
be by any sui tSebhbolhuts &eWntethWatunp 822:78880 (KL8&M A8, PattmtaNe oS, 260;

subcutane us |njec depen part on whether the adminjstration is
brief orYehPyardNo-y a&qﬁ?—é %{;%&%@MO@%@I‘PM%@ REABRIES ABEC ToRiany@ganty
single or multiple adnlnlstratlons over varlous ti me- 15points, bolus

adm ni stration, and pul®eCQysiginepnginegred antihodsyariansy her ej n.

Conposi tions of the |nvent|on mould be fornulated dosed, and adm ni stered
in a fashi on le6aE38 @@bpdwwﬁ géw beedpsiahle %réétti: ErsteippenginasTgdgmtibodics,

ConSI derati. qgloM]Alss u]I rc"lll 8 .6%151 &ers]%tf Qrg ly%? | g'bgt geﬁ gl %ys%m

treated‘3% partie elng rea |ca con ron of the
i ndi vi duaéldmt ﬂleﬁztmcﬁlbﬁerﬁmme@tfs th@@u‘tﬁihﬁ%di%ﬁlduéshfécﬁﬂ dtac@bsiBRlsitvesHthef the
agent, the nmethod 20 of adm nistration, the scheduling of adm nistration,
and ot hemntibe@t cﬁxssubﬁmmng @%@tﬁ&ﬂaﬁs mth@yst@m@rrea%we tHel gf@mﬁc%i? thetﬂaneed not

be, but jis. optional t e or agents, ¢ used to
o eont BspiRREd A Bkeinl KPR fnitbdd Al oSl TRE AP BeeTHE oy L o
ot her agﬁlﬁ%r&n&@tﬁ@nﬁﬁh% dh%ﬁhl@l@ﬁébrﬁr |Rkecatiub PRALERS, 1or@&eHin inﬁknﬁlli'&onju ate, as
formul ation, the type of sorder or treatnent, and ot her factors di scussed

ago\/l@ ﬂ@e@‘éaeérf@ﬂl@é rhelreal | I}a cadail cmbotlinecnénapy 015 efoserges tharfelloiving rGSIdI;es )
dosages "Boues e eERaRe S AR REbENr ol s e I RE 1"

enpi ri C%iu'rﬁﬂeﬁh%ftbf@ﬁé h&av?%hﬁh%ﬂ@l%ﬁ%QE@%@%hﬁ@f bf3h&heavy chainffRlre 181@
prevention or treatnent of di sease, the appropriate dosage of t

ant i bodiestamnginecied anhbodiespag be ponstet astdvectibedeng onU (SwﬁeuantLN@d al one or
in conbl ﬁ§~%ﬂ with one or 30 nore other additional therapeutic agents)

w |l depe the type of disease to be treated, the type of antibodies,

t he severlty and course of the disease, whether the antibodies are

adnili stered for preveﬁ? éélgﬁhﬂﬂghégﬂﬁtic pur poses, previous therapy, t he
patient's cllnlcal ry and response to the antibodies, and_th

di scretion of n@ﬁ%alate gﬂﬂf@tspﬁ%m&%pr% hagsin o) ﬁﬁ@mﬁ#ﬁ@z@w 054092

ant i body, ., ﬁl é’dgﬁtf% a[‘n(gr{_bl otEATPRR Eﬂo‘?&és HEP GBS G hR R eﬁ‘t ard éd{ IytaRvQ 13ble.

adm ni St ere e ent at one tinme or over a seriles O eat nt's.
Dependi I‘T@leﬁﬁmbﬁl@ mytp)lﬁe amdicsiewterativy odthetandbetlysaelads bl&b@&lﬁot”lrm@ldktg waterl5
ny/ kg (e.? ng/ kg- 10ng/ kg) of each_anti body can be an initial candidate
dosage 8 ubéF‘dIPﬁlﬁ‘iﬂ§1’tSr a{qndﬁmtﬂagteﬁ@nalﬁf peyytter w%@zlﬁ @91yn¥65%mé1%§wuéarewt one or

00 t I
ol 1 o B, BT el A P Bty g e B P S ng
on the fcaﬂio&mem@n:%llmﬂesj da;hmnepolwmraecxﬁ@ﬂ g lyaaiil piysdlidineomdy-0y®r sever al
days or | onger, depending on the condition, the treatnent mouldégenerally

be” sust &li a@np@lw- 133, 97288, %M%@%k@ﬁnbydreﬁewaglén@w@iwﬁn@@ l(ithepne

ok ¢ don R b FRE SR ARG, MRHUE RS drbob BT Mo R BRI RES ,
my/ kg, %l%o@rkﬁo?leﬂ@gly@ﬂ kgmopslymiys, fRINPra@ldrervxidiedteaéne oide &Lpolymers,

adm nistered to t atient. Such doses may be administered intermttently,

e.g. 25evé1<4/yms@@thy1@ted@@&0}s (et cbyogeabk polyming| alsohah, andapixfures theicPEnt recei ves
from abqytl 1;tl\lmq%ne gl?c%?ﬁ%ogs&%ﬂfe){yde?r 3? e él% gn%%ﬁ'?g 1 mg&?fggtuﬁn Eiue té) an sta%?lgté)

An |n|t|é1 ose 0

adm ni stig R@@ar The pplyagr a8y befof bhy ﬁlotelaalraawlgh’élaﬁd aayibebramentd @ﬁﬁfﬂ)r?bﬁéhed
conventi onal technugues and assays. I't is understood that any of the

above f ofheuuatticoabpaymenaitaghedtto &erﬁ@tlh@bsmﬁyayartﬁeaneiaf moegthawy pnfumlwgela&re
|nnunocon te of t antlbodl erein,i
i 11 o b8 Inef bt CSHENRS PR TR SsHER o et e BuPEeRlshhre e
30  polymers used for derivatization can be determined based on considerations including, but not
limited to, the particular properties or functions of the antibody to be improved, whether the

antibody derivative will be used in a therapy under defined conditions, etc.
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| . Articles of Manufacture 20l n another aspect of the invention, an article
of manufacture containing materials useful for the treatnent, prevention
and/ or diwgrosy®7Bk t he di sorders descri bed above is prec¢irdsdoii/bh@oarticle
of manufacture conprises a container and a | abel or package insert on or
associated with the container. Suitable containers include, for exanple,
bottl es, vi allsansthei englesliment, soljugakasof bagstibelyand iheproentaacaus msoiomgyhdve
formed froma variety of terials such, as glass qr_ 25 plastjc. The

cont ai néPaHR wecHv e REsd BY SHPawmicen raciatign ar¢ Bovidegs I pRFIRIIMFYhhSnot her
conpos| tﬂoﬂgro‘?giﬁfc%g) svrﬁoifegf is tarcgﬁ)tohrﬁgnot%eeﬁ@a% bt”c?. gl Watldj'él@zgf' ol @Q'Atll'(bgz
condition and nay have a sterile access port (for exanple the container may
be an i nitlcaY-@n6As(2005 1t The rdddgioarmay b dlanh anavelgngth sdndppdudgsi Butdeadtl e by a
hypodermic. injection needle). At |eas{f one active agent in the conposition
is an arltm%’o)y, wveﬁwfisr{b@ 5% arﬁh@rdvrélﬁépelkﬁrbtﬁa@uab%eai HedonPiotancaPes t hat

the 30c L i f i i 1l =hal. ce. er,
the artiEreosp “pambdatiRedl it LIERGGat §3nCaol] BBy SLihlRLaR mARh R
conposi tkilked. cont ai ned therein, wherein the conposition conprises an

anti body of the invention; and (b) a second container with a WD

2012/ 047732PCT/ US2011/ Q54092 conposition contai ned therein, wherein the
conposi ti on donpriReembinaptigthody and Sampaesitiansher wi se t her apeuti c agent .
The article of manufacture in this enbodi nent of the invention may further
conprise a patkiydics prerhe nrodicedtsing racRIbIAREMEBRE I GOHPOSEIRS IS 1iSed t 0
tre a i i £ji.0 r IV . [y 1y, . it Lcle
of - ninur et 1SS PN Mo Te LGab e, B KElbuicily 3O Rl ROk G fthE b
conpri sidng-@orppiax MagEisldy oabh ¥ntdgEleptisddyeddtififcerherdnl & prasidbd csehimstoad i ¢
water for _injection (BWI), phosphate-buffered saline, R nger's solution
and dextackkBageaeds amamino aeid scuercRePMPHeing dhe Vi Bad/ondit eninglasidiegnengd| e
froma comer.ci er .stan i Qg i of;he fer i Luents,
i rers onugansdhe EPUAFinGEare: M o -PHAFh G Bra b

arti cl esufheroAbodasenil éhcBRYNdractdss (@p., Ebredmneeeind) woaipesialb sidten@idic bodi es
described herein in place of or in addition to an anti-Conplex | antibody
and/1or aqidadie prayiicdnili pdergher pmpodimxav/rliost cRHeomprishgisheh Byecierelfpt es of

met hods and ,c ositigns of..the invention. It is 1 nder st @od t hat,.vari ous
other - ertodiFErm S ey ThE bR ARSI Shptites e P G LEM B S PnE D goc
above. NefRfdrabsmpatitg Watbiertsc thitSengb@Wal .amVid 8kd séduan@ dotnp:Ring thowdasm one

| RCCS Policlinico San Matteo, Pavia Italy) was expanded in either human
fetal | dhgaititedpbndan sm{noRCs) scuense icomprivipg eheCHtofi the Oibady, loe Cdiadist ATCC;
Manassasv VA% cul.t.ur ed alt. pa%fltgg[e 7-d’cl4 as_i.nstructed exc%{)t. i ntﬁ)l\lgi/l £Or in
PO human “GPbrYTEAT &M ENE6 nal i AF O C&IAT 8™ “PEBHZATPEEdE N VRO

Swi toper |taoghtitdkdy RAS § 8€Rnd vBetdsScdmisitsinicd At A0 618 URe ERdaNAin MamoGRCeNt r at ed,
resuspended in conplete nmedia, and frozen. Conpl ete nedia was conposed of
DVEM suppiieamea tedpmiingthe0okl péthglantbody. devoerempediimeit, ithatiast eadlis gnlyasyatic, L

| ut ami | f | nvi - ~carl d,. CA d 25 (;Cel | ;
Vanassad e viinge SRy aR R QR TR oRoarT (ot af ot by WRPS Dhd RN,
cel | s anghiRldffertna MeRBA of ok i@l anRin8 ESHhp18RT hRR)odRbor Qﬁi-gﬁ A6 id }ovideéi,

(ATCC-cul tured as instructed), nonocyte derived nacrophages (NMDM, an
cyt ot r ophloin¢iaghesmethhi comarises phbiearg ahost pelt bahprdingehideic MONMonerdng ol at ed

f whol e. bl ood_usi tteSep k Mo te Enr.ichpent t ai
(5 neerntagbnaopBaIEd Ot bufar o O AR P IASPF QETEdn B byt es
were t hg{jibtii%iﬁél eé&%ﬁng\ﬂtﬁehan@ibédﬁl §6mknd hee kMﬁ&%Bﬁrc@il%ﬁlulﬁﬂe%@diddmvi vogen) and

i ncubat M over ni ght . atel ets and unbound cells were washed away
wi th PBS pri dfor recombinant production of an anti-Complex I antibody or an anti-gH antibody,

nucleic acid encoding an antibody, ¢.g., as described above, is isolated and inserted into one or
more vectors for further cloning and/or expression in a host cell. Such nucleic acid may be

30  readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide
probes that are capable of binding specifically to genes encoding the heavy and light chains of
the antibody).
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to infection. Cytotrophoblasts were isolated from 19 week pl acentas
(Pereira Lab, UCSF 64 WO 2012/047732PCT/ US2011/ 054092 usi ng protocol from
Li brach ewoab12/041321, JCV 113:437-449) and seeded i n 96Pa@us2e1ii®swe2 cul t ure
pl ates. Cytotrophobl asts preparations were assayed for the cytotrophobl ast
mar ker cytokeratin 7 (CK7) (Dako) and found to be nore than 90% positive at
the start of Sui@blerifostodellefor chotiez drodxipoassing oFHGMBodycacatingverceoro bichideed from

Dr. Jay Nelson. (University of Oeg Heal t h and Sci ence University (QHSU);
Port | ancnroltaﬁythAHier@,yothrﬁHﬁ,de%élges? hessi o el anpasiaeray P Pradiceddgone.
Lysi str : , I Wat ki ns.
The. Tol Iy TR lf SR Elyc DR lohan R (et fien ot HRP e sy - o070,
C323, C3%PresGB36f artdbay fia@nants andlpdgpchtidFhmvimdteyinyses, apsUsd dednt NodvRCS
fibroblasts and 10 allowed to 5%:30w until 100% CPE_was, Vvisible
(approxiYettety/- 29892 9%Ape Spude 2B nf e aln§ harttep. dderfedsdn Ml eqularcBipfogywiitle

scr aped t p Y ! i .

al 11 ncer PG L R e R R P f et P4 B U Bmoxpresyon
fibrobl astisodynfrétmomed in Mlcali@sAftdi axpsesvies, thé hiaivedy havyibefiedited omlt8e hour s,
after which the cells were fixed with 100% et hanol.. Staining with Mab810,
an ant i -DaetcHak el gyte anve polupls feaction prdganche furtiagr paéieds i munof | uor escence

anal ysi s wer £ i S - cal t i t he
amount of i raoatsh Bty bElLuEsGiERIGHRE"Gth ARAHRREM RpBPoSiehas:; o,
neuttnal isaahtleBlodfpay xpiiedid Bdstzt bdiboassaysdingNestidral ihalaling Muas aay scaser e

performed essentially as in Abai et al., 20 2007, J. |mmunol Methods,
322; 82- oainspehwst gypeiylating padisvays hayehser ohurpanized. mRaMiggEndbo produeiateafadt ed

by i munof.l uar es . I .Briefly, i.bo riall
a1 ut ed SHAUE) FRESRFRRYoF BISTMAER R e B MR AR Y
virion cnnmatmuiémmb,@mulmedall,Waa.p%%h.rmmloyzlls [206®ctious virus per cell
(MJ =1) when mxed with media or with a non-inhibitory antibody. Antibody
and virus wasSuiakledosirigllp frribaeadesaiondy ctisgyydaed pgtbodh arcasondnived fioBy t o

addi.t.ion_t onfl uent nonol I ARPE- 1 HUY AR
rondcyt queFeduft R SRh (RUR RS Ry SRrabERof BVMidaf Crlly syt

af ter whilgh ahd iR eéthell€ eNlimertRE Badulokelll Wrdifs HA0 Yeat flen@ied Weikh savee sl @cked
in PBS, 2% BSA and then stained with an anti-HCW | E anti body, b810

(M 1 | i poajungtiorRahinscetreells. manigulalyfootisenséstipmpl Sradegisiv fegipetdaSellances

Uni ity). Sell hed wi t.h. PBS i ncubat ith.th
aoor opri o e AgsEl BT Ead R Ml R B, REnoR: PSgAs NGO
dupl i cateoaddss 6,qgo,t5_ag,m',ms,mghry@@,4anniéagxéycrmlﬁgcpmmm@mmemc@ed and

conmpared with infection in the absence of antibody, which was set to 100%
Cel 1290 wdpepiodugeg artriwdics umtreesgasic pipntshe | mageXpr essO M cr oTM and

Met aXpr essO ( cul ar, Devi ces) . ta re | og transforned .

2015 ba7732PCIHIBIN S BRI o g - b ot G e saldines g are

cal cul atQentds kdgroRr hSMckXiar h2ghe FQétNaBier bdmpsl Fuséi mafaRBiay 8bsi@S] Wer e
cal cul ated frombest-fit curveS using EC50-curve fitting algorithm The

assay r dimge arsfmereteg didnep GVl lirgOrahsHrned 0% SVEP €€ OSe s huhamemprypnicdidsyper

1. i £l i b [ S, ' i th
01 ort OGRS PR SOICBTRFEE R b CTIe0n §4L: A 701 e P o BAdY Bt er i ng
of clsi n!lﬁﬂlsték[&%?%ellsqgﬂ)?ﬁ{ou% §c@ioN e (ﬁﬂ@h/velﬁsfJsmﬁ%aw%.g%%gdﬁf@i&nceS

Uni versity) were grown on fibroblasts, supernatants harves
concent rizdpea. 48i243-2011 t(t 2den tnrankeng kidnence IDBVAEsA firisan grteend monbew kidheyotedd

Gosi gnod BRCRGCERVEFT GHYERL CHrnPEREL ¢ FIHS S KABeS 171 RULS el .

Conser vaf.f 89{sqBRIVEA L hGhQS ﬁﬂl%tcleﬁé (WeEH: h&asn H{?@fr&eﬁ@gﬂegaé@s nfR& hammary
I I I NS Sequ d

Sequences fromclinical stra wer e vi'ewed using nchHér0 an
t r ansl attechou€VINGI 0EI5GE L tIdR].cel, iag desenbedyase.,pe Masheret alh ydr@lulssY. A ¥éahdci n

R D W LN O
expr ess qehiRERHGHRR Btal?'? ot f1OR RLIVE ﬁ&ﬂﬁlﬁnﬁﬂh@ﬁoékﬁf cél'l‘ﬁr(ﬁrlgﬁtpgt%.?iﬂ’r&y Ngjandard

procedures. Each ra was i mmuni zed W th a peptide corresponding to a
HCW pr cdcadnSci PEfM 7842 1 elN80 psarfdahlduma cell lines such as YO, NSO and Sp2/0. For a

review of certain mammalian host cell lines suitable for antibody production, see, e.g., Yazaki
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gH 871 HPHHEYLSDLYTPCSSSGRRDHSLERLTR (SEQ I D NO 195), 20gH 977

CPHVWWPPQT TPHDWKGSHTTSGLHRPH ( SEQ I D NGO 196), gL 873

CGLPPEL KQVBVMN2RAHSRYGPQAVDAR (SEQ | D NG 197), UL128 988PCT/US2011/054092
VGLDQYL ESVKKHKRLDVCRAKMGYMLQ ( SEQ | D NG 198), UL128 989
RQVVHNKLTSCNYNPLYLEADGRI R (SEQ I D NGO 199), UL130 892

RDY SVSRQURIW &, THANNGTIY TEUEEPN BBEQy] PoINOIS @DR)C. 126 eiL1 BOnR82 Press, Totowa, NJ),
SPWFTLTANONPSPPWSKL TYPKPHDC ( SEQ | D NO 201), and UL131 993

TAEKNDY VIRVPHYYEA -PDQTRYK (SEQ I D NO. 202). Sera was purified by capture
on the peptide-bound col um and subsequent elution. For secreted proteins,
a bacul ovi ruspcons{gued was nade for the extracel lul ar domai ns of each

i ndi vi dual HCW protein. Each of the HCVM extracel | ul ar domai ns were fused
to a 30 bacul@ﬁ‘[i-@dﬁlp%xqrﬁhbécﬁg&j%ﬁ-%ﬁ]g%t‘?oog?%s:??évi&&ﬁl éln%‘a%.b@.‘i&&{tﬂ?eﬁus-
Bacul ovi rus expression vectors were used to infect SF9 or Tini Insect

cel | s. Reatetdifowas chansesiedoathdirghlsitdllchematcabpropardeexaiiorntaslopigalaactiyiti@am de
gel el ectrophoresis and coonassi e staining Fractions containing all five
pr ot ei nLY(GHOUyssayyknewn iythezst. and UL131) were pool ed. The gB tri mer
construct WO 2012/ 047732PCT/ US2011/ 054092 was created by fusing gB S64- K115
to Q499-E655. Wien exprlkes@édlibg assapcend eheidssayssect cells, this construct
resulted in gB protein that is not nenbrane anchored, forned triners as
expect ed, boundnpesperbi aitigpdsiod theanvention nsicsted fy itgBntigen hoding sctiatydecgas
likely iin.its pre-fusion f en nd gL were co-expressed, the
resultiH@”ﬁ?W@En§P%#§Wﬁh6%Eggbﬁgqaﬁﬁg%§%t & foll owi ng anti bodi es whi ch
recagni ze bot 2 r ' n td ; [ : 09,
abht anti - ari e B PO B0 e bR (b AR b EReR! kel
J. Vi r olfor Bad®@-of CoadO8]) with retbblotpdaxt li angibbdizyd@ndbaddisinéin. anti - gL 873. The
co-infection of iﬂsect cells bé H, %$, L%lzs, uL13Q.and Uh%?l resulted in
2 sl | amourih “BP NSRS SRamsttiop pisee ey PaTSCH R A retengady tha compees
non- confgy gRkin %%Hav%ih Qﬁﬂgﬁ ABboARAdcsaMddaraiigs i ncluding 10rabbit
anti-gH, anti-gL, "anti-UL128, anti-130, anti-131 and the rabbit polycl onal
ant i bodi es ddscritdedmbbdwmeentsCourhta eomifietng eritil@idiK bifdvio thechor epitdiar (exuraf ace
expression of full-length vira | ycoproteins, three separate human
exprléssilaﬁarpqraas%né%ﬂweg%aq@m&eb QEER@" COmISA dual | HOW 15 genes were
anplified fr g ar & n030,C. DNA,
and UL128, uﬁ%ﬁ%@ﬁf’f@?l g’%thé’%ﬁxff rand pgﬁoar%{:@r&)?t? ???t%%?%%%%kpdgﬁ’w 5 Toro
(I nvi t r qgevijled f Merrisa(l 896 )t Reitgeneappeg €radbanedin Metiods BeVielkt @ohBrvdvgyalol.an
expressi on vector. (pRK-tkNeo) with a"sel f-cl eaving 2A pepti de" sequence

