METHODS FOR OBTAINING IMMORTALIZED ANTIBODY SECRETING
CELLS TECHNICAL FIELD 5The present Invention relates to methods for
Wﬁk}}"m%g@mortahzed cells that secrete antibodies, in part?ﬂ:x%p}&?ﬁ%%vsﬁ
uman origin and secreting antibodies having high specificity for antigens
of medical interest. BACKGROUND OF THE INVENTION Antibodies are
naturally occurring proteins produced by immune systems in 1 0 order to
fight infections and eliminate path ﬁ%%nlc factors. Antlbodles exert their
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defensive response for elim egﬁ Eg@ﬁ?ﬁ % cent years, an entire
therapeutic approach (nam gE ﬁ; erapy or passive
serotherapy) has been built on the antigen-binding 15 features of
antibodies directed against both human and non-human molecules.
Passive itnmunotherapy cons;j f& nistration of pharmaceutical
compositions comprising therapeutic antibodies with a defined antigen
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or a cell, for example) to patients whose immune systemis unable to
prastuce the i b dBR 20Rpaoktm.mder withHhe sSReilieily seeauiehifivodics
block and/or eliminate the pathogen (Dunman PM and Nesin M, 2003;

Kedieh MAgangifei ERnZQ88) off hisiappraaekshas been successfully
introduced into clinical practice in the

BACKGROUND OF THE INVENTION

Antibodies are naturally occurring proteins produced by immune systems in
order to fight infections and eliminate pathogenic factors. Antibodies exert their
functions by binding protein or non-protein antigens and triggering a defensive
response for eliminating them.

In recent years, an entire therapeutic approach (named passive
immunotherapy or passive serotherapy) has been built on the antigen-binding
features of antibodies directed against both human and non-human meolecules.
Passtve immunotherapy consists of the administration of pharmaceutical
compositions comprising therapeutic antibodies with a defined antigen specificity
for a pathogenic molecule (a foxin, a protein, a virus, a parasite, or a cell, for
example) to patients whose immune system is unable to produce them in the
amounts and/or with the specificity required to block and/or eliminate the pathogen
(Punman PM and Nesin M, 2003; Keller MA and Stiehm ER? 2000).

This approach has been successfully introduced into clinical practice in the
early 1980s, and since then the use of therapeutic antibodies has rapidly expanded
the opportunities for the treatment of a wide variety of diseases, including

infectious diseases, immune-mediated diseases and cancer, resulting in constant
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early 1980s, and since then the use of therapeutic antibodies has rapidly
expanded the opportunities for the treatment of a wide variety of
diseases, including 25infectious diseases, immune-mediated diseases

WANHUAMBEE resulting in constant WO 2007/068758PCT/EPPODERISY7EJ 780

2 growth of the therapeutic monoclonal antibody sector (Chatenoud L,
2005; Pavlou A and Belsey M, 2005; L‘affy Band Sodoyer R, 2005).
Therapeutic antibodies suitable for passive immunotherapy are those
hasrimgthombgeneopstwetsdefioed spabifibityand dChisitiesidThedisS; Paviou
properties can be 5 determined most accurately and reliably for a
maénaeldied il 8095 leafintamtibSeljoseckstédlby: a single clone of
antibody-secreting cells) rather than for a polyclonal antibody (i.e. a
complex Thixaneates apiitnsite sumbletsd pisdifferepvahespf are those having
antibody-secreting cells). Since the 1970s, different technologies have
bektirgaRisped sl staated Fesifisiagand, ARdvHSntAReiargErRBRcSS call be
lines, each derived from a single monqclonal cell cualature,seé:reting a
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antibody-secreting cells).

Since the 1970s, different technologies have been developed to isolate,
propagate, and maintain large sets of cell lines, each derived from a single
monoclonal cell culture secreting a monoclonal antibody (mAb), to be tested, using
the appropﬁate assays, for identifying those having the desired properties.

Two important technical issues are common to ali of these methods:

a) How to provide the antibody in amounts sufficient for the functional
assays that are required for identifying and characterizing the
antibody before performing any in vivo experimentation;

b) How to guarantee that the therapeutic antibody is not recognized
itself as an antigen by the patient’s immune system, triggering the
elimination of the therapeutic antibody and/or immune inflammatory

~ reactions that may be dangerous fo the patient.

The first issue is related to the difficulty in propagating and maintaining
natural antibody-secreting cells in culture in enough time to have the biological
material to test., This inconvenience has been solved by either immortalizing and
maintaining in culture the primary antibody-secreting cells in which the nucleic

acids encoding the antibodies have been initially generated and expressed, or by
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antibody before performing any in vivo experimentation; b) How to
guarantee that the therapeutic antibody is not recognized itself as an
antigen by the patient's immune system, triggering the elimination of the

vithexmpeekissantibody and/or immune inflammatory 20reactiomre treitzneapdoeso

dangerous to the patient. The first issue is related to the difficulty in
propagating and maintaining natural aftibody-secreting cells in culture in
enough time to have the biological material to test. This inconvenience

hagsheeraaheshiy BRRE (MRt BN gaag R ABEING IBoaIRdRE: acids
primary antibody-secreting cells in which the nucleic 25acids encoding the
anfibadies:hasiés heerinifaliingeneratad and@xpressedisombyh M hey can be
2007/068758PCIIEP2006/069780 3 using recombinant DNA techniques
forigotatiejaadtivodestoding nucleic acids from these cells and
transferring them into immortalized cells, in which they can be expressed
and mairtathedash engasenptatkryeartibbedesebretingaelisrhavdipedin cell
immortalized in cell 5 culture conditions either by fusing them with cells
alredayarrnaiians sdles it pohare siidlortiiasdiainmer elincl e ioiorng
easily maintained), or by using agents (such as virus) that alter the cellular

i A7 B Atih ety SSEche fRYTCEHE i By i tHeP¥dlidne agents
propagate amestindelintely The problem of guaranieeing te patents..),
in a way that the cells propagate almost indefinitely.

The problem of guaranteeing the patient’s safety has been solved in the past
either by making use of cells and nucleic acids of human origin for producing
antibodies, or by modifying the genes encoding non-human antibodies, that have an
immunogenic potential, with sequence of human origin, an “humanization” process
performed using recombinant DNA technologies.

In conclusion, passive immunotherapy can confer an efficient and rapid
protection against infections and other pathologies. However, each method to
isolate, screen, and produce monoclonal antibodies fully compatible with treatment
in huimans suffers from a different type of drawback, as briefly reviewed below,

The hybridoma technology, first described by Kohler and Milstein (Kohler
G and Milstein C, 1975), allowed the isolation of continuously growing clones of
antibody-secreting cells after being fused to an appropriate immortalized cell type.
Hybridomas have been derived from human antibody-secreting cells (Olsson L and
Kaplan H, 1980), but the process to produce human hybridomas has not proved to
be robust, due to the lack of suitable human myeloma or lymphoblastoid fusion
partners, and to the instability of human/human homohybridomas and

human/murine heterchybridomas.
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1 0 either by making use of cells and nucleic acids of human origin for
producing antibodies, or by modifying the genes encoding non-human
antibodies, that have an immunogenic potential, with sequence of human

WOrigh1/0&s73humanization” process peiformed using recombiR&rYEFRIN6/069786

technologies. In conclusion, passive immunotherapy can confer an

efficient and rapid 15 protection against infections and other pathologies.
However, each method to isolate, screen, and produce monoclonal
antibodigshéullyrcampatible fvthireatmétnidiehumains stffersifigmeaafting the
different type of drawback, as briefly reviewed below.  The hybridoma
technododyndirst chesoribé thbynkohtemanccMilsteintifkdhlents thadavidztamo! a
C, 1975), allowed the isolation of continuously growing clones of 20
arftithody -sedredingroistiaftar dshivig Sus B 1B cale applesykataliin Mo falitddting
cell type. Hybridomas have been derived from human antibody-secreting .
ceibsqdigprinafesidagianifh, 2080)hpuemapistasiiioprétiice REHEEHCILY
hybridomas has not proved to be robust, due to the lack of suitable human
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human/human homohybridgmas and 25humanp/murine heterohé/%r_igrcl)%an%cal
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rine residues wi human amino acids to reduce antigenicity
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2006). ° There are numerous "humanized" antibodies currently in use or

in glinicahtialsuidowensisthesenaptibpdiagistill contain 5-10% murine (or
non-fully human) protein sequences and may elicit an immune response

that limitgthe-therapruticeiicray kihess dirugsd wiadeitidodthecreting cells

humanization process is labor-intensive and 1 Osometimes results in

changaattd anttaiedy bindindzed with the relevant antigen. Given that sequences of
murine origin can be immunogenic in humans, the resulting mAbs can elicit toxic
human-anti-murine responses, having an impaired antibody-dependent cellular
cytotoxicity, and/or be rapidly cleared from the body. Moreover, even variable-
region-identical antibodies may present different functional and immunogenic
properties (Torres M et al., 2005).

Main approaches for producing fully human monoclonal antibodies are
based on the cloning and the expression of human immunoglobulin genes using
recombinant DNA technologies.

In a first case, libraries of DNA sequences encoding antibody fragments,
including antigen-binding regions, can be amplified from human tissues and
inserted into bacterial phage, allowing the “display” of antigen-binding fragments

on the surface of the phage and the subsequent screening. Monoclonal antibodies

against human pathogens have been produced, starting from the large antibody
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Therefore, this method has been mostly used with antibody-secreting cells
originated in rodents immunized with the relevant antigen. Given that
sequences of murine origin can be immunogenic in humans, the resulting

WAk esT8licit toxic human-anti-murine responses, having BOEMPRAIRE 659780

antibody-dependent cellular 1 5 cytotoxicity, and/or be rapidly cleared

from the body. Moreover, even variabléregion-identical antibodies may
present different functional and immunogenic properties (Torres M et al.,
20Rp}rioire ddviain approaches fanpradugingdulld hurmarenecingd display
antibodies are based on the cloning and the expression of human
imatimogigles iMgeneshusing, 206écombinant DNA technologies. Ina
first case, libraries of DNA sequences encoding antibody fragments,
includingtantigen-bindimg veglomsicandse anaplificthfrontitrsmbiriissuesy be
and inserted into bacterial phage, allowing the "display" of antigen-binding
fragateateronahelouifziog sierephingaabrilitre Sulsstguanitbedieaping are not
Monoclonal antibodies 25against human pathogens have been produced,
stafiprieH 3inih dRYRCREBEU OB FBpértoird BRTivide. froms PallaHRE isgtiences
was cloned and screened using %gage display technologies (Mancini N et

a|_}:112@@4*)1}man %W@%ﬁf’a%ﬁa é&‘%&@?%ﬂéf‘&%ﬁ’ﬁ\ﬁm& tHesan the
libraries may be ineffective for identifying therapeutic antibodies since the

it SR M S i g o o
one,side, for alminating sequences.in the human aptiboty teperiale gl
may elicit am Immuné response, and. on the other side, Torse ecltlng §
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vitro affinity maturation and other technologies allowing direct sequence

altgrations aresemetimesieeded to improve antibodies from such
10libraries (1-bet R et al., 2005). In a second case, transgenic mice

expressing hwpai antibas gRRRSHRE beriatmnisedwith:aligensfcan be
interest to produce murine cells expressing fully human antibodies

(Kehetmasa Sidng e bLin2062 ko Phisibethodalogy hagarsadviimaganan
over traditional phage display methodologies because the antibodies are
selecibeliies TieelibrmandSnay Contaih, 002¢r&aseadresivdnoy tefk highdvantage
affinity antibodies. However, the mouse immune system acting in the
mause erviromneremdypmat getierdte higaiztantbodiasiveticthee selected in
appropriate specificity for an effective therapeutic use.
vive and may contain an increased frequency of high affinity antibodies. However,
the mouse immune system acting in the mouse environment may not generate
human antibodies with the appropriate specificity for an effective therapeutic use.
Thus, the ideal therapeutic antibody for passive immunotherapy is a human
monoclonal antibody that is derived from human immune cells that have matored in
a human being. However, the selection and the production of such antibodies is a
complex and time-consuming process since conventional methods for producing
and isolating populations of viable, immortalized human cells that secrete
antibodies in cell culture conditions are inefficient,

The development and proliferation processes of human B cells, leading to

their antigen specificity and long-term responses in vivo, and means to study the
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Thus, the ideal therapeutic antibody for passive immunotherapy is a
human monoclonal antibody that is derived from human immune cells that
have matured in 20 a human being. However, the selection and the

WEraWieas1of such antibodies is a complex and time-consuitrkiBroeese7se

since conventional methods for producing and isolating populations of
viable, immortalized human cells that Secrete antibodies in cell culture
conditions are inefficient. The development and proliferation
progesses ofthuman B-HeldrderndifgnoRstheinantgeerspedifisiep andnsively
long-term responses in vivo, and means to study the 6 process in vitro
usingecels Ghtaihedaromait Ranserie Sy SRR Havgthdenukidhsigefk, 2004;
reviewed (Banchereau J and Rousset, F, 1992; Crotty S and Ahmed R,
200 s@arBet? 804200 Honaaeyyaiamilikmare aMatnrreyYatismtidrhs 4405)-
2005). However, the isolation of human B cells expressing mAbs of
infdpastBasifed?BtiRRbERItRRYRTE Y8 HAKAMPRBNN tbratite Sesohsen
human antibody-secreting cell |ines, ev(?n whe (r]%evant birgdl%] O o 1
AT TA B EETEE BB Ao AL T HEPEE B At B
e TSR PR NRe SRR oM human Sondie

evan & ‘%
b. naive, vaccinate or less recen?ly infected and

seroposifye, nGMAURISL B0 [T ATIRIENLISSUER (6 Q1RO I905Rd b
des) where (

a ) § L
spleen, Iymp% nodes cells reside’and exert their activities (Viau

M I’Pﬁ“}gaag%ldﬁgr%a%%p gpeciflrﬁgﬁ%t@%@%f\@fW@@ﬂé@%lgp?éss recently

antibodies requires the extensive screening of the populations of

imparalized Beelsiwvheraivieanh eall seaeierAsnesilis panegenabnsils,
antibody in sufficient amounts for its characterization in cell 15 culture

cogliians, feplesial aknd 984 cdnmeside and BathGhaP8d:i BassehaschCand
1989). However, the technologies for the selection, activation, and

ImmeeaMatomsof antibody-secreting cells are still suffering from technical
problems (yield of antibody, immortalization efficiency, overrepresentation
of certairTisofypesiicalbstalbiktyrandomewtb)aleadibofies andmsefibienktensive
number of cells and secreted 20antibodies available for screening assays.
Givencthiegiffiduitydpubistaining isatsidabivbdidorsds. frdierdinieaah cell secretes a
antibody-secreting cells, one method that has been extensively used to
prodemtcangneslatel maikadaineticsat renrpiei itusBaRfRoRaR R B!

of human B cells with Epstein Ban Virus (EBYV), which is alsg known to
ind&%@rﬁd]m%}%ggh‘: S et al., 1984; James K and Bell G, 1987; Borrebaeck C,

1989). However, the technologies for the selection, activation, and immortaiization
of antibody-secreting cells are still suffering from technical problems (yield of
antibody, immortalization efficiency, overrepresentation of certain isotypes, cell
stability and growth), leading to an insufficient number of cells and secreted
antibodies available for screening assays.

Given the difficulty in obtaining stable hybridomas from human antibody-
secreting cells, one method that has been extensively used to produce and isolate
human antibody-secreting cells is the immortalization of human B cells with
Epstein Barr Virus (EBV), which is also known to induce polyclonal B cell

activation and proliferation (Sugimoto M et al., 2004; Bishop G and Busch LK,
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25activation and proliferation (Sugimoto M et al., 2004; Bishop G and
Busch LK, 7 2002).  Antibody-secreting cells have been produced by
EBV immortalization using different sources of human B cells such as the

wigeripfressilBlood of healthy subjects preselected using a labB{l@¢tEaribgEsH 780

(Casali P et al. 1986), lymph nodes, spleen, or 5 peripheral blood from
patients (Yamaguchi H et al., 1987; Posner M et al., 1991; Raff H et al.,
1988; Steenbakicers P et al., 1993; Steenbalckers P et al., 1994), tonsils
(Exeors.Let al., 1988), o at fluids (Wallis R et al., 1989).  However,
because of low transformability, low clonability, and the inherent instability
and heteragignéityat&BY delfetted bernamBucel vk Mblenantibiadyed Bing
secreting B cells are often lost during this procedure (Chan M et al., 1986;
Jadriésdttanod BelloGh 1987 5 obligingams dud tiondiecd| blasibof hread ot uneferts
be applied after EBV infection (Bron D et al., 1984; Yamaguchi H et al.,
1987seiugsrensin et dibelpd Bntigem s ciuth d S eo Avkidedodnat shecen, or
best method for producing stable, human IgG antibody-secreting human

mépdeRsHa et iieaas iras HAseR BitthE 19 RlisidPor Rempan™ et al., 1991
lymphacytes with a myeloma cell line (Niedbala W and Stott D, 199? Li |

ot B 3069 clSSi5ie HR TR oL Tas SRR M g gd: fonsils
di b Vari b . dati .
R b A AR R S terent

approachgs (I %@9&%‘3‘% N 5000 il F;é)’x'{ruﬁ?ﬁﬁ%ﬂ%fo THaYRC }%tek}em
oncogenes, mini-e

ectrofusion, mouse-human’heterofusiony in a singie

b A S H Ao AHERN BRI E Brahal nhadd: R estaN AL Amibody-

. Human monocfonal ‘antibodies have been isolated from B cells that

haye begnmelivaigd and immarializeds(ndherpesenseetintheBsenes k

of an antigen), and by combining various manipulations in cell culture

(Basrehapek Togl oAkl RANEPROEA elidbn PR iLRArACHE bRIe akter

.1 et al., 1994; Morgenthaler
EBYV infection (Bron D et al., 1984; Yamaguchi H et al., 1987; Posner M et al.,
1991). In fact, some authors concluded that the best method for producing stable,
human IgG antibody-secreting human monoclonal cell cultures was based on the
fusion of human lymphocytes with a myeloma cell line (Niedbala W and Stott D,
1998; Li J et al., 2000), despite the technical difficulties with human hybridomas
discussed above.

Various attempts have been directed at mmproving the immortalization
process, for example by combining different approaches (immortalization with
oncogenic virus, transformation with oncogenes, mini-electrofusion, mouse-human
heterofusion) in a single process (US4997764; Steenbakkers P et al., 1993; Dessain
SK et al., 2004). Human monoclonal antibodies have been isolated from B cells that
have been activated and immortalized (in the presence or in the absence of an

antigen), and by combining various manipulations in cell culture (Borrebaeck C et

al., 1988; Davenport C et al., 1992; Laroche-Traineau J et al., 1994; Morgenthaler
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N et al., 1996; Niedbala W and Kurpisz M, 1993; Mulder A et al., 1993;
WO 91/09115; Hur D et al., 2005; Traggiai Bet al., 2004; Tsuchiyama L et
al., 1997; WO 04/076677; WO 88/01642; WO 90/02795; WO 96/40252;

WY U6233). In general, the literature on methods for isolBfiRg-Bi#d6/06978¢

immortalizing cells 5 that secrete antibodies, especially of human origin,
does not provide a clear understandin§ on how to design the whole
process for obtaining the largest repertoire of immortalized
antibady-seesetingepis, Wasidgkimppisihepudfisativhiabcellsthat 699fese/0
antibodies from biological samples up to the screening of the antibodies
th&l &l seckhted int okl 200turérepmiditidrs.al, MO0 Msube clearly et al., 1997,
advantageous to provide methods for establishing more optimized
preCesEELTIEOWHISHOBBADPAINY ST Predie ahd Ead N3 eald).
culture for improving selection and viability of the antibody-secreting cells
in an antlgetfigtiépdadéatahEn perpheAaiTg e b pBswlizing cells
interest), a high throughput analysis of the secreted antibodies can be
pefitmiesdcdh pEhariestsodmie Sptitatitn O shimdetaipet provide a clear
antibody-secreting cells maintaineg]ajn ‘??ﬁ" culture cor%ditiogs. Such

S

orBBARE UM 410 bR A AL 6s KISHing U5 b WioRRtIaPe e largest

approaches ﬁo clone antibo nes because, the population,of B cells .
O LRt AL R A S e R o B TR Coi i e pner

re@%?st‘?%% %Qﬁé/s%e&’né [oHhe: deiseton O ?”&aﬁgﬁgt; t@ﬂﬂ?%%i%én‘{w&ho% the

desired 20activity and stored in a viable state e analysis.

DISGLQRYRE R THEMHENTIANre cofdigAtESENt Invention is based

on the observation that conditions and means for selecting, stimulating,

and immertalizingaplihagy-secieting callp RRve: netdsenrehesemRRd more
combined in an effective manner in the literature to improve the cell

25yjaipility drpestbuges Gandiienshang phaifcsensithuitydadnmartaidngns in cell
agents. 9 In fact, it was surprisingly found that specific combinations

of aulaelrconditipnsvandstieaina Rat ondpiinpravacel dbvdotalizatigrdistin an
considerably enhance the throughput and the reproducibility of the whole
precegerftrdgenstatingiaimean Gutigenviindeperifientsnipprenfpopeiations bigh
immortalized cells that secrete 5antibodies of specific isotypes in high
anoneharidanrdy car b sterenti a0ideidies can be performed on the largest

possible population of immortalized antibody-secreting cells maintained in cell
culture conditions. Such a process would also expedite methods making use of
molecular approaches to clone antibody genes because the population of B cells
from which the antibodies having an isotype of interest are cloned may be
repeatedly analyzed for the detection of cells secreting antibodies with a desired
activity and stored in a viable state for future analysis.
DISCLOSURE OF THE INVENTION

The present Invention is based on the observation that conditions and means
for selecting, stimulating, and immortalizing antibody-secreting cells have not been
chosen and combined in an effective manner in the literature to improve the cell

viability in culture conditions and their sensitivity to immortalizing agents.
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state. The methods of the Invention actually provides polyclonal
populations of cells that can be used and maintained as libraries of
antibody-secreting, isotypespecific cells. Using this approach, specific

waligaoloseaF®r monoclonal populations of cells that secrete, IRGCERRAGT6HE9786

conditions, antibodies having different functional and/or binding activities
can be detected and isolated at any desired moment (Fig. 1). The
present Invention provides a method for immortalizing a population of cells

that secrgte antibpdies ofienesRizMoreuaaeailic isRlpes LomPTising the such
15following steps: a) Selecting the population of cells that secrete
antibotiieedframn anezes marediological sareiplesintoatnl antige rbindepeiderity
manner and on the basis of the expression of at least a cell surface
mairterce the throgphStimuthtieggaidpopliaticitsf sbldetadamelifovighnatating,
least a stimulating 20agent in cell culture conditions; ¢) Eliminating said
stimuiating geinrtieneniiche Belnenlthpe L By Sel adtigmaahaplegibntbft secrete
stimulated cells that expresses antibodies of said specific isotypes from
saferEemiisiefrapecific isotgrE i bR e Fopildiidncsr S8IskaEd dhg viadble

stirrgutlated cells to the 25immortalizing agent in cell culture conditions 10
swate.

The methods of the Invention actually provides polyclonal populations of
cells that can be used and maintained as libraries of antibody-secreting, isotype-
specific cells, Using this approach, specific oligoclonal or monoclonal populations
of cells that secrete, in cell culture conditions, antibodies having different
functional and/or binding activities can be detected and isolated at any desired
moment (Fig. 1).

The present Invention provides a method for immortalizing a population of
cells that secrete antibodies of one or more specific isotypes comprising the
following steps:

a) Selecting the population of cells that secrete antibodies from one or
more biological samples in an antigen-independent manner and on the
basts of the expression of at least a cell surface marker;

b) Stimulating said population of selected cells with at least a stimulating
agent in cell culture conditions;

¢) Eliminating said stimulating agent from the cell culture;

d) Selecting the population of stimulated cells that expresses antibodies of
said specific isotypes from said cell culture;

e) Exposing said population of selected and stimulated cells to the

immortalizing agent in cell culture conditions
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0 Eliminating said immortalizing agent from said cell culture; Wherein the
immortalizing agent is a viral immortalizing agent. In addition, the
following steps may be performed after step (0: g) Maintaining the

Wb PUE@ASHT cells obtained from said cell culture in cell cultdt TR GERET80

h) Determining the number, the viability, and/or the proliferation activity of
the population of cells that secrete antifodies of said specific isotypes in
said cell culture. This schematic process can be integrated and
adapted hy apphiingiagcitibamboatinaitiopsnandmeanseielating:to: The
identification of donors or biological samples from which the cells can be
isolated; Wireesp deifimmeaniz ey sgiectngyistimulatirigiang fgent.
immortalizing antibody-secreting cells; 15- The cell culture conditions that.
allow thelmaisitesaneeldhevrgravitepameythe praifaredieficote(Population
of immortalized antibody-secreting cells in cell culture conditions; The
means fd dYEHMMELR RS Maribatiothal\fabRigP RS (ip® Srififethtiorure in
activity of the population of cells that secrete antibodies of 20said specific
isotypes in s&id ERINCERGPSIIPRE desired properties of the antibody and

e B S S IS BB i aciiy
of the population of cells that secrete antibodies of said specific
isotypes in said cell cuolture.

This schematic process can be integrated and adapted by applying additional

conditions and means relating to:

- The identification of donors or biological samples from which the cells
can be isolated;

~  The specific means for selecting, stimulating, and/or immortalizing
antibody-secreting cells;

— The cell culture conditions that allow the maintenance, the growth, and
the proliferation of the population of immortalized antibody-secreting
cells in cell culture conditions;

—~ The means for determining the number, the viability and/or the
proliferation activity of the population of cells that secrete antibodies of
said specific isotypes in said cell culture;

- The desired properties of the antibody and the related assays that are
chosen for screening the immortalized antibody-secreting cells.

The methods of the Invention provide means and conditions for optimizing

the selection, stimulation, immortalization, and cloning of antibody-secreting cells

at the scope of obtaining the largest diversity and number of such cells that can be
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The methods of the Invention provide means and conditions for optimizing
the selection, stimulation, immortalization, and cloning of
antibody-secreting cells 25at the scope of obtaining the lamest diversity
hebilielyes of such cells that can be WO PCT/EP2006/069780
2007/068758PCT/EP2006/069780 11 maintained as a population of
immortalized cells in cell culture conditiéns. In fact, the resulting
population of cells can be considered as a library of immortalized cells that
seffgiigaantibodiespngitiab L anrheraubjactets th dudl debired:-sedasningn fact,
assay(s) immediately after its production according to the methods of the
Inybation]torg pppaivontotelly céroke ncasdarséddatébinmpnéiommapdzed cells
screening assays.  The population of cells obtained by the methods of
thehineention aaibdbedivide thintermbdtiplboligd dloHel desinsheckomalg assay(s)
population of cells that secrete antibodies in cell culture conditions, and in
pattieutdiatpiat HierétePrrd ReEs rasicartins dieS v B ubsietiaftigagon. or, in
specificity and/or biological act|V|ty In fact, the 10 supernatant of these
ceMEhRLIUATE (zanaPdutstims OB IRIrBE) cHRERAR &R  antibodies
having such antigen specificity and/or blolo[?gcal activity. Such

antlgen &h&ﬁ&%&%ﬂﬁ%%ﬂ%&@?fﬁ Bf§gita cﬁ’\’ﬁf&oégnoéélﬁlr[é’gfé’ﬂ‘% Sy be

ggnammal an V|r |aI Iant par site anlc or no nic
ivided anto mu th ona onal po u on cn‘lr (i snacmte
ntigen of interes ésuccess ul'iso a fon o popu ation of cells

de&%ﬁ%o 20 the &E%’Yﬁh of ughigslls, %aﬁsg Hé%grt‘?h%?re P Qe ﬁn%’ﬁ%nal

the frequency of antigen- spec ic B cells’in starting material genera

peripherakblood framsa dangsar é})@aekf?y doRRrskidnfack Bevity. n fact, the

immortalized antibody-secreting cells should be culturéd under condltlons

thaf,allow far smaxitaalkael pioliferalion ancinmunoglobuln SFEemiAR me

as well as the direct use of cell culture supernatants for detecting the

desieshactivityidkReadeski ibe pepifation.of/celisomay e dutinersivideticen-

for screening the pools of cells showing the desired antigen specificity
angiadibiolggiasicactivity/amnblangiail noteiselkatltueesireacth @b them human,
secreting a monoclonal antibody having the desired antigen specificity
andianhigdiegiceiractivigtén thepdaik.2 psrppeenatagitnis isoldtedganic antigen of
interest,
The successful isolation of such population of cells depends on the growth
of such cells, the assay used to screen themn, and the frequency of antigen-specific B
cells in starting material (generally, peripheral blood from a donor or a pool of
donors). In fact, the immortalized antibody-secreting cells should be cultured under
conditions that allow for maximal cell proliferation and immunoglobulin secretion,
as well as the direct use of cell culture supernatants for detecting the desired
activity. If needed, the population of cells may be further divided for screening the
pools of cells showing the desired antigen specificity and/or biological activity,
until one or more cell cultures, each of them secreting a monoclonal antibody

having the desired antigen specificity and/or biological activity in the cell

supernatant, is isolated.
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12 A monoclonal antibody with a desired antigen specificity and/or
biological activity can be therefore produced by expanding the cell culture,
and purifying the monoclonal antibody from the supernatants of this cell

Veurwresdditionally, the DNA encoding the monoclonal antiBOdXEE2I#dsE9780

then isolated and used for the Srecombinant expression of the antibody in
host cells. Further objects of the ptesent Invention are populations of
immortalized antibody-secreting cells maintained in cell culture conditions

(in particulasqpeiyclenahthigbclonalandirao noclanalpelfiitiures of biological
antibody-secreting cells) obtained by the methods of the Invention that
camthased tor tideofify ngceinced @ progucihgenienctlanébantipddiestying the
having the desired antigen specificity and/or biological activity. The
artiboelibs dambeddiyetypbrifiedemtatisecfefhicuttlreslonprodidoethady, the
recombinant proteins using the DNA sequences encoding them and
isaPtAderd ite tBp cbfiroe SN BummiBO R sadlifsntbENAdivedriaedcaipprisinge
DNA sequences that encode antibody sequences of one or more specific
isdRFRESIRAN Eressisi phHkgaERfn iRt seils isolated from a

population of cells of the Invention, in_particular from a population of cells

that has BREIFSHGHR oSt ShtihOHEY RAVIRG BPRFARARdFbindmgtelized

and/oy bjological activity of interest, . O?er jects of the present .
ORRREN  FaRod T8 h S8 B hd bothai o oM B tRe bl

cultures, of the cell culture,supernatants, and of the 20 DNA libraries
CEalER | M S U LSRRI ST RL RS SRR cono

ldeiiving Andheroduning moRReRNalAiRadies, Hese.prRfugs. aRIAIDG

by the methods of the Invention can also be included in kits for idenfifyihg

a”ﬁﬁ&@ﬂ@%ﬁo@l@ﬁkﬁ%ﬁ%&[&%ﬂr@a‘dﬁg é&%r%%@&”&%%@WiMoz-
specificity and/or biological activity, or used for determining the features of

theiisetipg-2tRSRETIHE AHNBYING RENRNELLIAMAHISIOGOMSIN cell cultures or’

heterologous antigen, a virus, a WO 2007/068758PCT/EP2006/069780

13produced as recombinant proteins using the DNA sequences encoding them and
isolated from the specific cell culture. In addition, DNA libraries comprising DNA
sequences that encode antibody sequences of one or more specific isotypes, can be
prepared using nucleic acids isolated from a population of cells of the Invention, in
particular from a population of cells that has been shown to secrete antibodies
having any kind of binding and/or biological activity of interest.

Other objects of the present Invention are related to the use of the
population of cells, of the cell cultures, of the cell culture supernatants, and of the
DNA libraries obtained by the methods of the Invention from antibody-secreting
cells for identifying and producing monoclonal antibodies. These products obtained
by the methods of the Invention can also be included in kits for identifying and
producing a monoclonal antibody having the desired antigen-binding specificity

and/or biological activity, or used for determining the features of the isotype-

specific, immune response to an autologous or heterologous antigen, a virus, a
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bacterial cell, a toxin, a parasite cell, or a vaccine in an individual (or in
population of individuals).  The populations of cells and the cell cultures
obtained by the methods of the Invention can be included in methods for
WreehTdieryIsell cultures that secrete 5monoclonal antibodies ¥ HRP2I$/069786
culture supernatant, and that can be expanded at the scope of purifying
monoclonal antibodies.  The Examplés provide means and conditions
for applying the methods of the Invention at the scope of generating
EB¥cismuaidalizecpopupaticns aflhwmanBeoeallsfor pldiaiting (drompiielation
same biological sample, monoclonal or oligoclonal 1 Opopulations of cells
expiéssingualsiigen- or virus-specific human IgG antibodies.
DESCRIPTION OF FIGURES  Figure 1: Schematic representation of a
process fOrcisotatingoandiexpressinberadhodions antivodies trcinelirgisig the
methods of the Invention for obtaining immortalized antibody-secreting
celryenspiggra DeEfstidsh tiepeaitarationrspiirnang® callsasitied seerete
the presence of IL-2 (1000 Ulml) alone or combined with Cp02006, LPS,
sArmcepAaPikdiss P Erselbeliive BRENSHRréBUHREERBPInEgRated at

separation from PBMCs pooled from five donors. B cells were cultured for
4

?ﬁ?‘fﬁ’é BraSene PARe IR RLIRY ESncentrations of compounds.
L ST Y

. . CO1
incubating the"cells w elled nucleotide

Cugl%r?n%gylitti%n% i%@?:c? rél%’.fére%%%{%%égme@#e\l/l?ﬁ% Oc{ﬁ&]?z%i m%?ﬂ‘%’%’ﬁta'hgrﬁ%? Qor%an B

were present in all expériments. T cts of the co ation of IL-

Wi@%ﬁ@%ﬁﬂgﬂ}ﬂéﬂﬂﬂg Wtﬁll’! Fé%inﬁ@gqc@)sﬁﬁglg %%Q&c&)a%”&r &l goclonal

examined as indicated. The values of counts per minute (cpm) are

re@@ﬁﬁ@@%m@e@ﬁsc& ipligate.wals. 25The differentabsalue sRmyalues
between (A), (B), and (C) are due to the
DESCRIPTION OF FIGURES

Figure 1: Schematic representation of a process for isolating and expressing
monoclonal antibodies including the methods of the Invention for obtaining
immortalized antibody-secreting cells.

