MONOCLONAL ANTI BODY PRODUCTI ON BY EBV TRANSFORMVATI ON OF B CELLS Al
docunents cited herein are incorporated by reference in their entirety.
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30 DISCLOSURE OF THE INVENTION _
While the present invention. is illustrated by embodiments where. human monoclonal antibodies are
produced, the techniques described herein are not so Iimited. The present invention can be used for
'at;y species for which it is desired to produce monoclonal antibodies efficiently.

| The invention is based on the discovery that a polycional B cell activator (sucfﬁ as CpG sequences)

35 enhances the efficiency of EBV immorfalization and of cloning EBV-immortalized cells. This
increased efficiency represents a quantum leap that makes the EBV technique suitable for the rapid
isolation of large numbers of human monoclonal antibodies from the memory repertoire with no need
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The invention is based on the discovery that a polyclonal B cell activator
(such as CpG sequences) 35 enhances the efficiency of EBV imortalization
and of cloning EBV-imortalized cells. This increased efficiency
represents a quantum |l eap that nakes the EBV technique suitable for the
rapid isolation of |arge nunbers of human nonocl onal antibodies fromthe
menory repertoire wwth no need 2 for specific inmunization or_ boosting.
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_ The sudden emergence of SARS in 2002 in China caused hundreds of deaths in a mumber of

3¢ countries. The causative agent was unknown and as such there was no cure availaple. It has since
been discovered that the syndrome is caused by a new type of coronavirus (Drosten et al. 2003;
Ksiazek ef al. 2003) and methods to detect this virus and combat infections caused by it are required.

In a preferred aspect, the invention provides a method for producing a clone of immortalised human
B memory lymphocytes capable of producing a human monoclonal antibody specific for the SARS
35  virus, comprising the steps of:
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" Unmethylated DNA oligonucleotides (CpG) are TLR-9 agonists. They stimulate .dendritic cell
" maturation and activate B cell proliferation and differentiation polyclonally, i.e. irrespective of the
antibody specificity (Krieg ef al. 1995; Krieg 2002). The biological effect of Cp@G is dependent on
specific sequences and chemical modifications (Krieg 2002). CpG oligonucleotides can be used as _
30 polyclonal activators, and examples of suitable activators are CpGs sucll‘l as CpG 2006
(5'HTCGTCGTTTTGTCGTTTTGTCGTT-3‘; Hartmann ef al. 2000) and other oligonucleotide
sequences that trigger ‘TLR-9. By “CpG” we mean sequences of ummethylated DNA
oligonucleofides. More particularly, the term “CpG” includes single-stranded DNA molecules of
betwoen 5 and 100 nucleotides in length (e.g. 10-80, 20-70, 30-60 nucleotides) that include one or
35  more instapses (eg. 2, 4, 6, 8, 10 or more) of the -dinucieoﬁde CG sequence, with the C in the
dinuclectide(s) being unmethylated. '
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di f f erlgntefeatoc®dn nmay be added during the transformation 30 step to further
enhance the efficiency. These stimulants may be cytol dnes such as |L- 2 and

| L2515. Thansforring B cells
In methods of the invention, cells can be transformed with EBV in the presence of a polycional B
cell activator. Transformation with EBV is a standard technique and can easily be adapted to include
polyclonal B cell activators. ]

Additional stimulants of cellular growth and differentiation may be added duﬁng the transformation

30  step to further enhance the efficiency. These stimulants may be cytokines such as IL-2 and IL~15. In
a particularly preferred aspect, IL-2 is added during the immortalisation step to further improve the
efficiency of immortalisation, but its use is not essen_tial.

The memory B cells to be transformed can come from various sources {(e.g. from whole blood, from
peripheral blood mononuclear cells (PBMCs), from blood culture, from bone marrow, from organs,
35 etc), and suitable methods for obtaining human B cells are well known in the art. Samples may
include cells that are not memory B cells e.g. other blood cells. A specific human memory B

Iymphocyte subpopulation exhibiting a desired antigen specificity may be selected before the
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The invention provides a composition comprising immortalised B memory Iymphocytes, wherein the
lymphocytes produce antibodies, and wherein the antibodies are produced at >10" ng per clone per
30  day. The invention also provides, a composition comprising clones of an immortalised B memory
 lymphocyte, wherein the clones produce a monoclonal antibody of interest, and wherein the antibody

is produced at >107 ng per cione per day. The value of N is selected from -3,-2,-1,0, 1, 2, 3 or 4.

Antibodies of the invention

The invention provides a monocional antibody obtainable or obtained from B cell clones of the
35  invention. The invention also provides fragments of these monoclonal antibodies, particularly
fragments that retain the antigen-binding activity of the antibodies. '
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'35 The invention also provides monoclonal human antibodies that recognise proteins specifically
expressed in tumours, in diseased cardiovascular cells, dwring inflazumatory responses, in
neurological disorders (including Alzheimer’s disease e.g. B-amyloid proteins), in encephalopathies,
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also be used for the molecular identification and characterization (epitope mapping) of antigens

recognized by protected individuals in complex pathogens such as plasmodia, the isolation of
cross-reactive protective antibodies in the case of highly variable pathogens such as those found in
30  HIV and for detecting pathogens and determining their variability.

Antibodies of the invention can be coupled to a drug for delivery to a treatment site or coupled to a
detectable label to facilitate imaging of a site comprising cells of interest, such as cancer cells.

- Methods for coupling antibodies to drugs and detectable labels are well known in the art, as are
methods for imaging using detectable labels.

35 . Antibodies of the invention may be attached to a solid support.
_ e
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25  should not itself induce the production of antibodies harmful to the individual receiving the
‘composition and should not be toxic. Suitable carriers may be large, slowly metabolised
macromolecules such as proteins, polypeptides, liposomes, polysaccharides, polylactic acids,
polyglyeolic acids, polymeric amino acids, amino acid copolymers and inactive virus partiples.

Phanmaceutically acceptable salis can be used, for example mineral acid salts, such as
30  hydrochlorides, hydrobromides, phosphates and sulphates, or salts of organic acids, such as acetates,
propiopates, malonates and benzoates. ’

Pharmaceutically acceptab}e carriers in therapeutic compositions may additionally contain liquids
such as water, saline, glycerol and ethanol. Additionally, auxiliary substances, such as weiting or
epnulsifying agents or pH buffering substances, may be present in such compositions. Such carriers
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conposi tion and should not be toxic. Suitable carriers may be large, slowy
nmet abol i sed macronol ecul es such as proteins, polypeptides, |iposones,

pol ysacchari des, polylactic acids, polyglycolie acids, polyneric am no
acids, amno acid copolyners and inactive virus particles. _
Pharmaceutically acceptable salts can be used, for exanple nineral acid
salts, such as 30 hydrochl ori des, drobron1des hates ul phat es,
or sal emblsfhephgrpaceitisal omposiiiens teke é’é@‘tﬂé‘?‘éés tablgs, &E%ﬁ'gﬁ > and

benzoatgs sy kiiRReMd sasehJorR R8s pitients 1 n t her apeut i c conpositions
may addltlonally contain liquids such as water, saline, glycerol and

:mfgfif’ryeﬁ%ﬂ@%fn%nﬁk |a}dmnﬁsl&)$fillj$ﬂ ﬁ{clﬁd@ li%ﬁ:{bsgiﬁgﬁﬁs fﬁqﬁ‘akﬁmﬂmmﬁt@uom, e.g. by

'_ corrposinﬁcB‘?Fs %%fr %?‘B&%LYEO ﬁ%flmé' Fhe" H%urs%el%nfl ca krrp?o& tions to
be 5 or jdctbrest msm:atu:lmsakephé fosm ofls agewsion,celptien asmulsiogan epsoﬂy Q@agusousyr ups,

slurri %ﬁgwﬁﬁg 'agﬂ&.aﬁg% ol u%ort ;gg@t g&n 0¥ Bﬁu@%ﬂe@ﬁaﬁv&’rs&ﬁaﬁsﬁg%&!w s f or

d trat
R A kL R o p?ae B GHBE SR R Fous.

