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ANTI BODI ES AGAI NST HUVAN CYTOVEGALOVI RUS ( HCW)

TECHI CAL FI ELD The invention relates to novel antibody
wGeemsenses i sol ated from human B cel | s havi ng PCT/EP2007/064094

bi ol ogi cal activities specific for a virus that

i nfects human cells. BACKGROUND, OF THE | NVENTI ON Hunman

Cytonegal ovirus (hCW) is a MAdéspread hi ghl y

speci es-speci fic herpesvirus, causing significant

ror SNIBPIRS AGAD ST MAN RIS By S memv)

I mmunol ogi cal ly i mmature individuals. Several recent

reviews anal yze hCW biol ogy and clinica

mani f estati ons (Landolfo S et al, 2003; Gandhi M and

Khanna R, 2004; Soder bergH¥aewdl €1ECD 2006a). This

viral pathogen infects the majority of the popul ation

wor | iy de andn i 1AW hedell ﬁlt%dlydﬁﬁ]%gmcefs Olsb QWA G0l @uman B

contact MAth a bodily fluid, sinCe e virus enters

cetll rh% 10 oéca?lalctq\lriltl%g ] eifd miﬁfloreaD {7111'19 e ha’Ejl nf‘e"é:"tl LhHrn%Il c%ﬁ?

res Iratory

Lgfegﬁ?étvgfé'n?ﬁmy?@éwﬁ@peﬁ% B el

geogr aphical areas with | ower incone. Follow ng a
pr i ndrgan i€ eemegalo VHEMhEMRY pds gi stidesprepdediighly sssies-specific
cells of the nyeloid lineage in a |atent state,

harpedvitwa) icag i@ dighi S st matbidigyy iand nmontaldiyf freimmtunosddpressed or
types (haematopoietic cells, epithelial cells,

in@aes16glch By ikfahsre 1@dllvfduld[50b| asts) and escaping the
host imune system The hCW infection is generally

asynpl.QpAt fegeﬁtnrel'\]f‘?e%/st Ia){alﬁg CQ\gséﬂ Bfcfo d'ﬂ{n‘? i ﬁﬁmfestations

and dissemnation 1s nual er-contro

G 8T 1 Py, Gl 3 Khemame 88§u Bt c.

mechanisnms that allow viral gengone to rema
200088 B egrabppidegem néfeptéttgq;nmaé?réttyeof the populatlon worldwide and is

acquired in childhood, following the contact with a bodily fluid, since the virus
enters through endothelial cells and epithelial cells of the upper alimentary or
respiratory systems, or through the genitourinary system. Seropositivity to hCMV is
more prevalent in underdeveloped countries or in geographical arcas with lower
income.

Following a primary infection, hCMV can persist in specific host cells of the
myeloid lineage in a latent state, replicating and disseminating in many different cell
types (haematopoietic cells, epithelial cells, endothelial cells, or fibroblasts) and
escaping the host immune system. The hCMV infection is generally asymptomatic in
healthy people since hCMV infection and dissemination is maintained under control
by the immune system, but total hCMV clearance is rarely achieved. In fact, h\CMV

virus has developed efficient mechanisms that allow viral genome to remain in
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Any situation that weakens inmmune functions, such as
stress conditions or specific nedical treatnents, can
wo ead/otsohiCW reactivation. Cinical manifestaPdDEB2007/064094
hCW (such as retinitis, enterocolitis, pneunonitis,
gastritis, or hepatitis) can ocgur follow ng vira
primary infection, reinfection,<or reactivation. About
10% of infants are infected by the age of 6 nonths
solentebiifatgnarlareshPa&d-on from their nothers via the
pl acenta, during delivery, or by breastfeeding. The
hCWARy rsitoatigotisitswsakehs amniwgestimetdond, sugblaogegssicdnditions or
whi ch contains a |inear, 230 kb-Iong, double-stranded
sPbA OB aIR] trddtencBxy e $¢aNtoohC MEME ZEROMEN. i Glinical manifestations
controlled by a conplex cascade of transcriptiona

oteH€M\$ (ts{ﬂ(ﬁ{ ab l%@tqiﬁitigp eﬁﬂ%@o&ﬂiﬁ%h?ﬁ&ﬁn@ﬁiﬁ , %_@stﬁ{@,noglggpatitis) can

proteins Involved in a large variety o I ol ogi ca

activities involved inviral inf.ection, |aten d o
oRGh I ISP Pl et e ol e rTgnest reRu i Sy 10% of
. proteins formthe virion envel ope that .is extrenel .
ingipI 8% 1At by thenggmatet engn S fodDaying (e o, from their
gl ycoproteins that are honol ogues of structura
mpthsreviaghe glasenthi deringddiveey. denplrsestfdedang. and t hat
can formdisul fidelinked protein conplexes within the
Vi riDine hg®IV (virioh wdnsigtsosl yn gdsahgichll nfdlomdapsidnghigM contains a
and gN) and gCl Il (including gH gL and gq ) . The gB,

ligddr, 230 @hligeedovatRReN aDNA YSREnb OITHICBRS%RNINY of hCMV
hCW strains (Coaquette A et al.,2004; Dar L, 2007).

geﬂ&%w%%%ﬁ% H%{l@ Bg%ac%)?%%? c%{?g@é Eg {erﬁﬁsscgﬁﬁgn?lg&%gf’s%laﬁféqm to the

toget her w't

essential for the .nitial. interaction between the :
SESRosE mAE Het 200 pieliips AbSOREH (P anCLRTSREFY ol Diolosical
t he production of infectious hCW. For this reason,
ac&yﬁwulﬁaglvlegrlg afifah gnfsg’lotg |_I|’ate§p¢’l, aélﬁldr/e@}lcgmncg}ptt W and Mach M,
efficiently inhibit hCW infection by bl ocking the
1¥0ry of circulating hCWvirions into the cells,
foll owi ng hCW infection, reinfection, or
r eacThe/8fru@0ral proteins form the virion envelope that is extremely complex

and still incompletely defined. It includes glycoproteins that are homologues of
structural proteins identified in other herpesviridae and that can form disulfide-
linked protein complexes within the virion: gCI (including only gB), gCII (including
gM and gN) and gCIII (including gH, gL and gO). The gB, gH, and gN genes have
been also used for genotyping hCMYV strains (Coaquette A et al.,2004; Dar L, 2007).

The glycoproteins gN and gM are the most abundant and, together with gH
and gB, have been shown to be essential for the initial interaction between the
hCMV envelope and host cell surface, and consequently for the production of
infectious hCMV. For this reason, compounds targeting gB, gH, gN, and/or gM can

efficiently inhibit hCMV infection by blocking the entry of circulating hCMV
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Treatment of hCW infections is difficult because

there are few therapeutic options avail able. The
w@em@s®enishe avail abl e drugs conpounds that i nhi BCT/ERIonA064094

replication (Ganciclovir, G dofivir, Foscarnet,

Mari bavir and ot hers drugs under devel opnent) produce

a significant clinical inprovengnt, but may suffer

from poor oral bioavailability, IOM/potency t he
vigieap iandee oflsh el wisginiMNciafiction. teanfegtian.i Gsaqtivating.

viral targets), and dose-limting toxicities (De

d erT:I@aEneIQGIleCMé/I ddettions iandffGattnzec@s2008; a@ fawetherapeutic

C and Boivin G 2005). Novel neans for preventing and
opticedt bnglbE@WThef pebémaly aneilmgedetigsespapo@ldsy thar inhibit viral

I mmunoconprom sed individuals, in transplantation

reﬁﬁEétﬁW%Gaﬁ’Hglo‘vH RER0AVR! FRSEMBRT IMBribdv1r faqt othlalc%Wrdg% under
a clinically inportant opportunistic pathogen In

deg%?ﬂp?n 3)( gpo%%llcg 2% a@}aﬁr:%l‘ggcrfﬁl@%?gnﬁlgr eCI ey?,?l%%’t rﬁnagf gl%f?er Frorn poor
j.ection. .res It|n b|d|t and r jt PUIUS

orgl AHeR A Bt %ergt?)wh il %F@WQ idiggie tdue to
marrow and solid organtranspl ant recipients raises the

mpfagienp HeoldieorirHOMR L) rindaflosealinitena sexigitiss (Blecklersq E, 2003;

hCW retinitis (Wegand T and Young L, 2006).
BMdretoV¥emd GERY G,2008eGitbporC amd Boivinds 2086se of birth
defects (such as hearing | oss, del ayed devel opnent, or

mentRbvdlehRadat fodNprevbhGhy o dreatih® RCRONORMEG RN QFe needed,
perinatal hCW infection transmtted by an

es?%ﬂﬂl %?Qﬁl‘ﬁﬂlﬂwE) forﬁn@éél fléhkzlhgla@ 3R \%gfaﬁ{a‘u%n Q@IFQS and in

it is Inport nt to prov drugs uni ver

P%%%te ]teelv¥§?01?r1l§p%¥ m, oﬁ%g/{"é/lls gt:‘ﬂg%%r atq%%?ttllnistllcc pathogen

transpl.ant recipients (Hebart H and Ei nsele H, 2004
iyl kY patights z51|nd 1n Fygap trgﬁw%l‘sgr{egplmeyherp At ﬁ%ﬁ‘q‘lbpﬁe§ to graft loss
~devel opi ng hCW-rel ated neuropat hol ogies (Giffiths P,
indeendently i froratgraftsic qetiegnagruitery (Somirkidsty and 2008 ity t(Buius Y

prevent the vertical transm ssion andlife-threatening
ariCOVy dmiie @ ,i 2007) o Theéheisesn@miinited At I&se marrow and solid organ-
transplant recipients raises the likelihood of hCMV clinical manifestations, such as
hCMV retinitis (Wiegand T and Young L, 2006). Morcover, hCMV is the major
infectious cause of birth defects (such as hearing loss, delayed development, or
mental retardation) which are due to a congenital or perinatal hCMV infection
transmitted by an hCMV-infected mother (Griffiths P and Walter S, 2005).

Thus, it is important to provide drugs for universal preemptive, prophylactic
hCMV-specific treatments, for example for the prevention of hCMV disease in
transplant recipients (Hebart H and Einsele H, 2004; Kalil A et al., 2005; Snydman
D, 2006), in patients developing hCMV-related neuropathologies (Griffiths P, 2004)

or in at risk pregnancies (Schleiss M, 2003), to prevent the vertical transmission and
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Mor eover, pharmaceutical conpositions agai nst hCwW may
be useful for the treatnent of other, nore w despread
wale@easwss (such as cardi ovascul ar and aut oi MTUPET/EP2007/064094
di seases, or sone types of cancer), where hCW is a
possi bl e cofactor and/or can be reactivated during
i muni osuppr essi ve treatnents. for exanple, hCW is
now a human pat hogen of grow ng inportance for
lifgr thipadying @G&Wa& elcawgt%g eSHBRd 85014885 i n t urour
i nvasi veness and i mmune evasi on since hCW infection
may Mave vengdnodadaitiorly cahpestiensorgacstt hCAMpBpnag bs useful for the
differentiation, and mgration. |In autoinmune or
tryamett asf ditheas esore hGhMiespriadctdigwasemy(sadt efis | sartio@adithr and
inflammatory reactions (Cnatl J et al., 2004,

auOREn RRE BRG] §Ir sdme %q%@l%)f cafber WRLBAIME WaYpdsRible cofactor

prevent hCW I nfection Is vaccination, at the scope of

aIP({/ OVICQI% eacl_b%tedoﬁurl{l% lml’gallrr'llrr"llg aquTI‘%SESII h trealsmerﬁgt FS exarnple,
lnatlo and the resulting inmune respon S not

hﬁ\fﬁc‘f% ROV &r TP agﬂaﬂpt)t V%H%Wpt?ﬁ&l&‘?eng) éﬁ%—%@%@;ﬁuch as long-
(using specific candidate antigens or |ive attenuated

teyrac epmphyatipasntn dependiinyasorenche gt imAungopAsan gice hCMV
being targeted for protection. Therefore, prophylactic

inYatoinnaty dravs taebegidehtaryecf$edts lonucderpemabivatliféerentiation, and
(McLean G et al., 2006; Schleiss M 2005). In view of

midietiph emenitolnmihd bl ¥ascuddr PbSHSBRAUTNY fdtctidn Mh§ RS immune
for hCW infections, the increasing know edge of the

rﬂpﬁha&%o ﬂeﬁtﬂla{és('@lﬁatl qRdal M par Sb&é%hm% %él&eg, 2006b).

speC| I C I nmune response makes i

conphbiiRre gk G Rerataey PRt seeBiuign et the scope of

treat ment of. hGW- associ at ed conpllcatlons Gandhi_ M
Pravyling AAtecton dnoan arrRycehthigh-rigk | Ratisnt e itighecHogigver, the
fromthe lethal course of CW infection in
cdrnafatiod dktvedeanvagrinasionagndghe evedtiny immawss eesponge is not fully
virus-specific nenory B cells, suggesting that such
urekdtsodrayd bpi@abhCREY apatiiid strattgy (Usind ety saklidatetintigens or

al ., 2007).
live attenuated) vaccines) seems depending on the patient population being targeted
for protection. Therefore, prophylactic vaccination strategies are still under
evaluation (McLean G et al., 2006; Schleiss M, 2005).

In view of the present limitations of pharmacological strategies for hCMV
infections, the increasing knowledge of the host-hCMV relationship, and in
particular on the hCMV-specific immune response, makes immune-based therapies
good alternatives to substitute, or complement, existing therapies for the successful
treatment of hCMV-associated complications (Gandhi M and Khanna R, 2004).

Recently, a long-term protection from the lethal course of CMV infection in

immunodeficient mice was achieved by transferring virus-specific memory B cells,
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An easier alternative to cell-based therapies can be
passi ve i nmunot herapy, consisting in the

wW@eusn7své at i on to i ndividual s of pharnaceuti CBET/EP2007/064094
conpositions conprising therapeutic antibodies with a
defined neutralizing activity against a human or viral
antigen (e.g. hCwW). This therageutic approach has
been desi gned on the antigen- blndlng‘and bi ol ogi ca

sugattineedabsuchincllp servevaidtharmpepde y iiyadene ek ectle#007).
agai nst human or viral therapeutic targets (Dunman P
and AkshasichMalt@@a8ye KelckBrbaveditltbr&iceloan Be ROOOY .immunotherapy,
Passi ve i mmunot herapy has been introduced into

cdilsishingaln phacddnti@istiadiph doy iekipandisn@ft fieareapartidani doingsositions
for the treatment of a wide variety of diseases

cdﬂqﬁ‘%lﬂg'tﬂgrabglflt%:tahﬂ5§dlgé SRR 65 d P NRuIBRAL Alkelctivity against a
|seases and cancer) Thi s approach can be

rti t n patients whose imune system
mﬁglbﬁé n%g% Sg%cgﬁgﬁz bodies in the anDunts and/ or
the S eCIfICIt gui red to, bl oc

of i T Hac SRR su%ra@@?t@aﬁ nbtSe e dewgas Budhs antjgesbinding and

Laffly E and Sodoyer R, 2005). In the field of hCwW
bip fpesicapyfeatprissofappibodiss dngd purbody feangnts direaicd tagaingg human or

i ntravenously human i nmunogl obul i n preparations that
viadlethobipautie dargytsp@dinnmgn Ruarain Nebiaska 2008 h Kreillgh M i andr Stichm E,

of anti-hCW anti bodi es, and commercialized for

2000) NPe&Ylivd s uh b ihéedpyt hes Base infodacb@tiatt cRAickY pefeiod, rapidly
However, these products are only a partially

)ﬁﬁhﬂﬁ& ?ﬁeo r&t/p SRLHEONfdOtnd L}P&lﬁh&gt REWY e C\Iah%f}r df discases

this eatnent 1S used I n I nmunoconprom se

. I
GRARED TuelBSinr S%%? RSt dTletintnd (eanegy. This

(Marasco W and Sui 2007; Nigro G et al., 2005;
aPB’éW“I\‘PeeEaTHPulaﬂﬁcﬁéﬁﬁmK%éfh 8fig0te tvhare mhiyn3 SYRPRgrunable to
R et al., 2003). Moreover, safety issues and shortage

proﬂu%@htib@céparilatthormnms aigdbwi wghchrcsenifialy raporctle block
inliterature (Bayry J et al, 2007; Hanrock D, 2006).

and/or eliminate the targeted molecule (Chatenoud L, 2005; Laffly E and Sodoyer R,

2005).

In the field of hCMV therapy, this approach is performed by administering
intravenously human immunoglobulin preparations that are obtained by pooling
human plasma with high titers of anti-hCMV antibodies, and commercialized for
clinical uses (under the name of Cytotect or CytoGam). However, these products are
only a partially satisfactory solution for blocking hCMV infection. In fact, this
treatment is used in immunocompromised patients, mostly for pre-emptive treatment
and prophylaxis where antivirals are often co-administered (Marasco W and Sui J,

2007; Nigro G et al., 2005; Bonaros N et al., 2004; Kocher A et al., 2003; Kruger R

et al,, 2003). Morecover, safety issues and shortage of such preparations are a
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Human reconbi nant anti bodi es that have high affinity
for antigens expressed on hCW envel ope and are able

wo eooseusn@l i ze the infection woul d represent nBEEEP2007/064094
appropriate drugs for passive inmunization. In fact,
several of the hCw glycoproteigs elicit strong host
i mmune responses, including theYproduction of
virus-neutralizing antibodies, even though t

SIOPORE FORFIFEL ray TeOT; qsiemelﬁ%q%rﬁe(%mt Pl O\Zaﬁﬁﬁlﬂi?‘é( Bng006).
may be altered to escape host inmune response. This
r es pdusen irscapuns dmeamgidotices Bhatahdveyhigh affomen foratigess expressed
immunity and represents a goal of both antibody and

oV ACHI Vieerieple otiedte. aitkinameatied oialin faedid O adiueb régresent more
the nost preferable antibodies for clinica

aﬁ?@ﬁﬂlé‘t@t ldﬂfg% f&lﬂiepatsﬁvkh?mhﬁhﬁaﬁéhc Thi FdtatdeQB®106f the hCMV
nurlne nmonocl onal antlbodles However, the devel oprment

co r{) e\{ﬁoufﬁ%t ent Ihfoy erprnuIn re%g(grga)% |1nec§%(118% t%gM‘/roduction of

|nterru ted since.no clinic benefits were.oqbserve

virdh-SeuiHTeE s Hufbodi pebors BTt ey ey civelRhe proteins
anti bodi es, for exanple, in haematopoietic stem cel

ist yagtebls and adyohe @Bseasktp Mape dlost imgpmy, regporisp. This response is
retinitis (Glpin Aet al., 2003). These failures

cansideksl wabe ankey compenens toffdioss immmedy atndsepesstntsgp goal of both
human nonocl onal anti bodies that nore efficiently

alBédy ahtl 2acéine deidlepien@r i ety of hCW strains. The
treatnment of CW infections would benefit from having

mor eHQ&taﬁ% @c{rﬁ?%ﬁff 6(&94 afeOfRAT, &' é,:b? gﬁ 6({195 for clinical
human nDnoc nal anti les that ar pur
nt |ned | tur roduce
BB h e f‘s? B HEHPR, i Etagy 3 Bymﬁaﬂgl
sequences j ntroduced in mammalian cell |ines
Hpyeesrodhrecrdopment N@amvwl?h@ep%@%rhum%éﬁ&lbqﬂ%es for hCMV
provi des novel antibody sequences that bind
treatoicati(Ylatsimetdh &\at, alad@86 hhts bean nterogpded fimece no clinical benefits
detecting, treating, inhibiting, preventing,
were observed in studies that evaluated the efficacy of such antibodies, for example,

Rngl antibodies.

in haematopoietic stem cell transplantation (Boeckh M et al., 2001), or in retinitis
(Gilpin A et al., 2003). These failures trials warrant further studies aimed at
selecting human monoclonal antibodies that more efficiently neutralize the widest
variety of hCMV strains. The treatment of CMV infections would benefit from
having more potent pharmaceutical compositions comprising human monoclonal
antibodies that are purified from human B cells maintained in culture or produced as
recombinant proteins that are expressed by human sequences introduced in
mammalian cell lines.
DISCLOSURE OF THE INVENTION

The present invention provides novel antibody sequences that bind and
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and/ or aneliorating hCW infection or an hCW-rel at ed
di sease. Human B cells were obtained from an

whasosBre©posi tive individual and i mortal i zedPCTTRPE07/064094

pol ycl onal popul ation of immortalized, human B cells

was di vided for generating subcgltures that were

tested for the presence of antibodies (I mrunogl obulins

G 1gG in the cell culture_ supernatant neutralizing )
nytmize AEAEY i dind that ganype peed foi dstactipguireating Hehibijing, preventing,

neutralizing activity, the isotype, and the clonality
andéoreandgi@nmsn BGM Vrinfcheomnt A bOWM ¥ eclattdedistaset he

subcul ture named 26Al . The anti body has been

af f i Midnyin pBIrdefilis egleder obtabRdhfrohe apri@nakeropbditicellihdif&lual and

supernant and as a reconbi nant human nonocl ona

inftRbih0LRe. BASTITLBGa BEpROHYERECihtorifd 2hiAhATE colls was

activity using ih vitro nodels for hCW i nfection.
Thj nt | . can.he.us for characterizin Y
aiFileR AP PR B ES Ut DLREL B dkdpigree of antibodies
sequences t ha de the variable regions of the . .
(RFRYRSIRPWias e Ja Gy HBE 5] ' Efb et @ e eneubilizing hCMY
_amplified, cloned, and sequenced. The corresponding
infpehivityinsetge e dartigarar, diatypeeefl neptiadiehty fetivtitie the 1sotype, and
Conpl enentarity Determ ning Regions (CDRs) that are
the edpmaigiy biveref detetnhi@cth GMv-tspaniibody beatedi ltnlthastbailtuye named
These sequences can be used for produci ng proteins

2dvavi Te REIoEP a6 bicen Qmﬁiﬂtﬁ?uﬁﬂgd rfesth r@dth 2zh@riginal cell culture
properties, in the formof full antibodies, antibody

sJ(pEﬁgl'ﬁ? f$as Qﬁrec%ﬁ]ﬂ‘biﬁgﬁgfeu’nfle?{ ﬁBﬁo&BnJllﬁ%ﬁBb?ﬂa(!Qnﬁ%ﬁﬁ@ the hCM V-

i oactive pepti usi on proteins)” usi
e .technol.ogi es for oduc nt

appropri at 0 i.n ec ina . :
P Bica e e PG e ey Phg Y e PRt F RERD Mrcction. This

prophyl actic, and/or diagnostic utjlit¥ in the
arfedySaBie wredHenrharastseEingrieatalirepntigeny gyhCMV envelope.

di sorders can be prepared using the proteins of the

i nvehhd BNA e¢qusercsahar enmdbithamarigriotrediogs of thesantibody secreted

natural antibodies purified fromcell cultures
bythglaal sdbiulaire thee 20/ ffadheldrieds end StlaosdOBlid c@t&ponding

may be used to suppl enment or replace present hCwW
prof SRt fBNEScRa]RFE analyzed to identify the Complementarity Determining
Regions (CDRs) that are responsible for the hCMV-specific biological activity.
These sequences can be used for producing proteins having hCMV-specific binding
and neutralizing properties, in the form of full antibodies, antibody fragments, or
any other format of functional protein (e.g. bioactive peptide, fusion proteins) using
appropriate technologies for producing recombinant proteins.

