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WO 2008/071806PCT/EP2007/064094 1 ANTIBODIES AGAINST

HUMAN CYTOMEGALOVIRUS (HCMV) TECHICAL FIELD The invention
WOaR878M0ovel antibody sequences isolated from human B PEEUERAVTHg4094

biological activities specific for a virus that infects human cells.

BACKGROUND OF THE INVENTION Human Cytomegalovirus

(hCMV) is a widespread, highly species-specific herpesvirus, causing

SIgN{iRgNBOBRERATA INS ey M ANTURIYNMPERSAGIOV IRUS (HCMYV)
immunologically immature individuals. 10Several recent reviews analyze

hCMYV biology and clinical manifestations (Landolfo S et al, 2003; Gandhi
M and Khanna R, 2004; Soderberg-Naucler C, 2006a). This viral

pathogen infects the majoritypf g RORYatipnvpridwide and is acquired
in childhood, following the contact with a bodily fluid, since the virus enters

througheendathelal falisand arjitheliahGelia Pithf oRREr Rimesianoes Haman B

respiratory systems, or through the genitourinary system. Seropositivity to

cdIG MM 8 dMRERORIEY RIRANNIUOIRETRE KPR CRINIIAS P IRAE PRI

areas with lower income. Following a primary infection, hCMV can

persist in specific RAICRISROND\G P IIEEYY ENaTlRgENt state,
replicating and disseminating in many different cell 20 types

(haerAatapeietia cplisepithelialreNsyendoihalidkspisa o hilpnaklagisdiandpecific
escaping the host immune system. The hCMV infection is generally

hapympieatic imbesighyrreaplensitceiRCMY infeatinyand dissamisaiipressed or
is maintained under control by the immune system, but total hCMV

incleaiangedslarehrachievadiviifact, hCMV virus has developed efficient
mechanisms that allow viral genome to remain in

Several recent reviews analyze hCMV biology and clinical manifestations
(Landolfo S et al., 2003; Gandhi M and Khanna R, 2004; Soderberg-Naucler C,
2006a). This viral pathogen infects the majority of the population 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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WO 2008/071806PCT/EP2007/064094 2 selected sites in a latent state.

Any situation that weakens immune functions, such as stress conditions or
wQpewfcwiedical treatments, can lead to hCMV reactivation. GFWEER2007/064094

manifestations of hCMV (such as retinitis, enterocolitis, pneumonitis,

gastritis, or hepatitis) can 5 occur following viral primary infection,

reinfection, or reactivation. About 10% of infants are infected by the age of

sehemenths:-following tagigmission from their mothers via the placenta,
during delivery, or by breastfeeding. The hCMV virion consists of an

icosalgdraliualaperRsid WRIGH GaAIRS #uiReRInL3KR-NGtress conditions or
double-stranded DNA genome. The expression of hCMV 10 genome is

speRItOlssivA pieQMAIRt Caserla Py ataanptienal euests thatileadadeitb@ations

synthesis of more than 200 proteins involved in a large variety of

ofbigtogieal activifies dnvialkecitarsabinfBCtinibulaieney, andtamicationRtitis) can

W and Mach M, 1996). The structural proteins form the virion envelope

odbiat 15 BXRBElNraPHRIRX IO ARERIH, iIncRImRIesaly definrdviidaludedut 10% of

glycoproteins that arc homologues of structural proteins identified in other

infarResyidaraiod that gan fgemodisslfislentinkemd Pookain complexSfoWithieim their
the virion: gCl (including only gB), gClII (including gM and gN) and gClli

mOfdeding gid poicand gRYidhedRc g oang Bt ganresifiave been also
used for genotyp ng hCMV strains (Coaquette A et al.,2004; Dar L, 2007).

20 Thanglycoaroteinp ANENRGEM A theomaast ah uneass &pdidogaiber contains a
with gH and gB, have been shown to be essential for the initial interaction

likevezsothebhichby covelrpanddiogdsrll stihaees antheossprusiatly i hCMV

the production of infectious hCMV. For this reason, compounds targeting

g@BngHs Pon et GVecmpificientlydabibitthabtyi priesiioavbytblatkingds to the
the entry of circulating hCMV WO 2008/071806PCT/EP2007/064094

synthesis of more than 200 proteins involved in a large variety of biological

activities involved in viral infection, latency, and replication (Britt W and Mach M,

1996).

The structural 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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3 virions into the cells, following hCMV infection, reinfection, or
reactivation. Treatment of hCMV infections is difficult because there

W RO trapeutic options available. The presently availablePGa/EB2007/064094
compounds that inhibit viral replication (Ganciclovir, Cidofivir, Foscarnet,
Maribavir and others drugs under 5 development) produce a significant
clinical improvement, but may suffer from poor oral bioavailability, low

viPBeNEMothe RIS IRNEAA R GMM veqistanes, (U fawtadions ditheiyiral
targets), and dose-limiting toxicitics (De Clercq E, 2003; Baldanti F and

Gernaat AR08, B iem € arddBeivinGSd2aea) davelsmesns it few therapeutic

preventing and treating hCMYV infection are needed, 10 especially for
opEFAYN@CHMABIOMIBRE IRchidHBS datlIapRPIARBHORRRPINGRIsANAIN inhibit viral
prenatal prevention. In fact, hCMV is a clinically important opportunistic

repAHRERN (GHIM detiente AdiinQrgssciansplan fiesidienisd WigEss itdrugs under
contributes to graft loss independently from graft rejection, resulting in

ddverdydivhansksaedalitys (FitisaXtanth 28y dmad 2817 but helpeiedsinGom poor
number of bone marrow and solid organ- 15 transplant recipients raises

ori1e bikelherd ok HCMW choicakmamiestalignsnsechbahOCVV religitisce (due to
(Wiegand T and Young L, 2006). Moreover, hCMV is the major infectious

mGalsnof hirth dlefegtstsdeh psdngadogossitdelayed davelopaeniceg E, 2003;
mental retardation) which are due to a congenital or perinatal h\CMV

Bindaation siaherpitie by Gos hGNBAineaied Baeihe I Griitiths P and Walter
S, 2005). 20 Thus, it is important to provide drugs for universal

preemptive, prapRylasticonsMviapeaiiie teeatmgntadonexamgadar tie needed,
prevention of hCMV disease in transplant recipients (Hebart H and

eshitseley Ho2 08 iAo dini 220 bn S0MHMBN 13, 200G it padieni&tings, and in
developing hCMV-related neuropathologies (Griffiths P, 2004) or in at risk

prefegilapeiesn(fahieissavt, ZAMN ta preventihe verpisahiraospissivRtdn@athogen
WO 2008/071806PCT/EP2007/064094 4 life-threatening hCMV infection

intelfaepisesanshdednaigsn tranVisiipo et platmackeidchl anmpositions graft loss
against hCMV may be useful for the treatment of other, more widespread

indigeaska tisucioas gartliovastidas andiaing immivrbidisgaset nosisalite (Puius Y
types of cancer), where hCMV is a possible cofactor

and Snydman D, 2007). The increasing number of bone 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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5 and/or can be reactivated during immuniosuppressive treatments. For

example, hCMV is now a human pathogen of growing importance for
WQIR9BIEIS®uch as longterm complications in tumour invasive RESZERH07/064094

immune evasion since hCMV infection may have oncomodulatory effects

on cell apoptosis, differentiation, and migrgtion. In autoimmune or

vascular diseases, hCMV infection may alter immune 10and inflammatory

i feARHARSH FNRt M ot Rlfe 200 o RABIREI GlNaMIBR 65 2006D).  An

alternative way to prevent hCMV infection is vaccination, at the scope of

Provigig-erte GH IR i8R A AY RiPaRHISKPAIARL PRONIBIIRRSy IHOWSMRI, for the
the correlation between vaccination and the resulting immune response is

tr&hitdy widessiepd antoptimrlsplebl aeainesstyateay disingarecilisular and
candidate antigens or 15 live attenuated vaccines) seems depending on

adghatiert PRpaatios keing iasted faharplestione ToamIorEa possible cofactor

prophylactic vaccination strategies arc still under evaluation (McLean G et

arfl/o2QQ%; BehleissVat2@08Nr 1Ry ey iies RppseRilinitadion®ffs. For example,

pharmacological strategies for hCMV infections, the increasing knowledge
hoMyie haskheMyralationshin andiswia paitiseiancs be Micddiespadificas long-

immune response, makesimmune-based therapies good alternatives to

teBDSHhiSL QIt kA pieMeroeXistingsinerapiesfer thensueeessididgieaiment hCMV
of hCMV-associated complications (Gandhi M and Khanna R, 2004).

inReermtlyn 8/ |ongdasnt praiectiabdyonfthe lehaltbuiss af ssMYi fréestionien, and

immunodeficient mice was achieved by transferring virus-specific memory
meeitsn W 2008011806 P CIIERA0PIBEBEOMCMYV infection may alter immune
and inflammatory reactions (Cinatl J et al., 2004; Soderberg-Naucler C, 2006b).

An alternative way to prevent hCMV infection is vaccination, at the scope of
providing protection in an array of high-risk patient populations. However, the
correlation between vaccination and the resulting immune response is not fully
understood and optimal hCMV vaccine strategy (using specific candidate antigens or
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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5 suggesting that such cells may have a therapeutic utility (Klenovsek K et

al., 2007). An easier alternative to cell-based therapies can be passive
WORMsIADrapy, consisting in the administration to individual$*6T/EP2007/064094

pharmaceutical compositions comprising therapeutic antibodies with a

defined neutral zing activity against a Shuman or viral antigen (e.g.

hCMV). This therapeutic approach has been designed on the
sudRlgeRIRAing ANctRIIAgICRA{ealurRsptantRadiey AORANRRN ct al., 2007).

fragments directed against human or viral therapeutic targets (Dunman P

and Ngsieu Me20RSinsaler M and stiehmEr20Q0baRassiy¥gssive immunotherapy,

immunotherapy has been introduced into clinical practice, rapidly 10
comspandingnthg oppaduniiagitar the weatiment of srwide varieRhAieasssitions

(including infectious diseases, immune-mediated diseases, and cancer).

cobhpsigRRradchapentkRe AaitedialywifRCvadiiRatientis:MNesa;IMBINAE against a

system is unable to produce antibodies in the amounts and/or with the

hEResifieiireauirdiqdloakandrpr el minate the targeted molecule
(Chatenoud L, 2005; Laffly E and Sodoyer R, 152005). In the field of

hCMYtherapyagbigiapprpasitis Resfaysadyigdsdnisiering inliaremdihg and
human immunoglobulin preparations that are obtained by pooling human

biplagnaal Wihinigh siters: ondis hia W Ynaibidegdiess apats airatesdializesstoiuman or
clinical uses (under the name of Cytotect or CytoGam). However, these

viedDehieispaiei 20 aabta (itialbnsatishactoeyisoMlian o HagkinghGMIVStiechm E,
infection. In fact, this treatment is used in immunocompromised patients,

2000%tp fosipeerampliveHeeaiment anstprophylaxisivnesecariviialgracece, rapidly
often co-administered (Marasco W and Sui J, 2007; Nigro G et al., 2005;

expanaiog Nhet alppddditacher Attt alre200&itKafoer Rvalalva083).of diseases
Moreover, safety issues and shortage of such preparations are a WO

(1i28Q810¢ 1 8RRGIUEP23044064Q8htugromiiacancdivec as sepaiteddincer). This
literature (Bayry J et al., 2007; Hamrock D, 2006).

approach can be particularly effective in patients whose immune system is unable to

produce antibodies in the amounts and/or with the specificity required to block

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 recombinant antibodies that have high affinity for antigens

expressed on hCMV envelope and arc able to neutralize the infection
WQNR0Tapesent more appropriate drugs for passive immunizBGEERRNEEHG4094

several of the hCMV 5 glycoproteins elicit strong host immune responses,

including the production of virus-neutralizigg antibodies, even though the

stoichiometry of the envelope proteins is variable and may be altered to

18GRRE HRSEHNMUAS $BSRA0NSE:FhNS EEERANSEIisCANSIBeTe ke & H8Y2006).

component of host immunity and represents a goal of both antibody and

vacCing HeN eleRIRdthahP HIRTBONREIRRA AP ARSE 60N 8nMBShs expressed

preferable antibodies for clinical applications, due to the Intrinsic

olimitaggNsRidaginmmanocpratamidadiese HOWRMBEHEE dRVRIPPEHENAt more

previously identified human antibodies for h\CMV treatment (Matsumoto Y
appirapridR86dhas brREN PHeyTPteh#i0sE- AGeliNiGRl benefilswere frsanedhcMV
in studies that evaluated the efficacy of such antibodies, for example, 15
glichprmatapeietic siesnceldsansphamation pBasakhilt Ridahe 20Q1)h@dIktion of
retinitis (Gilpin A et al., 2003). These failures trials warrant further studies
vigilaehataelactingtiisnn, reeaechdnghamitagdiesi dha tyose @lficientlype proteins
neutralize the widest variety of hCMV strains. The treatment of CMV
isintaciipiasane utkbepeti feara haviRgapoipoiaithpharreasenicalhis response is
compositions comprising human monoclonal 20 antibodies that are

caiified fresmbluimiasy B e aliso Awaintatined in e ou plogipeestas a goal of both
recombinant proteins that are expressed by human sequences introduced

anfisoammalivac eielt lies pREtOSURE OF THE INVENTION WO
2008/071806PCT/EP2007/064094 7 neutralize hCMV, and that can be
usedHemtiaiaating c loaating tibddingc ptey et pranaiyl amealibsdingfor clinical
hCMYV infection or an hCMV-related disease. Human B cells were

appiednied froduantt G seropositivaitadividualfanditasartatisetbnbhisintibodies.
polyclonal population of immortalized, human B cells was 5 divided for