- inf usi@gmﬁvz@rapprbﬁlﬁtepﬁ@d&mmds for 5 i nj ectlon or |nf usion, it may take
'the formof a suspension, solution or enulsion in an oily or agueous

. Vehi cl @n@'ﬁnﬁlﬂai%%helf&ﬁlﬁ:aélﬁbnﬁ foﬂdhﬁfeﬁﬂi{)h g 68 hdminisuek disctiyus pimrmibjnlq, It is ]
T p rva abll1sl.n s . ernatively, the
o&?}eﬁﬁf@ﬁ#‘% Siffets afe FK}‘e‘i‘f“’F ﬁ]ﬁe &étlrogéons |t§51%1i&ct)§ﬁ before use with

an -appropr.i ate st ile ui Once formul ate ..t LIk he
i nvent RerpRogRne ?ﬁ“?ﬂo?flg‘? %%’ISP%V(?W%? 'P??’? %g%?%?%ﬁ&b@'% 913crlegf erred
t hat teldiegpbsi hiolismied etoadegt mw@muadm@pﬂam i lowe-ederighnistresedflagt s. The
Phar Mg i idhbal COIRASLE | nﬂ'fcufap'h%néd%ﬁ@th‘aﬂé&uﬂﬁébu&)@ AWOIBRTBNEBpioal, any

nunber 0O outes i ncl udi ng but not qﬁ ) | ntravenozﬂsd be
i nt r anBISeINePUs, inepasela FATERL Apb F‘f‘?ll’r’%'?‘f’é%F & §F°ta f%t“’r*afd PRREAY %
i N1y at#edab admniis’c@mtprmmﬂé@m:al tcbmpsaﬁmnmlf thet maersiout Byrdells, e, t@ﬂfapeuﬁc

W098/ 2 0 VA %%1 oxgsotgésp & tFpa?%&Be% %Sj@«g%@l%s site by @lutmﬁg‘&eé@émséﬁkb BbifiDfahs

i nt r avag ect osprays ;l?%ogsed to adm ni st er
t he prmtﬁ*ae Egsoletion bowpewrisioans IrafudtVFFéclPSer@ﬁ 9 lﬁlﬁOfm?ﬁﬁY prepyfad-

~therapeutic conpositions may be prepared as injectabl es, éF er | i qU| d
sol ut | Binest delivems pbis i comppositions Wil gewrshy b %W@H}S{?df By miesfii Y uftaﬁeo“SIP'

- Suspe [‘ﬁg&i:l‘}ntdﬂeaﬂyl ?M?%nuﬁfy & iaﬁ?xaﬁscﬁxaﬂ;t @r elvest ite theriygrsétisapive qﬁmetparg;d
ect_delivery o osi.tions Wl e
e D
f| nt r anacheduleact ¥ muiinpl@ldbsevr@h@:hﬁlﬁt &mm anhb@wéwetﬂ.r&lmsas%éﬂéfpnaﬂqe. gudpace 20 The
Conposﬂefa’tif'?@%o ﬁ@&eﬂéﬁ@f Qﬁmﬁﬂﬁ@tﬁbh%§%ﬁﬂtﬂef‘ﬁ§yh&1ﬂa@&h@d] .sh6¥18 ag alelivat aEll My
be a sin schedul e or, chedul e. ¢ t\m'ﬁ
“ant i boHse agJé’H B’hﬁff’ rﬁ%@ﬁ?@@ﬁ@@%ﬁ%’@?@mﬁ?ﬂéﬁ(‘}@m r‘n‘%}13 F requency of

d t-r at th has t I be d ,
ekl yit b ARG e et T QB PPRLp wbﬂ?eaﬁ SRR R 1y

ofassy f@t:lg Bwilll Be sebdeptibhetoafpradaiontie dletgamomtdmansadmtv'ﬂmsr@mcho@msmm is ke
composy ml\é\fe egebgr N rﬁg:eauélﬁp %gy%agﬂ)cluﬁgslﬁhﬂ trdoS thezémﬁ}bgl on 'vﬁll %Héd tob@ontam

susceptl ionn astroi nt ésti_nal

conposageiis which presect Bis aatpadyiforpdegimdationdut hich fﬂ%aﬁ?lﬁ‘etaﬁ@oé‘ﬁé‘?‘fedf Wé@’?‘} nal
tract, apkdiBeCRIR aBichidhidtind] t@ed to contain

A thorough discussion of pharr'nacéutica!ly acceptable carriers is available in Remington's
30 Pharmacentical Sciences (Mack Publishing Company, N.J. 1991) and in Gennaro (2000) Remington:
The Science and Practice of Pharmacy, 20th edition, ISBN: 0683306472.

Pharmaceutical compositions of the invention generally have a pH between 5.5 and 8.5, preferably
between 6 and 8, and more preferably about 7. The pH may be maintained by the use of 2 buffer. The
composition may be sterile and/or pyrogen free. The composition may be isotonic with respect to
'35  humans. Pharmacentical compositions of the invention are preferably supplied in hermetically-sealed

containers.
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agents which protect the antibody from degradati on but which rel ease the
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70% 80k 119&9(9101%%1&3% e 80 andgoﬁe))ha@&,aaeh&al taini}Jnsfﬁg ohel @epsnofc he

-conmposj.fion.. The antj s .ar pur i.f.i or 4 nv.en
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2525 heThaniemttioonaled pmvpienwi tiebod ofiprdpadbgh  phrepmeitivgl, aophasing teuster af |
~ conpri Mn& Q?noﬁhﬁ&a?gntibody with one or more pharmaceutically-acceptable carriers, wherein the
. moneclonal antibody is 2 monoclonal antibody that was obfained from a transformed B cell of the.
' invention. Thus the procedures for first obtaining the monoclonal antibody and then preparing the
: pharmaceutlcal can be performed at very different times by different people in different places
30 (eyg indifferent countnes)

As an alternative to delivering monoclonal antibodies or B -cells for tlierapeutic purposes, it is

possible to deliver nucleic acid (typically DNA) to a subject that encodes the monoclonal antibody

(or active fragment thereof) of interest, such that the nuclejc acid can be expressed in the subject in

situ to provide a desired therapeutic effect. Suitable gene therapy and nucleic acid delivery vectors
35  are known in the art. ' :
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adm xi ng a nonocl onal antibody with one or nore pharmaceutically-acceptable
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~of the invention e
conpog?etﬁrﬁqﬁedr?ﬁwjgcg%b%’r% arr%g{(@g séjlﬁuoengt a%tégeﬂfm%ﬁﬁ ]édr:ﬂ)glggi i qu é?s&lﬁlﬁ;ﬁ ons or
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G SR g T ?prtz'i'@e@%eﬁ el Gy o habirdat 5T ©
t Opl C adr paeldern T4 catriosition mgy bapreparedoion brsbariministrasiame.g. as a tablet or capsule, as a
' spray, or as a syrup (optionally flavoured). The composition may be prepared for pulmonary
administration e.g. as an inhalex, using a fine powder or a spray. The composition may be prepared as
a suppositary or pessary. The composition may be prepared for nasal, aural or ocular administration
30 e.g as drops. The composition may be in kit form, designed such that a combined composition is
reconstituted just prior to administration to a patient. For example, a lyophilised antibody can be
provided in kit form with sterile water or a sterile buffer. ‘

=

Antibodies and fragments thereof as described in the present invention may also be used ina kit for

the diagnosis of tumour, autoimmune or allergic disease.
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or powder. The conposition nmay be prepared for oral admnistration e.g. as
a tablet or capsule, as a spray, or as a syrup (optionally flavoured). The
conposition may be prepared for pulmonary administration e.g. as an
-inhaler, using a fine powder or a spray. The conposition may be prepared as
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t ha$ -entddesiiopofintrcfgufhablost.nt erest; and (iif ) usi hg the sequence '

i nformafion from step (ii) tQ prepare nucleic acid(s) for- insertin | nto
an exprBs IrGRiowEe ppvidsy aetfle%f BB PRPLINg Feeibipit ool emprisas br 55l ¢
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one- or TR ekt tne (SRR cofly B ARic3eRR ol weld ASIAHI BP bR L 0
wher ei Alofitel theiaveition. él&maﬁne@r@eﬁu@q ferr Brstaseragng thanuclee @iﬁ@raiﬂ@ dynupipgitin
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prepar t‘@'ﬁ clelc ?CId(S) and then using it to 20 transform a host cell
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(e 9. *rﬂesgkéc&@eﬁg}k AR Bohtiod 083 en b%qgéﬁ%pés@;es&&im cfhurd BEpbsly aflby ON can

t hen be used or expr.essi on and cul ture pur pos ar e rtl%%larly
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I d,
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" Methods for obtaining and sequencing immunoglobulin genes from B cells are well known in the art
e.g. see chapter 4 of Kuby Immunology (4th edition, 2000; ASIN: 0716733315).

36  The expression host is preferably a eukaryotic cell, including yeast and animal cells, particularly
mammalian cells (e.g. CHO cells, human cells such as PER.C6 [Crucell; Jones et al.- Biotechnol Prog
2003,19(1):163-8] or HEB-11 [Bayer; Cho et al. Cyfotechnology 2001,37:23-30; Cho et dl
Biotechnol Prog 2003,19:229-32] cells, myeloma cells [US patents 5,807,715 and 6,300,104], efc.),

. as well as plant cells. Preferred expression hosts can glycosylate the antibody of the invention,

35 particularly with carbohydrate structures that are pot themselves immunogenic in hwmans.
Expression hosts that can grow in serum-free media are preferred. Expression hosts that can grow in
culture without the presence of animal-derjved products are preferred.
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ceram c core perfusion, etc. Methods for obtaining and sequencing

I mmunogl obulin genes fromB cells are well known in the art e.g. see
chapter 4 of Kuby Imrunol ogy (4th edition, 2000; ASIJN. 0716733315). 30 The
expression host is preferably a eukaryotic cell, including yeast an d
animal cells, particularly mammalian cells (e.g. CHO cells, human cells
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BKB- 1 1THemagrassion m&?‘?ﬁﬁul@ftdd%s’ﬁﬁaf’% 2001, 37: 23-30; Cho at al.
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- said expression host cell population. Thus the procedures for first preparing the recombinant

30  expression host and then culturing it fo express abtibody can be performed at very different fimes by

- different people in different places (e.g. in different countries).