Figure 2: Effect on the proliferation of primary B cells cultured in the
presence of IL-2 (1000 U/ml) alone or combined with CpG2006, LLPS, SAC or
CD40L. Human CD22-positive B cells were purified by magnetic separation from
PBMCs pooled from five donors. B cells were cultured for 4 days in the presence of
the indicated concentrations of compounds. “H-Thymidine was added to the culture
only on the last day, incubating the cells with labelled nucleotide for 8-12 hours.
Samples cultured with medium only, medivm with IL-2, or medium with CpG2006
were present in all experiments. The effects of the combination of 1L.-2 with the
stimulating agents LPS (A), SAC (B) and CD40L. (C) were examined as indicated.

The values of counts per minute (cpm) are reported as means of triplicate wells.

The different absolute cpm values between (A), (B), and (C) are due to the
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14 differences in the specific activity of the 3H-thymidine batches used for
each experiment.  Figure 3: Dose-dependent effect of Cp02006 on the
proliferation of human CD22-positive B cells. Human CD22-positive B

wekl®wesyBurified by magnetic 5 selection from PBMCs podt€d/feenéies 780

donors. B cells were cultured with the indicated concentration of CpG2006
and IL-2 (1000 Ulm)) for 2 days. The Admber of viable cells (A) was
determined microscopically by trypan blue dye exclusion. In parallel, ten
thausaed-eyantsrospeeanh iadicated auliue-gongidion wareanalgdethbyeach
flow cytometry (B), measuring both the percentage of viable cells (black
barspkiBand blast cells (cells with higher forward and orthogonal scatter,
white bars). Figure 4: FACS-based analysis of viability and blast
formatiorFgu@32 D oGl frogitifecB addlis(ptilifteat: bherpag Hetition of human
separation of PBMCs pooled from five donors. The analysis was '
perioRfeasietord alor HumaBYaZ eayievetd celisraieapnbligiby pRenetic
CpG2006 (1 kg/m]) and IL%’% 000 U/m1) (B). In each panel, 15 10,000
evERsipBr& AR by a@iﬂ’@cgﬁ%rdml%oﬁtﬁ%&@?@nﬂ%%g‘dﬁﬁl the

scatter éverncal axis), as a measure of size and granularity, respectively.
vidliE eéeﬂ%’%‘?‘é‘@ﬁ?élooﬁqq}\gﬁfiﬁré% S eLien v@éﬁoﬁ%ﬁafﬂd‘mb@f
scater 1} Wlth the ver ical, axis, outsgdthof RI. C i nde ng 1
bldst rée Vﬁéveetﬁ‘aﬂ%e T AREPENRS SoRaP Sugdye 5 %Sﬁrlé' o
5: K|n i:s of &ellg ferat and c |VI bl| Etcellss imulated with,a

a

stlﬁwu?atlﬁg Agent coer\ﬁ 11nat|%Irrllg 8230 Uman’ %fgalyzed

Oﬁ ?j ééf?}%?%&%?sﬁe '&%5%9&% D Qﬁé‘ ﬁe?@e%"ﬂ‘a[@é‘%@ JLEB Mﬁé (%?zi%‘}?%a; 's)

ells'were culfured in the presence of CpG200

tto/milyiand 4k (A QA0 ML fan therindicalrddimenints: ki @QI@%'P”

was assessed by 311- thymldlne 25incorporation. 15 Figure 6:Effects of

the combynatien of £PSBERE andyhs-8rONa8ty and blast formation of CD22 or
CD19 positive B cells purified by magnetic separation of PBMCs pooled from five
donors. The analysis was performed before (A) or after (B) a 4 day culture with a
combination of CpG2006 (1 ug/ml) and JL-2 (1000 UW/ml) (B). In each panel,
16,000 events were analyzed by forward scatter (horizontal axis) and orthogonal
scatter (vertical axis), as a measure of size and granularity, respectively, Viable B
cells are gated in the R1 region. Dead cells with lower forward scatter are aligned
with the vertical axis, outside of R1. Cells undergoing blast differentiation have
higher forward and orthogonal scatter.

Figure 5: Kinetics of cell proliferation and cell viability in B cells stimulated
with a stimulating agent {a combination of CpG2006 and I1-2). Human CD22
positive B cells were selected by magnetic separation of PBMCs pooled from five
donors. Cells were cultured in the presence of CpG2006 (1 pg/mi) and IL-2 (1000

U/ml) for the indicated time points. Proliferation was assessed by “Hthymidine

incorporation.
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EBV-mediated immortalization of human B cells. (A) CD22 positive B cells
were purified from a pool of 5 donors by magnetic bead selection and
cultured for 2 days in medium alone (black bars) or in medium containing

WOopBPoge’s p.g/ml) and IL- 5 2 (1000 Um') (white bars). TREDERSMMETE 780

then washed and IgM positive cells were depleted by cell sorting. CD22
positive, IgM negative cells were immofalized by overnight culture with a
50% VN of EBV-containing supernatant in the cell culture medium. The

cell culturegizedium treffanntaingd EBMbivassenoVeEsCEIdhaeelis-wesie the
cultured in medium containing IL-2 (1000 U/m1) and irradiated 1 0

allaganeiedRiBN Geras-téedevtayehdorathB idicatad GDAYopssod-daPpscdB) were
CD22 positive, IgM negative B cells were purified from a pool of 5 donors
bymmageretiothearhsedé Ctibmemdinmmgrtalizes d yeauritgreandt et 8086 &N diys
culture medium with EBV, in the absence (black bars) or in the presence
(whitedhrs) ob@pO2aGearskigirdinadidiil c2nta00ae /PGS0y Higanliated 1L-
allogeneic PBMCs as feeder layer. 15 In both (A) and (B), the number of
viabld 0pfhSHoibl dsthiftabges cellby wrills eveitudhed michodcupidaly bysityyraeells
blue dye exclusion. Figure 7: Phenotype of CD22 positive, IgM
nelati/ecBlaied S s inig e dal)d bPprévgidevbiiesriirelsorooeramartalized
IL-2, EBV immortalization, and culture for 10 days (with IL-2 and irradiated
allBYenErEisE ME s e dyeP Th the atisERCe S BrieB ARG HHE 2bdE) ool

(A) Ten thousands events were analyzed by FACS Dot-plot analysis
SR G S5 TSR (2] SPGB a7 the

horizontal axis indicates forward scatter (as a me the size of .
T TR DS Y Rt LT Fa ML o br Tk Uty s cicted
contained. withip,the right. hand quadrants.. T n ive-cell

R R S e R S BR 2B 5o

expEeaR OMmantinadicstand mosd &@i@d‘%&%sénﬁ)@%f@ﬂgfl?&jﬁ}"}ﬁﬁgneﬁc

présent in the botfom right quadrant (B) Immunodiffusion analysis

perfomesksingtheisipsinpiantsotine ERYIMMpYaized «ER3Rire medium

positive, IgM negative B cells, as stimulated and selected according to (A).

Speith medium wasienceHraiedhsiold aferethenassanittherd assays2006
evaluated the presence of total secreted human immunoglobulins (ahlg),

humantgM £ahioM) 1800 brmandee ifaliigey) utieneal BT as feeder layer.

supernatant using isotype- specific antibodies.
In both (A) and (B), the number of viable lymphoblasts (large cells) was evaluated

microscopically by trypan blue dye exclusion.

Figure 7: Phenotype of CD22 positive, IgM negative B cells following 2
days of prewstimuiation_ with CpG2006 and IL-2, EBV immortalization, and culture
for 10 days (with 1L.-2 and irradiated allogeneic PBMC feeder layer in the absence
of EBV and CpG2006). (A) Ten thousands events were analyzed by FACS Dot-plot
analysis where the vertical axis represents the level of IgM fluorescence and the
horizontal axis indicates forward scatter {as a measure of the size of cells). The
viable blast cells, with high leveis of forward scatter, are all contained within the
right hand quadrants. The IgM negative cells are indicated in the lower two

quadrants, with viable blast cells that do not express IgM antibodies {and mostly
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Figure 8: Comparison of the polyclonal populations of cells obtained
according to the BASIC, COMBINED, and SEQUENTIAL methods (A)
overview 1 0 of the procedure for preparing the polyclonal populations of
Wiz len&een@ing to the BASIC, COMBINED, and SEQUENTIARCFH#0RI66/869780
(B) The populations are compared in terms of total cell number (measured
by flow cytometry) and of the fraction éfviable cells (measured by
propidium iodide exclusion and flow cytometry, as described in materials
angkpraiingds) e GShigiveiRs CRA2 pasiite itg@hposituenD cgls wesdrant. (B)
prepared using the BASIC, COMBINED, or SEQUENTIAL protocols, as
deBonineddiffEignd amdsisi Exantpten@] Themesutingwepudationsdf ablls EBY
were analyzed by flow cytometry (by propidium iodide exclusion; left
paimet) and zéd. paBiclipesior thdsdicetigagate 8 undler R2storGB23and selecied
expression (using direct immunofluorescence; right panel) at the end 20
of #hec1dngaip cultturdpenhdniedis o FED oI esiFassioh il dnederecs, ehyarkhe
essentially viable lymphoblasts, is indicated as log fluorescence on the
hotizentayanigethigh, PESENE PAratthS IeRIET DT MR B ERHPE sEThER)-
a given amount of CD23 is shown on the vertical axis. The level of
flubvereeisdé CBrsMeree duman dgvd Fhigfy Wwadhserelrmias ssirgnatant using
labeled, sotype-matched negative control 25antibody. WO
2007/0B8IE8PC THP2RE6/069780 17 Figure 10: Analysis of 1gG

secretion in cell cultures that were prepared using the BASIC, COMBINED
or SEQUERFHAR: nfetipaidsome’cdhierrael ktlpathatartiiingie flarkiktetptained

o T SO R AL A SRR B g
EL(I)?éé:omm rcial kit. The.ab olutelacooglnt of IgG in e cijgﬂf,urg)erngtan%;7 the

TOCEe e TOT preparnng e po Opukations or . CCOrl
was measured By CoMPATSoN 16 A standard curve of purified human fy

' b ki h li
b A o
ProgessesHitedin meRsHTamenis REYORA IR IS LANGRARINS) and of the

standard curve, and it can be extrapolated from these 1 0 measurements

only;thahths caasrnizationat1etaldo& isReyeneh20Qio/aluEen this flow

reason, the result is depicted with a hashed line. Figure 11: Schematic
represeBiation afsapenerahporessdorigantifying human B cells secreting

IgG antibodies that bind and/or neutralize human cytomegalovirus (CMV)

comprisiridfie mettbzs ebtherdnvedtipnsiare B cells were prepared using the
BASIC, COMBINED, or SEQUENTIAL protocols, as described in Fig. 8 and in
Example 2. The resulting populations of cells were analyzed by flow cytometry (by
propidium iodide exclusion; left panel) and, in particular for those cells gated under
R2, for CD23 expression (using direct immunofluorescence; right panel) at the end
of the 10 day culture. The level of CD23 expression in these cells, that are
essentially viable Iymphoblasts, is indicated as log fluorescence on the horizontal
axis (high, medium) and the relative number of cells expressing a given amount of
CD23 is shown on the vertical axis. The level of fluorescence considered as

negative (neg) was determined using a labeled, isotype-matched negative control

antibody.
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1 5immortalizing antibody-secreting cells, such as human B cells.
Figure 12: Identification of EBV-immortalized, IgG-secreting human B cell
cultures that have been obtained using the process streamlined in figure

WL w7 ig8lating IgG antibodies having different activities. (A)FSTPERH@ T80

from cultures of EBV immortalized B cells from a CMV seropositive donor
were incubated with 20 the indicated Isolates of human cytomegalovirus
(CMV) and then added to the indicated human cells. AD169 is a
laboratoryigtirain (af Rumams GIMLCY Rt&tidisia dinicalliselatenf et afepared
CMV. HELF are human embryonic lung fibroblasts and HUVEC are

humiag utinbiliRARNEIN E0AORIBIED cells SHE HNITiaizingabtity Ohe cell-free
selected, human IgG antibody containing cell culture supematants is
expressednts 26terrhaofdest edeed @MY e ctinityectisety Fiepre SeéntativeIgG
of at least two assays). 18 The data were obtained by measuring
imeaoeratisiol gizhmsrivied) forGM dimipedRitevparmp antigemg pAYtaf theman
negative control was cell culture medium only. (B) Supernatants from EBV
ml%@r%ﬁ&%’%l %ﬁ%@k@%ﬂfﬁﬁ@é‘w&é‘%ﬁ{éd}é pRFrsta PHERSERIARANGS
tested in an ELISA to detect human IgG antibodies binding 5 to human
HEPEIFO RSO BRI IO EHa A EH e BBE SRR e WRIRY I43eDY the

line indicates the reference value g times the levels observed Witrig?
1]

Il
cultfe mELTAPHBHR TR AN BE0ARY T8 FESY RPHEVE sdntrge/m!-
samples (a commercial mouse anti-human antibody to HSP60, at
B b e o B OB B n B ST PR apeasurements
non-spegific mouse 1gG) revealed wijth anti- 1 0. mouse 1gG. All other
o e A aN 82 Kl B o e

human 1gG, hlgG) a dthﬁ samples containing,the supernat of the c
Cuf%).ea\sm%méntsgor)l%‘lrt]l&t V\tll %con entra%on. %n tofg_%?%slspﬁe ongr}?gdlff1nl .eigor

ures were reveale a commercial anti-human gé anti

Figure 13: Overview of the.pr eqr fol PY ring the populations of
oS e B B oy S BEIeting Al AGACIAINg (o the methods of the

Inventiondg, staytingom e bload af auran donen howingGM¥entirying

neutralizing activity. Oligoclonal and monoclonal populations of

immektalized.calls Lave Reanddentifisdiacoardingde thaeronemias Al thenan
antibodies identified in the cell culture supernatants: secreting antibodies

thafhing dotalieMVipmtein extipatias tesiedusiga kit BRA-GMMtion  for
ELISA), that bind specific antigens (tested using fragments 20 of the CMV
prateins g B andgibh Bnadas dhateany tsadiz aBiviidainfeetion in an in vitro
assay. Figure 14: Identification of EBV-immortalized, IgG-secreting
human BRiglireuRuidsntiét dauerDESY abtainedinsinfelhegprocesduman B cell
streamlined in figure 13 for isolating IgG antibodies binding CMV proteins.
CD2iysosithwe Hg@ p@jtiqbtzgngén@,sing the process streamlined in figure 11 for
isolating IeG antibodies having different activities. (A) Supernatants from cultures
of EBV immortalized B cells from a CMV seropositive donor were incubated with
the indicated isolates of human cytomegalovirus (CMV) and then added to the
indicated human cells. ADI69 i1s a laboratory strain of human CMV., VR1814 is a
clinical isolate of human CMV. HELF are human embryonic Inng fibroblasts and
HUVEC are human umbilical vein endothelial cells. The neutralizing activity of

selected, human IgG antibody containing cell culture supernatants is expressed in

term of decreased CMYV infecting activity (representative of at least two assays).
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25from a CMV donor having neutralizing activity in the serum were
prepared using WO 2007/068758PCT/EP20061069780 19 the
SEQUENTIAL protocol as described in Example 2. The supernatant from

winenowaiseell culture (CMV5 bulk culture) generated by usRigitE@2606/069780

resulting population was collected and stored at 4C and tested with the
BEIA-CMV ELISA kit described in matetials and methods. Then, the cell
culture was divided at 20 5 cells/well into 96-well plates and cultured in
theresance ot ivadiated w/logeneicdg Bt ieepRitels CR&ErRBY6 fand MV
IL-2 for 4 weeks. The cell-free supernatants, which were prepared from
wetlsredintaininly popetatidis offbelle goivety proliferatial cwiere serénednly.
with the BEIA-CMV ELISA kit. The positive control (calibrator 2, 10 AU/ml)
wd$ ifslndadtwith filrenEEESAikinandlzsd haceording loctawrdQwere pooled (5
manufacturer's instructions. The negative control was medium only (IMDM
withiferghigaripro NBA s tgon T ELEYGRoBgc i iyman]sGratbedits Moring

20 representative cell cultures are shown. The horizontal line shows the

21818 EetioHYBRYePrSF e BY S rRiGre e TR 8IS G cteli B tdBlel he

regions in the heavy chain (A; VH;_15 SEQ ID NO: 3)Band light chain (B;
VL3‘§E@’rﬁtﬁdh%)f%“r’”“fﬁéea}fﬂfﬁ?)c@ dumra e o He eI el (guge

Fig. 14). The CDF ences for h (HCDR1, SEQ ID NO: 4;
e RO oA s. i o T R TR bk fo ey (@
IDNO: 9: LDCR2, S ID NO: :L.CD ID NO: 11) chain are
it 3 SRR B D Eeeh 2 RN L SRIRAT) and

Z‘P&il?xgg%i?&@%‘éﬂﬂ%?%a;ﬁ&l%‘ @ngle ¥ RBHSSLRRVILGA LY MG (GMdigalli Mo

al., 2004; available at
htipdiwateingsiIMELyarestsharadextesindex dyimall 30t #€dium only or

underlined. Ten thousand cells from this cell culture were used for

deigrmieing dNeitye SRSUSRCESMEING StanieydiralRelshCalle R s of the
pelleted and mRNA was extracted in order to produce the cDNA by 5'

RAGEamplficatiorusing whtegenaraieiMHmnBuapriveisbdas.

sequences were then cloned in plasmids used WO

2007/06F158P O F/EP2006I069786@ procedure for preparing the populations of
immortalized antibody-secreting cells according to the methods of the Invention
starting from the blood of a human donor showing CMV neutralizing activity.
Oligoclonal and monoclonal populations of immortalized cells have been identified
according to the properties of the antibodies identified in the cell culture
supernatants: secreting antibedies that bind total CMV protein extract (as tested
using a kit, BEIA-CMV ELISA), that bind specific antigens (tested using fragments
of the CMV proteins gB and gH), and/or that neutralize CMV infection in an in
Vitro assay. |

Figure 14: Identification of EBV-immortalized, IgG-secreting human B cell

cultures that have been obtained using the process streamlined in figure 13 for

isolating 1gG antibodies binding CMV proteins, CD22 positive, 1gG positive B cells

from a CMYV donor having neutralizing activity in the serum were prepared using
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20 for transforming bacterial cells. The consensus DNA sequences
encoding of variable regions in the heavy chain (SEQ ID NO: 2) and light
chain (SEQ ID NO: 7) were determined using the sequences from at least

whipdemesvdent bacterial cell clones. 5SDETAILED DESCRIP HONMESHBG/HE730

INVENTION  The present Invention provides methods for improving the
efficiency by which immortalized antib&8y-secreting cells can be produced
and screened on the basis of the antigen specificity and/or biological
acthdtyriteNse ek ind ansibgdiescibJgaitielan e Exaanplgsraham how the
the proliferating activity, viability and 10 antibody secretion of human B
cells idsseltelltenreondiiiovs thaikare:imraprighzededsing kpsteith8arsulting
virus can be improved by applying appropriate combinations of means
angbpohditionsoreperrdryndatsisblatéd fromtekserbrsith thelBiEdd &Y ELISA
found that the choice of specific means and conditions related to cell
seketctorrabdl Sumugision vad urikpdictddoan dhivisdr e ieh e ciitig detletit 0
for 15 obtaining viable and proliferating antibody-secreting cells, _
coﬁtﬁﬁwﬂgliépg"ﬁargeé‘r piRfersiRA i HE e b6 RFATRRSalizEgRdiated allogeneic

antibodé-secretin cells that can be later screened directly using the cell

cukittdGprifiatshts CPO2PRE ERArTES Hish WRTY thAE dfehififtrar Sarsaions:
ft lIs f the biological I beb Il
cUMHEE mARorE ST R ) o0 st pHASS MG CEE el

exposed to one or more stimulati t r, the stimulatjn )
ro?gera lﬁgf were Screeneiﬁ %{lﬁ%ﬂg gﬁgﬂm\gﬁl\‘{ggée%tv ig‘bﬁi F;)S]El‘% control

agents exertthelr maxima IVity, Wi and

ggﬁ@&ﬁ@&%pQPWM%'i@%ﬁ%ﬁﬁéﬂ%&%&%ﬂf§5&°ﬂt@ﬁ@§m%§@&aiﬁgqﬁxhe

ected populations of cells for an appropriate period of time. Moreover, a

cleariemagrar andpyRica! fIRUpieRbebNeeNHae sHRtaMAANDM with
25immortalization steps should be made, being evident the negative
effecif O RQNFO68)RBRET/EFRONRIN6A4801L-2). The results from 20
representative cell cultures are shown, The horizontal line shows the 2-fold cut-off
value for the assay.
Figure 15: Protein sequence of variable regions in the heavy chain (A; VH;
SEQ ID NG: 3) and light chain (B; VI.; SEQ ID NO: 8) for the antibody secreted
by the cells in well 9G8 (see Fig. 14). The CDR sequences for the heavy (HCDRI,
~SEQ ID NO: 4; HDCR2, SEQ ID NO: 5; HCDR3, SEQ ID NO: 6) and light
(LLCDR1, SEQ ID NO: 9; LDCR2, SEQ ID NO: 10; LCDR3, SEQ ID NO: 11)
chain are predicted on the basis of different methodologies comparing known
| antibody sequences, such as the V-Quest, provided by IMGT (Giudicelii V. et al.,
2004; available at http://imgt.cines.fi/IMGT _vquest/share/textes/index.html) and
are underlined, Ten thousand cells from this cell culture were used for determining
the two sequences using standard protocols. Cells were pelleted and mRNA was

extracted in order to produce the ¢cDNA by 5° RACE amplification using

degenerate VH and VL primers. The sequences were then cloned in plasmids used
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21. simultaneously exposing the cells to the stimulating and the
immortalizing agents. In particular, the Examples show how these
elements can be combined to establish efficient and reproducible methods

W ztHa BB immortalization of human M negative (or IgG pOSHVEFBo6EHET80

that can be subsequently cloned and 5 screened, using their cell culture
supernatants and according to the binélthg and/or functional features of
the antibodies they produce (such as neutralizing cytomegalovirus

infeetieamfohtimarsalishardifinally, hakeamihbiNbe isplatedsanatotingdbrf
for further characterization and production of the antibodies as

recamibinantipretains: heSeoentidBpidadhed)inavdlliply deparEieGiEpSO:
of cell selection and activation before immortalization have been disclosed
in Theviiterattnenosly wicpribestigrerscarfitigurespasific ipdendedom d afioatiscell
that were previously in vitro immunized, often using fusion with myeloma
cefl§mgsaddition to (or instead of) a viral immortalizing agent. 15Thus, the
initial populations of B cells were either depleted of specific cell types

using a cytotoxic éﬂ%?@%%ﬁ%&%@é‘?&%ﬁé’ R ¥ &N with
cytokines and growth factors (Borrebaeck C et al., 1988; Davenport C et

al., 1992, P& RIERRTHATRBHEP I RIPBICE] 982 Bl i oLl R & the eticiency by

antigen-specific, panni rocedure, and,then xpanﬁled ver a feeder cel
oo BT B SR 2 CIERARAIEAE BEOU A g Crcehed o e

Steen. b@%‘!ﬁ?%%t%% 9&'6(3%?(%4 and/or DAY i%%%t igniaadyeeecratng celis..

have been immdrtalized either using a standard EBV immortalization, or

using comhined EBViy apd.ang008nc:mediated URRsioraien:y, viability and

(US4997764), EBV immortalization or non-speécific cell activation followed

by\amﬁ)&!;i anwithha rivelams eelklinedYiaghalaWanchSiRtt Re 188Bratized
25WO0 02/46233), selection of cells expressing antibodies having a

spegicEpeiMBEBarr virus can be improved by applying appropriate combinations of
means and conditions on primary cells isolated from donors.

it has been found that the choice of specific means and conditions related to
cell selection and stimulation has unexpected and important enhancing effects for
obtaining viabie and proliferating antibody-secreting cells, contributing to a larger
diversity and number of immortalized antibody-secreting cells that can be later
screened directly using the cell culture supernatants.

The Examples also show that the initial selection of the cells from the
biological samples can be based on one or more cell surface markers, foliowed by a
stimulation phase in which cells are exposed to one or more stimulating agents,
However, the stimulating agents exert their maximal activity, without affecting cell
viability and proliferation, only if applied, at defined concentration ratios, on
specifically selected populations of cells for an appropriate period of time.
Moreover, a clear temporal and physical distinction between the stimulation and

immortalization steps should be made, being evident the negative effects of
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WO 2007/068758PCT/EP2006/069780 22 after EBV immortalization
(Morgenthaler N et al., 1996), or selection of cells followed by the use of
EBV immortalization in the presence of a B cell activating agent (WO

Va1 0e1aB7ur D et al., 2005; Traggiai E et al., 2004; TsuchiyamiBx2086/a45 780

1997; WO 04/076677). 5However, none of these documents provide an
effective process associating the mears and conditions for obtaining cell
selection and activation before immortalization and the efficiency of a viral

imgnatializalion prpesss thatpevidas simpadtiay|and pelvislanalpepiglations.
of cells that can be extensively and directly used for identifying oligoclonal
or monodionattpapi)atio i empiils saxprassintdbamtibadiesshavingditéned to
desired isotype and biological activity. = The main object of the present
Inveerztibishcdfisists andrepettiod Herirmoitdfizihg Bpopulatcalichuelsthaman
secrete antibodies of one or more specific isotypes comprising the
folleMinepeteips: (or a3SatestiivgtHe pdbultbreet dillsubsaqespiassiogned and
antibodies from one or 15more biological samples in an o
antigesisidBpBa desit Astinrrdtanh arerr iR HasRITarE D fesbioRTel e |eader
a cell surface marker; b) Stimulating said population of selected cells with,
at fengiopdinfenttiry ertin aRli e BOhaRIGALCe (P AN LLire
stimLtJIatin%% aégen; fr mtthe cell culture; %é)d) er%e(%ilng éope Q(g)tlatic%n of lated
StV TSHERF S A ST Qe BB B oR@ B iBeS e8P ol =
Saladngeézllgllljég'”%r further characterization and production of the antibodies as
recombinant proteins.

Sequential approaches involving separate steps of cell selection and
activation before immortalization have been disciosed in the lterature only in
connection to antigen-specific populations of cells that were previously in vitro
immunized, often using fusion with myeloma cells in addition to {or instead of) a
viral immortalizing agent.

Thus, the initial populations of B cells were either depleted of specific cell
types using a cytotoxic agent and then exposed to the antigen combined with
cytokines and growth factors (Borrebaeck C et al,, 1988; Davenport C et al,, 1992;
Laroche-Traineau J et al., 1994) or exposed to an antigen-specific panning
procedure, and then expanded over a feeder cell layer before being selected
{Steenbakkers P et al., 1993, Steenbakkers P et al., 1994),

Populations of antibody-secreting cells have been immortalized either using
a standard EBV immortalization, or using combined EBV- and oncogene-mediated
transformation (US4997764), EBV immortalization or non-specific cell activation

foliowed by the fusion with a myeloma cell line (Niedbala W and Stott D, 1998;

WO 02/46233), selection of cells expressing antibodies having a specific isotype
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e) Exposing said population of selected and stimulated cells to the

immortalizing agent in cell culture conditions; U Eliminating said

immortalizing agent from said cell culture; 25Wherein the immortalizing
wapynrsgrsral immortalizing agent. 23 This method canH§& iRPe¢freterso

with a series of additional steps that are related to the analysis and the

use of the population of cells that is olstained by applying this method (Fig.

1). In particular, the following two steps should be performed after step (f)

singethey arenmpetiant far estaplishing cellguiyresdmoompsianrgidshiss cells
population of cells: g) Maintaining the population of cells obtained from
safdikel:duiiure:insealf dbVrarconditiens;n inhhOpismininfdiie elimbdrating
the viability, and/or the proliferation activity of the population of cells that
segzete AVTDdes b ddid Bpecific2DWsdiypesiFsaid cél¢hltlirechiyaihd. et
text and the figures provide further details on how the methods of the
InvbntidW cA beddpistdd)-in particular on human B cells isolated from
peripheral blood samples, to provide monoclonal cell cultures secreting
antibodiddoafarteraarel AlfdeeetHecHBtRE Y VR it UETIDIS AIRARSOBEARSIALNS
on one hand, 15 populations of cells that efficiently represent, in an
anti§eMSABR FEd AP fOth8HRiPS g SHEIFHIHE atittb AFY YapuHFE T
of the desjred isotypes expressed in the primar clells.taken from.the d
indWFdﬂ%?%%ar?&%%%@u‘%‘éa%ﬁ%%“éﬁ & VTRl I B P OSis the HeRiy ides:
end, the.more uniformly viable and highly proliferating 20 population
m aércu %{‘ ,aﬁ%gl(’%%e%%u&tmns Oigﬁe}ﬁ&p tRaI Call [i])g degtf%lhgeriafe%ﬁ(cf

f
. -eetl
immoartalize ting cells that are obtained by cfglo? Y

the, Joyenrian. allows a dssnstanalysis,ofisHsh asihas £e&¢@asrs¢&>ﬁrﬁssmg

means of different biological products that can be obtained either in ce

culitiigLARAItORS (f-dikpryiatiopofcalivisallultigpupernatants

containing high amounts of antibodies) or as other molecular entities (e.g.

DNA librafigs pr@Paseftct of the present Invention consists in a method for
immortalizing a population of cells that secrete antibodies of one or more specific
isotypes comprising the following steps:

a) Selecting the population of cells that expresses antibodies from one or
more biological samples in an antigen-independent manner and on the
basis of the expression of at least a cell surface marker;

b) Stimulating said population of selected cells with at least a stunulating
agent in cell culture conditions;

¢} Eliminating said stimmulating agent from the cell culture;

d) Selecting the population of stimulated cells that expresses antibodies of
one or more isotypes from said cell culture;

¢} Exposing said population of selected and stimulated cells to the
immortalizing agent in cell culture conditions;

fy Eliminating said immortalizing agent from said cell culture;

Wherein the immortalizing agent is a viral immortalizing agent.
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25using nucleic acids extracted from oligoclonal populations of cells). 24
Moreover, the methods of the Invention provide the possibility to obtain
enough antibodies and immortalized cells that secrete antibodies to be
wghareraeesised directly in the cell cultures generated by dividiRgTEP2606/669780
polyclonal population of immortalized antibody-secreting cells (freshly
prepared or previously prepared, 5 frozén, and thawed) in pools
statistically containing 20 or less cells and grown in standardized
conditiongait had@werdanrmbeneaieaingSlepS(Hk uRl Ydai SHIHE BHR, that are
rather than the usual two or more steps) shortens the time for identifying
imrelatéalizecheallalihad aadrele antifodie pafinesasss lraiingdhes rigkadied by
losing them in subcloning steps and speeding up the characterization of
amipoyies ind Oditfedefiiin Vivdropmtidtdarasbay®Ibhis s tefopsiepsutanuld be
importance for the isolation of rare antibodies specific for therapeutic B
tangeterthed @digibeienore rpidiyhandesucowsstally eceviaplishisg. cell cultures
Therefore, the methods of the Invention can be adapted and integrated in
mEPERERRSERI RIS ToPldEHffying and producing monoclonal
antlbodles of 1 5 specific isotypes that are summarized in the text (see in
particula®in EARHRNS) b aopripiongehselte Qb RS riramasadcell gulture in
and 13). ions anéi further details on the means and the
conditions aﬁﬁf %’é%f?oc‘fﬁ ‘H98thods of the Invention are provided in the
following arggraphs together |th e de ﬁ{'gtlond%ftgza. bIe .uses of.

the said methods and 6 eenﬁlr%d%bt GZB fhe ugallﬁansg d vity

methods (popktions RgelR, SHILIES ALERls, SUPBIEIANG of LA Ecirc

culture, and anti In partlcular uman monoclonal antibodie

The term "poplatian,, of:ee!ls refgrs.in general to any group of cells
(antibody-secrefing cells, in the present case) that are isolated using the

same 25gitefiaoraaneraleeypiRgiHiersanee Mainogs nEer MSIaRERds of the
populations of cells are 25

Invention can be applied, in particular on human B cells isolated from peripheral
blood samples, to provide monoclonal cell cultures secreting antibodies of interest.

In fact, the methods of the Invention allow obtaining, on one hand,
populations of cells that efficiently represent, in an antigen-independent manner,
the heterogeneity of the antibody repertoire of the desired isotypes expressed in the
primary cells taken from the individuals and captured through the viral
immortalization,

On the other end, the more uniformly viable and highly proliferating
populations of immortalized antibody-secreting cells that are obtained by the
methods of the Invention, allows a deeper analysis of such antibody repertoire by
means of different biological products that can be obtained either in cell culture
conditions (e.g. population of cells, cell culture supernatants containing high
amounts of antibodies) or as other molecular entities (e.g. DNA libraries prepared

using nucleic acids extracted from oligoclonal populations of celis).
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those resulting from a selection step (e.g. cell sorting), a treatment (e.g.
with stimulating or viral immortalizing agents), or the division of a culture
or a population of cells into smaller pools of cells having statistically the
W7 ARs0ENt of cells (e.g when subcloning a cell culture or PraEtifgp/ 069780
vials of immortalized cells 5 to be frozen for long-term maintenance). A
population of cells should be viable bit‘ot necessarily exerting a specific
biological activity (e.g. growing, proliferating, or secreting antibodies), as it
happenshealtaylticersanciionSthe MteniRimpioullidreicopsalisiiefers dbtain
population of cells that is maintained in a container (e.g. the well of a
plateygiPetribdishy anflasimarabitite)calithibascopetobhnlihiiakingdbaatisrized
perform biological activities (e.g. growing, proliferating, or secreting
andivodips dnd/oiloftieatingdmanteditty speofficscthn polrvdeg . gopulation of
stimulating or viral immortalizing agents). These experimental conditions
(tharmperesired | Ao edneRaohg)i rell étreh s 8P red nutdYs Yivairia et d.
a temperature and in an atmosphere (together with the use of cell _
cuftaremaaifhysphrsprrabiy e SEHILNFRotEgr S AT 458 ¢REs and grown in

proliferation of the cells. A cell culture is therefore composed of the

poPtRSABHZGE CENE GatHEr Witk T S o e AERT (COHN S s& ane:

growth factors, cytokine, nutrients, etc.) and, as in the.case of e

oSy GBS B8 ol LS QDA B L relgrofdentitving
supporting. the growth and the proliferation.of the population.of cells 2Q .
B e S R B e
of gellcylturs mediung.is aligsed,0okAnly DX LeASHMRHGR of WRiE6HRs in

but also by the largeé variety of molectiles that cells secrete, or simply

relgage-whan Ine Y SRIeHN IR APOPIARIS W Gignk s iR SRl YHHIRe isolation
medium is regularly substituted with a new one, or it can be partially
remoyad iganalszesfeeigentaniretdpa.gell sulburendbmedisimnidRetisaly and
cell culture medium (defined in the literature as "supernatant” of 26 the
cebweulitsrallasaavetisishispent” or "conditioned” cell culture medium) can be
collected at fixed time points to determine, for example, the content and

the activiljhefethe atttbodibsdthaf avébesimsecreted hiathd populationted in
cells in cell culture conditions. This information, together with the data on
thengiegbitinyping thet!® gy divie régisinohg Ll citsiusheuidedeesd anidlediies of
the status and the possible use of the cell culture (e.g. for isolating mMRNA,
in SePEiEiimyaBsa YR HIHIIAG4ATbRLBIB AT altER dil By tifsY &omeEEAgDle 3,
cells to be frozen, etc.) The term "polyclonal” refers to a culture or a
popidiidhedtasns fradeRpracdas ﬁ’i%'hpndnﬁ‘é‘? &t Hifferent antibodies (e.g.
103, 104, 105 or more) each of them expressed by, a single or group of

cells withiRETHYC RS GFHHEF BB tTatr AisaPa b SpfiBgTt WRifiife o

or 3150 uat('ion Pf cel}s obtained by the naeth ds of the. Invention 1slince
i g?e ods o th% nvention are provided in the C)llt)\,*nln':r Ipea’.rawrta S, together
generdted in"an antigen-independent manner from cells present in d

bio\!&gictﬁles ggl:%l]%% tg%tfiﬁg%togg}ﬂ?eegs@ %lf.l%%essal%f’ é%g&%l%tl%}? bﬁrsfhg?grloducts

most, divide tures or populations Initially o or more ce
200,709 1Obtained using said methods (populations of cells, cultures of celis,

supernatants of the cell culture, and antibodies, in particular human monoclonal
antibodies).