Compositions having therapeutic, prophylactic, and/or diagnostic utility in

the management of hCMV infection and hCMV-related disorders can be prepared

using the proteins of the invention, either as recombinant proteins or as natural

antibodies purified from cell cultures originated from the 26A1 subculture. Such
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on antiviral conmpounds and/or intravenous
i mmunogl obulins (1VIg) preparations. Further

wepdedisent s of the present invention will be PCDEPZIET064094
in the follow ng Detail ed Description. DESCRI PTI ON OF
THE FI GURES Figure 1: (A Schengti C representation of
the C& antigen that has been aSsenbled and used in a
gB-specific ELI SA as described in the literature

CQUERASHEO NI 1BRY AF used P yuppiHBeHt e dablarantcseht b MY ficatments based
fusion CG3 antigen corresponds to a conbination of the

oy BtAntal genipoubdnaidiointrapZnouSE@numdd@bulina bV I2) piepmmtions.
hCW strains AD169 (Swi ssProt Ace. No. P06473; am no
aci dsurher 8dmbadiahchewd (HWpssRehotindeionNavillPb32fdvided in the
am no acids 27-84). The AD2 region contains a site

1bm%qﬁngggﬁggligm§%ﬁoynderIined) that is conserved in
different viral strains and that has been shown to be

1065, kropr & SESPRIFTIGNOR EREFRGLRER ' 0 =

represent ati f the gH antigen incl ud in the
oH AGFIEST: (i Sheprbe dicnrasadnpp ot the §&3sﬁ%t&geﬂ that has been
ELI SA assay. The reconbi nant antigen FgAg)-GST

assonbled podaesed an angBrpeeifisE 1Py an gf@tr\%é An tthe liggrptans ARothe M
termnal region (amno acids 16-144; SEQ ID NGO 3)

etf alan200B. N/ reaongiimanyRint@daiiRsaln €M entigbn ,co2@8AJdnds to a
and d ut at hi one-S-Transferase (GST). The am no

cdrebifhtiars o@fthe B Mitaiensc DIrmdigar (AW bOEY 1 NDNG sid @) from
(am no acids 34-43; underlined) that is recognized by

h §@hing !Aﬁl@d‘tét\?ﬁ&*ﬁr%% AL RN pib £33 8 mino 128 ZY-E%P%ETOWM

. overview of 'the selection process for 1denti
nd characteri zj ubcul tur.es % bl h t contain . ,
(YIRS 6 es PP rUT T BN HEL AT AT T hy MEAElR Fottains a site
subcul tures were obtajned by imortalizing B cells .
(apriBpnariam Gt witerliadirthatisiogseed Epyiigsag viral strains and that
imortalization process disclosed in '
haQYcEPSEO6) 0568 7tccnendnby antaliziognantbodics (fedri 1 ct al.,, 1992;
(well's) showi ng significant cell growth were screened
Kropff B et al., 1993). (B) Schematic representation of the gH antigen included in
the gH(Ag)-GST fusion protein used for the gH-specific ELISA assay. The
recombinant antigen gH(Ag)-GST corresponds to an in-frame fusion between the gH
amino terminal region (amino acids 16-144; SEQ ID NO: 3) from the hCMV strain
VR1814 (Revello M et al., 2001) and Glutathione-S-Transferase (GST). The amino
terminus of gH contains a linear antibody binding site (amino acids 34-43;
underlined) that is recognized by neutralizing antibodies (Urban M et al., 1992).
Figure 2: overview of the selection process for identifying and characterizing
subcultures (wells) that contain IgG antibodies binding and neutralizing hCMV. The

subcultures were obtained by immortalizing B cells from hCMV patient (CMV7)

using the EBV-based immortalization process disclosed in PCT/EP2005/056871.
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directly in the hCW m croneutralization assay.
Supernatants showi ng neutralizing activity were then
WG e00eeTisoe usi ng gB- and gH specific ELI SA. ThePC/RR®N7/064094
of positive wells for each screening assay is
indicated in the grey ovals. Figure 3 : hCwW
neutralizing activity of the natural 26Al antibody, as
purified by affinity chromatography using Protein A
Syncamatents feamenbradtapgs (felky) sy ing shenificyp cclerp vy wer fereened
culture maintained in serumfree nmedium The
didersly- inethp dr{sd Ve omwrenvwetsal patib wransg . iSmpetmgtanG\ihowing neutralizing
neutralization assay including either human enbryonic
adtiviriyolales tisen( Kirkéned agagheB- whi lgH-RpeiGOMESESAT MTHDhGber of
(1,000 PFU reaction; 1C50 0.82 ng/m ), or human
pdibld heAl rrlan SBAORIE!Aly i ehdiSalchliy i) s boashiier wi th
the hCwW strain VR 814 (f;OOO PFU reactToh; 1C50 0.67
ng/ ng..) . Figur : ) - speci.fic o nd .
ant r%l fire S%pg%lé}/ﬁjc n@%&g@%gl %cg[?velélt i0\§i {% g?turaq%6Al antibody, as
| gG cont al ni ng supernatants from subcul tures of
Pyrhhicsh PR ATTILEY ShIRER QSRR WingReoteln gﬁ%ﬁé% SYRGRHaR! of a 26A1
using the cell culture nediumonly (nmedium negative
subshktvistderivee ceHecudtupremattained it serusnBee modiws. Depfose-response
1F7 (identified in the immortalized cells obtained
curvorwGB\Vpbrfdonat ,in abe deSkiV edtrahizdtioa psshgnincluding either human
application EPO71 11741), and 8Cl0 (identified in the

ethbRRhicAlfizeslasE! (ISEDPY abopedef rwith QY7 hd®mor strais AD169 (1,000
described in the present patent application and in

PPELEM:AP pi(it:ﬁgt {)%? é@%ﬁé P 4&9&1?16'@3&@9@1 i)gei:pio %%dothelial cells

represents val ue

consi dering a subculture positive, Figure 5 : (A)

(HYVE ngtgFr i %M#M%gfaleéé%ﬁ %ﬂgéﬂﬁ%%é?%arqaggwwﬁo 0.67
protein (upper case, 131 am no acids) consensus

ugeduence of the variable region for the heavy chain of
the 26Al 1gG (VH 26AI; SEQID NO: 4 and 5). (B)

iPL 8}%%??8?%?%%%?3%%&%@ (cVngD%ﬁgenwptebiﬂdw@s) binding activity
of IgG-containing supernatants from subcultures of immortalized human B cells.
The ELISA was performed using the cell culture medium only (medium, negative
control), or the supernatant from subcultures 26A1, 1F7 (identified in the
immortalized cells obtained from CMVS5 donor, as described in the patent
application EP07111741), and 8C10 (identified in the immortalized cells obtained
from CMV7 donor, as described in the present patent application and in patent
application EP07115410). The dotted line represents the threshold value (O.D. =
0.1) for considering a subculture positive.

Figure 5: (A) Alignment of the DNA (lower case, 393 base pairs) and protein

(upper case, 131 amino acids) consensus sequence of the variable region for the

heavy chain of the 26A1 IgG (VH 26A1; SEQ ID NO.: 4 and 5). (B) Protein
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HCDR2, and HCDR3; underlined; SEQID NO.: 6, 7, and
8). Alternative amno acids that were encoded by the
wobhassegaences cloned in plasnmd fromi sol at edPE/ERNT/064094
transformants are indicated bel ow t he consensus
protein sequence. Figure 6 : (A). Alignment of the DNA
(1 ower case, 330 base pairs) a protein (upper case
110 am no aci ds) consensus sequence of the variab
CONSGIA Sﬁ@vemﬁefor iVfht268dawithghe ipdicatan of gesdigred @Bs (HCDRI,
SEQID NO.: 9 and 10). (B) Protein consensus sequence
HEBR V/Lan26 AICHR 3:hundvelinerti $EQi Bh .- pF.edi otded).ChHRsrmafive amino
VL 26Al (LCDR, LCDR2, and LCDR3; underlined; SEQ ID
adN@3 thal verd 2nc@dd Bydjhe PNgU E@u%nbe%blbgémﬁﬂbld@ﬁliﬁ Heoridlated E.
(l ower case, 1449 base pairs; SEQID NO : 14) and
cdif Qﬁﬂfé‘rnﬁé%ﬁp Qfe 1ﬁaﬁﬁted4r?e¥o\9'{fh@90r%%h§1§)pr%ﬂ§ SRidRCe.

sequence of heavy chai n of reconbi nant hunan 26Al
| ona t SEQ | 15) . . T |1k .
cl eg[%‘/lgge é | @g éﬁgﬁém&noglghpe%ﬁf? X Weg aé \Ah%é)n‘t?as‘é éaalrigaﬁ/d protein
and 20 (VLS- determ ned usin he Si gnal P. 3.
(UBRFY ‘haéep]r 8t Ooar?l%a &@P%ﬁﬂsv%wg%g Jtth@tvaalﬁgpezeéwy or the light
The sequence originally identified in cDNA generated
Cifiot doi POAR eB6RY | ol SED DI & Ol 1B g b BestFiaggonsensus
5). Am no acids 153-482 correspond to human | g3 heavy
seghanae oondt a6A 1rveigh dre inSwiasisProdtprébeted ODRPOISF726A1 (LCDRI,
Figure 8 : Alignment of the DNA (Ilower case, 705 base

LEBR?S anSEQD IS ;NRderlied; 8B 1y &iet 1, (LNRAA 183se, 234
am no aci ds) consensus sequence of t he heavy chai n of

rec t I (

t k‘éﬁf‘?h%?@afegéﬁﬁg?% orﬂﬁégﬁgﬁ’eé%st@? By B FEd 1D No.
0 and, 17

LS SRRt R iR o a&dsg"rcgﬁ?e(négm?%%ca ofy the heavy
al 2004) .. The_ sequence originally identifi

chag jof fﬁ?QﬁH’@GN hypmge (A0l &1qroclpngh ptihedy 6%%@ H?gNOs)lS) The
Ami no acids 1-19 and 131-234 correspond to 1-19 and

mo31likxdy clsfavigmsite fog signibgaptedraisi{cdress Prot] e, 2INGVLS-QV), as
QBN355) .

determined using the SignalP 3.0 online prediction program (Bendtsen J et al.,

2004). The sequence originally identified in ¢cDNA generated from cells in 26A1
subculture is underlined (see Fig. 5). Amino acids 153-482 correspond to human
IgG1 heavy chain constant region (SwissProt Acc. No. P01857).

Figure 8: Alignment of the DNA (lower case, 705 base pairs; SEQ ID NO.:
16) and protein (upper case, 234 amino acids) consensus sequence of the heavy
chain of recombinant human 26A1 IgG (SEQ ID NO.: 17). The most likely cleavage
site for signal peptide is between pos. 16 and 17 (CTG-SV), as determined using the
SignalP 3.0 online prediction program (Bendtsen J et al., 2004). The sequence
originally identified in cells from 26A1 subculture is underlined (see Fig. 5). Amino

acids 1-19 and 131-234 correspond to 1-19 and 131-234 of human [g lambda chain
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Figure 9 : hCW-neutralizing activity of reconbi nant
human 26Al anti body conpared to Protein A-purified
wo20080218026A1 anti body. The activity has been PEFERIH0O7/064094
usi ng HELF cells and AD169 hCW strain in a
m croneutralization assay (A ]1000 PFU reaction, 72
hour post-infection) or in a pléque reducti on assay
(B). Figure 10: hCW-neutralizing activity of
(SvaedHng gﬁ‘htN%L@Wﬁ@N nonocl onal anti body conpared to
Protein A-purified natural 26Al antibody. The activity
has Ibgere 9ebCHMV-msivrgliziuyBCt imyrent reedrhinantdhifiRhn 8641 antibody
hCW strain in a mcroneutralization assay (A, 1000
c re€ &€ Prdto)n, AQFurifiddngatiill Boaunanibodl | $haaekiAty hadi6ddd tested
strain in a plaque reduction assay (B; 1000
usHiHEAC Ed1RNAnd R YREVNESERL R 1O (bn dta 1 EMYENLLGN (A; 1000
The net hods described 1 n PCT/ EP2005/ 056871 all ow t hé
Plﬁlgfr'f;gc't%%t 72 TaRt éés'tliﬁ%tch&ﬁ) d(i%’%‘ iin:]ai@:a?it?%esd%gﬁﬁl '30539 \Byn B

S obt ai' ne roman | \ ose

cont ai ns anpti hadi havi ng bioloqgical.activijties (e.qg.
bi n 1ﬁ5reangé3oﬁ‘cﬁ\4§ts'1l%ﬂtfaﬂzg‘tﬁ 22HUNEN o TwPeRPInALt gé\ujl?n 26A1

at the scope of obtaining polyclonal popul ations of
meepglenglhaitibody r eomepaged it@%ﬁp‘@éﬂ prevefief mptegb ROAL antibody. The
bi ol ogi cal activities Extensive screening assays can
adbeyittyhleas ipenftostoedisingl HY VA dunahardls ankd ¥RHBIM hGME strain in a
obt ai ned by these nethods followng a single step of

medred Ui 2htibiPWs 28! (A ; dNBI PHUr€ad@ionPOor wiin€ @IHISF AimagS®I1ls and
per well). In this manner, it is possible to obtain

t
A%ﬁi, )éﬁivg\r/‘ @iraﬂ%%%@%éy?@&d%tiéﬁ?%@ B! 7660 ﬁ@%e%@tqr{ju Ces

[large r olre o secreting subcu

paman. ondlk bR EEEBERE R AT RAS LTINS R QN
specificity for antigens and/or the biol o%i cal .
act i Vg ynmehipdse 46&%@% 8y, PCA/EREDG QST oy ghe  efficient

_polyclonal population of 1gGsecreting, o
immpndalizitionedhusmypBspwific hwera Botcailnedtfinadnftdne b1 codividual,
of an hCW pati ent whose serum

whose blood contains antibodies having biological activities (e.g. binding and/or
neutralizing a human or viral target), at the scope of obtaining polyclonal
populations of cells that secrete antibodies presenting such biological activities
Extensive screening assays can be then performed using supernatants of subcultures
obtained by these methods following a single step of cloning at low cell density (e.g.
50, 20 cells or less per well). In this manner, it is possible to obtain polyclonal
populations of immortalized B cells in which a large repertoire of IgG-secreting
subcultures can be characterized and consequently a number of human monoclonal
IgG having the desired binding specificity for antigens and/or the biological activity

can be identified.

In the present case, a polyclonal population of IgG-secreting, immortalized
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presented, as biological activity, a strong
hCW-neutralizing activity. The pol ycl onal popul ati on

WORES0%BO t 0 generate, in a single subcloni ng BCEPPAD7/064094

20 cells per well and in appropriate culture
condi tions, thousands of subcultures that contain
imortalized human B cells. Thézspecific bi ol ogi ca
activity was then tested in the supernatant of.
hypeiy e g8llofvese fabeaiaed |fjorg rthei tigo¢ @f| anc MY eRatignt prose serum
scope of selecting those presenting the stronger
prasdnted.t s dndogiaeln abeiveym mi stgonghehCROfypeatraimng i Activity. The
possi bl e, the epitope of the secreted anti body. One of
pdlh€lofmiSpo a5 vag used edligkrdret, imangalgl2oibelowasy stspdht 20 cells
to both purify the natural human antibody from| arge

pSGALIE afd ki Hﬁﬁ%PﬁQQ &BukS 0b Aok hQNﬁn@@ _Gl_ﬁ gﬁ%ﬁ%nhat contain

§
ant1 body fromthe imortalized B cells.

. nc use 0 r 1 t he ural h n .
R RERGD LB PO B e R LR TR, fogd in the
and t he riﬁogbina tjpunaP 26Al. nmonocl gnal anhibod .
SURSFtafe @ hupfrede of 6H Y nBros B Cen Sl ires; ¢ tBgiseeqte of sclecting
assays and for assessing their potential utility in ,
thagwpressntingdhe| stiaingar asppity.cand ghen detemeniagpthesisoppgsand, if
how the cell culture supernatant, the natural human
panibldaby cpisort ¢fitbe secotedianaubbdruman ant i body present

the sane biological activity determned in the

ori %ﬂ@bfﬂie%@st%ﬁbﬂiﬁiﬁ%@u@&ﬂ%@és@ AamcBPBW 12ka@Mised to both purify
human EBVi nmortal i zed cells. These evidences confirm

thtkﬂgét}l%geh 1Dd5inges b R thrb O LAY Eﬁ%ﬂg%&%ﬁ? bs@hlcOWe DNA

ntification,” characteri zati on,
rqoducti on I ol ogj.cal | ti 1,S0 ~specific,
craiecieB datbed RP PRt mlerl s oo B d DR Rosar e wes used
In fact, the conplete process of cell inmortalizatign
fog pyodpcone khe Mastl hemps gpEdbednds 13 Bsemyinas haygagsantikpdy. The
the repertoire of human antibodies in a fast,
nagfifal cingnthandcanbiapgthhfiivena? @A ramaeeclondr eovizady tese used for
cells resulting fromthe processcan be frozen and
pSTraBNE thdra catcdisfvkerieloiioumb asals aad fonagasshgd eleif potential utility
di fferent
in hCMV-related clinical applications.