The invention also provides a method of preparing a pharmaceutical, comprising the step of
admixing a monoé:lonai antibody with one or more pharmaceutically-acceptable carriers, wherein the
monoclonal antibody is a monoclonal antibody that was obtained from an expression host of the

35  invention. Thus the procedures for first obtaining the monoclonal antibody (e.g. expressing it and/or
purifying it) and then admixing it with the pharmaceutical carrier(s) can be performed at very
different times by different people in different places (e.g. in diffexent countries).
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SARS virus. Stocks of antibody specific for the SARS virus should therefore be maintained so that

30 they are available for immediate use in any further SARS outb:

Non-liuman species
- The invention has been described above in relation to human antlbodlcs prepared from human B
" cells. Tt will be appreciated that the invention is not technically restricted to use with human cells,
and can be used with any organism of interest e.g. to provide antibodies for therapeutic or diagnostic
35 veterinary use. Organisms with B cells that can be transformed by the methods of the invention
' include primates (monkeys, apes, gorillas, gibbons, lemurs, chimpanzees, baboons, orang-utans,
macaques, efc.) cows, horses, goats, sheep, pigs, dogs, cats, camels, sharks, fish, ezc.
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wel | as contai nnent through protection of contacts and nedi cal personnel.
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ot her pat hogens. The invention therefore also provides a nethod of

pr eventGenegrat r ansni ssi on of the SARS virus conprising admi ni stering an

ff i f body . d SARS
i rus. TH GBRL S AR  flon e RNl ROBRIRRT g | é’C G
mai nt af“eeprisingt Kavay cansist brojustvely ofKair mety ieclydssometiviag pddidongless %+t Zny furt her
SARS ouibre R cu OB SRS Bic HaSmbHERP1d 00 obagoa%w&% “bltaddgve in

relati on to hunan a i es prepa
appPecifEgefomnamayhe compleeb @ﬁ% ﬁ“g‘l not Wheae Hﬁ?eéséﬂ ffher"é%rgr P@?’éﬁ‘lﬁn\g’ FEE Wi t h

human eefited fronpihe dGRtion@f s @demidah any organi smof interest e.g. to provide
antlbodl es for therapeutic or di gnostlc 35, vete 1’r)fgly/?,]use Organlsms W th

B cel | Jh¢ FER “ghoNt Heraian Lrarimes yaPﬁ’éﬂa?aSh%agxaB]Pet vention include
pri mat gi bbons, | enurs, chlnpanzees baboons,
-or ang- mg%%ﬁé?ia@@@ %‘A) , horses, mgoats sheep, pigs, s, cats,
canel s Figyreal keowsf segiits of ke, ELIBA @ﬁe‘r‘%ﬂ‘s Ve & RS ]ﬁeﬁg" 3ef'ﬁ§ gp”ﬁsses
"ingl udiign. mvm'@}elth@@]) vﬁﬁ&%ﬁédnﬂq1/5@cgdlzuﬁo@ogﬁ§a§mnt@6fpolyemﬁnrammndx may

consi st _excl u i'ncl ude sorret hi ng add| tional e.g. X + Y.
The woP§® %B%Paﬁf%&aﬂ?w(@%@wﬁ excl ude "conpl etely" e.g. a conposition
Whi ch ipgyreS3 BRkR Thd ﬁéultﬂﬁlzl& ﬁt&e&' anf:lﬁ&ﬁ@s%.)p%ﬂc be tﬁ@mgﬁrﬁ'hé! Floue el tToQiEhﬁ‘

Wher e nece sar% t he wor antl%ﬁé fiEn}[lall%be omttg ol{ylgal

def i ni PF%R fiiger; (Yents Say ﬁ cpref b3 FREPEFAE iSO ROYE R namer P eal
val ue podmnﬁuneéEm]a@&&ml@aum&%m@&tﬁ&tﬁﬁﬁﬁﬁhﬁl ON OF DRAW NGS Figure 1

shows - results of the,. | 8A usi SARS vj rus-infec ro cel. sed in
396 BDG Figare aehoa‘rﬁqha@han BM%@J@W HCERIESP ‘Eeegﬁ#g(‘fﬂ% ‘”i?i.on)
super n@uhit Sustpeinktha tbted irtthsempaig to ohin BEpelidemsioBed sith Sﬂ&ﬁr\w( 112

di | uti %ﬂwrﬁe%%lﬁ_lﬁ n@*&ﬂ%@nﬁé&ﬁtéjiﬁ& Eo?ltﬂeé‘uéa aF iPheufiiRhd Q&@'sﬁ&n%@gml ¢ for

t he SA g}ﬁ zation titer 0 ceII assay)
of convirse &t 34 chawn the gprerisien dateon peyplives S end aﬁainmgé%f E‘ﬁ
cl ones yh@Ricat kT @parkdtt b BB dhbid staingipest spﬂ@utangﬂam BBKI ¢eﬁlelby s&ﬁaIFl gure

| I I f L h
sp?E \A%'rh%fgfr’]r%f s t%i’tiﬁg) eentge I%V\% ﬁﬁ%g for t |r capaC|ty [gs

stain maBnn@idMDmWhgte@médemmhh@\w ¢h§grved5p| ke pr otein nRNA (Frankfurt
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supernatants from el even neutralizing cultures, with filled synbols show ng
thes  Figure 5 shows immunoelectron microscopy of SARS coronavirus in the presence of 83.1 antibody.

" Figure 6 is an overview of a method of the invention, from human to monoclonal antibody.
MODES FOR CARRYING OUT THE INVENTION
The present invention permits the cloning of human memory B lymphocytes with very high
efficiency and achieves this by the combination of two stimuli, namely: EBV, that immoxtalizes
30 human B cells with low efficiency and a polyclonal B cell activator that enhances the efficiency of
EBV-immortalization. ‘

Example 1: Cloning of B cells

Human memory B cells (CD19* CD27" IgM™ 1gD") were isolated from healthy donors by cell sorting

using methods well known in the art. Different numbers of cells were seeded in replicate cultures in
35 96 well microplates in the presence of irradiated mononuclear cells (5x10°/ml) and either EBV
" (supemnatant of B95-8 cells) alons or EBV in combination with CpG 2006 (2.5 pg/mi) and
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maxi mum di | uti on where conpl ete neutralizati on was observed. Figure 4 shows
the characterization of the SARS neutralizing anti body S3.1. Staining of

spi ke-transfected BHK cells by purified 53.1 (circles) and 6 nonths

conval escent serum (squares). The filled synbols indicate the maxi num

di lution where conpl ete neutralization was observed. 25 Figure 5 shows

I mmunoel ectron nicroscgﬁgnof SARS coronavirus in the presence of 53.1
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growt h_ was observed in the absence of EBV.” 5 Thus the nethods of the

i nvent For Birthesvespriiment| i ywap\dsmonarated riasethp ippoprtalispyion; gy, Be. Upgsh i Sxplott

~(ef fi cireAcbldHiRabRAshay 1O Wuce Tearmédvondl antiodids s1tht adsirel spedifisiybc| oni ng.
Exanpl e 2: Production of antibodies with a desired specificity In a

f ud heMonoMNREF dlBRerel ifol MEBHEHE ND BE hEdhedl bldad ofithied H3H b thalihy ddodriosan be

: dt ' | ogi cal y ot . h :
ant | bodPeg Ca e RERgros sl Yoo B SRS PRI OBFcty
f r‘om 206 well peeopiites il thdprossrcect§ tER Va £ 0F 2006 K2-2 pivew), respmbinge dL-ddA0. Uml)

- CDL9+Cliifinh @58Ed RUARRCIER TR 58 o%lq. SedfRic®niySi0l Bl ks MY 6abd toSRidabd\Godng
mcro ates I n.t nce

seeded at. 10 I'ls Il_in" 96 well e pres  of EBV, CpG
2006, (S08iep st yBolb e s GROTEE R e of Hpbhi NeFedhee?
15 and tested in ELISA for total YgG antibodies and for 1gG specific for Toxoplasma gondii, tetanus
toxoid and measles virus. The supernatants were also tested in a measles virus neutralization assay

using Vero cells as targets.

Some of the positive cultures identified were subcloned by Iimiting dilution to isolate specific clones
. producing the desired monoclonal antibody. Cultures were subcloned at 0.5 cells/well in the presence
20 of CpG 2006 (2.5 pg/ml), IL-2 (1000 Urnl) and izradiated PBMC (5x10°/ml).