( Szyncz 0 Eumana Progas TotesvaiNBhnol . 22: 589-94 (2004)) separating each HOW

gene and the ' acodi l.agm ds
nere const rudfan o anR I O AT AR R SRR R Ton S LR A RET %C1e
Wi t l2O0UL sbRBion dompEling bllfirdt3dhel @ndhtieGiPthaPbiagsiodSontglee [ br gt siegutcadkly atida human
enbryoni c kidq&%1%§EK%'293T cells %Qnerican Type Culture Collection, ATCC
Manassasecaptyunlabeled apfipesydbatdppeiag 3otd for iy alifigge sompste Maphe fieshpntibody

Cyt oga hQn. F S .t .

et ol 1260 g6 B AT or Bl ARARYo] ark 850 APREERYE % o FYidIRL

t r ansf ecupenidahth A 4 fatrof) Bine{dbRized (@ifdé Béirdk ardcdblakddn WisdRObomdBpdigardP or
nmock plasm_d usi Li pof ectam ne 2000 (Il nvitrogen) and incubated for 48

hours. «h¢ fisst \I/a@ﬁlgg@n@'g%ﬁw Bett the pesgneuelabeledantijodiranftepimcplation underd di vi ded
into.12 iy i ; P _ ;
cor o ol BUHRS Berp RIBERRS o el S Bo A oo 1 PRI A EREL CF.

cell's f amtibodyoldremdVtd, &3 e anduMEs 148ee Bssdeibicdlwith inimadts figsdr@shplex T 6egh is
aliquots of 3 x 107 transfected cells. Passage onto new cells was done

unti | neReaarcds Hebe pmeurfaifdabichpsseiatad withoaineedilized (wenicy 5pinehh aswihgfantyally

ELI SA as S e rfor t 0 ect depl et of certaln.H ific
ant boar B S RS AR a4 A B PR e SRR M 3R e o
coat ed WintiBodLikichmpetinpaeith enel firktSanpibegh it 8irgithg 19 @hple:0T or gH. See Harlow and

gH/ gL/ UL128/ UL130/ UL131 in PBS and/or |ysates of transfected HEK293T cells.
Det e¥t i dringéo&Seteribidiesd Aatareforgoeniarch1A (qeld Spgieg Hrehordghpiagay dold o

hor ser adi sh Rer Xi e (Jackson Laboratory, Bar Harbor, ME). The | ower
limt ofFieEect?Bn i's’ 0. 08 ng/mM. The 5 resulting H G was then concentrated
usi ng 100 kD nol ecul ar wei ght cutoff concentrators (Centricon) for use in a
neutralization assay as descri bed above5.2



Affinity depletion colums were generated in the follow ng manner. Proteins
(1-2 ng of soluble gB or gH/ gL) were extensively dialyzed agai nst PBS and
added to wpprxisnsely 1 nl of Sterogene ALD Superfl ow Pegius2@aosdovbr at ed
in PBS. Sodi um cyanoborohydride (0.2 ml 10 of 1 Msolution) was added to
chem cally couple the proteins to the al dehyde containing resin and the
reaction was Gdrhoatiidn tassaps cmedsb booperfovecdinghmaater4Cdesthibed aigive vdthalf ACBSsi ns
wer e | oaded i to S nd extegﬁ)ﬁvely wa hed th PBS to renove

any unbdiiHé& S %fr@? Cteﬂmltﬁgﬁﬁ ﬁﬁleame BRlfenmeal vdremelesd 890 11 was
| oaded %gb&sgéa%nQH& Hap&rfa@ gl%ﬂal ﬁaﬁlsﬁ?@ﬂ %ﬁd{@y\‘e&ﬂfsﬁm@’gd orftp k1 B -
ec e al

Non- bound protei n was co éveral 0. Iquots that were
separ at elgmglox tienh raBbé)d ubed mppromgiciieibe hysast ODhé tide af m%&wdﬁhlﬁmmnhéaatmr

wi th _a nol ecul ar vvelg cut of f Qf 5000 d Itons es were sterile
filteéredndrd] abyCamplee L 3atibediess syrthepagscrbed, ﬁ%m}@l@fors descri bed
previously, were transfected singly or at a 50 50 ratio for 20 gH gL and
UL128- 131 toget her usi gy Hicpobewsarsi ne 2000 (I nvitrogen) into HEK293T
cells. After 48 hours, cells were dissociated using Accutase (Sigma). All
i ncubat i ons dh ope ksrerely appysac privaded fanidiehioltingsin(iXaakslon | kethwyicattrewds hes

PBS, .2% F ff ft |1
Were 11l Ea TP R b A BEpPere P eU BRI s o vas
done usiRArdrAERofad bpidiPedeBaEKEN th fkbdsinorand gatel 7 Peessed %tgﬂsbrng

Fl owJo Software (Tree Star Inc.). CGeneration of Resistant Viral ants
gendiat espeiifigdllyrhunding & sregiitwpamtithia sihgle antteipediCosmpdesk newedizivgBCMYV #HCOW

strain VR 4 r itheli cells he ce  of ubotlrral
Somaent raionel B i Rher 3, IR ShPS biBocitipiss s HGun sy €5 Ko FUor A%, Tacinght LT
Di s. 301630k3féitédihe Et%?gs)(h HEMIQJ? 1é’¥§5h§éﬁﬁ&r@1%0€?rﬁetﬁ§ th@%t%”ise@b oifdlor hu8G3,
or a conbination of H 8&X In ARPE 19 cells (Arrerlcan Type Culture

Col | ect iless, I\GIBE; ervbaothmsais thed) o 17008 exgrelrarrfesst Irw\amemmlvdchxmnts tIRAE G 14

pl ates w t hree we ach of tibod 0,, 2 C90 and a
mul ti pl o We/BY Of lﬂS%Jﬁsa b the \%&4 SR PTGk SRl | 68 WO
2012/-047 Z]%B 4@@‘1 I

conczzlgntrau O%{é %t 98)dﬁ’y mcg/mase S%/a%ﬁgg?ﬁ orqﬁﬁﬁ?élt@?g gﬁdT@p?}cE%Tlll

nut ant s lessedgetheasmbodigknts vha BCoph a@méagAmyl omﬂnqzss ok1 ajtherednybqnlassragéle%cgﬂsese

viruses were wn in |ncrea5|n con ntratlon i body a fjnal
concent r(}a@]ilo‘l"g9 of [5%6- epgper Sibed Fﬂt & Cﬁ‘iﬂsgrﬂl L O1desse Péﬁ’dloéﬁal yzed

for esilanshul it and i AE boReSUIiAl k2 AL AR ARGRY as descri bed

above. The entlre process Initiate separate tines (three wells
per anti body Iﬁ@neesﬁebahssays)arepro%zRBE[-faxﬂldeedlﬂyﬁlgamd ghentéheydaes aliceedfi hae1$1gon MRCS
cells wth onl 1 and ML 109 (hu8G8 does not neutralize virus

VRCS
cel 1%) . blologlcah %@U&meﬁmgl@éﬁ‘étrva&YémaYdlaplﬂ%r?aa egbpldeatiqp of Hﬁl\é}%ﬁ% ECS0

extracel h I

Sngma Aldﬁ@jo of @Tméé%&gyyﬁf?aﬁwy OquLr% ggéﬁﬁl(ggg{#/ at al i nker,
St r at agapgml, samgnﬂ;l (@I agkh) 0.0nggahl, 0\ Gigtml, OmﬁqtgvaB%;@rnQrO MR(Eme.e.045 i n
either a 24-well format (24 wells per treatnent) or a 96-well format (72

vel|'s petkg/lilif@f ¥ent). After infection (at MJ of 1 or 2), media was

conbingt on ot PR T igodRt Pibr e by g Pon BHTR i EEMReC, ©

Si gms- Al gtptesitd. in BachovirgkyittsatorS0asfant7 IVM$)r s (5@9?0! 16 aM, esmned .l 4 nM th
i ncreasi ngﬁlS concentrations of antibod G owi ng Vi rus was

t r ansf erd EinMe 0413 mQEr0. WelMs 0.4 A Mt 0k 9105@%\4 2.6 wdn® A8 nMrHD eyl 9.84
Process Waso b?irl%/fmﬁtoezq}l\;l VY?O PERALALE TR omt%ﬁ?é’c?rﬁﬁeﬂéi’%ﬁnbgd%g RRGQL Sldas- DNA

was i sol'ated mut ant Vi ru
biological activity in vivo and/or in vitro are also provided.

In certain embodiments, an antibody of the invention is tested for such biological

30  activity. See Example 3 for an exemplary description of such an assay.
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or supernatant (DNA Bl ood/ Tissue Extraction Kit, Q agen; Valencia, CA.
Primers were 20 designed to conserved sequences across each gene accordi ng
to an al iworero4of32HCW strains AD 169, FI X, TB40E, Tol @dojusasnd/oFmene
sequences available in the National Center for Biotechnol ogy |Information
(NCBI') database. d ycoprotein Hwas anplified out of each clinical strain
fromthe starE. codomuhocmngiegatesse 2196, just short of the stop codon.

G ycoprotein B was anplified fromthe start to base 2686, just short of the
stop codon. WhkA8yen?ibn blshPoovidesctoblpdsitionec@mmatdy iamhndcorjdgdteotonsirating t o
stop accordi to the ¢DNA sequence obtained from Akter et al., Gen.

J.
Virol . & ailﬂgormlef »amdody phan pi-gHensbedyclvain cPRHEPDIP FPERME SHAIXIGas

( Saquoncelts: e B SebRUARMAL LR T A0, 200 S BB A AP i e
t hat 5conjrateiedxinbecnghihaticatle Aesveabx ik b2 B dtdria3 Ghkjal Flagenemimasoripgg o i bed

above, were nodified to substitute a single a mutation found in each
resi st arfeagnppsdhercoRaiagiprive piosesd was transfected (Li pof ect ani ne 2000,

I nvi t rogen; rl . intao H cel AT . d

20121 047 732PCrPURs 14 Gtk B By RthiciS uh Jp 8ok FRAPURE AT,

f 1 uor escetiicleaeitivody efconfldatedas bhogr hbAGRLgR RRlWEhShutast Oesed ided above,
for the ability of the surface expressed HCOW proteins to bind a control

anti - gHnafIsEe (scoPd. datappNos. 0301 281 ©0e B end Eurvpeas) Radent dEP(hd2 B35
transfe d with, gH | m [ ] 0 r.e r t hen
L eodRl oo At biihestit oty B EpMAlen @t ¥th b SYREERDE Py B (BTAELRST iy

hu8&3, aiMAPN ke S" ’bbht NaNBic3l483 ind9380,388 hadYyr,408mBISY.%i dolahdint FBgES Wer e
generated using FlowJo (Treestar; Ashland, OR). Analysis of Viral Entry.

. . 0 (. )
St ocks crlighesmiginet demative Hicral (sselad iatqny dpsayél. 3 . parl4158€] 5,840, NRRE- 19

har vest 61 Vo Enaat)- i 1oty BER rHPcry s DR ol AL f5¢” BBb5 DNA
(PPG5F TaHERUGEMBAGS: 438D NOCAD) RAPSER IFEHT SR | D

NGO 190), Tagqman probe CACCGACGAGGATTCCGACAACG ( SEQ | . To ascertain
copylSnursselr as dauspapdarod doxerubiciascoktasd etedi, Wittranipded (Heonéd:47h1583 22408):Bl unt

PCR d oni (I nvitrogen). , Diluiions Vi r n.co n r were
PR Lo Al PR o 5 R BRORL TPORY TR AT, o
and Vi sualdyzaki?an.72Theod N Redy QUB, Pkt Nel.eR-aRes:i KM 9PRYo-We4 e2¢pah.cul at ed,
normalized to the strain passed w thout antibody, and (bgraphe usi ng Excel

ver si on Dubowchik dilabr Bwofg. & Rednoha;. Daryrs 12x0aP 1632 (2002),dding et dn JoMed.

Anti - Co ex | Ant i+ Ant i | es r ion of Anti-. | ex |

VU ne. rials s a5 256-4358 By SBAES & fie Ko, B30 T BBl VP eiun zed

wi t powhah@inbNudinacddc¥ak QdpdcRRROMbkothkdMclPinchiand YRABAA) o AlchBieeieMd at i on
of 1 x 106 pfu per nouse twice a week for a total of 7 injections SCIP. In
the firdCHdup of animals, each nmouse was prined with R Bl adjuvant and

subsequently injected with HOW.in PBS.. In the second 0 of m.ce, the
ani mal's ver & DAPYT e BHAER o ST pngcBRigHe SPTRT OO HORDES ST dnt . Test
bl eeds (Heréiﬁ'@m%jﬁﬁﬂf&i ) i rRatl1§ SR B &A ﬁragmﬁﬁtr tH@PeéE"fﬁ%'hﬁiiﬂg buglot on by
ELI SA and a virus neutralization assay as descri bed above. The top 5

r espondilnygiteti toalipieheriach ob®an, fonbindimpchetve tmgroénthpbdipbibras toxTwexstoparat e set s

f fusions. i ng | ymphacytes, f h it i ngui pal
e Y R R R S AN SR
96-vel | &} $ugetibl H)"r?gﬁl‘gﬁéﬁﬁss ggaﬁﬁlﬁlgh?}é&ﬁg PAPRIRY a MUREI A B RE BAD], PA IS 2‘9

HAT nedi a suppl enent , , Nb.) began one day post fusion.
t ot al ofand PA\R-§Gmdnydotlicd chaantweinbibstor, eervéd cugting gapiabearial aftisinaléuinhlitozat i on
assay on epi.theli al. cells as descri bed above. The EC50 (n/ml) for HCOW
Strain \EIEHH DRIECH e GSELRGTE RGCHHRY WD GReRYoiasanddas BHOKFenFar i ous cel |

types and conpan&flet Gnbfmddad A A donAhtc W PALL AhhdFeRY ddRadtd/ 054092

30  herein conjugated to a radioactive atom to form a radioconjugate. A variety of radioactive

isotopes are available for the production of radioconjugates. Examples include At*, 1!, 1'%

Y90, Rel%, Relgg, Sm'*? , Bim, p? 2, Pb%'? and radioactive isotopes of Lu. When the

2

radioconjugate is used for detection, it may comprise a radioactive atom for scintigraphic
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anti body) and is shown in Table 2. The nonocl onal antibody 8G was the nost

potent neutralizing antibody identified in the screen and was chosen for

humani zatworroenid7f3ar t her characteri zati on. 5TABLE 2 EC5@CTiusgéumby409HCW

Strain VR1814 Cell Type Target Epithelial Endothelial Fibroblast MSL-109

gH 0. 1642 0.0764 0.3890 Murine 8G3 Conplex | 0.0014 0.0007 N A Mirine
studies, for example tc99m or 1123, or a spin label for nuclear magnetic resonance (NMR)

imaging (also known as magnetic resonance imaging, mri), such as iodine-123 again, iodine-
131, indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17, gadolinium, manganese or
iron.

5 Conjugates of an antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCI),
active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde), bis-azido

10 compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as
bis-(p-diazoniumbenzoyl)-cthylenediamine), diisocyanates (such as toluene 2,6-diisocyanate),
and bis-active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a
ricin immunotoxin can be prepared as described in Vitetta et al., Science 238:1098 (1987).
Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-

15  DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the antibody. See
W094/11026. The linker may be a “cleavable linker” facilitating release of a cytotoxic drug in
the cell. For example, an acid-labile linker, peptidase-sensitive linker, photolabile linker,
dimethyl linker or disulfide-containing linker (Chari et al., Cancer Res. 52:127-131 (1992);
U.S. Patent No. 5,208,020) may be used.

20 The immunuoconjugates or ADCs herein expressly contemplate, but are not limited to
such conjugates prepared with cross-linker reagents including, but not limited to, BMPS,
EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH,
sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-
SMPB, and SVSB (succinimidyl-(4-vinylsulfone)benzoate) which are commercially available

25  (e.g., from Pierce Biotechnology, Inc., Rockford, IL., U.S.A).

F. Methods and Compositions for Diagnostics and Detection

In certain embodiments, any of the anti-Complex I antibodies and/or anti-gH
antibodies, or compositions comprising such antibodies, as provided herein, are useful for
detecting the presence of Complex I and/or gH in a biological sample. The term “detecting” as

30  used herein encompasses quantitative or qualitative detection. In certain embodiments, a
biological sample comprises a cell or tissue, such as placenta, kidney, heart, lung, liver,

pancreas, intestine, thymus, bone, tendon, cornea, skin, heart valves, and veins. Furthermore,
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compositions comprising the antibodies may be used to detect HCMV in endothelial cells,
epithelial cells, fibroblasts and macrophages.

In one embodiment, an anti-Complex I antibody and/or an anti-gH antibody for use in a
method of diagnosis or detection is provided. In a further aspect, a method of detecting the

5  presence of Complex I and/or gH in a biological sample is provided. In certain embodiments,
the method comprises contacting the biological sample with an anti-Complex I antibody and/or
an anti-gH antibody, as described herein, under conditions permissive for binding of the anti-
Complex I antibody to Complex I and/or the binding of the anti-gH antibody to gH, and
detecting whether a complex is formed between the anti-Complex I antibody and Complex I

10 and/or the anti-gH antibody and gH. Such method may be an irn vitro or in vivo method. In one
embodiment, an anti-Complex I antibody or an anti-gH antibody or a combination of an anti-
Complex I antibody and an anti-gH antibody is used to select subjects eligible for therapy with
a anti-Complex I antibody or an anti-gH antibody or a combination of an anti-Complex I
antibody and an anti-gH antibody, ¢.g. where Complex I and gH is a biomarker for selection of

15  patients.

Exemplary disorders that may be diagnosed using a composition of the invention
include HCMYV infection, such as HCMV infection from transplanted organs or tissues,
congenital HCMYV infection, HCMV infection during pregnancy, and HCMV infection in
children, infants and adults.

20 In certain embodiments, compositions comprising labeled anti-Complex I antibodies
and/or anti-gH antibodies are provided. Labels include, but are not limited to, labels or
moieties that are detected directly (such as fluorescent, chromophoric, electron-dense,
chemiluminescent, and radioactive labels), as well as moieties, such as enzymes or ligands, that
are detected indirectly, e.g., through an enzymatic reaction or molecular interaction.

25  Exemplary labels include, but are not limited to, the radioisotopes 32P, 14C, 1251, 3H, and 1311,
fluorophores such as rare earth chelates or fluorescein and its derivatives, rhodamine and its
derivatives, dansyl, umbelliferone, luceriferases, e.g., firefly luciferase and bacterial luciferase
(U.S. Patent No. 4,737,456), luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase
(HRP), alkaline phosphatase, B-galactosidase, glucoamylase, lysozyme, saccharide oxidases,

30 e.g., glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase, heterocyclic
oxidases such as uricase and xanthine oxidase, coupled with an enzyme that employs hydrogen
peroxide to oxidize a dye precursor such as HRP, lactoperoxidase, or microperoxidase,

biotin/avidin, spin labels, bacteriophage labels, stable free radicals, and the like.
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H. Therapeutic Methods and Compositions

Any of the compositions comprising the anti-Complex I antibodies and/or anti-gH
antibodies provided herein may be used in therapeutic methods.
In one aspect, compositions comprising an anti-Complex I antibody or an anti-gH
20  antibody or an anti-Complex I antibody and an anti-gH antibody for use as a medicament is
provided. In further aspects, compositions comprising an anti-Complex I antibody or an anti-
gH antibody or an anti-Complex I antibody and an anti-gH antibody for use in treating HCVM
infection is provided. In certain embodiments, compositions comprising an anti-Complex |
antibody or an anti-gH antibody or an anti-Complex I antibody and an anti-gH antibody for use
25  in a method of treatment is provided. In certain embodiments, the invention provides
compositions comprising an anti-Complex I antibody or an anti-gH antibody or an anti-
Complex I antibody and an anti-gH antibody for use in a method of treating an individual
having an HCMYV infection comprising administering to the individual an effective amount of
the composition comprising an anti-Complex I antibody and/or an anti-gH antibody. In other
30  embodiments the invention provides compositions for use in a method of preventing, inhibiting
or treating congenital HCMV infection or HCMV infection in a tissue or organ transplant

recipient for which the transplanted tissue, organ or donor is or has been infected with HCMV.
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In one such embodiment, the tissue or organ transplant recipient in seronegative for HCMV
infection. In additional embodiments, the transplant recipient or individual has previously been
infected with HCMV and is at risk of HCMV reactivation and infection. In certain
embodiments, the method further comprises administering to the individual or transplant

5 recipient an effective amount of at least one additional therapeutic agent, e.g., as described
below. In other embodiments, the invention also provides compositions comprising an anti-
Complex I antibody or an anti-gH antibody or an anti-Complex I antibody and an anti-gH
antibody for use in a method or treatment of an HCMYV infected infant, or infant exposed to
HCMYV during gestation, comprising administering to the infant an effective amount of a

10 composition comprising an antibody of the invention or a combination thereof. In further
embodiments, the invention provides compositions comprising an anti-Complex I antibody or
an anti-gH antibody or an anti-Complex I antibody and an anti-gH antibody for use in treating,
inhibiting or preventing HCMYV infection in an individual at risk for infection. An “individual”
according to any of the above embodiments is preferably a human.