Hoeretafingesdooulvpesinad fivereviesidd facthefpiesemeenohatitibddieSor hCMV
(Immunoglobulins G, IgG) in the cell culture supernatant neutralizing

tréuTividA § eaiviindiovitr @i pard@aphadh e dypené e ptedlizingeacsi\dlinita benefits
isotype, and the clonality were determined for the antibody secreted by
wihe sbibeulidrn nandes 2041 cileasdihbdy fiasbeen afthitypbsdied, fformexample,
both the original cell culture
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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10 supernant and as a recombinant human monoclonal antibody,

confirming the hCMVspecific neutralizing activity using in vitro models for
WoaBTAseEtion. This antibody can be used for characterizingPGaUERADIHEH4094

antigens on hCMV envelope. The DNA sequences that encode the

variable regions of the antibody secreted by the 26A1 subculture were

ampl fied, cloned, and sequenced. The corresponding 15 protein

neﬁﬁ%l?ﬂ%cﬁélwe’[eaﬁﬂalﬁt%ﬁoﬁg%@Q&Vﬁ%@c@ﬁﬂﬁi@!ﬁ%ﬂﬁﬂ@{ Bﬁl@[ﬂﬂ@[?ﬁeventing,
Regions (CDRs) that are responsible for the hCMV-specific biologica

arROlYilYn JINRaESeAUNemeanibe used ferredecingl RIRteins having
hCMV-specific binding and neutralizing properties, in the form of full

antibpriiganamikedy fragneisi RERMoRtheh fatmatof dusjdionat prsdeidual and
(e.g. bioactive peptide, fusion proteins) using 20appropriate technologies

infRfRERREEIN I TRROHEINABH RI OpRIpSlatio nCOMPRSHIRNZ iR NG RRARANBULEIS was
prophylactic, and/or diagnostic utility in the management of hCMV

divitestignrapenbfais relaiad wisardess cancbe Rerpasedising ibecpreeiifibodies
of the invention, either as recombinant proteins or as natural antibodies

(IRwhifieskiynl 6all cultupes)oiginate @ dronathard64dsetaaultitrencaueidg hCMV
2008/071806PCT/EP2007/064094 8 compositions may be used to

inSeplament\orepiacapiesrnt ICMYptrestmenis basgdeeamiviad isotype, and
compounds and/or intravenous immunoglobulins (1VIg) preparations.

thEwtheilambogionasisrafithd masany invebdion willibeproyidad kub@lture named
following Detailed Description. SDESCRIPTION OF THE FIGURES

26Aguretls Ehyibetie mativpreseniayignefitie €63 aotigenthaidiasibean culture
assembled and used in a gB-specific ELLSA as described in the literature

sufiRetiatMret &. a 200dm bthentaaaiinash datlersil ain s saafiiigaic hCMV-
corresponds to a combination of the gB Antigenic Domain 2 (AD2. SEQ ID

spNEid anrat2licong 10dGMY shiainsiADI6D (DwisaRrabAdC My, RA64tdin. This
amino acids 27-84) and Towne (SwissProt Acc. No. PI3201 amino acids
andib8dy) . chRebA DR o Gigrehaniainszangitec{araing mcidsaigon8 hruhdatinedy clope.
that is conserved in different viral strains and that has been shown to be
recodrtizeiNoyx Regiialzpghanithodirsti@adridbss edgidA0f Kiepfitbetialsccreted
1993). (B) Schematic representation of the gH antigen included in
by the 26A1 subculture were amplified, cloned, and sequenced. The corresponding
protein sequences were 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



10

15

20

15 the gH(AQ)-GST fusion protein used for the gH-specific ELISA assay.

The recombinant antigen gH(AQ)-GST corresponds to an in-frame fusion
WRe0seEn80e gH amino terminal region (amino acids 16-144; BEDERAT64094

3) from the hCMV strain VR1814 (Revello M et al., 2001) and

Glutathione-S-Transferase (GST). The amgno terminus of gH contains a

linear antibody binding site (amino acids 34-43; 20underlined) that is

cdBpRaNisad R paydtializing amtibediea(brkepiMEepalscAPREM YV tFRiIHiEnS based

overview of the selection process for identifying and characterizing

orPHRGVIIRS (MR R dhah e AR 46 ARIRRRISSRIRBINGRNIVIRY thalig ibtions.

hCMV. The subcultures were obtained by immortalizing B cells from
hCMY patignttebdN i i wihaeB ¥ roashd eIt zaiRN ropesSided in the
disclosed in PCT/EP2005/056871. WO

foPIBNBI0 DROARE TERZRHA64094 9 Supernatants from subcultures

(wells) showing significant cell growth were screened directly in the hCMV

microneutralization apERYCRIPATONROGFSIAWITA GEUpRkzing activity were
then screened using gB- and gH-specific EL1SA. The number of positive

wellsHpfigach scageningrassayrispiRdicaterbin drengiey gsalmtbidguienBhas been
hCMV neutralizing activity of the natural 26A1 antibody, as purified by

asaéiiil € enalediaphys Bsipgdriieten A Ao dbscsitearnaihet okea86A X Rothe M
subculture-derived cell culture maintained in serum-free medium. The

etd@BE-7606PPNIth Uiy WidsnaatfarRestini theR oM \CIIBUtaalk ZalioR @$esyonds to a
including either human embryonic fibroblasts (HELF) together with the

cdHivhdtsdiaio AR E 698 1040 P AAYredation( ACBQ BB i.tp/mi). or himdal) from
umbilical vein endothelial cells (HUVEC) together with the hCMV strain

hOMV8dtfaih OBMPHI(B3asiienstl8%20. Ne! RYATE), amifdoaiRi427-84) and Towne
gH(AQg)-specific (A) and CO3 antigen-specific (B) binding activity of

(S'gissestaiing SupenBRansafrond sadigsBresipf Thnahzedibuloditdns a site
cells. 15 The ELISA was performed using the cell culture medium only

(athigdivoid nggagivewsnitiiohs dr the: supematast fiandistenttuies 26Ains and that
1F7 (identified in the immortalized cells obtained from CMV5 donor, as

haiebeeibstl anvtheopbierdcapplicadi vy EROTA i 2ifd1 hnaitd BEsl QQictantified ah, 1992;
the immortalized cells obtained from CMV7 donor, as described in the
K prpfeBt patdnt i@gsicayrSahdnapatepiresentation 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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20 application EP07115410). The dotted line represents the threshold

value (0.D. = 0.1) for considering a subculture positive. Figure 5: (A)
WRNHERIef the DNA (lower case, 393 base pairs) and proteRCTUERR907/064094

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

WO 2008/071806PCT/EP2007/064094 10 consensus sequence for VH

SRy TR INdieatian Al e ditiedHe RS PR hnHERR 2o @0 were screened
HCDR3. underlined. SEQ ID NO.: 6, 7, and 8). Alternative amino acids

diteativeretBa Gt biv the FNASeAusACeS Slonrt dmismid Hrrmisalatefhlizing

E. colt transformants are indicated below the consensus protein

aSRAHERES-SHiBHrefedNAlgnpepBorihe DNALQWRr Gases 830 PRSGumber of

pairs) and protein (upper case, 110 amino acids) consensus sequence of

pdbeivaraile repiariactBeniaht-ehain oiihe 264 19k @/by26Mls SEQ ID
NO.: 9 and 10). (B) Protein consensus sequence for VL 26A | with the

indicatignrof prepciay GRRe0filg 264V BR tht GlaRZa MG ACDRBbody, as
underlined; SEQ ID NO.: 11, 12, and 13). 10Figure 7: Alignment of the

pUptiAdIewerase chid@ Rasen pRirSisSieP IO A KO ANHDE0IRIM fupRasf a 26A 1

case, 482 amino acids) consensus sequence of the heavy chain of

sUIRGANG BIN@s el 20AdenRocignabantiedin (FEOMBING:: The. dde-response
most likely cleavage site for signal peptide is between pos. 19 and 20

cuVESvY )p @ssietedminedh¢ishtoMive Signalirz 3 enlina prediciiingoragiaimhuman
(Bendtsen J et al., 15 2004). The sequence originally identified in cDNA

crgbR@isiedffteabhalls iHAOAH) subethure vaittndadinad\dee dtiginb) AAME (1,000
acids 153-482 correspond to human IgG | heavy chain constant region

PEBW &It Aqe 0. (PO A% /hifiguie BuMignmensiticthe RN (oWsthelial cells
case, 705 base pairs; SEQ ID NO.:

(HUVEC) together with the hCMV strain VR1814 (1,000 PFU/reaction; IC50 0.67
ug/ml).

Figure 4: gH(Ag)-specific (A) and CG3 antigen-specific (B) 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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16) and protein (upper case, 234 amino acids) consensus sequence of the
heavy 20 chain of recombinant human 26A1 IgG (SEQ ID NO.: 17). The
WOrRH88MRESPocleavage site for signal peptide is between pos. 18EGHEPZP07/064094
(CTG-SV), as determined using the SignalP 3.0 online prediction program
(Bendtsen J et al., 2004). The sequence gfiginally identified in cells from
26A1 subculture is underlined (see Fig. 5). Amino acids 1-19 and 131-234

coiREeSRORh IR Acd FanY A3l A34 Wi humama e RSP dF PhaiictCCDRs (HCDRI,
2008/071806PCT/EP2007/064094 11 (SwissProt Acc. No. Q8N355).

HEORE ARCYODReUtalidig RAIVREOS 1esotmingnthunang? AL &HiRRAY amino

compared to Protein A-purified natural 26Al antibody. The activity has

adi@emiasied dising ttdLbycells BRAARESBEMICAHRIMIB@IMId from isolated E.
croneutralizat on assay (A; 1000 5PFU/reaction, 72 hour post-infection) or
cdll a-pisfdrmeedisiomhassay¥dBylow the consensus protein sequence.

Figure 6: (A) Alignment of the DNA (lower case, 330 base pairs) and protein
(upper case, 110 amino acids) consensus sequence of the variable region for the light
chain of the 26A1 IgG (VL 26A1; SEQ ID NO.: 9 and 10). (B) Protein consensus
sequence for VL 26A1 with the indication of predicted CDRs of VL 26A1 (LCDRI,
LCDR2, and LCDR3; underlined; SEQ ID NO.: 11, 12, and 13).

Figure 7: Alignment of the DNA (lower case, 1449 base pairs; SEQ ID NO.:
14) and protein (upper case, 482 amino acids) consensus sequence of the heavy
chain of recombinant human 26A1 monoclonal antibody (SEQ ID NO.: 15). The
most likely cleavage site for signal peptide is between pos. 19 and 20 (VLS-QV), as
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 10: hCMV-neutralizing activity of recombinant human 26A1
monoclonal antibody compared to Protein A-purified natural 26A1

W IadY80bhe activity has been tested using HUVEC human EETEERA007/064094
VR1814 hCMV strain in a microneutralization assay (A; 1000
PFU/reaction), or using HELF human cells pand 10 AL-1 hCMV strain in a
plaque reduction assay (3, 1000 PFU/reaction). DETAILED

(SRESSRRBIAIIONO RO ENESKNVENTION The methods described in
PCT/EP2005/056871 allow the efficient immortalization of isotype-specific

human & cels potaineq:tiaa iam hdiicia!, ressRIRREhEMAIRS 26A1 antibody

antibodies having biological activities (e.g. binding and/or 15 neutralizing a

cd MBI Ao VIR tERRIRL @ e AR PD GRIRINRIL GOy ClRRal ARRHIEHANE RN tested

cells that secrete antibodies presenting such biological activities Extensive

usSRECHIFNG RsHaYsnaan hedheitReviaimed Usinenseioamaania@n assay (A; 1000
subcultures obtained by these methods following a single step of cloning

PRUIRY Qe ensiy s b ROt el ¥ ileap RR[uy Bt dHsB3apne). it is

possible to obtain polyclonal 20 populations of immortalized B cells in

whiclF ariege e peroNeVoh Niargesiating guaepteesreanhbi ehar atigmaad 26A1
and consequently a number of human monoclonal IgG having the desired

mbisdirgspeatibiyicsanbaRas anpfetdhe Rigpgiead activityl caewbe antibody. The
identified. In the present case, a polyclonal population of IgG-secreting,

adiVnQrtalizeee YMEL 2a0% il Q6P ECT/ Eil1E0 ¢064aRd YRhemaA@\Cellstrain in a
were obtained from the blood of an hCMV patient whose serum

myeRsRAiei2sbiolegienl (ACctiVIY0 PFIOREBEM Y, -0 ulial [ZIAE BEtiNilhahheells and
polyclonal population was used to generate, in a single subcloning step at

ARO1celis/pesweih and il aprrepdisigaulisey q@1ditons? iy usandspf
subcultures that contain 5 immortalized human B cells. The specific

biological actiyRYT Wk KiTe D eSER 1R 110 3LUOH B T VBN eONof
efficiently growing cell cultures at the scope of selecting those presenting

the straageneagdisdty, aescitiesddeiernPaimgBP20iestypesand, il passibie, thgficient

epitope of the secreted antibody.
immortalization of isotype-specific human B cells obtained from an individual,
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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One of the most promising subcultures, named 26A1, was used to both

purify 10 the natural human antibody from large scale cultures and to
WOEsHIBROTHRODNA encoding such antibody from the immortal zeCB/ERIY.7/064094

The DNA sequence was used for producing the natural human antibody

as a recombinant human antibody. The ngtural and the recombinant

human 26A1 monoclonal antibody were used for performing more
nexiensivediglogical anaavsi anddonRssesvadhal petsiabutiling 1oidse scrum

hCMV-related clinical applications. The examples shows how the cell
prevli@I SURSIMALADLi tae natialjlumanastibod; MNd Abetrecompinaittvity. The

human antibody present the same biological activity determined in the

palkieioah blassh selsmvand RelyaloRahpeRbiaton ahbuMamcloning step at 20 cells
EBVimmortalized B cells These evidences confirm that the methods

padeseribatim2i P RR200eS 68 diatiay e ddamifieatidBcultures that contain

characterization, and the production of biologically active, isotype-specific,

infiab#aliasd resembmast iumanspengelensbantiladiasitn ot (e tested in the
complete process of cell immortalization and growth in cell culture

sugRARIIONSITIHEE BEES ST tfthecrrBerRiei 0f bbman@ngpadiasiR@pedf sclecting
efficient and straightforward manner. Moreover, the cells resulting from
ththe RFeseasi VWQRZOGHOTIS0aRGTIE P20 HRGAQR413 isangbentroreyddand, if
screened in a different moment or in parallel for different biological
pRsibiticthargiasRNSgaRSsecretddangibodzodiment, the present invention
provides proteins comprising a sequence having at least 90% identity with
the seauancthohibet pedaRIdCR3Ifbdhenhardy RN vagaileiregissth purify
of the 26A1 antibody (SEQ ID NO.: 8). Together with the HCDRIand
thtl Glafd 2a(Sinfh Ha Nexit @ndiDEQ Mo Qcald, thigiteDRalistongheded ithe DNA
the variable region of the heavy chain of the 26A1 antibody (VU 26A1; Fig.
erizoBmQ 0N ehtibp dihfsose e naentseincedasl by itherBNBsagqurieadEigas used
5A; SEQ ID NO.: 4) that was amplified and cloned using cells obtained
folrprotheidrginal ddhsabdiltusg secibiing thea264dabiinadyhdhus antibody. The
protein of the invention may contain, together with the HCDR3 of the 26Al
nanithodyd SEE Hcbiobintheseauedea Df iftenbtTERNRIL (SEERDIP N@rebhised for
and/or HCDR2 (SEQ ID NO.: 7) of the 26A1 antibody (Fig. 5B). Such a
papfotaimmayoco nkasi acskilepica Ihasing ainlédst A08esidegtibeivigotbetial utility
entire sequence of the variable region of the heavy chain of the 26A1
indr@ibDdyre LhcBhd it 1 aptihadip adso contains a variable region of a light
chain for which, using the same approach, the DNA (SEQ ID NO.: 9) and
the pidteir{SERLD MO s10) segueneds, colgath anyviim iitemspeoifi@atural human
LCDRs (SEQ ID NO.: 11, SEQ ID NO.: 12 and SEQ ID NO.: 13), have
arbéenl detarmine dofombohaih igrasoraigibef fherdovention camcfbitiegical activity
comprises one or more sequences selected from the group
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
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20 consisting of single LCDRs of the 26Al antibody (SEQ ID NO.: Il, SEQ