The examples shows how the cell culture supernatant, the natural human
antibody, and the recombinant human antibody present the same biological activity
determined in the original blood serum and polyclonal population of human EBV-
immortalized B cells. These evidences confirm that the methods described in
PCT/EP2005/056871 allow the identification, characterization, and the production of
biologically active, isotype-specific, natural and recombinant human monoclonal
antibodies. In fact, the complete process of cell immortalization and growth in cell

culture conditions gives access to the repertoire of human antibodies in a fast,

efficient and straightforward manner. Moreover, the cells resulting from the process



10

15

20

bi ol ogi cal activities and/or antigens. In one

enbodi nent, the present invention provides proteins
WwW@eupn7Sdelg a sequence having at | east 90% i dePCT/ER2007/064094

with the sequence of the HCDR3 (CDR3 of the heavy

chai n vari abl e region) of tHCDéI%AI anti body (SEQ ID

NO.: 8). Together with the and HCDR2 (SEQ I D NO. :

6 and SEQID NO: 7), this HCDR3 is included in the
cafiaPf afip2eTr @bl GTENed e hedfigrananamsnt.t o ipgmrallel for different

anti body (VH 26Al; Fig. 5, SEQID NO: 5). This
bishxgm@m@etivisieenn@/@eanbg@nshe DNA sequence (Fig. 5A; SEQ

ID NO: 4) that was anplified and cl oned using cells

obt ainnetk febdident0rth@iptédens ubedhtionr prosedysepiod@nt @mprising a

26Al anti body. Thus a protein of the invention nmay

se@lﬁ@ﬁ&' Rhvi Nggﬁtl&%f oWt Richhif me%feqﬁaﬁe%ﬁNhg %‘F@DR@C’QCDR3 of

, the sequence of the HCDR

thl\%ea\t% &l}%ﬁ:varlabgl :fl:el gQI%ISPC% éleglr antl‘P)oci3 f gél%tgr %Slg‘lO 8). Together
0 denti.t he_entir .

BB Bcing IE70 gy Ewdti%éﬁ”ﬂbhw Sl ﬁCDRs is
the 26Al anti body. The 26Al anti body al so contains

inglyded i éhe sggiignc aegian lof ¢t hedvai ehaimpf i 20721 asithedy h\éH 26A1;
sane approach, the DNA (SEQ ID NO : 9) and the protein

FigSEQSER NDNO1(). $eguequease isapedbdwst bwithd DINYe ssqpemict i(Eig. SA;
LCDRs (SEQ ID NO.: 11, SEQID NO : 12 and SEQ ID NO.:

SH@)ID N@J%ﬂﬁ@ﬂwdﬁﬁﬁbﬂﬁeﬁ?dnﬂ idhed @bingTdRUIS oBtHh&d Bobh Bk original
the I nvention can further conprises one or nore

su%g%Rs Cs?éreﬁlgk ggéA?Sj%frl“raﬁglé d{1>? W%Yél%%&br%%%é bl enl‘ﬂ%@tl&i A9l €ontain,
e AEORE il LSRN S o

ast 90%|dent|ty with ?c
thi(ﬂCD i(SESHHP NG ﬁha@@pf H&pl&;( g[Da Qj'n%}]o the 26A1 antibody

reconbi nant anti body, conprising both the natural VL
(F2gA1B)afdc Ve p26tain meywempese asselligive lamthghadeast 9% ientity with

(in the natural conformation of a tetraneric conpl ex
the @Afird sdqgndensf the ghtiabledegion ofielay Weasfyadhaim odthe 26A1 antibody.

The 26A1 antibody also contains a variable region of a light chain for which,

using the same approach, the DNA (SEQ ID NO.: 9) and the protein (SEQ ID NO.:
10) sequences, together with the specific LCDRs (SEQ ID NO.: 11, SEQ ID NO.: 12
and SEQ ID NO.: 13), have been determined (Fig. 6). Thus a protein of the
Invention can further comprises one or more sequences selected from the group
consisting of single LCDRs of the 26A1 antibody (SEQ ID NO.: 11, SEQ ID NO.:
12 and SEQ ID NO.: 13), which can be provided as a protein sequence comprising a
sequence having at least 90% identity with VL 26A1 (Fig. 6B; SEQ ID NO.: 10).

This applies in particular when a human recombinant antibody, comprising both the

natural VL 26A1 and VH 26A1 sequences as light and heavy chains (in the natural
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in a single protein as reconbi nant variant of the
natural antibody), is desired. Werever a |l evel of
WO d@eb7i8ye i s i ndi cated, this |evel of identityPchBriod7/064094
be determned on the full Iength of the rel evant
sequence of the invention. The of the 26A
anti body can be considered as é'aracterizing t he
anti gen-bi nding portion of a specific human anti body .
caneimatipncefiratetiamericrsonenl ey camaripagttval light ggd hiemrcags chains, or
shown in the Exanples. Even though, several or al
inGDRBg lefprateimat idvothpimne veemere]thy natecaliangbody is desired.
obt ai ning an anti gen-bi ndi ng surface, HCDR3 is the CDR
showiwngrdvee ahigbesf idedtiter Bnimdscapat, wanlcast olfddemstyngould be
only with respect to sequence but also with respect to
adi€RThd o UENAA AL 41 B8 1B Cari RHAIRALRCARBRAGAL S _Of

bi nding regions for the recognition of essentially any
anti-gen e [, n stem (X d Vi .
20007 GLRRE S HEIG 1 SRS GBS b Ta e R Bl Becerizing the
Al ternativel y,. conbinations of CDRs can be linked tao ..

orlieR R Bk TIOHIG PY ST CINERE AT, o feRE R OF Binding and
or]!égii nal binding properties, as recently reviewed

n Amg IEMAOoB)shownus the Expmnkast Exen fiawghpseycedl s atlaDRs of
be generated using the HCDR3 of 26Al anti body as hCw

arbamtchondy aroigebsrally meqordd fioatbtiniag anaintigedtbiotihg su@biRs HCDR3
fromthe 26Al anti body, which can be expressed within

isaRc @MWR brslyinpriRé @idhcbt @RRYAICKs bKRaRRRIaKtiBodEs Bbt enly with respect
2000), or within a protein framework unrelated to

toﬁ?&itﬁgg%‘ a5t (K68 SWFF S{%sﬁ%: £ toP Q&g@th Etlgh \?i(g%il%met% g%g i}gﬁ{hamental

eavy and alns formn anti

or selected . portions,.such as the isolated HCDRs and
coBi R cn BT e ol o Set P TrRoraii s GPaapfegp bY the
functional antibody fragnments, as described in the
hymera} smpmuge gweem dfy red Blsin PR Beewsas csak\2004; Bond C et al,
(single-chain fragment variable), Fab '
2Q03ar Adtsretioalyy/ danghinatedrei of K82y oali rher Jinkadi &bedgh other in very
pept abody, VHH (vari abl e domai n of
short proteins that retain the original binding properties, as recently reviewed
(Ladner R, 2007).

Thus, hCMV-neutralizing proteins can be generated using the HCDR3 of
26A1 antibody as hCMV binding moiety, in combination or not with other CDRs
from the 26A1 antibody, which can be expressed within an antibody protein
framework (Knappik A et al., 2000), or within a protein framework unrelated to
antibodies (Kiss C et al., 2006).

The variable region of the heavy and light chains forming 26A1 antibody (or
selected portions, such as the isolated HCDRs and LCDRs) can be included in any

other protein format for functional antibody fragments, as described in the literature

under different names such as Scfv (single-chain fragment variable), Fab (variable
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heavy chai n anti body), isolated heavy or |ight chains,
bi specific anti bodi es, and ot her engi neered anti body
wo 2008@antsse f or non-/clinical applications (Jai nPG/EP2007/064094
al ., 2007; Laffly E and Sodoyer R, 2005). Alternative
anti bodi es can be generated using the sequences of
26Al anti body through a proces§'of i ght-chain
vari able domain (VL) shuffling. In fact, several )
hegivy flghé righagth thetrsar aaerda d1498 dge mepabedy.a g H esieagbkeodomain of
hCW-speci fic activity using a single heavy chain
hepayi chlire adtbady), Vkdlgedcheary ohédigbnhehains28ilpcifiompitrmdies, and
with a library of VL donmmins, at the scope of
ottlet erdihdvred aMiiBody eeniatntal inonschhithl dpphicon®ts (Jain M et al., 2007;
properties in ternms of affinity, stability, and/or
j§ﬁp@Q' kon (Chlin Met al., 1996; Rojas G
LA %‘@38%%’;%3%%’932 N et al., 2004). Novel
appr hes _for _.devel opi ng, new bi tive peptides also
o ROPREve oy BRI S B P L nRLBRE T bt e PR S G or 20m1
ptides that contain L-am no aci nd/ or am nq .
a*ﬁﬁaoslg,tﬁm@? rRTafeNt Al ORBTEREIY Y?a}a%if‘capwwﬁ‘?%hgﬁwﬁmg- In fact,
may have a nore appropriate pharmacol ogical profile o
severil diffgreat afibodiasoom: b goncrpedtang teste@ fon hC\%@Y’f@mm@érﬁctwlty
A et al., 2003). Thus, the HCDR3 of the 26A anti body
usasg waiiglabeseqereime esridblghloynasn MH &uchas HEDRBe of 288A) combined
anti body, fusion proteins containing it, and synthetic
whE ;atmﬁ‘e% SV L R Jih O 1 HRefBop € 08 deemimh® VI VII- édthBidations with
aci ds, amno acids, in the normal or 1n the

1%?? §& ﬁp@grﬁ{sn@it %ﬁﬂ)it Cs@z{bi?@ri, Laglﬁy&dreéaglbﬂﬁ%? tp‘?‘éduction

I ng and neutra |2|R§ pro Moreover,

i,5. k t ti bodi e di {ied,i ecific
Qi PP T8O Bl 20 Rl G 20RB ve
features, in particular for clinical applications
(suchowd puvpeshenHar fsvaloPHE NEWpPIsRFTE BEPHfghalso showed the
affinity for anantigen). These changes can be made in
feppibilCpRY santheorzirfg Rwdekvast petede3ghat contain L-amino acids and/or

D-amino acids, that maintain the original activity, and that may have a more
appropriate pharmacological profile (Smith J et al, 1995; Levi M et al., 2000;
Wijkhuisen A et al., 2003).

Thus, the HCDR3 of the 26A1 antibody as well as sequences highly similar
to HCDR3 of 26A1 antibody, fusion proteins containing it, and synthetic peptides
derived from them (e.g. containing L-amino acids, D-amino acids, in the normal or
in the retro-inverso conformation), can be tested and used as hCMV-binding and
neutralizing proteins.

Moreover, it is known that antibodies may be modified in specific positions
in order to have antibodies with improved features, in particular for clinical

applications (such as better pharmacokinetic profile or higher affinity for an
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anti body and the sequence can be chosen by applying

any of the dedicated technol ogies for the rationa
walemwsgmsed anti bodi es that nake use of affi ni t pCT/EP2007/064094

mat urati on and ot her processes (KimS et al., 2005;

Jain Met al, 2007). The proteins of the invention may

be provided as antibodies in géﬁ%ral such as fully

human nonocl onal antlbodles having a specific isotype.
antigen).gbhgsg shopecs ¢ady beymads 1w, thesCPRe @ﬁ{qrb%wewefm? the 26A1

of alnost all approved therapeutic antibodies (Laffly
arfEibmdy  Sodiother sd@Que@OSpn bowehosen ntdpgbnndi argi g the dedicated

portions isolated froma H V-neutralizing Igd were
tetiryisgies r fa e aatisimndégén sefjuaribediasndthbhemsles ulski 89 affinity

anti body is capable of inhibiting HV infection as

miRratiddVant bt‘ﬁe;\% e%les (KARQ7Jt-a1 ThBO LT REEM (O], £087).

I nvention may be al so prOV|ded as antlbody fragments,

bi Oaﬁ%e‘ ¥otdiP% ¢ ghes nv% tl(]%ﬁl %ragnbeo PI%V%eQisas ﬁmtlbotdle%s ﬁ a%eneral such

alternative nD ec u ntain

0 i nal ndj ng and neutrali.zation
aspﬁﬁbfehv%%% o %@f@nta‘a? PINARIIET HPPEAEC JEAYPAnt i by isotype,
In the case of fusion proteins, the heterol ogous
fop reeBiDke. 56 dhe riatidodn hotmeat] ofcalmast iafl ennsoned dherapeutic antibodies
C-termnal position to the 26A -derived sequence,
(Dwiffl dusnda B6éayter iy 2006 ).cldowewdr, extpgaskindimgapettions isolated from a
bi ol ogi cal activity of the hCw- specific nmoi ety (e.g.

HEw-r0trahgidy 15GagN@Rtttansidied 64 Mhuftihelodl QaRUBcPERE Bdresulting
sequence I ndi cates a pr ot ein sequence that is not

al{eﬁ;ouggw aﬁa[eeéffﬁwlﬁn%t@@v('\rg_fég&log S %&Jﬂ g@ e ORI di I P”z(g@n

specl fi ¢ nol an anti fragnent

The uen encodj this protein uen
gene 3 PP ek Ty TFERHAB PG edxlﬁe PERYiRET i & ilbgﬁ% fragments,
npri ses .a sequence encodi ng at |east 5 amino acid

blSﬁRfH"ea PRBtdeSs| %rgofufs,wﬁr BIFIAS s YL heys jadtehmtive amlﬁcules should
chosen for providing additional properties to the

mh@IAm s gerdtf ¢gnhaaee.i tho dyriginal greMtV fo ispeoil fricytralization properties
di agnosti cand/ or therapeutic uses. Exanples of such

thadehiert alRedrmiticap st ties26A¢! amdibodbeli @he case of fusion proteins, the

heterologous protein sequences can be located in the N- or C-terminal position to the
26A1-derived sequence, without affecting the correct expression and biological
activity of the hCMV-specific moiety (e.g. an antibody fragment).

The term “heterologous protein sequence” indicates a protein sequence that is
not naturally present in the N- or C-terminal position to the hCMV-specific moiety
(c.g. an antibody fragment). The DNA sequence encoding this protein sequence is
generally fused by recombinant DNA technologies and comprises a sequence
encoding at least 5 amino acids.

Such a heterologous protein sequence is generally chosen for providing

additional properties to the hCMV-specific antibody fragment for specific diagnostic
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means for detection or purification, additional
bi ndi ng noi eties or biological |igands, or
w@omBAtIsans| ati onal nodi fication of a fusion pPOL/EPIN07/064094
(e.g. phosphorylation, glycosylation, ubiquitination,
SUMOyl ation, or endoproteolytic _cleavage).
Alternatively (or additionally ‘t‘o the fusion with a
het er ol ogous protei n sequence), the activity of a
angly/ @t drqarsutichasqsn ViSRS dySusd peditigved Prektighanclude: better
conjugation to different conpound such as therapeutic,
msambifoi zetgptioor odi mgrHosttioo, agdriimial BExadplge sncoéti¢sh@sebiological
agents are detectable | abels (e.g. a radioisotope, a
ligdnder &S pevtitramenpioufidmodificaxbi ofa filioal pratdim(c.@. phosphorylation,
chem | um nescent conpound, a bio | um nescent conpound,

gl%os%‘z'l‘at%?lz Mﬁﬁfultﬁﬁh@fonc QUh}?@yﬁ%HdoﬂJéid%%r&Q&@hG Qealvhgdger s

or pol yners hCiwW- speC|f|c blologlca activity may
be IKR ﬁvel gorh%ddllfl%{l V¥Iot ﬂle % ertHer al?qullol?%ous protein
proteln i h mer al
net ab I|sn1and/or the st abi |n dlagnostlc or
SUHERSPethts BBl PEat PERIS™ &ééﬁ% PEtORoBEY N amaroved with the
designing protein noieties, |ligands, and appropriate
cqnj ygesios, fondiffesent gempeunbaucheg theraaewif edalifgingheor diagnostic
construction, purification, detection and use of
agfens. oExq:npibeicrfstl&rse pronvd ced datedtdtde | iabelsafcug.ea radioisotope, a
(Nilsson J et al, 1997; "Applications O Chineric

fléReEenfAdniponi d apfo(ihﬁl NsmetBtabafls a EeiMImin¥®dent compound, a
326- 328, Academ ¢ Press, 2000; WO 01/ 77137) and are

blﬁﬁm%%n‘f‘}f@ljnb & drinC %ﬂﬁhfez %%nr‘t?esﬁd?ﬂ' husm%mhermcal linkers

boratori es or exanmpl e usi on pl' Ot el n
t tib
oS Xﬁfﬁgﬁ Ry Lo LM G M agaaﬁgdby S fusion

HAta% t hat canfac:llltatetheln VIVO and/or in
witht Rpthefe HISTRPUAICT BIPtEIN, tHENf UsioRTHEB: 81 2 Relymess altering the
purification. Qther protein sequences can be
me@balishiand/dryhelstebidity in degessenaetharapkyisé spilastions.t he
case of Green Fluorescent Protein), or by specific
subsMeahforathoesiay g de8ighinsg prgeipr mbroiky,t liganglst &8) appropriate
The stability of hCw-specific antibodies, antibody
linkers, as well as methods and strategies for the construction, purification, detection
and use of fusion proteins are provided in the literature (Nilsson J et al., 1997;
“Applications Of Chimeric Genes And Hybrid Proteins” Methods Enzymol. Vol.
326-328, Academic Press, 2000; WO 01/77137) and are commonly available in
clinical and research laboratories. For example, the fusion protein may contain
sequences recognized by commercial antibodies (including tags such as
polyhistidine, FLAG, c-Myc, or HA tags) that can facilitate the in vivo and/or in
vitro identification of the fusion protein, or its purification.

Other protein sequences can be identified by direct fluorescence analysis (as

in the case of Green Fluorescent Protein), or by specific substrates or enzymes (e.g.
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fragnents, bioactive peptides, and fusion proteins my
be inproved with the fusion with a carrier protein,
WG amR/0asophage coat protein (cp3 or cp8), Ml tBPSEEP2007/064094
Bi nding Protein (MBP), Bovine Serum Al bumin (BSA), or
G ut at hi one- S-Transferase (GST). The 26Al anti body is
a main object of the i nvention i&nd it has been
characterized, within the supernatant of a specific )
usdiyh cRAICtGMEIC adtes). hihhansthtY mBhotd MVappesifis baipogifise hantibody
has been selected due to the capability of
fraguental hiphetgve@BiWideThirsl prsmpeprojeihamaydmempleved milthethe fusion
by in vitro neutralization assays using cell culture
wibpecadicdfrofcliabdiehlys pRad t@dtesrotsn dcp¥ @F &p8), Maltose Binding
A-purified (Fig. 3) and reconbinant (Fig. 9 and 10;

Proeh (MBYO, BolmealiGuh /A RHITRIBRRNOSH @ﬁﬁéthﬁ%%i-%g%léhsf&ﬁ& (GST).

specific hCW antigen that i's recogni zed by

?nt I"Pl?eﬁ as aﬂﬁ{)o#}ye 84 ag e&la%{lmog%gt ' g ﬁ}v%ﬁﬂ 1'1 a?rId it has been
nown neutral zing epitope€s in viral "antigens
(see Fig. 1, .2, and 4). Consequently, this 19gG
AT HMBe M oS Betlart i THCLHE NERMIHED  Psapi by 1261
epi tope and proteins binding such antigen (e.%, in o
mpaeatorgl amibodntwibelibas beamtsplssipy dtrea@'ram eapabilibn@f ineatralizing
pepti des, fusion protein, or any natural/reconbi nant
h@MAL. €T s )profeaty Binaubebnbdetempabd dyok: wigut naltiakiizatgp th @dys using
i nfection by recogni zing such epitope. In the past,

cdfl b@furer supesiaeim Bladle Ui ol NMedMVasRepidiéia AlpiRraddedrig. 3) and
proteins or synthetic peptides have been al so used

retg%%.iﬂaﬁ{ (lﬁﬁ% afll 10; égléng Qi ps %@Wﬁuma&%@éﬁc%g% %Igg)ody.

i's way ahtibodies dirrected to ave

di t j ti . bei .gl in H
SS e 001 WD 13005 BB RASHEER M not b
(EP248909, WD 93/21952) or IXPoproteLn M gl ycoprotein .
deterngRedraingas magel af knowpdyMT\preEiEsing gprapes in viral antigens

conponents of the hCW virion not only affect viral '
(ste &pg-sim buindchn Jossequegdy sthof [gCRNtibedst cal beiusgd for defining an
anti bodi es, as inthe case of pUL130 and pUL128 (Wang D
h@Ewd/-bbeidizing 2006pc addpsoteinzebi@ig such antigen (e.g. in form of the
antibodies, antibody fragments, bioactive peptides, fusion protein, or any
natural/recombinant proteins) that should be capable of neutralizing hCMV infection
by recognizing such epitope.