Antibody Positive Specific clones isolated /
(detection method) eultures * attempts made *

| IgG (BLISA) 180/180
Anti-Toxoplasma gondii (ELISA) 23/180 5le
Aati-tetanus toxoid (ELISA) 197180 516
Anti-Measles virus (ELISA) 36/180 719
Anti- Measles virus (neutralization) 7/180 4/4

# For FLISA, number of cultures with OD >0.8 in an assay with background <0.2; for
neutralisation assay, number with complete protection from cytolitic effect of measles virus
* Number of cases where at least one antigen-specific clone could be isolated, relative to the

number of original cultures that were cloned, Cloning efficiency varied from 50 to 100%.
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and irradiated nononucl ear cells (5x105/m ). Seeding only 10 cells per well
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proteip . of IH ?ccﬁﬁﬁﬁf?%ﬂ'r%f sthﬁfgcebfgg#(;\g&g Gsolifddl %ﬁ | ZAlHuRAN 35 MerobARd, Ahoublattdit | ons

of serum obt ai ned were added.to 1 mct%g I@teugﬁlﬁ_&g
cont ai with@BYets8cwprmatant of SRS ¢eiy fariothosrsdgd i PigE %A SrPus. Atter 2
days, whiien&ysiepaidihe pREdee bf NaSeHECHB ARt yd allogusic irndiged PRME (R these

.conventional . A was .al so 0 SJH TR L kbl SvetNfcgehadfoyare cel l's
| ysed PRE8EDS4s"Eh gtﬁ‘?)i é‘g%y o‘?&t é%p!r:o Uct oné{dg]E the clone of B cells

pr 2@luc presenpeofontcdiiredntibetiesbodi es specific for the' SARS virus, blood from
the patient showi ng the higher titer of binding and neutraljzi ng éxgttbodi es
‘was  1Busef HeP editurhswismptaBisdestdds 1eSareonpil mgsidve dbeELS el iEe B &4 °tsi ng
ant i - hyaN kGG FheRRERASbokN&IaRBLEE clones were isolated from 16 of them. Some of the
human monoclonal antibodies isolated recognise the nucleoprotein of the SARS virus in western
biots, while some do not, suggesting that they may recognise different viral proteins (data not
25  shown). None of these antibodies showed neutralizing activity. '

Ok

Out of 1042 culture supernatants fested in ‘the neutralization assay, seven showed low level
neutralizing activity while two (All and D8) showed high neutralizing titer (1/512 and 1/256
respectively). The A11 culture was cloned by limiting dilution in the presence of CpG and iiradiated
. PBMC and several B cell clones with comparably high neutralizing activity were isolated (Figure 2).
30  The A1l antibodies did not bind in the ELISA assay, but stained surface spikes of the SARS virus as
detected by electron microscopy (data not shown).

Tﬁerefore, using this method it is possible to produce neutraiizing antibodies specific for an antigen

using only a small blood sample (around 10 mf) within 2 short timespan (30-40 days). The method

also allows selection of the best antibody from a Jarge pool, and is therefore a high throughput
35 method. ‘
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with EBV (50% supernatant of B95-8 cells) for 6 hours and were then plated
at 10 cells/well. in 96 well mcroplates in the presence of 2.5g/nil CpG
2006 and all ogeneic irradiated PBMC (mthese experinents IL-2 was
omtted). After two weeks the culture supernatants were screened for the
20 presence of specific antibodies. Qut of 1042culture supernat ants tested,

165 scored positive in the ELISA assay (Figure 1). 23 of hese cul t ures
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several B cell clones with conparably high neutralizing activity were
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(M Iteny were found 't even better than using CD19 m crobeads.
The cedlvragseaysist ai ned with antl bodi es to hunman IgM | gD and IgA and
negative cells carrying surface IqG wer e isol ated ceII sortin cell's

vere pELISAdVesp chilsEmye Beedis aqupdplisiy ahinfegtorpelghl 18P]é‘§%el fryoigg,oits P s and
then phat &tuRlsuddnffh bllosel hierioMaPbwielidaredibh @tAtafigationet BGl0apm,s5 mim. Thepl et e
RPM ns%%ér%@ar?t%aglsggectef to cen%r}hlgag% at% 00% rgml Eoglzrﬂom@%; a2 LmaD 8w28 rotor
through a-20% sucrose cushion. The pellet was purified using a potassiuym tartrate/glycerol grgdxcnt
and resuspended in 500pl TNE buffer (10 mM Tris-HCI, pH 7.4, 0.15 M NaCl, 2 mM EDTA) to a
protein concentration of approx 0.5 mg/ml. The antigen suspension used for the BELISA assay was
30 prepared by adding 1% SDS to the viral pellet followed by boxlmg for 10 min. ELISA. plates were
| coated with-a 1:1000 dilution of SARS virus antigen in 0.1 M phosphate buffer. Dilutions of sera or
cultre supernatant were added and specific IgGl antibodies were detected using alkaline
‘phosphatase goat anti-human JgG. Results were expressed in arbitrary units (AU) relative to the 2
month sample (=1000AUJ). Sera from 20 normal donors tested were negative (<1 AU).

35  Stainipg Antibodies specific for native spike protein of SARS virus were detected by flow cytometry.
Briefly, the SARS virus spike gene was cloned in an approptiate vector and mRNA was transcribed
in vitro and uscd to transfect BHE. cells by electroporation. Trensfectants were incubated with
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irradiated PBMC (2x105/m ). In this. experinent )-t,-2 was not used. After
2 weeks the culture' supernatants were screened for the presence of
specific antibodies using the three assays described below 'Positive
cultures were cloned by limting dilution in the presence of CpG 2006 and
irradi ated 20 PBMC as above. Positive clones were expanded and the anti body
produced was purified fromculture supernatants by aff.inity_chromatography

on pr okeliue fpcwkiantner s mebkedpnd Sredivignh POdabeliadsogt atidrmen ECamtiods; r us

(CenbankisAaeasahaR RUTDRILAYL G2l Yamsass (Pl ALER, ok Ui thkhdasays:
ELI SA Vero_ célls, were infected at g nﬂ_é%ﬁﬁigqlé\@of L Nt e%}lzon f 0. QéL

pl aqueRFBTaHziAg 2RIy -Regulis vgeae paprossadl ipaphi F @ FHRTIS D Ji%t> RO EEVRY aft er
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ar bi t r Reyults wetesas flldwsr el ative to the 2 nonth sanple (=1000AU). Sera from
20 normal donors tested were negative (<1 AU). 35 Staining Antibodies
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cytonetry. Briefly, the SARS-yirus Sprkesgene was cliongd,| N_appropriate
vector a Nopthsafipr mbpetion b\ § hﬁ'ljsgn Vi _rn§ Kﬁgﬁr‘?gﬁ td t,eéngrec “BjK cells
by el ectyoporati@n. Transfectanf® wereli ncub®98d with . - 197181 t ur
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Example 5: Kinetics and frequencies of specific memory B cells _
IgG" memory B Iymphocytes from the 2-month, 4-month and G-month post-SARS sera were
immortalized with EBV under conditions where the number of B cells per culture was limiting, as
- 25  described above (10 B cells per well). This strategy allows analysis of the product of only a few
memory B cells per culture, thus ensuring that the specific antibody detected in positive cultures is
monoclonal and, at the same time, increasing the probability of isolating & clone producing the
desired antibody by limiting diliution. After two weeks of culture in the presence of EBV, CpG 2006
and irradiated feeder cells the culture supernatants were screened for the presence of specific 1gG
36 antibodies using ELISA or staining of spike transfectants. The frequency of cultures screening

_positive in the SARS virus ELISA assay or staining SARS virus spike transfectants were as follows:
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4 650 700 1/128 6 300 400 1/128 Wile normal sera were negative, the
patient's serumcollected at different tinme points after the onset of acute
di sease scored positive in the three assays. Antibodi es detected by ELISA
and those staining 15 spike-transfected cells were highest 2 nonths after

I nfection and decreased to about one third by six nonths. In contrast
neutralizing antibodies remained constant with a titer of 1/128. The
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I ndi cat1™ the two assays det ect, 'di-stinct no e bady
spdéi f rel g‘i dhe aqt’ﬂiptklﬁieﬂnﬁlé’ﬁdéﬁs modueed dn, gieeCRrss 8 Y 8 “PJ&@ ?’pa %gl | s
are speaéithali€ing & virftie spi ke protein. Tests were then carried out to see
whether there is a correlation between spi ke binding and neutralizing
acti Vi iptembl 6¢ BblakibRofsiaebakiamtibodisi e 8488 @irned spi ke-transfected cells

were tested for their capacity to glgutral |z t.h ﬁRS \6' rues |su%I ate
£ T om kB FsulirehesR Reovp POV Rt 1idispostible depotgrogsie fheihgmgn sl spembry febe
ant i bogiths, vaviéty bf isdesys i Phey crtuadsipralycinh anealiboitgdl the desived specifieity. {n theies
t h%ﬁ € experiments, 29 of 38 attempts (76%) at cloning positive cultures led to the isolation of one or more
clones producmg antibodies of the selected specificity. The EBV clones were stable and monoclonal
antibodies were recovered in ihe culture supernatant at concentrations of 10-20 pg/ml. Of these 29,
21 were positive in the ELISA assay and & were both positive in the spike staining assay and were
- able to neutralize SARS virus.