ID NO.: 12 and SEQ ID NO.: 13), which can be provided as a protein
W@ae$di¢80eomprising a sequence having at least 90% identit GlitRPR07/064094

26Al (Fig. 6B; SEQ ID NO.: 10). This appl es in particular when a human

recombinant antibody, comprising both thesnatural VL 26A1 and VH 26A1

sequences as light and heavy chains (in the natural WO

cat0BR/QFIAPRET /6L H/ 064 Q94 it canTRBAEAN Qfra ietMBIE for different

complex comprising two light and two heavy chains, or in a single protein

bisbiaeoMbinaicyarans oitigatural antibody), is desired. Wherever a
level of identity is indicated, this level of identity should be determined on

the fuli IgRgth bl rieyan-SpaRRes Of dhadaversiaacs The e RS @irising a

the 26A1 antibody can be considered as characterizing the

scqitges hincingaportion afoa spaaific RmahartigesycharisheagaRaf (CDR3 of

binding and neutralizing hCMV, as shown in the Examples. Even though,

thseva®y WhalhGRBsWE aBasibedyiare ganesatip saquisEfarXaning. arvgether
antigen-binding surface, HCDR3 is the CDR showing the highest

wiliifeierige pratwREA @DID ¢SS ODONIR WithatrEBEC) 10 tNeequenessICDR3 is
also with respect to length. Such diversities are fundamental components

inefudedingtirgiontins e rcogtiion.al essentiallyasy satigen ity he(VH 26A1;
humoral immune system (Xu and Davis, 2000; Barrios Y et al. 2004; Bond

Fig. &; 8 EQ003)NAtemativaly segimhitatiosscodedRs taniig Ankegiéaraghig. SA;
other in very short proteins that retain the original binding properties, as

SEerenthy oevievaet 1alb aeiiafRd20(7¢lon cdTiisg RCM\6bRUE i Zi0gh the original
proteins can be generated using the HCDR3 of 26A1 antibody as hCMV

subindingersedetyinp tonlisinatianionsae! Vi athestCiaB$ fiermthe 2 inay contain,
antibody, which can be expressed within an antibody protein framework

togdstagpikith ehalll CORY), ot tvithlie Al psateio dsa($BPIDUNIe|ate) the sequence of
20antibodies (Kiss C et al., 2006). The variable region of the heavy

tharlgdigRtIc(ETE FOrMNIDg 8GAddasttibledyRar (Selectedwortions faeras thentibody
isolated HCDRs and LCDRs) can be included in any other protein format
(Higr BByt®net anjibody tiagneeniprias desgbectindhia fiterasase v0vdeidentity with
different names such as Scfv (single-chain fragment variable), Fab
thevaitatdsequence of the variable region of the heavy chain of the 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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WO 2008/071806PCT/EP2007/064094 15 heavy/hght chain heterodimer),
diabody, peptabody, VHH (variable domain of heavy chain antibody),
WesHIe®d1Re@avy or light chains, bispecific antibodies, and othe PERJiR2WEeH4094
antibody variants for non-/clinical applications (Jain M et al., 2007; Laffly E
and Sodoyer R, 2005). 5Alternative antibqdies can be generated using the
sequences of 26A1 antibody through a process of light-chain variable

cH@aia (Yh-bshutitingadn dadniveradsifiesant andhndieadeReheavy chains, or

generated and tested for hCMV-specific activity using a single heavy

inGhgingarRblei Al AP iR 88 Ahe INB Oh 20,51 asemiiINg di Withs ged.

library of VL domains, at the scope of determining VHNL combinations

with 3PhinpRiavedipvepeytiegdn terms afatindy, skabildycprdQlentity should be
recombinant production (Ohlin M et al., 1996; Rojas Get al., 2004;

doatkinsdN Rt R fe@0diath oNOVEIAPRIRASHARFRE AEVBIORIRIHIRIM.

bioactive peptides also showed the feasibility of synthesizing CDR-derived

peptigas tHABRABAIN L PER0l asitH e/ enDRMIbAsAfAs thalcmati®iNzing the
the original activity, and that may have a more 15 appropriate

arphafivseaRg Gl el Srpdtidietalm499atibevyMnat &. c2PPe of binding and
Wijkhuisen A et al., 2003). Thus, the HCDR3 of the 26A1 antibody as

noNEh aSi BL HEEVICE SR i glhdyvsih | d E kYRS Of &AM 8Ost ditssion all CDRs of
proteins containing it, and synthetic peptides derived from them (e.g.

arCOMRIBIRYkcapB i@ ABIdS qRnMife abidsincthe ReRel OiRlnik $hfface, HCDR3
retro-1-livers conformation), can be tested and used as hCMV-binding and

is IBYICAIRIRY PHobQiInBe higNdordoffereiiciss Kiawecthah abbibiediastoalybeith respect
modified in specific positions in order to have antibodies with improved

tofegiguescé partisdlar fartclirignd @appichiignb. (Bisthagibeftefies are fundamental

pharmacokinetic profile or higher affinity for an WO
cothpSier &8O P d /P 2609 recognition of essentially any antigen by the
humoral immune system (Xu and Davis, 2000; Barrios Y et al. 2004; Bond C et al.,
2003). Alternatively, combinations of CDRs can be linked to each other in very
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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16 antigen). These changes can be made in the CDRs and/or framework

of the 26A1 antibody and the sequence can be chosen by applying any of
WarR8agiksated technologies for the rational design of antibodi®$ THER29RKes4094

use of affinity maturation and other processes (Kim S et al 2005; Jain M et

al., 2007). 5 The proteins of the invention ygay be provided as antibodies

in general, such as fully human monoclonal antibodies having a specific
hd8PWYREh T RRAUE IRALEYPEIHRE £XaMNBIRIYS e aBlagdWeImatakRIPIOSEGhain of

approved therapeutic antibodies (Laffly E and Sodoyer R, 2005).
hddPWeYRInaptigBsdNdisg ReHioRa Jsotagiioramiily neptatizngtalalics, and

were transferred on a human IgA sequence and the resulting 10antibody
otifcERBRSRE INIRIHOGHIYrises fonRm walindMantp Neatighs 2RRKM et al., 2007,

The protein of the invention may be also provided as antibody fragments,

L&igaqtive pepdesy | fugian. proteins. All these alternative molecules
should maintain, if not enhance, the original hCMV binding and

neutralizatien-Rropeitied ihat waresdetesnngedfoning; 261l ap§iRadesiNnof 26A1
the case of fusion proteins, the 15 heterologous protein sequences can be

anieatd thrfig N = girbcteinynal gositiamte e e AlGaliveY BeGUaREeg. In fact,
without affecting the correct expression and biological activity of the

sehEeMVisiesific Mmeigiyicd Gaarvanithedyé@gmeisted fIMRAMM-specific activity
"heterologous protein sequence” indicates a protein sequence that is not

usiagusaliy gleesenkync ienN-aeraGréetviiah POt encto dhenREMY oFmeseMiD combined
moiety 20 (e.g. an antibody fragment). The DNA sequence encoding this

wRIiEbSEGUETCE iSoaeiiarally fhseddiy eiCombimaninil NAMIsahaelapiastions with
and comprises a sequence encoding at least 5 amino acids. Such a

infigterelbgeviscprielein seauense isfiangrathbihnsemtiobpradcing additiadlction
properties to the hCMV-specific antibody fragment for specific diagnostic
(ONGHh M108/017 1 805 Rbif £ 206 74064004; W ardioNherapnedmiyses.
Examples of such additional properties include: better means for detection
or puNbealia prdaitiesafdinginglopoigties wr biokegical igatidls atso showed the
post-translational modification of a fusion protein (e.g. phosphorylation,
fegtybiaylatosyitbhaguiimaODR SIdMRyl i des ehdopoatiadlyl caehéayageds 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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5 Alternatively (or additionally to the fusion with a heterologous protein
sequence), the activity of a protein of the invention may be improved with
WarR8wanjLsgation to different compound such as therapeutic, SREGHERAYOTP64094
diagnostic agents. Examples of these agents are detectable labels (e.g. a
radioisotope, a fluorescent compound, a tpxin, a metal atom, a
chemiluminescent compound, a 10 bioluminescent compound, or an

arRZAYIETHRSE Gava kgD RUAdESEIehBMICAlNIDIEY 108 BRIYIRRIS SR of the 26A1
hCMV-spec fic biological activity may be improved by the fusion with

arRIBET HharapeuisRIGHBN. GHCTHaS @ pEeleiB T B PRIPERAIteHNatRe dedicated
metabolism and/or the stability in diagnostic or therapeutic applications.

tebh@dNsslies CROOSING aRHARSIINIBE RrILIRANBIEIRS, IBaNdaaROduse of affinity
appropriate 15 linkers, as well as methods and strategies for the

meRRstbEtaN swiliGatiesssdstactiansand useoufistugignvareteinsaegmyrovided
in the literature (Nilsson J et al., 1997; "Applications Of Chimeric Genes
And Hiybriddteaieins tMetnads iER2MIY0b Ve vRRBE8 aNMGBEBIBICI P i@Sforal, such
2000; WO 01/77137) and are commonly available in clinical and research

asl ADORAIRIAEN FAb LY IR ANELBIEION RIGIEIN MG GITH AN BP SETHENGAS isotype,
recognized by commercial antibodies (including tags such as

fopalyhisftines frhAGntebylie, forriA @0s)that can ipgitiatel thesiapsvdc antibodies
and/or in vitro identification of the fusion protein, or its purification.

(LAhgT Praigis SeserrRes @@s) bHsentiedicdiraah HuQresaedes avalysis from a
(as in the case of Green Fluorescent Protein), or by specific substrates or

HENZy$0641(2i8g WO 20RO frh80RIe d /&P 2 MumMAa Q¢ disignpeoiadlyhie resulting
sites). The stabihty of hCMV-specific antibodies, antibody fragments,

arbivagtivie papiides fandifision PIvteifsdriay bewsprovadtwith the fusion?).
with a carrier protein, such as phage coat protein (cp3 or cp8), Maltose
Bindimg P peteiin B BaviieiSe oy Allbusiio (BSAM&r as antibody fragments,
Glutathiane-S-Transferase (GST). 5 The 26A1 antibody is a main object

biohéhie dnyeplinieqndiit fiad deeprehanacterizethesithintEneasiveennalani @t ashould
specific subculture, as a human IgG1 monoclonal antibody which has

mbienisei€aied chieate¢hehcapaliliyl dfCeniraliaihigh@MVadihialpregentypropertics
have been determined by in vitro neutralization assays using cell culture

that pesrataai(irablel Hoariklatenas ambowBin Arplidfiess{Fig. 8)saowl pfbteins, the
recombinant (Fig. 9 and 10; SEQ ID NO.: 15 and 17) human monoclonal

hastiddogyus prdibin spqariccbCMY antigeinciha heedognicedt byirdlpbsition to the
antibody has not been determined using a panel of known hCMV

26velndalizind spiopescin wiithoantigfost sget g cdri2 cand gic Somsegdebilylogical
this IgG antibody can be used for defining an hCMV-neutralizing epitope

acaivdt profetreshtindinigsidh antigety (@.g. unfenmibokithérdgmantibodies,
antibody fragments, bioactive peptides, fusion protein, or any
naturéiieecombinatotogieins) thiaiskogphd e C apdibo e of nerdralizistg intvB/hat is
infection by recognizing such epitope.

