MONOCLONAL ANTIBODY PRODUCT BY EBV TRANSFORMATION OF B CELLS TECHNICAL
FEILD This invention relates to monoclonal antibodies, to a method for preparing immortalised
memory B 5 cells, to a-method for preparing immortalised memory B cells capable of producing a
monoclonal antibody with a desired antigen specificity and to the use of antibodies produced by said
immortalisegmmrmonoRaclis Therwentowismorisvaty usolnkiermeraingdigag ignoclonal
antibodies. In one embodiment, the invention relates to a method fox preparing immortalised human
memory B cells capable of producing antibodies specific for an infectious agent, more particularly 10

" where the iFECHHIS AQ &I the severe acute respiratory syndrome (SARS) virus. Further
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Milstein 1975 gﬁlzsgﬁ}?s?g c#s r‘%oglégeg version of oft If rotocql where pri mortalisation,
B lymphocytes are in B0 dr erentilgtenby a TONSPecttic act vat?r%’ §§?§t ‘ﬁn”%‘n‘a"g )?f’ ine. The B
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the hulhan wisteriie 20ftcan wterriatite approactitoméking pnianafibbdfjesrEpSieirBan. Virus
(EBV) has hepsitised ie imepsiiizeshuman (and primate) B cells producing specific antibodies. The
EBV method has been described in several publications since .1977 (Rosen et al 1977; Steinfti et al.

1977; Steiria X aROUBD; A6zbor & Roder 1981; Lundgren et al. 1983; Rosen at al. 1983; Steinitz et
al. 1984; Lanaweasehia :985hRaalls msgoimppializac Rytinieskiemvith EBMiand-grawing clones
secreting 2@@@%@@3@@@%@@ %ﬂi@Q%@aﬂ‘ﬁﬁ@&ﬁ%@lﬂﬂ%ﬂ%%%@e@éﬁ&%&R%C’St since
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method of #f5F Fﬁ@"ﬁ%@&%ﬂé@é@% EERA i B 2en eenbee Siep g aseedng EBV 30
infected B aedks-Fieweetiver diffisuity s Dirsininptisfisomfrilsnd Redbhssth endltitiado wiéniatresemi-solid
-media andisigrgwtiesitestorepahdaisy atsraut imiecuh 85423089 describes the use of GM-CSF and
IL-3 to stimulate the release of antibody by B cells. Bornicamm a al. (1.185798230) have overcome the
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problem offRreHizidHEorhPRevs)iBardn prdueirg dpaviEn extibsiien MBis| ERNY wotrd bastbiors 35 carried.
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even by th&* @5 iK mﬁ‘f"é’o‘ﬁ Buh AT emee rtiee A ERVPrmGEZEbRhe advantages,
it has beeﬁ%ﬁmmwﬁeﬁ%@ﬂmﬂmﬁm ofirein orediistioso 3 7Eeniinggrignether reason
why the HB¥thmbtiddpherh deametbhseletehisHRst inkernditvicsppreachasg fenmaliiag@human or
humasw-lacinenescaalanbedies begamerayailablehieuehaensicBpainesring.Aage include the
humanizatigiet %tg%v@ﬂ}mg'Q;%htﬁl%%%'%waé@%@dgﬁ%&%%éo?@ﬁéﬁ%&0”‘p'ex'ty and
the produ%g%ookﬁgﬁgg Qmas usir gog assica ﬂnﬁpnqg In mice 9&}@ or human Ig loci (the
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"xeno-mouse % rature on se alte natlve approac ES IS ewewe& ﬁere SII’]CG is not

directly rel20EAT LS ST RR AT PRI THIGHCISSH A e RE S eore ?&@?’ﬁg%ﬁ?éslﬁﬂﬁlﬁﬁ”& s of these
methods. Kt ERRRIGY RS ROPoETMER bRt dfe imanisnb fistss iRl mcamplewipFocedure.
Rand¥&m aatiigdyideremishnren fesufitarcpriia BedlidpbntoiigVanthoalititeretoing e ugeddo select
antibody speifititié sseigein stiyghlyCenservell arfyeos:Buplgre-iomntiradiesrohtowraffinity. Libraries
selected fﬁ&m&@ﬁ@em@ﬁm&@&%@%%&kﬁ%&%@@%&&ﬁfem%%m&& Lpreserve the
_original V@M@é‘%%%&&[&ﬁ@% a&g@ &“{'S’srzhﬁve I vgzei]@g mﬁy fogg stang than
those present in the original antibo pert0|re il’ e impact o this fec no1ogy as een limited. In
contrast the xsno-mouse can be efficiently immunized aus;inst an antigen of choice (especially if this is
a human antigen), but this system shares with the classical inurine hybridoma technology the limitation
that the madhcafes are selected in a species other than human. Therefore these methods are not
suitable to pmenee antibodies with the characteristics of those produced in the course of a
physiological human immune response. This applies to the antibody 'response to human pathogens
including 131V, the four Plasmodium species that rAnse malaria in humans (P.falcipanan, Rvivax,
F-malariae and Royale), hirman hepatitis B and C viruses, Measles virus, Ebola virus etc. (for an
exhaustive list see Fields et al. 1996). It also applies to antibody responses to environmental allergens

generated in allergic patients, to tumour antigens generated in tumour bearing patients and to self
anticeanc iNn with artoimmiine diceacae Thare ic tharefore 3 need for an efficient method of nrodiiction