15 In a further aspect, the invention provides for the use of a composition comprising an
anti-Complex I antibody and/or an anti-gH antibody or an anti-Complex I antibody and an anti-
gH antibody in the manufacture or preparation of a medicament. In one embodiment, the
medicament is for treating, preventing or inhibition HCMV infection. In a further
embodiment, the medicament is for use in treating, preventing or inhibiting HCMV infection

20  comprising administering to an individual having an HCMV infection an effective amount of
the medicament. In other embodiments the medicament is for use in a method of preventing,
inhibiting or treating congenital HCMV infection or HCMV infection in a tissue or organ
transplant recipient for which the transplanted tissue, organ or donor is or has been infected
with HCMV. In one such embodiment, the tissue or organ transplant recipient in seronegative

25  for HCMV infection. In additional embodiments, the transplant recipient or individual has
previously been infected with HCMYV and is at risk of HCMV reactivation and infection. In
certain embodiments, the medicament further comprises an effective amount of at least one
additional therapeutic agent, ¢.g., as described below. In a further embodiment, the
medicament is for use in treating, inhibiting or preventing an HCMYV infection in an individual

30  atrisk for infection comprising administering to the individual an amount effective of the
medicament to inhibit or prevent HCMYV infection. In other embodiments, the medicament is
for use in treating an HCMV infected infant, or infant exposed to HCMV during gestation,

comprising administering to the infant an effective amount of a composition comprising an
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“individual” is a human, and/or pregnant and/or an organ transplant receipient at risk for
HCMYV infection.
In a further aspect, the invention provides a method for treating, preventing or
10 inhibiting an HCMYV infection. In one embodiment, the method comprises administering to an
individual an effective amount of a composition comprising an anti-Complex I antibody and/or
an anti-gH antibody. In other embodiments the invention provides a method of preventing,
inhibiting or treating congenital HCMV infection or HCMV infection in a tissue or organ
transplant recipient, for which the transplanted tissue, organ or donor is or has been infected
15  with HCMV, comprising administering to an individual or transplant recipient an effective
amount of a composition comprising an anti-Complex I antibody and an anti-gH antibody. In
one such embodiment, the tissue or organ transplant recipient in seronegative for HCMV
infection. In additional embodiments, the transplant recipient or individual has previously been
infected with HCMV and is at risk of HCMYV reactivation and infection. In one such
20  embodiment, the method further comprises administering to the individual an effective amount
of at least one additional therapeutic agent, as described below. In other embodiments, the
invention provides a method for treating, inhibiting or preventing an HCMV infected infant, or
infant exposed to HCMV during gestation, comprising administering to the infant an effective
amount of a composition comprising an antibody of the invention or a combination thereof.
25  An “individual” according to any of the above embodiments may be a human.
In a further aspect, the invention provides a method for inhibiting or preventing an
HCMYV infection in an individual at risk for infection. In one embodiment, the method
comprises administering to the individual an effective amount of a composition comprising an
anti-Complex I antibody and/or an anti-gH antibody to inhibit or prevent HCMYV infection. In
30  one embodiment, an “individual” is a human.
In certain embodiments, the invention provides a method for reducing HCMV viral titer
or preventing an increase in HCMV viral titer in an individual. In one embodiment, the

method comprises administering to the individual an effective amount of a composition
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comprising an anti-Complex I antibody and/or an anti-gH antibody to reduce HCMV viral titer
or prevent an increase in HCMYV viral titer. In one embodiment, an “individual” is a human,
and/or pregnant and/or an organ transplant receipient at risk for HCMV infection.

HCMYV viral titer can be measured by any means know in the art, for example by
ELISA to measure viral antibodies, serological or tissue based assays to measure the presence
of HCMV by quantifying the amount of viral DNA (either specific viral genes and/or viral
genomes to determine viral load) and/or culturing virus from samples. Such diagnostic tests
are sold commercially, for example COBAS® AmpliPrep/COBAS® TagMan® CMV Test and
the COBAS® AMPLICOR CMV MONITOR Test (Roche) which can be used to diagnose
HCMYV infection and monitor antiviral therapy by the quantification of HCMV DNA. In
certain embodiments the HCMYV viral titer in an individual is reduced by about any of 100%,
95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%,
15%, 10% or less relative to an untreated individual or relative to the viral titer of the same
individual prior to treatment.

In additional embodiments, the organ or tissue transplanted may be any organ or tissue
that is able to be transplanted from one individual to a second individual. For example, the
organ transplanted may be, but is not limited to, a heart, kidney, liver, lung, pancreas, intestine,
or thymus. Additionally, for example, the tissue transplanted may be, but is not limited to,
hand, corneal, skin, face, islets of langerhans, bone marrow, stem cells, whole blood, platlets,
serum, blood cells, blood vessles, heart valve, bone, bone progenitor cells, cartilage, ligaments,
tendons, muscle lining.

In a further aspect, the invention provides compositions and pharmaceutical
formulations comprising any of the anti-Complex I antibodies and/or gH antibodies provided
herein, e.g., for use in any of the above therapeutic methods. In one embodiment, a
pharmaceutical formulation comprises any of the anti-Complex I antibodies and/or anti-gH
antibodies provided herein and a pharmaceutically acceptable carrier. In another embodiment,
a pharmaceutical formulation comprises any of the anti-Complex I antibodies and/or anti-gH
antibodies provided herein and at least one additional therapeutic agent, e.g., as described
below.

The antibodies in the compositions of the invention can be used either alone or in
combination with other agents in a therapy. For instance, the antibodies of the invention may
be co-administered with at least one additional therapeutic agent. In certain embodiments, an

additional therapeutic agent is a ganciclovir, valganciclovir, foscarnet, and/or cidofovir. In
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2012/ 047732PGH Sa0b {034 ﬁl%lzapies noted above encompass combined administration (where

two or more therapeutic agents are included in the same or separate formulations), and separate

5  administration, in which case, administration of the antibody compositions of the invention can
occur prior to, simultaneously, and/or following, administration of the additional therapeutic
agent and/or adjuvant.

Compositions of the invention (and any additional therapeutic agent) can be
administered by any suitable means, including parenteral, intrapulmonary, and intranasal, and,

10  if desired for local treatment, intralesional administration. Parenteral infusions include
intramuscular, intravenous, intraarterial, intraperitoneal, or subcutancous administration.
Dosing can be by any suitable route, e.g. by injections, such as intravenous or subcutancous
injections, depending in part on whether the administration is brief or chronic. Various dosing
schedules including but not limited to single or multiple administrations over various time-

15  points, bolus administration, and pulse infusion are contemplated herein.

Compositions of the invention would be formulated, dosed, and administered in a
fashion consistent with good medical practice. Factors for consideration in this context include
the particular disorder being treated, the particular mammal being treated, the clinical condition
of the individual patient, the cause of the disorder, the site of delivery of the agent, the method

20 of administration, the scheduling of administration, and other factors known to medical
practitioners. The composition need not be, but is optionally formulated with one or more
agents currently used to prevent or treat the disorder in question. The effective amount of such
other agents depends on the amount of antibodies present in the formulation, the type of
disorder or treatment, and other factors discussed above. These are generally used in the same

25  dosages and with administration routes as described herein, or about from 1 to 99% of the
dosages described herein, or in any dosage and by any route that is empirically/clinically
determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of the antibodies
contain in the compositions of the invention (when used alone or in combination with one or

30  more other additional therapeutic agents) will depend on the type of disease to be treated, the
type of antibodies, the severity and course of the disease, whether the antibodies are
administered for preventive or therapeutic purposes, previous therapy, the patient's clinical

history and response to the antibodies, and the discretion of the attending physician. Each
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composition contained therein, wherein the composition comprises a further cytotoxic or
otherwise therapeutic agent. The article of manufacture in this embodiment of the invention
may further comprise a package insert indicating that the compositions can be used to treat a
particular condition. Alternatively, or additionally, the article of manufacture may further
5  comprise a second (or third) container comprising a pharmaceutically-acceptable buffer, such
as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other materials desirable from a commercial and user
standpoint, including other buffers, diluents, filters, needles, and syringes.
It is understood that any of the above articles of manufacture may include an
10  immunoconjugate of the antibodies described herein in place of or in addition to an anti-

Complex I antibody and/or an anti-gH antibody.

1. EXAMPLES
The following are examples of methods and compositions of the invention. It is
15  understood that various other embodiments may be practiced, given the general description

provided above.

Materials and Methods

Virus growth. VR1814 (Ravello Lab, Fondazione IRCCS Policlinico San Matteo, Pavia Italy)
was expanded in either human fetal lung fibroblasts (MRCS5) (American Type Culture

20 Collection, ATCC; Manassas, VA) cultured at passage 7-14 as instructed except in DMEM, or
in PO human umbilical vein endothelial cells (HUVEC) (Lonza; Basel, Switzerland) at passage
4-6 as instructed and supernatant was concentrated, resuspended in complete media, and
frozen. Complete media was composed of DMEM supplemented with 10% fetal calf serum,
penicillin/streptomycin, L glutamine (all from Invitrogen; Carlsbad, CA) and 10 mM HEPES

25  (Cellgro; Manassas, VA). Assays were performed in 96 well plates in MRC5 and HUVEC
cells and also in human retinal pigment epithelial cells (ARPE-19) (ATCC-cultured as
instructed), monocyte derived macrophages (MDM), and cytotrophoblasts, which are placental
epithelial cells. MDM were isolated from whole blood using RosetteSep Human Monocyte
Enrichment Cocktail (Stemcell Technologies, Vancover, BC, Canada) as instructed.

30 Monocytes were then stimulated with 0.1 pg/ml lipolysacchardies (LPS) (Invivogen) and
incubated in DMEM overnight. Platelets and unbound cells were washed away with PBS prior
to infection. Cytotrophoblasts were isolated from 19 week placentas (Pereira Lab, UCSF
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using protocol from Librach ef al., 1991, JCV 113:437-449) and seeded in 96-well tissue
culture plates. Cytotrophoblasts preparations were assayed for the cytotrophoblast marker
cytokeratin 7 (CK7) (Dako) and found to be more than 90% positive at the start of the
infection.

5 The following HCMV strains were obtained from Dr. Jay Nelson (University of Oregon
Health and Science University (OHSU); Portland, OR): Adinis, Brown, Cano, Davis, Dement,
Grunden, Harris, Keone, Lysistrata, NewRock, Phoebe, Powers, Salvo, Schmoe, Simpson, and
Watkins. The following HCMYV strains were obtained from Dr. Sunwen Chou (OHSU): C079,
C323, C327, C336, C352, C353, and C359. Thawed virus was added to MRC3 fibroblasts and

10 allowed to grow until 100% CPE was visible (approximately 10-12 days post-infection). Three
days later, cells were scraped and the supernatant harvested and concentrated using
ultracentrifugation. Dilutions of each strain were used to infect fresh fibroblasts in 96-well
plates. Virus was allowed to infect for 18 hours, after which the cells were fixed with 100%
ethanol. Staining with Mab810, an anti-IE antibody (Millipore; Billerica, MA) and

15  immunofluorescence analysis were performed. Titers were calculated and used to determine
the amount of virus necessary for a multiplicity of infection (MOI) of 1 for neutralization

assays.

Neutralization assays. Neutralization assays were performed essentially as in Abai et al.,

20 2007, J. Immunol Methods, 322:82-93, except that the assay is performed in DMEM (Gibco)
and detected by immunofluorescence as described above. Briefly, antibody was serially diluted
and mixed with virus diluted in complete media such that the final virion concentration
resulted in approximately 1 infectious virus per cell (MOI=1) when mixed with media or with a
non-inhibitory antibody. Antibody and virus was mixed and incubated at 37 degrees for one

25 hour prior to addition to a confluent monolayer of MRC5s, ARPE-19s, HUVECs or monocyte-
derived macrophages (MDM). Virus was allowed to infect for 18 hours after which time the
cells were fixed with 100% cthanol. Cells were blocked in PBS, 2% BSA and then stained
with an anti-HCMYV IE antibody, Mab810 (Millipore) or Rabbit anti HCMV IE (Johnson Lab,
Oregon Health Sciences University). Cells were washed with PBS and incubated with the

30  appropriate AlexaFluor 488 and Hoechst stain (Invitrogen). Data from duplicate wells
containing a given antibody concentration were averaged and compared with infection in the
absence of antibody, which was set to 100%. Cells were imaged and counted using the

ImageXpress® Micro™ and MetaXpress® (Molecular Devices). Data were log transformed,
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translated using MacVector. Alignment was performed by ClustalW and in Jalview
Alignment Editor and trees constructed using nearest neighbor % identity.
15
Protein expression by baculovirus. In order to detect expressed proteins, rabbit
polyclonal antibodies were produced by standard procedures. Each rabbit was immunized with
a peptide corresponding to a HCMYV protein. Peptides were as follows:
gH 871 HPHHEYLSDLYTPCSSSGRRDHSLERLTR (SEQ ID NO:195),
20 gH 977 CPHVWMPPQTTPHDWKGSHTTSGLHRPH (SEQ ID NO:196),
gl 873 CGLPPELKQTRVNLPAHSRYGPQAVDAR (SEQ ID NO:197),
UL128 988 VGLDQYLESVKKHKRLDVCRAKMGYMLQ (SEQ ID NO:198),
UL128 989 RQVVHNKLTSCNYNPLYLEADGRIR (SEQ ID NO:199),
UL130 892 RDYSVSRQVRLTFTEANNQTYTFCTHPN (SEQ ID NO:200),
25 ULI130 892 SPWFTLTANQNPSPPWSKLTYPKPHDC (SEQ ID NO:201), and
UL131 993 TAEKNDYYRVPHYWDACSRALPDQTRYK (SEQ ID NO:202).
Sera was purified by capture on the peptide-bound column and subsequent elution. For
secreted proteins, a baculovirus construct was made for the extracellular domains of each
individual HCMYV protein. Each of the HCVM extracellular domains were fused to a
30  baculovirus signal sequence and a 6X-His tag on the C-terminus. Baculovirus expression
vectors were used to infect SF9 or Tini insect cells. Protein was harvested and gel filtrated,
and examined by acrylamide gel electrophoresis and coomassie staining. Fractions containing

all five proteins (gH, gL, UL128, UL130, and UL131) were pooled. The gB trimer construct
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was created by fusing gB S64-K115 to Q499-E655. When expressed by infection of insect
cells, this construct resulted in gB protein that is not membrane anchored, formed trimers as
expected, bound neutralizing and non-neutralizing gB antibodies, and was likely in its pre-
fusion form. When gH and gL were co-expressed, the resulting gH/gL protein bound HB1 and
the following antibodies which recognize both non-conformational and conformational gH
epitopes: MSL-109, rabbit anti-gH, rabbit anti-gL. (from David Johnson, OHSU, Ryckman et
al., J. Virol. 82:60-70 (2008)), rabbit anti-gH 977 and rabbit anti-gl. 873. The co-infection of
insect cells by gH, gL, UL128, UL130 and UL131 resulted in a small amount of heterogenecous
protein that bound hu8GS8 and non-conformational and conformational antibodies including
rabbit anti-gH, anti-gL, anti-UL128, anti-130, anti-131 and the rabbit polyclonal antibodies

described above.

Construction of pRK —-CMYV vectors. For surface expression of full-length viral
glycoproteins, three separate human expression plasmids were constructed. Individual HCMV
genes were amplified from start to stop. gH, gL, gB were amplified from genomic DNA, and
UL128, UL130, UL131 from cDNA and cloned first using PCR Blunt Il TOPO (Invitrogen).
Afterward, the genes were cloned into a Genentech mammalian expression vector (pRK-tk-
Neo) with a“self-cleaving 2A peptide” sequence (Szymczak et al., Nat. Biotechnol. 22:589-94
(2004)) separating each HCMV gene and the last 3’ gene from the gene encoding ¢GFP. Three
plasmids were constructed, one with gB and eGFP, one with gH, gL, and eGFP, and one with
UL128, UL130, UL131, and eGFP. Plasmids were transfected into human embryonic kidney
(HEK)-293T cells (American Type Culture Collection, ATCC; Manassas, VA) using
Lipofectamine 2000 (Invitrogen; Carlsbad, CA).

Cytogam® (HIG) depletion. For assay of the components of HIG that neutralize viral entry
into epithelial cells, HEK-293T cells were transfected with either gB/eGFP or gH/gl./eGFP and
UL128/UL130/UL131/eGFP or mock plasmid using Lipofectamine 2000 (Invitrogen) and
incubated for 48 hours. Cells were dissociated using Accutase (Sigma), pelleted, and divided
into 12 aliquots. Cytogam® was diluted to 20ug/ml in PBS and 0.5% bovine serum albumin
(BSA) and incubated in suspension with 3 x 107 transfected cells for 1 hour. The Cytogam®
was then serially transferred to fresh aliquots of 3 x 10 transfected cells. Passage onto new
cells was done until maximal specific deletion of antibodies was seen (six passages). ELISA

assays were performed to detect depletion of certain HCMV specific antibodies. Maxisorp
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(NUNC) plates were coated with purified baculovirus produced gB, gH/gL, or
gH/gl/UL128/UL130/UL131 in PBS and/or lysates of transfected HEK293T cells. Detection
was determined with a goat anti-human IgG, Fcy conjugated to horseradish peroxidase
(Jackson Laboratory, Bar Harbor, ME). The lower limit of detection is 0.08 pg/ml. The
resulting HIG was then concentrated using 100 kD molecular weight cutoff concentrators
(Centricon) for use in a neutralization assay as described above.

Affinity depletion columns were generated in the following manner. Proteins (1-2 mg
of soluble gB or gH/gL) were extensively dialyzed against PBS and added to approximately 1
ml of Sterogene ALD Superflow resin equilibrated in PBS. Sodium cyanoborohydride (0.2 ml
of 1 M solution) was added to chemically couple the proteins to the aldehyde containing resin
and the reaction was allowed to proceed for overnight at 4°C. The individual resins were
loaded into small columns and extensively washed with PBS to remove any unbound protein.
Two milligrams of Cytogam® in a volume of 800 ul was loaded onto the columns and washed
with PBS at a flow rate of 0.4 mL/min. Non-bound protein was collected in several 0.5 ml
aliquots that were separately concentrated to approximately 100 pl in a spin concentrator with a
molecular weight cutoff of 5000 daltons. Samples were sterile filtered and stored at 4°C until

assay.

FACS. pRK-CMYV vectors, described previously, were transfected singly or at a 50:50 ratio for
gH/gl and UL128-131 together using Lipofectamine 2000 (Invitrogen) into HEK293T cells.
After 48 hours, cells were dissociated using Accutase (Sigma). All incubations of primary or
secondary antibodies (Jackson Labs) and washes were in PBS, 2% FCS, 0.2% Sodium Azide
(FACS buffer). After staining, cells were fixed in 2% paraformaldehyde in FACS buffer.
Fluorescence analysis was done using FACS Calibur4 (Beckton Dickinson) and data processed

using FlowJo Software (Tree Star Inc.).

Generation of Resistant Viral Mutants. To generate viral mutants resistant to the antibodies
described herein, HCMYV strain VR1814 was grown on epithelial cells in the presence of sub
optimal concentrations of either the antibody MSL-109 (Aulitzky et al., J. Infect. Dis.
163:1344-47 (1991)), which was synthesized at Genentech, HB1, hu8GS, or a combination of
HB1 and hu8GS8 in ARPE 19 cells (American Type Culture Collection, ATCC; Manassas,
VA). The experiment was started in 24 well plates with three wells each of antibody at EC50,
2X EC50, or EC90 and a multiplicity of infection (MOI) of 0.5. Each week, half of each well
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volume was passaged onto new cells and concentration of antibody increased 1.5 fold or held
steady. Typically, mutants emerged as single viral plaques by approximately passage 9. These
viruses were grown in increasing concentration of antibody to a final concentration of 10X
EC90. Subsequently, mutants were stocked and analyzed for resistance to HB1 and hu8GS by
5 neutralization assay as described above. The entire process was initiated four separate times
(three wells per antibody concentration) on ARPE-19 cells and two separate times on MRC5
cells with only HB1 and MSL 109 (hu8GS does not neutralize virus on MRCS5 cells).
In order to generate additional resistance mutations, extracellular virus was treated with
N-ethyl-N nitrosourca (ENU, Sigma-Aldrich; St. Louis, MO) or ultraviolet light (254A
10 Stratalinker, Stratagene; Santa Clara CA) and allowed to infect ARPE-19 or MRCS5 cells in
cither a 24-well format (24 wells per treatment) or a 96-well format (72 wells per treatment).
After infection (at MOI of 1 or 2), media was replaced with complete media with HB1 at
EC100 or hu8GS8 at EC100 or a combination of the two antibodies each at EC50, or ganciclovir
(GCV, Sigma-Aldrich). Each week, supernatant was passaged to fresh cells with increasing
15  concentrations of antibody or GCV. Growing virus was transferred to larger wells and stocked

after 2-3 months. The entire process was initiated two separate times.