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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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
W@Re8/@80p993) and in this way antibodies directed to hCMV PEVEPRIE7/ 064094

defined according to their antigen, being glycoprotein H (WO 94/16730,

WO 94/09136, WO 92/11018), glycoprotejs B (EP248909, WO 93/21952)

or glycoprotein M/glycoprotein N (Shimamura M et al., 2006). Moreover,

arRtiRr aRMpRNEDIIESheERGIVNINEN sRtonlYBIfeRLVIFRLIORIST RIIEAE better
be targets of hCMV neutralizing antibodies, as in WO

m A8/ QI L RREEGHIER20RUINRARU 1 % thatne %;ﬁuihg%ﬁm&ﬂw Ld2&iological
(Wang D and Shenk T, 2005). Thus, the CMV antigen / epitope

ligeraaNbZash iy tiag 28k antiReaestan be danibsdRudiffesent phodiRorylation,
assays based on the literature cited above A further embodiment of the
glpEesenkiorentiuisipan SURIRNEReHY & saapirddyyihe d6Mage).
subculture, which can be provided as a Protein A-purified natural antibody
that dings e egUiaHZegdRiMM 1y his lgfe Lraptipodyiganbadisrid@bus protein
identifying competing proteins that can bind and neutralize hCMV as well.
scqliag prefeinsave previdegrindhe abere dessitiiwmayd b theproved with the
Examples, in particular as recombinant human antibodies and antibody
cofipgracnis 13 0ditereechanipouatinGuvly neviatizatian, thabaigiagsagiadenostic
to the viral epitope recognized by the 26A1 antibody and the other
ageiateinsxdafified alvovessean e shaiaciestzechbising bags avaiable asEdysotope, a
for specific structural hCMV proteins and/or strain, as shown in the

flliteeateie Uusinppanelseotduiman sesea(NavarrcaDeatalilkRRéskdainddepound, a
al., 1999; Weber B et al., 1993; Rasmussen L et al., 1991; 15 Marshall G

biehahi300) s thpremdclonahagiibenigs i Sicbappel toeh@usli®96hemical linkers
Simpson J et al., 1993; Gicklhorn D et al., 2003). Further objects of the

oripéntiens arecth€ MNIsisaididshasleqding sulyaltheardibadigsyvaatioehe fusion
fragments, fusion proteins, bioactive peptides, or isolated HCDRs and
wltEDiRstdefinddrapovec Theexamples providesitehseguenpes/iictOaltering the
particular as encoding the full variable regions of the 26A1 heavy (SEQ ID
mBiebo Apanch Hght (EEQBDiINNGn ShghabiR (ighSApNdiSAYpTibesenONA
sequences (or selected portions, such as those encoding the specific
HCDReandbEDIRSsg. mantt b} ehrg hedraimsteciedds, Vgetads fand appropriate
expressing them in one of the alternative formats for antibodies (e.qg. full,
ligfbrityemadlirad nostChIR -graftedep aetioodle 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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WO 2008/071806PCT/EP2007/064094 20 fragments) or fusion proteins.
These nucleic acids can comprise a sequence having at least 90% identity
WaARIHHEERI® NO.: 4, with or without a sequence further compPEFER2007/064094
sequence having at least 90% identity with SEQ ID NO.: 9, depending on
whether sequences from only the heavy chain of 26A | or both heavy and
1 ght 5chain are needed. When a fully human antibody is desirable,
usq'ﬁ? aﬁmgwﬁo%@eﬁéﬁhﬁﬁ@@@%ﬁﬁ?ﬁ Beayy ghaiy cnsanifagitiics, antibody
selected from the group consisting of IgG 1, 1IgG2, 1gG3, IgG4, IgM, IgA

frand 4k, apatand egiange £ rafe Ak thR JIeRYERRIBLCORSBNE deFIeR i@ fusion
human IgA, IgG1 (as in the natural 26A1 antibody characterized 10 from

witlie 26Adsubedisne) sith2a Pplaed- chhae praldic agid sRausRLeslaltose Binding

encoding the full variable regions of 26A1 heavy and light chains have

Ploesin chiped apshenaraiatize inMeRTNf KGR UBARIMNS ANGVREWRESe (GST).

containing the resulting PCR products, which have used for transforming

E coifrggll2cauchisgauences aambm trapriarred @Repait endid heir@ntirelyd been
into another vector, in particular in the 15expression cassette of a vector

chr eftelistntt viegiaistwdheig theytaie operalydifikedulscaRprepriate human IgG1l
regulatory sequences (e.g. promoters, transcription terminators). The

mbHEEsndbAd IveNPGianeh aniibeehn QklRBIOtHRE REOIRI GRABENGESf neutralizing
derived from such antibody, can be expressed as a recombinant protein

h@SIV Jush yasiers, fan tanstorraner-thie appropriaig-bostaellszdiienh@shys using
cells comprising the 20 nucleic acids of the invention can be prokaryotic or

cetUkaryiatic hipstaelimant fieuld, aliog hersesretiproafithedasitedd (Fig. 3) and
recombinant protein. Methods for producing such proteins include
recoliwsingnid B £l dicanef@MEd Vi(Ihel &XpiesSiphresioisoae01phisingtibody .
their coding sequences under conditions suitable for protein expression
and renevpuodithe@yoteiniigen thethostcelirdalitingy 764 veglivbs $ndldnot been

include a WO 2008/071806PCT/EP2007/064094 21
determined using a panel of known hCMV neutralizing epitopes in viral antigens
(see Fig. 1, 2, and 4). Consequently, this IgG antibody can be used for defining an
hCMV-neutralizing epitope and proteins binding 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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promoter, a ribosome binding site (if needed), the start/stop codons, and
the leader/secretion sequence, that can drive the expression of a mono or

WO R OHRI¢ranscript for the desired protein. The vectors shoR§ BIFRROKT 864094
expression of the recombinant protein in the prokaryotic or eukaryot ¢ host
cells. A cell line 5substantially enriched inguch cells can be then isolated
to provide a stable cell line. The nucleic acids and host cells can be

theS@AE0s PIRAUCHID £ BrpLeIN 08 the IEMIGRA PYSARRY NI CAIDMOThus, the CMV
recombinant DNA technologies. Briefly, the desired DNA sequences can

arRR St HEFRGIRD Bl sideas|ingthe ANitial tphARg vactr YthtiesHieyoMifferent in

enzymes, or amplified using such a vector as a template for a Polymerase

Vit &l Beactien (ROR}ame-thaRERpviEers for specifically amplifying

full variable regions of the heavy and light chains or only portions of them

(e.g. KerliHPR3mBEURNER)- Jhese PNAcfiagmentforasPBURRR 1gG1 antibody
transferred into more appropriate vectors for the expression into

scRreleryfialy edlaryaticchnst&elhian dascubest oy PeakssandpeViswAopurified
how to clone and produce recombinant proteins, including 15 titles in the

na¥efigsardilyagtiaat Apoash Rublished MCONOrUHINMEressitdNAan be used
Cloning 2: Expression Systems", 1995; "DNA Cloning 4: Mammalian

foBYiglaitisyid® W mpeeiein frspsassitit, Bimraiedn RuifealiomCMV as well.
Techniques”, 2001). For eukaryotic hosts (e.g. yeasts, insect or

SimamMaliasicellse diieranidransedptipoat ane dranstatiandl iegtHat@yamples, in
sequences may be employed, depending 20 on the nature of the host.

pattieylmay becoeiiveshtraondrodsabseess si¢hashadenyifsnbovine
Papilloma virus, Simian virus or the like, where the regulatory signals are

assodgiatecnaiinai parteuaCyevienvbieki hasenhigiuteved ofsgpi@sdion. the viral
Examples are the TK promoter of the Herpes virus, the SV40 early

crirepRaiero thezydasy gatd2gene Hrabvde hrichirainteripionialiditfation above, can
regulatory signals may be WO 2008/071806PCT/EP2007/064094 22

bselentadaraich alioy ibcthedrabiient(oyconstipddiar repirssian ROV YV proteins
activation and for modulating gene expression. The sequence

arelieodinginheayetowhinanhpriteiataan hdmdppietsastiieslonsddoNavarro D et

making modifications at the DNA level only that can be determined, for
al.,, 1997; 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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5 example, using software for selecting the DNA sequence in which the
codon usage and the restriction sites are the most appropriate for cloning
WRRH¥PRNsing a recombinant protein in specific vectors andM{GEEE20E/064094

(Grote A et al., 2005; Carton J et aL, 2007). During further cloning steps,

protein sequences can be added in connegjion to 10 the desired antibody

format (Scfv, Fab, antibody fragment, fully human antibody, etc.), or to the
fr'b'%?ﬁéﬂ@sl} SHBSIIBHIBRe Qi RIMiRalion Rf SRe el dNI kR IDERRPALkaMIRe@CKS having

These technologies can also be used for further structural and functional
atcharacteyizatinmand eRtimzatormoiNie therapenticr PHARRIHE S O§ RFRIBIRS further

in general, and of antibodies in particular (Kim S et al., 2005), or for
cafpasating vegtercd halowing el siepiryénviyodeal vy o) 89 depending

2005). For example, recombinant antibodies can also be modified at the

orleXBlef Striteiea RV GMEY thY GRAOFIREASBETHA FOIEBiRR P and light
fused to the variable regions (Furebring C et al., 2002; Logtenberg T,

chad® dYe e generating single chain antibody fragments (Gilliland L et al.,
1996), and by adding stabilizing peptide sequences, (WO 01/49713),

polynvers:or 2 Gty oshemicalftio sdie micalkyirasifiegl sesidiasd(CRARAM@N urther
Aetal., 1999). The DNA sequence coding for the recombinant protein,

cdINpaINSEREA INth 8 s iablet nisaakerco et Fasmologouslyotonsisting of 1gG1,

homologously integrating vector, can be introduced in the appropriate host
I1gCelisTRY;aNyYsGutable meansafiangfospiation. teansiectiofcapiyigati®ncavy chain

protoplast fusion, electroporation, calcium phosphate WO
cotBAHOEBOH LT lRRA0IYAG4084 23 pregipitation disect aitiidectiarcterized
etc.) to transform them. Important factors to be considered when selecting
frarpakicRéay veghon ingledghe, @rde@ath Wdahubrst eells thatieardaintirling the
vector may be recognized and selected; the number of copies of the

fuvectariudlichragtodesised2 and whatherdhe vedior isdlale twvshwidla cloned and
between host 5cells of different species. The cells which have been

cistaliytransioymediy sfiePiDRoducadiINAdCascher seledisidiny alkoresulting PCR
introducing one or more markers which allow for selection of host cells

prodichsconkash thevexpredsion vectoforhhiagmarkermaylalsouptoisgiédces can be

phototrophy to an auxotropic host, biocide resistance, e.g. antibiotics, or
triv@dvited (in part or in their entirety) into another vector, in particular in 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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10 metals such as copper, or the like, and may be cleavable or repressed

if needed. The selectable marker gene can either be directly linked to the
WONBHers8sequences to be expressed, or introduced into thePSARE2081/ 491094

co-transfection. Additional transcriptional regulatory elements may also be

needed for optimal expression. Host cellsypay be either prokaryotic or

eukaryotic. Amongst prokaryotic host 15 cells, the preferred ones are B.
prowkylis and b EQIEAMONAS & Wiady ofic sl lIsiHbespraiersgd &marcand the

yeast, insect, or mammalian cells. In particular, cells such as human,

1 RIRBKBYr dNOHS® JRSREE, (YR O RACHIANMI B SIPRESIANHRYBIEMS bicistronic
and Chinese Hamster Ovary (CHO) cells (as shown in the Examples),

trOMifR posthanRiationsaiedifications teopfoipimolaemethdnekpdiigion of the
correct folding or certain 20 forms of glycosylation at correct sites. Also

re¥6AHMiIREHS GRBEAUTVIRUIROSIrERASIatieNal Pepkss sirdifiegtiopgincludingll line
glycosylation. A number of recombinant DNA strategies exist which utilize

subsanRgiMoneRiahsaareRe@sRNd fiaheanymisarardobnireidds abkadell line.
be utilized for production of the desired proteins in yeast. Yeast

recogrizesueRaehsRIUANESS 40 CHOREEM B MRIRFY B UGAUCES oekin of the
WO 2008/071806PCT/EP2007/064094 24 secretes peptides bearing
inleadRIISBIUSNLEE H - ConpirPeptsiasinant MEMMaia ketidinasravylable desired

as hosts for expression are known in the art and include many
DiNrnsetalizrdcelilinescavaiahie foerd the AmstieantTypeiGillteikehing vector with
Collection (ATCC) including, but not limited to, Chinese hamster ovary
ref@it@ynSchiglac Hadryhastisied kidngs (Bid K doonkayakidngyate @%)a Polymerase
C127, 3T3, BHK, HEK 293, Per.C6, Bowes melanoma and human
Cheipareactisar ParNomdatftoPerammiecHefoD2) asilik aimg anplbpi@ipofull variable
other cell lines. In the baculovirus system, the materials for
regamyoyirgsdingestcal @XprRs SN sy IEMvs] arg eeimmescialymvallablthén HCDR3
kit form (e.g. commercialized by Invitrogen). 10For long-term, high-yield
seqiradeliompdse recombingnt gok/Raptide, tiablerexpkessionnit presesra@propriate
For example, cell lines which stably express the polypeptide of interest
vetaysbfviransiapresiosing expressiootieotoss nichinayscanlidén adrdkscribed in
origins of replication and/or endogenous expression elements and a
baddeciabledsvirikergehewnidhelsamemt prodiseparadenbeciar. praltoini)gincluding
the introduction of the 15 vector, cells may be allowed to grow for one or
titteoria dayssénias ‘enriahed cedippbeior?’ thelyl i sVbigcOadoial detdetiPeess (‘“DNA
media. The purpose of the selectable marker is to confer resistance to
Chelagiidn, BrprissjiressyseraliowsogmwiDand (HoavegyOf Melladidian Systems”,
successfully express the introduced sequences. Resistant clones of stably
19 SiProneid Edja sy piolifdrdt € RisitugriiBaudi cadioneTiedhniipuess, 2001).
appropriate to the
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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20 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
W07 uUNnoglobulins, an important step is the selection oP{HEER88TIH4094
isotype and constant region. Vectors specifically designed for expressing
antibodies with the desired isotype and suptype (for WO
2008/071806PCT/EP2007/064094 25 example, human IgA, 19G I, 1gG2,

seMEJRE D AER WIdRlY [desrElesh idhe diecatidtauliben rébﬁegdlbﬁrﬁmgﬁﬁiﬁ)ﬁon and

the fusion proteins can be expressed as recombinant proteins in

foPrakanietia LIS E§sthEEscherichia colt; Sorensen H and Mortensen
K, 2005; Venturi M et al., 2002), plants (Ma J et al., 2005), or eukaryotic

cells; thatsepitaiveachigtiigyaef R¥piabaiant g diansieH 8k H@ed and recloned
transformed cells (Dinnis D and James D, 2005). This would be required

foln RRtGEamMyBETthR fhasaciesizption atihe aivodies bas tBdictermined, for
performed using more sophisticated assays, including in vivo assays,

cXWhR thsihalkdhfewak thiartkedy sanbpReleyringc iRewish Gals &afon usage

be further selected on the basis of the expression level of the recombinant

arfroliedn rdddrivtadditings hentbenetepisexpiessey, erpesialbhds &pressing a
antibody, in eukaryotic host cells (mammalian cell lines in particular),

rediffebemintestors gl dvieRsIR Bystemashbayedieaessigned for 2005; Carton J
generating stable pools of transfected cell lines (Aldrich T et al., 2003;

ctBiarmhiAy.and McGrew J, 2003). High level, optimized, stable expression
of recombinant antibodies has been achieved (Schlatter 15 S et al., 2005),

also gugitgxdititézalioni ot celipsliusecnoRelfiens {Ceunbergddetah, &idction to
Yoon S et al., 2004) and by selecting or engineering clones with higher

th@\&lﬁﬁﬁaﬁﬁ@@éﬂ/ypf@dmﬂq&fﬁld Bebrefintb@ohfinaingl. 2004 BrileraMibody,
20050. The antibody, the antibody fragments, the bioactive peptide,

etthy tustonpsdigiostiid aubystitheo praeisldeiined aloo\h asobeidgecanahiel amino
of binding and 20 neutralizing hCMV can be purified using the

acidBl]-astallisbeshisiohnalogias dhat aowstde feoldtinn@f eithefural and functional
non-/recombinant proteins from cell culture or from synthetic preparations.