In the past, ELISA or Western Blot using hCMV-specific truncated proteins
or synthetic peptides have been also used (Greijer A et al., 1999; Ohlin M et al.,
1993) and in this way antibodies directed to hCMV have been defined according to
their antigen, being glycoprotein H (WO 94/16730, WO 94/09136, WO 92/11018),
glycoprotein B (EP248909, WO 93/21952) or glycoprotein M/glycoprotein N

(Shimamura M et al., 2006). Morecover, other components of the hCMV virion not

only affect viral tropism but can be targets of hCMV neutralizing antibodies, as in
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antigen / epitope recognized by the 26Al anti bodies

can be identified by different in vitro assays based
wo@eoosheishé t erature cited above A further enbodPeERP2001/064094

the present invention is human 1gd anti body secreted

by the 26Al subcul ture, which c% be provided as a

Protein A-purified natural ant il ody that binds and

neutralized hCw., This Igd antibody can be used
the raae iof yilHgl Yo agsb PR 281 OY 81h & flﬁ(étsx{léﬁlﬁ Toi R0 éthhus the CMV

neutralize hCW as well. Simlar proteins are provided
antigen Hepabpy ecadgstaci ryi tba 26Ad dmiboles Erabplidsntifiqd by different in

particul ar as reconbi nant human anti bodi es and
viddatdsbpaybak s Bgireid Isterakie ¢Rdhiaivem of hCW

neutralization, that are associated to the viral

epi t QPRIrfRE %&ﬁﬁileﬁ‘y of e Zﬁéketﬁnfnlvgﬁt%(n anhdnhfy ‘Pﬁ@?aantlbody

protei ns defined above, can be characterized u5|ng

secrege/‘(i %bls cPSRY 3 uf)glhltur eCIhlehhgg'rf bugér%(z?cied as IpI‘OQGIE 'A‘i}urlfled

rarn, as S ature USI

nai@@@ ?H%ng’r thgt %i\'adﬁ?%{nﬁoq%r@ IZ%LQ@&? 711{11{5' 1%' a?l}tﬁ’f%fa}l be used

Marshall G et al., 2000) or of nobnoclonal antibodies
for Sepefplyéns }Qogtpegpg Protoes tigitngsgioRingl and gleutralippHCMV as well.
G ckl horn D et al., 2003). Further obj ects of the
Sinnlegnpriotdiss are proedndicheihe amivdsdesecipdongandnin olie tHxamples, in
anti bodi es, antibody fragnents, fusion proteins,

pdtio@at by BRI A Humah an§i8b @ik © 8n HEEIRS0 BNl
defi ned above. The exanpl es prOV|de such sequences in

par teul Al ngsish ?P% W Bguf it\é AR 8 §AANELho th 1
Phe. RAr Ry SE TE ARl 1Bl B ERPR Rlg e vive
al ns . nce

R oPEdrLHS ‘?%ﬁge%@fﬁnﬁéo%sgi%%af ROERS d%&és? pgre, can
HCDRs and LCDRs; Fig. .5 and 6) can be transferred in

be, sharapistized usingr bssividlableensspis &otesRACTih SUAFLEH N M) proteins
formats for antibodies (e.g. full, affinity-matured,

angkorCRRM gy af sleadvivrin A fibwayte agimernaselsoef huspnera (Navarro D et
proteins. These nucleic acids can conprise a sequence

alnaMioTg Klein M et al., 1999; Weber B et al., 1993; Rasmussen L et al., 1991;

Marshall G et al., 2000) or of monoclonal antibodies (Schoppel K et al., 1996;

Simpson J et al., 1993; Gicklhorn D et al., 2003).

Further objects of the inventions are the nucleic acids encoding any of the
antibodies, antibody fragments, fusion proteins, bioactive peptides, or isolated
HCDRs and LCDRs defined above. The examples provide such sequences in
particular as encoding the full variable regions of the 26A1 heavy (SEQ ID NO.: 4)
and light (SEQ ID NO.: 9) chains (Fig. 5A and 6A). These DNA sequences (or
selected portions, such as those encoding the specific HCDRs and LCDRs; Fig. 5

and 6) can be transferred in vectors for expressing them in one of the alternative

formats for antibodies (e.g. full, affinity-matured, or CDR-grafted or antibody
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at least 90% identity with SEQID NO: 4, with or
W t hout a sequence further conprising a sequence

whaoosngised | east 90% identity with SEQ | D NO. : POI/EP2007/064094

dependi ng on whet her sequences fromonly the heavy
chain of 26Al or both heavy and |ight chain are
needed. When a fully human anti4ody is desirable, the
anti body should further conprise a heavy chain )
fragrertaher fesgimoAradeingc T Beperushsie Reldgr GO BB EiCst peficaee having
lgd, 1g&, 19G3, 1gHA, 1gM 1gA and | gE constant
atr bgbtoA8% Ricefier atitly SEQdDh&¥Yy 4 haith aomsthent ar sguomce further
is a human I gA, 1gd (as in the natural 26Al anti body
cohgidnd ardegeshct makingha 1248510034 bteutityutveth, SEQED, NOX.: 9, depending
| g&4. The nucl eic acid sequences encodi ng the ful
orf WheBR & GHRNFro oABAhNRANY @fth bF 2B 1ICHaHHS KAV and light
been cl oned and characteri zed by neans of PCR
I e ion nd vectors containing the resulting PCR
dﬁ%@%&é#?,eﬁhich have used for transform ng E col
cell Such. sequences can be.transferred (in rt. or
'n tRBFR Sy bYTAR iR ooy Etior the %HBB&& Sfpyld further
in the expression cassette of a vector or of distinct
copeRiissr & hoper ehaih egndpnt 1gpenaisiapted ArBUtheerapp coptistatgeof 1gG1,
regul atory sequences (e.g. pronoters, transcription
1Y, tp6at g G3,. [gMhel giu amdh 126 Abnsremocdgamal Pasferabbdythe dieavy chain
any other protein sequences derived from such

cotRtdnbeshion &ANhhRafIPACBERH (ASinahé QA 26N aRIId§! dharacterized
usi ng such vectors for transform ng the appropriate

frgtgilstg leéllsﬁ%lbaﬂl%urlaﬁfir(g@? bt ?g(ggmﬂl.b SBRid &4 g?&le‘ﬁicgs encoding the

§ the I nvention’ can prokaryotic
ukar.yotic_ host e%ﬁ% apd shoul d.al |l ow the secretio
A B GHUR SIColBl niit Vprbt el BTt Rl duiEopeen Cloned and
produci ng such praqteins include culturing host cells_ .
clxar%m%rﬂ@ﬁ%@d mgaph of K& Roxgrctions apd veetosy soaiprg Sisnggsulting PCR
their coding sequences under conditions suitable for
produttei whestphewsiused dowd trapsfoveimgng tdié cpllpt Buch Seqrentérecan be
host cell culture. The vectors should include
traqyfan®t €in, partr éroas oldEr RintichtNY istbt endthdr Neroiedh, padieular in the
start/stop codons, and the
expression cassette of a vector or of distinct vectors where they are operably linked
to appropriate regulatory sequences (e.g. promoters, transcription terminators).

The human 26A1 monoclonal antibody, or any other protein sequences
derived from such antibody, can be expressed as a recombinant protein using such
vectors for transforming the appropriate host cells. The host cells comprising the
nucleic acids of the invention can be prokaryotic or eukaryotic host cells and should
allow the secretion of the desired recombinant protein. Methods for producing such
proteins include culturing host cells transformed with the expression vectors

comprising their coding sequences under conditions suitable for protein expression

and recovering the protein from the host cell culture. The vectors should include a
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| eader/secretion sequence, that can drive the

expression of a nono or bicistronic transcript for the
wale®snedopr ot ei n. The vectors shoul d al | ow t hePCT/EP2007/064094

expression of the reconbi nant protein in the

prokaryotic or eukaryotic host cells. A cell line
substantially enriched in such ZdelI's can be then
isolated to provide a stable cell line. The nucleic

PIRBIOGRY, oih o 1hseee Binding aviteb 6if yageded br thsr s@iiditely godons, and the
protein of the invention by applying common

lendartebictiant seghtndee chatotangidese tBe icaptopsionhel desomedr DNAstronic
sequences can be either extracted by digesting the

tram¥ctibalforc thendl ekdred egro@din Wrh & vicesolr§ ishbuldnal&5vz Yhe Sxpssion of the
anplified using such a vector as a tenplate for a

re@@ﬁ%ﬁﬁﬁ@sﬁro@ﬁ' h %ﬁ@%ﬂoﬁ&yﬁ? R %@afﬁ@lcpg&tprcbﬂ?r % cell line

for specifically anmplifying full vari‘able regions of

u?ah%nﬁgl?%%nﬁ%%ﬁlgﬂ Se%l&é%lc I(:)?g,n l%hthen 1%%1&%]‘1 rov1?£ atspa%r['éocell line.
t he r ferre appropri a vectors for the
expr eacn%% ﬁp%ﬁ G B R‘é?‘{/gq I I&mﬂaglflg&epmgem of the

as descrlbed in books and reviews on how to cl one and
mrswl@m}bby eRp s ﬁ@anprr@t:@nh@ant P& A iohgoloigigse Brichlys Hee desired
series "A Practical Approach"” published by Oxford
DN®A wvequenessscan’ BiNAitibroentragtéd by Hxgmsasgitla iBtist eloning vector with
1995; "DNA Cloning 4 : Nhnnalian Systens", 1996;

restPlc@lof oiz XS, &5 Sindlificdl sudl 9t eétor Bk itéhpRatd I a Polymerase
Techni ques”, 2001) For eu aryotlc hosts (e.g. yeasts,

C%&ﬂg q@éacﬁ{)]il maré hé ?bhs%mmgfsf fof's ﬁ@élﬁf:%@n §@Eh?}1hg’ Bl variable

trans regul atory sequehces

oGS e, GRS i ReBl et Rs Bt p%i&a%%egg‘gieta%r%%%% HCDR3

bovi ne Papillom virus, Siman virus or the li
SCAHERE) 1 HBCYee PN At 1538 ety riziins ba rthem deapsicatied dinjp trﬁorg appropriate
particul ar gene which has a high |level of expression.
vEkengbe sheagxpresseonTtp modlarge tio br ehlarietripdostvéallss as dhgeribed in
SV40 early pronoter, the yeast gal 4 gene pronoter
b@iks. anllr Bgv$ewd phi lanaltoi dloid ahd grodwguteabmbynasit phadetnsiraycluding
besel ected which allow for the transient (or
tiGQNS the Weti¥eF A BREGST | Ofprafh aRiuINAEd 89 B0@rd Univ. Press (“DNA
Cloning 2: Expression Systems”, 1995; “DNA Cloning 4: Mammalian Systems”,
1996; “Protein Expression”, 1999; “Protein Purification Techniques™, 2001).

For cukaryotic hosts (e.g. yeasts, insect or mammalian cells), different
transcriptional and translational regulatory sequences may be employed, depending
on the nature of the host. They may be derived from viral sources, such as
adenovirus, bovine Papilloma virus, Simian virus or the like, where the regulatory
signals are associated with a particular gene which has a high level of expression.

Examples are the TK promoter of the Herpes virus, the SV40 carly promoter, the

yeast gal4 gene promoter, etc. Transcriptional initiation regulatory signals may be
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for nodul ati ng gene expression. The sequence encodi ng
the reconbi nant protein can be adapted and recl oned
wo evosorisdelg nodi fications at the DNA | evel onl BCT/RP1007/064094
can be determ ned, for exanple, using software for
sel ecting the DNA sequence in %Q%ch t he codon usage
and the restriction sites are t nost appropriate for
cl oning.and expressing a reconbinant protein in
sedesded mhichyadkavpfar hedransiont €@ qansiitiyes repregsiog) andegisration and
Carton J et al., 2007). During further cloning steps,
fop mmideilatinpegprerrcpsess@n. be added i n connection to the
desired anti body format (Scfv, Fab, antibody fragnent,
f ul I'phdrsmbn@ntndadihy theti@combidant prdtéi@ daRSRY ddafed and recloned
substitution, or elimnation of one or nore interna

foRMinARin3C hﬁﬁhﬁé"a!%%%@ hephnabon! excpathigl b Ren Uetd@inined, for

further structura functional characterizati on an
1M za n t erti e
exaﬁlplee,nlésrl goft are fo? Pe%%ggﬁfgé 'Dﬁ\%gpgﬁ ques Ilar qﬂ( %P R%gO(? h usage

éa ZOOS%v or.for erating vectoors_.allowng their

L &yt W‘%/éltaéla}r § PesingPRrogtiaty for sloguig a.&%rexpressmg a
exanpl e, reconbi nant anti bodi es can al so be nodified

regempnant praieingn speqifietige@ranel bestetls (Grafe By cictlo @P0AgCarton J
a specific Fc region to be fused to the variable

ctradgR2608). (Furebring C et al., 2002; Logtenberg T,
2007), by generating single chain antibody fragnments

(G Ibutirpeukh&tel@ing skBOOprotcamdediienasidéando Sidhid! ih ZofAfection to
peptlde sequences, %MD 01/ 49713), polyners or

th%%@sﬁ@&‘%%ﬁé‘!iyg g{yﬁnﬁr@g‘g§aﬂ?a{% Ah Dl\lkaﬁl &t lt grl hurn?n antibody,

man A et e sequence€

the r nbi nant pr once.inserted |nto a su
etgﬁ1 Qn & ng&wnpgﬁg?lggb 0)1; eéltmlﬂgtmﬂ 85 i I01r more 1n?ernaﬁ amino
inte ting vector, can be introduced in th
aca% 'glbqsp atle@hr’,ﬂgggle%é]apsalw, %}}S@UI Qra@préh%gﬁgctural and functional
(transformati on, transfection, conjugation, protoplast
c}fangqt@mzat@mea@ﬂrmmlaam@nof &Janhq:r@,mutlc properties of proteins in general,
phosphat epreci pitation, direct mcroinjection, etc.)
arldo of ramidbaied inheamticupofiantS feacil Qr 059, be for generating vectors

allowing their stable in vivo delivery (Fang J et al., 2005). For example, recombinant
antibodies can also be modified at the level of structure and/or activity by choosing
a specific Fc region to be fused to the variable regions (Furebring C et al., 2002;
Logtenberg T, 2007), by generating single chain antibody fragments (Gilliland L et
al., 1996), and by adding stabilizing peptide sequences, (WO 01/49713), polymers or
radiochemicals to chemically modified residues (Chapman A et al., 1999).

The DNA sequence coding for the recombinant protein, once inserted into a
suitable episomal or non-homologously or homologously integrating vector, can be
introduced in the appropriate host cells by any suitable means (transformation,

transfection, conjugation, protoplast fusion, electroporation, calcium phosphate
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consi dered when selecting a particular vector include:
the ease with which host cells that contain the vector
waorenosiozisnecogni zed and sel ected; the nunber of PCDPPB®S7/064094
of the vector which are desired; and whether the
vector is able to "shuttle" between host cells of
different species. The cells wHi’ch have been stably
transforned by the introduced DNA can be sel ected by
PSP P atiph.r GEE MG IRECHPN.NGE S tedranstosmaicen TappEdnt ictors to be
sel ection of host cells which contain the expression
consteord withe sehacticey a pastical oreptapvndedé ohe phet withoplyh host cells
an auxotropi c host, biocide resistance, e.qg.
thantdhidt the Srcc@F niBabY ré®iaized Sue BcRStedd pRefiumbér dfhédpics of the
i ke, and may be cl eavable or repressed if needed. The

v rewhRRl S REKET, SRNGhedR: ehd DELoPE HhikastdshutticnkRByeen host
to the DNA gene sequences to be expressed, or

Céptggﬁﬁ&%gtiq%%mthe same cell by co-transfection
Aﬂd?tlona ﬂ?anstriptional regul atory el enents nmay

al so_be eded. for optinal expressio st cells
be o R v BIEArFE iPEoB bt Apydipied m%woduced DNA can be
prokaryotic host cells, the preferred ones are B.

sodesied by ¢lseniatiedueipiione grongest matkeas Y ¢healhys tfor a¢lpetion of host
the preferred ones are yeast, insect, or mammali an

catlsl Mdhich reoptuit i thal exprecsedd svestooh B muarker, maynlkedso, provide for
nouse, insect (using bacul ovirus-based expression

pHEStEimS) tanGh Gtdiesec HRIE! Bibcidéaristdade) eGel dmibidtscs, or heavy
shown in the Exanples), provide posttranslationa

mP%ﬁchﬁaatsi &?g e1I, @r Ql'ie? hE'é,rhdM%? 18 %?ealvlhﬁl%l HALPQ s G irf%t%ded. The

I ng or rtain forms of glycosylation at correc
ites. Al so yeast cells.can carry out

sclisdiily R ¥oharer SHeT B8 Sipth Hafichingthe RN Aupsy seauences to

gl ycosyl ation. A nunber of reconbi nant DNA strategies . .
bexexpresiffl: chr dpirpdusdsintenieppinnt @il dygseriedsioghiannidgitional

copy nunber of plasmids that can be utilized for
trgrsguintonamegdlatone ¢ howint eohap abtodhamseddad yementimateagpression.

recogni zes | eader sequences in cloned manmal i an gene

pr oddeitscHpdagchetieisrpepkdrglesc beaildrgolieatiaon s queleestic host

(i.e., pre-peptides).
cells, the preferred ones are B. subtilis and E. coli. Amongst ecukaryotic host cells,
the preferred ones are yeast, insect, or mammalian cells. In particular, cells such as
human, monkey, mouse, insect (using baculovirus-based expression systems) and
Chinese Hamster Ovary (CHO) cells (as shown in the Examples), provide post-
translational modifications to protein molecules, including correct folding or certain
forms of glycosylation at correct sites. Also yeast cells can carry out post-
translational peptide modifications including glycosylation. A number of
recombinant DNA strategies exist which utilize strong promoter sequences and high

copy number of plasmids that can be utilized for production of the desired proteins

in yeast. Yeast recognizes leader sequences in cloned mammalian gene products and
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Mammal i an cell |ines avail able as hosts for expression
are known in the art and include many imortali zed
wa@edoB/orisnes avail able fromthe Anmerican Type RAET/EPB®07/064094
Col I ection (ATCC) including, but not Iimted to,
Chi nese hanster ovary (CHO, HelLa, baby hanster ki dney
(BHK), nonkey ki dney (COS), C12# 3T3, BHK, HEK 293,
Per. Cb, Bowes mel anoma and hunman hepat ocel | ul ar
SCEERTRS Prtilcs berring eapeescapnaed (1. ¢ ePIesPepiyics)- nunber of
other cell lines. In the baculovirus system the
mat eViaainsalfaor cablabudsoavailable msbosts det Exmxpri@s sicoknown in the art
systens are commercially available in kit form(e.gqg.
arkioiRIde i rdnyZ Beimbitalirad ¢d10Ged) avatablel fomg-theMierican Type Culture
hi gh-yi el d producti on of a reconbi nant pol ypepti de,
csliaRlod EXPCESShONding, Bl NEfited 5, EXAMRE Ganfs®lr! ovary (CHO),
1 nes ich stably éexpress the pol ypeptide of interest
be transfor. j X Ssion v r [
HEBE B ARG MR PRI € enus Tantti. Hex
essi el enent s and sel ectabl e ker gene o
2Lt TooWen mel g and hpaenoR el Ig it fgrelpgma (for cxample
introduction of the vector, cells may be allowed to
Hep do2 eellsoned gr npmber @dyatheh calh laresi ilh dle maghlevbes owstem, the
they are switched to selective nedia. The purpose of
mhteeiaksefor dtaabloginmsiiksert cal eopreendensystemsis straromniacially available
sel ection, and its presence allows growth and recovery

inafit frhl @.4 RBnsdredissd by Iyviexpe®ss the introduced
sequences. Resistant clones of stably transforned

Ll ! ! . :
ce }Sorﬁﬁbﬁgpt"e%,' fh??;h@%lgf‘f%{r%g_%%sﬁﬁﬁ%kéﬁéﬁlah{e SBNpAPESe, stable

appropriate to t

subst ant i al ngiched in s cells,c be then .
AEEATES 16 CHEgu e e Bt R PRAGE Y ST hspegypeniice

full recombi nant human i pmunogl obul i ns, an_inportant . |
ofs inggrepts mpj ebes HRBYPIB HFINENSXEBWET VECIPELIWIH By contain viral

constant region. Vectors specifically designed for
oregips eafsiredication bodi/es cnilogenobe desessed ickutgne amdda sclectable

subtype (forexanple, human IgA 1gd, 1g&, or 1g&4)
marker Wea€by tlesaimk edn o séfeateiteetort BoBowing the introduction of the
vector, cells may be allowed to grow for one or more days in an enriched media
before they are switched to selective media. The purpose of the selectable marker is
to confer resistance to selection, and its presence allows growth and recovery of
cells that successfully express the introduced sequences. Resistant clones of stably
transformed cells may proliferate using tissue culture techniques appropriate to the
cell type. A cell line substantially enriched in such cells can be then isolated to
provide a stable cell line.