Sequencing of Glycoproteins. DNA was isolated from control or mutant virus infected cells
or supernatant (DNA Blood/Tissue Extraction Kit, Qiagen; Valencia, CA). Primers were

20 designed to conserved sequences across each gene according to an alignment of HCMV strains
AD169, FIX, TB40E, Toledo, and Towne sequences available in the National Center for
Biotechnology Information (NCBI) database. Glycoprotein H was amplified out of each
clinical strain from the start codon through base 2196, just short of the stop codon.
Glycoprotein B was amplified from the start to base 2686, just short of the stop codon. UL128,

25  UL130, and UL131 were each amplified from start to stop according to the cDNA sequence
obtained from Akter et al., J. Gen. Virol. 84:1117-22 (2003). The polymerase chain reaction
(PCR) product was sequenced using dye terminator reactions and sequences aligned and

trimmed (Sequencer).

30  Recapitulation of Mutations. pRK-CMYV expression plasmids that contained the gH/gL
genes or UL128/UL130/UL131 genes, as described above, were modified to substitute a single
a mutation found in each resistance mutant. Each gH/gL plasmid was transfected

(Lipofectamine 2000, Invitrogen; Carlsbad, CA) into HEK 293T cells (ATCC), allowed to
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di st i nctus{ug, Fe’iceleqfaplmé4ll§cﬂ1\/éJ9@d0ftfR¢ﬂélmﬁl %o d be found in both branches)
(Pignatelli, J. Gen. 30Vi rot. 84:647-655 (2003)). The ability of HBL
(D53N T55R) to neutralize infectivity of a diverse panel of clinical

i sol at espaimpicYM. PRoduc6® Bl AntiSCHRPlekInAdAnd 3N Kndibsdieys the effectiveness
of HB1 conpared to HHG HB1 was found to neutralize each of the strains of

HCMZ0r e diredaetiomof Aht-Coniplro 1 Maviig BRHC8GEIS2@tdyee4 Balb/c mice (10 in cach
group) were immunized with whole UV inactivated (3000mJ) HCMV (Strain VR1814) at a

concentration of 1 x 10° pfu per mouse twice a week for a total of 7 injections SC/IP. In the
first group of animals, each mouse was primed with RIBI adjuvant and subsequently injected
with HCMV in PBS. In the second group of mice, the animals were unprimed and then

25  injected with HCMV in RIBI adjuvant. Test bleeds of the immunized mice were subjected to
serum sample titration by ELISA and a virus neutralization assay as described above. The top
5 responding mice were chosen for production of hybridomas. Two separate sets of fusions
were done using lymphocytes from the popliteal and inguinal nodes and mouse myeloma line
X63-Ag8.653. Fused cells were plated in 96-well tissue culture plates (58 plates) and

30  hybridoma selection using HAT media supplement (Sigma, St. Louis, Mo.) began one day post
fusion. A total of 738 IgG+ hybridomas were screened using the virus neutralization assay on
epithelial cells as described above. The EC50 (ug/ml) for HCMV Strain VR1814 for the

resulting antibodies was tested for various cell types and compared to MSL-109 (an anti-gH
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greatest gH sequence diversity as well or better than H G (when corrected
for the amobunt of HIGthat is gH gL/ UL128/ UL130/ UL131-specific). The

resul ts ovonewfmaiszzati on assays using the HCW st rai nsPDeEsaeL1/08@oni s and
VR1814 at various MJ, in nmultiple experinments are also shown in Table 7
bel ow. 5TABLE 7 Strain Nane (branch #) HB1L (D53N T55R) EC90 (jig/nl) H G
EC90 (ughniddy)khGiss6o0n (i iTgbhle®) TGamoor(ot)ondl &i7ib6dBEGS Wal fie ikevmpetepfl) 0. 12

0.1-0.2 104 Rock 18.0,12-0.24 119 TR (1
neutralli\lzen\{\é ar?u od3(r %c?engﬁe(? in the screen and was C-LOSG(II or humanization and further

characterization.
5 TABLE 2
ECS50 (ug/ml): HCMY Strain VR1814
Cell Type
Target Epithelial | Endothelial | Fibroblast
MSL-109 gH 0.1642 0.0764 0.3890

Murine | 0 plex T 0.0014 0.0007 N/A

8G8
Murine

SH3 gH 1.15 1.42 17.76
Murine

10F8 gH 0.1 0.1 1.11
Murine

1502 gH 0.12 0.11 1
Murine | plex 1 0.03 0.07 N/A

354 1 omplex . :

Humanization of Murine 8G8 mAb and Analysis. The murine hybridoma 8G8 was
humanized by standard CDR graft using a lambda 3 or 4 light chain (Fig. 2) and either a VHI,

10 VH3 or VH7 heavy chain framework (Fig. 1). For comparison, an alignment of consensus
human A germline sequences for A3 and A4 is shown in Fig. 2. Neutralization assays were
performed comparing an 8 G8 human/murine chimeric antibody (QE7/C2) with the 8G8 VHI,
VH3 or VH7 humanized heavy chains combined with either the 8 G8 A3 or A4 light chains. It
was found that the A4 variants, but not the A3 variants neutralized HCMV (Fig. 3).

15 The HVR-L2 of 24 was mutated as shown in Fig. 4 to introduce substitutions at amino
acids 50C, 50D, 56, as well as an amino acid substitution at amino acid 57 (the first amino acid
of FR3), according to Kabat numbering, to provide stability for the antibody. The various
mutated light chains were then combined with the 8 G8 human VHI chain and the resulting
antibodies were tested in neutralization assays as described above. Antibodies with single

20 amino acid substitutions all showed good neutralization activity (i.e. Al, E1, T1, A2, E2, and

T2) (Fig. 5). Likewise, all antibodies containing two amino acid substitutions showed good
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neutralization activity (i.e., SGSG and TGDA). The single mutant SG was included as a
comparison control, and it also showed good neutralization activity. (Fig. 6).

A humanized 8G8 A4 antibody sequence is shown in Fig. 7 (hu8G8.24 FW). Fig. 8
shows the sequence of a humanized 8G8 VH1 sequence (hu8G8.VH1) while Fig. 9 shows the
sequence of a humanized 8G8 VH3 sequence (hu8G8.VH3). Fig. 10 shows a humanized 8GS8
A4 antibody sequence in which the first two amino acids (QP) have been modified such that the
polypeptide begins with serine (Q is deleted and L is mutated to S) and amino acid 36 retains
the murine amino acid (Y). The polypeptide sequence of this antibody is shown as A4 8G8
graft. A representative nucleic acid sequence encoding the polypeptide is shown below the
polypeptide sequence.

Affinity Maturation of Anti-gH Antibody. The monoclonal antibody MSL-109 was
synthesized using the antibody sequence for the variable heavy and variable light chain
sequences of MSL-109 published in PCT Publication No. WO 94/16730, published August 4,
1994, and incorporated herein by reference in its entirety. The amino acid sequences of the
MSL-109 VH and VL chains are shown in Fig. 11 (VL, SEQ ID NO:90; VH, SEQ ID NO:92).
The MSL-109 antibody was based on an IgG1 framework containing heavy chain VH3 and
light chain V2. The recombinant DNA encoding this antibody was cloned into CHO cells.

Antibody MSL-109 was affinity matured by randomization of complementary
determining regions (CDRs) followed by selection of binders by phage display with
progressively limiting concentrations of biotinylated gH/gL.. Each position of the CDRs was
randomized by oligonucleotide-directed mutagenesis with an “NNK” codon, where N is any of
the four natural nucleotides, and K is 50% thymine and 50% guanine. The NNK codon can
encode any of the 20 natural amino acids. Libraries for the light chain and heavy chain were
made separately, and each of the 3 CDRs of each chain was randomized at the same time. This
results in clones that have 0 to 3 random amino acid changes in each chain, with up to one
mutation in each CDR. Libraries were made in a phage Fab fragment display vector and by
standard methods. Binding clones were selected by incubating the phage display libraries with
1 and 0.1 nM biotinylated gH/gL in successive rounds of selection, and then competed with
either 100 nM gH/gL or MSL-109 IgG to reduce binding of the lower affinity clones to gH/gL.
Bound clones were captured on ELISA plates coated with neutravidin or streptavidin, washed
and eluted in 10 mM HCI for 10 minutes at room temperature. The eluted phage was
neutralized with 1/10 volume of 1 M Tris pH 8.0 and used to infect E. coli for amplification for

the next round of selection. Clones from the second round of selection were sequenced to

72



G unden (2) 0.08 0.14-0.28 137 Harris (2) 0.32 0.3-0.6 305 Phoebe (2) 0.04
0.1-0.2 115 VR1814 (2) 0.08 0.1-0.3 790 0.78 0.8-1.6 0.25 0.4-0.7
WO 2012/047732 PCT/US2011/054092

determine mutations that are frequent in selected phage. Clones with favored mutations were
tested by a competition phage ELISA.
IgG and Fab fragments of mutant MSL-109 with individual or combined mutations in
heavy chain Kabat positions 53 and 55 were expressed and tested for in vitro neutralization of
5 CMV. Amino acid substitutions at amino acid 53 (replacing D53 with S, I, N, Q, F, M, L, G,
H, K, W, Y, V or A) alone or in combination with an amino acid substitution at amino acid 55
(replacing T55 with either R or K) provided antibodies with improved neutralization capability
(Figs. 12B and 12C). A schematic of some of these changes is shown in Fig. 12A.
Additionally, the amino acid N52 in MSL-109 may be replaced with S. This substitution does
10 not affect potency but allows S in position 53 without glycosylation of position 52. There are
89 possible combinations for heavy chain variable sequences using the various amino acid
substitutions at amino acid 53 and/or amino acid position 55 (SEQ ID NOs:87, 88, 89, and 96-
182). A consensus sequence is provided as SEQ ID NO:94). The Fab fragments of these anti-
gH antibodies were measured in phage display ELISA assays for affinity to the gH/gL dimer
15  produced in baculovirus. Specifically phage clones displaying MSL-109 variant Fab fragments
were incubated with serially diluted gH/gL and incubated for 1 hour at room temperature. The
unbound phage was detected by incubating the mixture to ELISA plate wells coated with
gH/gL for 10 minutes at room temperature. Plates were washed with PBS-T, and phage bound
to the immobilized gH/gL were detected by incubation with an anti-M13 HRP conjugate for 30
20  minutes followed by wash and developing with TMB substrate. The 1C50, point where 50% of
the phage in the phage-gH/gL mixture was free, was calculated by non-linear regression. The

IC50s were in the range of 0.01-0.1 nM. Individual affinities for selected variants are shown in

Table 3.
TABLE 3
Variants Pl;zég; ?nlf\}[?A
WT (MSL-109) 0.53
H2-D53L 0.02
H2 Single H2-D53M 0.05
Mutants H2-D53N 0.06
H2-D353S8 0.1
H2-D53T 0.06
H2 Double H2-T55R 0.17
Mutants H2-D53F/T55R 0.01
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Example 2 — Antibody Functional Studies
HB1 (D53N/T55R) and hu8GS8 were compared to HIG in neutralization assays for the
ability to block HCMYV viral entry into epithelial cells, endothelial cells, macrophages and
fibroblasts. hu8G8 has an EC50 of 0.003 ug/ml (0.02 nM) on epithelial cells, 0.004 ug/ml
20 (0.03 nM) on endothelial cells, and 0.001 pg/ml (0.006 nM) on monocytes. hu8G8 is at least

8X more potent than HB1 at neutralizing HCMV on each of these cell types. However, as
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pregnant women with primary HCMYV infection (Nigro et al., 2005), suggesting the ability of
CMV-specific antibodies to confer protection to the developing fetus. When evaluated by
neutralization assay, HIG was found to neutralize viral entry into all tested cells types, but with
a potency far less than either of the monoclonal antibodies (see Fig. 13). This comparatively
low potency is due to the polyclonal nature of HIG which only has a small fraction of proteins

with anti-CMV neutralization activity.

Example 3 - HIG depletion studies.

In order to identify the neutralizing antibody component in hyperimmune globulin,
HIG was depleted of anti-gB antibodies or anti-Complex 1 (gH/gL/UL128/UL130/UL131)
antibodies using HEK293T cells transfected with gB or Complex I by six serial incubations.
The Cytogam® (HIG) depletions were performed according to the method described above.
Analysis of the absorbed serum showed that >95% of the antibodies reactive with gB-
transfected cells was absorbed by this procedure, compared to 0% on control cells, as assayed
by purified gB ELISA. However, only about 45% of the antibodies reactive with cells
transfected with Complex I had been absorbed, as compared to 0% on control cells, as assayed
by ELISA with lysates from transfected HEK293T cells, as described above.

The depleted HIG was then used in neutralization assays to determine the effect of
depletion on preventing viral entry into epithelial cells. Serial dilutions of the absorbed HIG
preparations compared to mock-absorbed HIG was used in neutralization assays as described
above. The results of these experiments are shown in Fig. 14. Antibodies against gB do not
appear to significantly contribute to the neutralization ability of HIG on epithelial cells,
whereas antibodies against Complex I appear to significantly contribute to the neutralizing
activity of HIG. Removal of Complex I specific antibodies decreased the neutralization ability
(EC50) of HIG by about 85% when tested on epithelial cells

Assay of the depleted HIG on fibroblasts was not possible because of the very high
concentration needed to detect neutralization. The EC50 of HIG is approximately 500 ng/ml
on this cell type. Since the UL128, UL130 and UL131 proteins are not required for entry into
fibroblasts, baculovirus expressed gB or gH/gL, bound to a column, as described above, was

used to specifically deplete the antibodies from HIG specific for these proteins/complexes.
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With nearly complete depletion of anti gB antibodies (95% depletion of gB antibodies on gB

column versus 0% depletion of gB antibodies on gH/gL. column), no neutralization shift was

observed. However, with the majority of anti gH/gL. antibodies depleted (84% depletion of

gH/gL antibodies on gH/gL column versus 0% depletion of gH/gL antibodies on gB column), a
5  65% reduction in EC50 was seen (see Fig. 14).

From these data it was concluded that the major neutralizing antibodies in HIG are
directed at the gH/gL./UL128/UL130/UL131 complex. Specifically, Complex I neutralizing
antibodies are the major neutralizing antibodies for epithelial cell entry in HIG. Additionally,
gH/gL antibodies in HIG have a dominant role in inhibition of viral entry into fibroblasts.

10 These experiments show little role for anti-gB antibodies in HIG neutralization.

By absorbing HIG using baculovirus expressed gB, gH/gL and
gH/gl/UL128/UL130/UL131, it was determined by ELISA, that approximately 1% of HIG was
gB reactive, while approximately 0.1-0.2% was reactive with either Complex I or gH/gL. By
knowing the concentration of complex-specific antibodies in HIG, the neutralization potency of

15  those complex-specific antibodies could be calculated by correcting the neutralization potency
of intact HIG for the percentage of IgG that was actually directed to the relevant complex

leading to neutralization (e.g., 810 pg/ml x 0.1-0.2 = 0.8-1.6 on fibroblasts), as shown in Table

5 below.
TABLE 5
ECyy (ng/ml)
Neutralizing Epithelial Endothelial .
Agent Target Cells Cells Macrophages | Fibroblasts
+
HCMV-HIGY HCMV 0.01-0.02 0.01-0.02 0.004-0.01 0.8-1.6
unknown
HBI1 gH 04 0.28 0.19 0.78
HB2 gH 0.41 0.44 0.21 0.78
HCMV-HIG | HEMVH 8.0 11.6 3.8 810
unknown
Humanized
8G8 with VHI Complex | 0.02 0.04 0.010 n/a
Humanized —\ 1 0.010 0.7 0.010 n/a
8G8 with VH3 P ' ' '

20+ ECO90 values were adjusted for concentration of gH/gl./UL128/UL130/UL131 antibodies in
HIG (0.1-0.2%).
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As shown above in Table 5, a combination of HB1 and humanized 8GS (either VHI or
VH3) is able to approximate the neutralization potency of HIG on all cell types tested in
neutralization assays. Cells were infected at the following multiplicity of infection (MOI) of
HCMV: epithelial cells MOI = 1, endothelial cells MOI = 1, macrophages MOI = 0.5 and
fibroblasts MOI = 1. HBI1 has comparable neutralizing potency to HIG (as corrected for the
amount of HIG that is Complex I-specific) for inhibition of infection on fibroblasts, but does
not provide adequate potency on epithelial cells, endothelial cells, or macrophages.
Humanized 8G8 (VH1) and (VH3) has comparable neutralizing potency to HIG (as corrected
for the amount of HIG that is Complex I-specific) on epithelial cells, endothelial cells and
macrophages. However, it fails to neutralize infection of fibroblasts. Thus, the combination of
antibodies provides neutralization of HCMV comparable to that of HIG, adjusted for Complex
I-specific antibodies, on all cell types tested.

The ability of HB1 and hu8G8 with VHI1 to neutralize HCMV all various cell types,
was tested again in neutralization assays and compared to the calculated and actual
neutralization potency of HIG. Cells were infected with the following MOI of HCMV:
epithelial cells MOI = 1, endothelial cells MOI = 0.25, macrophages MOI = 0.25 and
fibroblasts MOI = 0.8. The results of this experiment are shown below in Table 6. Average
EC90’s from this experiment and the results show in Table 5 are shown below in the shaded

boxes in Table 6.

TABLE 6
ECy (ng/ml)
Neutralizing Epithelial Endothelial .
Agent Target Cells Cells Macrophages | Fibroblasts
HCMV- HCMV +
HIGY unknown
HB1 gH
10.2 6.7 10.9 370
HCMV-HIG DMV~
unknown
Humanized 0.01 0.008 0.009

8G8 with Complex 1
VH1

+ HIG adjusted for contribution of gH/gl/UL128/UL130/UL131 antibodies.

77



0.00 0.56 0.17 0.00 HB1 0.4 i.tg/m 0.23 0.00 0.28 0.47 0.32 2.08 3.57 2.94
3.97 HB1 0.08 i.tg/nml 0.29 0.15 0.15 0.15
WO 2012/047732 PCT/US2011/054092

Example 4 — Neutralization of HCMYV Clinical Isolates

gH, gL, UL128, UL130, and UL131 genes were sequenced from over 20 clinical
isolates obtained from two laboratories at Oregon Health Sciences University and compiled
with additional, publically available sequences. The publically available sequences were

5  generated from strains originating from the United States, Europe, and Japan.

Cells infected by each strain were lysed and DNA was extracted using the DNA
blood/tissue extraction kit (Qiagen; Germantown, MD). Primers were designed to conserved
sequences according to an alignment of AD169, FIX, TB40E, Toledo, and Towne sequences
available in the National Center for Biotechnology Information (NCBI) database. Glycoprotein

10 gH was amplified out of each clinical strain from the start codon through base 2196, just short
of the stop codon. The polymerase chain reaction (PCR) product was sequenced using dye
terminator reactions at Genentech. Sequences were aligned and trimmed (Sequencer).
Additional gH sequences were obtained from the NCBI database by using one accession
number from Chou et al., J. Infect. Dis. 166:604-7 (1992) and then obtaining “Related

15  Sequences.” In total, glycoprotein sequences from 57 strains were clustered (ClustalW,
European Bioinformatics Institute (EBI); Cambridgeshire, England) after the signal peptide
was removed, and aligned into a tree using average distance by percentage identity (JalView;
Waterhouse et al 2009).

The sequencing results indicated a 1% variation in sequence in UL128, UL130, and

20  UL131 across the clinical isolates (after removing the signal peptide). This finding was
consistent with a study in Europe that demonstrated that UL128, UL130, and UL131 were
highly conserved among pregnant women with a primary HCMV infection (Baldanti et al.,
Arch. Virol. 151:1225-33 (2006)).

gH is at least 95% identical among all strains at the protein level (after removing the

25  signal peptide). A phylogenetic tree with two distinct branches was constructed (data not
shown). The tree is in agreement with a previous report, in which gH protein sequences
segregated into two phylogenetic groups (Chou, J. Infect. Dis. 166:604-7 (1992)). Also in
accordance with the literature, HCMYV isolates in both branches were not geographically
distinct (i.e. strains isolated in Japan could be found in both branches) (Pignatelli, J. Gen.

30 Virol. 84:647-655 (2003)).

The ability of HB1 (D53N/T55R) to neutralize infectivity of a diverse panel of clinical
isolates of HCMV on fibroblasts was tested. Table 7 shows the effectiveness of HB1

compared to HIG. HB1 was found to neutralize each of the strains of HCMV representing the
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greatest gH sequence diversity as well or better than HIG (when corrected for the amount of
HIG that is gH/gL/UL128/UL130/UL131-specific). The results of neutralization assays using
the HCMYV strains Dement, Adinis and VR1814 at various MOI, in multiple experiments are

also shown in Table 7 below.