The term “population” of cells refers in general to any group of cells
(antibody-secreting cells, in the present case) that are isolated using the same

criteria or generated using the same methods. For instance, populations of cells are
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15 or more cells) as it can be statistically determined on the basis of the
dilution of the original polyclonal culture or population. The term
oligoclonal” refers to a culture or a population of cells resulting from the
WMI80G968F 38 culture or population of cells into cultures or poRdl&ai#ERAep6/069780
initially containing less than 50 cells (40, 20, 10, 5, 1, or less than 1 cell),
as it can 20 be statistically determined ‘on the basis of the dilution of the
original culture or population. Oligoclonal cultures or populations of
celisothateranink fmomthe division ofea quljure=ur popuatiantefealstintde. with
cultures or populations initially containing 20 cells or less are of particular
impirtaladeg Infadtail ansingtelidng largely, 2&prédodiinant, biblogichlre or a
feature is detected in the resulting cell culture (e.g. an WO
20077068756 8P CTHERROOGHI 69780 20 antibbayiigewtfitiddly aheretain amount
secreted in the cell culture supernatant using a biological assay or as a
tragisesiscd gedensubel onRa A 8B kit froh PIRRABG RTS8 SihiRIPL RERY, cells
such cell culture can be considered as a monoclonal cell culture. A
"meriScEtran den lerurEMiBANENWGRUre EOPHEHEIAG TR BhaaRse Eible but
majority of) cells identical to each other, being originated by the .
pch’l‘i’Fe‘?ﬁ‘E%Ff’{ﬁh8"8&1‘2}%1%@%?@&@81%&18?1)38%@2&% %W@mﬁ?lﬁ?rﬁa’& ot
as it can be eval Hat d on the baS|s of specific bi |caI feature (e.g.
eSOt L SR U S DAY T SHAE C REH G é) 'foF selecting the cell

culture. Thys g aniod 5 BOpUIR a%@@t%f ISR LIS, S e
from suchacu ture can be In cate as pei gpmonoc ona

thq}fgahcf;‘ﬁ'EEhx‘?err ?é‘@e{ﬂg‘%ﬁf‘hi"ﬁ%’l‘i’z@%@@%ﬁ%sﬂe??ﬁ&f(ﬁr @&%?%?'E*H{égséﬁﬁe of

clonal |ty In a morée precise manner. he term “immortaliz refers in

gengighto #e qultures:and ReRY Q”§c%ﬁ§‘é£5 Qblaiped: fram ﬁbﬁlmﬁwsor

of the Invention, after expos ng the selected and stimulated’ population of

cellsdedhe virabimeortataing sganiatnenthaughtthepecific compounds (e.g.
stimulating or viral immortalizing agents). These experimental conditions (that is,
cell culture conditions) include the use of incubators maintained at a temperature
énd in an atmosphere (together with the use of cell culture medium) appropriately
chosen for the growth and the proliferation of the cells.

A cell culture is therefore composed of the population of cells together with
the cell culture medium (comprising sera, growth factors, cytokine, nutrients, etc.)
and, as in the case of antibody-secreting cells, of additional cells that are also
cultured for supporting the growth and the proliferation of the population of cells
(the so-called “feeder cells™). After a few days or weeks, the composition of cell
culture medium is altered not only by the consumption of the cells but also by the
iarge variety of molecules that cells secrete, or simply release when they enter into
apoptosis or die, Thus, the cell culture medium 1s regularly substituted with a new

one, or it can be partially removed to analyze the content of the cell culture

medium. The used cell culture medium (defined in the literature as “supernatant” of
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15 viral immortalization can be associated with the presence of specific
viral products (e.g. proteins, transcripts), the cells are defined as
immortalized when they show continuous growth and proliferation in cell

Wi Rergiegtigitions. As shown in Examples, primary human BPEEHERIfQE/a§8780

obtained from a biological sample and express antibodies, were
successfully used to obtain polyclonal4fopulations of cells 20 that were
then used to generate oligoclonal cell cultures containing at least 104

celie Whenlthe cultuwdlisstaped from'doiththed0 ofpvanutcalaistichaa be
total number of cells is compatible only with a number of cell divisions (10
or enieetebl: divisions) poattingdeeralion ljpimraarpidizéd celisreandogefoctivity
in cell culture conditions. 25The term "antibody-secreting cells" refers to
prichiahy eelibatias SonthineHee28ageries fortbxprasdingmaniivodics aeitl chigere
have the capability to secrete them in the extracellular space (e.g. in the
blssadtivivo Shih thoraitiouiureetipervibanbom datpo i Heetepapility and the
"immortalized antibody-secreting cells" refers to antibody- 5 secretin
ceMtHaRYORRb ity e Rpbs It LIt iitis G Sef8hangrétg possible use
proliferate, and secrete antibodies in cell culture conditions indefinitely,.or.
at RaBF 6 h PEHEY 6 finB alaId Tor A MimpEr SFEaEASTENS [Higaliyine
superior to tPatt%baer\‘/e if the rimar. cteIF e not exposed to the viral
imMSHAI ARG AR PATEHE RS DS Snal Fdbiilations of cells
obtainedﬁ}/ethe meth?d§ of Eher ersIr}vention are enriched in viabl

. er O Oona. 0 a culture Or. a population O?’CC s that
growing Iympho%’lag}ts Yhat are the immortalized antlbogy?secretlng cells

w IQEré%U'J%?quﬁﬁm&geo‘?'@%@H@LHH&H}&“&%‘?%"PWP'ﬁio&sn‘?&g?ﬂﬁcﬁ? of

cell culture conditions.  The term "stimulating agent” refers to a

COEHBQN:‘S}ﬂréQEeﬂ %9%@?1%&06?%{% o 9@130@9@%‘ 'Elﬂ!scﬂﬁi}él%&etﬁg ﬁEﬁQH&HHg In
a stimulation response mediated 15 by antibody-secreting cells, inducing

a prelitenating pRkbissticosiaie fiheseiaalls aneformstagdypphebiastsds of
(large viable cells, as measured by microscopy and by forward/orthogonal
scaitemomBEACShi cellcctiltdra candiignsinde pddir defmrsibmiulatioslls present
phase" refers to the period of time during which the selected
anitbedyebedretingrgeds thre exposéditedhe stimutatingpagelat: 29 Dheatarmst,
"viral immortalizing agent" refers to any kind of viral particle,

divided in cultures or populations initially of 50 or more cells (e.g. 200, 500, 1000

or more cells) as it can be statistically determined on the basis of the dilution of the

original polyclonal culture or population.

The term “oligoclonal” refers to a culture or a population of cells resulting
from the division of a culture or population of cells into cultures or populations
initially containing less than 50 cells (40, 20, 10, 5, 1, or less than 1 cell}, as it can
be statistically determined on the basis of the dilution of the original culture or
population.

Oligoclenal cultures or populations of cells that result from the division of a
culture or population of cells into cultures or populations initially containing 20

cells or less are of particular importance. In fact, if a single, or a largely

predominamnt, biological feature is detected in the resulting cell culture (e.g. an
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DNA, or protein, which allows generating immortalized cells from primary
cells isolated from biological samples. In the present case, the primary
cells are antibody-secreting cells, in particular human B cells, for which

Wigifted®nesrasl immortalizing agents have been identified. 25 AStH06/069780

"immortalization phase" refers to the period of time during which WO
2007/068758PCT/EP2006/069780 294the selected and stimulated
antibody-secreting cells are exposed to the viral immortalizing agent.

A sigipdareliseineydaparforming shecmethods ofdhe-ivventiopeiadhet using a
identification of individuals or tissues from which biological samples
cowmitdiryieg! Sastibodysseareting leel g sizonl dHeeridtifted olateA $rindi Gatedliore
the Background of the Invention, cells that express and secrete antibodies
havengden s Ratecchedl rmmtortadimet from diffiat et tissuadanbicoligatisye.
including blood, tonsils, spleen, biological fluids (such as cerebrospinal or
pleural fldidshoRasiohahs¢EsclEcotte? IGPHpHAEH ©rgamsisERCRIS teatciaze
be immortalized using the methods of the Invention should be extracted
fronfigidgehapimidraHas socackitsFgBrise OB vBa%SE Prdiie Brofifrrgien (and
origin are preferred for producing cell cultures secreting human

mORBEBHAI LB Radiy tREBRULH WP didblashE dse N Hathured on

the methiods ma ecblﬁc‘?‘&%ﬁ'edlcoi;{éé’tﬂ;@ Q«?%@%}&%ﬁdc}gs%%%%“cga%%%% oelisy:
of rodent or sinian orlgln,(f%r_aL exampley. any diffe enltltypes o]

POPUIRLONS.Q %i“&‘g Qét%?é'.%%dé’ﬂ§%ﬁft%tﬂeggrﬁﬁé'%&%é‘#%%d??é%ﬁ% um%rc%; of cells,
human donors aving pl’(ﬁl es that can be preferable according to the

St%tleac?:fefh&imf@ H_Qﬁv%ﬁl k‘%‘?ﬁ' Qe Wellas Ngisptvesaand ﬂ%%qg@ﬁéﬂé%a%nar’

the antibody that is sought. 20The methods of the Invention can be
applieddonthe ddentficatiotRhtal activiies may be needed for establishing the

clonality in a more precise manner.

The term “immortalized” refers in general to the cultures and populations of
cells obtained from the methods of the Invention, after exposing the selected and
stimulated population of cells to the viral immortalizing agent. Even though the
viral immortalization can be associated with the presence of specific viral products
{e.g. proteins, transcripts), the cells are defined as immortalized when they show
continuous growth and proliferation in cell culture conditions. As shown in
Examples, primary human B cells that are obtained from a biological sample and
express antibodies, were successfully used to obtain polyclonal populations of cells
that were then used to generate oligoclonal cell cultures containing at least 10t
ce;}ls. When the culture is started from 100, 50, 20 or even 5 cells, such a total
number of cells is compatible only with a number of cell divisions (10 or more cell
divisions) that in general only immortalized cells can perform in cell culture
conditions.

The term “antibody-secreting cells™ refers to primary cells that contain the
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monoclonal antibodies expressed by human B cells selected from donors,
such as patients exposed to an infective agent or having specific forms of
cancer or autoimmune disease. Thus, the donor can be naive, vaccinated,

waffgotegdygsone or more diseases or infections, already exp@SEUERR@NG#6978¢

resistant to specific therapeutic 25treatments, presenting a specific clinical
index or status, inadvertently exposedtd a 30 pathogen, etc.  Donor's
sera can be used as such for an initial determination of their seropositivity
to anantigenpainetothempaciiicity and long-derupainienanceat them in the
adaptive immune responses (even years after the last exposure to this
antigentingy aflew &aqualitdiydldetermination ith#d scalliffidient fapernatant in
selecting donors. The nature and sensitivity of the screening assay used

is efitival in identifying the most suitable donor and, preferably, the assay
used to screen donor serum should be the same as that used to screen
supernatihts feom inimoetadized antibody-seeesigg BlEC|IsHps desighdepdy-
to detect an antibody with the desired functional activity (i.e. prevention 1
Oofegieainentis!intthiee (S OMRMEARTE W E titn dr-ds¥o drameutalivige hzent, | grow,
the clinical context, the chqice of the tissue or the organ_from which the

ceN L HEn Atisea B8 Hibnstisd R R v faBiitPB RdeEalghy, or at ieast
ficient Lf ing the whol . Gi that cell
o RS Bt B R R T

pr%garedd'n# ations diﬁeﬁ nt 15 from where the im ortalizgtaij)n metho s

CIvea 1 % ary CeHs dre not exposed fo the viral 1mmo 7INg agent, In
may pbe per ormé’cril,r{}hgcé S Can pe o)fﬁame from frozen samp es‘an%%r

from. samples. oniginad rem s nmhenefindividuals shat NAYeREEMNs of the

pooled to provide enough starting material. Thus, a preliminary screen

caf, e dongena-ranelofsandidale Aenrsy MsingSaMPIEs eNMAINNGkTized

antibody-secreting cells (such as total peripheral blood or 20 serum). In

Pastigia-ReranYclent GeliRicapipeiselateeh fiam bioad Qlymphatihoclonal
tissues using standard separation techniques for isolating peripheral blood

meapdalaarcelisi{ RBMICs)srctvaggFadient centrifugation. After and/or
before this separation step, the samples of sera (or plasma), cell culture
supernatd@hts, terrcellstifobiained fppm diftésent patienispfromdlifterent specific
tissues, and/or at different 25time points) can be pre-screened using
standdndaeohnbdlogiewforderatiigohproducing a stimulation response mediated

by antibody-secreting cells, inducing a proliferating and blastic state of these cells
and forming lymphoblasts (large viable cells, as measured by microscopy and by
forward/orthogonal scatter on FACS) in cell culture conditions.

The term “stimulation phase” refers to the period of time during which the
selected antibody-secreting cells are exposed to the stimulating agent.

The term “viral immortalizing agent” refers to any kind of viral particle,
DNA, or protein, which allows generating immortalized cells from primary cells
isolated from bicﬂogical samples. In the present case, the pri:ﬁary cc.lis are
anfibody-secreting cells, iﬁ parficular human B cells, for which different viral
immortalizing agents have been identified.

The term “immortalization phase” refers to the period of time during which
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WO 2007/068758PCT/EP2006/069780 31 presence of antibodies and
antibody-secreting cells (e g ELISA, BIACORE, Western blot, FACS,
SERPA, antigen arrays, neutralization of viral infection in a cell culture

Way2eemiseTSELISPOT assays). The literature provides severdiBxaragleacaiss

these technologies showing, for 5 example, the use of ELISPOT for
characterizing the immune response id¥accinated donors (Crotty S et al.,
2004), the use of antigen microarrays as diagnostic tools for newly
infeetedipatienisdMaazasemahioba)--2002) gandiother ghwalogieshtorviral
measuring antigen-specific immune responses (Kern F et al., 2005). The
chimeacohilndagers may also be based on the association of the
seropositivity for specific 1 Ovirus with oncogenesis-related alterations
(Butel J, 206@p. prelimispreliniprafyrgusditdiiveratalysisotzntiboeion is the
response to the therapeutic target (evaluated at the level of the total or of
thédigsifipetigpediifiodiviilitly shostdcallbamtehisbntintgion stmdedciwpianing
having B cells expressin her antibody titers directed to the desired
it %ﬁﬁ%}éﬁ%@@%ﬁ%@%\g Ohimlahdecombinant 1 5 protein related to

a cancer or a specific_viral protein), a mixture of related antigens (e.g
obtalned%r‘ﬂ%&‘ﬁ‘?&lIVpﬁﬁf%ﬁC%ﬁlﬁ“BPe851"5‘50%"65?18%8%%&93 eﬁpms and

neutrallzatlon (ng lin §th't¥31ate angce one Ize fe don

selSCEe, TAPSSichisf BEaIL AR b, Eemerhor {/%npﬁ%er 8 S%%eé and

MEaNs t?n Qb '”f"??%gﬁ‘gto%"ﬁ QRULES LIIRRO guc e A spinat or
ChI’O‘T’]IC in eCtIOFI n ammatlon Wever pé’rlp era IS usually easier

to SRIAIR HAMY IRNOLR H0:3L0kGA BALIR M d&%ﬂ&r Jpsafhe serological response

against an antigén over a defined period of time.” For example,

starting fams3mP i of REHRRGTALEIAGH: aRPIIMAIBH T HIO0BHINARE] be

PBMCs (peripheral blood mononuclear cells) can be purified, a 25number
of eglls-thatrshaulskadlovi.abiainingausuitigie atlyalarsemeniatieriRf ofVeman

2007/068758PCT/EP2006/069780
origin are preferred for producing cell cultures secreting human monoclonal
antfibodies having therapeutic or diagnostic use. Nonetheless, the methods may be
applied on non-human, antibody-secreting cells (cells of rodent or simian origin, for
example}.

Many different types of populations of primary antibody-secreting cells can
be isolated from human donors having profiles that can be preferable according to
the state of the immune cell donor, as well as the isotype and the activity of the
antibody that is sought.

The methods of the Invention can be applied for the identification of
monoclonal antibodies expressed by human B cells selected from donors, such as
patients exposed to an infective agent or having specific forms of cancer or
autoimmune disease. Thus, the donor can be naive, vaccinated, affected by one or

more diseases or infections, already exposed and/or resistant to specific therapeutic

treatments, presenting a specific clinical index or status, inadvertently exposed to a
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32 antibody-secreting cells to be screened after being immortalized using
the methods of the Invention.  After the isolation of PBMCs from the
biological samples, a specific selection of antibody-secreting cells can be

werforvpesdsaising one of the many 5 methods described in tAETIERA¢69780

on the basis of the expression of cell surface markers on their surface

and, if appropriate, of other proteins, a’well as the proliferation activity,

the metabolic and/or morphological status of the cells. In particular,
vagiatsdachmologies for the purification of antibody-secreting cells from
human samples make use of different means and conditions for positive 1
0 or negavimenseleetionar heseseéllssasecindoe easihjitaaldiefficigmition of their
selected by physically separating those expressing cell surface markers
spesifiphiiGolls thatexpre ssnan dhsepestiéicttibodies feconmennBoce i) the
Specific protocols can be found in the literature (see Callard R and Koto
czadatumamBuselt rewpon sesnay eyto Rifreshin Ty tsRmeC & Bid Rigigeny may
practical Approach. Balkwill F. (ed.) Oxford University Press, 2000,

pgtilpyg p\qualirgesissndiniendelly PEFfoRHEPUSKG HsitRtEs thag nature
bind specifically to one of these cell surface proteins and that can be |
linRBH YN SIS Ah SIS e Srintbestd G IERiB (ASRESYBR b &Redt Witk ol
a fluorochrome tth_altglca be de_teqt%d usin%flu res_cence-%cti\fgl ed cell
sofRIS (FRCET ERP EXAMPIEYhUIar BTEIL 1FAVE *FOhEtH Seléctsa’BR® ¢
the,basis of their affinity for supports.(such as microbeads) binding,CD,,19

OO e B e S e R ST e

DR S O SN e Rl

Hoyreyer.4he, shaiceif dheigah markenmavlsdisleyant fenthe efficiency

of 25the immortalization process, probably due to intracellular signals that

are triggerethe WMEi2AQH06& 7 8RRGJieREQROINRY 8P B3 organ from which the

cells are purified can be dictated from the availability of the cells in sufficient
amount for performing the whole process. Given that cells may be obtained from
human clinical sampies in small quantities and/or prepared in locations different
from where the immortalization methods may be performed, the cells can be
obtained from frozen samples and/or from samples obtained from a number of
individuals that have been pooled to provide enough starting material.

Thus, a preliminary screen can be done on a papel of candidate donors,
using samples containing antibody-secreting cells (such as total peripheral blood or
serum). In particular, mononuclear cells can be isolated from blood or lymphatic
tissues using standard separation techniques for isolating peripheral biood
mononuclear cells (PBMCs), such as gradient centrifugation. After and/or before
this separation step, the samples of sera (or plasma), cell culture supernatants, or
cells (obtained from different patients, from different tissues, and/or at different

time points) can be pre-screened using standard technologies for detecting the
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by the selection process and that may alter cell growth and viability. In
fact, the Examples of the present patent application show that CD22,
which is a B-cell restricted transmembrane protein that controls signal
wWeangdnetina pathways related to antigen recognition and B #&€ltaiatioedions 780
(Nitschke L, 2005), appears as a 5 preferred molecule for the initial B cell
selection. Since the CD22 positive pogdlation contains cells that express
antibodies having different isotypes and specificities, other cell surface
Maikesceantbendsedifor seleatingothescalisingithendetose ol afler tBRACORE,
stimulation phase. Alternatively or additionally, a specific enrichment of
anthsdysselereting” S GER A anthe o htaine thbytapiplyiog o CDR idlased in a
selection in addition to the CD22- based selection. CD27 is known to be a
maaderfourh gpssamBoc élls $vat hasseysomatically mutated variable region
genes (Borst J et al., 2005). Additional markers such as CD5, CD24,
CD25, CHBslicneg: opwicChHTazbkeDedToliilidse geeebiogithdowing, for
deplete or enrich for the desired population of cells. Thus, depending on
th&XasRleiBe & 15isfdry B EXb s tactraziiten ey N et PHe tByfgccinated
parasite), the antibody titer, a decision can be taken as to whether to use

totdPeis Soraittictdd's <Uifs; St RHREh S BoRERSUBILpRRATEHEOls for
h as CD27 positive B cells. Followi |l selection, but before. th
O PR A S AT O AN SHELI b LB 6 T

appropriate stimulating agent. In the 20 con</xt_o the pr Invention,
R A R R e S R (AR T ke of

SUmUIRUNG. 260t Dal.CAnBe ysad %%Q&Ei?clg/ 17 GEMBINAN sty for Becific

first group of stimulating agents is represented by an activator of the

INNAIGIDAMURR JESRORSE1FHF N R AB:39R RIS Rhadw!l-Like Receptor

which is 25expressed on B cells. The Toll-like receptors (TLR) are known

to play a'THBRQHﬁHinM}‘%@@@Jt@@&ZQ?E@W ERRQAG/QGIR0 RAneadm st
alo

recognition of bacteri igonucleotides and other compounds eliciting
polyelenahantivadiantsd sveader asietyDbCellshinvalvgd-iphoth wnbieyaskbuld
acquired immunity (Akira S and Takeda K, 2004; Peng S, 2005). This
pathivaytid ideatédmivuné responsesimadinieddliparplyydine Tglher antibody
Receptors is one of the earliest
titers directed to the desired purified antigen (e.g. a specific human recombinant
protein related to a cancer or a specific viral protein), a mixture of related antigens
(e.g. obtained from partially purified viral preparation), or a bioassay (e.g.
neutralization of viral infectivity).

Once one or more donors are selected, the source of B cells can be spleen,
blood, lymph nodes, bone marrow, tumor infiltrating lymphocytes, lymphocytes
from sites of chronic infection/inflammation. However, peripheral blood is nsually
easier to obtain from donors, to store, and to monitor for the serological response
against an antigen over a defined period of time.

For example, starting from 5-50 mi of peripheral blood, approximately 10-

100 million of PBMCs (peripheral blood mononuclear cells) can be purified, a

number of cells that should allow obtaining a sufficiently large population of
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5 responses by the body to invading organisms and plays an important
role in creating the appropriate environment and cytokine milieu required
to elicit the potent and specific response mediated by the B and T cells of
wihemdagtiye immune response ( Gay et al., 2006) . This respoHigiveimess9 786
of human cell lines and primary cells is due to some Toll-like receptors
(TLR2, TLR4, TLR6, TLR7, TLRS8, TLR®, 10 TLR10), each having specific
expression profiles, preferred ligands and recognition requirements. In
paghiGubar Remamd L9 fecegibizes-0ligenuetagtidesomare spasiiaallihethods
CpG-based oligonucleotides (Hemmi H et al., 2000). TLR9-mediated
activakanveytepG-based compounds such as the one known as CpG2006
triggers alterations in 15 cellular redox balance and the induction of cell
signalingAgathwrey ssinetisdingf tid Miegennacthvatadipgotdiskindsesa specific
(MAPKSs) and NF kappa B, followed by the production of proinflammatory
cytokietisn, ptcifditndy- watbeherpdkings. (Pakedhitach.ctsng 20910 the many
Hartmann G et al., 2000; Hartmann G and Krieg A, 2000; Ulevitch R,
200451948 FrarrPER dnalhie HHETHEFS BICEIRRisked Mg/ xgpssing pfotibratibrre
and 20 differentiation properties in response to palyclonal stimuli, such as
CPedigoRbcRDtdeE 58 4 ConSPENEEBH tRE BERT it brRE a¢ the

expression of TLRs (Bemasconi N et al., 2003, Bemasconi tal., 2002;
P L A3 E STVB AT RS G 58 VAR B Hikate

immunity. and can protect against lethal challenge. with a wide variety of .
pothogors (RER: SU03) Eor SR e DU IGBl D g

containing t t] - i t ' .
e L R SR DR AR
19815h%lé{§%| Mi@&@dn.z@ge?s}e@mmaﬂeljm%@%g O;Eh@%?ﬁgieﬁ‘tﬁlt @éie_cted by
2004). Several categories of compounds that are active as agonists

fOrpﬁ(?ﬁcli@ﬂ'Egg‘a!ﬁﬁ%oméﬁ%ﬁ%ﬁﬁg%ﬂ“ﬂﬁ@a@%ﬁﬁe% ahadi238Pcells that
Kandimalla ER et al., 2005; 5 Hayashi E et al., 2005; Bourke E et al.,

200G r&nbach Actl &tibdaR4; (SeMheneindb c2004 b padranaciiie gcweaniv gound
technologies are available, also for determining the differential production

of immhunidgtetin elasSakahRsubt|&sesiddeHatiiivhat &-c200bsponses to

Cognasse F. et al., 2005). A second group of stimulating agents is

repregiented by Cytokined(étt Biology: A practical Approach. Balkwill F. {ed.)
Oxford University Press, 2000, pg.17-31).

The selection is usually performed using antibodies that bind specifically to

one of these cell surface proteins and that can be linked to solid supports {e.g.
microbeads or plastic plates) or labeled with a fluorochrome that can be detected
using fluorescence-activated cell sorters (FACS). For exampie, human B cells have
been selected on the basis of their affinity for supports (such as microbeads)
binding CD19, CD27, and/or CD22 microbeads, or for the lack of binding affinity
for antibodies specific for certain isotypes prior to EBV immortalization (L1 H et
al., 1995, Bernasconi N et al., 2003; Traggiai E et al., 2004},

However, the choice of the cell marker may be relevant for the efficiency of

the immortalization process, probably due to intracellular signals that are triggered
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1 0 particular interleukins known to have such immunostimulating
activities (IL-2, IL-4, IL-6, IL-10, IL-13) and that have been compared in
the literature (see Callard R and Koto cz K "Human B-cell responses to

weytokivies”sth Cytokine Cell Biology: A practical Approach. BaiKiviiPB§& iy 786

Oxford University Press, 2000, pg.17-31). A third group of stimulating
agents is represented by agonists of cell 15 membrane receptors of the
TNF receptor family, in particular those activating the NF-kB pathway and
prolifesatiordndd gedsessushl aseARRILIBAEHL erdwRAOE (Sahnsider Rct, the
2005; He B et al., 2004; Craxton A et al., 2003; Tangye S et al., 2003). It

is inpapiantdd heipkavhthatthe ghticeiandtios chacEmRtionhidithe 208-cell
stimulating agent, their combination, as well as the length of the

stimsitatioh tphasepiasioireichoserctonitaincan optirdat effeptibmotielated
cell stimulation and expression of proteins allowing for, or enhancing,
iminomikzatisseniieraatipddycsBoretivigiorl SN TvalRx hmpies sHpwetiatas a
useful stimulating agents, in particular when the 36 following combination
of pstRpetnasieaya Eembindititota €hGBeEER oligoPficlBstibd andPasitive
cytokine; b) A combination of an agonist of a cell membrane receptor of

th@ PN TR PR aiE% BRSSOt iRR BadRe of S SHimbiRaSF 2nd
properties, CpG2006 has heen used simultaneoysly with EBV for :
oI O AL T S O AT b ~ORA ccls. <iter
04@7?679,&@&3@ %ee q‘one with soluble CD40 Ligand or agonistic
antibodies against B‘% C\?\?@}&?wll& WO 94/24164; Tsuchiyama Let
al., 1997%‘1@3’%‘?}\?@% l%xe!a@&mggzg@ a specific enrichment of antibody-secreting

cells can be obtained by applying a CD27-based selection in addition to the CD22-
based selection. CDZ’J’.r is known to be a marker for human B cells that have
somatically mutated variable region genes (Borst J et al., 2005). Additional markers
such as CD5, CD24, CD25, CD&6, CD38, CD45, CD70, or CD69 could be used to
either deplete or enrich for the desired population of cells. Thus, depending on the
donor’s history of exposure to the antigen (e.g. viral, bacterial, parasite), the
antibody t.iter, a decision can be taken as to whether to use total, CD22 enriched B
cells, or further enriched B cell subpopulations such as CD27 positive B cells.

Following cell selection, but before the immortalization phase, the
population of cells should be exposed to an appropriate stimuolating agent. In the
context of the present Invention, three major categories of compounds are
envisaged as applicable stimulating agents that can be used, especially in
combination.

A first group of stimulating agents is represented by an activator of the
innate immune response, such as an agonist of a Toll-Like Receptor which is

expressed on B cells. The Toll-like receptors (TLR) are known to play an important



1 OHowever, a similar approach affects negatively the maintenance and
the screening of the immortalized B cells since polyclonal activators such
as CpG2006 are known to have potent effects on a variety of cell types
Wi ab4asRI8 present during the cloning and/or the following $€rE&&RR4g6/069780
process in cell culture (Hartmann G and Krieg A, 2000: Hartmann G et al.,
2000). In particular, CpGs are potent £5 inducers of cytokines such as
IL-12 and IFN-gamma by mononuclear cells and the presence of such
cyitokine sheheuitd fieqvoeidedién subiserme obidassay sthpadicutadydybBstiting
screening for antiviral antibodies. (Klinman D et al., 1996, Fearon K et al.,
20088yAdell Kaetvalip2005 yvilhe EicaympleslsHovwhewiahaptimizednd acquired
response of human CD22 positive B 20 cells to a combination of
Cp@Ro0Byafkirs Bigwhibikedt by uind dsaeiflc ohtentiationdopy of innate
compounds, and that a number of other known stimulating agents %%.lg. _
L PRIBHISACIIIE RdIRIOIHEE Suchth PEshentell Recepiors jorjih of thpearliest
during which the selected antibody-secreting cells are exposed to the ‘
5 stitfithdtitn Ageis ROGY giedb BRI TP E staB IRy Brrdppogant role in
25methods for immortalizing, such cells. In fa%,gthe Elxamgles show tpat a

37 EBRIInXfioRPETBHALI AT A URTHS Teh GOt AR U2y ke i chcit the

maximal effect an cell viability and proliferation jn.pattic within.a_ .

B AR R oy B s e P 214 TR g BT somane

sti ion) er rnagjv inati imulati
e 1o L e AL NS iy
virghimmerializ g2 aeiMSike reddpRFOMPIRALIPNIO SHTNYING AAMKS CRIRY,
be added to the cell culture medium before the immortalization phase at

16 thesams time ahsegd l{lﬁéﬁiﬁU}é%:ﬁs@ﬂdﬂ?@fﬁeﬂ[%ﬁﬁ&%ﬁﬂiﬁbﬂcﬁsgﬁﬂtrecognition
immediately after the initial cell selection and a second stimulating agent
howegpedays. later), if this proves to be useful to obtain a 10better
response from the antibody-secreting cells. The stimulating agents
can be ditegiytmdtie imie TER Cutitsenined wiiadnonedildesd istoekspecifically
solutions, or after being appropriately fon-nulated, for example using
lipbpbhtesedrabthenchwtptraritiethat Bagt rhp?608) thaiRAptekergddictivation by
immunostimulatory activity (Gursel | et al., 2001). The stimulating agents
méyaidgsed compounds such as the one known as CpG2006 triggers alterations in

i5 cellular redox balance and the induction of cell signaling pathways including the
mitogen activated protein kinases (MAPKs) and NF kappa B, followed by the
production of proinflammatory cytokines, interferons, and chemokines, (Takeshita
F et al,, 2001; Hartmann G et al., 2000; Hartmann G and Krieg A, 2000; Ulevitch
R, 2004). Human naive and memory B-cell subsets have specific proliferation and
28 differentiation properties in response to polyclonal stimuli, such as CpG
oligonucleotides, as a conseguence of the tight regulation of the expression of TLRs
(Bernasconi N et al., 2003, Bernasconi N et al., 2002; Bourke E et al., 2003). CpG
oligonucleotides induce activation of innate immunity and can protect against lethal
challenge with a wide variety of pathogens (Krieg A, 2002). For example, those

25 oligonucleotides containing the motif called CpG-B are especially potent activators
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1 5 be attached to solid matrices (microbeads or directly on the cell culture
plates) also allowing a more effective removal. Given the
observations made above on the importance of applying the stimulating
WAYHWEIEF @ specific period of time and in a specific step of tAETRERBE TS0
the Invention, the antibody-secreting cells should be then manipulated in a
way 20 that the stimulating agent is effitiently eliminated, in order to avoid
any negative effect on the later immortalization and maintenance in cell
cuifireieandiionts (Krickhassteglls eaf, igameskiee withe HEsKmesiunDo0e04;
or more times and, optionally, maintained in normal cell culture medium
(faf exarBpieiridrt LUPABAE days) in order to further dilute and eliminate
any remaining effect of the stimulating 25agents, which may be even
inhibited Byvativate specifid compouds thintoreetiti 88asulgarasts forpee Toll-like
methods of the Invention are applied on cells that are further selected on
théckeriier drttehiatityfensfigieerprassed! ahtiBorR; dtedsnrHaldietmle 2005
cells and before exposing said selected and stimulated cells to the
imboitEzInG AheAt(zePeHst e h e S et e e C o

immartalization phase The isotype-based selection of the cells should

288?90?:%898? ARG Ao ALY it el ORI G toiE" OB e

§ peca't fisg 'S&ono a&%ﬁ\g 8"‘[&?%1%“36 eliminafion of e%m?t% et al.,
elecll OI' exam e, gl mos herapeu IC an

g@?gee orpt agnqufugﬁégt)use are IgG (Laffy Eand 10 Sodoyer R

y a populat|on of stimulated IgG positive cells can be selected

posmverA( QY GAHE 385N %Qﬁ%ﬁﬂh%eﬁ’@ﬁ‘soﬁ%) R denietingcellsdbat iy

express IgM from tfie population of cells, and consequently enriching for

CePﬁrﬁ@:ﬁﬁ’iﬁf&@&i&@ 1&%%@'ﬁﬁ‘v@%@%ﬁﬁ&%ﬁsﬂﬁﬁ@%&%@&"@EL 2, 1L-
cells using fluorescence activated or magnetic cell separators are known

in thaliterature, (i b1 3.t @hs 1995cbraaginiRet al 12004 X Deperding /8 R

the source of antibody-secreting cells and their final use, depletion (or

ensichmentyiof IgDiingA Bxpiessipshes] s maylalee ba desitetk Cell Biology:
A practical Approach. Balkwill F (ed.) Oxford University Press, 2000, pg.17-31).