chhhgseriectionlagiespshaidatjpiovifleha sidfigientiamopetofPodtetotiianiihencral,
microgram to the milligram range) to perform a more extensive

ancharbcierivatinn andpatidatan (& fCH ¢t relate2ipophytatiic, ghiagaostic, vectors
alflor:Sing 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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WO 2008/071806PCT/EP2007/064094 26 therapeutic uses. To this

purpose, the preparations of recombinant or natural proteins can be tested
WOrHG8AHBYr in vivo assays (biochemical, tissue- or cell-basePEI5ER2007/064094

disease models established in rodents or primates, biophysical methods

for affinity measurements, epitope mapping, etc.), in particular using any

of those disclosed in 5 the Examples or in literature for studying hCMV

pre2iPRICHESH RRH IMERSMRIARAYetc.) (theARESOHIBSAS IRFEREnt factors to be
preparations from human B cell supernatants or expressed as

cdRGARRINANCRrteivangan hetfrther valislaied Wiinghereadt Witaeliharafdst cells
in vitro assays known in the | te ature (Eggers M et al. 1998; Lam V et al.,

thdPOSnARINABIM Boetrahy 206 eRnaHRT 3blcdRQL tERORGHINFo8IBhics of the

2002). 10 Moreover, relevant pre-clinical tests can be made in

vV Virntecied asimads, dnaHsHar dnedely Whgkechiemaninst aiisveen host
can be transplanted (Barry P et al., 2006 Gosselin J et al., 2005; Thomsen

cdMsed difPROR) specitbie purification of the recombinant proteins of the
invention can be carried out by any of the conventional methods known for

this ppKpQsgsi - @hadly RIAEeduResldh Vel @XE@BHOM IIeECHRItAANDN A can be
chromatography, or the like. In particular, methods for antibody purification

sctéitdiakedise pitisHnokilizesas! MmateGasrkeryaingehwitiin afsolsmBtion of host
(Nisnevitch M and Firer M, 2001; Huse K et al., 2002; Horenstein A et al.,

ce2R0hexpledingithensdrong affiisy ofenibbodias ferasubstiates aueh provide for
Protein A, Protein G, or synthetic substrates (Verdoliva A et al., 2002;

piRestuepRY Actaal. adR0ddpE fab spesidic antigensaacepitopes(ivbiviays A&t heavy
al., 2002; Jensen L et al., 2004). After washing, the protein is eluted from

mglgehbly & coppee, isrphkdikenindtiangthe Altarnaively réffrédsetigfceded. The
Performance Liquid Chromatography) can be used. The elution can be
setedtittconiiatisin g anwatei-aitateroiltireaded sklyend com mdnly @mplayfdnces to

for protein purification. WO 2008/071806PCT/EP2007/064094 27
be expressed, or introduced into the same cell by co-transfection. Additional
transcriptional regulatory elements may also be needed for optimal expression.

Host cells may be either prokaryotic or eukaryotic. Amongst prokaryotic host
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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The antibody, the antibody fragments, the bioactive peptides, the fusion

proteins, and any other compound defined above using 26A1 antibody
W@20(13417¢8¢ can be used for detecting, treating, inhibiting, preWP&HEB2007/064094

and/or ameliorating hCMV infection. To this purpose, such compounds

can be used for preparing diagnostic, 5 thgfapeutic, or prophylactic

compositions for the management of hCMV infection. In particular

s&%&ﬁ%@ﬁ@@%@&%ﬁgﬁ%é&@%%&{@@ﬁ(i@ F?l@f @ﬂé@?aﬂ compositions,
together with any pharmaceutically acceptable vehicle or carrier. These

compasiins M FHrRes COMNEBR Ay RAditial thesaeHtiG Oknown in the art
prophylactic agent, such as vaccines, hCMV-neutralizing antibody,

anBAYRIRUS AMHTAeieN WY 1R IPIeRsy alana bl EMOMO AN Type Culture
compounds, and/or antiviral compounds. The literature provides some

C&Narsles AfTRuCh GUMRRHAISACHDY ORI rephaatieniaseareshry (CHO),
Vanganciclovir, Fomivirsen, or Ganciclovir) and already tested in humans,

Halone g ynmessRinaigiwitB HITAVBBAKS, RIHBRGoLEiN eleparations ke HEK
Clercq E, 2003; Nigro G et al., 2005). 15Moreover, recent literature

2BgpetihaBbuwsamianesiona amikesiesganobel e éafcinoma (for example
supplementing (and replacing, if possible) present treatments such as

Hipramnesssnminogighulin preparatiers ansior anttsabeempongsystem, the
giving the opportunity to reduce frequency and/or dosage of such

mpRaraacet hasltompesitiues (BRYEYptakaln 208 émLAihestmmercially available
compositions may comprise an antibody, an antibody fragment, a

inkigaftivie (eapticien i fusionzeotsinnanebasiy)other compound defined
above on the basis of the sequence and activity of human 26A1

monaalenahanigeadyhsghiugsice pfoducatp egitipns Jvap fruthep Somgriseea stable
different hCMV-neutralizing antibody, an intravenous immunoglobulins

ex(pvdgyipreRaraiforrehdior aRaanidl aletoieunbichhgabMOexpress the polypeptide
2008/071806PCT/EP2007/064094 28 different hCMV-neutralizing

ofantibady shoulbkbaahdvaciedizadngy e gifesint epirpe, shith asdheconesn viral
already described in the literature or in the patent applications

ori?0y 132 781211 &0 A1 b4 AR, anddgPulsl k&pickb@n7 cB&edéhtananliF4, selectable

respectively) that are associated to gH, gB, or other hCMV antigens. in

maktrtiieéne on the same or on a separate vector. Following 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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5 literature shows many examples in which, when two or more antibodies

directed to a viral or human target are combined in a pharmaceutical
W@ampositiom, the resulting composition may have an improve 8GRI BHWO{H64094

efficacy due not to a simple additive effect but to a specific synergic effect

(Logtenberg T, 2007). The compositions egmprising any of the proteins

(e.g. antibodies, antibody 10 fragments, fusion proteins, bioactive

cxaeniide phanch ofthe leigasids,datiang %?@‘(@i@@l@l Rrisastand the literature.

administered to an individual with a hCMV-related diagnostic, therapeutic,

TRERreRhYACtiG BYHRESE oF NBise FRHRASIHRNACARN 8 AURPRISIRIEd P$ccombinant
means for hCMV-specific passive immunization which provide therapeutic

pre@mRoHNgRoliarpatticolan harapeulic antiRplies, QL itespenis antihdi@srtensen
15 fragments) that, by targeting hCMV virions, can inhibit the propagation

K ob s vivus ifrthel teeatech patigniiang patentéally. biomksthe putiviaak@f aclls, that

viral infection in the population. Depending on the specific use, the

al BNRAsIERNShoWd prpvidsidheasompaisid te thehymanssuRied GBlls (Dinnis D
particular a pregnant woman or any other individual that is 20 infected by

ariCMM Qr ooneEetinad fekiar iiCdyutee 1a paniectavithen ieMYaracterization

infected individual) for a longer or shorter period of time. To this purpose,
ofthEcCaipagitiaraeandBagimibisteedsinsingle gbphittipiadpsagss andlading in

using appropriate devices, through different routes: intramuscularly,
vilRtravenoustyesulbeuiareRasbf tepiaaiyo syucasalydayranneulizes Bo@rtells can

inhaler, as eyedrops, in WO 2008/071806PCT/EP2007/064094
be further selected on the basis of the expression level of the recombinant protein.

In addition, when the protein is expressed, especially as an antibody, in
cukaryotic host cells (mammalian cell lines, in particular), different vectors and
expression systems have been designed for generating stable pools of transfected
cell lines (Aldrich T et al., 2003; Bianchi A and McGrew J, 2003). High level,
optimized, stable expression of recombinant antibodies has been achieved (Schlatter
S et al., 2005), also due to optimization 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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29 non-/biodegradable matrix materials, or using particulate drug delivery
systems. In particular, the composition may allow topical or ocular

W 20p$A18tRa6ion, that represent a useful approach given the prd$SiHER2697/064094
hCMV in mucosac and eye. Moreover, antibodies and antibody fragments
can be effective when applied topically tof; wounds (Streit M et al., 2006),
cornea (Brereton H et al., 2005) or vagina (Castle P et al., 2002). A

theharenaeaiisalieomrasiipssef the prupmntien sheuldIMUdRAt or natural proteins

therapeutically or prophylactically effective amount of the compound to the

catlibledstiatiallons sherompanndsta exesidishastivity, i sufident padadssays,
of time. The 10 desired effect is to improve the status of the hCMV patient

dibyasenteding sed¥NsfeGior daastiyalein aRe/ Aisphyteeiom AnsRYfor affinity
reducing at least some of the clinical manifestations of hCMV infection,

mébiah-aa detinitpipRNaupinniisdteandefaistal AN hiy0b £XMPI8i1B8sed in

composition should be administered at an effective amount from about

the-BRan Rt RQi Bafkab asyswaigly depgndigheRdhes koan@uterinobiology.

administration, the number of administered doses, and the status of the

indivighalantibbiibe easpuefftampepiians Mavioendirgnasts UseSsitPernatants or
compound should be detected using technologies commonly established

expriiecdinicat aps basaarphdahkpsatarievondeatectingivirus indliglogigah- or cell-
samples (e.g. EL1SA or other 20 serological assays), or, when

baRdministaredatl 5y sUbieehinviMe: atdeasid,(BgeddM 4t ol MOrgshauwis V ct al.,
after administration. The detection of hCMV can be performed, using the

2(Weiernsmfaiide Bventinn,Jeosyssittiionpreealpled o thedviewn meansl., 2002).
and procedures that have been establ shed for monitoring chronic or

Maesie HCMeinfiectos-itiaidiskaapuations afddetinnrommvconpetdntaiigals, in
immunocompromised WO 2008/071806PCT/EP2007/064094 30 hosts,

partheitaa soeldinnbeine nthe deda geBratad bt ko gightioe ¢Bueal P ct al.,

status exists (Gilbert G, 2002; Gerna G and Lilleri D, 2006; Lazzarotto T et
2006;200%k1in J et al., 2005; Thomsen M et al., 2005).

The purification of the recombinant proteins of the invention can be carried
out by any of the conventional methods known for this purpose, i.e. any procedure
involving extraction, precipitation, 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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A method for treatment, prophylaxis, or diagnosis of hCMV, or of
hCMVrelated disease can comprise the administration of a protein or of a
W87 Eiel as 5 above defined. The method may further corREWGEPG87/064094
administration of a different hCMV-neutralizing antibody, an intravenous
immunoglobulins (IVIg) preparation and/og-an antiviral compound. Chn
cal development and use should be based on the pharmacokinetics and
pharmaeosyinpaaics Hidhamantgdy tlabak et ROR4i AiZRpeidt St lo fusion
1994), the 10 preclinical and clinical safety data (Tabrizi M and Riskos L,
pré@dR), and iRe caBPRRHH A INIRINAIP AR (RAWIRIEAAS FoR ik BFadHEHRBes can
and quality control of monoclonal antibodies to be used for therapy and in
b/iyGediFBNQRIR MY M@BS thiarTis Bieina! 388AhtIhe RitRIns.afdhsrating hCMV
invention can be also used for the preparation of a 15 composition for
infletasHN dreail N ipGNBItine: O tRYEPHNEd 2080 HNSHO e iNBrepaen g Snostic,
widespread diseases (such as cardiovascular and autoimmunc diseases,
thefapRmectynes -opeace toatsevi m definamd asAeMMIRIFLHDNV infection.
hCMV-associated diseases. In these conditions, hCMV is considered as a
possikleefasii siies itdsillikaownaihat thisedrysrispaspesiate@hithaceutical
cellular/immunological inflammatory 20 processes (by stimulating the
cMPOsRSIRR, Offiesepias, 6¢)l plhesionmgtylescepaiprkingsidddor carrier.
cytokines), autoimmune activities (e.g. in atherosclerosis, restenosis) and
TNEED adiensdinnsdo theyaniigrn-psagaiation pddiveys @y inpditioe Minéphylactic
class | and Il expression) leading to cell apoptosis, differentiation, and
agdigration, foraxaimgle it Mood sasskeismanarfiactivelytprobfeialingaahs globulin
(Cinatl J et WO 2008/071806PCT/EP2007/064094 31 al., 2004;
propalarhnrg-Nauslaidm oo coMprrads|, e infiectinalhasdeeonds. The
also found associated to alteration of cellular metabolism (Munger J et al.,
lit2edyc dapradsiosotihilips et alf, A/ podipiskatRctetiigr BxanabaVCreplication
events (Fridlender Z et al., 2007). Reactivation of hCMV 5 and related
(Fegoplicationmpascasevidee R daurdisncanee Gpatants (Saadbe Madialtested in
2006; Han X, 2007) or patients affected by inflammatory connective tissue
hdisgasesopéostait’ @rabi2@m) watid iimgeoacalsitnpaiieoisehdar preparations (De
immunosuppressive treatments such as cort costero ds (Yamashita M et
Chic@00N@NES; charwiheragly, a0050ther antibody-based
immunosuppressive regimens (O'Brien S et al., 2006;
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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10Scheinberg P et al., 2007). The invention w Il now be described by
means of the following Examples, which should not be construed as in

W 2R08RA18NMIting the present invention. EXAMPLES  Examl€T/EP2007/064094
Production of cell cultures secretin2 human monoclonal antibodies 15that
neutralize hCMV infectivity Materials & mgghods Selection of human
donors that present IgG antibodies neutralizing hCA1V in the blood serum

diffeese heMYshrelfic asagyshaveReahpaidonmed R Qubiad iy a different
20PCT/EP2005/05687 | or in the literature, as summarized below. The

cpebY-getralizingeaptibodigsurreddstensed apcardingdpadth@M\n the patent

microncutralization assay based on human Embryo Lung Fibroblasts

appifekficiRlifmd MY APB691stmain (@dhEMY 1aborataryosiaiRdrem) and 1F7,
ATCC, cod. VR-538). The hCMV microneutralization assays were also

rebgsterieed with the: W 0081061 8RORBT/EPSMF /864894 A3kigens. In fact, the
literature shows many examples in which, when two or more antibodies directed to a
viral or human target are combined in a pharmaceutical composition, the resulting
composition may have an improved therapeutic efficacy due not to a simple additive
effect but to a specific synergic effect (Logtenberg T, 2007).