TABLE 7
Strain Name HB1 (D53N/T55R) HIG HIG
(branch #) EC90 (ug/ml) EC90 (ug/ml)* | EC90 (ug/ml)
Cano (1) 0.27 0.3-0.7 355
Keone (1) 0.12 0.1-0.2 104
New Rock (1) 0.18 0.12-0.24 119
TR (1) 0.59 0.3-0.7 350
Brown (2) 0.76 0.4-0.9 442
0.78 0.8-1.6 80
Dement (2) 0.08 0.15-0.3 154
N 2.0 0.74-15 233
Adinis (2) 0.08 0.1-0.2 120
Grunden (2) 0.08 0.14-0.28 137
Harris (2) 0.32 0.3-0.6 305
Phocbe (2) 0.04 0.1-0.2 115
0.08 0.1-0.3
790
VRI814 (2) 0.78 .
0.25 0.4-0.7 370

*EC90 values were adjusted for concentration of gH/gL/UL128/UL130/UL131 antibodies in
HCMV-HIG (0.1-0.2%)

Example S — Specificity of Antibodies

The antigen specificity of HB1 and hu8GS8 was assessed. Plasmids containing viral
glycoproteins were constructed such that each protein was expressed in equal stoichiometry by
separating each gene with a “self cleaving 2A peptide” (Szymczak et al., Nat. Biotechnol.
22:589-94 (2004)). Plasmids contained full-length genes of either gB/eGFP, gH/gL/eGFP, or
UL128 /UL130/UL131/eGFP (cloned from cDNA). Plasmids were transfected into human
embryonic kidney (HEK) 293T cells (American Type Culture Collection, ATCC; Manassas,
VA) using Lipofectamine 2000 (Invitrogen; Carlsbad, CA) to express CMV glycoproteins at
their surface. After 2 days, cells were dissociated and stained with saturating primary antibody
HBI, hu8GS, anti gB, affinity-purified rabbit anti UL131 933 or affinity-purified rabbit anti
gH 977. Cells were stained with appropriate secondary antibody conjugated to
allophycocyanin (APC, Jackson ImmunoResearch; West Grove, PA). Fluorescence of

individual cells was measured using FACSCalibur (BD Biosciences; San Jose, CA) and
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0.29 723 46.22 80.96 93.01 97.34 HB1 O jig/nl 0.64 0.33 0.14 0.63 5.50
53.93 83.51 91.95 100.00 Shaded = concentrations of each antibody in which
there is weroizi47m3eut ral i zati on. 10Usi ng neutral i zati onPaSABYEL1/08692
descri bed above, EC5Cs for HB1L and hu8G3 were determned in the presence of
0.8, 0.016, 0.0032 jig/mM of the other antibody. The results of these
exper i manblyzat esushbhow]Jo soffadok €$ret Gtand shldind) @ Fow @rRdpasitiviei aglls tHoseTABLE 10 -
hu8G&3 potency with different concentrations of HB% . g
expressing the CMV transgenes) were selectively graphed to show antibody binding.
As shown in Fig. 15, HB1 reacted to cells expressing gH/gL alone or in complex with
UL128/UL130/UL131. Hu8GS reacted only to cells expressing gH/glL/UL128/UL130/UL131
5  (Fig. 15) and not to cells expressing gH/gL alone or gH/gL/gO (data not shown). Neither
antibody reacted to cells expressing gB. Thus, HB1 recognizes an epitope on gH which is
present in the gH/gL. complex and in Complex I. The hu8G8 antibody binds to an epitope
within the five envelope proteins which form Complex I, but does not bind to gH/gL/gO or
gH/gL alone.

10
Example 6 — Assessment of Synergy or Antagonism

HB1 and hu8GS8 were tested in combination in a viral neutralization assay to determine
if a difference in potency existed when the two antibodies were combined. Since the
antibodies have different targets, and presumably act independently in blocking viral entry, it

15  was assumed that the effects of HB1 and hu8GS8 are additive. Thus, the Bliss independence
equation was applied (The Combined response C for two single compounds with effects A and
BisC=A+B-A*B). To this end, HB1 and hu8GS8 were mixed in a 1:1 ratio and tested in a
dilution series in a viral neutralization assay on epithelial cells and EC50s were calculated as
described above. HB1 did not enhance or diminish the potency of hu8GS on epithelial cells

20  andthe 1:1 curve precisely overlapped the simulated Bliss independence curve, suggesting
additivity rather than synergy (see Fig. 16 and Table §). Likewise, hu8G8 did not alter the
potency of HB1 on fibroblasts, as expected since hu8GS8 does not block HCMV entry into
fibroblasts (data not shown). Thus, HB1 and hu8GS8 do not demonstrate any antagonism or

synergy at a 1:1 ratio.

25
TABLE 8
mAB ECS50 on epithelial
cells (ul/ml)

HBI alone 0.063

hu8GS alone 0.0080

HB1:hu8GS at 1:1 0.0060

Simulated Bliss Independence 0.0069
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Ant i body and Concentration EC50 (iug/nL) of hu8G& HBL at .08 tg/nml 0.0037
HB1 at .016 tg/nl 0.0047 HB1 at 0032 tg/nl 0.0028 HB1 at 0 i.tg/nl 0.0031
15 WO 20w0/20MA3BRPCT/ US2011/ 054092 TABLE 11 - HB1 pot emrcy/us2athogiodf er ent
concentrations of hu8G& Anti body and Concentration EC50 (jug/nL) of HB1
hu8G at .0032 | g/m 0.035 hu8G8 at .00064 |g/ml 0.043 hu8G8 at .000128

| g/ mL 0.041 To assess whether HB1 and hu8GS8 demonstrated synergy or antagonism at a wide

range of ratios, a pair-wise “‘checker board” dilution series spanning the EC50 values was used
to perform neutralization assays. Each antibody was diluted as indicated in Table 9 below,
while the virus concentration was constant. The percent of cells infected (normalized to no

5 antibody control), on epithelial cells, for the various combinations of antibody concentrations is
shown in Table 9 below:

TABLE 9

hu8G8

hu8G8

hu8G8

hu8G8

hu8G8

hu8G8

hu8G8

hu8G8

hu8G8

HB1

10
ug/ml

HB1

10

0.00

2

ug/ml
0.00

0.4

ug/ml
0.00

0.08

ug/ml
0.00

0.016 0.0032 0.00064 0.000128

ug/ml 1 1 1
0.00

0

ug/ml
HBl| 2

ug/ml
0.4

ug/ml
0.08

ug/ml
0.016

ug/ml
0.0032

ug/ml
HBlI| 0

ug/ml
Shaded = concentrations of each antibody in which there is partial neutralization.

0.00 0.00 0.00 0.00 0.00

HB1

HB1

HB1

HB1

10 Using neutralization assays, as described above, EC50s for HB1 and hu8GS8 were
determined in the presence of 0.8, 0.016, 0.0032 pg/ml of the other antibody. The results of

these experiments are shown in Tables 10 and 11 below and in Fig. 17.

TABLE 10 - hu8GS potency with different concentrations of HB1

Antibody and Concentration | EC50 (ug/mL) of
hu8G8

HBI at .08 pg/ml 0.0037

HBI at .016 ug/ml 0.0047

HBI at 0032 pg/ml 0.0028

HBI at 0 pg/ml 0.0031

15
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hu8G3 at O I g/nml 0.030 Upon conparing the potency of each anti body al one
with a conbination at various ratios, there was no evidence of synergy or
ant agoni SWO 2pro4emeanpl e, upon conparing the 5 potency cRCYASed11osB®E8 Wt h
that of hu8& and 0.08 ilg/ml of HB1 (infection in the absence of titrated
antibody is normalized to 100%, we found that the curves were overl appi ng
(see Fig. 17). |n TABRE HaciBobotchey widh dffirencyncuntragsnsefént@Pped in the
presence of vari ous—eencentrations—ofhu8E8{norrmalized-to 100% i nfecti on)
(see Fig. 17). Thus,AmiibodyansConeegiragion, 4t E650 (1gfedd of & no evi dence of
synergy or antagonilsm between the anti bodi|gdB110 Exanple 7 - Assessnent of
Devel oped Viral Resimg@see.0d32hgugh human @WM3has a rel atively |ow mutation
rate (as conpared with hepatitis virus C (HQ\) or hunman |i nmunodefi ci ency
virus (HV)), the atillﬂSGﬁwth)O%QgAmlr us to e%%ﬁoe neutralli zation to HBL or

Virus was grown in

hu8G3 or both, vi a fthe—genrerati-on—of—Frests H—mrutat+ong, was 15 assessed.
t'WgGg é@,q(l;%i% Bg/mslub optl(ﬁy
. A

concentrdtion of either HBl1
(or MSL-109), or hd ' t oget her.
Concentration of eg 1S the virus was
passaged onto new cells each week (approximately 50% of the vol une was
passed forward onto new cells with each round). Miutant viruses resistant to
each indi vi ddélbonamrin@ddg thegrotensly o€ eachdintibedy slonarwithatcombmiben aidvapious
reS|stance t he conbi.nati o hftant ikral tants ener

Al re ed . from
single re was no e‘ﬂ/ﬂﬁ“éiﬁf’g SPSHRS AN REOVET; SPLRAIRG YRS CPRPITIE M8n by
HB1 %rrerlﬁ)%éilc§ 26 o OF s Bhitn TRIRY BL8G DR 0BWEARL S MIBT Bnblid inSRESHLhYEH O
hu8& with simlar EC5Cs as shown by neutralization assay (see Fig. 18 and
Tabl es IRraagichntiBdpdy BmornddiZ2A 1@ 1 08PBY, 3IRFGIHhUIS20tht /cO540 92rcTeNBLIEpHiRg ¢sctiBid/

mutants resistant to HB1 errerged HB1 EC50 (jug/pl) No Ab_control 0.04
17). In turn, each of the HB1 potency curves overlapped 1n the presence of various

concentrations of hu8GSE (normalized to 100% infection) (see Fig. 17). Thus, at a wide range
of ratios, there is no evidence of synergy or antagonism between the antibodies.
10
Example 7 — Assessment of Developed Viral Resistance
Although human CMV has a relatively low mutation rate (as compared with hepatitis
virus C (HCV) or human immunodeficiency virus (HIV)), the ability of the virus to escape
neutralization to HB1 or hu8G8 or both, via the generation of resistant mutations, was
15  assessed. Virus was grown in the presence of sub-optimal concentration of either HB1 (or
MSL-109), or hu8GS8 or both HB1 and hu8G8 antibodies together. Concentration of each
antibody was increased gradually as the virus was passaged onto new cells each week
(approximately 50% of the volume was passed forward onto new cells with each round).
Mutant viruses resistant to each individual antibody were observed, but no mutant conferred
20  resistance to the combination. All resistant viral mutants emerged from single plaques.
Mutants conferring resistance to neutralization by HB1 emerged (see Fig. 18).
However, these mutants were still sensitive to hu8G8 with similar EC50s as shown by

neutralization assay (see Fig. 18 and Tables 12 and 13).

25
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HB1 - nmutant virus 1 0.21 HB1 - nutant virus 2 No neutralization HBl -
mutant virus 3 0.07 HB1 - nmutant virus 4 200 HB1 - nutant virus 5 No
neut r al i 280i20r2/HBB2- nmutant virus 6 No neutralization PaBIR2M13/05406CM HB1

resistant nmutants are still sensitive to hu8G neutralization hu8G3 EC50
(jug/nl) Data Set 1 Data Set 2 No Ab control 0.008 0.0005 HB1 - nutant
virus 1 TABLE 12 - HCMV mutants resistant to HB1 emerged

HB1 EC50 (ug/ml)

No Ab control

0.04

HB1 — mutant virus 1

0.21

HB1 — mutant virus 2

No neutralization

HB1 — mutant virus 3

0.07

HB1 — mutant virus 4

200

HB1 — mutant virus 5

No neutralization

HB1 — mutant virus 6

No neutralization

TABLE 13 - HCMV HBI resistant mutants are still sensitive to hu8G8 neutralization

hu8G8 EC50 (ug/ml)
Data Set 1 Data Set 2
No Ab control 0.008 0.0005
HB1 — mutant virus 1 0.010 0.0006
HB1 — mutant virus 2 0.008 0.006
HB1 — mutant virus 3 0.001 0.0001
HB1 — mutant virus 4 Not tested 0.0001
HB1 — mutant virus 5 Not tested 0.001
HB1 — mutant virus 6 Not tested 0.001
5 In addition, mutants conferring resistance to neutralization by hu8G8 emerged, and

these mutants were still sensitive to HB1 with similar EC50s (see Fig. 19 and Tables 14 and
15).

TABLE 14 - HCMV mutants resistant to hu8G8 emerged

hu8G8 EC50 (ug/ml)
No Ab control 0.002

hu8G8 — mutant virus 1 No neutralization

hu8G8 — mutant virus 2 0.25

hu8G8 — mutant virus 3 No neutralization

10
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0.010 0.0006 HB1 - nmutant virus 2 0.008 0.006 HB1 - nmutant virus 3 0.001
0.0001 HB1 - nmutant virus 4 Not tested 0.0001 HBl1 - nutant virus 5 Not
tested 0.WORotdBM7732nut ant virus 6 Not tested 0.001 5l npauddistélons4oaut ant s
conferring resistance to neutralization by hu8& energed, and these nutants
were still sensitive to HBL with simlar EC5Cs (see Fig. 19 and Tables 14
and 15). TABLHABILE IHCMCWIM larfiGS reeistast mntantsardstBG@nanee geldB 1 madE8 iz &0

(Jug/n) HB1 EC50 (ug/ml)
No Ab control 0.22
hu8G8 — mutant virus 1 0.18
hu8GS8 — mutant virus 2 0.07
hu8G8 — mutant virus 3 0.06

To understand the molecular nature of resistance to HB1 and hu8G8 antibodies, gB,
gH, gL, UL128, UL130, and UL131 from each resistant strain was sequenced. All strains
5  resistant to HB1 possessed a single non-conservative amino acid mutation in gH, and no other
mutations were found in the other glycoproteins, as compared with VR1814 and D1 strain
(VR1814 passaged on epithelial cells in parallel without antibody pressure) (Table 16). 11
individual strains resistant to HB1 were generated, encompassing 5 distinct nucleotide
mutations in only 3 amino acids. None of these amino acids were found to be mutated in the
10 clinical strains that were sequenced or had published sequences.

Mutations in response to hu8GS arose less frequently, with only three strains found to
be resistant. All three strains resistant to hu8G8 possessed a single non-conservative amino
acid mutation in UL131, and no other mutations were found in the other glycoproteins, as
compared with VR1814 and D1 strains (see Table 16). When the mutated gH and UL131

15  sequences were compared to 60 available clinical strain sequences, none of the strains carried

these mutations.

TABLE 16 - Mapping of Mutations Leading to Resistance

Resistant strain Mutated Protein Residue change
HB1 - mutant 1 eH P171H
HB1 - mutant 2 gH W168C
HB1 - mutant 3 eH P1718
HB1 — mutant 4 eH D446N
HB1 — mutant 5 gH W168C
HB1 — mutant 6 gH WI168R
hu8G¥ — mutant 1 U131 Q47K
hu8G8 — mutant 2 U131 KS51E
hu8GS8 — mutant 3 U131 D46N
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No Ab control 0.002 hu8@& - nutant virus 1 No neutralization hu8& - nutant
virus 2 0.25 hu8@& - nutant virus 3 No neutralization 10 WO

2012/ 047 A8PRCIR/04833011/ 054092 TABLE 15 - HCW hu8G8 r esi $PCAAIS20Mu0s4E ar e
still sensitive to HBl neutralization HB1 EC50 (jug/nl) No Ab control O0.22
hu8& - mutant virus 1 0.18 hu8@& - mutant virus 2 0.07 hu8G8 - nutant
virus 3 0. 06 When comparing the ability of HB1-resistant strains to infect cells relative to the D1

strain, these resistant strains had a profound entry defect (up to 20x less efficient), suggesting
that these strains would be attenuated for growth in vivo (see Fig. 20). When comparing the
ability of hu8G8-resistant strains to infect cells relative to the D1 strain, it was found that the
5  resistant strains could infect cells with equal efficiency; however, these strains are very slow
growing, suggesting a defect in production (data not shown). Further analysis is needed to
understand the mechanism for this attenuation.
To determine if these mutations affected the ability of HB1 and hu8GS to bind to gH
and UL131, respectively, site-directed mutagenesis was used to transiently express Complex I
10 (gH/gL/UL128/UL130/UL131) with the resistant mutations on the surface of HEK-293T cells
and performed FACS analysis of antibody binding. Mutations to P171 (Mutants 1 and 3: P171
to H or S) were only two to five times more resistant to HB1 and binding of this antibody to
gH/gL. was not noticeably changed. However, the mutations found in the HB1-mutants 2, 5
and 6 (W168 to C or R) completely eliminated the ability of HB1 to bind (see Fig. 21).
15  Furthermore these viral mutants were not neutralized by HB1 (see Fig. 18). Mutant 4 (D446N)
displayed an intermediate phenotype; it was 500 times more resistant to neutralization by HB1
(see Fig. 18) but binding to HB1 could still be detected (see Fig. 21).
To determine how the mutations in UL131 affected hu8GS binding, transfections of
HEK-293T cells with the wild-type or mutant complex of gH/gl/UL128/UL130/UL131 were
20  performed and binding to anti-gH (HB1 and MSL-109), anti-UL131 993 and hu8G8 was
measured by FACS analysis (see Fig. 22). All three UL131 mutations eliminated the binding
of hu8G8 for the gH/gL./UL128/UL130/UL131 complex.
The HB1-resistant mutations were mapped onto a model of the structure of HCMV
glycoprotein H (based on the recent solved structures for HSV-2 gH and EBV gH) (Backovic et
25 al., PNAS, 197:22635-22640 (2010)). All of the mutated residues mapped to the same face of
gH (data not shown). The HB1 Fab was modeled onto the structure of gH. The footprint of the
HB1 Fab encompassed all the mutations, suggesting that HB1 binds to the epitope defined by
these mutations. Similarly, the hu8 G8-resistant mutations are in close proximity (four residues
apart) to one another and, although the structure for UL131 is not known, both map to a
30  putative alpha-helical domain and are predicted to lic on the same face of the helix. Thus,
together with the binding analysis, the resistance mutations elucidate the epitopes for both HB1

and hu8GS on the gH/gL/UL128/UL130/UL131 complex.

85



To understand the nol ecul ar nature of resistance to HB1 and hu8G3

anti bodies, gB, gH, gL, UL128, UL130, and UL131 from each resistant strain
was sequewoed12/dri32strains 5 resistant to HBL possessedPaT4iSngli®54092
non-conservative amno acid nutation in gH, and no other nutations were
found in the other glycoproteins, as conpared with VR1814 and D1 strain
(VR1814 Iraswjalg8d- Affirdpyi Ahalysial cells in parallel wthout antibody pressure)
(Table 16). 11 individual strai resistant to HBL were generated
enconpassi ng é*ecﬁr%gwmﬁt%%klﬁéw@éﬁm? gismyipe ‘?ﬂ?/la%orsﬁ%gcaé%haa%. None of
these anjBRAC e Loundik@pbgwmut ated in the 10clinical strains that
wer e sequeﬁ%@%égﬁcﬁgdﬁﬁﬁbl?%hed sequences. Mutations in response to hu8G3
arose | ess frHEgudfitityof MB1 foraplupld bucevatis-axprssstdgHG [ waddeterasnstant . Al |

three strains resistant to hu8 possesse si ngl.e non-conservatiye an no
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TABLE 16 - Mapping of Mutations Leading to Resistance Resistant strain
Mut at ed tRpest psenpers renoet refiagiiys indisx changps apar asugiec1 Wi pBIOtCIndRfgeint 2 gH WL

68C HB1 (“hggﬁhaﬂ*s cgvaqatgji&%bﬂized on the sensor chip surface, SPR can be used to monitor

10 the non covalent interaction of a binding partner (“analyte”) injected over the surface; real time
measurements of analyte binding can be used to determine both the kinetics and affinity of the
interaction.

In the case of a 1:1 interaction, in which analyte B binds to immobilized ligand A, the

equilibrium is described using Equation 1:

kon
A+B«——AB
15 koff

In Equation 1, ko, is the association rate constant, ko is the dissociation rate constant,
and the equilibrium dissociation constant Ky, is determined from Kp = kog/ko,. The rate of

complex formation for 1:1 binding is determined using Equation 2:

ABE K, [ATIB kol AB;

20 When expressed in terms of the SPR signal (R), Equation 2 can be written as Equation

Z_It? = konCRmax - (konC + koﬁc )R

In Equation 3, C is the concentration of free analyte and Ry« is the maximum analyte
binding capacity of the surface. Similarly, for an analyte B that is capable of dimerization in
25  solution forming 2 binding sites, the equilibrium can be described by equation 4.