A third group of stimulating agents is represented by agonists of cell
membrane receptors of the TNF receptor family, in particular those activating the
NF-kB pathway and proliferation in B cells, such as APRIL, BAFF, or CD40L
(Schneider P, 2005; He B et al., 2004; Craxton A et al.,, 2003; Tangye S et al,,
2003).

It is important to point out that the choice and the concentration of the
stimulating agent, their combination, as well as the length of the stimulation phase,
has to be chosen to obtain an optimal effect on both cell stimulation and expression
of proteins allowing for, or enhancing, immortalization of the antibody-secreting
cells.

The Examples show that useful stimulating agents, in particular when the

viral immortalizing agent is Epstein-Barr virus, can be chosen amongst the
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A similar approach can be used for isolating cells on the basis of the
specific subclass if such a precise selection is desired (e.g., distinguishing
human B cells 20 that express IgG |, IgG2, IgG3, or IgG4 antibodies).
WEhee®deg#r] and stimulated population of cells that expressPaTHER X B#169780
having specific isotypes is now ready for being immortalized using a viral
immortalizing agent. Literature shows #at different immortalizing agents
can be used on antibody-secreting cells, and sometimes even combined
in eoBige: RSB BIRF asdgicienentain immortalized antibody-secreting
cells. WO 20071068758PCT/EP2006/069780 39  Amongst the viral
immortaliginghagettisaa mirosaipirfects dixdnnrieotiddizesd a cytokine:
antibody-secreting cells should be preferably used in the methods of the
Inventiorb)Viriseshawving: sticinprefersndecare icommbonly kevepmras the TNF
lymphotropic viruses and are grouped in the gamma class of herpesvirus.
Members 5 dteRsoyifafarang areekipmphocytes in a species-specific
manner, and are associated with lymphoproliferative disorders and the
developnt¥httBt seafdtaPaligAHARISLOINICHOPSESS- 2606 RIMkiRadnbaen  used
2001). EBV (Epstein-Barr virus, also known as herpesvirus 4), and

HHVAB TGRS HEBdsBivu LB PRSI R tRIEEA MR & s 4ls fcbipeg ol et
assocj rvi infect and immoytali cytes. . .
o R R L P B Rl B
hesu hadinovj . ri - in
R TS PRy S B B o

Hernesy g L) glr_eﬁ%.r oncogenic, lymphotropic herpesvirus having
some common genetic features conserved amongst them and 15 similar

pathogenif, gliggtsdngifferermammalian hRsheels, TRERVIISRSCANY the

be used whenever the methods of the Invention are applied on

antihesrsesr eting seMs-0btai Beck frommes 6B RN AlSvatorHAIMBYE L ROL006

only full virus can immortalize B cells since recombinant DNA constructs
that-eamtainstspeciipvicat prateinsohtainrayoyrstich speciiavindg Z0magdnt
other virus have been successfully used to immortalize B cells (Damania

B 2004¢ Kitgdniret ald/&988YoBimiay weetoiscomiaist ng odliatigene gxamann
be transduced into cells, sometimes making use of retroviral systems or
vir(s dike Ipaetiches iviio; dauitaging Cedt liheSVUKIchiprovidatall, theGs are potent
necessary factors in trans for the formation of such particles, can also be
ustiinsarehrotabisofugieas IL-12 and IFN-gamma by mononuclear cells and the

presence of such cytokines should be avoided in subsequent bioassays, particularly
when screening for antiviral antibodies, (Klinman D et al,, 1996, Fearon K et al.,
2003; Abel K et al., 2005).

The Examples show how an optimized response of human CD22 positive B
cells to a combination of CpG2006 and IL-2 is obtained by using specific
concentrations of compounds, and that a number of other known stimulating agents
{e.g. LPS or SAC} do not provide such a response.

The length of time during which the selected antibody-secreting cells are
exposed to the stimulation agents is of great importance for establishing effective

methods for immortalizing such cells. In fact, the Examples show that a
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25Invention. WO 2007/068758PCT/EP2006/069780 40  The
immortalization phase can last between 1 and several hours, up to 2-4
days, even though the Examples shows that a longer immortalization
wWih2ie/eamnsbe detrimental for cell viability and, in the case offEBN.RZVGSH6Y,780
4 hours can be sufficient to establish polyclonal populations of
lymphoblasts (large viable cells, as 5 +deasured by microscopy and or
FACS; see Fig. 9) that provide immortalized antibody-secreting cells.
Thehsamnpesshowitaabhdgean B pcisoaaheleffivienty immaitalizetect on
using EBV supernatants if first selected for CD22 expression, then
stivelllatetifoy amappréjjeatetinie facuddvouti @idayssiealioutida dysharitor
with an appropriate 1 0 combination of stimulating agents (CpG2006 and
IL-2prapid finally delectedomnbhetbasiewf af peefanieddisbtyperiys. positivive
or enriched; IgM negative or depleted). EBV-mediated immortalization
of BebiratiegsirdsstHaldapre SEvH oA digE | Samscerebe swrbD offagtitenfor
is considered as the main EBV receptor. CD21 is present on most B cell
subBopimaRsdizHiPPe QLTSS CaItt BEBOHEEEIRY #8Fitfng a 15 complex
with CD19 and the B cell antlgen receptor (Fearon D and Carroll M, 2000)

However ! BEOPTER35 R oth ¥ g‘B]é’ﬁl%%ﬁﬁ%’étsfo%}/vh‘?gaggfzélné?vgl‘é&ﬁpaﬁBH”re
BB S F A

tra S rm ce may e al |on 0]
A0CHUS: bzliltfg!s? condisions A00% St 3t SR, %1@?3&“@6&16961%&%%? and a
cell surface, a 0W|ng Immorta zat on at Iclency

Preseid QMﬁHﬁ'ﬁ{hQ Q%Wﬁ H&.‘{i’s'ﬁ}rﬁ%‘%ﬁé‘?ﬂ iPRRY %g%tgfbe useful to obtain a

antibody-secreting célls can be efficiently obtained. In fact, cell culture

popitatiqnsAurighed frr B arllg thatase selected and immortalized have a
greater likelihood to produce useful therapeutlc antibodies, while

maintainingstRenability t-erevenhsn adimmaidalized \WthdsB Vil Hedium
latent, and not lytic, state. Unlike other methods
from diluted stock solutions, or after being appropriately formulated, for example
using liposomes or other compounds that can improve their uptake and
immunostimulatory activity (Gursel T et al., 2001). The stimulating agents may also
be attached to solid matrices (microbeads or directly on the cell culture plates) also
allowing a more effective removal.

Given the observations made above on the importance of applying the
stimulating agents for a specific period of time and in a specific step of the methods
of the Invention, the antibody-secreting cells shouid be then manipulated in a way
that the stimulating agent is efficiently eliminated, in order to avoid any negative
effect on the later immortalization and maintenance in cell culture conditions.

Thus, cells can be washed with fresh medium one or more times and,
optionally, maintained in normal cell culture medium (for example, from 1 up to 6

days) in order to further dilute and eliminate any remaining effect of the stimulating

agents, which may be even inhibited by adding specific compounds into cell
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WO 2007/068758PCT/EP2006/069780 41 in which B cells may be
stimulated to secrete 1gG, the process of immortalization allows the
population to be "captured" in a state of high proliferative and

WoGHEESMY capacity. The supernatant from the population & T/EP2006/669780

immortalized B cells may be analyzed for the presence of antibodies with
the desired activity. The 5 population éfimmortalized B cells may then be
cloned to isolate clones of antibody-secreting cells, submitted to molecular
apgipaehes to isolate antibody genes or stored in a frozen state for future
analysis. EBV-mediated immortalization is a complex process involving
the immortelizetioniobBkellawWuado proippis-that ardl espressaidheERcted
followed by 1 0 the immortalization regulated by the interaction between
EBM tredbimosodils ipratping (Bughpotec aetizhd 2004 Bishogite ehardlls and
Busch LK, 2002). In fact, the immortalization process can be followed by )
measurfghsraxprdssitsatot speciic B pleitestndmiregisdines sgent dse.
EBNA2, EBNAL, LMP2, LMP1, or EBERs (Thorley-Lawson DA, 2001).
Thssw gsibtisridieaibenddwsta piepemortes Fatisuplfitorescence,

Western blot, or other methods allowing the detection of EBV DNA and .
proteins i &XRERE LB SRV bR CIBo b PEHOE PPEPEN S (S 42PPYing
Humme § et al., 2003, Korg hi K et al., 2001, H%ag K et ql 201(8 ). .
THE SR oAt A EBRP P rRATIHE o B SAARE 1S e caIP B iMure Ch Bl gy
commonly indicated in the literature (10%, 20%, 30%,,0r more),.but it

R RS o SRR e Ot R SR e

amount of ERYSURemakant f@&@&%ﬁl@h%&é&?@%&%&tﬂ%ecm@ﬁﬂéeand

is relatively short (from about 4 to about 24 hours). It Is however

ImREKARE that 1hesYirahinmaualizingAaenkis eliReinated LI IARWAA be

indicated for the stimulating agent), for example by washing and

25¢yluEngdheRepUlRtipACS eelis:iHaitresh &alhciubiure Medisbting cells that
express 1gM from the population of cells, and consequently enriching for cells that
express Ig(. Separation technologies for antibody-secreting cells using
fluorescence activated or magnetic cell separators are known in the literature (Li H
et al., 1995; Traggiai E et al., 2004). Depending on the source of antibody-secreting
cells and their final use, depletion (or enrichment) of IgD or IgA expressing cells
may also be desired.

A similar approach can be used for iselating cells on the basis of the specific
subclass, if such a precise selection is desired (e.g., distinguishing human B cells
that express IgG1, 1gG2, IgG3, or ig(G4 antibodies).

The selected and stimulated population of cells that express antibodies
having specific isotypes is mow ready for being immortalized using a viral
immortalizing agent. Literature shows that different immortalizing agents can be

used on antibody-secreting cells, and sometimes even combined in a single process

in order to obtain immortalized antibody-secreting cells,
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42  The EBV supernatants that can be used in the methods of the
Invention can be produced using common techniques for infecting human
or odents cell cultures with any of the EBV laboratory, partially deleted, or

Ve combimzast strains (as well as mini-EBV and other EBV-baB&d/RBU#8y9 786

and separating the infected cells from the 5 EBV-enriched supernatants
(Speck P et al., 1999; Oh HM et al., 2863; Bass H and Darke C, 2004;
Radons Jet al., 2005; US5798230).  The experimental evidences

presentedibtiet Examples sugaeshibata sipatar, appraach et bafesed and
with other immortalizing agents. The appropriate combination of selection

meansfalipty ifyifig antiboeysgeeridtisigp ekl Sdrprd@tbjolegical samplésds of
and in cell culture conditions, of stimulating agents, as defined above, and
of thestimutation. phassanahtairedswithipaiange oktroursrondalys fngtwn  as
always separated from the immortalization phase) may improve the

imtyo plagizepicry iveel atbano eRe By ERS/ B9utradsd 45§ dtherpgivarus. Members
immortalizing agents, such as the infection with other oncogenic viruses
anifi g the e SiErHaftiRch BETRRRF B S1 Bbric Sefes sPecilichar e hfiinaitthgre
the viral immortalizing agent from the cell culture, the resulting population

of FENE K altich A RAEHE e £ e éd do Bt e yrigmiBaY) fi several
viable, proliferating lym lasts (see Fig. ithout the dying, or
diff%?’?é%l %85@@?#&%%‘%%?%% ?nﬁ%lbgab Dfst establising oligoclonal
and 20 nal.cell cultures but also release substance ]

oy olcineE e e T e T o B s

cap.negafively affectine growinsine Fif%ﬂfy%ﬁ%“@&c@ﬂx‘l’ %stglga%g”?ﬁggcrvims)

secretion of the selected and stimulated cells. In this sense,

polyglong) Popuiatan L sl oRIINRE According @ shewemeiofs ohibess),

Invention is particularly useful, as well as the oligoclonal or 43

mapeslongdperwationsef-nellrieontaiiea:imman@isetus), LCV  (primate
antibody-secreting cells) that are obtained by dividing such polyclonal

popyatiaitryptobiasg peputipgsied callpcanbeysav forHsatiesof Ateles),

applications, in particular elated to antibody isolation, characterization and

praddic#div-1 (Alcelaphine Herpesvirus 1) are other oncogenic, lymphotropic
herpesvirus having some common genetic features conserved amongst them and .
similar pathogenic effects in different mammalian host cells. These viruses can be
used whenever the methods of the Invention are applied on antibody-secreting cells
obtained from such mammals.

However, not only full virus can immortalize B cells since recombinant

DNA constructs that contains specific viral proteins obtained by such specific virus
and other virus have been successfully used to immortalize B cells (Damania B
2004; Kilger E et al,, 1998). Similar vectors containing viral genes can be
transduced into cells, sometimes making use of retroviral systems or virus-like
particles into packaging cell lines which provide all the necessary factors in trans

for the formation of such particles, can also be used in the methods of the

Invention.
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5 For example, a DNA library comprising DNA sequences that encode
antibodies of one or more specific isotypes, wherein said DNA library is
prepared using nucleic acids isolated from these population of cells. Using

vigbeengesmslecular biology technigues, the mRNA or the geRGHET DA 780

can be extracted from a sample of cells, retrotranscribing (if necessary)

and amplifying specifically 10 all the séquences present in the sample

that encode an antibody, in its entirety or only partially (e.g. only the
variable megiensmthalibindaprastigen).astdesetibedhd editenaiure {9y o 2-4
immunized animals or hybridomas, at the scope of expressing these
seduieneas asaedoimbinant peotding {albe stoegnceh(tiittiiindibk pei@l can be
1996; Lightwood D et al., 2006). Therefore, the methods of the
Invemtivenpiotedeqbpulbiivnsiof.cellsheuttsre sfofiBlIsitsiepernhtamts afan be
cell cultures, and DNA libraries that can be used for identifying and
prédiiciaat ieoristibHapalntbodla v Hasjreab btigbnbiriaplg cells, as
specificity and/or biological activity. Alternatvely, such biological products,

if GBtaiREd f%@%ﬁm-%éréﬁnép‘@@béﬂ% prévidbdhBy BiRViRaT elerd
be used for determining the features of the isotype-specific, immune
re2POPY #F SRTE%6fous or heterologous antigen, a virus, a bacterial

cell, a toxip, a parasite, or a yacgine in the specific individual (for.example,

sl L 2 e A i
prevale ecognized by the immun S in the individyal). 25Gjve )
e R RS RS R L W o

pr?ﬁ' %@?ébﬁa@%ﬂ@@&i OhG&IS: ENUE TR CAlS PUPEIN AR ROl 5l priate
cultur

, and DNA libraries of the Invention) can be comprised in kits for

ideRiiying R PIAAYEIRG.2BRReanahaRtRAdY Paving Higwesiieded on the

antigen-binding specificity and/or biological activity. For example, the user

of the Jdir eansereansinihe dabosataryaopanetpicelgultdre supelpatants
or of DNA libraries for the presence of monoclonal antibodies having the

desired [EBpeHi@Sated ilAPRIABRAGINVEBLRMN Prayides hekgianalon of the cell
populations of immortalized antibody-secreting cells obtained using the
methbds despribe0ziowdhidihasecpejputationstnd celis EBVoe:ugedrinC21 is
method for producing a cell culture secreting a 10 monoclonal antibody
withreaade sitedcahBoet spemifiviatiantdford brgiolgicaBactiVitgspomprisintptingng a
following steps: a) Dividing a population of cells of claim 5 or a cell culture
of evames i éeICdulfuras dbeBoeriianmingr Bowsentordiearen By sedeenirgl M.

the supernatant of said cell cultures for detecting those showing the

des éﬁ?@%}lﬁbﬁaﬁb @dg@iﬁgm} Hegrsh @%@%Ql%&@xtensive activation

of cells, and as they transform in to plasma cells. Thus, the ability to transform
cells with EBV may be aided by _the addition of B cell stimulating agents, but the
conditiﬁns must ensure that CD21 is maintained on the cell surface, allowing EBV
immortalization at high efficiency.

The present Invention shows how immortalized populations of antibody-
secreting cells can be efficiently obfained. In fact, cell culture populations enriched
for B celis that are selected and immortalized have a greater likelihood to preduce
useful therapeutic antibodies, while maintaining their ability to grow when

immortalized with EBV virus in a latent, and not Ivtic, state, Unlike other methods
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c) Dividing the cell cultures showing the desired antigen specificity and/or
biological activity in cell cultures or populations; d) Repeating steps (b)
and (c) on said cell cultures until one or more cell 20 cultures, each

wEeLHEtpg'a8monoclonal antibody having the desired antigenH§iEdiPyo6/669780

specificity, and/or biological activity in the supernatant of the cell culture.
Alternatively, these populations of cellsican be used in a method for
producing a cell culture secreting a monoclonal antibody with a desired
aniigenidbspegificityyandiarhiategicakacthdtypChmprising dheffallawingization
steps: WO 2007/068758PCT/EP2006/069780 45 a) Screening the
sugrwatdet pietdkionlturdés Obtained! Dymmuukipte pOpigationsfeficiainam G-
detecting one or more that secrete antibodies having the desired antigen
specifititg anpiotbioldgicabatavaty; from thd poyeletminidgtineosefaahBecofls
the antibody secreted by each of the cell 5cultures that shows said activity
in they sk enahtat; fey | gsiapiertse cllaatihoress thaths it ddesahtibhal he
antibody in the cell culture supernatant having such activity. = In order to
pePRITHR GOt iEneRatiTsthdlscHie PuNyCioihIPBIiESefdn, Andpte clones of
monaclonal populations of cells have to be maintained in appropriate cell

cullHEOLS SEEFRIR~R S for THRRLRh G HTBY SR ARRECHTBariR dfgfate. antibody

cogcerningttthedantigené%ir;gitré% 2 {_&)Irﬁfgnacitiorgal activity of the antibody
théy S&Tete i e SUpEmatant or the e@i'clittire. In this sense, the

ditjonsafterthe é?o%%f&ta%hzﬁ% DPNARSISRY the

er to support viability,

immortalization of B cells due to proteins that are expressed by EBV, followed by

choice ofihe gell gylre con

partlcular Importance, In Ol'dD
the immortalization regulated by the interaction between EBV and host cells
proteins (Sugimoto M et al., 2004; Bishop G e and Busch LK, 2002). In fact, the
immortalization process can be followed by measuring the expression of specific
EBV proteins and transcripts such as EBNA2, EBNAI, EMP2, LMPI1, or EBERs
(Thorley-Lawson DA, 2001). These proteins can be detected by PCR,
immunofluorescénce, Western blot, or other methods allowing the detection of
EBV DNA and proteins in infected cells (Schlee M et al., 2004; Park CH et al,,
2004; Humme S et al., 2003: Konishi K et al., 2001; Haan K et al., 2001).

The amount of EBV supernatant to be added to the cell culture can be that
commonly indicated in the literature (10%, 20%, 30%, or more), but it appears that
the methods can work properly in conditions in which the amount of EBV
supernatant is relatively high (50% V/V) but the exposure is relatively short (from
about 4 to about 24 hours).

It is however important that the viral imumortalizing agent is eliminated
(sirmlarly to what indicated for the stimulating agent), for example by washing and

culturing the population of cells into fresh cell culture medium.



15

20

25

1 5proliferation, and antibody secretion of the immortalized
antibody-secreting cells. In this context, the choice of the cell culture
conditions can be determinant for establishing, selecting, and growing

vgligusloeriFaind monoclonal cell cultures. At this scope, the JEGIgEB006/069780

antibody-secreting cells can be maintained in a cell culture medium
containing one or more agents stimulating B cell growth. 2 0 In the case

of EBV-mediated immortalization, the EBV infection should be maintained
in a latentistagey tanpananas viabdily heraldenation arthddSopradetianiof can
the cells. However, the choice of specific cell culture conditions may
enbrapcelelehmngnefticiency anththpsdectidecohthevmanoclodahiseltll cuitures
cultures of interest as reviewed in the past (James K and Bell G, 1987).

25w firgtiinap dredelB Hspbetiothe feadbr dalpérd se deforduburing aiwe (as well as
antibody- WO 2007/068758PCT/EP2006/069780 46 secreting cells

folleiingPh anmaveridHE Atibre phegssoiih erdcaipsgia g truidacid sails from the
density. The feeder layer can be constituted by irradiated non-/allogeneic
peFipierarphsd dusmsfaparaisns ByinBhdidstsih BMistshidtCePrnel and

cord blood Igmphocytes or different téges of embryonic cells. An example

of B%EA tiné §4h]§?7ﬁ‘?§ss{1%abr88g§iig X B84%Bs, mutant EL4 thymoma
cell Iines,jﬁgat efficiently su Qorts the rOV\(Iith atgdlrzhe rPIiferation fBcells
(Iversen ey e TR RHCE S PG 1 L EXARIS FISS LA At

s how s cells afe raIaed AU Using:a CoNAIEr DHETely e

approac Wil 1)
proggc?ures and materials can be used Inc ulglng stationary’ 1°0 culture (in

Weélﬁn%{m%s)of‘%g&%}?%%ﬁySP&”(?F%?{ ¢ Burg, RoGOnUpaYS Séi!iﬁﬁdfrom

reactor or roller bottles), or immobilize re (on hollow fibers or other

SUBRMIRal saifi ddpPHant AsReclisithe RN eica:aldha GelbEHIULE defined
medium to maintain viability and growth of the cells when both performing

thewpethads af dhendddnveptianr angheslitningdhe cellyaltenthes or days (but

immortalization phase. Especially in this latter period, the choice of cell
culiweymegitne(stich ds Mrar RRMI s1640) mndieheslk nhrigmnis{eligation

amino acids, serum) is important to enhance the growth and the
rephieditied obthelpopliiio hofatel syexber whehiseesed At fowere!| cerhsitythe
as in the oligoclonal cell cultures.
infection with other oncogenic viruses and/or the transformation mediated by
oncogenes.

After eliminating the viral immortalizing agent from the cell culture, the
resulting population of cells is particularly enriched (when compared to other
methods) in viable, proliferating iymphoblasts (see Fig, 9), without the dying, or
differentiated cells, that are not only unusable for establising oii.goclonal and
monoclonal cell cultures, but also release substances (such as cytokines, reactive
oxvgen intermediate) in the cell culture medium that can negatively affect the
growth, the proliferation, and/or the antibody secretion of the selected and
stimulated cells,

In this sense, a polyclonal population of cells obtained according to the

methods of the Invention is paiticularly useful, as well as the oligoclonal or



10

20

23

20Finally, a fourth important aspect is the addition of specific B cell growth
promoting agents in the cell culture medium, such as any of those used in
the stimulation phase, as summarized above (e.g. CpG-based
weligwnaetesttides, Interleukins), or any other compound knovhe idEiaRas/ 069780
similar growth promoting effects on immortalized antibody-secreting cells,
in particular after EBV 25immortalizatibh, such as 4-Hydroxynonenal
(Ranjan D et al., 2005), forms of 47 thioredoxin (Wendel-Hansen V et al.,
1994)oeRhhpdoRdidohigenetinr @gnnistic:antihoditisaoainsb&RG- (MO cells)
91/09115; WO 94/24164; Tsuchiyama Let al., 1997; Imadome K et al.,
2003) aer dyalospbyidifIdngencipalydiddenpaadalich994; Chen C et al.,
2001). 5The choice of the B cell growth promoting agent, as well as of the
period ofliirre inophichctive dgedbsisappieds@l gloorysnitheodagpplications, in
immediately after the immortalization of the cells) depends also on the
typertesercelaing osuip odatiselptten yhercieggekragefPimayciiterfere, in
the case of cell-based assays, by modifying the response of the target
cells, theFCEIISXaTS: sBpB At BarABIBE InE 0N Ad WRBEIRFIN fe encode
assay, unless the specific agent is eliminated or. substituted_ from cell

cufttROHIEHRIMTARE ST AT BB BRES A SIS LS DAY Supieared

from the cell culture supernatants (e,d. by protein precipitation, dialysis
ar0F SR ST Bt SRTRIANIE 8 5086 AR Gmmon

screening assays as So00n as possi fter seeding the Is of ¢ells,.an
ecy[ll%r %10 )éggfo fc'e]a%mques, (] %@ﬁ Or t%l% encgmm. IBQR can% e}{t%cged

.30
WI{ROU'[ e nee eliminate B cell growt romoting agents (or any

other elemeni LIRSt Nl e SURETARODNY, SS1RRISAING specifically

appropriate conditions that do not elicCit problems in the screehing assays,

by yaghing {be-celise dhbwmchangingitha.celictuss Mmediim Thes entrety or

antibody-producing cells are isolated, stimulated, and immortalized 20
aceprdingtiath @e@%ﬂﬁd&@fvﬂ}%w&@m, aadihRnsande ke Rt ifcbiiked in

cultures for a variable number of days (e.g. from 1 up to 10 days, or for
longenipehioes ff timenstichd iwerks) heforgobak)gistididgeddntex pressing
several pools, each representing a population of cells, that are cultured
seprratedyu@icpsinstrechabiadnt ptedrsa6-vetcplated ). (ABilind biflet al., 1996;
polyclonal population of cells maintained in cell culture

Lightwood D et al., 2006},

Therefore, the methods of the Invention provide populations of cells,
cultures of cells, supernatants of cell cultures, and DNA iibraries that can be used
for identifying and producing monoclonal antibodies having the desired antigen-
binding specificity and/or biological activity.

Alternatvely, such biological products, if obtained from antibody-secreting
cells provided by an individual, can be used for determining the features of the
isotype-specific, immune response to an autologous or heterologous antigen, a
virus, a bacterial cell, a toxin, a parasite, or a vaccine in the specific individual (for
example, identifying the antibodies prevalently produced and/or the antigens

prevalently recognized by the immune system in the individual),

Given the extensive use and stability (as frozen samples) of such biological
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WO 2007/068758PCT/EP2006/069780 48 conditions may be tested using
the assays performed already on sera to select the donor, or any other
assay relevant for future use of the cells, in order to confirm the presence

il peitgickI8seover, some aliquots of the polyclonal populatioPCOVERASGHER7S0

be put in vials and stored as frozen cells (as normally done for established
5mammalian cell lines), to be thawed &hd cultured again later.  The
pools of cells are multiple, and they can be 10 up to several hundreds (or
evahdbowsasdgopsshnwnidkaneds) of achonrinngn statisdoallyltures,
10, 102, 103, 104, 105 or more cells. The Examples show how cell
culint d3réadidting anfibadiescainh eastablishedisiarinkjd dm popeilafionsand
containing statistically 5, 10 20, 50 and 100 cells. After a variable number
of playsde g afrorndclgpalo dhligalys hovifgr tbhglesipatiedsgontimeisgcipesdficity
weeks), these pools of cells should have secreted antibodies in an amount
sumé?eﬁtﬁbﬂqaéﬁlcwai@aerfzaati@fr&m@}ee%hmy@rbymgmgkétewwﬁer@en in the
E{%ﬂ natants (dlrectlty or after a partial purification of the antibodies
FéerharRiATNF B RHRSe UBF BRI Bither iy Byssys for g presence
cultures that contain at least 103, 104, or 105 cells can secrete an amount

of ArmEBAFLD A AP LAt RRviREH HHE L TR su pernatant (e.g.

between 1 and 300 %g\ . of total . rmor]ﬁ) hat can bf eaS|Iy easure
I

i seat Ol QIO 0 atio alize
with commérdiai ‘et 8 15 gEndrany SRR orip rforrrlﬁrrllmoI~t ized

similag 1 vitto analvsis; Moreover, 192, 184 103, reven e Sdge I8 RC These
sufficientto obtair the sequence of the secreted 320 antibo y by

eXHé?gﬁ} {7 ABPULYI NG, FIRNI0G ﬁlnéjn?@rﬂb'& PN aGATSPEAED MR Meuna a

from'these cells (as shown in Example 3). Thus, aliquots of the cell

CUliS, SIoRer %E@amg;amﬁath@%ar%gng&f@ﬁéa%@rmg@m{e ical activity
functional activity in a high throughput manner, in order to identify the

positivs el (@:prepantngidhe desired activity, possibly using a

dose-response 25analysis with serially diluted culture supernatants or

partially pyrifiedaitpoogypdQtion of cells of claim 5 or a cell culture of claim 6 in
cell cultures each containing 50 or more cells;

b) Screening the supernatant of said cell cultures for detecting those
showing the desired antigen-binding specificity and/or biological
activity;

¢) Dividing the cell cultures showing the desired antigen specificity and/or
biological activirty in cell cultures or populations;

d) Repeating steps (b) and (c) on said cell cultures until one or more cell
cultures, each secreting a monoclonal antibody having the desired
antigen-binding specificity, and/or biclogical activity in the supernatant
of the cell culture,

Alternatively, these populations of cells can be used in a method for

producing a cell culture secreting a monoclonal aniibody with a desired antigen

specificity and/or biological activity comprising the following steps:
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preparations (e.g. obtained by affinity chromatography on protein A
columns) in parallel experiments.  The positive pools of cells (i.e. those
showing the desired antigen specificity and/or biological activity) can be

Wihenoasetls® generate a new series of pools of 5 cells to furtBYERX®B{¢#69730

the screening to the level of cell culture(s) and consequently isolate the

cell cultures secreting a monoclonal affibody having the desired

specificity and activity, at least at the level of the nitial screening assay.

The selegjedsarenasionnd aniiResiesshauld-pe thrnre-evaduri@dbysingitiple
other more demanding functional assays and characterized at the level of
isotype and gbioiithLoseniterictraftercisglatingthanmftbm stable antibodies
EBV-immortalized clones using the recombinant DNA technologies

“applicable om®Bioeltse desiFeisimifah sherdwicrizadion bibogrrebarated:by

further data obtained using relevant models and clinical experimentation,
can lead % thidantfcaticrsoiupresrdndelenabediibrsasisuificddiorh Baigel!
supernatants (or later expressed as a recombinant protein) as having
diagnostic arfd/BIFeh&apBaHE A8 Sctiy ParichfarRFtRESfginal population

of cells that has been immortalized according to the methods of the,
InventiorfivaS A BB Yt LR b OEfUA AR LRI, ARfibody in the cell

monoclonal an{ibodg/ is @ human monoclonal IgG antibody that can be
R RIS

directly used Tor e SthTg IS IBHERMT UsEAEEs in humans. 20A scale-up

of the antibody production can be performed using mammalian,.bacterial
O lant A B PIoRAE COf I R IR 1 B0y REGRIE na

heﬁ)@ﬁ@d@@xﬂ? Béﬁéﬁi 24U tBGIE 3R09SM NG SRGORS QRLAEDGent culture
S odie I

elected anti s are cloned using vectors and expressed as

recomRiRARt iBEOB%Q?urHQIe ﬁ%@'}ﬁgﬁe&?ﬁé&eim}ﬂﬁmk%‘ap rdeimeertalizgden-

oligoclonal and 25monoclonal cell cultures of antibody-secreting cells that

capih@iisolatrd anmdnedanaisiva of the Aesised avligenapesifieityupadi@int of

biological activity, as it can be determined for example by screening the

celhewduresgupernatant obtained from the original polyclonal populations

of antibody-secreting cells and the oligoclonal or monoclonal cell cultures

of antibodly-setretingecellse Tétesexcells dan belthenitusedeonditions after the
immortalization phase is of particular importance, in order to support viability,
proliferation, and antibody secretion of the immortalized antibody-secreting cells,

In this context, the choice of the cell culture conditions can be determinant
for establishing, selecting, and growing oligocional and monoclonal cell cultures.
At this scope, the pools of antibody-secreting cells can be maintained in a cell
culture medium containing cne or more agents stimulating B cell growth.

In the case of EBV-mediated immeortalization, the EBV infection should be
maintained in a latent stage, to enhance viability, proliferation and IgGG preduction
of the cells. However, the choice of specific cell culture conditions may enhance
cloning efficiency and the selection of the monoclonal cell cultures of interest as

reviewed in the past (James K and Beli G, 1987).