25  Out of the 21 independent clones that scored positive in the ELISA assay, 13 (62%) produced
antibodies specific for the SARS virus nucleoprotein (NP) as detected by Western blot, while 3 did
not recognize NP, but stained SARS virus infected cells, and the remaining 3 reacted only in the
ELISA assay. As expected, none of these antibodies showed neutralizing activity.

_ Out: of the § independent clones staining spike transfectants and neutralizing SARS virus, one (83.1,

30  IgG1K) was selected for ir vivo neutralization assays. The monocional antibody from this clone was

purified from the culture supernatant and tested for its capacity to stain spike-transfected cells and to

neutralize SARS virus (Fig 4). 83.1 peutralized 75 TCIDsp SARS virus at concentrations of
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were sone antibodies that neutralized efficiently in spite of poor staining
whil e others stained spike transfectants, but failed to neutralize.
Furthernore, when | 1 supernatants with high neutralizing titer were

anal yzed, no clear correlation between staining and neutralization was
evident (Fig 3B). Taken together these results indicate that at the clona
Level the response to spike is heterogeneous and that 15 not all the
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facility MbB@f sonnkl_wor e Virus replication in challenged mice
Lungs Nasal turbinates
Number Mean (& SE) Number Mean (& SE)
infected virus titer infected virus titer
$3.1 800 pg 0/4 | <1.5+0° 244 2.540.47
$3.1 200 ug 0/4 <1.50° 44 3.4+0.41
183150 2/4 3.241.36 Af4 4.8+0.75
‘Control 800 pig 4/4 7.540,1 4/4 64041 |

"The lower limit of detection of infections virus in & 10% wiv suspension of lung
homogenate was 1.5 logy o TCIDs/gin and in 5% wiv suspension of nasal turbinates
was 1.8 logoTCIDsy/gm. These values thus indicate no detectable virus.
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powered air purifying respirators (3MIMPA AirMate, Saint Paul, MN). The
- nouse studies were 15 app'robed by the NIH Animal Care and Use Committee
and were carried out in'" an approved animal biosafety level 3 facility.
Al'l personnel entering the facility wore powered air purifying respirators.
Four-to-six week-old femal e BALB/c mice purchased from Taconi c (Germant own,

NY) were housed, 4 mce per cage.."On day O mce, {RP anest heti zed
with i ded thetarrsived Sal @A mredxuegrotqcmﬁaﬁéﬁpltcaﬁa@aﬂ fichal ’cﬁaf‘ff*’ 2 doses

(8|00 | aﬁoliowéprdsb&)tm?ftaa?’ The %&éraﬁdym rﬂmﬁqﬂérs Gihed dofnphieé ts ahe c@@rol otere of a
pol ycl ona ks trall m ce
hers. At uteprehSon SRS SRR ot Rty T

two addietippmadspiayy tattoes wetedin feanice fhick thosivell ’fbthhlgilest dnsgyef BrmAs al

turbi nates were renoved and honogenized in a 5% w v suspension in
~Leibovitz 15 nedium (I nvitrogen). Tissue sanples were assessed for

I nf gct ;g,gam BRde.gxg rus titers were determ ned as descri bed above. Virus

titers Were expressed as login TCI D50 per, 25 gram,of  t Ant i bogdy
Vi rus RejfBiizen asonist of R4 and . Fiig eonpreners wagompareg it | (f»,r?*ggff'% ﬁ/ban (

SE) Nu m{en&ﬂi‘@ﬂiﬂv-ﬁﬁhcedhﬁﬁﬁﬁﬂ%néﬁ sfsniah ecells. ety B véllsumers nspbtedS‘B:m_ 800
pg 0/4

074"yl e gy tobag el 83l Bipgidipdiidipriion, 50 Po
Sk mt of celle taayitigdBMpleD anfl &g (s ey #4 rmliate Galbn@E%VWPw?eté‘Bé‘b% E’F%H OPE%\E

'. {‘0 H:?&Gpm@ébﬂmégg@&%’& Gh B5R, ?ma@%ha odllsP% %lymsddﬁlp&fﬁ-hﬁhr@fn map&lsencet .
ur bi nat es (0] ese apl e
LN kel uonih o1 B RS bt S BT A B pRaciet 6F
repl i cabsnr «if2.Hizahl €pGE006 LU, Suphl tR-848. d?hleﬁqqnencﬂvé culives pesitivs Pacet y
t L. t c Hi610 ks
rac FQ&% ?Cﬂgi% Ca% Y p<(5i %ﬁgf&& W%&&M&‘éﬁ ¥ @f bR fGRAt6D was Wer e

statirs Student's t-test. Significant

rest ri.exeuge tﬂ?(@’fela% P‘Eﬁtlon in the upper irespiratory. . tract:.wis noted
in‘the 'mce_whic¢h received the highest dose of S3.1-mAb—5-Ezaniple 5 R 848
R-848 is ar Bgdniosteceof TLR7 and TLRS. FBW s cow‘rﬁ‘@@r@oﬁ/es ¢4 edl with CpG

20?? in t erfifg, of A08'dD167 BNEY 1971 EB)- I ndused 1 nmuokbal | 2at iigmz.ef human B
cell's. Menu e—-Sot-at ongrs anti - CD19 or
ot - COp bRt KD s ASEED 1B, BP0 et 1 oL o biEk Jof cel s

" carryi ng; | WonbgASaRD1YGAM deD1lgds) 480589 i at &ixdl t Ur ed ingfte et up in 96
wel | Ubott%grgigc@mgq@mt@;aqg@ I Mg dj | utipon ati 3Q.ind0 anpd 3 B cells

Cor1 o oy o5t PPt T b B 287 sh AR -t b Coande or
3225 O B %‘ grid &?{?@OO@ Fe2R08 Rpaend/iH! mBk 84Boci T N8 TERIMERRY obichdyl LT es

EBV-mduced immortalization. In addition, R-848 was comparable to CpG 2006 in the capacity to
increase the cloning efficiency of polyclonal EBV-immortalized B cell lines. In the presence of
R-848 the cloning efficiency of EBV cell lines ranged from 25 to 100% in 10 independent
experiments.

20  Example 9: Ifolatzon of high affinity antibodies newtralizing SARS-CoV
" A new series of monocional antibodies with SARS-CoV neutralizing capacity was produced as
described above from immortalized memory B cells isolated from a convalescent patient six months
after infection. Serial dilutions of supematants fiom the B cell clones were tested for their antigen
specificity (NP, matrix (M) or spike proteins), and their capacity to neutralize the cytopathic effect of
25  SARS CoV (Frankfurt isolate) on Vero celis. The concentration of monocional IgG was measured by
ELISA in the same culture supernatants. Neutralizing titers were expressed as the final concentration
of IeG (ng IgG per mi) in tissue culture capable of completely neutralizing the virus (mean values of
at least three tests). Results were as follows:
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grow h and 1 g production was neasured after

transf or

mati on was

| gM | gDb-

| gA |
IgA 1 in 300 1 in 2 1in 1.5 Donor

14 days and the efficiency of
cal cul ated. Results were as foll ows:
~ source EBV + CpG 2006 + R848 Donor ACS CD194 IglvE I gD
- 3.511in 2.5 Donor ACS CD2f

B cell
n 150 1 in

ASC CD19+IgM IgD IgA 1l in 320 1 in 2 1 in 2.4 Donor ASC CD19+ IgM |gD
lgG 1l in 2801 in41in 2.2 Donor ETR CD22+lgMlglF | in 23071 in 1.9 1
in 2 15[R-8 Gn PG 20061@ t hus congpécﬂhﬁ@ i nj tRaitralicagdicért y t o
i ncreasg— ﬂ;—..ége?.gl \,@.qc).. y—of é%{:/-r ndéteu TT rtal ization._In addition, R-848
- was conrarabl@‘%o CnG 20063£ﬁﬂ$hp capacity -Atrease—the—etofi ng
ef ficiency ofsmi ycl onal EB@GJ?mmrtJil i zed Tﬁ’cel | kines. Th the presence of
R- 848 t he—cioging effifci eNeYas, EBV|CelT Iymes rapged from25 t¢ 100%in 10
i ndepend yer| L§m~ymgﬁ£5*aﬁﬁ¥e 9——tsotattomof —ttTgtT—afifinity
ant i bodijes ne834li zi jg SARSE-1CoV_Ainew seti es of {monoclonal —anti bodi es
with SARS COVSﬁ}pyt raI 174} ng Ig@p;@m ty vas prerluced zhs deseri bed above from
i mor t al i-zed ..“.’mry B \,c. ts=isotatet Ot'Ee% E govalescent_pati ent si X nmont hs
.mere tested fqmlthelr antlggchspeC|f|C|tyh(hP nmtrlx (™M__or_spi ke
pr ot ei n§); 3 1nel rgapaci Jo negtrali glgkg he cytopat hiog ef fedgt of 25
SARS CoV olat-er—bh-Verg-eetH-g-—Fhe—cgncentTgiTonm off, nonocl onal
| gG was jmeas@ldd.iby EHLI SA Igf, € he same cubkile e supernat ahts . Nedtral i zi ng
titers Were expprgssed jas th@gﬁknal doncenggikd i on jof 1g@Qug 1gG per nl) in
tissue g of—conptetety neurg Lcé Zinmg|the Viggys (nmegn val ues of
at | east threoem‘?ésts) Res sCwere las. foftows. 238 nen et-enre-{Tsot ype
Specifidity Newtnalizing tilkerx 518./1 | gGpike NP 520.1 1d60 7v N8 - 521.1
1gG X -@ﬁlguxm’ft} 241|gG giké\lP-E MIg@oICth
determ ned = - gG XM Sd—-gG+% opl ke—30€ '8101&% FgG—|x Spi ke 40
S102. 1 IligG xSIQ§11ke 850 51@@3’flqax Spi k§P1§%o 51041 1 g6 x..Sgi ke "150
o " 81074 IgG, % Spike 73
S108.1 1gG, ¥ Spike 40
$109.2 TgG, k Spike 80
$132.9 IgG.x -.. Spike 200
$128.5 IgG, x Spike 25
- 8127.6 18G,« - Spike 40
$124.4 15G, x Spike 40
$159.1 - 1gG,A  Spike 25
S160.1 1eG, « Spike 15

Thus the invention is routinely able to provide antibodies that can- neutralize the vims at
concentrations lower than 10° M and even dowa to 107% M (MW of human IgG is ~150kDa, and so

150 ng/ml is ~10°M).