() transforming a population of cells comprising memory B lymphocytes with EBV and a polyclonai B
cell activator wherein the polyclonal B cell activator is an agonist of a Toll Like Receptor which is
expressed on memory B cells; (ii) screening the culture supernatant for antigen specificity; (iii)
obtaining W%MI%@W@WW@Q@W%B&B@M%%M%& antibody
having theigesisshaatigbsspedifiaity i)kl (Hgshesmin thia)ided teemenitBhymptiteyte clone; and
~ (v) obtainigganskaptionalviiselslingsaitkmenesianakasinasis, ikadeuib Bsveshtaapresent
invention is dlrecte‘g to a T}%ho% far p{oggcg;gna m%ggégngi&@ébggyﬂ%oW@&mggquﬂtactlng a
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memory B y p C t e W and a polyclonal B cell activator, wherein the polyclonal B cell

- activator |én§H° CPERS ike Receptor which is expressed on memory B cells; (ii) culturing said
- memory B ymphacylesan g&%@%@@%@&w%@wmﬁgég@mm@m@w In a fifth
.aspect, th reser% mvegltmon IS directe to a ngethod for a megnoclo nMy comprising
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. lymphocy @&t Tl et = mﬁﬁﬁ%ml%%g‘gq%%ator is an
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- memory Bulysap o DyderEHxabiminiat). el dieraod frofresaididmmior tplisedtm énmtyBidyrmbhocyte: and

- (Iv) insertiggdhgRuclRic BeigHa AR eX IS seien: hoshit-Q rEekde:) o Iieosp tassianng e antibody in

- thathost. yp a8 3%%%9&%%@1%%%@%&%%&%&1&@ mathedsfar PieRaAg.ad ecombinant

- cell, compn&g% e steps fRaslep arin %n |mm rtalized B cell clone k%th megﬂw%jfof the present
rom %i cmc]l

invention; iff’ cleic acl rest; and (iii)

one a enco S an

inserting t%%@l?ﬁﬂdﬂ%ﬁ@%@%ﬂ%’%&@ @]&Wﬁ%’% body of
~ interest inithvaadfoiy. IW@W@W@R@%@WF@B@%P@%%W@#@@&G%‘%%@@WF preparing a
recombinast delhocpraprisitg st NFOL Mgpadllgg:ammdrtahzé@@ee&htmlb‘mhe method of
- the presewm -gntigen than thoss present in fhe criginal antibody repesioire. The impact of this

techriology bas been lmited. In contrast the xenc-mouse can be efficiently immunized against an

antigen of cheice {cspecielly if fhis is 2 human antigen), but fhis system shares with the classical

murine hybridome technology the limitation that the antibodiss are sslected in & species ofber than

buman, Therefors thess mefhods are not suiteble o prodnce antibodies with the characteristics of

thosz prodnced in the course of a physiological human immmune response. This applies fo the

antibody ‘response to human pathogens. including EIV, the four Plasmodium species that cause

malarie i humans (Pjfudciporum, Pvivax, P.malerige and P.ovale), tuman hepafifis B and C

viruses, Meesles virns, Bbola virus ete, (for an exhaustive list see Fields of al. 1996). It also applies
. fo antibody responses to environmenta! allergens generated in allergic patients, to tumour antigens

generated in tornour bearing patients end to solf antigens In paticnts with autoimmune diseases.

’I‘here is therefore 2 need for an efficient method of production of human monocional antibodies that
have been selected in the course of the natural immune response.

SUMMARY

In a first aspect, the present invention is directed to 2 method for producing immortalized memory

B lymphocytes, comprising the step of transforming memory B lymphocytes with Epstein Barr virus
(EBV) and a polyclonal B cell activator, wherein the polyclonal B cell activator is an agonist of 2 Toll
Like Receptor which is expressed on memory B celis.

In a second aspect, the present invention is directed to a method for producing a clone of an
immortalized human memory B lymphocyte capable of producing a human monoclonal antibody
with a desired antigen specificity, comprising the steps of:

{i) transforming a population of cells comprising or consisting of human memory B
lymphocyies with EBV and a polyclonal B cell activator wherein the polyclonal B cell activator
is an agonists of a Toll Like Receptor which is expressed on memory B cells;

(i) screening the culture supernatant for antigen specificity; and

(iif) isolating an immortalised human memory B lymphocyte clone capable of producing 2
human monoclonal antibody having the desired antigen specificity.
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(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 to permit expression of the antibody of interest in that host. In an eighth aspect, the present
invention is directed to a method for preparing a nucleic acid molecule that encodes an antibody of
interest, comprising the steps of: preparing an immortalized B cell clone by the method of the

present invention; (if)obtaining from the B cell clone nucleic acid that encodes the antibody of interest.
In a ninth aspeat, tird prestntinvesten B Bier oY Qb PFIIG U ARG TRR A8 e quence

that encodesagﬁbgwlgggg @ésrn;@@g@g@mgﬁa@@@h@ﬁ@@mmé@smﬁparlng an immortalized B cell clone
by the method of the present |nvent|on ||) sequencrng nuc |c acrd from tQ&E\fell cIone that encodes

| Lhyeear::gggrjr:: \éc{miﬁ twator Whei‘ :?ﬁglli)f)¥' ﬁﬂ CCI aCthE. T 1S (9]1&%%@. Ilgﬁlg&gon IS IHUStrated