A first important aspect is the feeder layer used for culturing the antibody-
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5 for identifying and producing a monoclonal antibody having the desired
antigen specificity and/or biological activity. At this scope, specific
technologies are amenable to automation, allowing antibody production
Whrgegheritfrom several monoclonal cell cultures to be signif€amgR2006/069786
increased (Chambers R, 2005). The screening assays to be used with the
cell culture supernatants and 10 puriffédl preparations should be chosen
and established in order to detect the antibodies of interest with the
highestipgssibldgitecisipthe ihersetaening gisaySwehoutd] Bontadulanddaview
appropriate positive and negative controls:(e.g. other antibodies originated
in deheitscreefinds byof contmevoiditardim andshouidasivelddsec peripheral
sensitive enough to measure binding and/or functional activities in the
rafmdeodf edhcempatioprsthitikphppeeiihtefofthebthssiread! ubacsf therd blood.
antibody (e.g for diagnostic, therapeutic, or prophylactic use). For =
exbfplocfitie AnfBEdgs %Rﬁ%&gﬁifﬁ’ﬁé‘f%e%?% dthérapuigicof a cell line
compound, the assay should indicate that a significant activity is .
dehaeiap R ePEBcdhtAtioH DraNEBbH 6 ABB0TH G TG/t @ ficiently
lower). Nonetheless, at this 2 Q, early st of the antibo
BB B BFE A OO TLAECRTER By e o e A Wgiighen
Segfiti\g% nough to just be predictive in some way of an activity that is
therdpeutically useful. Additional assays on purified or recombinant IgG
are more ﬁrkté%éhg‘]&%gﬂ&ﬁ{ 5‘3?‘@&f@%%kﬂ'&@ﬁé‘fﬂ%xeaﬁ%}i?am&%&%‘Bﬁlﬁ%mg a
e possibly adm b

dosetob Instered. 25The screening assays should be

estahlighed @;ﬂ%ﬂ}%ﬁl&&hﬁr@@%ﬂnfﬂ&%ﬂg WMPbe used including stationary
2007/068758PCT/EP2006/069780 51 specificity and/or biological activity

to whigh the watibediesiane irgsierd: ARAGARINBKR MSEOfin continuous stirred
auto/alloantigens (human, mammalian, bacterial, viral, parasite, organic,

chemicalsoangirnybethe) artigehistliergeniciaempen ngs)dharibave heetmer
purified and included in a cell-based or biochemical assay providing a
S5demppastsation of the specificity of the interaction with an antigen, or of an
effect on cells, tissues, virus, or animal models.  Alternatively, the

assays mayhalsoiyeesiabiisived five dbtarenihithg eeltigghstyimeidgispecificitipin
and/or biological activity towards complex biological, non purified targets
suctrbidivetadraissitesofetbe radkativieih eetonealiamialsthe methods of the

Invention and culturing the cells after the immortalization phase. Especially in this
latter period, the choice of cell culture medium (such as IMDM or RPMI-1640) and
of cell nutrients (e.g. amino acids, serum) is important to enhance the growth and
the replication of the population of cells even when seeded at low cell density, as in
the oligoclonal cell cultures.

Finally, a fourth important aspect is the addition of specific B cell growth
promoting agents in the cell culture medium, such as any of those used in the
stimulation phase, as summarized above (e.g. CpG-based oligonucleotides,
Ihterieuldns), or any other compound known to have similar growth promoting
effects on immortalized antibody-secreting cells, in particular after EBV

immortalization, such as 4-Hydroxynonenal (Ranjan D et al,, 2005), forms of
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1 Ooncogenic cell growth, etc.). The results of these assays performed
on polyclonal or, even better, oligoclonal populations of cells in cell culture
conditions may be used for selecting the populations that should be either
V@ APBIGzen vials or used for constructing DNA libraries @$iH{5H&Mee69780
DNA sequences that encode antibodies of one or more 1 5specific
isotypes. Several technologies have been described in the literature
for screening antibodies in vitro that can be relevant for specific uses of
manocianahantibadibslaanchthakallbw BvwelkaymecSpisaniisand or agonistic
high-throughput characterization of the antibodies. Together with more
classibad sclyaoladi@SUENS it uhpprecigitatiod; 7@ekester biotling997;
ELISA, and inununofluorescence, more elaborated approaches make use
of Emdfiedarstcll/dgan eutyrespenips ermauliicaldrédaanosparttésGoen C
effective screening assays (Bradbury A et al., 2003; Haab BB, 2005; Lal
SPitlal09bo2; Olivo P, 1996; Potera C, 2005; WO 05/82926; WO
05/003379; WO 05/83064; WO 05/76013). 25Depending on the origin of
the antib8§-duere e Hh BT AP EPeERMBERICRs Well as of the period of

2007/068758PCT/EP2006/069780 52 assays, used for selecting specific

SO B R AR R oI e G RN e the
many different uses of such antibodies can be envisaged, such as .
o B T e S D e TSt P By i

YRING)- A3 LrgP QX'?%CE{%@% t?n%ﬁi‘%%é%}é’oiﬁ %ﬂeo%ﬁtﬁgu{')‘%‘r 5815-%9?&‘%55%& by

malignancies 5 In ectl‘éns, Immune-mediated or in ammatory disorde

or jp.the, manaorment otranselant Retients).dar vestigainghe inmtpe e

system, and in general antigens of clinical relevance. Thus, these

aniiRRAISSIR RAHICHIAEN AR MesRcianal AN RodRSneRA BEsUBAhIRA from

preparing pharmaceutical compositions comprising a monoclonal antibody

or & antihedyaament and-ahaumaceidically,aceeptable bOgayigirified
for the manufacture of a medicament for treatment of a patient, and for the

diggnasibeotdrfeatiots sopmaganic, (agtotnmimneronallepgiaidisedisBsii) and/or
humans.  The present invention also provides a method for producing a
marfigcional#itivody. Comprsingtipecfolidiing pteps:d with the screening assays
as soon as possible after seeding the pools of cells, and without the need to
eliminate B cell growth promoting agents (or any other element present in cell
culture supernatant) by establishing appropriate conditions that do not elicit
problems in the screening assays, by washing the cells, or by changing the cell
culture medium
The antibody-preducing cells are isolated, stimulated, and immortalized
according to the methods of the Invention, and then can be kept in bulk cultures for
a variable number of days (e.g. from 1 up to 10 days, or for longer periods of time
such 2-4 weeks) before being subdivided into several pools, each representing a
population of cells, that are cultured separately (e.g. in 6-, 12-, 24-, 32-, or 96-well

plates).

This bulk, polyclonal population of cells maintained in cell culture
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a) Expanding a cell culture produced by a method described above; and
15 b) Purifying the monoclonal antibody from the supernatants of said cell
culture. In particular, a distinct advantage to EBV immortalization is

Wihaealbtsakures, after having performed the initial characte RE3ERRHa 69750

validation of the secreted antibody, may be directly used to purify

sufficient amount of antibody 2 0 (frofffthe microgram to the milligram
range) to perform more extensive antibody characterization and validation
usiogdifioitranay ibevivaedssays (farthetybipelfernicalaissiieeoraelkdbaded the
assays, disease models established in rodents, biophysical methods for
affinityr e asyreive nisa epitopamapping ate.pf the cellsAnthidescopentimm the
original cell culture, after controlling the clonality of said 25culture, can be
furtteesnoptivhizelds bYlatkapting euturbaweidiomten adprditdmepolasg: of cells
maintaining cell growth and improving antibody expression and secretion
(LIngyNee200)! Alalibany #aredatHerepuafibe foroseiby iers for established
supernatants by applying technologies known from the literature for the

isoratBReirR At UafRES fobs Lot FotBihiirdatsing affinity
hromat hy (Nisnevitch M and Firer MA, 2001 5 K et al,, 2002).
O ) M M OO S e RO

affinity of antibodies for, substrates such protein A, protein G..or s th@ti v
USRS AP s oS K A B0a Bk L el

aly 2003, el 3a.py BAH0eOESRIgRS RARGH ANy PrIamAIedtaRih,

(Murray A et al., 2; Sun L et al., 2003; Jensen LB et al., 2004). Other
pr?{ﬂ%@&ii\é? A8 %@%E%ﬁ%&?é’é&%é?fr@x%“{?&ﬂl?aﬁiﬁ@sv%&%ﬁ&%i@%%%iy 5,

for example based on electrophoresis (Thomas TM et al., 20

Obyjosshiqal nroraglonal cel sultiirecanhe als ysed idantifihe BNA o

sequences that encode the monoclonal antibody, by amplifying and
clapinpiempiriadkestoriiefarenprocesding taihe expiessioniof teuld have

recombinant antibody in the 15 appropriate host cells. The protein
segpaenee oftihelaatibodiesnsaaratef diynth sdlettet:cloralcatcutiureample
can be easily determined by isolating nucleic acids encoding these
antipodies usihgulsoensbimartDNA deehtholoyieethatmre #rpwifidatibie of the
literature (Poul MA et al., 1995; Jovelin F et al., 1995; Heinrichs A et al.,
1998itDdrarcataintihhokredal cehdesidorderh oty bardalg 298, Chardes
T etal., 1999; 20Jarrin A and Andrieux A, 1999; Essono Set al., 2003).

Cell cultures that contain at least 107, 107, or 107 cells can secrete an amount
of antibodies that is accumulated in the cell culture supernatant (e.g. between 1 and
300 pg/ml of total or more) that can be easily measured with commercial ELISA
kits and is generally sufficient for performing similar in vitro analysis. Moreover,
10°, 10%, 107 or even less cells are sufficient to obtain the sequence of the secreted
antibody by extracting, amplifying, cloning, and sequencing the associated mRNA
from these cells {as shown in Example 3).

Thus, aliquots of the cell culture supernatant can be then screened for their
binding and/or functional activity in a high throughput manner, in order to identify

the positive well(s) presenting the desired activity, possibly using a dose-response

analysis with serially diluted cuiture supernatants or partially purified antibody
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These technologies can also be used for further structural and functional
characterization and optimization of therapeutic antibodies (Kim SJ et al.,
2005), or for generating vectors allowing the stable in vivo delivery of

W ondesvat antibodies (Fang J et al., 2005). 25Briefly, mMRNRCEHPHW6/069780

prepared from the cell culture and retrotranscribed 54 into a cDNA library,
which can be used as a template for &Polymerase Chain Reaction (PCR)
including degenerate primers for specifically amplifying full heavy and light
chgifs ooy @Qts oftheseihiainshsuchasihs \@ripbieiregiao®)mi) in
the case where only the variable regions (responsible of antigen-binding)
aredbaisoatperithese sequences can be cloned in a vector allowing the
fusion of this sequence to constant (Fc) regions of the desired isotype (for
example Themaitilg@Ggashad}isThe PCR-soplifie hOdtshdgntigntsspediflsaty
directly sequenced or cloned, using adaptors or restriction sites, into
veerdferfbiosegjc@mah thecepdif gnsadifsade tricedin o aptied ghgools of
recloned in other vectors for expressing antibodies as 10recombinant
préfdhe furtheia RN Ao pereHBs dRaloebmg GEIbAAMEESY B R SaENdY

can also be used for constructing cDNA libraries specific for .
antiBBE -Bscreth S WEIS O PSFEEHR RoBHES R cEHBR A3 8 alligp desired
for example, ag phage display librarjes, bacteyial libraries, yeast libraries
e e e e R e e

and mal t%@ﬁggﬁ)}r'}'af"A:’i‘u%@éﬁfsu'é}(o%’fﬁ%%”&%ﬂ'”xg-&%t%{%% LALINMARCSH &e
library of recombinant antibody sequences can be generated using the

inRNA, gxiracied-fiom, one,0f mere alioRelonal parwations qfcgu%]waﬂd of

for producing antibodies in bacterial or eukaryotic host cells, and then for

SCReRANgsshethantiprdigs &t ibemerpeaf JHeNtiiNg QDR-BL Nk lones using
antibodies that 20have a desired antigen specificity and/or biological

actidticombiapsernionedand.charasiaciagd othg adtibodies can be

expressed as recombinant proteins in prokaryotic organisms (e.g. E. coli;
SorenseiThisaineiM efignseiit: 2008, Mantdieidby 2000, plantshadsing
et al., 2005), or eukaryotic cells, in particular human, rodent, or other
eukdeyaticreedelinesd(elgn GHQPEDENRERIE K20 Rthat dllowatifghtlenvelfahe
expression as transient or stable transformed
monocional antibody purified from said supernatants (or later expressed as a
reconibinant protein) as having diagnostic and/or therapeutic uses. In particular, if
the original population of cells that has been immortalized according to the methods
of the Invention was an 1gG positive population of human B cells, this monoclonal
antibody is a human monoclonal IgG antibody that can be directly used for treating
infections and diseases in humans.

A scale-up of the antibody production can be performed using mammalian,
bacterial, or plant cell systems in which the cloned sequences encoding the entire
heavy and light chains (or their antigen-binding regibns only) of the selected
antibodies are cloned using vectors and expressed as recombinant proteins.

The methods of the Invention provide immortalized oligoclonal and

monoclonal cell cultures of antibody-secreting cells that can be isolated on the basis
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55 cells (Schmidt F, 2004). This would be required in particular when the
characterization of the antibodies has to be performed using more
sophisticated assays, including in vivo assays. The host cells can be

wiorthevesetegted on the basis of the level of recombinant expP€ggimoebtiae7so

cloned monoclonal antibody. 5 At this scope, the cloned antibody
sequences can be modified using PCR%r other recombinant DNA
technologies at the DNA level only (e.g. eliminating or adding restriction
sitesiRMiizINgrihe:£ QfetsRamdAdanting FaNsENRYORsaneiaris aneationd
regulatory sequences) or at both the DNA and protein level (e.g. adding
othier praigife I8quabeas Ot edifyintrintainehaminocacide) KMatedwenriginal
fragments 1 0 (Fv, Fab, F(ab)' or F(ab)") or fusion proteins based on
thestyaktibodiegwdancbe prducde dsigrecgmbiiiantbNAhechhglolies. or
For example, recombinant antibodies can also be modified at the level of
stinennd et istLaptvitysoyt cnsbsdypecspigifielfe Tdgiorced heafuBedhen thred
variable regions (Furebring C et al., 2002), by adding stabilizing peptide
seffiidfessdlyipeondspeduars 3) lwlg‘élﬁéiihﬁﬁﬂ%@b anihsigrarechdfizen
antlbo%ragments (Gilliland LK et at., 1996), or by addin radlochemlcals

or PERJRERS ﬁﬁl%fﬁérmekﬂa}cmomﬂéayresr%é@wﬁ%%aﬁeﬂ bgdeggies are
Differen vectors stems have been use neratln stabl oIs of
AR BB CR T oA DoBb TSR A BE%EWJSF"erai

i V ized bI i
b e e B RS TR R B e
James Dy-g %%rﬂz ?S%%{a?s’ £992) u@%ﬂ“&ﬁﬁotﬂéec%ﬁ“&%ﬁfé% %&% dnts and

culture condition erg J et al., 2003; Yoon SK et al.,

OItS RAUNG GIRNeR V%&‘i'as*éi%‘ﬁﬁ'%!&'&Qﬁ@@@o&ﬁ&f%%éﬂ@a the
(Bohm E et al., 2004; Borth N, 2002; Chen K et at, 2001; 25Butler M,

20031 boafds fT hﬁe%f'ﬂﬁ@ﬁ'Qﬁeoﬁfg@i@sfr%@%@“ﬁ&&@ﬂﬂ@"ﬂi@%&@@ﬁaﬁ@||assays

cultures can be performed using the technologies described and others
strgamiineehiRithedicrateragftafe feehaii20 0di Hempnsteitoihot! ad.g. other
2003). However, clinical development and use should be based on the
chargbtelizaticni odttdeiantiibody phanpacokifetesiz@id origin) and should as
pharmacodynamics (Lobo E et al., 2004) and compliancy to international
recste e nts sion thenprgl uctior et quatiipcentfol diinetixing, muiividinsaind the
engineered monoclonal antibodies for therapeutic and in vivo diagnostic
us@aﬂg@gﬁme@@@gt@%@m@pgﬁ@m@r the desired use of the antibody (e.g

for diagnostic, therapeutic, or prophylactic use).

For example, if the antibody is expected to be used as a therapeutic
compound, the assay should indicate that a significant activity is detectable with a
concentration of antibody of 100, 10, or 1 pg/ml (or lower). Nonetheless, at this
early stage of the antibody characterization, the activity measured by the assay is
generally being sensitive enough to just be predictive in some way of an activity
that is therapeutically useful. Additional assays on purified or recombinant IgG are
more critical in respect to therapeutic efficacy and to the associated dose to be
possibly adminstered.

The screening assays should be established to determine the antigen-binding
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The Invention will now be described by means of the following Examples,
a owhich should not be construed as in any way limiting the present
Invention. EXAMPLES Example 1: Effect of methods for cell purification

wanzbetimgztion on the viability and proliferation of B cells inP€BIERM069780

conditions Materials & methods 1 5lIsolation and Maintenance of Human
B Cells  Fresh peripheral blood monhbnuclear cells (PBMCs) were
purified from peripheral blood by conventional density gradient

cegiefgatiomanFicabdivpagueitDependinghen e eXpe i ankdiae, ealiscan
were then processed using PBMCs from a single donor or pooled PBMCs
frammkiy evekiffefe at oo tigeard dnidio, evaluatdian, avenagel respadngaisite,
the different experimental conditions and to limit differences due to donors
vaoiaitity . chembitainam® avollsthee ranispiatdd fergenRBIVIG®byds) that have been
immunomagnetic cell sorting using the VarioMACS technique (Miltenyi
Biowiliric. pag daskdbed by thecalbpribtwrerbipcheivicPBMEs weiryiding a
suspended in PBS (Phosphate-Buffered 25Saline) supplemented with

0.5 BSAABHME S sherH Ay LRh RY HHerE¥amED PA 2p¥ieen. or of an effect on

2007/068758PCT/EP2006/069780 57
cells, tissues, virus, or animal models,

Alternatively, the assays may also be established for determining antigen-
binding specificity and/or biological activity towards complex biological, non
purified targets such as cells or tissues (e-g. migration in endothelial cells,
oncogenic cell growth, etc.).

The results of these assays performed on polyclonal or, even better,
oligoclonal populations of cells in cell culture conditions may be used for selecting
the populations that should be either stored in frozen vials or used for constructing
DNA libraries comprising DNA sequences that encode antibodies of one or more
specific isotypes.

Several technologies have been described in the literature for screening
antibodies in vitre that can be relevant for specific uses of monoclonal antibodies,
and that allow as well a precise and high-throughput characterization of the
antibodies, Together with more classical technologies such as immunoprecipitation,
western blotting, ELISA, and immunofluorescence, more elaborated approaches
make use of small organ cell/organ cultures, chips or multicolored nanoparticles for
effective screening assays (Bradbury A et al., 2003; Haab BB, 2005; Lal SP et al.,
2002; Olivo P, 1996; Potera C, 2005; WO 05/82926; WO 05/003379; WO
05/83064; WO 05/76013).

Depending on the origin of the antibody-secreting cells and of the screening
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(ethylenediamine-N,N,N',N'-tetraacetate) and incubated with different
microbeadconjugated antibodies (directed to CD 19, to CD22, or to
CD27). The rnicrobeadbound cells were then washed and passed over a

Voo reatredgirstheir positive selection (LS column; Miltenyi cod. BORRF2646/099780

under a magnetic field. Cells then were 5 released from the microbeads
using the MACS MultiSort releasing réagent (20 gl/m1) at 4C for 10
minutes, following manufacturer's instructions (Miltenyi Biotec Inc.).

loGspesitivedBaellsavete ohlameehbyoorgativelselection Hlilghpeosiivas the
cells by cell sorting or by magnetic selection of IgG positive cells by using
thendfddadio MAB&Gi iechniguel (IhltenyisBi ci€ G lole . yntallekivingath®e envisaged,
manufacturer's instructions. For cell sorting, CD22 positive B cells (with or
withwohitaprénigusstimolatitm) welebirterlzted paitisoptimedtconcemieations cell
of anti-human IgM-FITC (Becton Dickinson n.555782) for 1 hour on ice.
Celipingraertensiasiovashadpiitic MRS (e paceddrimo Teninsosiaienangies
IgM negative cells under sterile 15conditions using a high-speed cell
SOMEFMBT | BOORRfhIEsifstth ah édlenamaipiterj sorderph ar d| digan BengIraFe!
suspended and maintained in RPMI-1640 cell culture medium

suPPREVET RATIGATH 1O0APKGAT SRERR M5 SINAHEE PESTFIA I THIPSErapEeps of

mM sodium pyruvate, 100 ug/m1 streptaomycin and 100 W ‘#)enicillin d
BT A Mol g A B S R IS
Cell Cé,ﬂt re CzPGbZOOG é5'-TCGTC_.GT 1 TGTCGTTTTGTCGTT-3" SE

D N RO, i be use repariig IMacetiic oSifions COMprising a

_ was purchaseéofrrc?m. oﬁe‘y armaceu |pg?81r)oup.
R%B%@i@éﬁ‘iﬁ%%@{x‘ $Pt§{'§%ﬂé§t%§/((l%}:; Hﬁi{saﬂﬁté_'ﬂﬁ&%c@ﬁ%ﬁy acceptable

Recombinant human Interleulcin 4 (IL-4) was obtained from Peprotech.

RecombinanibumanS-RA0 Jigand dRalHale SRMERELOCOMPRRING AMIRP the
acids 108-261) was obtained from R & D Systems.

diagnosis of infectious, oncogenic, autoimmune or allergic diseases in humans,

The present Invention also provides a method for producing a monoclonal
antibody comprising the following steps:

a) Expanding a cell culture produced by a method described above; and

b) Purifying the monoclonal antibody from the supernatants of said cell

culture.

In particular, a distinct advantage to EBV immortalization is that cell
cultures, after having performed the initial characterization and validation of the
secreted antibody, may be directly used to purify sufficient amount of antibody
(from the microgram to the milligram range) to perform more extensive antibody
characterization and validation using in vitro or in vivo assays (further biochemical,
tissue- or cell-based assays, disease models established in rodents, biophysical
methods for affinity measurements, epitope mapping, etc.).

At this scope, the original cell culture, after controlling the clonality of said

culture, can be further optimized by adapting culture medium and conditions for
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WO 20071068758PCT/EP2006/069780 58 Staphylococcus aureus
Cowan strain (SAC) and lipopolysaccharides (LPS) were purchased from
Sigma. Measurement of B cell Proliferation by 3H-Thytnidine Uptake.
WOes (Bx73806/m1) were seeded in 96-well plate (50 pl/wellPirltEprestessso
samples in the indicated culture conditions and labeled with 3H-thymidine
(NET-027X Thymidine, methyl-3H; sp&gific activity 20 Ci/mmol;
PerkinElmer) that was added (0.5 j.t.CUwell) 8-16 hours before the end of
thexedperimestl dpiake afCGHifyrniginarivasynepsused QyhanestngicalsN,
into glass fiber filters that were counted using a beta-counter (Wallach
INngGOMNeA) il nalyshe disurfaded/ianke cBkpréssionupyrkaa@Sby aGelljsng
(3 x 105/sample) were suspended in PBS with 0.5% bovine serum
albeniminagidsiioobatédrioth 8 dimitete Sathtdswith shelsalébtddnfomv clomalex
antibodies against CD22 labeled with FITC. After washing, fluorescence
wasgialyedesingng FACSCApBAReRtdMsisr iefiME andbiser MA, 2001;
software (Becton 15 Dickinson). Back-ground binding activity of the
méHBeIEndll Hntf0died N64% BEtRRERr BYHedn S B fsatifpethdte fatpd on the

negative control monaclonal antibpdies. The number of cells. aréalyzed

waS 0B ERCY - B eI PE ST L SR has P S n S Usiigetic
MokFlo(r) High-Performance Cell Sorter ko). Negative selectjon of
gép%s&gtg% .{}er of;xlva c(% alc.: i%ge% tigtocfxtl% (QR@ et) all\l 9@%%%11? tf( et al,,

I Xpréessing cells was pérfor a om céells at were”

in%%%fed V\\gt% a0 i-hgrrln %Qnmé)énsc)g%?;@eqlb%%wh%% ]C i(i%ég“o%%i ﬁ/l?lrsﬁ’l_\r/leﬁr{?x A

Becton Dickinson Cat. No. 5 or anti-humart polyc

0106 gellsjJacksgn; Cat- Nooa99-08R:04HOLL hous g Cotrgl PBEaie

then washed and suspended (10-20 x 106/inl) in sorting buffer (PBS with
5 mM.2aER Thvida MY EiRRRRiRNG Y Flr)efabia e egalethPtifsed on

basis of
electrophoresis (Thomas TM et al., 2003).

Obviously, a monoclonal cell culture can be also used to identify the DNA
sequences that encode the monocional antibody, by amplifying and cloning them in
a vector, before proceeding to the expression of the recombinant antibody in the
appropriate host cells. The protein sequence of the antibodies secreted by the
selected clonal cell cultures can be easily determined by isolating nucleic acids
encoding these antibodies using recombinant DNA technologies that are known in
the literature {Poul MA et al., 1995; Jovelin F et al., 1995; Heinrichs A et al., 1995;
Dattamajumdar AK et al., 1996; Norderhaug L et al., 1997; Chardes T et al., 1999;
Jarrin A and Andrieux A, 1999; Essono S et al., 2003).

These technologies can also be used for further structural and functional
characterization and optimization of therapeutic antibodies (Kim SJ et al., 2005), or
for generating vectors allowing the stable in vivo delivery of monoclonal antibodies

{(Fang J et al., 2005).

Briefly, mRNA can be prepared from the cell cuiture and retrotranscribed
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WO 2007/068758PCT/EP2006/069780 59 morphological parameters
(R1). CD22 positive, IgM negative B cells were selected inside the R1
area. Results The literature provides poor comparative information

wih2aha/efeast of the Sdifferent approaches for purifying and seaEtings 869780

cells on cell viability and proliferation in cell culture conditions.
Interleukin 2 (IL-2) was used as a refeténce compound, given the el
described growth promoting effects of this cytokine on primary human B

celiadnacathultureBanshareal dancRaussatiph@92) A ft8hmerase Chain
comparison was made 10 using primary B cells that were purified from

hurraoti3B NCR pindhaibasispeh&id? gritsfaderaxpeassion anphiinhgutiteavy
and then co-stimulated with well-known polyclonal B cell stimulators:
CpG20@bs fipopslysacyapdes ik RS fhew whblerE D40Higatic (GEADL J@nagk). In
Staphylococcus aureus Cowan strain (SAC). A positive dose-response on
cetbprefiferatwrewasymbasreabighegiors (Esropdbland DLl Wetaz) are
added in cell culture, together with IL-2, in a 4 day 3H Thymidine uptake
asEaiAtefothsrerseRcReIh AT HE ClEH O COB el él W Bententratonsf this
generally described in the literature é%ernasconi N et al., 2003; Traggiai E
et $19USB54Y° SABHANtHEE HRECBMPo AT o HSINET Giaiics PREeny 18C

markedly, highe tential to | e_proliferation of B cells in cell cyltur
S A RS SV 1 BRI
with 2 combination of. CRG2000 and L2, were obtained Indhis assay by
com |ﬁg <dlibie Hﬁibﬁ??at a cbncen\fra'tjlon of 1Ieast 08 j’.tafmcl With —2eenee

: - ; . o
ang) ?Ea?é’ﬁ?&'?cgag'c%adfaﬁ-ﬁf Ragheg fe %g%s%ggﬁa%sgﬁﬁ%%?\;eé@elﬁgi antibodies as

combination o mpounds can be us n the
methgds b ibe:Hvgaation, once that optimal kinetics and effects on 1gG
25secretion are determined.

The mRNA of the polyclonal or oligoclonal populations of cells can also be
used for constructing cDNA libraries specific for antibody-secreting cells of
specific isotypes that can be made available, for example, as phage display
libraries, bacterial libraries, yeast libraries, or any other format of biological library
that can be used for replicating and maintaining DNA, in particular DNA encoding
proteins, For instance, a library of recombinant antibody sequences can be
generated using the mRNA extracted from one or more oligoclonal populations of
cells, used for producing antibodies in bacterial or eukaryotic host cells, and then
for screening such antibodies at the scope of identifying one or more antibodies that
have a desired antigen specificity and/or biclogical activity.

Once cloned and characterized, the antibodies can be expressed as
recombinant proteins in prokaryotic organisms {(e.g. E. coli; Sorensen H and
Mortensen K, 2005; Venturi et al., 2002), plants (Ma JK et al., 2005), or eukaryotic
cells, in particular human, rodent, or other eukaryotic cell lines (e.g. CHO, COS,

HEK?293) that allow a high level of expression as transient or stable transformed
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60  Given the extent of the effect identified with a combination of IL-2
and CpG2006, a titration of CpG2006 for optimal B cell proliferation and
blast formation was performed using range of CpG2006 concentrations

WEOQ$p7t8 2.5 jig/nil, while maintaining a constant concentP&IEPHN/09780

5A significant CpG2006-induced proliferation of CD22 positive human B
cells was detected at concentrations alow as 0.15 fig/ml, with a plateau
achieved at 0.3 1.1g/m1 (Fig. 3A). When the same populations of cells
wexal andlyredibyE-AtDS4for Thespevoelitage qtyiakle diellpatdubiasishen the
(large cells with high forward scatter) the optimal CpG2006 concentration
appiearstto dad slighthid ighdo(bateendOte gaddndbdigimp sioe sophdftented
percentage of blast cells are generated at these concentrations (Fig. 3B).
Thissevddanbelog the'@p&2006Mhe2hoonblhationberhitbeaietiretitign the basis
previous results indicating that B cell stimulatory effects of CpG2006 can
beobhailszel af esaedneaisRRIoSIoN X fiy/siPrsonaestangtenferation and
blast 15 formation of stimulated CD22 positive B ceIIs can be obtained in

a range JFCHETO06 E¥nteRthimRody seausRpsh £n be modibusing PCR or
experiments, IL-2 was added at a constant concentration (1000 U/ml), but
a SMTarGBRRAaEhohYe SERIISETHiBE WRK [ f)a}lﬁe(ﬁe%t eliminstng or

con%%ntratlons Whll CpGZOO6 corﬁfentéatlon IS cc;gst furthér defin

STF1CEIO Si es, ontimizin Sage. g e franscripfion or
thé ‘bp?lma QBrcsrAton of gL capa bie’ 5t ng’human aift

pr(?}lg;%:rlapgtq %nula Ohr%tvs\]}g rmgé can ébe use g'ﬁ@ﬁ Ie§elﬁibg %r%gdﬁlg

experiments arso Ina range O concent S

be&‘(‘fﬁ?%x%%@n%&]ﬁ&ﬁ@s@%&&{ e% intdrAMSa AAGIRD, tMH?@oQBP'%% ents

the polyclonal B cell stimulators,” determining the concentration at whic

%ﬁpqﬁiﬁcp QBPANE e REBIAE USSR based on these antlboches can be
007/068758PCT/EP2006/069780 61

produced vsing recombinant DNA technologies.