The compositions comprising any of the proteins (e.g. antibodies, antibody
fragments, fusion proteins, bioactive peptides) and of the nucleic acids defined
above can be used and administered to an individual with a hCMV-related
diagnostic, therapeutic, or prophylactic purpose. These compositions can be
administered as means for hCMV-specific passive immunization which provide
therapeutic compounds (in particular therapeutic antibodies or 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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endotheliotropic hCMV VR1814 strain, a derivative of a clinical isolate

recovered from a cervical swab of a pregnant woman (Revello M et al.,
wWQe@Bj)astbhuman umbilical vein endothelial cells (HUVEC). PREgP 24064094

were obtained by enzymatic treatment of umbilical cord veins and cultured

in endothelial growth medium (EGM- 5 2,{gambrex Bio Science)

supplemented with 2% Foetal Bovine Serum (FBS), human recombinant

nofassiasaadesheliabarawih dasior, (VEGR hasicdinb stomRWIRadPstems. In
(bFGF), human epidermal growth factor (hEGF), insulin growth factor

pdifefrihk, RYSIQRRPESRNEh AREPHI6RGIhiIBEPeF D DIBPIAIMMGIRIANEb N, that represent

amphotericin B, (1 Rg/m1 each). Experiments were performed with cells

a sPAASAPFrdath 10iTRR ure ptiEAde astd itV GicellgdosstuthingyRCMMreover,

infection and replication using clinical and laboratory strains has been
arfABssd B daltiManbeticl e faring Gt de 2002} Ve theprespplicasespidlly to
cells were plated (2.0-2.5x 1 04/w el 1) onto flat-bottom wells of a 96-well

whlaigsinskRatRiaft GrowihnMedisime aBebreRanstMinimens Esseatiala (Castle P
Medium (MEM Gibco-BRL) with 10% Foetal Calf 15 Serum (FCS), 1 mM
ctsadinpppyruvate (NaP), and GPS (2 mM glutamine, 100 15/m1 penicillin
and 100 gg/m1 streptomycin). Cells were cultured for 24 hours at 37C.

Fifty p.1 phantibeehticantaidimg samplesqhuman Jakwimice!l gubule provide a
supernatants, or of Protein A-purified natural or recombinant IgG at

thifdicatadatonee pirahioyis weneyingehated withihedakbpsadorpstiaid OGN/ subject
AD 169 [500 plaque 20 forming units (pfu) in 50 RI of MEM with 5% FCS;

thtatal meVyniecof shep orixtlie wWasHl A9 pbtlfak ftour aifféent Peribkturetidhe. The
antibody preparation and virus was then added to HELF cell monolayers

dd§aehCIYcAR1GiattdVe- thstraiita) asfH b/ HOMWI pacisatalyersofieroiid \hCMV
VR1814) and incubated for 1 hour. The Growth Medium WO

in2Q0%/07 1808 RGP 2000064094380 eapliteg WeleciRgnatertifiugethatof the
2,000 g for 30 minutes and incubated for 90 minutes at 37C in 5% CO2.

clfaionithrMadicna (bB0 loT1lhwas\adiedoaiah theuetlturesruené imasitapedimonitis
in the incubator for a further 72 hours.

(Landolfo S et al., 2003). For example, the composition should be administered at an

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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The effect of B cell supernatants on hCMV infectivity was measured by 5
staining hCMV Intermediate Early Antigens (TEA, TEI + IE2) by indirect
WorehsiatIsesoxidase staining. The cell monolayers were fixed REREP2007/064094
acetone/methanol solution (stored at -20C) for 1 minute then washed with
PBS. The cells were permeabil zed in 0.1%p Triton X-100 in PBS with 1%
H202, 5 minutes on ice, then washed with PBS. Endogenous peroxidase

ho¥as Binsked vitteRBeMERwash M mathapptanci0h % #2087 3RIMME@S status

at room temperature in the dark and then washed with PBS. Fifty RI of

exiyRted Blaekina dwent {4l Tadh R $90:606. Tastatiertavddin-Bovmn).

Universal Detection System; PN IM2391) were added for 10 minutes at

roomAemaRRIUS: ardtthen Washedrway dyithiFBesiVorsecanmit GMYf hcM V-
IEA (clone E13; Argene Biosoft; ref. 11-003) was added to wells for 60 15

relatetasaiJohh teseRUIRe AflaliMiaghtnt ¢flls yraisiinewhAtadvéR0cid as
RI of biotin-conjugated, secondary anti-human IgG (Ultra Tech HRP

abeRR-GRa It TR eptailinmBiptinddiivisalpRisteaion pysRMafN of a different
IM2391) or peroxidaseconjugated goat anti-mouse IgG (Ultratech

h¢NRP)der 4 ixingtes: i B, suhsthatevdeckimmuh 28241000 )V . Weparation
H202 was added for 30-45 minutes at 20C in 20 the dark and the reaction

arklQiRRECaAY ditdtieppuP8S. TEA-positive nuclei were counted under the
microscope. Medium only or cell culture supernatants containing

irreleganti ¢gGianthgdiesveie usedasuddnegdivecontidle Hleammeldidttics and
preparation of human IgG, purified from the serum of hCMV seropositive

pleatienisdfayiaiest Bintest)ibvds YE68AE at WO2004; Arizono H et al., 1994), the
2008/071806PCT/EP2007/064094 34 positive control with progressive

prdiutiong, stadtiog bt Rt dResitiviyrivas Mefindd REKROLOINNITOON ofnd the
IEA-positive cells, compared to negative control wells. The

cffbrdabibitdomendpasiatalegiaiesh eisingdhenkgaddvitioh methachdll 2dirol of
considered the Neutralization Titre (NT): NT = reciprocal antibody dilution

mpriRoinhikitioibbdiHSotnibitinre @raatahthapy>aed - A0% )M Ydingibisionin  humans
greater than 50% - % inhibition less than 50%)]

(Harris R et al. 2004).

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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Selection of human donors on the basis of the presence in the serum of
IgG that bind to regions' of the hCAIV envelope glycoproteins gB or gff
WA RO HENIV-specific binding assays have been performed RCAVERART 94094
PCT/EP2005/056871 or indicated by the Manufacturer, and validated with
a commercial mixture of IgG antibodies spggcific for CMV (Cytotect B
otest). The serum was tested in an ELISA specific for human IgG binding
alNGHDY ViR QieiRg toatkie copypeycially available (BE1A-CMV IgG
Quant; Bouty, cod. 21465) and a gB 15 (AD2) hCMV IgG ELISA, also
commgseiaiyaviadale (edBRtiaen RiskesidGoaad: 840R%c&ith ldMeration of
Briefly, breakable strips covered with an inactivated hCMV protein mixture
cduierivarhamIthe lafaiaion) strain, ADCHLWRERNACEEHNIR MiCapktes)07), or
and incubated with B cell supernatants diluted 1:81(10 RI of supernatants

rigdeaddp RPArembetisasnpiesdifuentenabthe BELA syotemi.aoe thedate heMV

incubated at room temperature for 30 minutes. After a washing cycle,

anff ecthidied JhpNRelanad anthyspanaGaniidpdycrrjugatied W (Bandherr M et al.,

horseradish peroxidase (100 RI) was added and plate incubated at room

2000 esatreX00 B forther Shynirfdtesd Alein fl saeendyashing Gyeléissuc discases
pre-diluted substrate-TMB solution (100 pl) was added and the plate WO

(YZ0038/97180aPC D0 A6 4094 Bérivasnnputiaifg ati@amitempesalipifessive
for 15 minutes. The reaction was stopped using the Stop Solution (100

tr&iveH)sanct hes apierlbdansigswas maeasarad 1 bichroo®tisn dlch@e28py and

nanometers. Production of the culture of immortalized human B cells
othBerphesalibloast honemuelearelissivBMeshware cot@ned fromea al.,, 2006;

patient
Scheinberg P et al., 2007).
The invention will now be described by means of the following Examples,
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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recovered from an acute hCMV infection (CMV7) selected because of the

presence of hCMV-neutralizing antibodies in the serum. The EBV
worRMdiaIseation process to which PBMCs from CMV7 patient R¢SidP2007/064094

subsequently exposed has been performed according to the teachings of

PCT/EP2005/056871. Briefly, PBMCs wesg purified 10 from peripheral

blood by conventional density gradient centrifugation on Ficoll/Hypaque.

crfdBYR3tRARMNE Rel wey inplatee-fiamafieshvEBM G >0 %n RUIIBYMHY recovered
anti-human CD22-coated beads by the VarioMACS technique (Miltenyi

frépteccicitas deserired Bychamanufasiu(Re VR purifiediceb9mmereand human
stimulated with a combination of CpG2006 (Coley, 1 p,g/m1) and IL-2

urkBAsNE, vGRmdinAfigreids talaysimulalione gelpsnesdwarEB Ry ymatic
fresh culture medium (RPMI-1640) and the B cells were highly enriched in

trédfmpRstivenssllc Wity nihinman legrerated beadadnabsinghancdium (EGM-
VarioMACS technique (Miltenyi Biotec Inc.), following the manufacturer's

2, TSNS ol Bei setestach pranstinadlaied cellryate BespendetiaNFBS), human
maintained in RPMI- 20 1640 cell culture medium supplemented with

redOfbivintheaidnretivatesht G8 (heetal GathSewmGh)mivhsedfibioblast growth
pyruvate, 100 Rg/m1 streptomycin and 100 U/ml penicillin, in 24-well

faptate®BGIHChaneh b %pidedn IherEBN imetertalZaion was pestemadactor (IGF-
using B95.8 cell supernatant (1:1 v/v for 16 hours). At the end of the

1) PIBRAS B IRUNRStAIBEE L84S Nepreiwashadntrash aWfhotericin B, (1 ug/ml
2008/071806PCT/EP2007/064094 36 culture medium (RPMI 1640 added

ot ' g] tgg%ﬁ%mk%fé%m@fﬂh I pultlreatQn 3onegks at a density of
0 X

6 cells/m1 in 24 well plates with a feeder layer (irradiated

allogengeic SBME saeded.alis> MitVEeellsiel i P ERRP¢ (RE AW and
with CPG2006 as described in PCT/EP2006/069780 for the process

replaciRm i eRim REMES aRirined IR, GMVRARROBLREIBEHABRN in many articles
subcultures of immortalized human B cells that secrete hCMV neutralizing
(G¥HiRagies al., 2002). In the present case, the cells were plated (2.0-2.5x10%/well)
onto flat-bottom wells of a 96-well plate in 100 pul of Growth Medium, which
contains Minimum Essential Medium (MEM; Gibco-BRL) with 10% Foectal 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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Fifteen days after exposure to EBV, the hCMV neutralizing activity was
confirmed in the expanded, polyclonal cell culture with the
WRADIGI S F-based 10 m croneutral zatian assay described BOSEP2Tére4094
the cells were seeded at 20 cells/well on irradiated (30 Gy), allogeneic
PBMCs (50,000/well) in 100 R1 IMDM adggd with 10% FCS and non
essential amino acids (NEAA, diluted Ix from a 100X commercial stock

TEOIPIARs RrGiRae)khikeakacnce Do RGRR0SRRANkS- MiotatebAd4for 90

subcultures were generated and, after two weeks, 50 RI of the same 15

miRGHYT: Wese afdeg. éfser @IHW&?Me%l‘(ﬁ%eKﬁ)@f Bltwt% PRled and the cultures

supernatants of cell cultures that presented growmg and aggregated cells
were tested n lel y ing th \Y/ neu.{1 zatlon assay based on
3 FrG 2

ﬁ&ﬁt_amt ator, urth
ceftdsh rain A e supernatants of cell cultures

that prese dhC neytralizin ctV|t wer ted sing.the ELISA
for dggctl%ﬁeblngmg ot:ﬁitijmatpw Fgé? ol[reélon?é of the' %‘gté ] Hedsured by

envelo tein Ot%\thﬁ, telns rlbdg bgv Ny
St%ﬁerﬁatlv(ég gg%erg é[se an gens)[0 re e%ét f7/IE2) by indircot
1mG|Utath|eone Tra afl%rase eS I%lflursﬂgtq rOtem%velpet 1e & Sel@,{ﬁ%:]eet ne/rnethanol
IB%BQQB) é%f‘ %g tﬁ% |mmunodom| ant region from h

soﬁm 445500 55T RS Gt No AT, P FBSPIEER, wr

|n|ty UI‘I mg e case o

611F1)%T{§‘P%1Q ?ﬁgﬁﬂ %1%7 A 2 /T ﬁn&e@ gﬂ?ﬁl elgmg 1Ee then

glycoprotein o V strain 4 was clofed

%;ésﬁgt tsn%s&;ﬁa%”.:%togétﬁ%e.&a&ﬁe SO el so
f I
oS N RIS BRI T SO

wasﬁ dal)(v)lltlg Wﬁ% u?e qaler% nﬁg%\ckm Zcese%tE@é? Welf Sh HRP |(1)0 -600

perrorme by apply common na orma

< e, e e e S e b CERs 1,
10 minutes at room temperature, and then washed away with PBS. Mouse anti-
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 ul 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,0, 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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10 expressed fusion protein) was used for coating E1A polystyrene plates

(Nunc; Cat No. 469949). The coating of ELISA plates was performed
W08t 4C, then, after eliminating the protein solution, theRCII/ER2H07/064094

were washed four times with 150 pl of Wash Buffer (PBS containing

0.05% of Tween20). A treatment for blocking unspecific binding was

performed by then dispensing 100 pl PBS containing 1% of 15 milk in
p&AGHWEIhioH L hRHT B3 féss Alediauonasiing syclesiwih LAl afodiashy was

Buffer,50 gl of supernatants from cell cultures were incubated in each well

ddRh&hQurs afo3f (hiising PO RIIvElLakhecell sulturennaditim 8Segative control
negative control. After four washings cycles, 50 pl of the secondary

waitibody [goat anti-human 1gG (Fc specific) antibody conjugated with
horseradish peroxidase; diluted 1:30,000 in wash 20 buffer; Sigma, Cat.