In the case of full recombinant human immunoglobulins, an important step is

the selection of the specific isotype and constant region. Vectors specifically

designed for expressing antibodies with the desired isotype and subtype (for
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Then, the full antibodies or the fusion proteins can
be expressed as reconbi nant proteins in prokaryotic
wee@anisos (e.g. Escherichia coli; Sorensen H BETEP2007/064094
Mortensen K, 2005; Venturi Met al, 2002), plants (M
J et al, 2005), or eukaryotic cells, that allow a high
| evel of expression as transi e or stable transformed
cells (Dinnis D and Janes D, 2005). This woul d be )
exagyUer emath [pAr 186 L G 2atenlz(He wharidelyedsssabed i dhe literature.
the anti bodi es has to be perforned using nore
Thophhstful aargthodssayrs thei fiskand prigeing oanviee aspaysed wheg@mbinant
the half- Iife of the anti body can be determ ned. The
proeshs GeplokaBmichgginlsmbes.gs k@t 2400 i ;NSorbasensH @hdtVertensen
expression | evel of the reconbinant protein. In

K 2960 4. \PehtuMg Bt b e 260! ?Hﬂté @45&%%{%?9?@5)%9%&1&&%% l'e‘élls, that

an antibody, in eukaryotic host cells (mamalian’ce
aﬁolv&p & Shi h%‘epeqrotf & lr@s:%}dn 9 I Irggsrig ntt o’ g%l%rt%an%?odrmed ¢lls (Dinnis D
expressi on systeﬁ% avebeeh d%3|gne for generaglng
st abl e po of .transfected cell lines (A drich et . .
angj Jims 3?5@?)61&% wauldrP forderst i ,paﬁm&(r.wlﬁﬁngﬁﬂq %«?&C}ematm
optim zed, stable expression of reconbinant antibodies
ofhthe dpaibadige Aiaeve de(rSefpraed esing mprepophisipesy assp o inglading in
to optim zation of cell culture conditions (Gunberg J
vied asdays, RXG8 thevbaifi 1i%e of thed antibdd@4pn dadetymsedde dthiehgsoceells can
engi neering clones with higher |evels of antibody

bPRRIRELEIOEcaRd tBEBARE bPthd BPheBsfontlevalof the SEdmIBhdt irotein.
M 2005;). The anti body, the antibody fragnents, the

bi 03t Ly g?ﬁ,ﬁgx}ggg' thtehﬁrofté'igi ﬁneﬂfr%sgg{l gslge?gaélsﬂ S Qatnhgﬁtébody, in

protein bove" as bei ng capa i ng an
neutral i zi.n can,.be puri.fied usi e .

cufgric: G b ARHM BRHEF sBclhende BByt hetiemmaciegiprs and
of either non-/reconbi nant proteins fromcell culture

eI s hdere bspeslerenreder erpeating staieInggisest transfected
shoul d provide a sufficient amount of protein (from

calhéingsd ¢Abdichmlt ot ehe2093;] Bgmah Aangé)MeGrqyerli 0B8R High level,
nore extensive characterization and validation for

opteMed edtalble dxpraapioy | cdat tembidbagnoioidics R dicbe napieutd ¢Schlatter
uses. To this purpose, the preparations of reconbinant

S @F aNaddd3! alBs QL€ S Sptimization of cell culture conditions (Grunberg J et al.,

2003; Yoon S et al., 2004) and by selecting or engineering clones with higher levels

of antibody production and secretion (Bohm E et al., 2004; Butler M, 2005;).

The antibody, the antibody fragments, the bioactive peptide, the fusion
protein, and any other protein defined above as being capable of binding and
neutralizing hCMV can be purified using the well-established technologies that
allow the isolation of either non-/recombinant proteins from cell culture or from
synthetic preparations. These technologies should provide a sufficient amount of

protein (from the microgram to the milligram range) to perform a more extensive

characterization and validation for hCMV-related prophylactic, diagnostic, and
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can be tested in in vitro or in vivo assays
(bi ochem cal, tissue- or cell-based assays, disease
woreaelsisest abl i shed in rodents or primates, biPEEBRI00AV64094
met hods for affinity measurements, epitope mapping,
etc.), in particular using any of those disclosed in
the Exanples or in literature 20 st udyi ng hCw
pat hogenesi s and i mmunobi ol ogy. ' The anti bodi es,
thﬁ@ﬂ’ieﬁ‘il‘ééseér Spdhistnuspses feriTARHAHOD Qldicrombienhat afﬁtlgal proteins
or expressed as reconbi nant proteins, can be further
canahd ttateddnusivigo or gamivoorsse (hededical, vistuce oassBybased assays,
known in the literature (Eggers Met al. 1998; LamV
dis¢asalmodP 6staheihallaih o dEntetor rimat2§Obopididdhahcthodd for affinity
al ., 2001; GoodrumF et al., 2002). Mreover, relevant
m@&s%ré‘rhéﬂ’tk C@ﬂltotp%%g‘plﬁﬁg ae. )”ﬁ{jﬁaﬂtl@uﬁ%dgn&ﬁpB?%ose disclosed in

aninmal s, in partlcu ar in’"nmodel s where Hhungn

th@xaﬁp‘f%n%rbgtl Y Z‘rgr()%%g\?% ?fl;de}%f\/&a%%o g}[neMs fgg ngu.Pﬁblo logy.

uri |cat|on of the r conbi nant proteins of
ipnve q aptihogdicsy s i @dp@@ﬁr%&?ngr{y)rgfhupwél B ce?l supernatants or

conventional nethods known for this purpose, i.e. any
cxroed WS ercrpmBinanhgraiinsacet &, fusthee ivsiidated grsing organ- or cell-
chromat ography, or the like. In particular, nethods
bdsod imntiird adyayp umofincat thenlicaaturcakzgese Mokt bimidB] LaedV et al.,
gel matrices contained within a colum (N snevitch M

2008 MdinedrdMB 2001, 2005 erdstiell Blot, al20091 ; Y RMSHEF Rt AL, 2002).
et al., 2003), epr0|t|ng t he strong afflnlty of

M%Pédvgpdteqévafn@ é)u%-léﬁﬁfc'éﬁtt@s?i/z ghiep ﬁfyd LR I%CW qg%ggdeammals in

or synt tic strates Iva et a
v 120 i@ or, f ecific anti

pdBrHapd Toadivs ay R BmaR n0 30558 Gk AT UERER Forry P et al,

ZOQ4 Adter mashlng the protein is eluted from the
2 sedinchaime 2005 hemssoMi ¢ ade LARHX h.

Alternatlvely, HPLC ( H gh Performance quU|d

Chr ohist pgrifipHion ehthebecombihanTipeoteingtdfahe gavenion can be carried

carried out using a water-acetonitril e-based sol vent
owrdiyTexy) yi elnptepedtibodl methbas Rnpwhifbt €l ippRpokbei.c. any procedure

anti body, the antibody fragnents, the bioactive
inRERGAH &StrabNEn,f YPdQPitation, chromatography, or the like. In particular,
methods for antibody purification can make use of immobilized gel matrices
contained within a column (Nisnevitch M and Firer M, 2001; Huse K et al., 2002;
Horenstein A et al., 2003), exploiting the strong affinity of antibodies for substrates
such Protein A, Protein G, or synthetic substrates (Verdoliva A et al., 2002; Roque
A et al., 2004), or for specific antigens or epitopes (Murray A et al., 2002; Jensen L
et al., 2004). After washing, the protein is eluted from the gel by a change in pH or
ionic strength. Alternatively, HPLC (High Performance Liquid Chromatography)

can be used. The elution can be carried out using a water-acetonitrile-based solvent

commonly employed for protein purification.
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proteins, and any ot her conpound defi ned above using
26Al anti body sequences can be used for detecting,
WO e@abh7msge i nhi biting, preventing, and/or anel POI/BPI00TY064094
hCW infection. To this purpose, such conpounds can be
used for preparing diagnostic, fherapeutic, or
prophyl actic conpositions for ttle managenent of hCw
infection._ In particular such conmpounds can be used )
for Prepatribady.pihar meekadyi dagmestpdhe thippdive ggritdesy the fusion
wi th any pharmaceutically acceptabl e vehicle or
progaing, end anheskcrcomposid idefiscdraoveuursiie26 A brptibedy sagpences can
addi ti onal therapeutic or prophylactic agent, such as
bdvased f@sdetbEi, neeuting] iidhibdingn tproaglying ahd/aY emgdi®rating hCMV
i mmunogl obul i n preparations, imunonodul ati ng
infFQARBAYUNES1hi @RHARse AchVEdRbo HRERAHNELS usclh forl pleBhdh Hdfagnostic,
provi des sone exanpl es of such conpounds acting on
h r.epl i [gn_(Foscarnet . Aangancicl ovi . .
e R SRR B s MU ER Gl Ly infection.
hu s, alone or _in conbipation with intravenous .
| o BPRISHIA nSse SAMAP Tihs CHbeeCHSE O PToRBRE Rhgapceutical
G et al, 2005). Myreover, recent literature suggets .
carmppasitiansarfogginec voHalangnphassyreyicedy peccntdle fvghicle or carrier.
suppl ementing (and replacing, if possible) present
Thaseabmgoksioss cimyafirihet camenieeisny addinioghlothatapeutic or prophylactic
preparations and/or antiviral conpounds, giving the

agRRP OfulcH Nistyact P ek, UG -h b @B BAEY 2B, ilRSRGOUOfimPHEHB globulin
phar maceuti cal conpositions (Bayry J et al., 2007).

prgﬁiﬁ?gggé;f %ﬂuﬁb&%ﬁu%ﬁ%gcgm .bﬁ‘l?ds?natfw&j Qgﬁ%iraﬁr&ompounds. The

agnment , oactive pépti de, usi on

.protein, and any other coppound defi ned above € . ..
iBESE' GovilhS BB% ShdEerar SEH oo uREsRRE el MY Septication
nonocl onal antibody sequence. The_ conpositions my .
(FogfarRel ¥ amghnckeodl.o FPmay g, neMURSIRWr) Apdgalready tested in

anti body, an intravenous inmmunoglobulins (IVIQg)

hymapaelne on iardmbinaenanith vitralcneenponndoglTheltn pfaaeations (De
hCW- neutral i zing anti body shoul d be characterized by
Crrel Ef 20nWNigro G et al., 2005).

Moreover, recent literature suggets that human monoclonal antibodies can be
used for supplementing (and replacing, if possible) present treatments such as
intravenous immunoglobulin preparations and/or antiviral compounds, giving the
opportunity to reduce frequency and/or dosage of such pharmaceutical compositions
(Bayry J et al., 2007).

These compositions may comprise an antibody, an antibody fragment, a
bioactive peptide, a fusion protein, and any other compound defined above on the
basis of the sequence and activity of human 26A1 monoclonal antibody sequence.

The compositions may further comprise a different hCMV-neutralizing antibody, an

intravenous immunoglobulins (IVIg) preparation and/or an antiviral compound. The
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epi tope, such as the ones already described in the
literature or in the patent applications EPO71 14782,
wEROgA78861 10, and EPO71 11741 (10B7, 8Cl0, andPdiEP2007/064094
respectively) that are associated to gH, gB, or other
hCWwW antigens. In fact, the IitQ%Lature shows many
exanpl es in which, when two or re antibodi es
directed to a viral or human target are conbined in
digfeseiabeM Y outreBape s patibedy tﬂh@ul%eéam chagcesrpdsPhy i %ndlfferent
may have an inproved therapeutic efficacy due not to a
ersioppl eualddist thee opt$ edtcabbyt dasoribed pecilfei titeytuer gircin the patent
ef fect (Logtenberg T, 2007). The conpositions
appoidptidsd BROANY4 730, tHPD 701 &4 ), nnd( EPQ71 MUl badBgs .8C10, and 1F7,
anti body fragnments, fusion proteins, bioactive

re@ﬁ&ttﬂvggé)thgpgreogs%pﬁtéauﬁ gHC g@ﬁ'&sotﬂ@f h@?\@vaﬁﬂl\é%n§aﬁ1 fact, the

be used’and adm ni stered to an individual wth

lltegyvre S%OW..?h eaﬁj : g)gdH? S155I ﬂ winc%r w%%ﬁttwg r?nore %Plgéclh%g tcﬁr%cted to a

IOﬂSC ste
eCIfI aSSIVGImTLInIZtIOI’]V\/h

ans, for C i ch
Vlnplon. lalgn%&rgﬁte 161 ©RRHH I dsP A RAGHHLAL G @Position, the resuling

ther apeutic anti bodies or therapeutic antibodies
CCTRRASHFENTE BIRY theae anbiprecgdehiigcHaWTigeey gng nottna simple additive
inhibit the propagation of the virus in the treated

cfifatt bento, a spudifpotyaretrgialcffecb(logktertteeg dULBO'Bak of a viral
infection in the popul ati on. Depending on the specific

use, Thd1@owPOFLSHS cOMpELAG! £hyPbO Vi Brdtbifs qeBPAUBodies, antibody
the human subject (in particul ar a pregnant wonan or

9%%6 Eh?ﬁ I{Iqﬂrxﬂeﬂtﬁalbﬁw 015 ?):taﬁﬂl &y tﬂé%cl%fc acids defined

S|dere ri sk’ for eto contact wt

ST B o trhb b CHTBIR o6 9B RETBaBaTER o oM V-related

be adm ni stered, in single or multiple dosages and/ or
dlagﬁl%glCapf&Pwﬁ%\%e ofePrdylactigr GUERPSEI fFPRNEOPREQEs can be

i ntramuscul arly, intravenously, subcutaneously,
adnoipistercil yas meaos aok yhCMY -sp |fazgive ommawnizathel evhiclagprovide

eyedrops, innonbi odegradable matrix nmaterials, or
theippgtipasinpoul &t (én ginigutheltharepsutRysitdodieslan therapeutic antibodies
fragments) that, by targeting hCMV virions, can inhibit the propagation of the virus
in the treated patient, and potentially block the outbreak of a viral infection in the
population.

Depending on the specific use, the composition should provide the compound
to the human subject (in particular a pregnant woman or any other individual that is
infected by hCMV or considered at risk for hCMV due to contact with an hCMV-
infected individual) for a longer or shorter period of time. To this purpose, the
composition can be administered, in single or multiple dosages and/or using

appropriate devices, through different routes: intramuscularly, intravenously,

subcutaneously, topically, mucosally, by a nebulizer or an inhaler, as eyedrops, in
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particular, the conposition may allow topical or
ocul ar adm ni stration, that represent a useful
wappsoashs gi ven t he presence of hCW i n nucosarCEHRP2007/064094
eye. Moreover, antibodies and anti body fragnents can
be effective when applied top|g$ ly to wounds (Streit
Met al, 2006), cornea (Breret Het al., 2005) or
agi_na (Castle P.et al., 2002). A pharmaceutica
345k [ oMafive MaGEHsi oh USRB Aty drag glelivery systems. In
t herapeutically or prophylactically effective anount
pasfictlag tho npoposition mdyealbbfautal tonatcu bk admsnittretion, that represent
conmpound to exert its activity for a sufficient period
a Qfsefull pproRB giesh rieed RéfeBet JfShCPIV MPraveoshbandt &fdiSMoreover,
of the hCW patient by controlling hCW infection,
aftBRQ1dsVahd %tlb@ﬂgl BBtk NESC HeOBrre AN %&GQW t8pically to

Ieast sone of the clinical manifestations of

C tiniti n it L
W%un (§tloent %%38;1 %@O%fec)?gﬁ@p rg{ert]cgn gfgn'pg 8i (]%551 c(Castle P
? g&g}nlstered at an effectlve anount fron1about
°liile Jo about 50 rg/kg/ body weight, depending on the
route of adm nistration, the nunber of adm nistered .
dosed, nnamperuticeht gempesitipe jofdithe ddavention twukhsgrovide a
of conpositions having diagnostic uses, the conpound
thstapalidcdlly depephgl ctisilhgeffecthrodmgumeofaborwonippund to the subject
established in the clinical and research | aboratories

thb0h116RE QR |cBﬁl|p¥ShﬁdU$o icRcAI i) 9&iGel f&adRLERidR [@riodldShme. The
or other serol ogical assays), or, mhen admnistered to

deﬁn%&kaffe%[ id B mfbveaﬁlelﬁﬂﬁg of thg l}?atle%% Tbyﬁé&ﬂin!/f%‘il‘?nng hCMV

ours after ni stration The etection o
: orned,. us t he .prot.ei ns &%th invent | on, in
ingGBE TRt vitet atr e Rrbm HauHLeflgl S sore of the
procedures that have been established for nonitoring
clidegninganpiestagione HOMEYING datschani rPush A$ stetiggiul At .paﬁ%momtls
of both i nmunoconpetent and i nmunoconprom sedhosts,
(Lendoko & @arls 80@1) &nr betmplentheongmsdiogerhonkd baladministered at an
vitro and the clinical status
effective amount from about 0.005 to about 50 mg/kg/body weight, depending on the
route of administration, the number of administered doses, and the status of the
individual.

In the case of compositions having diagnostic uses, the compound should be
detected using technologies commonly established in the clinical and research
laboratories for detecting virus in biological samples (e.g. ELISA or other
serological assays), or, when administered to a subject in vivo, at least 1, 2, 5, 10,
24, or more hours after administration. The detection of hCMV can be performed,
using the proteins of the invention, in substitution or coupled to the known means

and procedures that have been established for monitoring chronic or acute hCMV

infection in at risk populations of both immunocompetent and immunocompromised
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exists (Glbert G 2002; Gerna G and Lilleri D, 2006;
Lazzarotto T et al, 2007). A nethod for treatnent,
w@emplylsexi s, or diagnosis of hCW, or of hCWMPElr/BP®A7/064094
di sease can conprise the admnistration of a protein
or of a nucleic acid as above fined. The nethod may
further conprise the adm nistr on of a different
hCW- neutral i zi ng anti body, an intravenous .
hastvsge aiserickdion satyyeptlepdatarrosiagddr diranndibs ¢lipigpl status
conmpound. dinical devel opnment and use shoul d be based
exosts { Gdbptt &5, O3k Grestai G sindddllph &, PAO6 i aenaratto bfet the2007).
anti body (Lobo E et al., 2004; Arizono H et al.
1994) ,méthed o€ etdatth@| pasphytdxid)i gadiagadsed yf d@MV, or of hCMV-
(Tabrizi Mand R skos L, 2007), and the conpliancy to
re'laﬁ&@ HNahiooal c&rﬁﬁHéé ﬁf@eﬁrﬁlnﬁs‘?{atlbheofpef BRI @o@RGucleic acid as

qua ity control of nonoclonal antibodies to be use

above cf I"r‘%fgoiyg q‘ﬁj.%”[léodw Vofurlth%g SI‘lS!enth r&%lnﬁls{r'_ﬁo% of a dlfferent

pro EI ns Of Inventi on Ca

used. for th repar.ati on of .a conp
eBﬂltﬁ%lZl% &4t ﬁﬂﬁy AR ESAYS ”6‘1“89’8&?9%1‘%‘ a(ﬁ{if@r preparation
anelloratln ot her, nore w despread di seases (such as
angdo e ouH B6TAl apmaAEndut of nune di seases, or sone types
of cancer) that can be defined as hCW-rel ated or
hCME lasis alc d astobaproié g easlesse dhould ds asahdintthepharthdddidinesics and
consi dered as a possible cofactor since it is

phihlackB@umitNet thehingib¥dy MSodSE &% aRC2EILAMMdNG H et al., 1994), the
ceIIuIarllnnuno | ogi cal inflammtory processes (by

%ﬂwblataha‘g e 1%%@?1 E’aﬂl(%bfﬁ CHRE WiskosC®l 12007), and the

esi on ol ecu nes and cyt oki nes),
cotng[t%].?aé]ﬁgs Iggl)tl egh%f\llglﬂtai ACH {eg?e&q E?]rs hltgglgrt%ﬁﬁct?ornogn(? ‘quality control of
anti gen-presentation pathways (by inhibiting MIC ¢l ass
mpnegclenal| antihndisss i be vfeeédfqargth%anyeﬁnd dﬁoﬁf/@sdlggnosw in humans
differentiation, and mgration, for exanple in blood
Gﬂﬁssghgfénaxﬂﬂ-actively proliferating cells (Cinatl J
etal, 2004; Soderberg-Naucler C, 2006b).
The proteins of the invention can be also used for the preparation of a

composition for detecting, treating, inhibiting, preventing, and/or ameliorating other,
more widespread diseases (such as cardiovascular and autoimmune diseases, or
some types of cancer) that can be defined as hCMV-related or hCMV-associated
diseases. In these conditions, hCMV is considered as a possible cofactor since it is
well-known that this virus is associated with cellular/immunological inflammatory
processes (by stimulating the expression of Fc receptors, cell adhesion molecules,
chemokines and cytokines), autoimmune activities (e.g. 1in atherosclerosis,
restenosis) and with alterations to the antigen-presentation pathways (by inhibiting
MHC class 1 and II expression) leading to cell apoptosis, differentiation, and

migration, for example in blood vessels and in actively proliferating cells (Cinatl J et
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Moreover, hCW infection has been al so found
associated to alteration of cellular netabolism

w@ bosgersod et al ., 2007), depression (Philli psP@I/EP2007/064094

al ., 2007), or risk factor for thronmbotic events
(Fridlender Z et al., 2007). Reactivation of hCW and
related conplications has al so-Been found in cancer
patients (Sandherr Met al., 2006; Han X, 2007) or
alp 200énpadeiberachiawreyCi Hkdmat ory connective tissue
di seases (Yoda Y et al., 2006), and in general in
pat i Metevendet MiVimmiisosarp frue dser elsa éatndeatsecwtchtaaslteration of
corticosteroids (Yamashita Met al., 2006), or
cethigrohbrabalym aMLingtheret ant 2OOT)Y dbpeedon (Phillips A et al., 2007), or
I mmunosuppressive reginens (O Brien S et al., 2006,

ristC BRI IO I notR! evenBOEHdende 2 &Vﬁmj%ﬁ?.vﬁédcti@%@%f hCMV
described by neans of the follow ng Exanpl'es, which

S l.d.n const.ru S i n Lim.tin h
PRI BinpBS AR TR BB Bk sl s bl m et al,
cell cult secreting..hu nopocl onal anti bodi es .