15 Jlan ies are pro uced e techniques described herein

are not so Ilnz e o g@)&g&g Qy@@gg&zgq& m‘mggﬁ@ﬁy species far which it is desired to produce

mo-aoclonal gifibagies effisientyistheimentonrstbased e theldissovatycthat a polyclonal 33 cell
activator (snahrasiabastgidehees) trldasice sitteeffisiginty. of REV immortalization and of cloning

EBV-immortaiivediveks fEhistnortissadeatiiciBoynisresiens afarrtum leap that makes the EBV
trnhnique suifslottfing entprdoradatit B9 4 NDrRIsR2BEIdhan monoclonal antibodies from the
memory repertoire with no need for specific immunization or boosting. Antibodies are selected from
the physiologigalirgmunasennatentRAvirReRISHt StERlated hymnauialegnsactindth mpathiogen or
antigen. The m T%‘tp ‘i? is therefore particuliarly useful to produce antibodies against antlgenlc
determinants tHatare sé‘é%‘?’@glly r co nrsed b stem. These |ncl

neuraan apgteeys oA e o O o ol

auto- antlgens r?’ aﬂ o-anfigens at aré rt 0 ertoire of given in al. There is
therefore no n W@gﬁ@gg%g&ﬁ@md or for immunization with purlfled antlgens The
antibodies of tf® ebteieik, AuEFiiRAA5C ARy bl Hematiichidinty.native post-translational
modifications when expressed in B cells) and exploit all the diversity generated in the course of a
human immunelregﬁﬂnsg,ﬁaﬁim'gypr’aahurat{eﬂt)oﬂ,GsTdﬁt&rctheoimveraﬁmﬂ o yptdescinges elbacivagthod for
producing |mmort€1 e(dorlirlui[pan Jnemory | lymphocytes, comprising the step of transforming human B
memory Iymphocyte usn}r’g SIl—_nrggstel Barr virus (EBV) in the presence of a polyclonal B cell activator.
The method p r P{‘@H% e Hﬁ%ﬁﬁﬂﬁ BASRIRS firaetiones lyanbdertheF aspect, the
invention provrd § "fd A w@m & ac?essdgo N ‘i‘@?&’fﬁﬁ%‘*ﬁﬁ%ﬁ"f?e &8B! lymphocyte
capable of pro qﬁ% p‘g&%@,gﬁ ea desrr’ed antigen specificity, Comprising the
steps of: (i) trarrigf&reym auseed@a%x@m@uﬁrﬁ@mmmwmﬁgﬂa f plgman memory B
lymphocytes wit) EﬁBﬁ'ﬁg’ﬂBaﬁc}didfu&:ﬂﬁ%IEktﬁ‘ﬂsﬂfﬁﬁ@ﬂﬁﬁ:ﬁfeﬁt@ﬁé)ﬁﬁlﬁﬂ@k@sﬁﬁlbﬂﬁgvatoI‘ (i) ‘
screening the eoftendy supetirestant for antigen specificity; and 20(iii) isolating an immortalised human B
memory lymphocyte clone capable of producing a human monoclonal antibody having the desired
antigen specificiy? sPHb #rstolie BrRIpR iRvees s et ie Zopaieashi T BePIBRAGTE RIATEER K8mory B
lymphocyte Wrtrh@rﬂpgqh;ga{’@sm‘ﬁg:&ncy EBV-transformed B cell clones that produce neutralizing 1gG
antibodies specific for measles virus, the Plasmodium species that rouge malaria in humans, tetanus
toxoid, Taxoplaéljngfﬁ’dﬁﬂ%%@Qﬁdﬂf&&?ﬂﬁ%ﬁ&éﬁ%@ﬂééﬂt%mgG%ﬁ@mmure Furthermore,
EBV- transfortnéd Bbmﬂéeﬁeelrﬁaﬁ&?ﬂﬂ@@ﬁehﬁahﬂhﬁ fodahtibaties speeifictorthe SARS
coronavirus (Cd! )é’ &@Srﬁ’é@ d’ff&éﬂc’fﬂﬁﬁﬁ‘%’eb%%ﬂr@ﬂﬁ"t&wm’ﬁ AR eERean be transferred
and used for th&PrsautiSHSF dhfisoehEs against any specificity that is present in the human memory
repertoire. The sudden emergence of SARS in 2002 in China caused hundreds of deaths in a number
of 30 countries. TheseXtsaAREGJBNPIRASE FICABOR Seivg sl suemetlmeiaseroity rocavaitable clhas
since been discaygrpekamhthge-pypgrome is caused by a new type of coronavinis (Drosten et at 2003;
Ksiazek et al. 2003) and methods to detect this virus and combat infections caused by it are required.
In a preferred aspbefRE RIS BHEoHRSH pfembotie st ity prevset firntienrtalised human B

memory lymphog¢ijiesicapablemdtpretdikingia Bualiatnaanoelobdsantibadyspeciiesfonthe SAILS 35
virus, Compri Sin@iih@ig sofiuence information from step (ii) to prepare nucleic acid for inserting into an
expression host in order to permit expression of the antibody of interest in that host.
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(i) transforming a population of cells comprising or consisting of human memOryB lymphocytes with
Epstein Barr Virus (EBV) in the presence of a polyclonal B cell activator, Cu) screening the culture
supernatant for specificity for the SARS virus, and (iii) isolating an immortalised human B memory
lymphocyte clone capable of producing a human monoclonal antibody having specificity for the SARS
virus. In this specification, the terra 'antibody having specificity for the SARS virus" means that an
antibody méleaeibirrisce, the meronaviriptatisednd tousetivd Syerrpefi®ARS Withadgreater affinity

compared tg.#schinding-Affinituionother sitkers: GeRelaly dhedpyention also provides a method for
producing immortalised human B memory 10 lymphocytes, comprising a step of transforming a.