A +B konl/ koff 1 AB +B kon?2/ koff 2 AB2

By measuring the concentration dependence of the rate of binding, and the rate of
dissociation in the absence of free analyte the kinetic constants can be determined and used to

calculate the KD.
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HB1 - nmutant 4 gH D446N HB1 - nutant 5 gH W 68C HB1 - nmutant 6 gH W 68R
hu8& - mutant 1 UL131 Q47K hu8G& - mutant 2 UL131 K51E hu8G& - nutant 3
UL131 D46NO 20/@07mB2/ 047732PCT/ US2011/ 054092 When ecmpsmeings4obe
ability of HBl-resistant strains to infect cells relative to the D1 strain,
these resistant strains had a profound entry defect (up to 20x | ess

ef ficient), SIRRyestiungné¢rtatvetelrosducttd aimpsanvouti-Be tptiat nethualt tedoh-@ovagemipt h i n

(ot otz MBI GG DG BHofct Ve copeshiaon BUdet Ran et RBFB8 P ant
o1 1 RephsL gyl N Seuel BRI RN B BISLGR b
Furt her langhystdsckied, premetedith ounnieldfeaGtd tive HEPESapHSHA ) 050 oMl NaCl, and
att er%uatol‘(()) lr‘]% polysorbate 20) and normalized with 70% glycerol following instructions provided by
the manufacturer. As briefly outlined below, a mouse monoclonal anti-human Fc antibody
(Human Antibody Capture Kit, BR-1008-39, BIAcore, Inc.) was immobilized on all four flow
cells of the CM5 chip. The flow cells were activated using N-ethyl N' (3
dimethylaminopropyl) carbodiimide hydrochloride and N-hydroxysuccinimide (NHS) (amine
10 coupling kit, BR-1000-50; BIAcore, Inc.) following the protocol described by the manufacturer
and using a 7 minute activation time. The activated matrix was then reacted through amine
coupling with the capture antibody by injecting 60 uL of 25 ng/mL antibody diluted in 10 mM
sodium acetate, pH 5.0, at a flow rate of 10 uL/min. At the end of the coupling injection, any
remaining unreacted NHS groups were inactivated by injection of 35 uL of 1 M ethanolamine-
15  HCl at a flow rate of 5 uL/min. The amount of capture antibody covalently immobilized in this
way was estimated from the SPR signal before and after the coupling procedure and gave a
range of 8000-9500 RU over the 4 flow cells.
An Ry value less than about 100 (arbitrary SPR or Resonance Units (RU)) is
commonly accepted as providing a good signal to noise ratio without limiting the range of
20  kinetic constants that can be determined. Preliminary experiments indicated that a 60 uL
injection of 0.13 pg/mL HBI at a flow rate of 30 uL/min resulted in capture of sufficient HB1
such that about 50 RU of signal was observed upon saturation with gH/gL.. Thus, this
concentration of HB1 and injection protocol was used in the determination of kinetic constants.
Binding measurements were performed by capturing HB1 on flow cell 2 as described
25  above with flow cell 1 used as reference. Solutions of gH/gL varied in concentration from 0.39
nM to 100 nM in 2-fold increments were prepared in running buffer. Sensorgrams were
collected for injection of 60 uL of these solutions over the sensor chip surface at a flow rate of
30 uL/min. The sensor chip was maintained at 25°C and dissociation was monitored for 10
minutes following the end of the injection. The sensor chip surface was regenerated between
30  binding cycles via injection of 30 uL. of 3 M MgCI2. This injection caused dissociation of any
remaining HB1:gH/gL complex from the capture antibody. HB1 was then captured on flow cell
2 as above for the next binding cycle. A “blank” sensorgram was similarly collected for

injection of running buffer over the sensor chip.
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To determine if these nutations affected the ability of HBl and hu8& to
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equi I'i bri um iSineetsasorbesh]dabtig dsad ad di@@mﬁne ihemeﬁABSGSksﬁafchhfd dngligisi on
1, kon is the association rate constant, is the dissociation rate
congantVasgmpleyed a8 gn el temaiivrmethed ok this raﬁh% Aedinged prsibody g Btixghwth fr om

KD = kOlefu‘ﬁBH ser &%ghi%?elgé @%&%ﬁ%@%ﬁ@fp@o@m&lﬂ% AL RGwk HEk&r M ned

usi ng Equat on
using the fitting algorithm of Munson and Rodbard to determine affinity of the antibody (Fig.

23). The average Kd is 1.27nM for HB1 and 2.03nM for hu8GS8 (Table 17). Affinity

measurements were also determined by Scatchard analysis on adenovirus cell-surface-
25  expressed gH/gL/UL128/UL130/UL131 complex for both HB1 and hu8GS and found to be
1.27nM and 2.03nM respectively.
Specifically, HB1 and hu8G8 were iodinated using the lodogen method (Thermo-Fisher

Scientific; Waltham, MA). The radiolabeled antibodies were purified from free '**I-Na by gel
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20When expressed in terns of the SPR signal (R), Equation 2 can be witten
as Equation 3: dR = konCR - (konC + koff)R dt In Equation 3, Cis
t he concewonratiam3ef free anal yte and Rmax is the naxi meorarsadiyiossob? ndi ng
capacity of the surface. Simlarly, for an analyte B that is capabl e of

dinmerization in 25solution formng 2 binding sites, the equilibriumcan be
descr i befdtrbtyoreapinat a DIAPAS clwnk dibk purikied hufiGE ABibeBy kadh 2 speckfaf 4ctirity of KB20

By nmeasuring the concentration dependence_of the rate of binding, .and the

rate of Hiidraddhs pyrifigd HRE anphaodydad gppeqiieadiviy pf d4 0A eCiinge GoBIREEHRR ant s

can be d I m ne n sed .calcHl ate th D, . .

20121 0475 SPLr D 83 5eb Rl £t Ialibh oLV id At baA eq usi ng
an anti -degreasiff boRch®itRd of GnlaecEaMmdbeN el pladvakhtol 96y dtiBilafed! Thyved by
injection of a varied concentration H gL for determ nation of the

of
i hobi csdetovsizhthmientla (ERBCHOABREOE ciNsXDBRINOUE PaicinayBI@sear ch gr ade;

7.4y, 188 R R SREE a B B hiite RS St e ot Die iR b
g1 ycer ol A fiabh.ow D, NOY 48t SRS Rk AESHTAYch MG TN AG AT witSinbie! | Y

outlined bel ow, a nouse nonoclonal anti-human” Fc antibody (Human Anti body
Capt ur e tiffer (IBHEM 08th38p FBSAG® m HERES), pilak2.,i amddbi % isedidmaonzidg).| Theowashicl ow
cells of the CMVb .chip. The f | l.s.were actjyvate i N-et hyl N (3
i ety Sl N6 BEST p s ngert A TSRS b Enrel PhL e SRy Bas S belint de
(NH3) (%&ﬁli&gﬁgiﬁ%ﬂewfﬂﬁbtso BRoh 3P reaBi AR Gurel ehe fifQlcbRMnASti &S
protocol described by the rra#uf acturer and using a 7 mnute activation
time. Thie aclinavait adbodyt i cacwesm pdigion reeade dvithloebsighs &0 pel aduid fimg Wit h t he

capture anti body by injecting 60 iut of 25 iug/nL antibody diluted in 10 nmM
sodi um é@é@%@?%@l the @}ﬂaﬁﬁleé aptibady imths compeBtign reasten vath el ergd-ofartipgpat

coupl i NGy g : [ ] i Lvat ed by
nj oot auPghFhA fitn BT [ PO ABLEGE T e ARALER, U Aclag) 48

LI L/ m n.addbd baffouerily simglapt o petaivhi rbatipnceithlcelid wWyreiinaubbiet ifareihauns athiosmway
was estimated fromthe SPR signal. before and after the coupling procedure
and !gavdemperaigethse trapderabion Mulipus Mulkecracr filgy péae prad waghek fogygimgs wids s

t han ab . r.Ri P : i i pt ed
as- pr ovi g Bulb G LBRy e R or O AR Rk b h S kel o R BF P 0
Ki neti c cwalh@awisartl 1aT0 ganmb eowleéPoikieimePLEL and Aablytied BefcnoBnWellicsidy,cat ed

that a 60 iut injection of 0.13 iug/nm. HBL at a flowrate of 30iut/mn
resul t ediy Ehpbindmeshatasyierickplapied pEng Mepnligad soiwa (Gmemech waichnses was
observe i ] his ¢ radd f 1 and
oy ect | ot BRedR:Rh PRty a8l kBboard BB, SPLEREOPEER0 RS0 o Rkickhe

Bi ndiong tﬁ@aﬁluf@mﬁﬁi@dﬁh@arﬁﬂfoﬁ?r med by capturing HB1 on flow cell 2 as
descri bed 25above with flow cell 1 used as reference. Solutions of gH gL
varied in concentration fromO0.39 nMto 100 nMin 2-fold increnents were
prepared in running buffer. Sensorgr aanﬁﬁEelgcm | ected for injection of 60
iut of these solutions over the sensor ‘chip surface at a flow rate of 30

gL/ m n.| TRRCMSN&REbEdY P (Was maiRiay ned at 25C RpqnM)SSOCI at hQAKYWARM) + SD*
nonitorled for 10 mnuteg following the end of the injectigogn The sensor
chip syrface was regenerjated betleen 1.3
HBI 2 1.2 1.27+£0.06
3 1.3
1 1.96
Hu8G8 2 2.06 2.03£0.06
3 2.07

* Kp = equilibrium dissociation constant; SD = standard deviation

25
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30 binding cycles via injection of 30 ilL of 3 MMC12. This injection
caused di ssoci ation of any remaining HBl: gH gL conplex fromthe capture
ant i body.wbBt1v&373ehen captured on flow cell 2 as abovePComstég/ onmar

bi ndi ng cycle. A "blank" sensorgramwas simlarly collected for injection
of running buffer over the sensor chip. W) 2012/047732PCT/US2011/ 054092
The obsdixampls OnsAnglysisnf he868 bieliag ¢alCoomplés het i ¢ anal ysis by first

subtracting the.signal neasured for the erence cell. Signal resultin
fromthe regetefEhfy awr%zeﬁhegﬂrm@ﬁ%OEW@W@DP%&&@&L@&%%Y@%M were
t hen zer I | : : - e

i ecti 0 pang RSN ERNLT Rl G paHE bRA% AUPOEOLED S FURRERIOTANT o

r unni ng rbutbtiéd &y identificdvia & xsmpteracSpedificalbyrtic BN A whveEn® futr AITNAd vasraniphifiedt i on
of solutjons containing g/ gL.. Data were anal yzed according to a 1.1
Langrui riT8 Hifi SRgORERISEIIRG atapopitiontd de theroron g’rﬁ%l%q at pepitign égﬁ%ﬁg%ﬂﬁ@( i ed
by the t ey ' h ' -

concent rat St i s APV DRSS TD KA o BfHcEE iy ARt Pindependons. |

bi ndi ng.ClaniakyYRI®) vattor hethddtamact dtigh, BGF T, anda TEYV deavggaisite (DNAbFGi70y nodel

I ndi cat ed .an apparent equilibrium dissoci.ation constant (KD) of 0.15 nM

wi th t hel s patipr of U4 8 hfaras @i ve glohathelical m the saeapdpry stinetugaidhe arasgn.
. I . . ar i . i - |
curves %glfﬁgx&is@éﬂﬁéelom@ With hlg Iﬁmﬁénvg%ﬁ %\?Azg{ugﬁ@ggé th\eﬁrrg bg bfr‘ndlﬁ%@ghl‘(’ gizp’n:l arge

x2 val ue observed sensor grans escCri 0.4)

by tilve khyadreeit ciGaplex IKRHEOBIL198/RILdBOWIAR 1 pppauende wRfiod cdnsGuaiyivand t he
ki netic constants shown in Table 18. 15TABLE 17 - Kinetic constants

cal cul at@ewvél Agcolt strajraRgetfn? (IBEHdPgchedaIreskyie emvwnsovey nighf at 305C1y LB

const et SO e TRt ity P e shafyd Ko Rolubord i st OBt ©
0.7 with 0.3 mM IPTG at 16°C overnight. Cells were harvested and immediately lysed by
sonication and cell disrupter in 100mM Tris pH 8.0, 500mM NacCl, 5% glycerol (Buffer A)

15  containing EDTA-free protease inhibitor tablets (Roche). Lysed cells were spun down at
10000 rpm for 40 min and the cleared lysates loaded onto a gravity flow Ni-chelating affinity
column (Qiagen). Columns were washed with 10 column volumes Buffer A and 10 column
volumes Buffer A with 50mM imidazole. Proteins were eluted with 100mM Tris pH 8.0,
500mM NaCl, 5% glycerol, 500mM imidazole and immediately dialyzed into 50mM Tris pH

20 8.0,200mM NacCl, and 5% glycerol. Proteins were further purified on a size exclusion
chromatography column (S200 10/30, GE) in 25mM Tris pH 8.0, 200mM NaCl and 5%
glycerol.

To determine hu8G8 binding to the UL131 protein fragments, Maxsorb ELISA plates
were coated overnight at 4°C with 1ug, 200ng, or 40ng protein per well in carbonate coating

25  buffer. After 3 washes with wash buffer (PBS with 0.05% Tween 20 [Sigma Chemical]), wells
were blocked for an hour with assay diluent (wash buffer with 0.5% BSA [Invitrogen;
Carlsbad, CA]). hu8GS8 was incubated at 10ug/ml or 1ug/ml for an hour in assay diluent.
After 3 washes, wells were either incubated with peroxidase-conjugated anti-human antibody
(Jackson Immunolabs, Bar Harbor, ME) at 1:5000 or horseradish peroxidase-conjugated anti-

30  penta-HIS (Qiagen) incubated at 1:500 or 1:5000 for 1 hour. The results of the experiment are
shown in Fig. 24 and include data from the ELISA plates coated with 200ng protein and
incubated with 10ug/ml hu8GS.
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1) Koff (s-1) KOn2 (RU4S-1) Koff2 (s-1) Itn,,, "(RU KD(nM X2 2.5 x 105
2.5x10-4 0.174 0.166 65 1.0 0.4 Since biacore could not be used to

det er m newohe124f4f13ni ty of hu8G3, Scatchard anal ysis 20 wa3/usophoysd2 as an
alternative nethod. In this nmethod, iodinated antibody was m xed with a
dilution series of unlabel ed anti body and assayed for conpetition. The
resul ts wer e Altlatuk thaudrapginghevdntioh hagbahgiesdribetimoniidgahbandy R6dbar d t o

determine affinity of the antibody. (Fig. .23). The average Kd is 1.27nM for
HB1 and 'PUBHHRN £B ewg@?qrmﬁr%ewf)éawpf m@eyst%ié%ﬁ ¢rEptigEs andy| 5o

determ [ : i - f -4 I ed
gty gL/ LTI b T L e e B e s ey S o3

1. 27nM gractn? afiBsuMdntidis prahiuvedised herein areSpeeksly arbtporattdBih theid citil8GDHywer e

i odi nated_using the |odogen nethod (Therno-Fisher Scientific; Waltham M.

The Padi'6fc&#¥6fed antibodies were purified fromfree 125/-Na by gel WO
2012/ 047732PCT/ US2011/ 054092
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filtration using a NAP-5 colum. The purified hu8& anti body had a specific
activity of 12.30 il C/i.tg and the purified HBl1 anti body had a specific
activity wb200/@67321 Ci /i.tg. Conpetition reaction m xtuPes/usko1i30540b2
containing a fixed concentration of iodinated anti body and decreasing
concentrations of unlabeled anti body were placed into 96 well plates. The
5adenoviral tWaksi BEhCLAIMESNSE ect ed ARPE-19 cells expressing the protein
conpl ex gH gL/ 128/ 130/ 131 were detached from fl asks using Sigm Accutase0
Solution (Sigma-Aldrich; St. Louis, M), were fixed w th parafornal dehyde

)
and wer g wa 1 i 0l f j t 00.: S, pH 7.2,
and O. 106/10'5033?151%)%26?%3&%&2&%3 Sngécel S %é@gﬁwﬁgﬁggh@gﬁ%ﬁé@ﬁof 25, 000
cel I s i rhypeRaritblofegiomd HVR-HUf HYR-HO ahth €1VI6-H3g lahd pired leght thdohypdrnanedle
triplicates of the 50 ilL conpetition reaction m xtures. The fi nal
concent rrﬁglp%(%YRtlﬂeHVW%E%\Q%TH3deT?lﬂ3 each conpetition reaction with

cells was 1(38 Mﬁqgca&ﬁri%g?ﬂé%eiﬁp%ia%@e%?%opﬁ@ﬁﬁ NHleabel ed antibody in

t he conpetiti’on reactio s var starting at’ 500 nM and then
decreasi ng Iy) HVR-HDkompiitoythaoaminoracitiGequonceof $BQIIDMSQ:7and i ncl uded a zero
added, buffer only sanple. Conpetition reactions with cells were incubated
for 2 hours (@HYBJA sompiawep dicanipg atidspdienghef 2Rl N@:8a M I 1i pore

Mul ti screen fy r - - j ' hadi ng buffer to
separate t hé&):‘llrl{efg %E%%B@B%E%e%?(ﬁg?ggg@ﬁﬁ%ﬁb EPE@R?% ters were counted
on aoval | ac (WRYMRA Zbfpriasmmamontict seqirick iselEdts@ frobd $EQ ADANGNIA0-Y 9 4l

Sci ences; Wl lesley, MA). The bi,nd;fg(? data were eval uat ed usi ng New Li gand
f

sof twar e ( GERERYRdR)comipisenthg gadng GuengsPAEGOH NH2®f Munson and
Rodbard (Anal. Biochem, 7:22-39 (1980)) to determ ne 20 the binding
affinity of the antibody. TABLE 19 HCW Anti body Assay KD (nM ave KD (nM
SI'Y HBL 21 1.A% ideldied aBtibly tRatbi@ds HCMV Complex I comprising three heavy chain

hypervariable regions (HVR-H1, HVR-H2 and HVR-H3) and three light chain hypervariable

15  regions (HVR-L1, HVR-L2 and HVR-L3), wherein:

(a) HVR-H1 comprises the amino acid sequence of SEQ ID NO:6;

(b) HVR-H2 comprises the amino acid sequence of SEQ ID NO:7;

(c) HVR-H3 comprises the amino acid sequence of SEQ ID NO:;

(d) HVR-L1 comprises the amino acid sequence of SEQ ID NO:9;
20 (f) HVR-L3 comprises the amino acid sequence of SEQ ID NO:20; and

(¢) HVR-L2 and the first amino acid of the light chain variable domain framework FR3

comprises the amino acid sequence of SEQ ID NO:21.

3. The antibody of claim 1, wherein said antibody that binds HCMV Complex I comprises a

25  light chain variable domain framework FR1 comprising an amino acid sequence selected from
SEQ ID NO:35, SEQ ID NO:39, and SEQ ID NO:43; and a light chain variable domain
framework FR2 comprising an amino acid sequence selected from SEQ ID NO:36, SEQ ID
NO:40, and SEQ ID NO:44.

30 4. The antibody of claim 1, wherein said antibody that binds HCMV Complex I comprises a
light chain variable domain framework FR3 comprising an amino acid sequence selected from
SEQ ID NO:37 and SEQ ID NO:41; and a light chain variable domain framework FR4
comprising the amino acid sequence selected from SEQ ID NO:38 and SEQ ID NO:42.
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31.3 H8&8 11.96 2.03 0.06 2 2.06 3 2.07 a KD = equilibrium

di ssoci ation constant; SD = standard deviation 25 WO

2012/ 047 NSORQIR/0483011/ 054092 Exanpl e 9- Anal ysis of hu8@BThiSadiLiogobD

Conmpl ex | To further characterize the binding of hu8& to Conplex I,
an ELI SA assay was perforned to test whether hu8G3 could bind a portion of
UL131 containing a resistant nutation as identified in Exanple 7.

Speci fi CSa.'I | yl"hte ggtit%l\cj@l o%rg: a(l)l’(Ijli lr,] gvhfelperin sLajlli'(iL gr%cibvc\)%i thaégglnid]; iHeCdMV Complex I comprises a
Vi sequence having at least 95% sequence identity to the amino acid sequence selected from
SEQ ID NO:45, SEQ ID NO:46 and SEQ ID NO:47 and a Vi, sequence having at least 95%
5  sequence identity to the amino acid sequence of SEQ ID NO:48 or SEQ ID NO:49.

6.  The antibody of claim 5, wherein said Vi sequence comprises the amino acid sequence

selected from SEQ ID NO:45, SEQ ID NO:46 and SEQ ID NO:47.

10 7.  The antibody of claim 5, wherein said Vy, sequence comprises the amino acid sequence of

SEQ ID NO:48 or SEQ ID NO:49.

8. The antibody of claim 5, wherein said antibody that binds HCMV Complex I comprises a
Vu comprising the amino acid sequence selected from SEQ ID NO:45, SEQ ID NO:46 or SEQ
15 ID NO:47; and a V| comprising the amino acid sequence of SEQ ID NO:48 or SEQ ID NO:49.

9.  The antibody of claim 8, wherein said antibody that binds HCMV Complex I comprises a
Vi sequence of SEQ ID NO:45 or SEQ ID NO:46 and a V1, sequence of SEQ ID NO:49.