2 oot AT TR0 ST By (Y RRTaRT R R oL discases
Sel ection of human donors that present 1gG anti bodies .
Orasdat Maldtzirhg 200800 pad t e gong6l i8epaiemthewder immunosuppressive

hCW- speci fi ¢ assays have been perforned as outlined
tréatmars/ dwleR Q0 ZootGB8 ko nls (iYantakkitd M et ak u2@)6)asr chemotherapy and
summari zed bel ow. The hCW-neutralizing anti bodies
other earfioa¢iRte BCeahGhd@phRssife NEdVmBher ar@rdnald zat i0n 2006;
assay based on human Errbpr yo Lung Fi broblasts (HELF

hd PCMpADLEY strain (an hCW | aboratory
S@t%ratl’%)ﬁg?%%"m /" cod. VR-538). The hCW

m cr.pneutral.i zation assays re.also perfor with
Theohietisfling SRR S B5E SSLFrafr o B ke ramples,
of a clinical isolate recovered . ] ]

which should not be construed as in any way limiting the present invention.

EXAMPLES

Example 1: Production of cell cultures secreting human monoclonal antibodies

that neutralize hCMYV infectivity

Materials & methods

Selection of human donors that present IgG antibodies neutralizing hCMV in the
blood serum

These hCMV-specific assays have been performed as outlined in
PCT/EP2005/056871 or in the literature, as summarized below.

The hCMV-neutralizing antibodies were detected according to an hCMV
microneutralization assay based on human Embryo Lung Fibroblasts (HELF cells)
and hCMV AD169 strain (an hCMV laboratory strain from ATCC, cod. VR-538).

The hCMV microneutralization assays were also performed with the
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froma cervical swab of a pregnant woman (Revell o M et
al ., 2001), and human unbilical vein endothelial cells

w@ blgsEARB06 These cel | s were obtai ned by enzymat PCT/EP2007/064094
treatment of unbilical cord veins and cultured in
endot helial growth nmedium (EGW, 2, Canbrex Bio
Sci ence) supplenented with 2% ﬁget al Bovi ne Serum
(FBS), human _reconbi nant vascul ar endot hel | al grovvth

eqd@&heélptrQVEdls?M%a\éRkSH BBl asteriypbvie Bt raglineal(lseaty recovered

human epidermal growth factor (hEGF), insulin growth

frémca aer(icdswab) of hypiregoanrtt Wsmne,(Rasrckbm M cetaadi,2001), and human
heparin, gentanycin and anphotericin B, ( 1 ng/m

urgbtithl vEXpEIdotiRNbE cvy EIURMBEOr Madsartdlly wedd sbtained by enzymatic
passage 2-6. The use of HELF and HUVEC cells for

tréétﬂfé}ﬂ BuRENal B @Gk 1180 §F 8l d 1t RS B BiGA (EGM-

Iaboratory strains has been descri bed i'n many

,a(; rngre 18%601en eG epté)clj@rE%ﬂtB b X%W'%ettaqeficfwges Sn}urﬁ: a§§8) human

svverep

a-bottom IIs a 96-wel| |  pl at
re@f&hl}%ﬂt\ﬁ&ﬁ Ao el iR i GED ohisre bl rowth
I\/L G bco-BRL) with 10% Foetal Calf Serum (FCS), 1
famvlri HGEMR lﬁwmapléem\ﬁ@rowémac@ns(@ﬁww@ﬂ%magﬁowéh fagor (IGF-
Um penicillin and 100 ng/mM streptonycin). Cells
1wy érocuttisonedascorbi@dcidphemral, gdta@iych did/ambhetkricin B, (1 pwg/ml
ant i body- cont ai ni ng sanpl es (human ser um cell culture

cacHPH AN hﬂ@n@s w@fe aﬁtgrfda Phidbslith sIRULt fk&demagural  or

reconbi nant I ndi cated conc nt rations) were

L’nghgt fg?vn\é%g{%LEt@%?mﬁéy %E? ﬁﬂlf ngP%A%%ﬁ\aVsa}l ection and

t ot al of the m xture was_ 100 m |
reﬁaa%t% u%%c?l mfﬁ{l%%h%at@fy slEtinb bay bprep a%cgkbiegﬁnmy articles
virus was then added to HELF cell nonolayers (for hCW,
(Gxm8S anal..A2002) shr thicrypsamt chrdvED: celly vwmplaéﬁyief%oflfbﬂo /well)
hCwW VR 814) and incubated for 1 hour. The G owth
onyB dil atibowesim div Sizabed 96 vt edtt IADNOY aMes s Grodth eabdiaed which

with the antibody-virus m xture. The plates were then
c@%{lhgg\@lHEQQH@tEsgenqu Medifh %EMP%E&)-BM)' WEHPA%G dFoctal Calf
Serum (FCS), 1 mM sodium pyruvate (NaP), and GPS (2 mM glutamine, 100 U/ml
penicillin and 100 ug/ml streptomycin). Cells were cultured for 24 hours at 37 C.
Fifty ul of antibody-containing samples (human serum, cell culture
supernatants, or of Protein A-purified natural or recombinant IgG at indicated
concentrations) were incubated with the laboratory strain hCMV AD169 [500 plaque
forming units (pfu) in 50 ul of MEM with 5% FCS; total volume of the mixture was
100 pl] for 1 hour at 37°C. The mixture of antibody preparation and virus was then
added to HELF cell monolayers (for hCMV AD169 and AL-1 strains) or HUVEC

cell monolayers (for hCMV VR1814) and incubated for 1 hour. The Growth Medium

was discarded from cell monolayers and replaced with the antibody-virus mixture.
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mnutes at 37Cin 5% CO. Gowth Medium (100 m) was
added and the cultures were naintained in the
wo palozses for a further 72 hours. The effect pET/BPmet/v64094
supernatants on hCW infectivity was neasured by
staining hCW Internedi ate Early Antigens (IEA |E +
| E2) by indirect inmunoperoxidase staining. The cell
nonol ayers were fixed with acetone/ net hanol sol ution
The phtesdwate rmoegntrifiged 3 HAP@ & Fan3harinates indninpplgted for 90
The cells were perneabilized in 0.1% Triton X-100 in

mBBSeat 57°T%HD CO. GromtteMeadiurh qe00 g asesided andtthe cultures
PBS. Endogenous peroxi dase was bl ocked with PBS with

% 9 ] at room
w RS IR, ARl ok nler PAMGE (i 1P Pas
Fifty m .of P ei n Bl ocki ng Age Itra Tech HRP
500~ Hish o188t oF 3 il SRR 10D A hCORY v i ect Giopias (mgpured by
System PN |1 M391) were added for 10 minutes at room
stpigpgeridftMpe, Infgrancdide hadrednsigays wilER. PBS. tol8d by indirect
anti- HCW | EA (clone E13; Argene Biosoft; ref.
infriu Qg Ryomesscadaiacthg. dheeddllsmboola§lrsnwengt fibse datvithaertone/methanol
tenperature. After washing, cells were incubated with

sodkidH (Stbrdali et i-PeTYnfdtgat@huts RN dalsie@RYith IBRNThYGells were
(Utra Tech HRP 500-600 Test; Streptavidin-Biotin

péllﬁie\éﬁﬂ%@& iRt ﬁ%t"f%ggl-sitﬂ@% p% WR394) bf’U minutes on ice, then

peroxi dasecon] ugat ed goat anti-nouse |g tratech

HRP),. f ar, 1 putes. DAB substrate (Mergk: no. : 0

w5050l PRYGR o ol g TR G afh W0 M BB, it 50%
at 200C in the dark_and the reaction stopped b

mgihage} apd ¢k Be. JEMIBYEStvOoRL TP IS 1e&¥}ﬁt%k and then
under the mcroscope. Mediumonly or cell culture

weashpdr wathatBS. Edyt gl mif Ryotain dbleviang Ag&tafilire obidahs HikdY 600-600
used as a negative control. A commercial preparation

T&k; BuERAviIdaCRioN Ui edsdlroetetfieh Sgét@ﬁ‘ﬂ; ¥IN A1) were added for
seropositive patients (Cytotect; Biotest), was used as
1@%?&%'5\/3 fﬂ%‘?ﬁ E%P%Maﬂﬁ?,pﬁﬁ)cg eSS WaShll la%&%ﬁh PB3’ M&e anti-
at nmg/ M. Positivity was
HCMV IEA (clone E13; Argene Biosoft; ref. 11-003) was added to wells for 60
minutes at room temperature. After washing, cells were incubated with 50 pul of
biotin-conjugated, secondary anti-human IgG (Ultra Tech HRP 500-600 Test;
Streptavidin-Biotin Universal Detection System; PN IM2391) or peroxidase-
conjugated goat anti-mouse IgG (Ultratech HRP).for 10 minutes. DAB substrate
(Merck; no. 1.02924.0001) in 0.1% H,O, was added for 30-45 minutes at 20°C in
the dark and the reaction stopped by dilution with PBS. IEA-positive nuclei were
counted under the microscope.
Medium only or cell culture supernatants containing irrelevant IgG antibodies

were used as a negative control. A commercial preparation of human IgG, purified

from the serum of hCMV seropositive patients (Cytotect; Biotest), was used as a
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defined as > 40% inhibition of |IEA-positive cells,
conpared to negative control wells. The 50% i nhi bition
we@eapo7ste cal cul at ed usi ng the Reed- Munch net hedr/mpP1ob7/064094
be considered the Neutralization Titre (NT): NT =
reci procal antibody dilution [>50%inhibition] x [(%
i nhibition greater than 50% - é%b@/(@binhibition
greater than 50% - % inhibition |less than 50% o
PEEIEC EP VRO loW IthURFRAT WO r S IWionshetaarg at RS tigmbr Rasifdety was
in the serumof IgGthat bind to regions of the hCwW
defmed| ope 0% copilatien e OBA-@osiyide Teedlsh Chvivipaelcid inegative control
bi ndi ng assays have been perforned as outlined in
wE&I/ EP2005/ 056871 or indicated by the Manufacturer,
and validated with a conmmercial m xture of 1gG

ant i podi s B! . LB . .

cer Ut aady BRRALO RntB MR ER AL 2l itingt] dfethod will

bi ndi virion . .protei that is comercially
bea?%ﬂ‘%%?%%%fwlgﬁét@gﬁn' Bouty, cod. 21465) and

a gB (AD2) hCW 1gG ELI SA, also commercially avail able
NTcezeantdcgbantBpastye dtutagn (oo igbrbaaen] Filfyol iphibition greater than

Briefly, breakable strips covered with an inactivated
SRS 06 )dt e ilmhibit tongreatéddvan \vdo f Pomhitheoh ddmsrtherob§%o)]

strain AD169) were placed into mcroplates and

Sd1o& iR mint forBrs ehlth & bRpas DptRPrSsdick uh ekk serBh dfIQGWat bind
of supernatants added to 800 nml of sanple diluents of

to{%%a%glaf*ﬁ?ée’ ﬁ'(;,'w en@%&fﬁ)ﬁca@b«%@%si éB’:Hagf—le d at room

eratu or 30 es. ter’ a shi ng cycle,

pre-gdil nacl onal ..ant i hunman | ant i bod . .
Con Matsa Ty TR SUBF shpl Bat Al g gagoutined in
dded and plate incybated at roomtenperature foy. a i
Péﬁfﬁﬂ%@P@éW uledndigpted, by thee denwiadhisig a@;chéfldated with a
pre-dil uted substrate-TMB solution (100 mM) was added

camietcid pixtewas 1g@cubdodisaspecdniareply dCiytacé¢toBio®st). The
m nutes. The reaction was stopped using

serum was tested in an ELISA specific for human IgG binding hCMV virion proteins

that is commercially available (BEIA-CMV IgG Quant; Bouty, cod. 21465) and a gB

(AD2) hCMV IgG ELISA, also commercially available (CG3 antigen Biotest AG,

cod. 807035; Fig.1A).

Briefly, breakable strips covered with an inactivated hCMV protein mixture
(derived from the laboratory strain AD169) were placed into microplates and
incubated with B cell supernatants diluted 1:81 (10 upl of supernatants added to 800
ul of sample diluents of the BEIA system), and the plate incubated at room
temperature for 30 minutes. After a washing cycle, pre-diluted monoclonal anti-
human IgG antibody conjugated with horseradish peroxidase (100 pl) was added and

plate incubated at room temperature for a further 30 minutes. After a second

washing cycle, pre-diluted substrate-TMB solution (100 pl) was added and the plate



10

15

20

the Stop Solution (100 m/well) and the optical
density was neasured in bichromati smat 450/ 620
wmaovenetses S. Production of the culture of i MmoPCEHEPDET064094
human B cel |l s Peripheral bl ood nononuclear cells
(PBMCs) were obtained froma pa%i ent recovered from an
acute hCWwW infection (CW7) sel¥*cted because of the
presence of hCW-neutralizing antibodies in the serum )
wah gncaBgted o Pl tﬁ@aﬁt%wepfpbdgs@wwhé Hepmiansway sippped using
CW7 patient were subsequently exposed has been
thpeBfopr Bethtamac ¢f &0 ng/wdl)t hed t hachpingd dénsity was measured in bi-
PCT/ EP2005/ 056871 . Briefly, PBMCs were purified from

chpemiafbaraaldsbleaodabymemnpyent i onal density gradi ent
centrifugation on Ficoll/Hypaque. CD22-positive cells

PIBlGethonQ fah & By ik RO b S R M TBMER LTINS PMI 1Y) Wi th
ant | - hunman CD22- coat ed beads by the Vari oMACS

trr:ﬁuhﬁegg}lﬁ%ra(ll\ﬂllofﬁxﬁgxoino%:uﬁegg clce:lg l‘(ﬁBﬁ/szjevif rlrelrroatie[gltngg f%moh%ha patient

urer. pur S wer

re?@geggg i,fpo%g)i@%?aﬁgge. haﬁ ~e?£f3$t§0% gév\é%)%@ggq @%%ué%pf the presence

were washed with fresh culture nedium (RPM - 1640) and

oft IMeMY -sentraiajeg antibeghes/inetheisehsd. The EBE pomprtalieatioa process to
Wi th anti-human | gG coated beads by using the

whehi RBMCS freah@MMIE patititteergi suBsatueatly rapdsedf lodsl mawinngerformed
the manufacturer's instructions. The sel ected and

acbidbt ab @He ¢&@lchmgsesfepsuaENdsd) 58841 NBHBHR PBACH were purified
RPM - 1640 cell cul ture nmedi um suppl enented with 10%

b/ VperlptRta1! RAGHd VEY edoflentbohet Ansfrp! forRREM™M contrifari
1rsodlI%Jer1;1ﬂ3pyraluvat e, 1@% m?:f@ 1st r ept c?r'?y [ r%rand 1OcoenU/lﬂ¥|a fonon
peni.cillin, \j\R,24-well plates.at 3 and. 5% .
FRE gt o PIadioo s e e A g Tes B G 9% purity)

super nat ant %[1: 1 v/v for 16 hours). At the end of . .
withenprigieas CD2Recqatrtobeeds ibydle ceriod e deteabrinee (Mikgnyi Biote

freshcul ture medium (RPM 1640 added wth 10% Foet al
InCal s Sexcaibpd drydthsumanwfaciwir¢rurlhe purified cells were stimulated with a
combination of CpG2006 (Coley, 1 pg/ml) and IL-2 (Roche, 200U/ml). After a 4-
day stimulation, cells were washed with fresh culture medium (RPMI-1640) and the
B cells were highly enriched in IgG-positive cells with anti-human IgG-coated beads
by using the VarioMACS technique (Miltenyi Biotec Inc.), following the
manufacturer’s instructions.

The selected and stimulated cells were suspended and maintained in RPMI-

1640 cell culture medium supplemented with 10% (v/v) heat-inactivated FCS (Foetal
Calf Serum), 1 mM sodium pyruvate, 100 pg/ml streptomycin and 100 U/ml
penicillin, in 24-well plates at 37°C and 5% CO2. The EBV immortalization was

performed using B95.8 cell supernatant (1:1 v/v for 16 hours).

At the end of the process, the immortalized cells were washed with fresh
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for 3 weeks at a density of 1.5 x 106 cells/m in 24

well plates with a feeder layer (irradiated allogeneic
woBMR0sBedled at 5 x 105 cells/well), w thout Cp@OPRI7/064094

(and not with CPGQ006 as described in

PCT/ EP2006/ 069780 for the process started from PBMCs

obt ai ned from CW5 donor) Sel & i on of subcultures of

imortalized human B cel Il s that secret

cidaie madium 5 PRk i@db@%edpwﬁh d8ro Hagtsl Qﬁkfeﬁer@mwg@ pat iy culture
EBV, the hCW neutrali zi ng activity was confirnmed in

for Bewealgautdaads:nqam gLl onall0cekblls/oulin Hewall tiiatehavith a feeder layer
AD169/ HELF- based microneutralization assay descri bed

(igbdived dlhgrncichPBRE! kscdadra 5 &edEdcdls/wél)e eitiueat JGI006 (and
irradiated (30 Gy), allogeneic PBMCs (50,000/well) in

n&%ﬂ%ﬂd‘é@%%%@ex\%é&ml@&’tr}i@o@@ﬂ)@?@o ?@ﬁ@l@tﬂr%e@'ﬂa@&d from

aci ds (NEAA, diluted IXfromaI@X commer ci al stock

Pf?ﬁ‘(ﬁstébiﬁ‘ SE AT 83 £o8ebtr Tuor s were gonerated and,

syiclin 21 wRERT o 2T wieRer BRI, A e EulBH natinies ACMV

of cell cultures that presented grow ng and aggregated
nepgtalgingegrdiiogétsed in parall el using the hOW

neutralizati on assay based on HELF cells and hCw

st r drifticADlB9s afle sypsuratamiBV,0thec 8CM ¢ uhdutirabigitghattivity was

presented hCW neutralizing activity were tested using

cdnfemih | BAGhef @ipadl@%@cfilv@'glolﬂ'aﬂ@bngclﬂﬂcurbumﬂ th€@ A1 069/HELF-based

regions of the gB h envel ope gl ycoprotein, or total

mﬂ}i&% d?{ag{zﬁh a‘l?%“de@@r@'be%b%g e, NTE&{ & YEhY wR s@ded at 20

WEr e genera
G ut at hi one- STransferase (GST) fu3|on Brotelns In
cedigsrclbpntiedigBidag)- Gr dlaereein PRMESdBO0RHIrRIbo; H%ihttl IMDM
region fromhCW strain Cl194 was fused to GST
addBdobebiIgy FCR andlmonREss8didd; ardnodidiGepMEAREe diMfutedilXy from a
purified, 1 nmg/m). In the case of gH(Ag)-GST anti gen,

1(38(?5 chhRTERL stk sBRItDE, HuYSOBHLOY Bl theOfb sk dMostha00dRhd 1L-2.
A total of 4224 subcultures were generated and, after two weeks, 50 ul of the same
medium were added. After a further 1-2 weeks of culture, the supernatants of cell
cultures that presented growing and aggregated cells were tested in parallel using the
hCMYV neutralization assay based on HELF cells and hCMV strain AD169.