‘Yt will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention. In

particular, minor modifications that do not affect the immunogenicity of the modified capsular

saccharide of the present invention are also encompassed.
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S105.2 1gG x Spice 150 S106.1 1gG x Spi ke 45 5107.4 TgG x Spike 75
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ST28.5 TgG X Spike 25 S127.6 1gG x Spice 40 6124.4 1gG X Spi ke 40
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t ransf or mi ng es usi
presence of a ({b‘bl yﬁP@ﬁtheBm@éqSPP%faP aagyigen spegificily, #dt hod f or produci ng a

clone wf an i MmNt &olatexchn irurBliBd fRnBBménaphicte clagabpableof progucadaci ng a
human m)nocl1?19191%m%uomgrmbmythgw@gtg@&lsx{:e@(%t%@ﬁ LegRpgpeci ficity, conprising

the steps of transtformng a populatiion of cells conprising or _
consi sting, of m@&lmcdm maﬁl 1 &xmh@%aﬁawpwcﬁmg QéIucRAoF is\h E%ﬂts(cEBV) in

th 1 | t
SUSePLSfSRf%ﬂS? L@ﬁﬁ‘r&%ﬁ‘%’ﬁafbﬁsf’fpﬁsied"“ eap et ) ol g o et &l ced
human B menmog &&gf@%&g&xt%%g@% 8&@»&&%{;@% gell'l(ﬂgl}gl i a&wz%@agcﬂg%&g lional

antlbody havi n Ing to
Slai mS or cHAPHLES Reprgboe? ATLHG: B it Breapomp Coks) aatmalidiei Beserdfion; st
of a Toll Kirke1&eceptor which is expressed on nenory B cells 4. A nethod
according to any preceding ol aini wherein the B cell polyclonal activator
i s anagonisstA méfhodiccddhg toljnk@reﬁagmeptam wier€iT R pBlyslomd Bl cell pdtigat@Rde eqitctsd - 9

(TLR- g) and{ i tﬁig%uﬂ-do nﬁ?&e@ @rle— and M%rli?ﬂiazoémmﬁnfﬁﬂj)&ﬂldﬁﬁ%ﬁﬂlﬂﬂl@ t ]9 any
recedi ng C m e Cl Oha ce at or rom
; > CoREF RS ekl el Besod brRy: Repafls B tn i pRE A8 B8unas

the group c
t hat <0 nul apimic the effects of these activators.

6. A method according to any preceding claim wherein the polyclonal B cell activator is CpG

oligodeoxynucleotide.
. 7. A method according to any preceding claim wherein the polyclonal B cell activator is CpG 2006.

8. A method according to any preceding claim wherein an additional stimulant of cellular growth
25 and/or differentiation is added during the transformation step.

9. A method according to claim 8, wherein said additional stimulant is a cytokine.
10. A method according to claim 9 wherein said cytokine is IL-2 or IL-15.

11. A method according to any preceding claim wherein the cloning is carried out using limiting
dilution.

30 12. A method according to any preceding claim wherein a subpopulation of human memory B
lymphoocytes with a specific antigen specificity are selected before the transformation step.

13, A method according to any preceding claim, wherein said B lymphocyte produces antibody with
antigen specificity that can be selected only by the humag immune systemn.
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TLRs; CD40L; BAFF; cells that express CD40L or BAFF; and nonocl onal
antibodies that 20 mmc the effects of these activators. 6. A nethod
according to any preceding claimwherein the polyclonal B cell activator is
CpG ol i godeoxynucl eotide. 7. A nethod according to any preceding claim
wherei n t hévV@¥KyeI66iial B cel | activator is CpG 2006. SCTBAEHMEAE! accor di ng
to any preceding clai mwherein an additional stinmulant of cellular growh
25 and/or differentiation is added during the transformation step. 9. A
net hod acgOhdiergda E&Oﬂaﬁlg b BB 1308k BaiG@itibodgdctiirbitaimadinstinimen bahrsenssuch
cytokine. 1 hod accar di . clai 61 MeftisdC QYdaalkd Vilis,i s | L-2
or |L-15. 113%X6ﬁ%%3j5’%C%‘o‘?”%rﬁ%%&ggifﬁ%%g i ng clapi%k%‘xxm%r 81 g ¢l oni ng
is carried Bedle wisisnand Por timngr olen microbia! Padpeds @R 'REPRGd according to any
precedi ng Clardbioldaer ei n a subpopul ati on of human nenory B | ynphocytes with
a specific antigen specificity are selected before the transformati on step.
13. A fret fpd aakdrdbadng © diy 19r ebedi sagd ehtibdy is\diresied; 38283285 Hfocyt e
produces an%:%’yau%gagmm@g@%eggeci ficity that can be selected only by

[ em

t he human i ne syst -27 2004/ 076677 PCT/ 182004/ 001071 14. A nethod

accor di ng; ¢ @ i MobBing MNEHE1 A whaH sankicbaTyys dissctell sxeins dtmizgaPrigtinhuman

pat hogens such as H'V, P. falcipartan, P. vivax, P. rnalariae, P. ovals,
hepatiti s;Ba heRabididngt ddeaskRseiy bidmibodFisalirectediagainst thaPRPERSvi rus or
other m crobial pathogens and toxins known in the field of microbiology. 5
15. A net hod AGEN G RebdicngCd Rinkh kRgnovibret eithodyadorhprising Wiang & clgng ected

agai ngf allerge tHIIfJQ{ L OSRShoc b bhRARel B¢ RSmAand adokdinii gyenss ofl6. A
met hoz5 acco?l%f_'gonrgﬁ eg hc al %1_ ,hgﬁe?eoic% tga' gnﬁg(_p i body is directed agai nst
cheni cal s oflaigithL and isqlating the R monoRlaRaliiieCd s "o ai m 13 wherein said
antibody is directed_ agai nst. the SARS viru -I{Ee&pqsglfgrmc%agﬂpi ng a
human nonbtBhEF 3%?]5 gg’&ﬁ%cf?ﬁgﬁ SRS nﬁé‘%ﬁeu%pn%@agnﬁl Sne of an 10

i mor t.al j s eentiodyarit® pramereyticeNsastroBYle ePffoduced -by a met hod accor di ngi't o
any one of -clains’ 1 to 17 and isolating the hug _anqggji onal antibody. 19.
The met hodh. df inmertahisetid cell chorerade BoRHIFRTIR] piRe °2ﬂﬂ“so dmixing the

i sol ated nonocl onal © anti body with hay maceutical |y a Labl e.cafrier.
20. AASi n¥brt mpthade®r prodeqine Wﬁ%“s‘?ﬁaﬁ@%ﬁ P]ﬁ%"%’f‘?@ c%e g %%l 9on'e of claims 1
to 17. 15 2khensbrmng hqdpilaion pf hoiveiHigenrdymRictSeav iR R e pgpoms

| ymphocyt es ;&2 0Pfd SR8 BRetbSRysihocytds #8¢ gpiiking. @ popul ati on of human B
menory Iyrrpﬁ%@@tg};%% Wnereien lt%vhe rrgty?]od transforns >20% of the hunmanB

nenmory | ygp. CYLEST dikiatdn €1, RABkh At H¥lhod 23es nbhi@vetetdaibibr GisioplofthmBiemagher ei n
t he net ho not inv I\éeqls_cel | ul ar fusion of the B nenory |ynphocytes

oe
with ot her &@gbhgeytes withother
20 23. The method of claim 21 or claim 22, wherein the method transforms >50% of the human B

memory lymphocytes in the population.
24 The method of claim 23, wherein the method transforms >80% of the human B memory
Iymphocytes in the population.
25. An antibody made by a method according to any one of claims 1 to 18.
25  26. An antibody according to claim 24 wherein said antibody has specificity for the SARS virus.
27. A fragment of an antibody made according to the method of anﬁf one of claims 1 to 18.
28. The fragment of claim 27, where the fragment is a Fv, a Fab or a F(abM,.