population dPhumaFFBREHbE AR KetHted! PRIl FRCR RO BRIFSRIMES®S of the human B
memory lyniphocytesiithiheopapdiptionidbanaivace fidscasléstéd frobod, & 585110, 20, 30, 40, 50,
60, 70, 80, 90 and 100. After the immortalised cells are produced then they can be screened to select

cells that praguge, antipadies witha desiied snesii, Selestad-pels.ean e e ysed for monocional
B A ot

antibody production. This'15 prefer oes not |nvo ve cellular Tusion of the B memory
lymphocyte$SHifR st E‘éi?é‘ep%i@&@ﬁél' %ﬁ%ﬁéﬁ@‘l’ﬁ@ﬁ%’%@%ﬁi@t@n the term "polyclonal activator"

means a inECUb;@é;ﬁﬁHMMHQnQﬁﬁl%aVEQ@?&&% %ge&e%%%@w gsdB: inphecytes irrespective of
their antrgerecré specrfrcrty A range of differ rg uIe ma}y Lllill%eadntl S hequ a¥clonal activator. 20
Toll Like Retéptord %ﬁ“ﬁ%)“gﬂge’ﬁéﬂgﬁ% 8§ ceﬁttorg & fnate immune systean expressed
on a variety of cells including denclritic cells and B cells (Medziaitov & Janeway 2000, 2002). TLR
agonists incii@€ASIEOBrodEdS HRIEYNthetic compounds. Preferred polyclonat activators are
agonists of mr%wmm&mmreywmmm&mm@ﬂ&z TLR-9
ggg ln%r?etrlc %&%ﬁ I %r) %Q%%r éll%ot des lﬁmi'??h -s Tgﬁ(e&gstﬁn%t%g%? (;)endrrtre
ceII)rnaturatroK?ﬁ é/:f;;lc VWIFe ﬁ%%:# efation 5&,&9 |%|‘Mhnnﬁ§%n p &Tst{i"rally, I_)/a irrespective of the
antlef)dy sp%ﬁ@&%&%@%@%@&? #2G: mriféieﬂ%@%eipééﬁﬁise{s@éh%p 4 sleRardgnt %rcr)
specific se m icatio rie Qnuc S as

P dugnces gRd.chemical rEFzgm %2092 & §G€§9 %‘?éz %% 6%3

poLyclonal activatQrs, and examples of suita & acivators are s.such as
-TCGTcerﬁ?‘é‘r%@Fﬁﬁ?é@FE%ﬁ“%

JF5HREPS &% o‘gpé‘equences
that trigger Priio: gierespamkoe ﬂﬁéﬁﬁ%@ﬁ&@%&@ﬁmmﬁe@mw shgtHESEbsgassdMore
particularly, the tenn "CpG" includes single-stranded DNA molecules of between 5 and 100
nucleotides in length (e.g. 10-80, 20-70, 30-60 nucleotides) that include one or 35 more instances (e.g.
2,4, 6, 8, 10 or more) of the dinucleoticie CO sequence, with the C in the dinucleotide(s) being
tmmethylated. Imidaz_oquinoline compounds, such as R-848 (resiqutmod), trigger TLR-7 and TLR-8
and stimulate dendritic cell maturation (Elemrni et al. 2002). Such compounds can be used as
polyclonal activators with the invention e.g. R-M8 (and its analogs) and other synthetic compounds
that trigger 112-7 and TLR-8, including but not limited to: imiquimod, loxoribine, and guanosine
analogs (e.g. 1-this-B- 5 oxoguanosine and 7-deazaguanosine). Other polyclonal activators include
other agonists of TLRs and of other pattern recognition receptors (PRIts) that are expressed on B
memory cells, including monoclonal antibodies specific for TLRs. Additional polyclonal activators
include CD40L, BAFP (B-cell activating factor, Schneider et al. 1999, also known as tumor necrosis
factor superfamilty member 13B, BLyS, or THANK), antibodies 10 specific for CD40 and other
molecules expressed by dendritic cells and activated T cells. In these cases the cells themselves may
be used as polyclonal activators.
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. Polyclonal activators may also inebide PAIvIPs (pathogen-associated molecular patterns), such as

* lipopolysaccharide (LPS), peptidoglycans, flagellins, zymosans and other cell wall components found
in pathogens. Other available polyclonal activators include loxoribine, heat-killed .15 Acholeplasma
ladilawii, heat-killed Listerfa monocytogenes, lipoteichoic acids, tripalmitoylated lipopeptides (e.g.
Pam3CSK4) smgle -stranded RNA (Diebold et al. 2004; Heil et al 2004), double-stranded RNA,
poly(LC), batferRIFHR ABTRRIA Tt ctPitinst FREPRHGHISE CHPHw It e HERlErd. (2003).
'Some activatersnsresipt erafreimst sibenlied By Bl it pesthogmn arpmirstlalie preferred