For example, recombinant antibodies can also be modified at the level of
structure and/or activity by choosing a specific Fe region to be fused to the variable
regions (Furebring C et al., 2002), by adding stabilizing peptide sequences, (WO
01/49713), by generating recombinant single chain antibody fragments (Gilliland
LK et al., 1996), or by adding radiochemicals or polymers to chemically modified
residues (Chapman A et al., 1999},

Different vector systems have been used for generating stable pools of
transfected cell lines (Aldrich TL et al., 2003; Bianchi A and McGrew JT, 2003).
High level, optimized, stable expression of recombinant antibodies has been
achieved (Schiatter S et al., 2005; Dinnis D and James D, 2005; Kretzmer G, 2002),
thanks to the optimization of cell culture conditions (Grunberg J et al., 2003; Yoon
SK et al., 2004) and by selecting or engineering clones with higher levels of
antibody production (Bohm E et al., 2004; Borth N, 2002; Chen K et al., 2001;

Butler M, 2003).
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(alone or in combination) is important for obtaining the desired effect on
the cell proliferation. Responsiveness and proliferation of B cells to
CpG2006-based activators and cytokines was shown for CD19/CD27
wabgitiveseelss (Bemasconi et al., 2002; Jung J et al., 2002). HEW&PepE069780
least some of the negative effects of 5 CpG2006 on B cell viability known
in the literature (Hartmann et al., 2000 Klinmann D et al., 1996; Fearon K
et al., 2003) appear to be reduced by applying specific conditions,
concentratie sy dHed: coNBinationsahepapewAtsdies fbe eathadiieds can be
purifying primary B cells from biological samples can be a further element
to hefeansidered fr establishiegdapricdsminothichtirenvialbility 1he landture
the proliferation potential of these primary B cells is not jeopardized by cell
cultix cordiloriehdinvitreimadiptilatiop8lin) tHéopresenceshbtimalatimgnt
agents. Two cell surface markers are predominantly described in the
litewet s abcodinky (heefd| dortho shivedyesaisistngl Hberrti B de baushegfoetics
example solid supports: CD19 and CD22. The stimulation protocol ‘
cotBiniy M dRdEps Jou Wwasaphlied¥h RamaamPEaneypinifeaimtienal
either CD 19- or CD22-specific microbeads. A FACS-based analysis
of KON VERIE 4R BiasPrerhedion Was paltbmteatididte aPiattertin and

stimulation. The comparison between these two approaches for cell. )
i AR e i G A
20 CD22 it} opulati lls is more homogeneous than the
C%Ju.@mbnossg%@%pg?a ion i?& 4%.’ This cell response to the purification

approachﬂ;eeﬂ{g&ﬁ&%@ﬁﬂ%@%@%@égﬁ&y gPfinulatpn f{cﬁfgwﬁﬁ) EVEes,

the CD22 positive population had a higher frequency of viable celfs and a
Much SreRleiRIaRign oflaraemativatgdisalis shan diddhe LBhdSh.
positive population. The increased viability of the 25B cells purified with
microbeads loaded with the CD2Z:spevifig gatibodies, rather WO
2007/068758PCT/EP2006/069780 62 than with CD19 specific antibodies,
M3xhmpliee 110 Biffetent downedieaon it Ghaafidieoaranth NntRNdabefon the
those cells that are exerted by the two different selection means.
Maviabiléts, £3id 32 glifstavipibofdiis ebnibeclaletied andidtionglated by
applying

Materials & methods

Isolation and Maintenance of Human B Cells

Fresh peripheral blood mononuclear cells (PBMCs) were purified from
peripheral blood by conventional density gradient centrifugation on
Ficoll/Hypaque, Depending on the experiment, the cells were then processed using
PBMCs from a single donor or pooled PBMCs from five different donors, in order
to evaluate an average response to the different experimental conditions and to limit
differences due to donors variability,

Human B cells were isolated from PBMCs by immunomagnetic cell sorting
using the VarioMACS technique (Miltenyi Biotec Inc.) as described by the
manufacturer. In brief, PBMCs were suspended in PBS (Phosphate-Buffered

Saline) supplemented with 0.5% BSA (Bovine Serum Albumin) and 2 mM EDTA
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5 additional selection means, such as microbeads for the positive
selection of IgGexpressing cells, or any other relevant B cell subset, such
as CD27 positive memory B cells.  Once shown that the choice of

waesigitersoth cell stimulation and selection affect cell viab#iGF &if@e06/0669780

proliferation, a further element that may be involved is the 10 kinetics of
the cell viability and of the proliferatior? Fesponse of CD22 positive, human
B cells to the isolated or combined stimulation with IL-2 and Cp02006.
Celliviabilitiand-prolferationr iasaneaswee thiukhtand, fhdaysafie hstaobegd-
the stimulation, showing that the combined effect of CpG2006 (1 1.1g/m1)
anebhju2a(d0 a0t thode prdiicesdatdiSinét kin€iixx?, Maxentdb 3H- Thymidindead-
incorporation 1 5 induced by CpG2006 alone is observed as early as 2
dalysuinl cultsirecentheteslinbsirapidiythe maftercdhekifre tics opahe welblection
proliferation response to IL-2 alone is more gradual, with increasing
3HThyakgne Misiporegodn3i i3 day eofeurumegpriiveiad, thells then were
combined stimulation with CpG2006 and 11 -2 provide kinetics of
3HAspIAfERINES pEcaRbeR eIt S in A S Sp BB hiRlGHtRg reagent (20
surprisingly 20 enhanced effect at day 2, that continues until day 4 and
dekliids BY 4y &bf i sy 9o Mnsarameritiegal RumsaPet yidbfeny
cells in cultures stimulated with CpG2006 and IL-2 was measured, again
shg\]ﬁi‘ﬁ@%‘%ﬂgher number of viable cells at day 2 and day 4. Thus,
the advantage of combining the two stimulating agents is clearl re ..
25 mportiied WREHY &L BEIAY S EAPE CHIIF 8P eGITBRLT HenhBer v
the gifects WO 200710687 S8ECTIER2006/069700 63 HA00S0 1y e
seﬁ%r%téfycﬁy A2 Hnd" FYGI%%%E ]havmg Kine |csgof8p‘p05|te irection, g
cap, be ieved. .Thes I st:the pessiility. that simi
v A R e D S T, e

anfiRadysRaerating.calls Rel LreRy addind.the siRUaiRIRISH Rt previous

simultaneously but also sequentially (i.e. one at the beginning of the

stijlationPhase ad e @Heh A_HRO 0B AW SR Jay Sl ExamPIR ¥ FITC

Effect of methods for cell purification and stimulation on the viability
preoerationicand @antibedy gscratiomehBoaele immanstalitedusing BB Washed

10Materials & methods
with PBS then sorted into IgM positive and 1gM negative cells under sterile
conditions using a high-speed cell sorter (MoFlo® High-Performance Cell Sorter).
The selected cells were suspended and maintained in RPMI-1640 cell
culture medium supplemented with 10% (v/v} heat-inactivated FCS (Fetal Calf
Serum), I mM sodium pyruvate, 100 ug/ml streptomycin and 100 U/ml penicillin
and cultured in 24-well plates at 37°C and 5% CO2.
Stimulation of B Cells in Cell Culture
CpG2006 (5°-TCGTCGTTTTGTCGTTTTGTCGTT-3"; SEQ ID NO: 1)
was purchased from Coley Pharmaceutical Group. Recombinant human Interleukin
2 (IL-2) was obtained by Roche. Recombinant human Interlevkin 4 (IL-4) was

obtained from Peprotech. Recombinant human CD40 ligand (soluble fragment

comprising amino acids 108-261) was obtained from R & D Systems.
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Selection and Analysis of B Cell Proliferation and Viability = The
selection of human B cells, their stimulation, and the analysis were
performed as indicated in Example 1, unless otherwise indicated. Analysis

Wéf BarferdesKarkerExpression by FACS 15CD21 positive celRGIER2006/06978¢

detected by immunofluorescence and flow cytometry, using anti-CD21-PE
conjugate (Calta2 Laboratories, Cat. N6. MHCD2104, batch 04061206),
as indicated above for CD22. Preparation of Epstein-Barr Virus (EBV)

Supephalsdtiscus aurEB\Cpreauaiat BOAM) madmipseblymphamr Cellps) were
(ATCC No. CRL-1612. 5 20x 105/m1) were grown in RPMI-1640 cell
cupturerameticem Sigplemented with 10% FCS (complete medium) for 4
days. Exponentially growing B95-8 cells were stimulated with 100 nM
phifidaslesters ¢6R)c SN IGrgavay for Zibursitdia Hieée.al., 2003), then
extensively Washed with HBSS (Hank's balanced salt solutlon Sigma)
to removEdMA in 28YoilitiorreTie @M MmutiietBOSHB iWélislvdretriplicate

cultured in complete RPM1-1640 64

samples in the indicated culture conditions and labeled with “H- -thymidine (NET-
027X Thymidine, methyl-"H; specific activity 20 Ci/mmol; PerkinElmer) that was
added (0.5 pCi/well) 8-16 hours before the end of the experiment. Uptake of H-
thymidine was measured by harvesting cells into glass fiber filters that were
counted using a beta-counter (Wallach Instrument).
Analysis of Surface Marker Expression by FACS

Cells (3 x 10°/sample) were suspended in PBS with 0.5% bovine serum
albumin and incubated for 30 minutes at 4°C with the selected monocional
antibodies against CD22 labeled with FITC. After washing, fluorescence was
analyzed using a FACSCalibur flow cytometer and CellQuest software (Becton
Dickinson). Back-ground binding activity of the monoclonal antibodies was
estimated by means of isotype-matched negative control monoclonal antibodies,
The number of cells analyzed was 10000,
FACS-based Cell Sorting

Cell sorting was performed using a MoFlo® High-Performance Cell Sorter
(Dako). Negative selection of 1g(G expressing cells was performed starting from
cells (107/m1) that were incubated with anti-human meoenoclonal IgM-FITC (10
/10 cells; Becton Dickinson Cat. No. 555782) or anti-human polyclonal TgM-
FITC (2 ul/10° cells: Jackson, Cat. No. 309-096-043) for 1 hour at 4°C. Cells were
then washed and suspended (10-20 x 10%ml) in sorting buffer (PBS with 5 mM

EDTA, 25 mM Hepes and 1% FCS). Cells were gated on the basis of
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cell culture medium added with 10% FCS for 48 hours, and supernatant
was collected, centrifuged and filtered through a 0.22 jim membrane.
The immortalization efficiency was evaluated on 3 distinct preparations of
WoD2w pesiEk/e B cells from different blood donors. In all casd¥, HXejsies 869780
immortalization was observed and polyclonal lymphoblastoid lines were
obtained showing rapid replication. Thedmmortalizations performed in
parallel with a batch of virus prepared under conventional conditions, in
thenabsenegiall PMAnstimuRiDICSIDwsH @S tyye hegplicatioseils were selected
EBV-Mediated Immortalization of Human CD22 Positive, IgM Negative, 10
Stimidatte B iCets Following 4 days of stimulation with IL-2 (1000
U/ml) and CpG2006 (1 Rg/m1), the CD22 positive, IgM negative cells
wetesalttensively washed with fresh medium to remove the stimulating
agents before being exposed to EBV supernatants. 15The bulk
immortaliFbgidticoitthie peNddpraaqesrforpratbycineiiantgnenihe o8reryt the
with EBV supernatant (50% V/V in RPMI-1640 added with 10% FCS) for a
mifiiffGrRoIRPIeERs U P o e SndnifitRdiativgsReertlitRrash rrigbifipn and
Proliferation and viability of cells that are treated with 50% EBV
suBEHSAReTIP 414 8HbEH S8 EER S arable to the proliferation and viability
of cells t a% %rf:etjlt{rigaiea 2 Qwith 30% EBV supernatant for 7 days.
e £ i

The
cells are théh concentra ﬁﬁdﬁ? i =1640 SAURE Ritn=159% E]éév ell-
and IL- .000 U/ml) and seeded on Q.5 x irradiated (3000 rad .
o etk SN DILACIRCARES, U i SR NER LS RO A cots in

Q%%ﬂt%\mngs%ﬁ&%ﬁvea&f)@&%@é@@,%@@.QM@Q@%&L iffefentas made
Methods for 25Human B Cell Immortalization Using EBV WO

2095%?15%%“@&39%@95&%@5 from human PBMC:s on the basis of CD22

surface expression on their surface, and then co-stimulated with well-known
polyclonal B cell stimulators: CpG2006, lipopolysaccardes (LPS), soluble CD40
ligand (CD401.), and Staphylococcus aureus Cowan strain (SAC),

A positive dose-response on cell proliferation was measured when LPS,
SAC, and CD40L were added in cell culture, together with IL-2, in a 4 day "H
Thymidine uptake assay., However, the combination of CpG2006, added in
concentrations generally described in the literature (Bernasconi N et al., 2003;
Traggiai E et al., 2004), shows that this compound, when combined with IL-2, has a
markedly higher potential to induce proliferation of B cells in cell culture (Fig. 2).
Proliferation-inducing effects results, similar to those obtained with a combination
of CpG2006 and IL-2, were obtained in this assay by combing soluble CD40L (at a
concentration of least 0.5 pg/ml} with another cytokine, IL-4 (at least 20 ng/ml),
suggesting that this combination of compounds can be used as a stimulating agent
in the methods of the Invention, once that optimal kinetics and effects on IgG

secretion are determined.
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The human B cells have been isolated as CD22 positive peripheral blood
mononuclear cells (PBMCs) pooled from 5 normal donors by magnetic
selection as described for Example 1 and then divided in three pools of

walsoaaetysxposed to a different EBV-based method for B cCBAIT/EP2606/669780

immortalization 5In the BASIC method, the 1gG positive fraction of these
cells were selected by cell sorting usirfd'a MoFlo high-speed cell sorter
(MoFlo Cytomation) and antihuman-IgG FITC (Becton Dickinson). Then, 8
x 105 COZ2positivetdgCopasitivEeeliganarR euliies fombahhosiSowh 2 and
EBV supernatant (prepared as described above), washed and cultured at
the pensity, of tibaidOGtallprtfoy ¥0ordaysmatl3BCcE0 prdMEMionediidnblast
(Gibco-BRL) supplemented with L-glutarnine, non-essential amino acids
(NBAE)tandES sofoCSdnting present€pfiivadiateccaltegencicoPBME to 2.5
feeder layer. In the COMBINED method, 8 x 105 CD22 positive IgG )
poisitive, odiid:haviethie s sotateth asoircehe B ASIE Inéthod and then

cultured at the density of 1.5 x 106 15 cells/ml with CpG2006 (1 ig/m1)

and IL-2 {gouheaan KBV Suindnsadantqipiespare doaLdBEL fbeidh ebbwein B
IMDM medium (Gibco-BRL) supplemented with L-glutamine, NEAE, and
109U FES ftered ay sacsmatinthespiasandelof igaoharath &l plgérieiechieved
PBMC feeder layer. In the SEQUENTIAL method, the CD22 positive
PBMES wetalfitEiz2G Agreshimulahedswith accombimatioh sl Cpeaoeealyzed by
(1g/nil) and 1L-2 (200 U/ml), in IMDM medium (Gibco-BRL) supplemented
witPACE | frarin e EREe ahdiablos el Sdriiagiydang e s Trighdald jaaveard
then washed with PBS and IgG positive cells enriched by magnetic
seféation g qadErberER R cTaNsEihRied tohs ehgbﬂlz)%ugwébetween
positive IgG positive PBMCs) were then infected with EBV 25supernatant
(ad e BA%@%W IdraEn Bt ey ef Nadmsdaiy antider sbthgse
1.5 x106/m1 in IMDM medium (with L-glutamine, NEAE and 10% FCS)
forcppanyiansdas-idRie presence of irradiated allogeneic PBMC feeder
layer Measurement of Cell umg:er n 'a%ilit by Propidium lodide and.
Skl AR e S g R e
mI}%FQ\%%%EI?‘gs!{}ffsalr}%icating that B cell stimulatory effects of CpG2006 can be

obtained at concentrations below 1 ug/ml, shows that proliferation and blast
formation of stimulated CID22 positive B cells can be obtained in a range of
CpG2006 concentrations (0.3-1 wg/ml).

In these experiments, IL-2 was added at a constant concentration (1000
U/ml), but a similar dose-response can be performed with IL-2 at different
concentrations, while CpG2006 concentration is constant, to further define the
optimal concentration of IL-2 capable of inducing human B cell proliferation and
blast formation in the presence of CpG2006. Subsequent experiments also showed
11.-2 can be used in a range of concentrations between 100 U/ml and 1000 U/ml).

Thus, in addition to the choice of the polyclonal B cell stimulators,

determining the concentration at which the specific compounds should be used
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their viability by measuring the exclusion of the DNA intercalating,
fluorescent dye propidium iodide using a FACSCalibur bench-top flow
cytometer and CellQuest Software (Becton Dickinson Biosciences).
VBYi#7/ 06818 were exposed at room temperature to propodiuB{isERIBsERES 780
Sigma; 2.5 fig/m1 final concentration in PBS) 10 and analyzed by flow
cytometry within 30 minutes. Viable célfs were defined as those with a
high forward and orthogonal scatter, characteristic of lymphocytes and
lynpbeblasits cantiaxchading Rhogefs thradinenengtainedavith Efeansh the cell
having a low forward scatter, represent dead cells and debris. Analysis of
SupfatieefaxpresRisponki€ds28 2bC PRABifxpiessioh Wasieasutpd2Vsalnied
lymphoblasts that were electronically gated by FACS using direct
imnstingficonedconde R Masedoand oWl Adrislry it entihu fiigmasconi et
CD23-PE conjugate (Becton Dickinson, catalog no. 555711), as described
foraEx 3Bl tnavietistire AIERY oFISweretedt @S DOBBR 1t GRtstiichelfsal of
IgG in culture supernatants was measured using an ELISA
(Inﬁﬁﬁﬁ@%eﬂ’@zgpféﬁwé’ﬁarégl%a{ﬂﬁ%’nzm@WB@FI@S%&@&FHW&%%%I 2000;

manufacturer's instructions. Briefly, culture §upernatants were collected

froft RBRTITE S nty 200 et 5mpHls b RTRERRa ATdNerd BeARRYIne
diluted. and dt fied hum tandard luded
iR LGRS0 S0 Ohe P DS SOb R The
measure?gmt r?hleif %%rth%r} ggll anlll%mt %f o%ﬁ’s HSHBH %t 1gaﬁnsg1%1g&]erse Zan be a

over the ay culture perl esult

further element to be considered for establishing a process in which the viability
and the proliferation potential of these primary B cells is not jeopardized by cell
culture conditions and in vitro manipulations in the presence of stimulating agents.

Two cell surface markers are predominantly described in the literature as
being useful for positively selecting human B cells, using for example solid
supports: CD19 and CD22. The stimulation protocol combining IL-2 and CpG2006
was applied on human B cells purified with either CD19- or CD22Z-specific
microbeads.

A FACS-based analysis of cell viability and blast formation was performed
before and after the stimulation. The comparison between these two approaches for
cell purification clearly showed that, immediately following the purification, the
CD22 positive population of cells is more homogeneous than the CD19 positive
population {Fig. 4A). This cell response to the purification approach is even more
evident after 4 days of stimulation (Fig. 4B), when the CD22 positive population
had a higher frequency of viable cells and a much greater proportion of large,
activated cells than did the CDI9 positive population. The increased viability of the

B cells purified with microbeads loaded with the CD22 specific antibodies, rather



10

15

29

25

Since the scope of the whole process is to generate immortalized,
antibody- 5 secreting human cells in the most direct manner, EBV was
chosen as the immortalizing agent, being quite straightforward to establish
vaheheipBrissing supernatant from cells infected by this virusPERIBRRN0EG0/9780
is well known that only a fraction of the cells exposed to EBV are actually
infected, possibly due to the limited eXpression of CO21, a receptor
present on the cell surface that the virus 10 uses for entering the cells
(Jeondahahd Biginpd Q73 hesperanwelyabs 1885 Bioytandohacoads #988)n
Therefore it was important to see if CD21 expression was positively or
negatiyelytaffectedabyihboselediedhateansantéonditions fodiflellent selection
stimulation and purification described above. At this scope, the kinetics of
protferation of B cell populations selected on 15 the basis of different cell
markers (CD22 positive only, CD22 positive and CD27 positive, CD22 and
laG positifercerspChEsitnsitme Bylinegatiosyiesiiedang simaaipd by applying
stimulation with IL-2 (1000 U/rn) and CpG2006 (1 kg/m1), and me‘asurin]g
théBHseBricHSHEDPEPSsHAE cIRIst A e PRSTE istfigieof 12G-
experiments, CD21 was expressed in >90% of the viable and proliferating
ceNSPESHRAHHTG SIsYBO PSSR Ui S 6B b selditn e memory
approach in the context of the methods of the Invention. Therefore,
after Smonstrating the strong positive effect on cell proliferation activity
exerted hy Selgcied {}Pﬁg g gnd.condil Q?ﬁ&%%‘&ﬂ ééﬁﬁr_‘sgf%%?zﬂié‘”gnd selection
purification, 1t was tested how this approach may provide as well an

ImpraYemRRE IR R GRLAASSRONG. R AR aBadAlis] IRAGk Kige

well known that, 68 following the exposure of B cells to EBV, a substantial

fragtienQf sheneellsistenp@HoWing and.dis-witaindbe firslovgekof oS itive,

followed by the resumption of proliferation by the EBV immortalized cells

(JamesnkkardsBelheisb984) of Busbiwoileh broforeal IMParaape os.
understand if an-adequate proportion of 5 appropriately stimulated and

selected gumarbBiselsanellindyagan Besimmenietizedidtia EBYyDaftealsarifing
these immortalized B cells are better able to overcome the critical period
foltaw imigntheil oy thliz itotombinktafiie GD 22 EoEIGVE, jghhl) and 11L-2
negative B cells, with or without prior stimulation with CpG2006 and IL-2,
wersexidsey tedzRivssupistatantouemigittxitQiwisHagnadides dedegbration
with medium including IL-2 (1000 Him]) on a feeder layer of irradiated
allagrbreicHy BMGE) (Fhd proliferbsioredfahesdyced|S was measumedchad dagines
the following days. In this way, it can be demonstrated that pretreatment

of Brigls hetkadipG2bodmstiar of the il ipraliferriancesnereitothb-spaest is
and extent of resumed proliferation of B cells following EBV

immeralirgtion witkidnereasiag “H-Thymidine incorporation up to day 6 of culture,

However, the combined stimulation with CpG2006 and IL-2 provide kinetics of *H-
Thymidine incorporation similar to that of CpG2006, but with a surprisingly
enhanced effect at day 2, that continues until day 4 and declines by day 6 of culture
(Fig. 5). In parallel, the total number of viable cells in cultures stimulated with
CpG2006 and IL-2 was measured, again showing a higher number of viable cells at
day 2 and day 4.

Thus, the advantage of combining the two stimmulating agents is clearly more

important when, especially at day 4 of culture, an equilibrium between the effects



e

10

15

20

25

15 clearly demonstrated at day 7 following exposure to EBV supernatants,
where almost 50% more cells are present in pre-stimulated cultures when
compared to cells that were not pre-stimulated (Fig. 6A). This observation

Woasaaasitiied also when pre-stimulated CD22 positive B catiSIW@Ra0669 780

additionally depleted of IgM positive cells. 20Previous methods described
the benefits of the use of polyclonal B&ell activators during (and not only
before) their immortalization using EBV supernatants, without a step for
eliminatiiystheraety e fomdhepcelios|tisei 0/ @RUASIA 5y fduitd datadon,
2005; Traggiai E et al., 2004; Tsuch yama L et al., 1997; WO 04/076677).
Thus, Hhechisvdie Mhkeelistinbolwues o2 sfabivaad givhi2bnegatarehBi ter,
cells that were exposed for 7 days to EBV supernatants in the presence

6% 0rdt thecabgenbéoitiCp BROG6H it gimbeagratileofl @8 &ineewmsng cells
examined. However, the presence of CpG2006 and IL-2 during EBV
imeabrilliZeitiefdios (e dtimdedraagstth smbliadestusisiitet BleeHeguestedly ee.
concluded by counting the cells microscopically (Fig. 6B). This reduction is
aliEsast éhj‘ng%&r-ﬂ% &h tsmpardai sde arfdbePibeE Bes spBmaeaRt e
alone, but it is even more important when the data obtained with the
sefﬂi’r%te pre-stimulation phase are considered (Fig. 6A).  These data
%g_' _a . tmct tIa on has |nW :Ch culture ofu [ aBn the

ce et tra --' -‘- "GV'i' ﬂ'v

S“%Qt%ﬁ CpGZIO,G A

.J_

pogitiye effect can be further |mproved by usmg additional specmc

co ations of stimulators (reduced concentrations of Cp02006 and/or
IL2for stancgddng/or by limiting the stimulation phase to a period of time
(for example, between 2 and 4 days) in which the B cells show optimal
praliferabion.ACkNy, andrexpwaseion eideie it warnkess 15 (such as
CD21). The removal of the stimulating agents before the immortalization
phase is'imstrsmeendal forebtanBgtne RSt resulitafrom dhistmethelsis were
being growth and viability of CD22 positive B cells negatively affected by
theetmtimdaudmidiertenSienple $emdesshtherstimuaicstadients combined
with EBV supernatants. The data presented above allows demonstrating
notoryithe pegsitsiltatberExpression by FACS

CD21 positive cells were detected by immunofluorescence and fiow
cytometry, using anti-CD21-PE conjugate (Caltag Laboratories, Cat. No.
MHCD2104, batch (4061206), as indicated above for CD22,

Preparation of Epstein-Barr Virus (EBV) Supernatanis

EBV-producing B95-8 marmoset lymphoma cells (ATCC No. CRL-1612; 5
x 10°/ml) were grown in RPMI-1640 cell culture medium supplemented with 10%
FCS (complete medium} for 4 days,

Exponentially growing B95-8 cells were stimulated with 100 nM phorbol
esters (e.g. PMA; Sigma) for 2 hours {Oh HM et al., 2003), then extensively
washed with HBSS (Hank’s balanced salt solution; Sigma) to remove PMA in

solution. The PMA-stimulated B95-8 cells were cultured in complete RPMI-1640
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20 apply the method to a specific subset of human B cells determined on
the basis of the expression of cell surface markers (CD21, CD23, CD24,
CD27, and/or CD22, for instance), but also the feasibility to apply further

vigehectioss Tisteria related to the antibody secreted by the B c@HSI/iP1es/ 069780

present case, the use of technologies for eliminating cells expressing
antibodies of a specific isotype (IgM) Before 25proceeding to the
immortalization. WO 20071068758PCT/EP2006/069780 70  In fact, a

FAQIS-hased analysis AfdeD 32 0sity e G006/ Howdsstimulalpeinatant was
IgM-depleted, EBV-immortalized B cells that was performed at 10 days

afteeBd intectianeonidmre-dhatalnn st 6112 iotalityeh:the. viable cells
(indicated by a higher forward scatter in the two right hand quadrants)

continue Tadkigh-tkgaitvecHi{bato Maigivatjutdranty diphenpiyparibabisof
more desirable for therapeutic antibody generation (Fig. 7A). A further
de@ivtistatigivthdd heaafionmclithtized, idotypespecifidnBadklkesdfures rapid
can be generated and maintained using the methods of the Invention, was
obtainedabyestirgpshebstpedrime xsiehel Byculloesoribédaboues ipbsmned
inimunodiffusion assay, as performed in the literature by immunodiffusion

1 ehenEEciHIG rePhfatitgs B echrRaTIig ARt sDReB Ed e RpsalsEsitiadlypatch
lgG-secret ng cells (Fig. 7B).  This unexpected positive effect of
cotipliHEB CERRSEbifO&ImEnatEH AR I<SOBHEPased BtelrRetBetioR PMA

before EBV immortalization, can be further improved by including other

mERRY BH BN PRSI A TS THE B#iliency of this approach can be

m red on the pasis of the cloning,efficienc CD22 positi .
O oA TS i e B el e Do g Yalfs dgserve

expanded in.yitrg,in the presence of CpG2006 and IL-2 for 2-4 days, then
en%? Lé%gfcgfr]%ge?é% positive subpopulation by positive or by IgM-based

negative seiechnn TS, CH24:RRsiG JaM negativp @ CallS atf ItiRs®ie (1
with EBV 20 and clonéd by limiting dilution in 96-well plates 1-4 weeks

afterinfectie-0e flaning giicigacyfamthe HUIKEHIWECANREY with fresh

evaluated by scoring the number o6f wells containing growing cells at each
tesiRdigiution RBEDUIE CYiiBAEE- oend 106/1€SpdimD, Qa1 B0y
or at each concentration of cells perwell (e.g. 1, 5, 10, 20, 25, 50, 100,

206w efanangscells per well). 250ne of the most important considerations
when performing EBV

The bulk immortalization of the cells was performed by incubating them
(10%ml) with EBV supernatant (50% V/V in RPMI-1640 added with 10% FCS) for
a minimum of 4 hours up to 18 hours, and then washed with fresh medium.
Proliferation and viability of cells that are treated with 50% EBV supernatant for 4-
18 hours is comparable to the proliferation and viability of cells that are treated
with 30% EBV supernatant for 7 days.

The éeHs are then concentrated (EOG/mI in RPMI-1640 added with 10% FCS
and IL-2, 1000 U/ml) and seeded on 0.5 x 10° irradiated (3000 rad), allogeneic
PBMCs per well in a 24 well plate for a period of 8§ — 16 days.

Qualitative and Quantitative Comparison of the Quicome of Different Methods for

Human B Cell Immortalization Using EBV
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71 ortalization is to maintain the viability of the cells to be used for
subsequent cloning. This is particularly the case when attempting to
identify antigen-specific B cells that may be present at a very low

witepi@nesr$8:1:1000) in the peripheral blood. It is well establiBi&d eresBBXs0

is a polyclonal B cell stimulator, but that exposure of 5 B cells to EBV
results in an initial period of cell deathd# the culture (Sugimoto M et al.,
2004).  Further data in support of the Invention have been generated by

comparinthihguaticanenf threeonsthadsef EBVHTEdaies Collripheral blood
immortalization applied on the same starting population of CD22 positive

pesiphetatibloed m drdvikitiepsdal $rd0( P BM ) pholad Bromapradrmekction as
donors (Fig. SA).  In the BASIC method, a very simple approach was
usédhdinwhish ED2DlpokitivieihigGlipoditivie delts nwere expdbethdnbrposed to a
EBV-containing supernatant for 12 hours, washed and cultured for 10
daysfietid=Bopropribiec tel fortBrechisalispeinlizencfeeder cells. In the
COMBINED method, the CD22 positive, 1gG positive cells were
s.munané%&afr;ﬁe&%igsé&t%w@@v &¥d PSHONydIoREPRStivatRTrallerrEge selected

G2006 and IL-2) in cell culture for 10 days, similarly to what described

|n ERtbratting Bhithe d&Fin %ﬁsﬁﬁqﬁﬁgﬁ{ﬂgﬁ% e%‘(fgwa(q’?a @'?&l -
., 2004: T l. 9 NTIAL

T S S TioAstor T TR a0 Positve
itiv Il d bi | 020

oG RRA L %eistgstﬁﬁeg‘éoéﬁg AL Bl oRie o REbea

PORifive, I9GRas A&M% é%é?ﬁ?r%(eﬁ% f}lgfﬁ%ﬁ%a ERVEAMRM Gays at 37°C

supernatant, was ult 0 days, again in the appropriate

cefl CligRrMdiR AN ILBREY Celliemented SINGCING ARRAIMIE BHMRE a1

of CD22 positive, IgG positive cells were 25normalized for all conditions at

theiniialianaheReswre 10 BEERGIhS drlakasiing if2dftasn ineRnaly $BMC

of cell cultures and supernatants measured at the end of the 10 day
culsRshouetd provide a precise comparison of the three methods. In fact,
both the BASIC and SEQUENTIAL methods provide an increase in the
total cell huthbEIQMBINED meteat)\R 2-i611(ROAY) i thd haptisigheetells have
number, more
been isolated as in the BASIC method and then cultured at the density of 1.5 x 10°
cells/ml with CpG2006 (1 pg/mly and IL-2 (200 U/ml), and EBV supernatant
(prepared as described above) in IMDM medium (Gibco-BRL) supplemented with
L-glutamine, NEAE, and 10 % FCS for 10 days at 37°C in the presence of
irradiated allogeneic PBMC feeder layer.

In the SEQUENTIAL method, the CD22 positive PBMCs were first
prestimulated with a combination of Cp(G2006 (1ug/ml) and IL-2 (200 U/ml}, in
IMDM medium (Gibco-BRL) supplemented with L-glutamine, NEAE, and 10 %
FCS for 4 days at 37°C. The cells were then washed with PBS and IgG positive
cells enriched by magnetic selection as described above. The prestimulated cells (8

x 10° CD22 positive IgG positive PBMCs) were then infected with EBV

supernatant (as in the BASIC method) for 12 hours at 37°C, washed and cultured
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5 significant than that obtained using the COMBINED method resulting in
1.5-fold (150%). More importantly, when the number of viable cells was
determined, the population of cells obtained using the SEQUENTIAL
Whettdlshitved an enhanced number of viable cells compaRsck {BrBe b Iaso
BASIC method and, even more dramatically, the COMBINED method
(Fig. 8B). 10Then, more qualitative anafysis of the populations of cells that
were obtained using the three methods was performed using different
criterias x 10FACS avidlysischowsihatagadiom MEERgpopulEIIaf10
cells that express IgG, their composition is different, as a whole, and in
padtigs ker3iff th énahegpeoeresponciiatedtidogratsie BBMdhtdst3ayrat are
growing and dividing (being 1 5 negative for propidium iodide staining and
witH duigtver forwalr Cedaterni? ared YiEidir9) bThBrppigidatidndfcettsithibiow
is obtained using the SEQUENTIAL method appears significantly more
cohtBtEAtRd in this area when compared to that obtained using the
BASIC method and, even more strikingly, to that obtained using the
COMBINEPritétheemessird Ritrlnighe mevared Py roradpgfeic e rctily - and

0 accumulation of propidium iodide, are dead or dying and both the
oD AR UG e EASIEn Shd R SO ISR reHascral &re

accumulated many moﬁreqbel this kind that will not be available, f rﬁa
further st Tcl:llooﬁli%a g?igﬁr%er%r%g{&%@%r( .8?%,‘?&?‘6%8 fometer s Cefties
po tion of, viabl oblagts present indhe samples was al

25§§§y§gd or ?qéeg%p%gg%o%% Clllﬁ%?f}a gelﬁ%gﬁ%fgglé% n‘ivae;%e%ﬁ%%ei% at room

pr ) i ral - Il A ;
S S b L BRI

19%@'&1'154 H&P Bﬁ%uocg%ﬁgﬁv@%%esﬁuﬁﬂn@g?Xﬂﬁﬁ@ &ﬁ.&r%e defined as

correlatiori between CD23 expiession and IgG secretion has been

defponsirated R panviations Ak mnaralized AN 8 /lsphocytes and

(Wroblewski J et al., 2002). The level of expression of CD23 is shown on

a lpgrstalaLn theshadremal pxis andiheselativerRdaharaf e8lihaving a low
expressing a given amount of CD23 is shown on the vertical axis (Fig. 9,
righirpanedrattds esiceai:thaidoeth BASIEHand SEQUENTIAL methods
induce a high level of CD23 expression in a much larger proportion of
cells:thaiy tdtobse et drsitve ggafiddation of cells 1 0 obtained with the
COMBINED method, where very few cells expressing high levels of CD23
are evideiPand enpmegumuietionofseitd that aneteghtivehoblow: fah@D238re
expression occurs. The qualitative analysis of the population of cells
prodsteaistitn afisg by fkGhrevng diffstidesepibeeratbtiee (RbarpR shfndow
pool of primary B cells, provides important information regarding the
spEEAPHESItNE faatireR gt P Mdithotrndiate (RrsHipP Ik iten. icARLe no.

been confirmed that the separation of EBV immortalization from polyclonal

stirnnafibh 28 RLiFIINE Lells exposed to the two types of agents

gggé}laégggn%%}%ﬁgowde ?gopulatlon of cells with improved viability,

Xpressi ,%‘[“ﬁ(efe dfiteration potential. Moreover, the FACS
analysis ghow

2% 8on of total human 1¢G in culture supernatants was measured using an
ELISA (Immuno-Tek/Zeptometrics, cat. no. ZMC (0801182) according to the
manufacturer’s instructions, Briefly, culture supernatants were collected from the
cultures and stored at 4°C. Samples of supernatant were serially diluted and

compared to a purified human IgG standard curve included with the ELISA kit.
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20 that the methods of the Invention provide a population of cells that, in
some aspects, resembles a population of cells obtained by BASIC
method, but having a higher frequency of viable, blast-like cells (see Fig.
W) 1090 {066788). This aspect seems to have additional infSOrErRO8Eeho 780
surprising effects on a major element for comparing the different methods:
the amount of IgG that the 25populatiéris of cells accumulate in the cell
culture supernatant in a relatively short 74 period of cell culture (8-10
daypg. Heis@vident dfaicanydrapidremen bint He devels:Didg @ sereiotvisr the
the supernatants from these cultures affects positively their screening for
antibagyesiisirgeiiqhay shorten the period of dine for isolating oligoclonal
or monoclonal cell cultures expressing such antibodies. 5The comparison
_of Reevlitital IgG that is accumulated in cell cultures obtained using the
three methods on the same initial population of cells, which has been also
normalizE&ief BStReARen) BEfoolp@IekpBsare wrEmAK firttatadendirandibedy-
advantages of the SEQUENTIAL method, based on the methods of the
InVHGERS IRTERE icels BASTE MRFCHEINED Hethdds provideosesiniathe

concentration of 10 total I9G (80-100 1.1g/m1), the supematant of cells .
reLTRRE G e S GERTIRE mMEHBH Braode iP e URBr Qi RoYaP ine
IgG at a level.well beyond the linear range, of the ELISA kit.(-1501.1ag/m

o M S G T, T AL ol oy KO o o

PopUIatQ nofftﬁeellc:%l%?}e%éé‘%%c??&%%@%&g t%?“glf{t,?ﬁ esct%fdthp%slg%%nst- OR 1B the

made of cells actively proliferating and viable so 15°express levels

Of flAk IDG fhakRte SUBS ANt IQREXTRN rBrQ@@&yo‘Kiffﬁée&ﬁlsE&?f%kl@“&zﬁ}stﬁ@yﬁms

without any possible interference of compounds such as polyclona

stipulaiing-RIGY S JIPAllY RECRICIAIRIANS 1RreCees e AeleiMinigg B8 yd and

presence of cells expressing IgG antibodies of interest. Example 3:

Selggetigm, stinrghations trunorakzation panshsciearingrotimNadkBresd@n was
cells expressing 12G antibodies binding or neutralizing therapeutic targets
Maisyinisl§ oretbesds-Gengratton b HiumaedtimeraizeddBoeatsions for cell

expressing IgG Antibodies
stimulation and purification described above,

At this scope, the kinetics of proliferation of B cell populations selected on
the basis of different cell markers (CD22 positive only, CD22 positive and CD27
positive, CD22 and IgG positive, CD22 positive and IgM negative) following a 4
day stimulation with IL-2 (1000 U/ml) and CpG2006 (1 ug/ml), and measuring the
proportion of CD21 positive cells at different time points. In all the experiments,
CD21 was expressed in >90% of the viable and proliferating cells, confirming also
the possibility of using a double-selection approach in the context of the methods of
the Invention.