The supernatants of cell cultures that presented hCMV neutralizing activity
were tested using the ELISAs for detecting binding of human IgG to regions of the
gB hCMV envelope glycoprotein, or total hCMV proteins described above.

Alternatively, gB- or gH-based antigens were generated as Glutathione-S-
Transferase (GST) fusion proteins. In the case of the gB(Ag)-GST antigen, the gB
immunodominant region from hCMV strain C194 was fused to GST (BioDesign,

Cat. No. R18102; GS-4B Sepharose Affinity purified, 1 mg/ml). In the case of
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was cloned by PCR, fused to GST gene, produced in E
coli and purified fromthe bacterial cell |ysate on
wo bmshoasie of GST affinity. The reconbi nant gHAEPBBT064094
antigen corresponds to an in-frame fusion between the
gH ami no term nal region (am nqg aC| ds 16-144; Fig. |B)
fromthe hCW strain VRI814 and/GST. GST al one vvas
used as ative control. These ELI SA were perfor
A REPYi mglgsnct@mnanr shths g gdpeonratein oBHGMV stram VR1814
format with mnor nodifications. Briefly, the antige
wis cldined tbedP@R, Pused/trd GBH geBS produsdl m Eofoki hind mlrifte@li from the
solution (containing 100 ng of the bacterially
bax@isstdlyisiei om the dasisngf G uffdtyl. OrheC eabinitgnddt At H(Ag)-GST
pol ystyrene plates (Nunc; Cat No. 469949). The coating
arﬁ%gtegl-déésﬁd)@&seﬁ) w@%n%ﬁﬁ@ffﬁﬁgn Q)\é?v‘}éEngme ?ﬁﬁ eﬂiﬁnot f3final region

er el |n1nat|ng t e proteln sol ution, e p at es

a\rl\nenrle a0 q%dloiégg;r /g o lgﬁ%rom @Wstr&%n\zﬁiglfﬁ 5’1];({) ST( F%JE%SF alone

con al ni ng ween trea

eci fic hinding was perforned by then dlspen5|ng
W?LSO eﬁlasli’ggaE?S?}?%tgﬁlng 1% of mlk in each well for 1

hour at 37C. After four washing cycles with 150 m of
washlBse IS Asovon¢ peffosnpe biatnphyigsts epmawin) EELFA urretpcol in a
were incubated in each well for 2 hours at 37 0C,
Sassweld) f&itnat witke lInhinof ntoldeficaelohns.clititflly ethoedtigom as diluted at 2 pg/ml
negative control. After four washings cycles, 50 m of

int PBSS@&EP Bl o fNhisPebYeih dRtiN (EorMiBi |1065I{ ©f the bacterially
specific) antibody conjugated with horseradis

SLQXY 48s ‘?%H{e\gsl Qs 8004 i BYlsBirend) Nunc; Cat
B S ST e o 4 Byt R D A Bl W?Sa s Ca
wey | hcubat ed for roomte ature, .
NPoafo LG FR% Rar sk Eﬂégéye & oS IRE R e S hen.
was devel oped by addin g of Substrate-TMB (
afierelinyigiingE niyoHah »P Wi i08: tl@. Rjpss Ve warped ﬁmmes Wth 150 ul
each well for further 30 m nutes at room tenperature. '
ofTWéasbhBoffogéRBS ewmueiningn 0o sifobpedn2fy. di sppetséntgforoblocking
m ofstop solution (IN Sul phuric acid) into each well
uspdcifidebinginpomds plefshnicd dyashehedishaiking 100 ul PBS containing 1% of
milk in each well for 1 hour at 37°C. After four washing cycles with 150 pl of Wash
Buffer, 50 ul of supernatants from cell cultures were incubated in each well for 2
hours at 37 °C, using 50 pl/well of the cell culture medium as negative control. After
four washings cycles, 50 ul of the secondary antibody [goat anti-human IgG (Fc
specific) antibody conjugated with horseradish peroxidase; diluted 1:30,000 in wash
buffer; Sigma, Cat. No. A0170] were dispensed in each well and plates were
incubated for 1 hour at room temperature. After four additional washing cycles, the
enzymatic reaction was developed by adding 50 ul of Substrate-TMB (3,3°,5,5°

Tetramethylbenzidine; Sigma, Cat. No. T0440) in each well for further 30 minutes at

room temperature. The chromogenic reaction was stopped by dispensing 100 ul of
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450 nm Results Human PBMCs were obtai ned froman hCwW

patient (CW7) presenting a significant hCwW
woemsnalsieati on titre in serum (50% neutral i ZaPCDRPAD7/064094

1:105 dilution), together with a strong reactivity in

an ELI SA (positive at 1:64 dilgg%on a sanple is

considered positive for the pr nce of 1gG anti-gB at

1/4 or her d|Iut|ons) based on the binding to the
StSAIDEO]dlélﬁﬁl g§1 dtIphyije apidotiioreagh verlbard thenenty ensity was read at

antigens best characterized as eliciting serum
450enmr al i zi ng anti bodies (Qadri | et al, 1992; Kropff B

et al., 1993), and cloned within the C& antigen (Fig.
RéAts Moreover, the CW7 sera was positive in another

ELI SA using the total hCW virion proteins, where an

act i M f¥n PBMe s A oﬁlﬁﬁﬁem%ﬁﬂraﬁ%éﬁ\ﬁ?ﬁpﬂ%tﬁ (C3M C\I\]/k7/) Presentlng a

consi dered positive for the presence of anti-h

Waﬁth%dﬁ%ulneu{rﬁhzatl l 86[l§1!;e 119 sAeliyurrH ) 550/ Celeu’?’ra[lz 0[1011 Oa% 1:105

atient wer or generatin
ol Ional cell culture hi e
difitighs e ieE Wit BEORg rﬁ?fé%eg%aa%h‘ﬁ?%?erwséh It dilution a
met hod di scl osed i n PCT/ EP2005/ 056871 and
sapEte BP2XO061A963l7 8ositive nigartbe rresankf sofi @ emntidgl uste 4, or higher
di scl osing the selection of anti-hCW anti bodies from
diin@tnls g bastanon ti{<Chvivid)ing tdhéhes AlRUHOmA®S ofeglgcqprefear &J one of the
fromthe original bulk, polyclonal popul ation of

h@ ROk td dng e sC@lak fotérizddha ARsANCOreh fREdNBandibbirs (Qadri I

super nat ant s mere first selected for the presence of

ct31t I@@Ql i@o '12|1@§ A%&f(&/‘lt\ﬁ#ﬂ YhebFGShgntlgen (Fig. 1A).

croneutra Zatl on ass y after

MRl S%ME ot %ﬁgip%l ﬁéi%aﬁfé%faﬁ%i% Bind e " nemv

subcul tures whi chproved.to be actively grow ng
Vigogs PEHSIngf wehar simpractivifers BF abiimbireas m@sured (a sample is

considered positive for the presence of anti-hCMV IgG when the result is at least 10
AU/ml)

B cells from the CMV7 patient were used for generating an immortalized,
polyclonal cell culture highly enriched in B cells that secrete IgG using the EBV-
based immortalization method disclosed in  PCT/EP2005/056871 and
PCT/EP2006/069780. Compared to this latter document, disclosing the selection of
anti-hCMV antibodies from another donor (CMV5), the subcultures were prepared
from the original bulk, polyclonal population of immortalized cells in the absence of
CpG2006 and the supernatants were first selected for the presence of antibodies
neutralizing hCMV infectivity by the microneutralization assay, and only after for
antibodies binding to selected hCMV antigens.

The hCMV microneutralization assay was applied only to subcultures which
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supernatants fromthe 324 wells were first screened in
the hCW neutralization assay, 20 supernatants anong
wo bms®o7wes e found to reduce the infectivity of PCIZER2007/064094
AD169 strain by at |east 40% Wen characterizing the
hCW bi nding activities in the;}; wells, only two were
found positive for gB (either C&3 antigen or a
gB(Ag) - GST fusion protein), none for gH (
prgﬂedxgy _sFetiyly qroping siit Chisgrs 1o8) cells g iswwdqﬂ af gglfure. The
neither of them (Fig. 2). Due to the | ow nunber of
supetragantiftanal thy Bdedels iwereadtst wetden¢@0n ctbk | IIMB Inpytralization
each subculture presenting hCW-neutralizing activity,
assig Ul 0 sthd @A t¥n ti9 radebihpethdod Ok ® falndatit +diade ese (fe&ivity of hCMV
secreted by cells clonally originated by a single,

A@H%@'sﬁ‘aﬁl b?@ﬁéa@i hged Wﬁéd %har@@t@ﬁﬁ'n@'thé‘ h@INOLih 8ol R¥vities in
requency o ~cells in the imortaliZzed, polycl onaﬁ

oS TR 88O AR S ETsT e o
d f hi :
LS 6L B, 8 ST AT R GBFTELE s

Met hods ExPansn on and characterization of the 26Al
1B isad 1 8uydlsTiee neigh¢rofitheym(Fige 20r i gi nal subcul ture 26Al
wer e expanded on irradi ated all ogeneic PBMC in | NDM
medi Doe (addebwintimbe0 o E€lS antdalNEAS)dedamdeachendITRRO cells/well),
neutralizing activity was confirnmed at |east twce

el kisculitiks R¥NAMSIORCMEhdsdalgingh@ctaMy/ should hkelil produce
m croneutralization assay, as described in Exanple

bR TAR e THE AURMI bPLLNE RO ARRLRIAS, BURE scinic

mtrpﬂl ﬁ%‘ﬁetd %sg)leg%ggljl_ge}g%lh h%tzl!QVS g%%%f%gé‘reﬁui% Ahek iirglrnortalized
accordi ngf tO t he manufacturer's instructions.

ralyplenaisecTbpopHation Mrat i ek pesdsd R8T e neAEE h@Mﬁj ngutralizing

commer ci al assay (Peli d ass human |1 gG subcl ass ELI SA
Ig§pivirthki exparodent#ROEvMIGStericslesiRDEd to confirm this assumption.

Example 2: Characterization of the 26A1 antibody

Materials and Methods

Expansion and characterization of the 26A1 subculture

The cells from the original subculture 26A1 were expanded on irradiated
allogeneic PBMC in IMDM medium (added with 10% FCS and NEAA), and the
hCMV neutralizing activity was confirmed at least twice during this expansion step
using the hCMV microneutralization assay, as described in Example 1 (see Table 1).

The amount of antibody secreted by the 26A1 subculture was determined at
24, 48, and 72 hours using a commercial quantitative human IgG ELISA kit
(Immunotek; cod. 0801182; Zeptometrix Corp.) according to the manufacturer’s

instructions. The subclass of the 26 A1 antibody was determined using a commercial
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Di vison of Fitzgerald Industries Intl.). The cell
culture was gradually expanded by seeding the cells
waeonsarmed in 1 well of a 96-well plate (~ 1 xPADBP200TI064094
one well of a 48 well plate on irradi ated all ogeneic
PBMC in | MDM added wi th 5% FCS. After 5-7 days, cells
wer e expanded in one well of a494 well plate in the
absence of feeder layer, in |VMDM added with 5% FCS
asyie AP el ieppss hpmar Igﬁwysw&% eonli-kih Gds #RENMJpat @b, RDI
in the absence of feeder layer in 50% | MDM and 50%
Dyt efolitegSFNG (@Gilistogs kmold. 12045- 084) added with 2.5%
FCS. Cells were cultured in these conditions for at

| easThobell Wekkre WxpornbilalekparglcdVibingeceiedd thewss1B don@dined in 1
washed and cultured in T75 Flasks in Hybridoma- SFM at

wéll W& SRLL &l I ffte" @N9i g ofy ﬁfnoﬁe )Qx/e'llp%ftao 4@0\%1'1“1)121@9611 arradlated

culture supernatant mas col l ected, the I'gG quantif
n n al yzed t
BB PR B U W, SO RESPIARE S20RA gpi wre
t he ti body et the 26Al subcul ture Th .
e@épsi\e%tmon@ aqihebd f‘ﬂwﬁ disa Setetiepc ek é%féietityeer in IMDM
described in Exanple 1 i ig. 1 and 2). The HSV assay

addgd wikh 56 HEdP. é'&ltﬁ‘@t gty (3 & 10ém))i wercaplatas @L&@é/ﬁtleplge in the
et al, 1998). The hCW pl aque reducti on assay was

atpendco pfiEfdedssi hget e JOCOMMIDYE Andt §@ionHyBridehhysFM h@ibco, cod.
virus was diluted to 1000 PFU reaction. Equal amounts

140251081)) adaied Wit h . sMAFesC Tcantw Bedyul@fed &4 lth&d! ddid@ions for at
supernatant were m xed and i ncubated at 37C for 1

P I e e

our

t, 37 t ti bod t
FIRNG o dRr g -Eﬁeﬂ@?aa'se"ootfgmrg %r? rt%ﬁtgﬁéﬁf%ﬁr@m@%i@aml Cell
to the |nfected cells. Plaqu unt ed_as
CURIES BHBCTOR A B PQ/lllftciffedatthﬂaI)quGlué?tlfi%@&i PTlisck PBrProtein A

columns, dialyzed against PBS buffer and filtered (0.2 uM).
Characterization of the antibody secreted by the 2641 subculture

The BEIA-CMV, gB-based, and gH-based ELISA assays were described in
Example 1 (Fig.1 and 2). The HSV assay was performed according to the literature
(Laquerre S et al., 1998).

The hCMV plaque reduction assay was performed using the hCMV ADI169
strain. Briefly, the virus was diluted to 1000 PFU/reaction. Equal amounts (0.1 ml)
of virus and each antibody or cell culture supernatant were mixed and incubated at
37°C for 1 hour. The mixtures were added to HELF cells monolayers (in 24-well
plates) and allowed to adsorb for 1 hour at 37°C. Then the antibody-virus mixture
was removed, and 1% methylcellulose overlayer-MEM-2% FCS was added to the

infected cells. Plaques will be counted as a measure of infectivity at day 10 or 12
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The 26Al cell culture supernatant was tested in
i mmunof | uorescence on noni nfected HELF or HUVEC cell s.
wa@edoshigps cel I's (7 x 104/ M) were seeded on  PCT/EP2007/064094
gel ati necoat ed gl ass-coverslips in 24-well plates in
MEM added with 10% FCS and then grown to
sem -confluence. Cells were théd washed twice with
warm PBS, fixed with a pre-cooled (at -20 0C) m xture
WU$1%@@@%%etone/50@bnethanol for 1 mnute at room
tenperature (RT) and then washed with PBS. Fixed cells
wer ellpelovbhlob]l icobdron uplkriGut 8%owasi testad Xa 1@ unefleBS s€@rce on non-
20 minutes on ice, washed with PBS and i ncubated for
inf&etéd AR o el URTE Wictlins. BAXfBE kieng (B &l 10t indly WPBScaddearh gelatine-
with 2% FCS). Alternatively, fixed cells were not

cREEITBARL Lh¢&dlip L ideLar M %@at&g]?n AAPRPLIALY wh 10% FCS and then
ant | Bodi es to recogni ze cell surface corrponents I'n

grt]pwnstfcg%ﬁﬁ con hxgtg €. %h? V%r ?h WaSh %d twgch P%?’w tt%(ed with

esa

o Bireane! blodd v 2 ftau?%eﬁﬁ?bfc‘e&%e Y0 STl ot o

Cells were then washed with warm PBS (3 tines) and
tenwerasatce® T ¢l denmyvaged pyvificPEshi j E}gg@ sdlly asie permeabilized with

anti-human 1gG F(ab')2 (Jackson | munoResearch), to
0.2¥vadkitdrh& - hilmanP B§Gos LI minugesasn gree evasbal outh. PBReand incubated
secondary antibodi es were diluted 1:50 in PBS added

ford 15 BiRke Beerm §GthandbRidat tsondtha ¢PBESaddd 1v1hpw_r% FCS).

at 37 0Cin the dark. Then, cells were washed with

&%&EQ?O(%?H' Efél?s) v&%?éj P%g%%ﬁéabcigl%({]Qﬂ Pl iRk o[Hé ddaBQ?)lhty of

e coverslips

d he Mb

%&?m é%%%%?&fé"ﬁ%?va%@@%sa%ﬂ'm%ﬁé%sqaefh y Cs%””% &g cells were
mpus Fl uovi ew-1 X70 i nverted, confocal | ase

W%%lgﬁnwe Prﬁl Trigsebsed fohdp dBrwEsszat REnvih azbwckm@@olutlon (PBS

DNA/ pr ot ei n sequence and reconbi nant expression An
adalet quictt 2%f FERpand incubatetluvigh 2643 wetli audfufa supetiegant (80 pl), for 2
expansion of the initial 26Alcell culture, was used
hc?i\%/f_b aBeTBENCENgwefe thee WAaLtARIG weeh PBS BftifiedwidGh@itited with
80 ul of FITC-conjugated rabbit anti-human IgG F(ab’)2 (Jackson
ImmunoResearch), to track the human IgG staining as green colour. The secondary
antibodies were diluted 1:50 in PBS added with 0.05% Tween 80 and added to the
cells for 1 hour at 37 °C in the dark. Then, cells were washed with warm PBS (3
times) and counter-stained with propidium iodide (0.25 pg/ml in PBS; Sigma) . The
coverslips were mounted on microscope-slide using the Mounting Medium (Vector
Laboratories). Images were recorded with an Olympus Fluoview-1X70 inverted
confocal laser scanning microscope.