20 10. The antibody of any one of claims 1-9, wherein the antibody that binds to HCMV
Complex I neutralizes 50% of HCMYV at an antibody concentration of 0.05 ug/ml to 0.0007

ug/ml or less.

11. An isolated antibody that binds HCMV gH comprising three heavy chain hypervariable
25  regions (HVR-H1, HVR-H2 and HVR-H3) and three light chain hypervariable regions (HVR-
L1, HVR-L2 and HVR-L3), wherein:
(a) HVR-HI comprises the amino acid sequence of SEQ ID NO:71;
(b) HVR-H2 comprises an amino acid sequence selected from SEQ ID NO:72, SEQ ID
NO:73, SEQ ID NO:74, and SEQ ID NO:93;
30 (¢) HVR-H3 comprises the amino acid sequence of SEQ ID NO:75;
(d) HVR-L1 comprises the amino acid sequence of SEQ ID NO:76;
() HVR-L2 comprises the amino acid sequence of SEQ ID NO:77; and
(f) HVR-L3 comprises the amino acid sequence of SEQ ID NO:78.
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5 fromthe codon for serine at position 41 to the codon for serine at
position 68 (SRALPDQIRY KYVEQLVDLT LNYHYDAS (SEQ I D NO. 194) and cl oned

i nto a Rewonrorta4om321 ndependent Cl oning (RIC) vector w tRCHUSeoITiOR®b2 Hi S6,
GST, and a TEV cl eavage site (DNA654570). This portion of UL 131 forms a
putati ve al pha-helical in the secondary structure of the protein. UL131 was
al so cloned with the nutation Q47K that elimnates hu8& binding to UL131

in 10 the context. o (gH gL/ U128/ UL130 Sequence verified
const ruck’s vdFany? i SRS St #b@)ﬂ\f)@%mgﬁweéamures
were gr MRy EEod ﬂﬁﬁg ﬁlte aﬁgﬁr h&d &R d{@&é@%hﬁ‘ NePob %}Y@elﬁ%ﬁ&ﬁﬂﬂn‘é' %ﬂdga@w

Protei n expressio tures was In ed at  0D600 0.7 wth

| PTG at pb@fﬁoﬁ\éerfrﬁEQbID N<0393 8 sal&cedlfmnv&etgedlpecmisnsnmdﬁ SdreThyr, Ags,aanpRhe,
soni cation and cell disrupter. . in 100nM Tris (I) %Cl 5% gI ycer ol
( Buf Per Mgt & %eh@aﬁi HergniEesoid ff st ebsEQ IPrW(BP?d? selegty

Lysed c at 10000 rpmfor 40 mn and the cl eared Iysat es
| oaded eeér?%l%isa gravi t'dgd%(?%,\{/]v Ni -chelating affinity columm (Q agen). Col umms
were washed with 10 col um vol umes Buffer A and 10 col um vol unes Buffer A
with 50mM i m dazgle, Proteins were eluted with 100nM Tris pH 8.0, 500mM
NaCl, 5%3gl ;Téléraavboctymf slaimriauhence theantihady dhaipudy HEMM b gompksS 30mv Tri s

o1 2 e ARy 0 Sl il THONELPR P NG SRR EORS, £

200Ny Nafod SBQID#CQgY4.cer ol . To determ ne hu8@& binding to the UL131
protein fragnments, Maxsorb ELI SA plates were coated overnight at 4C with
li.tg, 200ng, or 40ng protein per well in carbonate coating 25 buffer.

After 3 uashes Mld B RYS! SRRV QnBR%0 THESRB Ak R gmm ChPaEsR! )

vel I's were bl'6é an hour w assay uent (was 5%
BSA [ I nuDINOgrin; Carl sbad, CA]). hu8@& was incubated at 10n/nl or 1lilg/nl
for an hour in assay diluent. After 3 washes, wells were either incubated
W th per oxi dase conj ugated anti - hurran anti body (Jackson Immunol abs, Bar

Har bar , 50 Q 0X, N i.

rlr o 84) 28 oS98 O ARl R BRSPS AN oAb I |
the ex peseqlmeé hafifg 81630 959 squgancaneﬁﬁ@ th e disliao d&'&i@e(@[@‘ﬁﬁé bISEGUDSfOPUat es
coated with 200ng protein and incubated with 104m hu

2012/ 04wlmm’rlﬁqmm Brg54 position 54 of AEQHBUIYA: %hesefl@qtebfyornghe g\r@enpowtmgs

pur poseator aitgy iy . ARyt o R iSRG T REHERGBIR G B 2hiu o

not be @@Q@kﬁ@@ﬂquﬁréﬂmtl ng the scope of the |nvent| on. The discl osures of
all patent and scienti f| c literature cited herein are expressly
incd®porated in their entirety by 5refer ence V\D

2012/ 047732 U 1/.0540 t ed ti d
Chas b P oA PR 5 i e Trf LRk o dinif et SRR B e

, ) BRI ble 5
o ons ff%%éféf’ N RsEng 08 SRR SASEQIENO:bolid SBQID Noer \Iﬁ”cgrrp(ral Ses

the am no acid sequence of SEQ I D NO 6; (b) HVR-H2 conprises the am no acid
sequence 7Of T%Egntlbod\lo £ Claim 15, wherein the antibody that binds HCMV gH comprises a VL

25  sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:90.

18. The antibody of claim 17, wherein the antibody that binds HCMV gH comprises a VL
sequence of SEQ ID NO:90.

30 19. The antibody of claim 18, wherein the antibody that binds HCMV gH comprises a VH
sequence of SEQ ID NO:89.
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(c) HVR-H3 conprises the am no acid sequence of SEQ I D NO 8; (d)
HVR-L1 conprises the amno acid sequence of SEQ ID NGO 9; 10(e) HVR- L2
conpri seswanomm4nm2aci d sequence sel ected from SEQ | D NesTAG2@9/ 0540 (f)
HVR- L3 conprises the am no acid sequence of SEQ ID NO 20. 2. An isolated
anti body that binds HCOW Conplex | conprising three heavy chain

hyper varilabllae negbatysof @hi/Badif, cléiiR-1H2] S mdhetduRehieantibody thétrbemedsl to gFEMEheH n
hypervari able 15 re ionsﬁ%ﬁVR—Ll, HVR-L2 and HVR-L3), wherein: (a)
HVR- H1 d@#ﬁ?lﬂ@éﬁql\‘& A KS986f §-094 4R 89d 24Pl SEQ 1 D NO. 6; (b) HVR- H2
conprises the am no acid sequence of SEQID NO 7; (c) HVR-H3 conprises the
am no aci d sequence of SEQ I D NO 8; (d) HVR-L1 conprises the am no
aci d sequenae aafib&EQflany bk 8f cladsf )-20\Fdrdn g OidRAIB&S ik BénchdtldaalamtiBody.
sequence of SEQ I D NO 20; and (e) HVR-L2 and the first am no acid of
the Bight chain variable domain framework FR3 conprises the amino acid
sequence,,of |. 21, thpoQ of Gl ai erei i.d anti body
that bt nds. Ak tBpaLEhy ot B RSB at B R RE 0B -

f ramewordatibily. conpri sing an amino aci d sequence selected from SEQ I D NO 35,
SEQ I D NO 39, and SEQ ID NO 43; and a |ight chain variable domain franmework
FR2 conprising an am no acid sequence selected from SEQ I D NO 36, SEQ ID
NO 40, d I 1 44. 30 4. . The ihody of. .claiml, wherei.n.said

ant | body ¢ hare gty 881 TR E5isrited %o A dral AROST BB Wormi
franmpwor k FR3 conprising an am no acid sequence selected from SEQ | D NGO 37
and SEQ ID NGO 41; and a light chain variable domain framework FR4
conprisidy tlhe aanbasy cd@ny oveefidtise st et 2d22, vderSEtha tika BBhighdISEQ | D

NO 42. [ 047732PCI/ 1US2011/ 054092 . 5. The anti body of claim1, wherein
said anti %@ééPWQeX fﬁﬁmtﬁ%ﬁéégﬁgﬁggxpyconprises a VH sequence having at

| east 95% sequence identity to the am no acid sequence selected from SEQ ID
NO 45, SEQ ID NO 46 and SEQ I D NO 47 and a VL sequence having at | east 95%
5 sequer’de ilhenniibgdytad anhenaef domadilel2s adgeit heantiSEY winciNoindg HEMM BEH isD
NG 49. 6 he antibody of claimb5, wherein said VH sequence conprises the
ani ﬁ@ ad %‘@%‘lﬁﬁ%k@ as“g‘l)(’é?%f-ed from SEQ | D NO 45, SEQ ID NO 46 and SEQ I D

NO 47. 10 7. The antibody of claimb5, wherein said VL sequence conprises
the ami no acid sequence of SEQ I D NGO 48 or SEQ I D NO 49. 8. The anti body
of cl ai 65, Avempedsticaaiothpaisinigodmtibéditofhinpdse BONMNGoPS.ex | conprises a VH
conprising the am no acid sequence selected from SEQ | D NO 45, SEQ I D NG 46
or SEQ 15 ID NO 47; and a VL conprising the am no acid sequence of SEQ I D
NGO 48 0or7SEQ@nk RoBbdfon ofelait® ARHbashY I%fingsitﬁéd’ﬂ‘itﬁ)nam%faﬁbﬁﬁcﬁl%egt. anti body

t hat bi nds HCW Conplex | conprises a dﬁ sequence of SEQ ID NO 45 or SEQID
NO 20 and a VL sequence of SEQ ID NO 49. 20 10. The anti body of any one of

clains 1:09, erein .the tibody t i nds to. H Conpl ex. | neutralizes
50% of Ij—?éM/ng CQRPEHEP BB e‘?’itQB zltl’itgfﬁ C8F1P6‘?1(§‘§%P%a°€6“ %@69/61’8%?% or
|l ess. 11, isolated antibody that binds HCW gH conprising three heavy

chai n hypervariable 25 regions (HVR-HL, HVR-H2 and HVR-H3) and three |ight
chai n hypervariable regions (HVRL1, HVR- L2 and HVR-L3), wherein:

29. Anisolated nucleic acid encoding the antibody of any one of claims 1-25.

25
30. A host cell comprising the nucleic acid of claim 29.
31. A method of producing an antibody comprising culturing the host cell of claim 30 so that
an antibody is produced.

30

32. A composition comprising an isolated antibody that binds HCMV Complex I and an
isolated antibody that binds HCMV gH.
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(a) HVR-HLl conprises the am no acid sequence of SEQ ID NO : 71; (b)

HVR- H2 conprises an am no acid sequence selected fromSEQ ID NO 72, SEQ ID
NO 73, SBQol2b2Ma@r4, and SEQ I D NO 93; 30(c) HVR-H3 conpciramssoitijoss0azri no
acid sequence of SEQ ID NO 75; (d) HVR- L1 conprises the am no acid
sequence of SEQ ID NO 76; (e) HVR-L2 conprises the am no acid sequence of
SEQ | D NQ. 7 The anchp 0Gtidbh/6F ¢1BinT82rpylics@s thehngosition acutthl zegHEME iokectB®BQ | D
NO 78. WD 2012/ 047732PCT/ US2011/ 054092 12. The anti body of claim 11,
wherein the anti body that binds HCW gH conprises an HVR-H2 conprising the

am no_acjd N%%gg@&g&lﬁ{) L otk hﬁom tﬁm‘{ﬂéecroﬁ{ﬂ&sfn%ﬁ @10 aggasﬁsq%?' ti 0,” 6

of SEQ ID e group consisting o r
A n, Ph&lCBIMWet, and Leu, and the am no acid at position 8 of SEQ I D NO 93
IS sel ected fromthe group consisting of Thr and Arg. 13. The anti body

of cPaim 12, wherein the anti body that binds HCW gH conpri ses an HVR- H2

NG 73
10 and SO | R iR6h f AHELP R PERE WA R b g SR
conpr i seSorhfiex anhdihe aaiibbdyabatdness HEMSEEH laf2 Iﬁﬂ&eﬁﬂm th® cdrnposTiien @t i:bedio. of

claim12, wherein the antibody that binds HCW gH conpri ses a VH sequence
having at |east 95% sequence identity to the amno acid sequence of SEQ | D

NO 94, wher

from i né tor ang csaRefThy 8L ) dhelh RAR: 3238 P (R BoR Sk, SEVEEL T
an nQ achét kidsREEHAMINCSHApIeX | BERIdR M%%ﬁﬂ &£0.66 (1 Gn f dn@hel Encitraiiodl of 20
16. The anti body of claim15, wherein the VH conprises an am no acid

sequencéhe entdodethat bowds thECH 6 gl is ehishss10i09g to0:01SEANI.D NO 87, SEQ | D NO. 88
and SEQ I D NO 89. 17. The anti body of claim 15, wherein the anti body
t hat bi nds HCW gH conprises a VL 25 sequence having at |east 95% sequence

I denti t y37t 0 THRQoAPBLERoREF Qly%ﬁlg‘b? BRfn 52 §§Qvﬂ1é?elﬁ%69£hnbo&§thaﬂ_ﬁﬁdéﬂbl\l@vdy of

claim17, wherein the antibody that binds HCW gH conprises a VL sequence
of SEQ IGbmﬁIEQﬂ)corﬁm’lﬂe@ thri¥hkeaamchio dypotarcdbid rgb8s (MKBrldl HYRH2atd HY®R t hat

bi nd C VH seqyence of Q 1 89. .
2019504 PP ORDE TS dah SO0 S e HBR O o BHEEVR-EDaphgreiti- 10,
wherein the mﬁvﬁq@yc&ﬁﬁﬁsegmdﬁmhe aH@W?&'ﬁ'cé‘SP@E ller@(? HCW at an EC90 of
0.001 to O. e anti body of any one of alms 1-20, wherein
sai d anti bodly) EIYRaHi?m«mphmsaHle aninbhodysequed2e o BEQADINOGCyY of any one of

clainms 1-21, which a hu humanj zed or g$]$l’l o t| body. 23. The
ant i body of (“a)r@vgr% ‘*Pmqu aImQQaCW%‘WEinﬁe% éQtN dy is an anti body

f ragment ]%@% f nd 21-22, wherein
theganti bod3 i (t:{hQL H% acngﬁyﬁse{g%e@{eneé@f@? q?é\%t h 1gGl anti body.

20 (e) HVR-L2 comprises an amino a01d sequence selected from SEQ ID NOs:10-19; and
(f) HVR-L3 comprises the amino acid sequence of SEQ ID NO:20.

38. The composition of any one of claims 32-36, wherein said antibody that binds HCMV gH
comprises three heavy chain hypervariable regions (HVR-H1, HVR-H2 and HVR-H3) and
25  three light chain hypervariable regions (HVR-L1, HVR-L2 and HVR-L3), wherein:
(a) HVR-HI comprises the amino acid sequence of SEQ ID NO:71;
(b) HVR-H2 comprises an amino acid sequence selected from SEQ ID NO:72, SEQ ID
NO:73, SEQ ID NO:74, and SEQ ID NO:93;
(¢) HVR-H3 comprises the amino acid sequence of SEQ ID NO:75;
30 (d) HVR-L1 comprises the amino acid sequence of SEQ ID NO:76;
() HVR-L2 comprises the amino acid sequence of SEQ ID NO:77; and
(f) HVR-L3 comprises the amino acid sequence of SEQ ID NO:78.
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25. The anti body of any one of clains 11-22, wherein the anti body which

bi nds HCW gH is 15a full length 1gGl anti body. 26. A conposition

conpri si nyoan2zzamridpody of any one of clainms 1-25. 27. TReTasa@oss400oNn of
claim 26 further conprising an additional therapeutic agent. 28. The
conposition of clains 26 or 27 further conprising a pharmaceutically
accept ald% darrcomposi@én offanyi o lodtdnnBZ-B8mdicadn shid actdaidp ghdt bendamiGNMYdy of
any one of clains 1-25. 38 A. host e(lé]:ﬁnco risi t he nucl.eic acjd of

cl ai m 2d-ompex I gompisee 4 lig tﬁw&at?é}aﬁgf A ABEH) KT PRI PBIPRG he
host cel i i j. ) Lt g 0N
conpri sish%ggﬁg%ggﬁfg%%;sﬁ g%é\@j] % %;%E(gﬁ%qso' %ﬂ%ﬁ%ﬁ 4%1’?5@%@2% a'lg?ed
ant i bodwatibbit doimadsfridadnvorty HER 2W0OnZ kR 0k ar3A&adid WSARhdd Obetf@fror8 SEQIR
conposition of claim32, wherein the conposition neutralizes HCW

i nf ecti INO:3033EQTIRNQs0ped $ERAPNO¢rai m 33, wherein the conposition
neutralizes at | east 50% of HCW. 5 35. The conposition of any one of
clainms 32-34, wherein the antibody that binds HCW Conplex | and the

ant i bodyot hathe kbmgesitiGWT gty e @f priyessndf dldimks 3e-39onipesintshidrantibody thatlbind i 0.
36. The conposition of any one of clains 32-35, wherein_the concentration
of the éﬁ@%bﬁwptmlmmpﬂﬁ%h% chimyagtp derain fragmoyyork ER3tcompysing ang/ ni t o

0. 05 | g/ . ' qﬁ% ' 4RI - gH is
at Ieast%?gg‘%d%g(ﬁﬁ?lg%&?%}g%%&ﬁ@gﬁ ! e'%f(;%%{pom g%nw%#?h%@saol&l%tg cl ai nms
32- 36, whebklcrloat fuhibetyFRAN@impH sigsth&aMhCrRitpicq¥cdccGolaptd Som $ShNep heavy
chai n hypervariable regions (HVR-HlL, HVR-H2 and HVR15 H3) and three |ight
chai n h%@fﬁ#ﬂ%@ﬂb@%s (HVR-L1, HVR-L2 and HVR-L3), wherein:

(a) HVR-HL conprises the am no acid sequence of SEQ ID NG 6; (b) HVR-H2
conprises the amno acid sequence of SEQ ID NO 7; (c) HVR-H3 conprises the

am no acild g&guempesitdbn SELyldacNOcBims 32-40 wherdilaidvirilolly elearpirids @RCNINWe ami no
aci d segéjence of SEQ I D NG 9; 205;)‘ HVR-L2 conprises an am no acid sequence
sel ect edCemplax SEaNPIeNEY HITIIGICe AATINE Bt IRARIP % seangice identitHe thaimimnoaeidd

seauignce ol SFQLD NG A Gl NS SATPASNG 98,1 sPVMLANS Bl 1B s 20

wheréin’s conprirses three heavy arn

hyper variagget Qe 9595 s W&e%@ntm’f&ﬂ’ﬂ@ afbib 4dRsdddincrd SEQ) IhNeesd s$rQ ebai n
hypervari abl e regi ons (HVR-L1, R-L2 and HVR-L3), wherein: (a) HVR-H1L

conpri s@¥0e am no aci d sequence of SEQ ID NO : 71;

42. The composition of claim 41, wherein said Vi sequence comprises the amino acid

20 sequence selected from SEQ ID NO:45, SEQ ID NO:46 and SEQ ID NO:47.

43. The composition of claim 41, wherein said Vi, sequence comprises the amino acid

sequence of SEQ ID NO:48 or SEQ ID NO:49.

25  44. The composition of claim 41, wherein said antibody that binds HCMV Complex I
comprises (a) a Vi comprising the amino acid sequence selected from SEQ ID NO:45, SEQ ID
NO:46 or SEQ ID NO:47; and (b) a Vi comprising the amino acid sequence of SEQ ID NO:48
or SEQ ID NO:49.

30  45. The composition of claim 44, wherein said antibody that binds HCMV Complex I

comprises a Vi sequence of SEQ ID NO:45 or SEQ ID NO:46 and a Vi sequence of SEQ ID
NO:49.
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(b) HVR-H2 conprises an am no acid sequence selected from SEQ I D NO 72, SEQ
ID NO 73, SEQ ID NGO 74, and SEQ I D NO 93; (c) HVR-H3 conprises the
am no aciwogerumense of SEQ I D NO 75; 30(d) HVR-L1 conpr ipsgdaisténg/osdvpono aci d
sequence of SEQ ID NO 76; (e) HVR-L2 conprises the am no acid sequence of
SEQ ID NO 77; and (0 HVR-L3 conprises the am no acid sequence of SEQ ID

NO 78. WWO. 20h2/c0mpdSARCH wS2mt bf 0B40922-439vhcTFhie thoapbeily thanbinfls BIGM Brpdl of
clains 32-38 wherejn said antibaody that hinds H e conprises a

| i ght crfé?mi’TV%tsr*}Ila%VB']dgﬁamHWlP%%’\ﬁé‘FlROﬁ?& S%‘B’r?ﬁ?fiq%\%@gﬁ I\Hﬁ?:ﬁow%%t ‘equence
sel ect ed, {: : : ) " i ght
chain vgdrnifl lgg F&GI§E%T$BI r@gf%r gﬁrrse%\g?g }gggwc%o%gercitﬁ(éégl% %ﬁuﬁglﬁg‘q{tlg@g gggré E(!:lg

sel ect edAdn; Gin, PRQ VX, anNOeB Gind BieQurhibo NEId40 postich SECSEQ INONGA3 is 4€lectddhe
conpositjon of any one of any one of clains 32-39 wherein said anti body
that5biHH§“ﬁ€NW°@%ﬁ%F§%n$0@3%%Fﬂ§§§-a light chain variabl e domain franework
FR3 conprising an am no acid sequence selected from SEQ ID NO 37 and SEQ I D
NO 41; and a light chain 10 vari able domain framework FR4 conprising the
am no aci7’d Sbquempesifiet eCimsnt rodtlaHidB2-B6 NCh@38inandlartibQdy DalNeind® HCMY.gHThe
conposition of any one of clains 32-40 wherein said anti body that binds
HCMWV CorfSIexisgs %blér/% Rrid2 sompiging ag adioerckhssanegnesscleetsd froglas/gééad‘é%& SEQ
identit t ' i 5 sequence selected from SEQ I D NO 45, SEQ ID
NO 46 aﬁgﬁggéﬁ%83§%?§9§§%g7i VL sequence having at |east 95% sequence
idenpity to the am no acid sequence of SEQ ID NGO 48 or SEQ I D NO 49.