Therefore, after demonstrating the strong positive effect on cell proliferation
activity exerted by selected means and conditions for cell stimulation and

purification, it was tested how this approach may provide as well an improvement

in how B cells respond to an immortalizing agent. In fact, it is well known that,
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The overview of the procedure is provided in figure 11. The conditions and
the means were those defined in Examples 1 and 2 25CMV
Microneutralisation Assay 75  Human embryo lung fibroblasts (HELF)

wareopiatets®.0-2.5x104/well) onto flat-bottom wells of a 96-\R€lF {BiBReté 169786

100 pi of Eagle's minimal essential medium (MEM) supplemented with
10% fetal bovine serum (FCS), 1 mM &&dium pymvate (NaP), 2 mM
glutamine, 100 U/m1 penicillin and 100 pg/m1 streptomycin (GPS) 5and

cujbneshfiorBd hguksiat 7L cellshftEPY of supatnataitdson eachcB-addl stop
culture/clone are incubated with the laboratory strain CMV (AD169; 500

pfuiombReparal MEMidith th&ef € Sictttalfvalitnme, dbthevaaiXiyrgesrdOfnpijdn of
round-bottom wells of a 96-well plate for 1 hour at 37C. The medium from
HEptPicuitive dartbedist srdetatdi rep ledbd JaittesHe v BEID (hixB3r8. Thes, it
plates are then centrifuged at 2000g for 30 minutes and incubated for 90
minatéd de37C greOmmEmediantisithsmmdistatieddeamisl plogeowan of
medium are added and the cultures are maintained in the incubator for
furtPRiP Py imuiate epdrede e B anesuB ikt antsosly cmbarirasiinglized
activity is measured by staining human CMV Intermediate Early Antigen
(TEAY BPindhdctiin il uRGieoRiaHab et hify SAfE I etlie Hhe wgome the

monolayers.are. fixed wit %,acetone and 50% methanol (stored at
SRR T HA e B CATEHER e (RT) then washed wit

PBS. The;cells agesrmeapiize f QI0T1tan XCH0011PBS WIS

H202, 5 minutés on'ice'then washed wi ndogenous

PeEXITRREASRIR KRNI fnB P WAV MSIDRNOKAN Q520 A0 MRS ne,

at RT In the dark then washed with PBS. Fifty p.1 of Protein Blocking

Ag@ﬁkthgd!tﬁﬂd-r?e%'aéd REmARE0Q FRplam QQ@V@MM)%M%&%I& layer of
Detection System; PN 1M2391) was added for 10 minutes at RT, then

washemdwithi BRSO PiRatconcensalions.afl arimasy-amifadyneasured during

(anti-human CMV [EA: Argene WO 2007/068758PCTIEP2006/069780
the following days. In this way, it can be demonstrated that pretreatment of B cells
with CpG2006 and IL-2 results in an ephancement in the speed and extent of
resumed proliferation of B cells following EBV immortalization. This is most
clearly demonstrated at day 7 following exposure to EBV supernatants, where
almost 50% more cells are present in pre-stimulated cultures when compared to
cells that were not pre-stimulated (Fig. 6A). This observation was confirmed also
when pre-stimulated CD22 positive B cells were not additionally depleted of 1gM
positive cells.

Previous methods described the benefits of the use of polyclonal B cell
activators during {(and not only before) their immortalization using EBV
supernatants, without a step for eliminating the activators from the cell culture (WO
91/09115; Hur D et al., 2005; Traggiai E et al., 2004; Tsuchiyama L et al., 1997,

WO 04/076677). Thus, the number of cells in cultures of CD22 positive, 1gM

negative B cells that were exposed for 7 days to EBV supernatants in the presence



10

13

20

25

76 Biosoft; Ref No. 11-003) are added to wells for 60 minutes at RT. The
wells are washed, then 50 1.11 of Biotinylated Secondary Antibody (Ultra
Tech FIRP 500-600 Test; Streptavidin-Biotin Universal Detection System;

WRefiaYocsP3 11M2391) are added to wells for 10 minutes at FCT/HH3600@#580

are then extensively washed with 5 PBS and DAB substrate (MERCK;
ref. no. 1.02924.0001) in 0.1% H202 &dded for 30-45 minutes at RT in the
dark. The reaction is stopped by dilution with PBS and TEA positive nuclei

argcauntedimigkeseprisanos (1The/Bicehsupernatamsyyenewstastiarkd,
using human umbilical vein endothelial cells (HUVEC) and the clinical

CiiMvatrain iRd8dhed OAGEIIB08NVE TOMIQlB.CER SUpSHAatAR8Ion resulted
containing Melevant IgG antibodies were used. As positive control, a

colmmetesbprepasatiost eidmmTardyG antinosias;dirive hironuthiegsareinelis
of patients and specific for CMV (Cytotect; B otest) was used (using
progressivediliytiong, Skartifig atci26tRy/m dlekdy SknBasedvhssaysifored to
Detecting CMV Binding Proteins 1 5A first assay was performed using a
cofnlisertiabefsnitBNvenperagaeisiaload. iinline ofenpsssay (RIS fo the
the detection of specific IgG antibodies binding to a CMV protein extract in
huatrPBedned wﬁtgﬁ@rﬁ%ﬁaﬁﬁ% RESTPHBISIAPERDSK Wit (B@iﬂ%r@MFfigg@M-
Quant Kit; Bouty) has been used according to manufacturer's instructions
and valid e\ 2 BT AR AHikie BrgtetianiBirife s pohictdfures of
20CMV (Cytatect; Biotest) used at 50 LI/inl. Briefly, breakable strips .
colBTEE WitFF hh AfaiS e EMU B SILTS ﬁﬂ%?é“(s&gr%%%m%w}r%mtbl ation,

laboratory. st ADAGD) are placed o micigalates and incubated witg 8,

cel supern% ants diluted 181 ﬁ inor superr%%an%s added to%?ﬁfsf.f%‘ of

sample;diugits;of hﬁa%zEz!é‘ogyﬁgﬁnm)’E%\g. the0laleingunated aLIORM furiher

25temperature for 0 minutes. Aftet a washing %c?e, pre-dilute

mq&%&:&gg@l @{Qtiﬁsing additional specific combinations of stimulators (reduced
concentrations pf CpG2006 and/or 11-2, for instance) and/or by limiting the
stimulation phase to a period of time {for example, between 2 and 4 days) in which
the B cells show optimal proliferation activity and expression of relevant markers
{such as CD21). The removal of the stimulating agents before the immortalization
phase is instrumental for obtaining the best results from this .method, being growth
and viability of CD22 positive B cells negatively affected by the continuous and
extensive presence of the stimulator agents combined with EBV supernatants,

The data presented above allows demonstrating not only the possibility to
apply the method to a specific subset of human B cells determined on the basis of
the expression of cell surface markers (CD21, CD23, CD24, CD27, and/or CD22,
for instance), but also the feasibility to apply further selection criteria related to the
antibody secreted by the B cells, In the present case, the use of technologies for
eliminating cells expressing antibodies of a specific isotype (IgM) before

proceeding to the immortalization.
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77 human IgG antibody conjugated with horseradish peroxidase (100 ill) is
added and plate is incubated at room temperature for a further 30
minutes. After a second washing cycle, pre-diluted substrate-TMB solution
WERCOHHRY Hdded and the plate is incubated at room temperdUieERR006/069780
additional 15 minutes. The reaction is stopped 5using the Stop Solution
(100 dl/well) and the optical density is feasured in bi- chromatis at
450/620 nanometers.  Additional assays were performed using ELISA
establishiedfsattherlaDfradery amingi spécifie peptides, dipeaiabinantiGited,
proteins immobilized on solid surfaces. 1 ORecombinant CMV Antigen gB
irrdgMindzioridainB e giononalszpidod weBd thstavegmmibimadtfutiom preféin EBV
together with Glutathione-S-Transferase (GST) and purified by affinity
(GBleuitimzynpurifidaiten:] Biest digatibity et thq olebleadin Y lediersedl puptideher
Recombinant CMV Antigen gH immunodominant region (VR1814 strain)
wdsragifeirpist ik dian o cahard LNt i featBustdfdredR ) sagpative

on 15 the basis of GST affinity. These ELISA were performed by applying
a dBBI ELISRRBEL CoPHTSOBETEA 1O RIE WRH AP hiRIREA S FaTDody

Briefly, the antigep is djluted in PBS at 214/m1 in PBS and 50 R1 of this

o SRR AR RS 8 RSP BT oty
plate él}lung, CE-H. M9.46994%) by an (%vgrnight in u.baH'on.at 4hC. Tt}g ds of th
proteim Soltition is efiminate RCPARTAS famiped 1tk i molfods of he

LR IgEATSD Bl B sse S e 0 AT

for as performe spensing 100 p.1

of RBS contaiiimgrdsta Ltk in eachwellandiocubaing the Riate i fusion

hour at 37 C. After performing four washing cycles with 150 pi of Wash

BuffesnaaGlel & 2liayss, bealheubuipsuparpatant {re fé&é&%ﬂiﬁ'ﬂ?ﬂ%@%\é@&in g
dispensed in each 78 well, using as negative control 50 pl/well of the cell

culigtie migdiBm. After an incubation of 2 hours at 37 C, the plate was
washed four times with 150 R1 of Wash Buffer before dispensing 50 RI of

a horserattishupexpxitaspekitied effantifwoagnilg@andibgdyi(fecsspedifion and

goat anti-human IgG antibody; Sigma, cat. No. 5A0170) that has been

diliregrE:306800 I Wishdbwtien irbe@eh i@l Aftemaralization, can be further
improved by including other means of B cell selection.

The efficiency of this approach can be measured on the basis of the cloning
efficiency of CD22 positive, CpG2006/IL-2-stimulated, IgM negative B cells, The
obtained cells are expanded in vitro in the presence of CpG2006 and I1.-2 for 2-4
days, then enriched for the IgG positive subpopulation by positive or by IgM-based
negative selection. The CD22 positive, IgM negative B cells are infected with EBV
and cloned by limiting ditution in 96-well plates 1-4 weeks after infection. The
cloning efficiency from the bulk culture can be evaluated by scoring the number of
wells containing growing cells at each tested dilution of the bulk culture (e.g. 1.5,
1:10, 1:25, 1:50, 1:100, 1:200), or at each concentration of cells per well (e.g. 1, 5,

10, 20, 25, 50, 100, 200, or more cells per well).

One of the most important considerations when performing EBV
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incubation of 1 hour at room temperature, the plate was washed four es
with 150 p.1 of Wash Buffer before dispensing 50 Ml/well of
substrate-TMB solution (3,3',5,5' Tetramethylbenzidine; Sigma, cat no.
WDOHMDPsEIR®r an incubation of 30 minutes at room temperatFfeT FRe006/065780
chromogenic reaction was stopped with 100 10 RI/well of Stop Solution
(1N Sulphuric acid) and the optical derisity was measured at 450 nm.
ELISA-based, HSP60 Binding Assay  The ELISA for detecting
anthadiesibincing HSRabfavashestablished dsing Il AdRAusel | fotripdibatent
are coated with 50 ml of recombinant human HSP60 15 protein
(Stiesseriidilitpdrin NatiGR3:&:d Mokl @@ atih Rg/iéptifidakepen-specific B
overnight at room temperature. Strips are washed 3 times with PBS with
0.08U5 tMaery20 plasTug dnd Horepdefiechmioing SWed aréhsiperelrwlthlood.
PBS with 1% BSA and 5% sucrose for 30 minutes at room temperature.
AftersarhsHablisirdaidiB Ynisbaebtreieb Theehs airdung 1k Jedpesure of
with a panel of primary antibodies: an anti-human 20 HSP60 (diluted.in
P YGRS Braagnginh posehtd el S BiBIByiRaIS) W iioysEge M
iso?tglge %%g tive control (5 g/m1 in PBS with 1% BSA), an unrelated
hu ]n hbinant IgG antibody (Herceptin, 5 Rg/m1), cell culture
medium only, and supernatants.from EBV.-immortalized hum G :
secreting B USRS e ST TR LR B oo

Peroxidase-copiygated antkmeusa, 79.16G. Qr.antnHpan /a8 {Rake on te

diluted In PBS with 1% BSA for 1 hour at room temperature. After 4

waghes «Siislr G IMB S AEENS addad o, thRitipsand alewafidRar cells

develop a color reaction at room temperature. Plate is read at 450 nm.

Resyia S metheds abthal nyesntionhaye)been tested on human B
cells obtained from donors whose blood has proved to be containing

antibodies hirdmgTOdfQHREL tEaNZ IOt BpAFEES witls RREIC U awhidma 22
cytomegalovirus (CMV), a betaherpesvirus causing birth defects and

hightly thathiege pisdovd msiisinace rmgrosmised pati @RS (Eandolfg Suptabtant for
2003). 10CMV is a good example of a viral target of clinical interest that
cahZoeonsutralizetiapy artibedigs hawredinskerapbptumanuBueelisedia and
selected, stimulated, and immortalized according to the methods of the
Invienfrsdeaes Brielly barkMANEER miethed. hrotddApositthdsatipasitive cells
different therapeutic strategies for CMV, the administration of intravenous
CMNFIHOREGBUIN @oItferdhlized udder the polyclonal activating agents

(CpG2006 and IL-2} in cell culture for 10 days, similarly to what described in the
literature on the use of such compounds simultaneously (Traggiai E et al., 2004,
Tsuchiyama L et al., 1997). For the SEQUENTIAL method, that is a possible way
to apply the methods of the Invention, CD22 positive cells were first exposed to the
combination of CpG2006 and IL-2 and washed. Then the IgG positive cells were
purified and the CD22 positive, IgG positive cells exposed for 12 hours to EBV-
containing supernatant, washed and cultured for 10 days, again in the appropriate
cell culture media and on feeder cells,

Since the absolute number of CD22 positive, IgG positive cells were

normalized for all conditions at the imitiation of exposure to EBV, the data resulting
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15 name of Cytotect or CytoGam) represents a solution only partially
satisfactory for blocking CMV infection, in particular in
immunocompromised patients where potent an ivirals are often

wibaehnéaistered (Bonaros NE et al., 2004; Kocher AA et al., FZUDBEHe6/Ger780

RM et al., 2003). These preparations are characterized for clinical uses

but are simply derived from human poofed plasma with high titers of anti-

2 0 CMV antibodies. The treatment of CMV infections would benefit from
haging e petantprepaations camppisingpwifiedshwnan moaaciongk 10
antibodies obtained by the expression in mammalian cells approved for
regduatonyeutpese providHapraisB celipaexpressing b inauidaliningct, both
antibodies can be obtained from donors selected on the basis of one or
make BrkSlicledicHEQEERNAINY. assalysd2 Sfserod castimnurioblat, Bl SAabreell
ELISPOT) or on antigen microan-ays, that are 80 available from
copmbetialesoitiie s S Bidnwedicdl(faly oBigM etiating Fealhcaymber, more
Human B cells were isolated from the clinical samples of selected donors
pré\aifernighet thersbriast-eny BetbSHIEI R Behas eddieds by -fold
ELISA, ELISPOT or neutralization assay. The cells were then subjected tq

thé fstHoddarsMARRsHRIGh FEIGY 189 PPRGTRShmRG phliatioh Sitimpsd. the
itive, IgM tive, EBVi tal B cell d

TR HPSEA) S A PETS 0 Eu EA O b o S0 40 By enced
bcloning the origi lation f fing.t ini

suclaniog e giolg) papulaion (o dSieNReRe CORNG: oo core

nu . 3
CMV-neutralizing an gGan ies. The original B cells

pr gt §ﬁeaé6m%&&g1&qgi§%@ed in subsequent 1 0

subcloning steps, at the scope of cloning and sequencing the DNA

encodingﬁ%ﬁhﬁﬁﬁea%@ﬁ&i@% anafy HESHLEY G Of HNMBRASHECRINT ASSAYere
was applied on over 400 subcultures in 96-well plates, each well

COBLAUMED ARTY G mhadenaniimdred B eafe.dhgsupgenaiaiiefipm these
wells were screened in a CMV microneutralisation assay 1 5 for the ability

to block thedsfectioriofdhumameeligpuvithiradabioratary stiaim (AR160)alsathat
clinical strain (VR1814) of human CMV. Four out of 453 B cell cultures
scrapnas libwed significanimautiélizing aciivityln, repeated- @xpieriméntsrea
using a laboratory CMV isolate and one in particular showed neutralization
of ecctinialddiy \risblata dhleehysathabbays g at2 40204 sedohididipe GRing
primary screening assay was applied on a population of B
negative for propidium iodide staining and with higher forward scatter; R2 area in
Fig. 9). The population of cells that is obtained uvsing the SEQUENTIAL method
appears significantly more concentrated in this area when compared to that
obtained using the BASIC method and, even more strikingly, to that obtained using
the COMBINED method. Cells with higher levels of fluorescence due to the
accumulation of propidium iodide, are dead or dying and both the populations
obtained using the BASIC and the COMBINED methods have accumulated many
more cells of this kind that will not be available for any further subcloning or
screening assay (Fig. 9, left panel).

The population of viable lymhoblasts present in the samples was also

analyzed for the expression of CD23, a cell surface marker that is present at a low
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cells obtained from a different CMV-seropositive donor and again
subjected to the methods of the Invention. In this case, the CMV-specific
reactivity was detected using a commercially available ELISA that is more

WEEMSItINSTBMV positive subcultures, such as those charactdf BP9 780

can be used to start the subcloning 25process at the scope of identifying
the cell cultures and sequences corresgonding to 81 the antibodies
responsible of the CMV-neutralizing or binding activities detected using
theprimaScreeningassaysh celkitesevantiibadiessiaa pudiesionly enhanced
preparations from human B cell supernatants or expressed as
retpradzinamsrplateinsy caud Keafuftine Dyal e dusing mngan-topeelin Svidence
based in vitro assays known in the literature (Reinhardt B et al., 2003;
FortbialiBikketinde 200EcCoogteterEetesh, CDO2)eMuremveindelglasscretion
pre-clinical tests can be made in CMV-infected animals, in particular in

mééie|bswheferpeisistiadodt ceiRuEsTHe tlakdplaritempiiyized human B cells

inununocompromised rodents (Gosselin J et al., 2005; Thomsen M et al.,
2@%59@1%%@!\&?'3%@%99%ﬁf&@%c%%?éﬁﬁ?ﬁﬁ%s@%zé Sntoste carPe

be identified by djfferent in vitro assays based, for example, on ELISA or,
WERErATBIBE PTG BRSO P DIBIRTh L bFEYhielie BBt aL e
or on co ition.with other CMV-specific antibadies who .

oA BRI o 4 KRR (e Bh Ao AT To50: SHRBrPATR ol 4 Y b

fe'h'@)%“ﬁgg%’a%g@@is‘ﬁ%eﬁ %%Eﬁ?&‘é%%%%@ ﬁi%‘ﬁ‘e@% Begpsn egxéjx%i&%n

culture supernata e neutralization or the binding o

huﬁ{‘%ﬂxﬁ}’éﬁfﬂ?&@'i%}/ﬁ%?tiﬂﬁ factoihepyailalilly of B4ar8d SRS s cells

IgG-secreting Cells allows the identification of a number of human IgG

hayipgRipding SRecioNrE oS tRGhEM VG RRit qERNIgRNSBLM@Yhigh

be associated to CMV infection. For example it is known that the 20 blood

of ptherescerosisdatients sRNManshighlesels ebianthogiesseengniziag dor
fragment of the human heat-shock protein 60 (HSP60) that is similar to

CNY I3 etgiressibh patigelar, one of these proteins called US28 is

expressed on surface of endothelial cells and antibodies binding this

protein cahdngiaie@rdothiglaldelapapiosis; siiggespng it idearthag to the
CMV infection may trigger an autoimmune 25response implicated in
atheressuletiosls pethidyshelzis Biesonhe sitreg. pRODSY. primary B cells, provides

important information regarding the specific positive features of the methods of the
Invention. In fact, it has been confirmed that the separation of EBV immortalization
from polycional stimulation, instead of having the cells exposed to the two types of
agents simultaneously, provides a population of cells with improved viability,
CD23 expression, and proliferation potential. Moreover, the FACS analysis shows
that the methods of the Invention provide a population of cells that, in some
aspects, resembles a population of cells obtained by BASIC method, but having a
higher frequency of viable, blast-like cells (see Fig. 9, left panel).

This aspect seems to have. additional important and surprising effects on a
major element for comparing the different methods: the amount of 1gG that the

populations of cells accumulate in the cell culture superpatant in a relatively short
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82  Therefore, 65 pools of cell culture supernatants (each containing
supernatant from 5 wells of the EBV-immortalized cells produced starting
from primary B cells obtained from a CMV-seropositive individual) were
WeEpoeETEd 8 HSP60 immunoreactivity using an ELISA makiRgiige2efe/169780
recombinant human HSP60. Six 5 pools showed a statistically significant
reactivity 3 times above background offthe ELISA in repeated
experiments (Fig. 12B). These cultures of immortalized antibody-secreting
cefsrcanbe:guhtioned-in gopls bficellsdeprating thesceaingandlevels of
subcloning process until cell cultures secreting human monoclonal 1I9G
antgibdissdhadt bindhizumand8RE0fare isblatedulndé seband typdietly their
primary screening assay was applied on a population of B cells obtained
fronrezmpecific @Miedetopasitivie tdenostandadainmsulsjectbditectiier isolating
methods of the Invention. In this case, the CMV-specific reactivity was
detbienstPiiparairsiogking schantir st EHERSANR St lattHeodisspe of
selecting, from a single population of primary B cells, oligoclonal or _
monoc|oH“BFﬁaﬁm%maso&fﬁqtst%ﬁmﬁzéa%@%%l%fﬁ%%mﬁs obtained
antibodies against distinct CMV-specific epitopes, and thus Fdrovidin an

OVRHANR FBR LSO S PR MG R PALRIBHAGE DR SHRe BT g Pocn alse

individu IéFig. 13). . Th lyclonal po ulz_aLtionrll?I1 V:immortalized
ceﬂgnvl\}zé?éz fiviﬁg%‘llzﬁt%}ﬁbg x.%%%o %Sogg?ors BStallis El’ﬁg cfé’l’itc?ﬁtlj:roenszf,{3 B

contaInng.Stal %icﬁﬁgpgc%)ﬁ%&%"% i@lc?iﬁ'%‘{l‘égd%%t‘?%e ‘ﬁé@%%e{% c(a?rgt\%g Wellotion.

contain ah O|IgOC on tion of cells. However, given t

freﬂ”ﬁ@&XﬂﬂQ%ﬁﬁ@QH&@@%@iﬁ%%&ﬂ@&é@&(a@ defingg QBH&ﬁwaaﬂBX of

of these cell cultures for which a CMV-specific IgG is detected in the

SUpRRIAANkIS iUﬂ?LYg?ﬁlﬁgﬂ?e mRRoRRLEEN CUEUR SXRGRINGBOUERMAL

monoclonal antibody. 2 5The initial tests evaluated the CMV binding

Propertiesafthe aatadiss §3.Araduers . the gligosianalimanogiraatange

cell culture that are specific for either a mixture of CMV proteins or specific

anfgrRsKIONR;Q he decoanizstRuEMh et Alizngsantibodies. Then,

those being positive to at least one of these assays, were further
evaluatedi@ fVVaMIGransuiRliz R ARSR Y TEWMO SRAGHIC £LMMing to the

antigens were chosen for the initial screening of the
methods of the Invention is made of cells actively proliferating and viable, but also
express levels of total IgG that are sufficient to perform many different screening
assays, without any possible interference of compounds such as polyclonal
stimulating agents, finally accelerating the process for determining the presence of
cells expressing IgG antibodies of interest.
Example 3; Selection, stimulation, immortalization, and screening of human B

cells expressing IeG antibodies binding or neutralizing therapeutic targets

Materials & methods

Generation of Human limmortalized B cells expressing IgG Antibodies
The overview of the procedure is provided in figure 11. The conditions and
the means were those defined in Examples 1 and 2

CMYV Microneutralisation Assay
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oligoclonal/monoclonal populations of cells: the envelope glycoproteins gB
and gH. These proteins, which play crucial roles in both viral attachment
and fusion, are the targets for human CMV-neutralizing antibodies for
woHelvAnsrésdetailed information are available. Sera from seR§PJGERME6/469780
individuals as well as monoclonal 10 antibodies directed against these
glycoproteins inhibit HCMV infection of ell cultures in vitro. The effective
role of antibodies directed against gB and gH in contributing to the
virus-neutralizing-eapadiiyofibumansaiEbas heemalearly showmo bydieonto
correlation between anti-gB and anti-gH titers and overall neutralizing
activity efeprailescarichueanseia, 189 welfasaple thensignifieashed pntSium
of the sera neutralizing capacity after adsorption of gB- and gH-specific
antiiioe sufieviewed kiByIovhégal bvvirses:rivol @6t BiolMgyding pyruvate
Immunology. Reddehase, M. (ed.) Norfolk: Caister Academi.c Press
(2086p,) abdrik pattianias, BOO Hide Kpanidi Tompto 0T pgidllst8foMadh KGPS)
pp.265-283). As summarized in Fig. 13, using the oligoclonal cell cultures
in whiichloels 20 2weremetivaly proliferating (approximately 35% of the
total wells in which cells were seeded), it was possible to identify wells
that contéirfigdg® sesctinennithnCdAvh B et atties(store one iof dsse svith the
specific for defined CMV proteins (gB- or gH-EL1SA) or for a total CMV
praibinaextyact:(B ETAME NWVCE IS AROl pfpanticiilap) sonéEveRsithontaii€d; total
human IgG that neutralize CMV infection in vitro. 25Amongst the eight
oligonieralfobl alikiure $sthad wigie positieitdheBEFRe S G YIEE SAL hour
only, the well named 908 contained a human IgG that was highly positive
foraCMNCreBetiniggdi(rgrd) HAI A nytercontadisng ded tho vgdnck ¢ etishftberviral
well 9G8 was used to generate cDNA and sequences for variable regions
of eatwycaitidiglateshraingof ¢rmnidvergGigid g fec it allyen phficddwpated for
PCR. The products of 5 the amplification reactions were cloned and
seflentedeard 831 ffirmed@hallBogrisdarmon obional walideditdf® selcrdtigyeith
novel human IgG binding to CMV having specific variable regions (Fig.
15merhenDNA asided dirty ther erEvetrias] arragfionedf ithidia Hbbalpmien vehsr 72
used to determine the specific CDR sequences that, alone or in the
coffBiftation provided by 908, can be used to generate antibodies binding
to 10CMV. Thus, a process comprising the methods of the |nvention

for immort&fAfgaRtiBoth! SHEFEMHEIERNE EANANERFiRe REETHRCBRASTed BY
novel VH and VL se ces from oligoclgnal cel| cultures directly . .
gen&tary fr}&’fﬁl?ﬁe gg}% lo Bfeﬁglﬁgﬁ%on%ﬁgells Rt Ras (t%[eg% by indirect
immortalized. Antibodies su G8,, or.any protein containin 15‘; one
: Stait $ t
or T S oy T LD SRR SRS i son
H_Calgg rieL Ré@é’éqg%’ngpq‘skoqgl:\ﬁ) 9%1’@? 'sla%%grlnfgjvllv'ﬁ‘ﬁﬁtﬁdai room
clinical and experimental applications, in particular for CMV detection in
biojggical SRNBIES- then washed with PBS. The cells are permeabilized in 0.1%
Triton X-100 in PBS with 1% H:0O., 5 minutes on ice then washed with PBS.
Endogenous peroxidase is blocked with PBS with 50% methanol and 0.6% H20s,
30 minutes at RT in the dark then washed with PBS. Fifty |l of Protein Blocking
Agent (Ultra Tech HRP 500-600 Test; Streptavidin-Biotin Universal Detection

Systemn; PN IM2391) was added for 10 minutes at RT, then washed with PBS.

Optimal concentrations of primary antibody (anti-human CMV IEA; Argene
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The methods of the Invention were also used to immortalize primary B
cells obtained from HIV-1, HSV-1 and/or HSV-2 seropositive individuals.
20For example, six HSV-1/HIV-1 seropositive individuals was selected
WeeuhieesTheir plasma showed high titers of IgG antibodies HiRdiEg2LI8H6aA786
proteins using a commercial ELISA kit (Bouty BEIA HSV-1; cat no.
20921). PBMCs from these individualg %vere pooled and immortalized
using the same method described above for the PBMCs obtained from the
doRik&YINE. REThel0Rtjalrd Qdddian REM Gs I6dddowecpep®atiofbefweDs are
million CD22 WO 2007/068758PCT/EP2006/069780 85 positive, IgM
negative ablis shatisiiiFedrsiacdisamalant ¢frit B\ (Speeifiedg8RP 500-600
antibodies sufficient to be detected in the supernatant of the cell culture
notemnlyStusingy thie-BidSA Kitibersaldocusitnonabyirovitr R e Say . fENdBYEE Hg are
antibodies neutralizing HSV-1 infection that is based on null mutant virus
in widishtthedlc BeddiminsguenBd wh replliced Biethexiergvgbneashed with
(Laquerre S et al., 1998).  This polyclonal population of cells was, in
pafBtised Prderebrimis AATESS Yorriennfying CegMd e rahd tn-ahsidarkor
having the HSV-1 neutralizing activity, by seeding hundreds of oliqoclonal
ceﬁ%gﬁmt%%%a“owt&miﬁg ot EAR b1 SORRA DindihEtnR R dfter and
the preparation of the cell culéure. In addition, aliquots of 10 cell culture
ob%%é’&%ﬁf’ér"t?@%ﬁ?ﬁ(iﬂ‘&?fi %ﬁ%?@ﬁéi%n in vials, as commonly done
with estab)ished rgfammaliatn ctell lines. Some t%thu%%a vjnaulrsJrl gveruemt&%\év?dvem
after some'fon ,tﬁg%rgﬁsai\}vser‘éf%ﬁltﬁrsé)d ttﬁogr a few &ays Asthe nimal

polyclonal cell cu t s r i ds of

o e R S AR S RAERE Y o

HSV-1 ”?&”@'i%@Q&%@%QMHﬂ%@E@I”&SS&EQ%& tyResAfeligesenalcelc
cultures (i.e. obtained by immediately seeding 50-100 cell per well or
obtaineshiy segding5 cefrarwelafiar thawing valprpAIaINAG BHEUMAIS .G

of the original polyclonal population of cells) and both processes lead to
the.igeptificationef gligactapakeah altpsesnexprassipgiumarclg® (Cytotect;

antibodies that neutralize in vitro

Biotest) was used (using progressive dilutions, starting at 125 pg/ml).
ELISA-Based Assays for Detecting CMV Binding FProteins

A first assay was performed using a commercial quantitative enzyme-linked
immunosorbent assay (ELISA) for the detection of specific 1gG antibodies binding
to a CMV protein extract in human serum or plasma. The commercial ELISA kit
(BEIA CMV IgG Quant Kit; Bouty) has been used according to manufacturer’s
instructions and validated with a commercial mixture of 1gG antibodies specific for
CMV (Cytotect; Biotest) used at 50 U/mL

Briefly, breakable strips covered with an inactivated CMV protein mixture
(derived from the laboratory strain AD169} are placed into microplates and
incubated with B cell supernatants diluted 1:81 (10 pl 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-



10

29

20HSV-1. In particular,cells that secrete HSV- | neutralizing antibodies
obtained from the latter process were identified in more than 20 of such
oligoclonal cell cultures. Even though the antibodies may prove to be

woentitedstsseveral of these cell cultures, the large number GHIGERIB6/069780

wells and the possibility to directly identify 25the sequences of such
antibodies by RT-PCR technology pro¥ide means to test WO
2007/068758PCT/EP2006/069780 86 many alternative oligoclonal cell
Cuifuins (Rosaibbogyawingeat-difanenbaperts) ferdateisseirution. ilalmel and
not only the sequence of the antibodies can be identified and
charactprizeahded thersoanesignadantibadiesohinteresiiaarderdicectlyecond
purified for testing the activity without the need to clone and express them
asvwegambhinas! prepitieiassudcaelerpting dhteddantifioatipns alddednan the plate
monoclonal antibodies of most interest. Conclusions The results
presentiediid thedoxamplesshewdheal tidiplel adviantagahotiheimethadsped
of the Invention and significant improvements over the prior art. 1 0 The
appsopriateSep hat-of GeleqtionStimdlatioopded itemaytalzationsteps bi-
provides particularly useful polyclonal populations of cells that, being
isciatexdonthe HEBEEOMthedsatype but independently from the specific
antigen-binding properties of the antibodies secreted by them, can be

used for deteuting axtibpdieschavinydiffedentsprop &fltiss\fronteiisledlsin  the
obtained from a single donor, or pools of 15donors. In fact, the
mdthetsonf tHnmyRifion provilie pokssiRBIBgEMOharSeifolb@drired on
populations of cells that can be screened and selected using different
crifeHd tHatAPe applied in parallel or serially. As shown in Example 2, the

diversity of the antibodkldrepertoire in a subject is captured by the methods
of the InvesTegPipant CMV Antigen gB immunodominant region was produced as a

recombinant fusion protein, together with Glutathione-S-Transferase (GST) and
purified by affinity (GST-affinity purification; Biodesign Int, cat. No. R18102), or
as a peptide. Recombinant CMV Antigen gH immunodominant region (VR1814
strain} was as well produced in E. coli and purified from the bacterial cell lysate on
the basis of GST affinity. These ELISA were performed by applying a common
ELISA protocol in a 96-well format with minor modifications. Briefly, the antigen
is diluted in PBS at 2ug/ml in PBS and 50 ul of this protein solution is used for -
coating each the well of an EIA polystyrene plate (Nunc, cat. No.469%949) by an
overnight incubation at 4°C. The protein solution is eliminated and the wells are
washed four times with 100 pi of Wash Buffer (PBS containing 0.05% of Tween
20). A treatment for blocking unspecific binding was performed by then dispensing
100 ul of PBS containing 1% of milk in each well and incubating the plate for 1

hour at 37 °C. After performing four washing cycles with 150 ul of Wash Buffer, a

350 ul aliquot of cell culture supernatant from cell cultures was dispensed in each
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20 a manner that a large number of viable and proliferating cells that
secrete antibodies at high levels, suitable for extensive screening
analysis, is provided. Moreover, the more uniform composition of the
wesMitingg f8pulation of cells allows access, without the need?fot/ BERIfGI$ATS0
selection or sorting of the cells, to an extremely wide (if not complete)
panel of antibody diversity that is provifled by a donor in an 25unbiased
manner. As shown in the consecutive screening for anti-CMV and anti-
WEL2004406 8y D8RG T/ERIGO0ABQATERIB HHEP @lllik-alspeificiassanier an
performed on serum to make the choice of the donor for the cells to be
immedaiizeds thawsesuliingrpapuiaiipnef wellsieancberdaraimsed for 150 ul of
dissecting the immune response in search for antibodies having a large
SPREUMB OfRropRrticsspMaroveryit i RossibietosHineety: gaparatdlandnti-
make use of cell cultures seeded at very low cell density for the
idgptification fmerodienakanibesiesnfhedesu iy celb el Rsnaanaalsto.
be maintained and screened in parallel either for applying different cell
culturemongditions tecy. rdey celE0maditvashrdwtfefactarshonfdl. tégtmgan
a panel of antigens and biological activities (as shown for the cells 1
Odbtained:freii bomnort GiiviSerpetaina yisegibatingafrorskedifigietpopulagohh O
of cells. Finally, this approach is suitable for generating polyclonal
papuletiohssbf Buffiortatifed ahsirodinsctietitiycBllsihatbennibhd Mbeddbition
both performing a selection amongst hundreds or thousands of oligoclonal
celBAilfufed itranceytharatidihendigrar, et forl§dilratiigraasenedeianas 30
to be frozen, each containing 15an aliquot of the population of cells
obIEIrEES [y tRe T SeRRESaGTEh e A VEREBI 2enic| Hogareau RS tHaBReEedRal{0
be considered as a library of antibody-secreting cells that can be thawed
anlteetieef é@ﬁe@#@ﬁ?l&éﬁ%ﬁhﬁf{%é@@%ﬁél@ﬁ%ﬁ@ dewsiss apfgneasured
obtained from an HSV-1 seropositive donor, at the scope of analyzing
méte¢Btehsively, or re-analyzing, the population of immortalized cells for

the desired 20 an,tibo((}% S _ecificity‘. Thus the identification and the
préddetdit BEntbHRISHEF K Shtes having the desired properties can be

e e e SO OOt L KR sing

when do € populatiorts of cells were
Img}%&'ﬁe\g&ngtrsli[)%r%ga{naggo%ga e%“gvliﬁtsjo ml of recombinant human HSP60

protein (Stressgen) diluted in NaHCO3 0.1M pH 9.6 at 1 pig/ml, and kept overnight
at room temperature. Strips are washed 3 times with PBS with 0.05% Tween-20 pH
7.4 and non specific binding sites are blocked with PBS with 1% BSA and 5%
sucrose for 30 minutes at room temperature. After 4 washes, strips were incubated
for 3 hours at room temperature with a panel of primary antibodies: an anti-human
HSP6G (diluted in PBS with 1% BSA at 5 or 10 = g/ml; Santa Cruz Biologicals), a
mouse IgG isotype negative control (5 < g/ml in PBS with 1% BSA), an unrelated
human recombinant IgG antibody (Herceptin, 5 pg/ml), cell culture medium only,
and supernatants from EBV-immortalized human IgG secreting B cells. After 4

washes, strips were incubated with Horseradish Peroxidase-conjugated anti-mouse
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temperature. After 4 washes, substrate-TMB solution is added to the strips and
allowed to develop a color reaction at room temperature. Plate is read at 450 nm.
Results

The methods of the Invention have been tested on human B cells obtained
from donors whose blood has proved to be containing antibodies binding and/or
neutralizing human viruses, in particular human cytomegalovirus {CMV), a
betaherpesvirus  causing birth  defects and  highly pathogenic for
immunocompromised patients (Landolfo S et al., 2003).