Characterization of 2641 IgG DNA/protein sequence and recombinant expression

An aliquot of the cell culture, resulting from the expansion of the initial 26 A1
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and |light chain (VL) of 26Al anti body according the
t echnol ogy established by Fusion Antibodies Ltd.
waredoBeto©f frozen cells (containing at | east BO/BPMO7/064094
cells) were used for extracting total RNA The
correspondi ng cDNA was produced by reverse
transcription with an oIigo(dTﬁQpriner PCR reactions
were set up to anplify VH region using a mx of 1gG
cedhelfyrec wap jured o mﬂlewmgé@}g A airtehlcaragisnsosf h@w chain (VH)
primers. The PCR products of two anplification
andeighi ohsnwerle) of 6ed astibalya a&xodiREg thestechuelpgy estabéished by
in a sequencing vector (pCR2.1; Invitrogen) and used
Fision Ahabsdies mtdoPelR 6F froz&0tdllsc@bh&iniA at @ast 56,600 cells) were
sel ected col oni es obtained fromthe two

u%ﬁ%?fegfrg@tﬁﬁgﬁﬁamm Prickegrandnanal M3RA R¥s produced by reverse
sequenci ng. The resul'ting DNA sequences were al i gned

nsI u n [.n .
w0 obiERS B gd@[ %& R p e R T i%@n}pﬂsfy Ve
NO. : 4 and SEQ , resp ect|vel ) and VL. 26Al
reRISmOITIPE r@omlxs})famﬁ eeelﬁe menersmn r\éﬁ peatany withy a migeof Igk/A
VH 26Al and VL 26Al protein sequences were conpared
pramdrsallihg RECR wireducseqiiene esppifeston reavtidas alzas ebnied usihng a Eco
public domain (using GenoneQuest, GeneSeq, and EB

ROatabiases) siteThe £DRyuehdh@ct&@tdZi(PORYH; 26Aditrd Al d fi
NO : 5, 7, mé%d 8) ang VL %6AI géé% 1D NO. : 1£f§5%; aﬁge .

tréﬁoﬁlﬁgqldpﬁ)egug@pgg jgvere predi cted by the | MGT

dat abas (G udicellT Vet al, 2004). Reconbi nant hunan
26AI Ional nt|b d X ssed in eukar
2O AR BB AL AR B Gl Sons wers

cha arlabl regi on sequences i.n the sane expression
pig %4 | ang ve‘éid?y STHERFHEN g Kesulighy BEb ARHUSE Ceonsteatitened and
ons (for human 1gd@ heavy chain and human Ig
trqua;ﬁeé

od inthairalein sequinac ¢aadrapingroteasesais N Aadiidopiotgn sequence
expression of both antibody chains. The conplete
fosatienae (SEQeHYMNO nadrindE@AAD26Al: Myvagpetondl) amt VoA 1 (SEQ
in the vector was confirned by
ID NO.: 9 and SEQ ID NO.: 10, respectively). The VH 26A1 and VL 26A1 protein
sequences were compared and aligned with sequences present in databases in the
public domain (using GenomeQuest, GeneSeq, and EBI databases). The CDRs
characterizing VH 26A1 (SEQ ID NO.: 5, 7, and &) and VL 26A1 (SEQ ID NO.: 11,
12, and 13) protein sequences were predicted by the IMGT database (Giudicelli V et
al., 2004).
Recombinant human 26A1 monoclonal antibody was expressed in eukaryotic
cells by cloning the consensus 26A1 heavy and light chain variable region sequences
in the same expression vector, already containing the corresponding constant regions

(for human IgG1 heavy chain and human Ig lambda chain) , and a dual promoter

vector allowing expression of both antibody chains. The complete sequence of
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DNA sequenci ng and used to transiently transfect CHO
DXA4 cells (Derouazi Met al, 2006) that were adapted
WO 200g0TM0¢ N serum free suspension cul ture and BERHRIHOA064094
1 x 106 cells per mM in a 125 m spinner flask. The
transfection was performed with _a m xture of 300 ng of
expression vector with 900 ng &P Ii near 25kDa
polﬁ(eth Ienininei. Cells were_ incubated at 370C in 5%
reegy mane%&a%l POAL Heospslawdr atibody el acetre Wsdranfirmed by
was harvested. The reconbi nant anti body was purified
D&y mepruan&ingtamidrnused doltuammicotly drandfeich CIPH) dxG44 cells (Derouazi M et
chromat ography unit follow ng the manufacturer's
algtonndarictht pvgdaped thesel tis sépngst dubeersoacel ltwe @sd seeded at
contai ning growi ng and 1 gG secreting cells, the cel
1 QUlo? YERs PURAT NAS 885 $n1Qpirfh ek EWsIOf THEMFMA WEIperformed with a
anti bodies that neutralize hCW infection but did not
resent ignifigant hinding to the,s ific .
R il St 1 BERE BN "G B B B Saot digr 25D
nd 2). In particular, .the 26Al ulture, that .
TR, géﬁl,fs SHEdRe R ds 335@%#% fiGrelor 6 days in the
reproduci bl e hCW neutralization activity, and it was
spamess eHagkorbeforgoihe aeadad |veth menesigdarThendcasndhingitc antibody was
characterization. The binding of the IgG present in
purbfécdsupeg nadtratetin G colu6Adn glddatd Pumee ¢loolmGMgrayasy unit following
confirmed using an ELI SA containing a m xture of hCw
the 4 rRifNSucBE! sherdWM proftarhive. sane tine, this
super nat ant showed a significant hCW neutrali zi ng
RAGHAVIity against different hCW strains in two hunman
_%%%T cell systens (as shown in Table 1). This activity

was not observe en the supernat.ant s.used.in a
Lo Aot B iR o RaRRE LG ARt 3 ar et b By, the cet
subcul ture has been expanded and further subcl oned .

culfurp sepfmafeREy P eoferopt them icostamsithantdbpdics that meptalige hCMV

of expression of hCWneutralizing,
infection but did not present a significant binding to the specific recombinant

antigens gB and gH tested by ELISA (Fig. 1 and 2). In particular, the 26A1
subculture, that secretes an IgG1, showed the stronger and more reproducible hCMV
neutralization activity, and it was chosen for a more detailed molecular and
biological characterization.

The binding of the IgG present in the supernatant from 26A1 subculture to
hCMV was confirmed using an ELISA containing a mixture of hCMV proteins
(BEIA-CMV). At the same time, this supernatant showed a significant hCMV
neutralizing activity against different h(CMV strains in two human host cell systems
(as shown in Table 1). This activity was not observed when the supernatant was used
in a HSV-specific neutralization assay.

Moreover, the 26A1 subculture has been expanded and further subcloned at
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human 1gd. In fact, anongst the wells show ng cel
grow h, all displayed a neutralizing activity ranging
wo es0dB0d 0 98% in the original ADL69- based aBSHEP2007/064094
confirmng the results obtained with the original 26Al
subculture. The cells in the orjginal 26A subcul ture
were used for scaling-up 1gG production, generating
ro reSS|ver | arger cul tures f r om whi ch | gG can, be
wicllsived]l dpacerdgpedts manosienakibays. torgs get cxprasgieesof hCMV-
were generated by gradual ly expandi ng 26Al culture and
naitiafizimgt i mgnaodeGl edui faehearhengsorthgrweelh showoed Icell growth, all
culture (such as feeder |ayer, Foetal Calf Serun).
displaped thh&itappin@asttivityt rar@snd ErpnSor &t e hathd arigeal AD169-
cell cultures generated fromthe original 26Al

b%@@%b’éa&u&%fﬁ%ﬁﬁg%& 1Qts éﬁtaﬁleﬁ%@ﬁﬂ{er SHidifA ﬁAﬁ?@Jc%ure
i /106 ce These | arger cultures shome

Fg;glrllhngc éfst 1o ?th %ﬁ}éaz t2r6‘:1 | ZSIu{P]%ulEur? %ené:e% or sca %%rup IgG
intained in culture. f nor e than .
PIRABE I P AFTRURE LRSS Véarrgsbgalﬁ%faﬁﬁ t‘n@* Jgiagan B¢ purified
anti body, in the formof human 1gG purified by

angf feptertip hKRYIYnessar dprgerfaubitrasavgie gsicrated by Lﬁf@duarhbreeXpandmg
26AI 1gG was tested in dose-response experinents to

2@5k esburchmndcdimoenatingtsoor requjuemends ffor gialethiinhicHi dultmne (such as
(inhibitory concentration 50, or 1C50) of hCwW

febfdre flyler, i Fystalu€lalfySEMEN)2ISAYS thist pptbddterieRbas demonstrated that
conbi nati ons of hCW strains and hunan target cells.

ladgke Jeﬁswl{'u?ess E%gtetdhf%mtéﬂg & @&Pts{lgt%dl‘é%glge?rgté }gSGl at a

activ e Proteln A-puri natur

nelther cel Vi r str ecific, a can
RGBS RN | Lot F@Oasce@.so Shgersotrgachowed a
of approx. 1 ng/m and a neutralizing effect
daybbingatimicngl H009ys, nevsot in 4ke apscr(cri gf fayder iager, and the hCMV
conparing the neutralizing activity of the Protein
nortplizidy @divitgtwisahaidGihed mGoMutrd fdhabreatham 2anoms.ci al
preparation of hyperi mune 1gG (IVIg) agai nst hCW

(Cyt aheHGMB ﬁ&lﬁiﬁl]}zaﬁgﬁ“a@ﬁystﬁ&e@ebéﬁt@@kmﬂﬁﬂieaﬁ@A1 Antibody, in

HUVEC cells, the 1G5
the form of human IgG purified by affinity chromatography from large cell culture.
The 26A1 IgG was tested in dose-response experiments to assess the concentration
required for 50% inhibition (inhibitory concentration 50, or IC50) of hCMV
infectivity, using two assays with different combinations of hCMV strains and
human target cells. The results showed that the potent neutralizing activity of the
Protein A-purified natural 26A1 IgG is neither cell-type nor virus-strain specific,
and can be evaluated quantitatively as providing IC50 values of approx. 1 ug/ml and
a neutralizing effect approaching 100% in both assays (Fig. 3).

When comparing the neutralizing activity of the Protein A-purified natural

26A1 IgG with that of a commercial preparation of hyperimmune IgG (IVIg) against



10

15

20

26Al is 25 fold lower than that required for this
commerci al preparation, denonstrating the potent
woemsnalsdei ng activity of 26Al anti body. |n orBer/EPMO7/064094
exclude that the neutralizing activity present in the
supernatant fromthe 26Al subculture is due to the
binding to a cell surface noleééle t he super nat ant

was tested in inmunofluorescence with uninfected HELF
produced by 26Al culture does not bind to the
26/l nise @6 edio ldudewer ehhss . thahereqtiited sfore tloel torsmperialatpaeparation,
dendrishatg dieepotont nduitiadi zEigCortivitgtoFiZes 1( ft®od4) |
i ndicating that the 26Al antibody |ikely recognizes
i nduci ng the productlon of neutralizing anti bodi es.
gglethmgggll On%l hft%rg A ne tg CEM/ bqg?#[gatlo: %IUPegl gurtface %lecule the
further confirnmed b enci ng |1 gG speci
SUPCHAEY sV Bb i STeth {PBH BRROHrG e ahee gt ffe@@m
callsad gy ayey showed Heptdbe 1eGrmredureddy £oOMmcpgare does not bind to
subcul ture. The resulting cDNA was then used for
for the variable regions of human 1gG heavy and |ight
agalit RSlevARSHEINM Y&tligens The HERoEY Qbes tndt WeTEsitdheproteins (Fig. 4),
[ I r y
SRR B SISO M
PCR-induced error, allowi ng the determnation of
consEhs meneelgnalifyenf thad nqusraligig adrodp| sscickigh Bntde 26A1-
dasfvedheclhuerdtnres Avasndngbeomahfismed bl yseThencdeg ugbcepecific PCR
encodi ng the VH and VL regions of the 26Al anti body

hMV(fvRetesl Biotesthpgripgfsthy cdimiiaddsalptgting A ViE§aeells, the 1C50 of
is tested in ELI SA agai nst rel evant hCW anti gens, the
anotegydcH g ek efat NGk ant ﬁélﬁfblﬁ{hglt D&M RBMEIORR supernatant
Secret e erf ved ce es
F| @t HUVEC

were prepared for RNA extraction and reverse
thangdinfegtadghiiamnd VL Vélegu erec esmeisiehigs\grecitintcisptestedrm ELISA
cloned in plasmds that were used for transforn1ng

R S A A %ergﬁuﬁ%%%Pﬁvv%ﬁlél%ansﬂeb%%%%ce

of the heavy chain (Fig. 5) and light chain (Fig. 6)
productbeobtained from this cell culture. Cell pellets were prepared for RNA

extraction and reverse transcription using cells originated from 26A1 subculture.
The resulting ¢cDNA was then used for amplifying VH and VL sequences using
specific primers for the variable regions of human IgG heavy and light chains,
respectively. The PCR products were then cloned in plasmids that were used for
transforming bacterial cells. Bacterial transformants were randomly picked and used
for sequencing the cloned PCR products. All the clones showed the same DNA
sequence, apart from minor differences possibly due to PCR-induced error, allowing
the determination of consensus sequences and CDRs for the variable regions of the
heavy chain (Fig. 5) and light chain (Fig. 6) of the human 26A1 monoclonal

antibody.
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re-cloned in expression vectors for the appropriate
expressi on of 26Al variable regions as an anti body

wo eagoemste (Fab or ScFv) or within a fully humaPCT/EP2007/064094
reconbi nant anti body having a specific isotype and
subclass (e.g. IgA 1gd, or 1g4). These reconbi nant
anti bodi es can than be tested f%r confirmng the
specific hCW neutralizing activity in the appropriate
assallic scyen¢esHspdingripe nd M arcgiriord tha 20 Adnntihedy can be
was produced in eukaryotic cells as a reconbi nant

rehelomatl i @xphassiohondatgrst fre DRlAaEmopdatagexpnessheawy 26l variable
(Fig. 7) and light chain (Fig. 8) in an appropriate

re@ioRk s Snamtivedy Graghleat (INisSohSaV) wsedttiarn fullgnshesl re@mbinant
CHO cells in transient expression experinments. The

aft BT RAN 2 NYWIBH 2ROy pROARC L@ ssatd BRAY 1883, or 1gG4). These
affihity purified by cell culture supernatants and

ed i n different ays. for neutral i i ON...c:

refbfftal doflebUheRin AR (s thsPaB i 1AL | Pleiric nowv
systemin both microneutralization and pl ague

n EEAT LY 4Y therpRPTPREYREFHYNt human 26A1 monocl ona
anti body efficiently neutralized hCW infectivity in a ,
mannEle csapabaisne himn t Heh Propapelongurntibedy nagurpgoduced in
26Al antibody with a calculated | C50 of approx. 1

cukgtydtic( &¢lly. aO).reddrebinest humen dgpur by etbrahs ohd WNA encoding the
neutralization and plaque reduction assays based on

hehiy fcﬁﬁﬁlnﬁtFig.mﬂﬂdﬂaalﬁém%aﬁf (FEMY it dnddfpgopdiste lepA8Eion vector that
cells, all confirmng the conparable efficacy of both

r . .

A RO 023y T ARG A RR. The
either tural, qr, reconbi nant. hyman ocl aonal.

rep ] PR 203, p P By Ear 04N b TLeaY PO ey coll cultur
clinical managenent of hCW infection and of an

SUREIAM4TE AR@ Ao & Badidterail| assaysafor hCMY neptraligafgon, The tests were
correspond to 20-40% 41-60% 61-80% and nore than

performed with the AD169/HELF cells system in both microneutralization and

plaque reduction assay. The recombinant human 26A1 monoclonal antibody
efficiently neutralized hCMV infectivity in a manner comparable with the Protein A-
purified natural 26A1 antibody with a calculated IC50 of approx. 1 pg/ml (Fig. 9).
The tests were pursued also in neutralization and plaque reduction assays based on
different combinations of hCMV strains and target cells, all confirming the
comparable efficacy of both natural and recombinant human 26A1 monoclonal
antibody (Fig. 10).

Thus, the 26A1 antibody, in the form of either natural or recombinant human
monoclonal antibody, is an antibody that can be used for the clinical management of

hCMYV infection and of an hCMV-related disease.
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5. The protein according to claim4, wherein said
protein conprises a sequence having at |east 90%

WO dmao7isye wi th SEQ I D NO.: 10. 6. The protei n pET/BPR00TO64094

the preceding clainms, wherein said protein is an
anti body, an anti body fragnment,__a bioactive peptide,
or a fusion protein. 7. A proteﬁ3n of claim®6, wherein
said anti body is_a human reconbi nant anti body. 8. A
Wana (2 apd Shomh & (2405 wRercav#l derel St By O8olbhitsts a
heavy chain having a protein sequence at |east 90%
Wiadegn{ ecadl, (2009. SE@re MMO.1:1: $55-5a8md a |i ght chain
having a protein sequence at |east 90% i dentical wth
WaHhd N NQL, (3004) STisTleAptigésl. 6303454i m 6, wherein
said anti body fragnent is a variable heavy/light chain

M%E@B%@iaﬂ}?(l%%@i @ilgimkﬁgmaizﬁpf&agnent variable. 10.

A protein of any of the preceding clainms, wherein said

RSB L R R MR RIPTEREY (e
R S G B L ORI P (he 1o

neutralization of hCW. 13. A protein of claim 12,

Y pimeshatanMsetiad, (W00 Glin £xa Rreorwitel. 84: ety 58f the cl ai ns
froml to 9. 14. A nucleic acid encoding a protein of

Yady Yodt atl.h € (foeclelaid itheuhaitots 16 1R 7-A2.nucl ei ¢ aci d of
claim14, wherein said nucleic acid conprises a

Y666188016E, (T00UNBidtcchBASPro80%01 ptéty with SEQ ID NO.:
4. 16. A nucleic acid of claim15, further conprising
a sequence having at |least 90% identity with SEQ ID
NO : 9. 17. A vector conprising a nucleic acid of any
of the clains from14 to 16. 18. A prokaryotic or an
eukaryotic host cell conprising a nucleic acid of any
of the
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claims from14 to 17. 19. An host cell of claim 18
wherein said cells secrete a protein of any of the
wa@b@sopishe om 1 to 12. 20. Use of a nucl ei ¢ aci BCDEPANY064094
of the clains from14 to 17, or of a host cell of
claim18 or 19, for producing a5 protein of any of the
clainms from1 to 12. 21. Use of% protein of any of
the clains from1 to 12 for the preparation of a
conposition for detecti ng,C]PAEMSDng, i nhi biting,
preventing, and/or aneliorating hCW infection or a
1.hC\W-pretean edngirsews e.seg@encA hdvergpe itast 90pr ofemyikactithc SEQ 1D
or diagnostic conposition for hCW infection or for an
hCWor:ed. at ed di sease, conprising a protein of any of
the clainms from1 to 12, or a nucleic acid of any of

2.t heried 8iiBinfdceMdld tPclhim 23vhelbig GABRRE L QRKSS ¢ | AHif8s SEQ

22 wherein the conmpositionis for ocular or topica

?Sﬁq:i\]ﬂ:rg\taim%%r_ Sz]élQ Iﬁgﬁpc:opposi tion of claim?22 or 23,

er ‘conprising a f'erent hCWneutralizing

ant | body, an intyavenous i ogl. obul.i ns preparation

3-and) 5 PEHCIRAGOQTGing t%&f?d@u%ﬂ?‘%}n RAFERTREEN COMPE5ES @ sequence
treatnent, the prophylaxis, or the diagnosis of hCwW
i nflevingopt, least 98P0 égﬁWFtélﬁQéDdﬂ@éése, conpri si ng
the adm nistration of a protein of any of the clains

4.f r chhel ptazeib3aaordinguol @iy ofichd poécedimg ofairmbewbb@imsaid protein
from14 to 17. 26. The method of claim25 further

C ONRiihSt B&n?ﬂﬁ‘e_s&ﬁféi &Y Bbfeaddq@Bn @k salediddf ®6@Mhe group consisting of
hCW- neutralizi ng anti body, intravenous

iconpo % | Bli NS SHUERINGD . 9P AR 18NGNiYi ral

5.  The protein according to claim 4, wherein said protein comprises a sequence
having at least 90% identity with SEQ ID NO.: 10.

6. The protein of any of the preceding claims, wherein said protein is an
antibody, an antibody fragment, a bioactive peptide, or a fusion protein.

7. A protein of claim 6, wherein said antibody is a human recombinant antibody.

8. A protein of claim 7, wherein said antibody comprises a heavy chain having a
protein sequence at least 90% identical with SEQ ID NO.: 15, and a light chain
having a protein sequence at least 90% identical with SEQ ID NO.: 17.

9. The protein of claim 6, wherein said antibody fragment is a variable
heavy/light chain heterodimer, or a single-chain fragment variable.

10. A protein of any of the preceding claims, wherein said protein binds and
neutralizes human Cytomegalovirus (hCMV).

11. The human IgG1 antibody secreted by the 26A1 subculture.

12. A protein competing with the IgG1 antibody of claim 11 for the binding and
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

55

the neutralization of hCMV.

A protein of claim 12, wherein said protein is a protein of any of the claims
from 1 to 9.

A nucleic acid encoding a protein of any of the preceding claims.

A nucleic acid of claim 14, wherein said nucleic acid comprises a sequence
having at least 90% identity with SEQ ID NO.: 4.

A nucleic acid of claim 15, further comprising a sequence having at least 90%
identity with SEQ ID NO.: 9.

A vector comprising a nucleic acid of any of the claims from 14 to 16.

A prokaryotic or an eukaryotic host cell comprising a nucleic acid of any of the
claims from 14 to 17.

An host cell of claim 18 wherein said cells secrete a protein of any of the
claims from 1 to 12.

Use of a nucleic acid of any of the claims from 14 to 17, or of a host cell of
claim 18 or 19, for producing a protein of any of the claims from 1 to 12.

Use of a protein of any of the claims from 1 to 12 for the preparation of a
composition for detecting, treating, inhibiting, preventing, and/or ameliorating
hCMV infection or a hCMV-related disease.

A therapeutic, prophylactic, or diagnostic composition for hCMV infection or
for an hCMV-related disease, comprising a protein of any of the claims from 1
to 12, or a nucleic acid of any of the claims from 14 to 17.

The composition of claim 22 wherein the composition is for ocular or topical
administration.

The composition of claim 22 or 23, further comprising a different hCMV-



10

WO 2008/071806 PCT/EP2007/064094

25.

26.

56

neutralizing antibody, an intravenous immunoglobulins preparation and/or an
antiviral compound.

A method for the treatment, the prophylaxis, or the diagnosis of hCMV
infection, or of a hCMV-related disease, comprising the administration of a
protein of any of the claims from 1 to 13 or a nucleic acid of any of the claims
from 14 to 17.

The method of claim 25 further comprising the administration of a different
hCMV-neutralizing antibody, intravenous immunoglobulins preparation and/or

an antiviral compound.