29. A, purified neutralising monoclopal human antibody, wherein the antibody recognises an antigen

from a pathogen selected from. the group consisting of: human immunodeficiency virus; hepatitis

30 A virus; hepatitis B virus; hepatitis C virus; herpes simplex virus type 1 or type 2; SARS
coronavirus; measles virus; mutnps virus; rubella virus; rabies virus; ebola virus; influenza virus;

papillomavirus; vaccinia virus; varicella-zoster virus; variola virus; polio virus; rhino virus;
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20 23. The nethod of claim 21 or claim22, wherein the nmethod transforns
?50% of the human B nenory |ynphocytes in the popul ation: 24. The net hod
of claim 23, wherein the nethod transfornms >80% of the human B nmenory
| ynphocytes in the population. 25. An anti body made by a net hod according
to any one VOP208#8#668 1 to 18. 25 26. An anti body accor SCHEB0@/081081 m 24
wherein said anti body has specificity for the SARS virus. 27. A fragnent
of an antibody made according to the nethod of any one of clains 1 to 18.
28. The fragaBRkorPfinGhal , e i FVidh. [ a
F(ab%. 29. A ﬁu_rr‘f i%xér@%rzgﬁﬁ%%go%onagl onai_’r};t{f!c_ﬁgh%?iwg%%lﬁpﬁ%éare’ei n the
ant i body r eCSGRT SEYRICERER GRA iR e EHE REgEn-le g e deruBmBendeedt oup
consi st i ng 8frfustiv) fasvdphitm nildetdec Neinexy/a weninggidishepataup iAs B, QOWIS Svind/sY;
gepgtA itis B:S’iv‘épl?d_éﬁcicusfb@z&ﬁﬁah{ab;%n%ryéo(cé!é agﬁ&&f%%ﬁ~@r&9&cﬁagpj¥%gngk,s SkpRfocdec type
; cor LraMs;, measl es virus. munp i rygs; rubé virus,, rapies
Vi rus !?Ssebol gﬂ‘?}}g t q%la;dﬂfsnfa( Teasoa Mirele C“%%fzﬁ\’lsr oﬁ’? @’m‘f?”uér fm}(a?’é'fﬂ’@‘r n?{%{a’@i’%})ﬁjs;
vari cel | a- zZB¥teniag; fognia\pagis,ofranoisekasilarqyel:i Simpneligsspedisni Kyia ilolpsge; a3 WO
2004/ 07667 7t E cbB2004/ 001071 respiratory syncytial virus; a human
endogenous retrovirus; P.falciparum P.vivax; P.nalariae; P.ovale;
Cor ynebaciteAipurificdinpinddieni mean dtibsdyrth- irddognised @tdire, kdrais, thet-dyletFodied, ol Aonnum
Bordetel |l a kbMssi S; H aenophi lus influenzae; Neisseria neningitidis,
serogroup A, B, C, W35 and/or Y; Streptococcus pneunoni ae; Streptococcus
agal agd i an; ASuEiaR! AeRRRHS MURYGRGR Ty BlafRAYLALOTRHS, DAtk SioteRR HalRlgUS
antlrracis; I\/%%xuglsl. . cat arrhal i S it .Cg%,?yrndlla trggﬁgggél ??{5 c%% L.a
pneunoni ae; “Yar o ni R -pESPT ; PP R ot SPRTERh §Ps CoBa e 4> SP8ci es;
Pi bri o chol @ycaeroteimpgl20; ¥hd-6, ED11aEI018, GEGF, SO o IGAM.rOV (oY ABBO.HBAZN
ant i body t hd#2 sienagutises cocai ne, heroi'n, benzoyl ecgoni ne, or an,
anphet ami ne. 10 31. “A purified nonocl onal human antibody that recognises
TNF- a, (3ahphified npn@tcei! hpmSAREbod Qlis0feasinistiSs ERbdeatifan Obifttel, thP kiR ¢Ir Ot ei n
PrP, gonpl efEfiorabin 5GBLan G A g ahiktsoBy ic - : protein gpl20, VLA-4, CDI
I's; 0%28, 3%%1@ m%ﬁgﬁmggr? I,@%Axdag&b\?%&ﬁ/@%&g%%%#mz, Her2 or an integrin.

32. ‘A pursbfi BEndTRRA GhiBHE R HIBEABY HOLYs ARins-ECOgNI Ses a target antigen,
wherein the affinity of 15 the iInt'eraction between antigen and antibody is

10- 10M 0B4.17hg hktBbdy o8 SlainS3 WA QORI DA NBti-RASBRECI ficity for the
SARS virus. 34. The anti body of claim 33, wherein the antibody is a

nmonocl onab. AfipaRntafid daakly accing A ddiagnBtaiR B2 @l=anti. body according to
claim?25 or claim32 or claim33. 36. A clone of imortalised B cells' nmade
by the mdé.Hodomfof TinairtlisdVB ¢ m3de. byAnephiodBL@4thilzal conposition conprising a
nonocl onal anti body according to -claim25, 26, 29, 30, 31, 32, 33 or 34 or
an afi bady: fheompertital eepposidtinrgmprivinglaabam@dhal 28bedy a@brding cklam 25, 26, 29,

30, 31, 32, 33 or 34 or an antibody fragment according to claim 27, 28 or 35, and a
pharmaceutically acceptable carrier.

38. The composition of claim 37, comprising two or more of said monoclonal antibody and/or
fragment, wherein said two or more recognise either (i) different epitopes of the same antigen, or
25 (il} different antigens.

39. The use of a monoclonal antibody according to claim 25, 26, 29, 30, 31, 32, 33 or 34, or of an
antibody fragment according to claim 27, 28 or 35, in the manufacture of a medicament for
treatment of a patient.

40. A method for freating a subject, comprising the step of administering to them a composition of
30 claim 37.

41. A kit for the diagnosis of tumour, autoimmune or allergic disease based on human monoclonal
antibodies or fragments according to claims 25-35.

42. Use of an antibody according to any one of claims 25-26 or 29-34 for the diagnosis of disease.
~29 - ‘



pharmaceutically acceptable carrier. 38. The conposition of claim 37,
conprising two or nore of said nonoclonal antibody and/or fragnent,
wherein said two or nore recognise either (i) different epitopes of the
sane antigen, or 25 (ii) different antigens. 39. The use of a nonocl onal
anti body acdk@2WiAyséit’o cl ai m 25, 26, 29, 30, 31, 32, 33POT/IRNHGI7df an
anti body fragnment according to claim?27, 28 or 35, in the manufacture of a
medi canment for treatnment of a patient. 40. A nethod for treating a

subj ect ,. gONRLhfoMOactdEnSh ey BE oRiFhissIcar PR bouse emdicgomposi tion of 30
claim 37 41. A kit for the diagnosis of tunour, autoinunune or allergic
di sease basede @ﬂa&@ﬁ%ﬂdyﬁﬁﬂﬁdﬁ@f&ahny aRtdfhbihess, B ofr 34 girrdlagt @W@@@M@frm to

clainms 25- 35 of dy according to any one of clains 25-26
o hor a4 T opcfife t.‘*?%%osia?% RHROCY 2CCOLC 0D booal b70657

PCT/ | B20044 %%Q%Jﬂ of! enifl) Sﬁﬂé'cgﬁgﬁi’sﬁ%scﬁﬁﬁrﬁgt@ﬂgtaﬂ oEBYivOBB0BE of kRianibodH- 26 or

29-34 for uSe as of a Fialeh any one
of claPns 26”%"@%? a‘§'4°qer?¥1%ﬁ@sn§n%ﬁ gt s ec%ve Oglg%:l%f?ra%nt &Ioir? £ %1%11
treat nent ofciSARS 0 ddm 2A 28wt Foda pfiicttr eat | ng SARS conpri sing adm ni stering

an effective amount of an antibody 5 according to a cﬁg@ge of CE?C s 26, 33
or 34 or & Aehétactdf e varing mnspisiamoldhe SATSUY O FORGITERE @ i RFTE YL ai m
27, 28 or 35.m51§21t @feﬂ%ﬁﬁlﬂﬂ& acodkBing B apEbRedclaifns p6,8% ent4 orga effetivvinpyitod abf t he
SARS virus conp %t?&g%dﬁﬁ%ﬁg%{b%ﬁﬁmﬁfzfl%%%%a%‘ﬂ”t of an anti body

accordi ng t 6" an or 34 or an effective anount of an

anti bqu by %ngrﬁf%ﬂbtd E@B&H&I&s%ﬁ iR Gt R inddn@htifedabcorde ﬁal'an)&fnebﬂcléimﬁ)atl ent .
10 47. d
hocording ¢ GORgr i %@ﬂﬁﬂ%ﬁ@mﬂ%w%g? g gfSBREL) 1 30:G ALY

accor di ng t 9 an%odg?ﬁ‘éof cl a'DS?I % % gv?lqumphocﬁ%s%lthﬁnsﬁlg%mnﬁg the ‘ﬂﬁnph&yﬁ?t hod of