CMYV is a good example of a viral target of clinical interest that can be
neutralized by antibodies naturally secreted by human B cells selected, stimulated,
and immortalized according to the methods of the Invention, as briefly summarized
in Fig. 11. Moreover, amongst the different therapeutic strategies for CMV, the
administration of intravenous CMV immune globulin (commercialized under the
name of Cytotect or CytoGam) represents a solution only partially satisfactory for
blocking CMYV infection, in particular in immunocompromised patients where
potent antivirals are often co-administered (Bonaros NE et al., 2004; Kocher AA et
al., 2003; Kruger RM et al,, 2003). These preparations are characterized for élinical
uses but are simply derived from human pooled plasma with high titers of amti-
CMV antibodies. The treatment of CMV infections would benefit from having
more potent preparations comprising purified human monoclonal antibodies
obtained by the expression in mammalian cells approved for regulatory purposes.

Human B cells expressing CMV-neutralizing antibodies can be obtained
from donors selected on the basis of one or more immunological screening assays

(such as immunoblot, ELISA or ELISPOT) or on antigen microarrays, that are
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providing higher titers of anti-CMV antibodies in blood, as measured by ELISA,
ELISPOT or neutralization assay. The cells were then subjected to the methods of
Invention (Fig.11). The resulting population of CD22 positive, IgM negative, EBV-
immortalized, human B cells were screened using, directly or indirectly, the
supernatants of cell cultures derived by subcloning the original population for
detecting those containing CMV-neutralizing and/or CMV-binding 1gG antibodies,
The original B cells producing these antibodies can be then isolated in subsequent
subcloning steps, at the scope of cloning and sequencing the DNA encoding for
these antibodies,

A first type of primary screening assay was applied on over 400 subcultures
in 96-well plates, each well containing approximately a hundred B cells. The
supernatants from these wells were screened in a CMV microneutralisation assay
for the ability to block the infection of human cells with a laboratory strain
(AD169) or a clinical strain (VR1814) of human CMYV, Four out of 453 B cell
cultures screened showed significant neutralizing activity in repeated experiments
using a laboratory CMV isolate and one in particular showed neutralization of a
clinical CMV isolate in repeat assays (Fig. 12A).

A second type of primary screening assay was applied on a population of B
cells obtained from a different CMV-seropositive donor and again subjected to the
methods of the Invention. In this case, the CMV-specific reactivity was detected
using a commercially available ELISA that is more sensitive. CMV positive

subcultures, such as those characterized above, can be used to start the subcloning

process at the scope of identifying the cell cultures and sequences corresponding to
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made in CMV-infected animals, in particular in models where human host cells can
be transplanted into immunocompromised rodents (Gosselin J et al, 2003
Thomsen M et al, 2005). The CMV antigen / epitope recognized by these
antibodies can be identified by different ir vitro assays based, for example, én
ELISA or Western Blot using CMV-specific truncated proteins or synthetic
peptides, or on competition with other CMV-specific antibodies whose
antigen/epitope is known (Greijer A et al,, 1999; Schoppel K et al., 1996; Ohlin M
et al., 1993}.

Further screening assays can be performed using cell culture supernatants
tested for the neutralization or the binding of human cytomegalovirus. In fact, the
availability of a large repertoire of IgG-secreting cells allows the identification of a
number of human IgG having binding specificity for distinct CMV epitopes or
antigens that may be associated to CMV infection. For example it is known that the
blood of atherosclerosis patients contains high levels of antibodies recognizing a
fragment of the human heat-shock protein 60 (HSP60) that is similar to CMV
proteins. In particular, one of these proteins calied US28 is expressed on surface of
endothelial cells and antibodies binding this protein can induce endothelial-cell
apoptosis, suggesting the idea that CMV infection may trigger an autoimmune

response implicated in atherosclerosis pathogenesis (Bason C et al., 2003).
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immunoreactivity using an ELISA making use of recombinant human HSP60. Six
pools showed a statistically significant reactivity 3 times above background on the
ELISA in repeated experiments (Fig. 12B). These cultures of immortalized
antibody-secreting cells can be subcloned in pools of cells, repeating the screening
and subcloning process until cell cultures secreting human monoclonal IgG
antibodies that bind human HSP60 are isolated.

A second type of primary screening assay was applied on a population of B
cells obtained from a specific CMV-seropositive donor and again subjected to the
methods of the Invention. In this case, the CMV-specific reactivity was detected in
parallel using a panel of different tests at the scope of selecting, from a single
population of primary B cells, oligoclonal or monoclonal populations of
immortalized cells each expressing antibodies against distinct CMV-specific
epitopes, and thus providing an overall representation of the immune reaction to
CMV infection in an individual (Fig, 13).

The polyclonal population of EBV-immortalized cells was divided in
approx. 4000 pools for establishing cell cultures, each containing statistically 20
cells, in 96-well plates, wherein each well contain an oligoclonal population of
cells. However, given the low frequency of cells producing antibodies specific for a
defined antigen, any of these cell cultures for which a CMV-specific IgG is
detected in the supernatant is likely to be a monoclonal cell culture expressing a

human monoclonal antibody.

The initial tests evaluated the CMV binding properties of the antibodies
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neutralizing antibodies. Then, those being positive to at least one of these assays,
were further evaluated in a CMV microneutralization assay.

Two specific CMV antigens were chosen for the initial screening of the
oligoclonal/monocional populations of cells: the envelope glycoproteins gB and
gH. These proteins, which play crucial roles in both viral attachment and fusion, are
the targets for human CMV-neutralizing antibodies for which more detailed
information are available. Sera from seropositive individuals as well as monoclonal
antibodies directed against these glycoproteins inhibit HCMYV infection of cell
cultures in vitro, The effective role of antibodies directed against gB and gH in
contributing to the virus-neutralizing capacity of human sera has been clearly
shown by the correlation between anti-gB and anti-gH titers and overall
neutralizing activity of convalescent human sera, as well as by the significant drop
of the sera neutralizing capacity after adsorption of gB- and gH-specific antibodies.
(reviewed In Cytomegaloviruses. Molecular Biology and Immunology. Reddehase,
M. (ed.) Norfolk: Caister Academic Press (2006), and in particular Boehme K and
Compton T p. 111-130, Mach M pp.265-283}.

As sommarized in Fig. 13, using the oligoclonal cell cultures in which cells
were actively proliferating (approximately 35% of the total wells in which cells
were seeded), it was possibie to identify wells that contained IgG reactive with
CMYV protein at least in one of assays specific for defined CMV proteins (gB- or
¢H-ELISA) or for a total CMV protein extract (BEIA CMV ELISA). In particular,

some wells contained human IgG that neutralize CMV 1infection in vitfro.

Amongst the eight oligoclonal cell cultures that were positive in the BEIA
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the amplification reactions were cloned and sequenced and confirmed that 9G8 is a
monoclonal cell culture secreting a novel human IgG binding to CMV having
specific variable regions (Fig. 15). The DNA encoding for the variable region of
this antibody also were used to determine the specific CDR sequences that, alone or
in the combination provided by 9G8, can be used to generate antibodies binding to
CMV.

Thus, a process comprising the methods of the Invention for immortalizing
antibody-secreting cells can allow the identification of novel VH and VL sequences
from oligoclonal cell cultures directly generated from the polyclonal population of
cells that has been immortalized. Antibodies such as 9GS, or any protein containing
one or more CDRs of this antibody (e.g. HCDR3 only; HCDR1, HCDR2, and
HCDR3: LCDRI1, LCDR2, and LCDR3) can be useful in CMV-related clinical and
experimental applications, in particular for CMV detection in biological samples.

The methods of the Invention were also used to immortalize primary B cells
obtained from HIV-1, HSV-1 and/or HSV-2 seropositive individuals.

For example, six HSV-1/HIV-1 seropositive individuals was selected
because their plasma showed high titers of IgG antibodies binding HSV-1 proteins
using a commercial ELISA kit (Bouty BEIA HSV-1; cat no. 20921}, PBMCs from
these individuals were pooled and immortalized using the same method described

above for the PBMCs obtained from the donor CMV3,

The initial 70 million PBMCs lead to a population of 1.9 million CD22
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This polyclonal population of cells was, in part, used in screening assays for
identifying cells secreting the antibodies having the HSV-1 neutralizing activity, by
seeding hundreds of oligoclonal cell cultures, eachl containing statistically 50-1G0
cells, immediately after the preparation of the cell culture. In addition, aliquots of
cell culture obtained after the immortalization were frozen in .vials, as commonly
done with established mammalian cell lines. Some of these vials were thawed after
some months, the cells were cultured for a few days as the initial polyclonal cell
culture, and then used for preparing thousands of oligoclonal cell cultures, each
containing statistically 5 cells.

The HSV-1 neutralization assay was performed in both types of oligoclonal
cell cultures (i.e. obtained by immediately seeding 50-100 cell per well or obtained
by seeding 5 cell per well after thawing vials containing aliquots of the original
polyclonal population of cells) and both processes lead to the identification of
oligocional cell cultures expressing human IgG antibodies that neutralize in virro
HSV-1.

In particuiar, cells that secrete HSV-1 neutralizing antibodies obtained from
the latter process were identified in more than 20 of such oligoclonal cell cultures.
Even though the antibodies may prove to be identical in several of these cell

cultures, the large number of positive wells and the possibility to directly identify

the sequences of such antibodies by RT-PCR technology provide means to test
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later selection, In fact, not only the sequence of the antibodies can be identified and

characterized, but the monoclonal antibodies of interest can be directly purified for

testing the activity without the need to clone and express them as recombinant
5 proteins, accelerating the identification of human monoclonal antibodies of most
interest.

Conciusions

The results presented in the Examples show the multiple advantages of the

methods of the Invention and significant improvements over the prior art.

10 The appropriate sequence of selection, stimulation, and immortalization
steps provides particularly useful polyclonal populations of cells that, being isolated
on the basis of the isotype but independently from the specific antigen-binding
properties of the antibodies secreted by them, can be used for detecting antibodies
having different properties from the cells obtained from a single donor, or pools of
i5 donors.

In fact, the methods of the Invention provide polyclonal, oligoclonal or
monoclonal populations of cells that can be screened and selected using different
criteria that are applied in parallel or serially. As shown in Example 2, the diversity
of the antibody repertoire in a subject is captured by the methods of the Invention in
240 a rhanner that a large number of viable and proliferating cells that secrete antibodies
at high levels, suitable for extensive screening analysis, is provided. Moreover, the
more uniform composition of the resulting population of cells allows access,
without the need for additional selection or sorting of the cells, to an extremely

wide (if not complete) panel of antibody diversity that is provided by a donor in an

5 unbiased manner. As shown in the consecutive screening for anti-CMV and anti-
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Moreover, it is possible to directly generate and make use of cell cultures
seeded at very low cell density for the identification of monoclonal antibodies. The
resulting cell cultures can also be maintained and screened in parailel either fo}_;
applying different cell culture conditions (e.g. feeder cells, medium, growth factors)
or for testing a panel of antigens and biological activities (as shown for the cells
obtained from donor CMVS5), but always starting from a single population of cells.

Finally, this approach is suitable for generating polyclonal populations of
immortalized antibody-secreting cells that can be used for both performing a
selection amongst hundreds or thousands of oligoclonal cell cultures m an
automated manner, and for generating a series of vials to be frozen, each containing
an aliquot of the population of cells obtained by the methods of the Invention.

In particular, these cells can be considered as a library of antibody-secreting
cells that can be thawed and tested as desired, as shown in the example making use
of cells obtained from an HSV-1 seropositive donor, at the scope of analyzing more’
extensively, or re-analyzing, the population of immeortalized cells for the desired
antibody specificity. Thus the identification and the production of monoclonal
antibodies having the desired properties can be achieved even for targets that were
not considered (or not even known) when donor was chosen or when the

populations of cells were immortalized and stored in frozen aliquots.



10

15

20

25

Ranjan D et al., Cell Biochem Fund. 2006, 24: 147-152. Reinhardt B etal.,
J Virol Methods. 2003, 109: 1-9. Rickinson A, Philos Trans R Soc Lond B
Biol Sci. 2001 356: 595-604 Roque AC et al., Biotechnol Prog. 2004,
WZD2083968'F6 Schlatter Set al., Biotechnol Prog. 2005, 21: 12PC3ZPIN@06978¢

2007/068758PCT/EP2006/069780 94 Schlee M et al., J Virol. 2004, 78:
3941-52. Schmidt F, Appl Microbiol Bfotechnol. 2004, 65: 363-72
Schneider P, Curr Opin Immunol. 2005, 17: 282-9, Schoppel K et al.,
Virology. 1996, 216: 133-45. 5SREFKERENCES| Immunol. 2004; 232:
64-74. Sorensen H and Mortensen K, J Biotech. 2005, 115: 113-28.
Speisk Ret al., Jliadpiagirdlal 8881uB0L. 2003-2036BtEénbakkers P et al.,
Hum Antibod Hybrid. 1993,4: 166-173. Steenbaklcers P et al., Mol Biol
Rejkiko®4and Fakal- k3 Nat BsufrnowrM2e04l 4CRAcEY Res. 2004, 64:
3361-4. '

Aldrich TL et al,, Biotechnol Prog, 2003, 19: 1433-8.

Ambach A et al., Mol Immunol. 2004, 40: 1307-14.

Azim T and Crawford D. Int J Cancer. 1988, 42: 23-8.

Banchereau J and Rousset, F. Adv Immunol, 1992, 52: 125-262.

Bason C et al., Lancet. 2003, 362: 1971-7.

Bass H and Darke C, Cell Prolif. 2004, 37:443-4,

Bernasconi N et al., Science 2002, 298: 2199-2202.

Bernasconi N et al,, Blood 2003, 101: 4500-4504.,

Bianchi A and McGrew I. Biotechnol Bioeng.2003,84: 439-44.

Bishop GA and Busch LK, Microbes Infect. 2002, 4: 853-7.

Bohm E et al., Biotechnol Bioeng. 2004, 88:699-706.

Bonaros NE et al., Transplantation. 2004, 77: 890-7.

Borrebaeck C et al., PNAS 1988; §5: 3995-9,

Bosrrebaeck C, J Immunol Meth 1989, 123: 157-165,

Borst T et al., Curr Opin Immunol. 2005, 17; 275-81.

Borth N, Biotechnol Bioeng 2002, 77: 118.

Boyd A and Fecondo J, Immunol Cell Biol. 1988; 66: 159-165.

Bourke E et al., Blood. 2003, 102: 956-63.

Bradbury A et al., Trends Biotechnol. 2003, 21:275-81 and 312-7

Bron D et al.,, PNAS 1984; 81: 3214-7,

Butel J, Carcinogenesis, 2000; 21; 405-26.

Butler M, Appl Microbiol Biotechnol. 2005, 68:283-91.



Sun Let al., J Immunol Methods. 2003, 282: 45-52. Takeshita F et al., J
Immunol. 2001, 167: 3555-8. Tangye S et al., J Immunol. 2003, 170:
261-9, Tanner JE and Menezes J, Blood. 1994, 84: 3956-64. 15Thomas

WDMGT/8¢87F8ybrid Hybridomics. 2003, 22: 47-53. Thomsen MPETAIEZIeHGE780
Antigens. 2005, 66: 73-82. Thorley-Lawson DA, Nat Rev Immunol. 2001,
1(1):75-82. Torres M et al., J Immunof 2005, 174: 2132-42. Traggiai Eel
al., Nat Med 2004, 10:871-875. 20Tsuchiyama Let al., Hum Antibodies.
199481 R; Milieditcli R BNatRey, Inman-3&004, 4: 512-520. Venturi M et
al., J Mol Biol 2002, 315:1-8 Verdoliva A et al., J Immunol Methods.
2002t FL Nat Be Wismheln2liZoualBas; £lin Immunol. 2005, 114: 17-26.
25Wallis R et al., J Clin Invest 1989, 84: 214-219. WO

. 2007968 258RCTIERP20086{08973009%

Chambers R, Curr Opin Chem. Biol, 2003, 9:46-50,

Chan M et al., ] Immunol 1986, 136:106-112,

Chapman AP et al., Nat Biotechnol. 1999, 17: 780-3.
Chardes T et al., FERS Lett, 1999, 452; 386-94,

Chatenoud L., Methods Mol Med. 2005, 109: 297-328.

Chen C et al,, J Surg Res. 2001, 100: 166-70.

Chen K et al., Biotechnol Biceng. 2001, 72:55-61.

Coban C et al., T Exp Med. 2005, 201: 19-25,

Cognasse F. et al., Clin Chem Lab Med. 2005, 43:22-31.
Cole S et al,, Mol Cell Bioch 1984, 62: 109-120.

Craxton A et al., Blood, 2003, 101: 4464-71.

Crotty S and Ahmed R. Semin Immunol. 2004, 16: 197-203.
Crotty S et al., ] Immunol Meth 2004, 286: 111-122.
Damania B, Nat Rev Microbiol, 2004, 2: 656-68.

Danczyk R et al., Biotechnol Bioeng. 2003, 20,84:215-23.
Dattamajumdar AK et al., Immunogenetics. 1996;43:141-51.
Davenport C et al., FEMS Microbiol Immuncl. 1992, 4: 335-43,
Dessain SK et al., J Immunol Methods, 2004, 291: 109-22,
Dinnis D and James D, Biotechnol Bioeng. 2005,91; 180-9.
Dunman PM and Nesin M, Curr Opin Pharmacol. 2003, 3: 486-96.
Faton-Bassiri A et ai., Infect Imrmun. 2004; 72: 7202-11.

Essono S et al., J immunol Methods. 2003; 279: 251-66.



10

15

20

25

Wen et al., Eur J Immunol. 1987, 17: 887-92. Wendel-Hansen V et al.,
Leukemia. 1994, 8: 476-84. Wroblewski J et al., J Immunol Meth. 2002,
264:19-28 Yamaguchi H et al., PNAS 1987, 84: 2416-2420. 5Yoon SK et

Vi), 2Bieiniol Prog. 2004, 20: 1683-8. 96MCSLLP CLAIMSAIREIHRSA 68780

immortalizing a population of cells that secrete antibodiesone or more
specific isorypes comprising the followiflg steps in sequence: a) Selecting
the population of cells that expresses antibodies from one or more
bictvgral sanphes:io ABdantigpidodensadenineanierhatmodiedasisiofex
the expression of at least a cell surface marker; Ib) Stimulating said
pofsulaiiprifotsBlgetathgdlls with a least a stimulating agent in cell culture -
conditions; c¢) Eliminating said stimulating agent from the cell culture; d)
Sdiweting thelpdguiamion! dO8HMdtEH1cS that expresses antibodies of

- one or more isotypes from said cell culture; e) Exposing said population of

selégd dnd. Nihiatedeelis 18 e imPdoPalizing agent in cell culture

conditions; _
Fearon I and Carroll M, Ann Rev Immun. 2000; 18:393-422.

Fearon K et al., Far J Immunol 2003, 33: 2114-2122.
Forthal DN et al., Transpl Infect Dis, 2001, 3 Suppl 2:31-4,
Furebring C et al., Mol Immunol. 2002, 38: §33-40,

Gay, NJ etal., Nat Rev Immunol. 2006, 9 :693-698
Gilliland LK et al., Tissue Antigens. 1996, 47: 1-20.
Gindicelli, V. et al., Nucl. Acids Res, 2004, 32: W435-440.
Goodrum FD et al.,, PNAS, 2002, 99:16255-60.

Gosselin J et al., ] Immunol. 2005, 174:1587-93.

Greijer A et al., J Clin Microbiol. 1999, 37:179-88.
Grunberg J et al,, Biotechniques, 2003, 34: 968-72,

Gursel I et al., ] Immunol. 2001, 167: 3324-8.

Gursel M et al., ] Leukoc Biol, 2002, 71: 813-20.

Haan K et al., J Virol. 2001, 75: 3016-20.

Haab BB, Mol Cell Proteomies. 2005, 4: 377-83.

Hale G et al., Q J Nucl Med Mol Imaging, 2004, 48:258-66.
Hartmann G et al.,, ] Immunol 2000; 164: 1617-1624.
Hartmann G and Krieg A, J Immunol. 2000, 164: 944-53.
Hayvashi E et al., J Immunol. 2005, 174(11):6639-47,

He B et al., J Immunol. 2004, 172: 3268-79,

Heinrichs A et al., J Immunol Methods, 1995,178; 241-51.



10

20

25

tp Eliminating said immortalizing agent from said cell culture; Wherein the
immortalizing agent is a viral immortalizing agent. 2. A method of claim 1,
wherein said population of cells of step (a) axe human B cells and the cell
Wa e @avakker is CD22. CD 19, or CD27. 3. A method of cl&ET/ERA0GE/069786

wherein said stimulating agent is chosen from: a) A combination of a
CpG-based oligonucleotide and a cytdkine; b) A combination of an agonist
of a cell membrane receptor of the TNF receptor family and a cytokine;
Andethenvitaltimnmatiakz T@gest iB4BFstein-Barr virus, 4. A method of any
of the claims from | to 3, wherein the population of cells of step d)
exHresssMgGahNtilGdidsumiCEMheds 5208 ot &kdh of cells obtained
by a method of any of claims from 1 to 4. 6. A cell culture comprising a
polotatioet of. dlis b Eidine’ 52003, 23:344-348.

Horenstein AL et al., J Immunol Methods.2003,275:99-112.

Humme S et al., PNAS. 2003, 100: 10985-64.

Hur D et al., Cell Prolif. 2003, 38: 35-45.

Huse K et al., ] Biochem Biophys Methods.2002,51:217-31.

Hwang W and Foote J, Methods. 2005, 36:3-10.

Tfversen P et al., Hum Antibodies Hybridomas. 1993, 4: 113-123.

Imadome K et al., PNAS. 2003, 100: 7836-40.

James K and Bell G, J Immumnol Methods. 1987, 100:5-40,

Jarrin A and Andrieux A, Methods Mol Biol. 1999,96:21-8.

Jensen LB et al,, ] Immunol Methods. 2004, 284: 45-54,

Jondal M and Klein G, J Exp Med 1973, 138: 1365-1378.

Jovelin F et al., Biotechniques. 1995, 19: 378-82.

Jung J et al., J Immunol 2002, 169: 2368-2373.

Kandimaltla ER et al., PNAS. 2005, 102: 6925-30.

Keller MA and Stiehm ER, Clin Microbiol Rev. 2000, 13; 602-14.

Kellermann S and Green L, Curr Opin Biotechnol. 2002, 13: 593-7.

Kern F et al., Trends Immunol. 20035, 26: 477-84.,

Kilger E et al,, EMBO 1. 1998, 17: 1700-9.

Kim SJ et al., Mol Cells. 2005, 20: 17-29.

Klinman D et al,, PNAS 1996, 93: 2879-2883.

Klinman D, Nat Rev Immunol. 2004, 4: 246-38.

Kocher AA et al., J Heart Lung Transpl. 2003, 22:250-7.



10

15

20

25

7. The supernatant of a cell culturea 6. 8, A DNA library comprising DNA
sequences that encode antibodies of one or more specific isotypes,
wherein said DNA library is prepared using nucleic acids isolated from a

wibpwlaesnsef cells of claim 5, 9. Use of a population of cells B TiEN#EG/06$780

a cell culture of claim 6, of a supernatant of the claim 7, or of a DNA
library of claim 8 for identifying and pr8ducing a monoclonal antibody
having the desired antigen-binding specificity and/or biological activity, 10.
Usewicel sultimesol a populatiorr afseallsef.aksim 5, of a cell culture of
claim 6, of a supernatant of the claim 7, or of a DNA library of claim 8 that
ar& ohtainedifehnd GetiboekytsEretgiy céldlsfrovided by an individual for
determining the features of the isotype-specific, tine response to an
aukiogoas(@rimiesblogbiss Bitigadmod UG, 3 battelal cell, a toxin, a
parasite cell, or a vaccine in said individual. 11. A kit for identifying and
prédifeirgea Fhondersnd? AnitibddyHaing the desired antigen-binding
specificity and/or biological activity, wherein said kit comprises a
popikion vieels oiemnes 2EeIPEURYTOBS claim 6, a supernatant of the

claim 7, or.a DNA library of claim 8. 12. A method for producing a cell

cultarethBYsetd 5t bBRI drasBh08dy el & desired
o e ficity, and/or biologi o <ing th
TOGUIRE S AR BB fel Gbiaed by a method of
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sug%ﬁgﬁ?rg of ﬁgi?&%&&ﬁ&fgg@f%ty@ those showing the desired

antigen-binding specificity ancUor biological activity; ) Dividing the cell

cuﬁgﬁggrgéwgyigg, the;dasiresk antigen gpgacificity and/or biological activity in
cell cultures or populations; d} Repeating steps (b) and (c) on said cell

cultyres,tntihRRg.arnarerhell AWt esdeachosacretisrg grmonoclonal
antibody having the desired antigen-binding specificity, and/or biological
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13. A method for producing a cell culture that secretes a monoclonal
antibody having a desired antigen-binding specificity and/or biological
activity comprising the following steps: a) Screening the supernatant of

Weeloe U8 obtained by dividing a population of cells obtairci BPH06/06978¢

method of any of claims from 1 to 4 or a cell culture of claim 6 in multiple
populations of cells containing statistiéally 20 or less of such cells for
detecting one or more of said population of cells that secrete antibodies
hanirg:tbe desiked avtigenospes#isity-asid/or biological activity; b)
Determining the sequence of the antibody secreted by each of the cell
cuKimesahathahbia Said ity ifp il Iha Bupernatant; c) Isolating the cell
cultures secreting a monoclonal antibody having such activity. 14. A
métiedbate M rodugingise o imobonal bettiblGdy ctnydrikiflg: a) Expanding a
cell culture produced by a method according to claim 12 or 13; and b)
PU¥isAhgatE merivetoRabhridemy AH: the sBPeRtatant of said cell
culture, 15. A method of any of the claims from 12 to 14, wherein the
deNiragviptigé ansihdrig et fisshan durBis ofrt de iy it e B to a
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A method for immortalizing a population of cells thar secrete antibodies of one or more

specific isorypes comprising the following sieps in sequence;

al

b)

d)

&)

D

Selecting the papulém‘en of cells that expresses amibodies from one or more
biological samples in an antigen-independent marmer and on the basis of the
expression of at least a cell surface marker;

Stimulating said population of selectad cells with at least a stimulating agent in cell
culoure conditions;

Eliminating said stimmlating agent from the cell culture;

Sejecting the population of stimnlated cells that expresses antibodies of one or more
isotypes from said ceil cunlture;

Exposing said population of selecred and stimulated cells to the immortalizing agent
in cell culture conditions;

Eliminating said immortalizing agent from said call culture;

Wherein the immortalizing agent is a viral immortalizing agent,

A method of claim 1, wherein said popudation of cells of step {(a) are human B cells and the

cell surface marker is CD22, CD19, or CD27.

A method of claim 1 or 2, wherein said stimularing agent js chosen from:

aj
b)

A combination of a CpG-based oligonucleotide and a cyiokine;

A combination of an agonist of a cell membrane receptor of the TNF receplor

farily and a cytokine;

And the viral immortalizing agent is Fpstein-Barr virus.

A methed of any of the claims from ! to 3, wherein the population of cells of siep 4)

expresses {gG antibodies.
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A population of czlls obtained by a method of any of claims from 1 t 4.
A cell culture comprising a populadon of cells of claim 3.
The supernarant of & cetl culture of claim 4.

A DNA library comprising DNA sequences that encode antibodies of ene or more specific

isotypes, wherein said DNA library is prepared using nuclsic acids isolated from a

population of cells of claim 3.

Use of a population of cells of claim §, of a cell culture of claim 6, of a supernatant of the

claim 7, or of a DNA library of claim $ for identifying and producing 2 monoclonal

antibedy having the desired antigen-binding specificiry and/or biological activity.

Use of cell culnwes of a population of ¢zlls of claim 5, of a call culture of clai.m 6, of a
supernatant of the claim 7, or of a DNA library of claim 8 that are obrained from antibody-
secreting cells provided by an individual for determining the feamres of the isotype-specific,
immupe response 1o an autologous or heterologous antigen, a virus, a bacterial cell, a toxin,

a parasite cell, or a vaceine in said individual.

A kit for idemifying and producing a monoclonal antibody lﬁaving the desired antigen-
binding specificity and/or biological activity, wherein said kit comprises a population of
cells of claim 3, a cell culture of claim 6, 2 supgrnatant of the claim 7, or &8 DNA Library of

claim &,

- A method for producing 2 cell culture that secretes a monoclonal antibody having a desired

antigen-binding specificity, and/or biological activity comprising the following steps:

a) Dividing a population of cells obtained by a methad of dny of claims from 1 to 4or a



b)

¢)

d)
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o8

cell eulmure of claim 6 in cell cultures each containing statistically 20 or more cells;
Screening the supernatant of said cell cultures for detecting those showing the
desired antigen-binding speeificity and/or biclogical activigy;

Dividing the cell cultures showing the desired antigen spez;iﬁcizy and/or biological
acrivity in cell culmires or populations;

Repeating steps (b) and (¢) on said cell cultures unril one or more cell cultures, each
secreting & monoclonal antibody having the desired antigen-binding specificity,

and/or biological activiry in the cell supernatant, are isolated.

13, A method for producing a cell culture that secretes a monoclonal antibody having a desired

antigen-binding specificity and/ar biological activity comprising the following steps:

a)

b)

<)

Screening the supernatant of cell cultures obtained by dividing a population of cells
obtained by a method of any of claims from 1 to 4 or a cell culrure of claim 6 in
muitiple populations of cells comtaining statistically 20 or less of such cells for
detecting one or more of said populaton of cells that secrete antibodies having the
desired antigen speeificity and/or biological activiry;

Determining the sequence of the antibody secreted by each of the cell cultures that
show said activity in the supérnatant;

Isolating the cell euitures secreting a monoclonal antibody having such activity,

14. A method for producing a monocional antibedy comprising:

a)
b)

Expanding a cell culture produced by a method according to claim 12 or 13; and

Purifying the monoclonal antibody from the supernatant of said cell culture.

15. A method of any of the claims from 12 to 14, wherein the desired antigen-binding

specificity and/or biclogical actvity is directed to a human, mammalian, viral, bacterial,

plant, parasits, organic, or inorgame antigen,