" aspect, CpG280ebiishssdaastinalphiyeton b lncfiveatoniiRoi6 emine roisiugpheniaftsithiole polyclonal
activators inglegiesdny ivogeneRegentlyibhashens shawn Thakhusman meeribhBapligiaresselectively
stimulated by,LRGaARemascoR@haks @Q@g&@%faﬁé&ﬁﬁﬁ@éﬁé Ma&ag%sl@@ﬁy%ﬁgeser@ased on
human me agg %t Gl RULROLDAYG ﬁ”%&%‘?&&%‘s&%ﬁ A0 nefrrk BRSIOHING B cells In
Methods oft mvsfb(%lon calls can be tra éné d yvlth V |n (g Er&sb(%nce of. avg?m clonal B cell
activator. TranSfonation wWith EEe 1%, %a?ﬁ cﬁ?que ARPEER 8 y"Ere adapteq to include
polyclonal BBE&M&W&MMWE&EW@@%& @%%ﬁ‘iha%%ﬁ?%ﬁ%ﬁ Y59 be added
during the t%@@%@l@ﬁﬁ%@ﬁ%%%ﬁééﬁ@%@ﬁ%ﬂ@@@%ﬂﬂ%ﬁ@ be cytokines
such ag 1L-2 and IL-15. In a partjcularly preferred aspect, EL-2 is added the immortalisation
step to rth&lﬁhp?o\%eﬁﬁ'gn ﬁ:léJ ﬁéﬁfl #\ﬁ%r‘f’ﬁ égtlf(l)gﬁ pﬁoﬁg‘ T8 %gmi%ﬂgé Lélg%]g‘? % hethemory B
cells to be trEREIRTHRECFERT IR TR W%%E%@@W%Wmeﬁm B@’F‘ipheral blood
mononu¢leaiee EXBEMEsprons bicopkbulmreB feolrebrom e owirbroniysmeeseihis), and suitable

methods foretibtairyngrsiimatinBfeciis Swetivell known in the art. Samples may include cells that are not
~memory B cells e.g. other blood cells. A specific human memory B lym hocyte subpopnlation
“exhibiting af&éﬁi’gﬁ%‘ﬁfﬁ% Sl g eI IatG e thdotr Sh &Mt SR BY using

method§ knBwastiisshisrerosrrorreabin bOptivdietret h dxiveh aenerbend BrEb sy riph e cpseedusapulation has

specificity fopdtiscBARBvishg ®egtdharB cells are taken from a patient who is suffering or has

recovered no S§§§ %Egﬁa%%t&géﬂ%%@&x g&%@@g&,}% Qfﬁ(%ﬁ&!@b% with Alzheimer's
- disease and |qcluge EE ceu§1¥(y 200220Nature Medicine

8:1270- 75; Ma Dn & Chan 5%85 mencef% fﬁ%p See?c%figjg rr‘fgltlve to uélng BBV, other
equivalent lynfBh&eyteiredprstolimopamets hagize tssificiterading other viruses that can transform B
cells. RSV is suifablesferir ansterminthtihadhcalis.of masbprimaiesiibidor piasnerganisms, suitable
viruses can bg,seleriGd ocesRigy ARsalalioR.etEiss! s LihidFansformed B cells are screened for

. those having the desired antigen specificity, and individual B cell clones can then be produced from
the positive Belisztikie Streanmystmyanbyedideanied o uohy HED4ISHsyyskdimipbpafitissbes or cells -
(including transtecteiticalis Ervhautfolisal D s shays lonodatanbiibesof®thstomeathedsiknown in the
art for identifying.desited ARtERRSRGE I, AL ASSAINALIRIEEL:00INE RASS aleimple antigen
recognigon g%‘?@é alloantigens have been produced using this procedure. Furthermore, EBV-transformed B

~ cell olonss that produce newtratizing IgG antibodies specific for the SARS coronavirus (CoV} have

also been produced. % will be appreciated that the method can be fransferred and used for the
. producﬁon of antibodies against any specificity that is present in the human memory repertoire,

. The sudden emergence of SARS in 2002 in China caused hundreds of deaths in a mmmber of

30 countries, The causafive agent was unknown and as guch there was no cure availeble. It bas since
been discovered that the syndrome is caused by a new type of coronavires (Drosten er al. 2003;
Ksiazek ef al. 2005) and methods to detect this virus and combat infections cansed by it are required.

In a preferred aspect, the invention provides a method for producing a clone of immortalised himan .
B memory lymphocytes capable of producing a human monoclonal antibody specific for the SARS . '
35  virus, comprising the steps oft ' :



IS select on the additional basis of' O. desired function e.g. to seledt neutralising antibodies 'rather
than just antigen-binding antibodies, to select antibodies that can change characteristics of targeted
cells, such as their signalling cascades, their shape; their growth rate, their capability of influencing
other cells, their response to the influence by other cells or by other reagents or by a change in

conditions, their tglalg;j;(?rer1t|at|on S a%tus etg. 20 TﬂhS “% &mm&g%mdmdual clones from the
mixture of positive ceﬁ:gmrﬁa Be carried out mltlnig: dil tIOI’ll I%\thn single cell
deposition b}iyé‘é’ﬁ%"ﬁ p&f?&iﬁé?m% ﬁ%i??ﬁciﬁe ar%j B eraaig %onlng is carried out
using Imﬂmgﬁ@ﬂu&tmmﬁlﬁfe mm&nﬁmmmmmﬁwééﬁcﬂmmanéed B cells that produce