No. AQL7Qhweresisnsnsarip sacweland RateserenewRaier ktod will

hour at room temperature. After four additional washing cycles, the

bELRMRLEJeaCHIeN YR AsvH anad ypflding S0 pl of Substrate-TMB
(3,3',5,5' Tetramethylbenzidine; Sigma, Cat. No. T0440) in each well for

NENEL 30 RUNUEGSi 66 8908 L8 IBR %U%-iﬂﬁ%ﬁ%ﬁ@"?%@d%@%&tﬂ% Sater than
stopped by dispensing 100 pl of WO 2008/071806PCT/EP2007/064094

5038 stapARllaRHIN: R RRLTiCAHE KH9,a0hi Gl diad TR QRUGH HIETFItY

was read at 450 nm. Results Human PBMCs were obtained from an

SRS LMY R85 GRENG @52 PBNITGAN NC MV REVBANIZOR 8 ar bind

in serum (50% neutralization at 1:105 dilution), together with a strong

1o PRSI AR FREABALPRIIHE A Jo R sl apa,sapple is considered

positive for the presence of IgG anti-gB at 1/4 or higher dilutions) based

on thelRingingrie_the A2 GQ{H?H?S ALGNCoRFRICRLEh Qe BEN&INEMYutlined in

antigens best characterized as eliciting serum neutralizing antibodies

P¢Q@agphde/058k7 193¢; HiaRH & ehyl A99RlARAGIERSD WHININIIRISAB with a

antigen (Fig. 1A). Moreover, the CMV7 sera was positive in another

coakdRAc NG hertodt i ynvi[i@ai@mds&sfﬁw%fe@uacki@g%@é&fl Bldled). The

was measured (a sample is considered positive for the presence of

scPitir e da@ whentheggsipbisral feashubth AW mIbkhakhgaleMe®m/IAen proteins
CMV7 patient were used for generating an immortalized,

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
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polyclonal cell culture highly enriched in B cells that secrete IgG using the

EBVbased immortalization method disclosed in PCT/EP2005/056871 and
WEDTRPB006/069780. Compared to this latter document, disdtC3ilE2$15/064094

selection of anti-hCMV antibodies from another donor (CMV5), the

subcultures were prepared 20 from the o ginal bulk, polyclonal population

of immortal zed cells in the absence of CpG2006 and the supernatants

wikelgclisitsglacterd % the Prasends of anihrAigs TRutFalZiRG RGN Viopped using
infectivity by the microncutralization assay, and only after for antibodies

thBingking tesiglesied oMM /artigensd The: heYamigreRRYtralizatinBagesady in bi-
was applied only to subcultures which WO

cR0RR/0718RGRE K P20 /64994 39 proved to be actively growing with

clusters of cells at 3 weeks of culture. The supernatants from the 324

Pisiiscwereigteseinanred mihe MeMYaruiializaiensassay, 20

supernatants among these were found to reduce the infectivity of hCMV

AD 168 gitaim by Bbleanb AN clidiet-cRaPBIIZINGhR RBMMERINHRE a patient

activities in 5 these wells, only two were found positive for gB (either as

re€dv3rantigem AhaaeBA B AT TiHfsioR Praaiy,/NeBREDb SR of the presence
gH(AQ)-GST fusion protein; Fig. IB), and 18 wells for neither of them (Fig.

ofZACM VDt then @ Wi ibv bRk Gh aglssiritiallyTseeBBY immaash WEIL (@ process to
cells/well), each subculture presenting hCMV-neutralizing activity, should

whkelyrBodos erbehntaviaciopeti enttiheeiesi i R qaestrBtask pysealbaslorallyperformed
originated by a single, specific immortalized cell), especially given the low

adeeaiapcy aheellsohines ivMMRCalizrdo polyskyTal. celi populRBonthat ésc purified
expected to grow and secrete hCMV-neutralizing 19G. Further

frexpeporgiialaactivives Weye designeidiaicoabngitthiscasslomptiosntrifugation on
Example 2: Characterization of the 26A1 antibody 15Materials and

Fidgthadpadnxpanpiod podtohaceterizatondhtbe R6AlREBCRBVE. (>90% purity)
with anti-human CD22-coated beads by the VarioMACS technique (Miltenyi Biotec
Inc.) as described by the manufacturer. The 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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The cells from the original subculture 26A | were expanded on irradiated

allogeneic PBMC in IMDM medium (added with 10% FCS and NEAA),
WRRHSHZIRBMV neutralizing activity was confirmed at least twiEE€HERY THigt094

expansion step 20using the hCMV microneutralizat on assay, as

described in Example | (see Table 1).  3fhe amount of antibody

secreted by the 26A1 subculture was determined at 24, 48, and 72 hours

cU1RIRG AEATHDERGR AyBHYtAENEWIRRN d0GHBLISACH!H KBRIMNCIRH 6A¢.in culture

08W 182; Zeptometrix Corp.) according to the manufacturer's instructions.

fof newskielags0fineiR004 rRtDAdY \Wasdatermied ssipth e cOMMergidlder layer
WO 2008/071806PCT/EP2007/064094 40 assay (PeliClass human 1gG

(irdBRlash fld S cRMIBME cdd#iRY-MASHCiRe RIAL BYIsQmRbitegrtalibe (and

Industries Intl.). The cell culture was gradually expanded by seeding

ndhe aaliseantned ideloneloin PEEN WO (89783.35) thOPeowE) @fdted from
48 well plate on irradiated 5 allogeneic PBMC in IMDM added with 5%

PEASsAleliRcd days. CRIs u@sadypanded in one well of a 24-well plate in
the absence of feeder layer, in IMDM added with 5% FCS. Then, cells (5 x

SBaI) ¥rere plategh-iy ady walhRlpiglivetherahsance oféeederdaystdiete hCMV
50% IMDM and 50% Hybridoma-SFM (Gibco, cod. 12045-084) added with

neilbYiikf® aleelsaugre cultured in these conditions for at 10 least one
week. Exponentially growing cells were then washed and cultured in T75

Flasksi fre by krigemdt&F b gé sy &ORG ER B O thEaM@iNgVT aiduer & idptauctivity was
106/ml. Cell culture supernatant was collected, the IgG quantified and

caatiiget o Riqieir A e@ddmps] iRl zed dgainguRB& o ftae ant iikerBid LF-based
(0.2 tM). Characterization of the antibody secreted by the 26A1 subculture

micrheuBETArioM Va@BybaseekiBewl abbbaserhbh| SHassans WeFe sceded at 20

described in
cells/well on irradiated (30 Gy), allogeneic PBMCs (50,000/well) in 100 ul IMDM

added with 10% FCS and non essential amino acids (NEAA, diluted 1X from a
100X commercial stock solution; EuroClone) in the absence of CpG2006 and IL-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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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

WQREH§HEENed using the hCMV AD 169 strain. Briefly, the virRERIER2007/064094
diluted to 1000 PFU/reaction. Equal amounts (0.1 ml) 20 of virus and each
antibody or cell culture supernatant were gaixed and incubated at 37C for |
hour. The mixtures were added to HELF cells manolayers (in 24-well

gilaes)d alloyed tRagaemiarok BRUE AL Si{eoJra@sinns RIUROANYIMSVR 1814

mixture was removed, and 1% methylcellulose overlayer-MEM-2% FCS
wikaslgaldle® jophe infectedselisTRiaguesyabddaeirounted; as a pieasstderfRim the

infectivity at day 10 or 12 WO 2008/071806PCT/EP2007/064094 41
bAR@StANTBELORsate on the basis of GST affinity. The recombinant gH(Ag)-GST
antigen corresponds to an in-frame fusion between the gH amino terminal region
(amino acids 16-144; Fig. 1B) from the hCMYV strain VR1814 and GST. GST alone
was used as negative control.

These ELISA were performed by applying a common ELISA protocol in a
96- well format with minor modifications. Briefly, the antigen is diluted at 2 pg/ml
in PBS and 50 pl of this protein solution (containing 100 ng of the bacterially
expressed fusion protein) was used for coating EIA polystyrene plates (Nunc; Cat
No. 469949). The coating of ELISA plates was performed overnight at 4°C, then,
after eliminating the protein solution, the plates were washed four times with 150 pl
of Wash Buffer (PBS containing 0.05% of Tween20). A treatment for blocking
unspecific binding was performed by then dispensing 100 pl 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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The 26A1 cell culture supernatant was tested in immunofluorescence on
non-infected HELF or HUVEC cells. Briefly, cells (7 x 104/m1) were
W@edy8fogelatine-coated glass-coverslips in 24-well plates REMERA007/064094
added with 10% FCS and then 5 grown to semi-confluence. Cells were
then washed twice with warm PBS, fixed yth a pre-cooled (at -20 C)
mixture of 50% acetone/50% methanol for 1 minute at room temperature
st i A0adhen washguMiEn.CRPfibeddeleweitingEmarkiizaenith Qedtecad at
Triton X-100 in PBS for 20 minutes on ice, washed with PBS and
430GuRated for 15 minutes at RI with a blocking solution (PBS added with
2% FCS). 10 Alternatively, fixed cells were not permeabilized to determine
RERgIGAPability of antibodies to recognize cell surface components. In this
case, fixed cells were washed with PBS, incubated for 15 minutes at RI
with yplaekinBsellion (P BEtaddadmith 29MEGB) ad dneyoaiedWithesenting a
26A1 cell culture supernatant (80 gl), for 2 hours at 37 C. Cells were then
siyashagiwio MarmMBRR (B dbpaskand incuaiad W% 8uRhBEation at 1:105
FITC-conjugated rabbit anti-human IgG F(ab')2 (Jackson
dilirpunoRdesarick)itlodrackihe hisiviny gt SlaRTNg AT SER €aloured iglution a
secondary antibodies were diluted | :50 in PBS added with 0.05% Tween
saBithandsaddadidertie palisiley Iohowcapat&ads b HarkahtiegB cellsi e higher
washed with warm PBS (3 times) and counter-stained with propidium
diledicies{Opdbegadm ttio PRSiSigmahe TAB2Asavais|pi Merepnatintas] e of the
microscope-slide using the Mounting Medium (Vector Laboratories).
hdmBgas tigesis; resaraed widtiasdly rptsduRyiewnbi A lnvestedttanfeealQadri 1
laser scanning microscope. Characterization of 26.41 1IgG DNA/protein
ctSEQUEPER, a0tbpFE@NEINANt EDGB SsieN denatiquwithoh the aetizulisigen (Fig. 1A).
resulting from the expansion of the initial 26A1 WO
M20EB/0r, 186 POUIVE R20H FA6 4024t A2 dall audtlice, Blassusedifgr the total hCMV
sequencing of the variable regions of heavy chain (VH) and light chain
vif\in) gfrdteAdsaniihody aacarding fhe fedandagynestiablished iy ddusionsample is
Antibodies Ltd. Pellets of frozen cells (containing at least 50,000 cells)
considctisbgdoit wstracting petakRiNAfHne ¢arMspopdingheD N veéaslt is at least 10
produced by reverse 5 transcription with an oligo(dT) primer. PCR
At&actjons were set up to amplify VH region using a mix of IgG specific
primers, and VL region with a mix of IgkOt primers. The PCR products of
two anptfisafiomreRetiONSVIvepatttanedonsinged oo ginastiwgam sitertoaalized,
sequencing vector (pCR2.1; Invitrogen) and used for transforming TOP 10
pdEy cloihge sl 1 10Atdeadti phhysetedtkddcaloBies ibbtdime setrame theGweing the EBV-
transformations were
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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picked and analyzed by sequencing. The resulting DNA sequences were
aligned and translated into protein sequence generating a consensus
WONBARBProtein sequence for VH 26A1 (SEQ ID NO.: 4 andFSE@GREYN 064094
5, respectively) and VL 26A1 (SEQ ID NO.: 9 and SEQ ID NO.: 10,
respectively). The VH 26A1 and VL 26Alqjotein 15 sequences were
compared and al gned with sequences present in databases in the public

préQBRiR (Bé_i%t@%’l‘@@%ﬁgt'v@ﬁﬂ%ﬁﬁ%@n@f&%h@a&@bﬁsﬁﬁkg hir CPREe. The
characterizing VU 26A1 (SEQ ID NO.: 5, 7, and 8) and VL 26Al (SEQ ID

sNnatdntd2rand ) prateipgeavences wela rediciadly the MG Reutralization
atabase (Giudicefli V et al., 2004). 20Recombinant human 26A1

asTIYNOG R RAHRAEY WMasneXINERSQID ColAIYRIISCRIES RN CIFINRGING of hCMV
consensus 26A1 heavy and light chain variable region sequences in the

ABANS QXPHeSSIQN Yasionslread P HARNE thie €QRE SRYiNg s@Rgtabtivitics in
regions (for human IgG1 heavy chain and human Tg lambda chain) and a

thdual wepotayesier alawitgudessiorcofdotbmnthady ehaimss Thgigen or a
complete sequence of WO 2008/071806PCT/EP2007/064094 43

gBesenbisENtitishapréfind, menedenalrantibad g MY e \@SIPrWAsSn protein; Fig.
confirmed by DNA sequencing and used to transiently transfect CHO

1B A ol sy D e e awi M gt thRD@ithatywere adapted to grow in
serum-free suspension culture and seeded at | x 106 cells per mlin a 125
ml spnnetdiaisk Idhentiansie ol ok Mok ReIfB et vdtimachomixtene () 30is/well),
lig of expression vector with 900 ttg of linear 25kDa poly(ethylenimine).

cdCklIswpergtineupatsenaing’ G NV feMZalofibdaygivithe spouer fiasky produce
before the media was harvested. The recombinant antibody was purified

musRgonAreteibodicoldransecrar Akiadime eiunmatogiapty by lewingecific
the manufacturer's standard programme. 10Results Amongst the

ingbetllizes aantads g gowiigeanth ddows Eargling: gedt ctiB daltictltbi@ortalized,
supernatants of a few of them contained antibodies that neutralize hCMV

pahfetsion bell didpohpoesenit dsigipbcaidt ingioy tonthge &peifictC MV -neutralizing
recombinant antigens gB and gH tested by ELISA (Fig. 1 and 2). In

Tgareaulher thep 26Att 5] sidhculivsey thatdseiretdst@ndgfanstiawesktheption.
stronger and more reproducible hCMV neutralization activity, and it was

Echogse for@haaretesiiaittonnodlens 6 andwiibodical characterization.