42. The conposition of claim4l, wherein said VH sequence conprises the

ani no adi®d Abcsegperiten ebtlaipt €4 vhesrin SBdr-H3 qemmises Beaminy aqrs aw1ugies SEQ | D
NO 47. Eﬁﬁgﬂg .9anosition of claim4l, wherein said VL sequence conpri ses
the am no aci d Sequence of SEQ ID NGO 48 or SEQ I D NO 49. 25 44. The

conposition of claim4l, wherein said antibody that binds HCW Conpl ex |
conpri ses (%)ﬂ) a VH conmprising the amno acid sequence sel ected from SEQ I D
|1 DC

N 45, SBQ (TheNempesition SEOYIDeROClsmS Ard6(wherainvhe asibpry diahbindnEICARY e aci d
sequgnc eco%%)rl eEs(% VB s['éllg%el%lgs %fr%lg%E gbl:eaﬁDsé gg%%%ﬂp%gcﬁg eg;c(i‘;gllhtg tﬁeoaﬁgl%%latcfdosg%}gncg lofgl I m

44, Whereln Sai'd antTbo conpri ses a séquence

of SEQ ISEND 004, aRGih Ehd\Nhh6 adiiicht poditions S4IBESEE IDINSER ik RINRARom 2
2012/ 047732PCT/ US2011/ 054092 46. The conposition of any one of clains

32- 45, iewreiansishes ahderbbery AshaenbPhe Meacd g and il igiae agid atpRsitipn 56 of

conpri si [, NO_aci equence, of SEQ I D NO 93, wherein the amno acid
at posi t%&%?\{)@%%eﬁeﬁ{%@%ﬁg%ﬁ%‘ct ed fromthe group consisting of Ser,
Thr, Asn, d@n, Phe, Met, and Leu, and the am no acid at position 8 of SEQ

ID NO.93 is selected 5 fromthe group consisting of Thr and Arg. 47. The
conpPdsi t30on ThE camposihen of clainad hevigeein he ViHepmiprisestim aannd bodpequsace silgets

HCW gH conpri ses an HVR- H2 Sy i ho.aci e.sel ected from
SEO 1 B eSO &8t Fheiy F STATRLNY B N8 fad SBRIBAYRRST P on ot
claimd47, wherein H/R-H2 conprises the am no acid sequence of SEQ I D NO 74.

49. The conposition of any one of clainms 32-46, wherein the antibody that
bi nds HCONW dHe temposipen sedaim YH vdemie feenhhodyndatlingded €M 0 5bh otpuserc e

identit t th j i SEO I D NG 94 i th i id
R R N B T R TG R R S T R RN

Ser ,»5Thrgg NGOp, Phe, Met, and Leu and the am no acid at position 56 of
SEQ ID NO 94 is selected fromThr or Arg . 20 50. The conposition of claim
49, wherein the VH conprises an am no acid sequence selected fromthe group

consi st ISr}g c}](h:e cgrllzl oslit?orll\l(())f cﬁZi’rn ? Eg/hlePeill}I%e%%ti ggy tﬁaEt%ill(% ﬁ'&\f\? gH comprises a VL

sequence of SEQ ID NO:90.

30 53.  The composition of claim 52, wherein the antibody that binds HCMV gH comprises a
VH sequence of SEQ ID NO:§9.

98



51. The conposition of claim50, wherein the antibody that binds HCOW gH
conprises conprising a VL sequence having at |east 95% sequence identity to
t he am nowacotk/@erpaence of 25 SEQ I D NO 90. 52. The comrpodistéianswb2 cl ai m
51, wherein the antibody that binds HCOW gH conprises a VL sequence of SEQ
I D NO 90. 30 53. The conposition of claim52, wherein the antibody that

bi nds HGW JHecomposisesobanytdns @fjuknoe3 b3 SERréiD sh@ agfbodyiat binds HCMV

2012/ 047732PCT/ US2011/ 05409 4. The conposition of any one of clains
32-53, HapRIehIang el %&t}%@eﬂ@aﬁ ﬁalfis Bﬁr&}%\&f arf&rﬁ%loeﬁl AMORAY S ai d ant i body

t hat bi nds HCW gH are nonocl onal anti bodi es. 55. The conposition of any
one of clains 32-54, wherein said antibody that binds HCW 5 Conplex | and
sai d antisbodihetchmpodiiiodsf Hghc@ifichims BRridnyhdreinaaidzadbodyr thetbindsrHEMV

anti bodi es. = 56. The conposition of any one of clains 32-55, wherein said
ant i BodyCamRlex hppthsaideabodsy thst Bindp H@@@%ﬁﬁﬁlﬁm, ymaggivesds of Ahgmese;  The
conposi tj.apg,fks @any one of claims 32-55, wherein said antibody that binds
HCW gH 1's an anti body fragnent. 58. The conposition of any one of
clainms 32-55 and 57, wherein the anti body which binds 15 HCW Conplex | is
a full length IgGlL anti body. 59. The_conposition of any one of clains
32-55 am- 58 hewp@patiion paryneobawimhd £h5 bviaeinseishanghedysthat tigds HEMRGt h

| gGL ant . ?gg sition of any one of clains 32-59, further
corrprisi(%(%9 X%%é%ﬁ%%%ﬁ%lé%? y gcceptable carrier. 61. The conposition of

cl aitm 60, further conprising an additional therapeutic agent. 2562. The
conposition of claim6l, wherein the additional therapeutic agent is

sel ect e r dme gamePElion pFanyians o4 elains 3330 gabrepialsaidiantibedy BatdurdAlEMGgH The
conposi t.| £, an of clainms 26-28 and 32-62 for use as a nedi canent.
30 64. %%Q?%g%%¥¥?g%%n%f any one of clainms 26-28 and 32-62 for use in
inhibiting, treating or preventing HCW infection. WO

2012/ 047732PCT/ US2011/ 054092 65. The conmposition of any one of cl ains

26- 28 arx$- 34 hg zomppsitigeof i ankiobckaimey32-6p and P hgvisreip s awbpdygwashdarest al

H i nf ' r.H [ L Qn~k N transpl ant recipient. 66. The
chggsi€%§%h§§0%ﬁ$xoﬁ%agq{%ﬁ%%ﬁ%GzﬁmggﬁYWherein t he anti body whi ch bi nds
HCW 5 gH is in a conposition separate fromthe antibody which binds HCW

Conmplex |I. 67. Use of the conposition of any one of clains 26-28 and 32-62
in the r®nufllecampogfionohanyiang®églaims 32-55 and 56, wherein the antibody which binds

HCMYV gH is a full length IgG1 antibody.

20  60. The composition of any one of claims 32-59, further comprising a pharmaceutically

acceptable carrier.
61. The composition of claim 60, further comprising an additional therapeutic agent.

25  62. The composition of claim 61, wherein the additional therapeutic agent is selected from

ganciclovir, foscarnet, valganciclovir and cidofovir.
63. The composition of any one of claims 26-28 and 32-62 for use as a medicament.

30  64. The composition of any one of claims 26-28 and 32-62 for use in inhibiting, treating or

preventing HCMV infection.
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10 68. The use of claim®67, wherein the nedicanent is for treatnent,
inhibition or prevention of HCOW infection. 69. The use of claim 68,
wher ei n twe 2oedi4caeent is for inhibiting, preventing or PCTASRIMYSMONgeNi ta
HCW infection or HOW infection in a transplant recipient. 15 70. The use
of any one of clains 67-69 wherein the nedi canent conprises the antibody
t hat bi rids HBMo@poptiexof anyrona of olapos26-28 and 8P4l dveusk iomhitheng ntchthogyr t hat
bi nds HCW gH. .71, A nethod of treating, inhibiting or. preventing
HOMV i nfREEYIERS eQnashitalitHgMaamiartion ef Hﬁ%\”‘éen BfioR iB& g R 1A {CEPIBEt i ve anount
of the conmposition of any one of clainms 26-28 and 32-62. 72. A nmethod of
treating, inhibiting or preventing congenital HCW infection conprising
adm ni st i Adetcompogtiegofaty gnatof elima63-65 fvelodreivieh@mmibotly ohidhlendsdd@dBi t i on
of any one of clains 26-28 and 32-62. 25 73. A nethod of treating,
i nhi Bi tiHGIdP 25PBPatiPhEs prrtee entdhedy avhach biadssHENhY Coawigs lent
conprising admnistering to the transplant recipient an effective anount of
t he conposition of any one of clains 26-28 and 32-62 to treat, inhibit or
prevent ¢AICMUsk pf @rtdoatposiBion éfanyltre ofetldiod 26928cindi3M623n thmatifactifeef a
transpl ant recipient is HOW seronegative. 75. The nmethod of claim 74,
wher ei n T¢fHcamMehspl ant recipient is receiving or has received an organ or
ti ssue froma HCW seropositive donor. WO 2012/ 047732PCT/ US2011/ 054092 76.
The met hod of any one of clains 71-75, further conprising adm nistering an
additi orgsl. tIhegpeidlhien 61 evticrdio tHchBediednm@inis fobtréatmert) mhitibo or pvamypnefie of
clains 71-76 wherein the conposition conprising the antibody whi ch binds
HCW Coﬁﬁ@%%fﬂﬁﬁ§madninistered separately fromthe conposition conprising
t he anti body whi ch bi nd HCOW gH. 78. The nethod of any one of clains
71-77, wherein the conposition conprising the 10 anti body whi ch bi nds HCW
gH is a @onabsiuké OMNclSiaPes, attRrdin B rhith oo asfot InbibigRFPEdvehige dhtecading i body
whi ch bi nds HCW Conpl ex |. 79. The nmethod of clainms 77 or 78 wherein the
conposi tdoagerd8hPEMY mefeetnn Al EMAOipfeskpe i birardlaOMeiRgtIti s admi ni stered
skgbgtaneously wi th the conposition conprising the anti body 15 which binds
H Conmplex I. 80. The nethod of clains 77 or 78 wherein the conposition
conpri si7og trine usbf Yt WitiImdDENES wWieMih G rh&li@aBnnEsthsiRg tHer dn@ibodyother
subsequent to the conposition conprising the antibody which bi nds HCW
Conpl ex bindsdCM3] Cowptexdfin ggomnpsiberiseperatairemihe aritbiody that bmds HEAdVedtl.of any
one of clainms 1-25 in the manufacture of a nedi canent. 82. The use of
claim81l, wherein the medicanment is for inhibition, prevention or treatnent
of 25 HGW iAheol @ftreatfhd, inhAtins8r MevétiakM@AAV iwhefish Borhfesinesikan®dting S
for inhibiting, preventing or treating congenital HCW infection or HCW
i nf €6t i dn aipatienttanghisgiiaramauat pPpihe sompaati@nof ayenefof alaiman2e-Bddyd 83-62.
conbi nati on of antibodies, of any one of clains 1-25 for use in treating,
preventing or inhibiting HOW infection. WO 2012/ 047732PCT/ US2011/ 054092
85. The wse POhethodioMBingMiBigling bGcldn®dk Benitsl HOMY B¥&Mon %mb_ﬂh"ih?' t
congenital HCW infection or H infection in a transplant recipient.
administering to a pregnant patient an effective amount of the composition of any one of claims

26-28 and 32-62.

25
73. A method of treating, inhibiting or preventing HCMV infection in a transplant recipient
comprising administering to the transplant recipient an effective amount of the composition of

any one of claims 26-28 and 32-62 to treat, inhibit or prevent HCMV infection.
30  74. The method of claim 73, wherein the transplant recipient is HCMV seronegative.

75. The method of claim 74, wherein the transplant recipient is receiving or has received an

organ or tissue from a HCMV seropositive donor.
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86. A nethod of treating, preventing or inhibiting HOW i nfection
conprising adm nistering 5 an effective anount of an antibody or a

conbi nat iwo 20f2/@nt3zbodi es of any one of clains 1-25 to &CpatSz@nis4092 87. A
nmet hod of treating, preventing or inhibiting congenital HCW i nfection
conprising admnistering to a pregnant patient an effective anmount of an
anti body or a conbi nati on of 10anti bodi es of any one of clains 1-25. 88. A

met hod of treating, eventl i nhi biting HCI\Nlnfectlonlnatran pl ant
reci pi ent ¢ ﬁﬁrnil%lil é&bﬁoﬁ? §F 3@1% & tfh‘éh@crrc%‘gﬁﬁléﬁta ERS RN agdit é?nF‘Ecti ve

anmount o[fl ]%F_Eil@l@ta q&/ﬂ{% ination of antibodies of any one of clains
1- 25. N e nggﬁod of aim 88, wherein the transplant recipient is HOW

seronegatl ve. 90. The nmet hod of claim 89, wherein the transpl ant
recipient is recejvin recei ved an or tissue from

ser oposi £/ ve ha&Hdhod ofgiil%rﬁ@ HRVBOH- Gt v BFEm 9 6OmPRi HARFORRS Y @p Agfbody
d t Th
adm ni stegilng;ae &ﬂ@gx %g%&?p@\ﬁgg{& s@]geﬁﬁtrglfafﬁ?rﬁ Iglge dc;R/)% Q@thr(])n com rml%l 22

nmet hod of any one o alms reint bi nds

Conpl ex the hlﬁilﬁ)dmwﬂﬁ(ﬂilﬁhdaﬁl(ﬁ\&p’egﬁt ely fromthe antibody which bind HCW gH.
93. The nethod of claim92, wherein the antibody which binds HCW gH is
adm ni stered sinultaneously with the anti body whi ch bi nds HCW Conpl ex |I.

30 94. e i e i whi I CW gH is
adri i st a5 ed e of Shf ot B MICT =Y T R Dl RS N SRl RE
Commloex dntibdy wRitRbaAIS ?ﬁzﬁmgwm&ﬁﬁwge@@ammm thelcatpdsiaiot chaphysiigi ch

bi nds to the_sanme epitope as any one of the antibodies of clainms 1-25. 96.
An i sol etb@ant&}ww&m&cﬂcwﬁe‘ém&xdn epi tope of HCOW gH conpri si ng am no
acids 5 which correspond to the am no acids selected fromthe group
consisting of: (i) tryptophan at position 168 of SEQ ID NO 1; (ii) aspartic
acid at 790siThi @ficthetbofallaiSEQ7 oD 78 helein {Hel dojnpRkieibh BEmpiisip@ HictantBodykhich SEQ
ID NO 1; and (iv) conbinations thereof 10 97. The anti body of claim 96,

whi ch bitieds HeMahgHdps @@p@ls@rredrlewltgw%lapwﬂsﬁhﬂ gomnpHHomesRrisieg beradbddyom

the rouy 0 (1) tryptophan at position 168 of SEQ ID
% ‘Ehl&gl%fi i_f) asparntll?lgxgim d at position 446 of SEQID NGO 1; 15(iii)

proI ine at position 171 of SEQID NO 1; and (iv) conbinations thereof 98.
An isol ated anti body which binds to an epitope of HCW Conplex | conprising
am no acilds T mpthed pf ety oo/ & wkeraipithocanepastionaoapristeithomtibedy gholp

consi st nlgdSqIICMV gH is administered prior to or subsequent to the composition comprising the
antibody which binds HCMV Complex 1.
20
81. Use of an antibody or a combination of antibodies of any one of claims 1-25 in the

manufacture of a medicament.

82. The use of claim 81, wherein the medicament is for inhibition, prevention or treatment of

25 HCMYV infection.

83. The use of claim 82, wherein the medicament is for inhibiting, preventing or treating

congenital HCMYV infection or HCMV infection in a transplant recipient.

30  84. Use of an antibody or combination of antibodies, of any one of claims 1-25 for use in

treating, preventing or inhibiting HCMYV infection.

101



20(1) glutamne at position 47 of SEQ ID NO 203; (ii) lysine at position 51
of SEQ I D NGO 203; (ii1) aspartic acid at position 46 of SEQ I D NO
203; and w0 2012/047132v) conbi nati ons thereof 25 99. The amCirhmsdy 108406t ai m 98
conprising amno acids selected fromthe group consisting of: (i) glutam ne
at position 47 of SEQ ID NO 203; (ii) lysine at position 51 of SEQ ID NO
203; (1185 dhpast oftclaiai 84, athepns thel toratrdént af to$EEY chDoNGh DXt ongandtal HEMV

conbi nat.i ons thereof 30 100.. An isol ated anti body which binds to a

pol ypept!NFEtie o7 CoMption i 2 tRpsRiRntE8HRihthe ani no acid sequence
SRALPDQTRYKYVEQLVDLT LNYHYDAS (SEQ I D NO 194). WO

2012/ 047732PCT/ US2011/ 054092 101. A nethod of reducing or preventing an

i ncr easesd. n AHaMVodioff atkatirig preventing qoai!iieinihg EXIVIM iafaedomd cormprii st eadmigist@inighe
patient an effective anount of an antjbody or combination of antibodies of
any &ne fefleptiysamaung st amansbodyong comhingon g@%? Prepest Fiagnatr?s to

i ncreasg 1 HCW viral titer in a patient conprising admnistering to the
patient an effective amount of the conposition of any one of clains 26-28
and 32-62. 10

87. A method of treating, preventing or inhibiting congenital HCMYV infection comprising
administering to a pregnant patient an effective amount of an antibody or a combination of

10 antibodies of any one of claims 1-25.

88. A method of treating, preventing or inhibiting HCMYV infection in a transplant recipient
comprising administering to the transplant recipient an effective amount of an antibody or

combination of antibodies of any one of claims 1-25.

15
89. The method of claim 88, wherein the transplant recipient is HCMV seronegative.
90. The method of claim 89, wherein the transplant recipient is receiving or has received an
organ or tissue from a HCMV seropositive donor.

20

91. The method of claim 90, further comprising administering an additional therapeutic agent

to the patient.

92. The method of any one of claims 86-91 wherein the antibody which binds HCMV
25  Complex I is administered separately from the antibody which bind HCMV gH.

93. The method of claim 92, wherein the antibody which binds HCMV gH is administered
simultaneously with the antibody which binds HCMV Complex 1.

30  94. The method of claim 92, wherein the antibody which binds HCMV gH is administered
prior to or subsequent to the antibody which binds HCMV Complex L.
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95. An isolated antibody which binds to the same epitope as any one of the antibodies of

claims 1-25.

96. An isolated antibody which binds to an epitope of HCMV gH comprising amino acids
which correspond to the amino acids selected from the group consisting of:

(1) tryptophan at position 168 of SEQ ID NO:1;

(i1) aspartic acid at position 446 of SEQ ID NO:1;

(ii1) proline at position 171 of SEQ ID NO:1; and

(iv) combinations thereof.

97. The antibody of claim 96, which binds to an epitope of HCMV gH comprising amino
acids selected from the group consisting of:

(1) tryptophan at position 168 of SEQ ID NO:1;

(i1) aspartic acid at position 446 of SEQ ID NO:1;

(ii1) proline at position 171 of SEQ ID NO:1; and

(iv) combinations thereof.

98. An isolated antibody which binds to an epitope of HCMV Complex I comprising amino
acids which correspond to the amino acids selected from the group consisting of:

(1) glutamine at position 47 of SEQ ID NO:203;

(i1) lysine at position 51 of SEQ ID NO:203;

(ii1) aspartic acid at position 46 of SEQ ID NO: 203; and

(iv) combinations thereof.

99. The antibody of claim 98 comprising amino acids selected from the group consisting of:
(1) glutamine at position 47 of SEQ ID NO:203;
(i1) lysine at position 51 of SEQ ID NO: 203;
(ii1) aspartic acid at position 46 of SEQ ID NO:203; and

(iv) combinations thereof.

100. An isolated antibody which binds to a polypeptide of HCMV Complex I, comprising the
amino acid sequence SRALPDQTRYKYVEQLVDLT LNYHYDAS (SEQ ID NO:194).
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101. A method of reducing or preventing an increase in HCMV viral titer in a patient
comprising administering to the patient an effective amount of an antibody or combination of

antibodies of any one of claims 1-25.

102. A method of reducing or preventing an increase in HCMV viral titer in a patient
comprising administering to the patient an effective amount of the composition of any one of

claims 26-28 and 32-62.
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