antibodies ha E{f{] %H%Qn?d%{éﬂé‘e@ AREEICIREh s inpersioB eI idpsanigumaniatised B cell
clone obtalna e q{r}mf) %E%ﬁb%fﬁm %tg@jg%r%et@m%mn These B cells can be used in various
anti

ways .g.as' 2 source noclo t les, as a source of nucleic acid (DNA or mRNA) encodlng
- a monoclopaaniiRadwRi-inier esh fenseliyennignatenisyfanceluiartetagy rensaseanch, etc. The

invention %n‘ﬂ%" 485 &.Samposiion. comprisiogirmRialised Bapemamdwnpbeeyiastvhgrein the
E Iymphocy uce %mclmOd S apd \/t\ﬁherem the antibodies are produced at >le ng per clone per 30

day. The if} LS pro% s a composmon comprising clones of an iromortalised B memory 3
'ymphocyt%emwwmﬁ&@&ﬁﬁwmaammlmmahgmamﬁmmmmm the antibody.

“is proghiced at Gk p%e&quxsf&%gag m é?iﬁﬁéﬁﬁf%gw%méh&yﬂ%z 3or4.
AnthOdIeSyI?]%Ple nven|

t d bt d
from B celMABREL BT %] |nvem%S e%rlge%%\%oe\gtlc?%% I%qegr%;t @gﬂgﬁﬁg&ﬁocﬁ;zzl _
antibodiesTPsHREGIAPYHPAGERTS That fethin G a%?i en %lﬁ%lhg ac N/ he nfibodies. In generalr

" antibodiesimirslisrdentioretedae’ thia %Y@%Mé’t@ﬁ # rely B’é’ Ry ﬁswbr non-self -

“antigens. Antisedieg:tifatiyeegriideceifcamtiyeris e fer M%ﬂﬂh@ﬁéﬁéﬁ@?‘@&ﬂsg@%y aberrant
gene %pr%ﬂh@mpﬁiﬁﬁb@*ﬂgeﬁﬁﬁﬁﬁfﬁvmw Aberrafthioteinopriyvedsimgs wighethiergAlizheimer's
disease. Antibodies that recognise non-self antigens can be used to treat infectious 5diseases,
‘including prumaitie; simabaird bacterial infections. The invention can advantageously provide human

antibodies Eh%Me&@&ﬁ&%@“ﬁ&%&ﬁ%@%&%&vﬁi”h%ﬁ?tﬁlﬁm&uﬁlyab&eﬁiﬁm&SIbiea The methoolsi
of the inventian Ef"dtﬂm%at’ac%a%e“@? th%o%%g%& teristics plihesepraduceddn thecourse of a

phyS|oIog|ca Lman immune respons 0 E’%emflcltles that can only be selected by the
human im e’§§fs‘fé’?ﬁ°‘%@ﬁ§a f)f‘%s o} F?é’? sf)%nse "Fuman pathogens including HIV, -the 10

- Plasmgdiupy,species dhat eauss human nalaischumsa-hepalitiss: ande Witsessidaasles virus,
Ebola virus, the SAR i%“s Pa%’a‘ VA&%:E%”Q’&M%%& &i@&ﬁ%‘i@@a@@ HayirdagyiRegyiridae

(including rotakug"es an |ru trov ridoe (includin /;
Polyornavﬁ'ﬁff&‘é ﬁ%?%‘fﬁﬂ&}%‘{‘? X ,B\de %‘ g a VO)%SSI&J&[ 01% BQ/IJR%&‘H!% ?{)e

esglrl iﬂ% g, herpes
simplex virgsaistsohtkeg @%ﬁé@’ﬁf&"\?l?@é@s‘“@ﬁ?&%ﬁ% fﬁﬁg?w& pesvirises’s g and 7), 15
PoruiridaezidefideHbMduimeotbte %%?Oéﬁ%uéﬁﬁ@hét‘%@ebﬁ%ﬁ&%“gﬂ%@}l%@@%ﬁbI|es to '
antibody regppsises to environmental alleigens generated in allergic patients, to priori protelns to
tumour antigens generated in tumour bearing patients and tq self-anti 13 in téngts
aut0|mmun@fﬂ?§535@sbft§4aﬁ%’§ﬂﬁrd"ﬁ?o?éﬁn‘§9§c”?hgs% aﬁa‘;ﬁ%ﬁie%h%‘ér%‘é” GSedas pr ylactlc or
therapeUtic:gdgetits upmﬁayp%p%wmﬂ%W@W&@ﬁ’é&ﬁ&%ﬁ?é’?‘ﬁ?ﬁﬁfﬁ&ﬁ@%referred
monoclonahaniip eptiesamahiese:thial iy Exspeifditfio bidlezSA RISV e dsdsRh#8ntion provides
a human rgangelanalanlihadydhabcrasdmeminal Ye-ibeBeiR Bprpslipavitkeside retabiowstd any particular
pathogen, 4 @Bﬁf%@%&“tmd}éxﬁﬁ&e ihah.aancneutralise the apditysefithat mathogme to initiate
and/or perpetuate an infectio kS post.Ihe.i |n¥ﬁgmon provide; @jn%&trggg}n&gg%%@gal human
antibody, &e%‘fﬁ%e an?%TC(%/ rec 9gnlses an’antigen from a 25 pathqgen s e te : human
immunodeffSRSAy Vit R is S virds; hepfdiin€s Bivts; ﬁ’?@'ﬁ)g% é;‘g Vi r es S|m lex virus type