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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The binding of the 1gG present in the supernatant from 26A1 subculture to
hCMV was confirmed using an EL1SA containing a mixture of hCMV

W RH08IAEI8® (BEIA-CMV). At the same time, this supernatant SGHERIW7/064094
significant hCMV neutralizing activity against different hCMV strains in two
human host cell systems (as shown in Tajjg 1). This activity was not
observed when the supernatant was used in a HSV-specific neutralization

a@&ﬁaﬁx&ewetmvmﬂaa 266 1s3ubeuliure Ips beanexpandedandiwtnes1cib, RDI
subcloned at WO 2008/071806PCT/EP2007/064094 44 10 cells/well to

DRABHAN ftpimpaatiPnalitytiicterms)of expression of hCMVneutralizing,
human IgGl. In fact, amongst the wells showing cell growth, all displayed

a neutrRIizig AakviY FRROISINANY A AR By the-anginakARASohasaed in 1
assay, confirming the results obtained with the original 26A | subculture. 5

wilhe el fglopiairal 26A% SUPFUIUEWerel USFafarssealiNgHRI A irradiated
production, generating progressively larger cultures from which IgG can

al Ry owritiedRtegtedNmNE MY RESayEhLargeFcgtues werenensiated iy were
gradually expanding 26A1 culture and eliminating some requirements for

exgrawitlinnc el cultemecsuchuas égegritdaie the ot fealbBeuaayr Usieg tiSMDM

approach, it was demonstrated that 10 larger cell cultures generated from

adbedoniging Z6A¢ SulTtdiurecsCste 10834A) aveenegaisation0aRproldl in the
ig/m1/106 cells. These larger cultures showed a doubling time of 4 days,

atB¥abenotherlsenagwf faedeydapan andide HEOY VnBHtahizRFastivGbco, cod.
was maintained in culture for more than 2 months. The hCMV

1 JeMsiredz ation s salts \IeT e, ressatett dthvilie 20Adraatinoehese ¢ontigions for at
form of human IgG purified by affinity chromatography from large cell

legsitone. Whek2GAblgfenat yested ifigdostsrasponhencxpshisdemd ieuassessn T75
the concentration required for 50% inhibition (inhibitory concentration 50,

Flas RO BO Bt aviairFentivity a usingeivie ssaysmpiith diferenkcoaihinatidnal. Cell
of hCMV strains and human target cells. The results showed that the

ciaientoptithatzingvastivbiiof e 20P19E IR dwipttififedandtypyadi ZieA lolg Bistein A
neither cell-type nor virus-strain specific, and can be evaluated

columiitatiiely ab dpaviding KObererlues atreppres.2LRgiml and a
neutralizing effect approaching 100% in both assays (Fig. 3).
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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When comparing the neutralizing activity of the Protein A-purified natural
26A1 IgG with that of a commercial preparation of hyperimmune IgG
W@ EdRdst WO 2008/071806PCT/EP2007/064094 45 hCRIA (ERAMER64094
Biotest) against the clinical isolate in HUVEC cells, the 1050 of 26A1 is 25
fold lower than that required for this commgrcial preparation,
demonstrating the potent neutralizing activity of 26A1 antibody. In order to
péxaiidedbat the neutralizing activity present in the supernatant 5 from the
26A1 subculture is due to the binding to a cell surface molecule, the

supefnnaiagAvasieigeLir inpunefiuereasenag WithiHHNES TR RELM & on non-
HUVEC cells. This assay showed that the IgG1 produced by 26A1 culture

infleesAtHYrtLioHiteuiniRate cBhtenan <glts  heor the)seere §&lded on gelatine-

supernatant is tested in ELISA against relevant hCMV antigens, the

cAtbdysdees aalibinghsuabyinteinRstFid. MELD dagdicatinenthavthe@§Ahd then

antibody likely recognizes another, undetermined antigen on the hCMV

grofvelepR indusHi the Produstivarotnavivaliring antibedidswarm THBS, fixed with
monoclonality of the hCMV neutralizing antibody secreted in the 26A1-

a pesivediegll aultires yas<iuith er sopfinped hy seruanegiagdoforspesifiGte at room
PCR products obtained from this cell culture. Cell pellets were prepared

tefap EMNaArd XY aglioth an dvaHREViIFANBRINIIOR 45 ing IceNs rigiratesh fIod with
26A1 subculture. The resulting cDNA was then used for amplifying VU

0.27¢ MitseGUanCem USBY fReLifienpiinsr sforchenxatiablefag®Bs ofnd incubated
human 1gG heavy and light chains, respectively. The PCR products were

fothelrs clongetds plasriusthat webtousad:fajotiamsionPpy haktediaheells2% FCS).
Bacterial transformants were randomly picked and used 20 for sequencing

Athereidgner, PGRepredustsy &l thetclonesabived the daarenlNAhe capability of
sequence, apart from minor differences possibly due to PCR-induced

arefboi iaowing dbgrigtevrinaiienaf conspostis sequeiescasns CRRE Wwills were

the variable regions of the heavy chain (Fig. 5) and light chain (Fig. 6) of
wikddumah PBAS] monbalehdbantiagyiutes at RT with a blocking solution (PBS
added with 2% FCS) and incubated with 26A1 cell culture supernatant (80 ul), for 2
hours at 37 °C. Cells were then washed with warm PBS (3 times) and incubated 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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WO 2008/071806PCT/EP2007/064094 46 The sequences encoding

the VH and VL regions of the 26A1 antibody can be re-cloned in
W@BEI8 vectors for the appropriate expression of 26A1 vaPEBiEP2007/064094

regions as an antibody fragment (Fab or ScFv) or within a fully human,

recombinant antibody having a specific isgtype and subclass (e.g. IgA,

IgGl, or IgG4). These 5 recombinant antibodies can than be tested for

ctPufirmirg e speaife NcMYeneisabzing: activi 8 ARPEPRIANS, chain (VH)
assays. The recombinant human 26A1 monoclonal antibody was

arff qgiaedHRi RURAIYOHE oslisiag AilRBMiNBaRti R MRE 18Gh b cloriigiehed by
DNA encoding the heavy chain (Fig. 7) and light chain (Fig. 8) in an

F@RPHORHAIR 8XRressian Me dTthatdh basshesnthsaddal Iansiesnm CHER) were
cells in transient expression experiments. The recombinant human 26A1

usawTeElexh ntipad WRNaffinihe pigiies Bydeall ewire sUPgsRRIaEta ddreverse

tested in different assays for hCMV neutralization. The tests were

trieyéenaed withhthe ARISQATERFReHSEyRIaRh ORI vBIerRBEWHalFatiglify VH

and plaque reduction assay. The recombinant human 26A1 monoclonal

re@ibnESefliciently naviiaieedh iy iRfestiyity IN & fi@Relh a mix of Igk/A
comparable with the Protein A- purified natural 26A1 antibody with a

pregictiatac I66R o 8RRERXo I 4FigH BbaTbg RaS YR GRYESHBHRISRIRg a Eco

neutralization and plaque reduction assays based on different

REGDRIRASONSHhGMY Sgé%%éﬁ% tas@&%‘?%ﬁ(fﬁ'h?ﬁ”ﬁ%@@%%?]_ and used for

comparable efficacy of both natural and recombinant human

trARSRpainaiPaNGikody (g o). Thus, the 26A1 antibody, in the form
of either natural or recombinant human monoclonal antibody, is an

antibaglyithat ¢an Q&é&@@_%l&ﬂ?&"&iﬁﬁlﬂ@@rﬁgﬁmﬁet QEHEMMfBfactifths were
and of an hCMV-related disease. 47

picked and analyzed by sequencing. The resulting DNA sequences were aligned and
translated into protein sequence generating a consensus DNA and protein sequence
for VH 26A1 (SEQ ID NO.: 4 and SEQ ID NO.: 5, respectively) and VL 26A1 (SEQ
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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Table I hCMV Strain Human Cell Line Inhibition of hCMV infection using
26A1 cell culture supernatant'. AD169 b HELF ++++ VR1814 a HELF ++
WOALOGS /6 THP0H PCT/EP2007/064094

43

recombinant human 26A1 monoclonal antibody in the vector was confirmed by
DNA sequencing and used to transiently transfect CHO DG44 cells (Derouazi M et
al., 2006) that were adapted to grow in serum-free suspension culture and seeded at
1 x 10° cells per ml in a 125 ml spinner flask. The transfection was performed with a
mixture of 300 pg of expression vector with 900 pg of linear 25kDa
poly(ethylenimine). Cells were incubated at 37°C in 5% CO; for 6 days in the
spinner flask before the media was harvested. The recombinant antibody was
purified using a Protein G column on an Akta Prime chromatography unit following
the manufacturer’s standard programme.

Results

Amongst the subcultures containing growing and IgG-secreting cells, the cell
culture supernatants of a few of them contained antibodies that neutralize hCMV
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 1gG1, 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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+++ VR1814 a HUVEC ++++ +, ++, +++, and ++++ correspond to

20-40%, 41-60%, 61-80%, and more than 80% of inhibition of the hCMV
WorZesorseespectively b hCMV laboratory strain (from ATCC, RGHEP2007/064094

VR-538) an endothelial cell-tropic derivative of a clinical isolate recovered

from a cervical swab of an hCMV-infecteg;gregnant woman (Revell M et

al., 2001) derivative of a clinical isolate recovered from a bronchoalveolar

102208/l abardHEMY -inie eHsh dench HRASAIRNMARGIPISNT L HERFION Aot hCM V-
al., unpublished) 48

neutralizing, human IgGl. In fact, amongst the wells showing cell growth, all

displayed a neutralizing activity ranging from 50 to 98% in the original AD169-

based assay, confirming the results obtained with the original 26A1 subculture.

The cells in the original 26A1 subculture were used for scaling-up IgG
production, generating progressively larger cultures from which IgG can be purified
and tested in hCMV assays. Larger cultures were generated by gradually expanding
26A1 culture and eliminating some requirements for growth in cell culture (such as
feeder layer, Foetal Calf Serum). Using this approach, it was demonstrated that
larger cell cultures generated from the original 26A1 subculture secrete IgG1 at a
concentration of approx. 16 ug/ml/10° cells. These larger cultures showed a
doubling time of 4 days, even in the absence of feeder layer, and the hCMV
neutralizing activity was maintained in culture for more than 2 months.

The hCMV neutralization assays were repeated with the 26A1 antibody, in
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
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is @ human recombinant antibody. 155.A grotein of claim 4, wherein said

antibody comprises a heavy chain having a protein sequence at least 90%
wigentisahwith &ikQ 1D MN05) 1brand alighhghainhaving @prateins.-g.

sequence at least 90% identical with SEQ ID NO.: 17. 6. The protein of

WelanK & uhereinsidvaniizosk draomens is 7y variable heavy/light 20chain
heterodimer, or a single-chain fragment variable. 7. A protein of any of the

whieeedigclaimsonhereiss saig MrRtals. indssansuneutralizes human
Cytomegalovirus (hCMV). 258.A nucleic acid encoding a protein of any of
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10. A prokaryotic or a eukaryotic host cell comprising a nucleic acid of any

of the 55 11. A host cell of claim 10 wherein said cells secrete a protein of
any of the claims from 1to 7. 12. Use of a nucleic acid of any of the

claims from 8 to 9, or of a host cell of claim 10 5or 11, for producing aji S
protein of any of the claims from 1 to 7. 13. Use of a protein of any of the
claims from 1 to 7 for the preparation of a composition for detecting,

treating, inhibiting, preventing, and@ggﬁ%orating hCMYV infection or a
hCMV-related disease. 10 14. A th IC, prophylactic, or diagnostic

IcompogitnsifosdnpMMripfeciqreacddnamp GMd4seditadidisegseith SEQ ID NO.:

comprising a protein of the claj 7, ora.nucleic acid of

ay BB fofh S TLSES, Thaobosfon br A regind SEQ
the cgmEositin is for ocular or topical administration. 16. The

composition of claim 14 or 15, further comprising a different

hCIMVneutralizing antibody, an intravenous immunoglobulin preparation
and/orianpoentivicabedimpovndaity . 1Thehpreiteisanf anytaihctamerlses or teguence

nucleic acid of an claims 8 or 9 f i treatment, prophylaxis, or,
Cingr BRI IO IO, BHB NN Fer i clog iR s tast

90% identity with SEQ ID NO.: 10.

3. The protein of claim 1 or 2, wherein said protein is an antibody, an antibody

fragment, a bioactive peptide, or a fusion protein.

4. Aprotein of claim 3, wherein said antibody is a human recombinant antibody.

5. A protein of claim 4, 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.

6.  The protein of claim 3, wherein said antibody fragment is a variable heavy/light

chain heterodimer, or a single-chain fragment variable.

7. A protein of any of the preceding claims, wherein said protein binds and

neutralizes human Cytomegalovirus (hCMV).
8. A nucleic acid encoding a protein of any of the preceding claims.
9. A vector comprising a nucleic acid of claim 8.

10. A prokaryotic or a eukaryotic host cell comprising a nucleic acid of any of the

claims from 8 to 9.
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A host cell of claim 10 wherein said cells secrete a protein of any of the claims

from 1 to 7.

Use of a nucleic acid of any of the claims from 8 to 9, or of a host cell of claim 10

or 11, for producing a protein of any of the claims from 1 to 7.

Use of a protein of any of the claims from 1 to 7 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 7, or

a nucleic acid of any of the claims from 8 to 9.

The composition of claim 14 wherein the composition is for ocular or topical

administration.

The composition of claim 14 or 15, further comprising a different hCMV-
neutralizing antibody, an intravenous immunoglobulin preparation and/or an

antiviral compound.

The protein of any of clams 1-7 or the nucleic acid of any of claims 8 or 9 for use
in the treatment, prophylaxis, or diagnosis of a hCMV infection, or of an hCMV

related disease.
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