act|vat|n Y ontacting th

| ynphocyt es withiepblydenglgh wwetwaqor B cell. activator. .49, The-nmethod. of £laim
48, wherein"the polyclonal B cell activator js’ an agoni st . of Li ke
15 Recept 6 Toa Eﬁ?low d4im; 43, whegine e dalvelppeh B el gouRRIRRE Py 2898t o%%;qpt’hod of
~cl ai m48, wireEpioN(TLRPwcH ¥ etppaat oBmeedry Baellsi vat or is an agonl st of TLR-7,
TLR-9 or TLR-10. 51. The nmethod of claim48, wherein the ? cl onal B cell
act i vat or 50, She ebieat @l e%nu&lhemgrrcquyclomﬁsr%mﬁmjordif AQFERISR H&E-0t her

i m dazoqui nq[ e gonpounds that stimulate TLRs; CD4OL; 20 . BAFF cells

t hat express CDAOL or BAFF; and nonocl onal antibodies that mmic the

effects ok; ThbgRBo@el bl §, Siherdid -thePpdRIJAEIMB bar idavaaUue sagted fivor thalziozed hunman
B menory 1y @Bng&?&’gto?:scpe? ﬁ[gag [a.nscf o@l%r H]gaz&}uﬁﬁliﬁfcompounds that stimulate TLRs; CD40L;
20 . BAFF; cells that express CD40L or BAFF; and monoclonal antibodies that mimic the effects of

these activators.,

52, A method for producing immortalized human B memory Iympbocytes, comprising the step of
. transforming human B memoty lymphocytes using a lymphocyte transforming agent in the

presence of a polyclonal B cell activator.

25  53. A method for preparing a recombinant cell, comprising the steps of: (i) preparing an
immortalised B cell clone by the method of any one of claims 1 to 17; (ii) obtaining nucleic acid
from the B cell clone that encodes an antibody of interest; and (iii) inserting the nucleic acid into
an expression host i.n crder to permit expression of the antibody of interest in that host.

54. A method for preparing a recombinant cell, comprising the steps of: (i) preparing an

30 immortalised B cell clone by the metbod of any one of claims 1 to 17; (if) sequencing nucleic
acid from the B cell clone that encodes an antibody of interest; and (iii) using the sequence -

information from step (ii) to prepare nucleic acid for inserting into an expression host in order fo

permit expression of the antibody of interest in that host.
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transform ng human B nenory | ynphocytes using a | ynphocyte transform ng
agent in the presence of a polyclonal B cell activator. 25 53. A nethod
for preparing a reconbinant cell, conprising the steps of-, (i) preparing
an imortalised B cell clone by the nmethod of any one of clains 1 to 17,
(ii) obtai WaaHewhbsi c acid fromthe B cell clone thatCEgHE91Eh ant i body
of interest; and (iii) inserting the nucleic acid into an expression host
in order to permt expression of the antibody of interest in that host. 54.
A met hod £9rThpreRaT dfalinesy o EIRIANeREe fietdprossiroipst issienlgmsbtiecclt eps of . (i)
preparing an 30 inmortalised B cell clone by the method of any one of
claims | &6 The methbd Jf CRROSH ARG tubugbtis celbiis i2 gl roginap reme cgibirp plepigA’e t hat
encodes an antibody of interest; and (iii) using the sequence information
f rom st ep s{.iTh} methodufelprd 5, antém‘hemaldelh@anﬁmérmlcﬁb into an expression
host in order to permt expression of the antibod i nt erest in that
host . -305M@haﬁeenbmaﬁﬁr757p@fdr¢1mgmn@@tmmﬂslsaslﬂerﬁﬁil% bmsacdk claim53 or
clai m54, where the expression host is a eukaryotic cell. 56. The method of
cl ai m 55, Smpmeﬂwctdfeh@ui@amm&wb@lﬂﬂCP%lsaP?%géf’a”c‘ElamaH ghimal cell or a
pl ant cell 57. The nethod of claimb56, wherein th% nimal cell is

marmal | an6et meth@hfor preperineeiveleic aid Bplspus B SocRFfs R PTDP TR FPSBTRE | s i s
a CHO cel | afie stph b pre@titg an iBmb@aliscAlFeceiietdaotly thé methed ofiaBBonewh elpisisr te he
human cel | ::ﬁ,n@ 53@\3}1126& etiméB it Bbnd ARALidGRt dncodePihe MiiBRIyRORIfest preparing a

nucl ei ¢ aci ecu encodes an anti body of interest, conprising the

st epSf of : | s81d m S‘dﬂf&f doish duEﬁQiE%&@lsé 536k tBatGRdoliesGh Ql&@o:ﬂyofﬁdf@estmﬁﬂgfﬂmgf an)(;
one of clains 0 i aci

t hat eltqcodeéheﬁt@s %E‘ IHE‘IE‘! W%@lé%dt e@f%ni\g}ht%?ﬁl%g# be %Qg)lfﬁl:dngsqe{tt

nucl ei-c aci d7s@hewodndeltic mm&ﬂﬁﬂd&ﬁﬂ%@ﬁ?’%ﬁeﬂhﬁf‘@b i sing 10
the steps of. (i) ‘preparing an i mortalised B cell clo %fthh hod of
any one 0F2-clmpthe! for preparingpn axtibpdy fpurnies ! FScrEPEsnEdd E‘tftei’¥ FE“Bocel |
clone that enaadanliths amidedcestn imibalyest.a d6dred fpegificity oy thomsthoppfasdr i ng an
ant i body f or gh@aﬁiﬁg?ﬁtfvc@ obfifing GRITPL §én9£g hikeicoRonDbe socbha BRbeGBT ng - an

i mortal i sed” uces an ficity by
t he nméfhod &ptibedy of ’B‘ﬁ@“o@“)dlllsﬁqhﬁ%tbf’ D’r‘%e‘i?c" tnfc%/‘jr uﬁlﬁ% 5111' ° mﬁmé %ﬁ‘g???e%gﬂg ahuenC| ng
nucl ei ¢ aci cxfresion thixe dsekecepdssBhe ehtibodhef MBresih Wb@&%‘fﬂlﬁ orj bl EERg 9\& ii)

inserting the, rgggfah ﬁés@mﬁ@r’cgndﬁ&QWEé}a 5 biiBodyne bt Richrasiithnt wpporeia @ an

expr essi on host%;{ El'ﬁ % &@E es Stthe anti body of interest; (iv) culturing

or sub- cul t RO 88/ host under conditions where the antibody
I nter egé fhs ﬁmgq, S c?ed’6g1,a Cciafe Otg% hl%ﬂ:?cl 4(:%1 13\’&1\f{1)1pu]£é&rﬂe€\%leﬂ"£iep"s & -adtii dy of

thelnter he, nucl ei ¢

mani pilat ed HodvRsasstristiansies i°|“}’an§?180d(’? Pﬁa§° f”@/orfba (T PRSTRIE & psgRte |ﬁc dljoorn
sites, to changgiosegdiorysagacesand/ or to add or optim se transcrl ption-:
and/or translation regulatory seguences. -31 SEQUENCE LI STI NG
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<110> | NSTI TUTE FOR RESEARCH I N Bl OVEDI CI NE LANZAVECCHI A Ant oni o <120>
MONOCLONAL ANTI BODY PRODUCTI ON BY EBV TRANSFORMVATI ON OF B CELLS <130>
P033334wo <140> <141> <150> GB 0304363.5 <151> 2003-02-26 <150> GB
0318431.4 <151> 2003=08-06 <150> GB 0325391:1 <151> 2003-10-30. <150>
us 60/516665 <151> 2003-10-30 <160> 1 <170> SegWn99, version 1.02 <210>
1 <211> 24 <212>. DNA <213> - Artificial sequence <220> <223> CPG

ODN- 2006 <300> <301> Hartmann G We#ffatna RD, Gallas ZK, Payette P,

Bl ackwel | s, suparto I, Rasnmussen W., Wal dschmidt M sajuthi D, Purcel

RH, DesqQueENHEE, L¥8TIRig AM <302> Del i neation of a CpG Phosphorot hi oate

ol i godeoxynucl eotide for Activating Primate | mmune Responses In Vitro and
I n Vi vg19303>zNdwerruedr red rebeAraningl egyMepTd@Ne 164 <305> 3 <306> 1617-1624
<307> 2000- 02r QizavedOOn hnk6giegtttt gtcgttttgt cgtt

<120> MONOCLONAL ANTIBODY PRODUCTION BY EBV TRANSFORMATION OF B CELLS
<130>  P033334wo

<140>
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<160> 1
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<210> 1
<211> - 24
<212>. DNA

 <213> “Artificial sequence

4"
sy

<220> ' T
<223>  CpG ODN-2006

<300 . ’

<301> Hartmann G, Weeratna RD, Ballas zZK, Payette P, Blackwell S,
suparto I, Rasmussen WL, waldschmidt M, Sajuthi D, Purcell RH,
Davis HL, Krieg AM '
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