1 or type X HBARB oo REr B aYe &y e “rﬁaﬁ]”p@‘i}‘iﬁﬁé SPE%%H%"WFSSD%% °tbola virus;
influenza besesepapillb o virdsytdas dirlambr (rsz. Mr&ﬂeﬂ&@oéﬂeﬁ&m&@@éﬁﬁbfﬁ%ﬁﬂ@%%“@lrus rhino
Virus; € spiratofayas-kds avitus; Biaicipanui); R vivasneadarze sRisvedewBotynEbadterium |
dlphtherla%mgégg&rd Al maég)‘ag@stndlum botuliman; Bordetella pertussiv Haeniophilus |njluenzae
Neisseria meningitidls, serogroup A, B, C, W135 and/or Y; Streptococcus pneumonicze;
Streptococcus agalactiaP; Streptococcus pyogenes; Staplrylococcus awe us Bagcillus anthracis;
Moroccella catarrhalis; Chicrondia trachomatis; Chlanrydia pnewnoniae; Fertile pestis; Francisella -
_tularensis; Salmonella speC|es Vibrio cholerae; toxic IL coil; a human endogenous rettovirus; etc



-the inventidB9g alidieroint asrieabfisxactio

35 The invention also provides monoclonal human antibodies that recognise proteins specifically

I expressed in tumours, in diseased cardiovascular cells, during inflammatory responses, in neurological

disorders (including Alzheimer's disease e.g. (3-antyloid proteins), in encephalopathies, etc. The
invention also provides monoclonal human antibodies that recognise narcotic substances such as

cocaine, her benz lecgonin phetami es etc. Specifi may be recognised by
antibodies%?“{jne ventl on]|g 8%5%"?,1 a?é%w%t %?%{ﬁé amy%fgﬁro e%in coronavirus
spike prote Wﬁﬁeﬂfﬁ‘f@iﬁhﬁ? %’Bﬁﬁf eites “@‘@ﬁ’ﬁ“‘@ﬁfﬁf’ﬁ’ﬁﬁs &L ARG m p120, VLA-4,

CD1la, COVif Syrimsetios g 8464 nudas acressiondoibre sobels sempaenrs am siger VEARE CDSO,

integtins, TELRS fiechditg. itheritimiton disguprodidhes:dina i auhpbrin ngatogs ¢§®beéﬂéﬁ1'&e chains,
whereis onexafholhokdypepiidaeshains has/have a human VDJ sequence. Monoclonal antibodies

produced by the methods of the invention may_be 1% eswed lQ usin f||trat|on
centnfugat%ﬂ‘eéﬁ?ﬁ? o S PSS ﬁg ﬁ%g%@{ Iichrfffrl ofﬁalﬁ‘wﬁ%} RS ography

" TechniqueSTRFD Brtita s Thoht drsmarartisol ﬁﬂméﬁ?ﬁa‘?}é‘%@ﬁ?ﬁ‘? Ry

pharmaceutiéaieh debalmdogiegosrisadl kR0n Wé%ﬁ%m%%ém%ﬁél antibodies of
tpntizbelid 3 SludduiEdlioMetholis that include |
digestion veitkogio ZUER0SKHE RBSG PRRSIENRRNN bil Geantioedly aldavagedTdiaulfidetbends by ‘

AT OO

. chemlcal reslucig e ARLRGIYs HAMVeRIS: - ipalddg.Fakviiab52 and Fy fragments. The invention also

encompasses single-chain Fv fragments (scFv) derived from the heavy and light chains of a

monoclondiiyripmatiyrbrtme mvetitolrdoge BRMRvahssmenEed seler b REfMFIR © DRs from ar_1

“antibody ofifaoirseritiods CEFherintidaslivacs Sgstinidesasmonetiohal prihie camperytivith

neutralisingoativity patherein hé20zanilibid\poariogutctiseat dndodeclsaiidn, ohd0Xkd or lower (e. g
1040Nk 1(TdiblepkfaNbaiay aex-Morocienal antbodies.araipasisanyasefphinitaatfication and
purification;gfthadadividualnehmsplides a-phe anligpasagainst \whiah ﬁaeyear&z didied. The
monoclong} gpiihadies %ﬁ%%&'%&%ﬁ%ﬁ%@}é?@% silivAndhatthey may:he.qmplgved as reagents
in mmunoas;,&gg, (g‘g %&8@? noassa %é} g{f)e?zxge e?llnked wgmunﬁscg ent Say's (ELISA). In ;
these appllcatlons ol es can be lagefied with an ana te‘%t e reagent such as a:
rad|0|sot0|§eagmmmmmmmmzymﬁh@mmlmﬂmtlbodles produced by the above

: meth%g may als also be usr-[\id fo; th%brin éila%_[ldghntlflcathn a_pd characterization (epitope mapping) of
als

antigéns recognlzed B‘;?protecte In comp?ex paﬁ%og‘éns such as plasmodia, the isolation of
cross-reackisenpiote divdantibodic thin thexoaseniliiGhhelarablielptthiges:Btrdhtas@hGse found in 30
HD/ and fqredetesiing pathempens andaetarmiring hrbtivey abiiyus-Anibadiesehthedrvintion can be
coupled topa:alpeanfRndalivarymeraiteattnantsite 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
Antibesliesretrilferimuentiolr may be attached to a solid support Antibodies of the invention are

preferably,prguled Je Rl ooy Tyeice e AR Uradiylh B Riessenbin dimppsiion thal i
substantlall f ?Dro,}hegﬂga /Oe% &SR 9: Whegﬁme shmhgﬁg 9 Oc/g?( ng r| |aln¥l $S than 60%
00 eupo

and more usu e compo jon1s'm er po ptldes “Antibodies of

the |.nvent%?1mf5‘§1§ Hﬁ?ﬂ‘fﬁ%ﬁenlc in non-human (or heterologous) hosts e.g. in mice. In particular,

the antibodi@samay-havenanidimopeiiat isinPRBeegeniciy Bo R Tahh asteait-Aeidn a human

host. 3‘6”“*%%9'@&1%9?%%9%%&9%@59%&1&%}%@ Eﬁkﬁéﬂﬁ‘% Pexahtaingd from hosts such

as mice, goat i% @@gﬁé’;& rZﬁ R@&q&&g‘,@\tﬁyamsmlon or
nti

from xeno- |ce 10 |eso e invention ca any |sdtype (e g.1gA; JgG, IgM Ic. an a, y or
g heavy cﬁalnlfnﬁ’u% Wi genera Fy%‘é ‘fsgaWt?nn hefgc isotype, antibodies may be IgGl, 1gG2, 1IgG3 or
lgG4 subctasse=huntiidd ciistobéherfventicannayfavevaris:Oicars {ght £harhdheidniention also

provides qR:ipren0iakaeshRnamQs PPRen el dpalticy] adh 3y Maneweldmeharein the cell is

infectad wiin,ERY and 6060035 AP aplibady.ohihe '&ﬁ?@i@%l@ﬁnﬁ@é&mﬁ%‘%&% itions The use

of monoclon lantl'?ﬁ'lgf s as the activ (%Iedlent pglar@ (i%ut cals s now Wlde§£re , including the
i e o oy

products ﬁlerceptl rast[ﬁzuma% |tuxanrﬁ empath cade Heo rom, yItargTM
ievalinTm “GREHH T8 ‘?ﬁ%lf\/ %ﬂﬂﬁmieénﬁ’ T‘E’4‘Eﬁ‘ééifzﬁﬂ?§*6§ FHF8%e include
antibodies that recognlse human self-antigens (€.9. HerceptinTh recognises the Her2 marker) 20 and
antibodies that recognise pathogenic antlgens (e.g. Synagitm recognises an antigen frum respiratory

syncytial virus).



The invention thus provides a pharmaceutical composition containing the monoclonal antibodies of the
invention and/or the transformed B cells of the invention. A pharmaceutical composition may also
contain a pharmaceutically acceptable carrier for administration of the antibody. The carrier 25 should
not itself induce the production of antibodies harmful to the individual receiving the composition and
should not xic..Suitable carrie be lar 2, Slowly met lise romolecules such as
proteins, pomg? tlatés!ﬁlﬁogonleé éblysc'?t%:t%:ohar‘ﬁges al%\ﬁiﬂac &3 aC| %g gcoafnc amﬁ?’s’%olymerlc
amino aC|d %%?‘Béﬁ& %ﬁéﬁ‘fﬂgﬁ%ﬁﬁ’&ﬁ[@ﬁ%‘%eptame salts
can be useti9g# éR%?ﬁ?ﬁé’Mﬁe‘F‘ﬁPﬁ‘&é %%Séﬁ%%%hmﬁ@e%ﬁée% el mspdradEsn phosphates

and sulphatelgeds wiiitd igfebrepaviseasidad Subliel wilemtesopiitpiofnfesnyiddiaiésirid/benzoate&
Pharmace el Wescciptdbie Eanrierns ) Mitesapatia COmMpRsticrmayiagditinnally contain quuids such

as water, saline, oI and.et l. Addltlo subs ances, such as yettin
emulsﬁymg‘gs a%él ﬁ%u‘ﬁmﬁng sUBs%nec?evglr?lXa ghﬁcéxeetﬁatn %ﬁ% S?Pﬁg ch carriers
enable the'B ‘é‘?’ﬁ% En"e‘%ﬁ?‘?? R e vt W&Wﬁ%&?ﬁes liquids,
gels, syruﬁ@%ﬁ%@%%@mﬁ@%%ﬁé%w B3P fcqientrant. Preferred forms for administration

‘include forr&ms swtable tor r?%ﬁ%badmlmstratlon e.g. by injection er infusion, for example by bolus
injection or contlnﬁous NTUSIo ere the product is for injection or infusion, it may take the form of a

suspetsiorrawsitiind Br“'@h%mﬁ%ﬁ’bﬂwe@aﬁ%@eé&éﬂd@%ﬁﬁmzmﬁ&iﬁm&mory agents,
such as su@ﬂeﬂr@h&gamséﬁmﬂwet?@abiﬁ@mgsmmmispersing agents. Alternatively, the antibody '

molecule may be in dry form, for re itution before. use with ana riate sterile, I| Oncei
r:];iie ﬁyfc?ﬁi ;?% &S’Tre(?@]flcF su% ’

formulated, compositions o elnve |on% ead%lnlsfere

It is O ‘
preferred tRATHE COMPESTCRE afe Ha 8 el PR ATE PSSR (S AR P § ét’f‘?ﬁt’r‘%@nﬁharmaceutlcal
compositicHSiGt e RvEtsIPmEY %%Wnﬁ?&%%%ﬁ@ﬁﬁ%@%ﬁ%ﬁﬁﬁﬁdﬁ@%ut not limited
to, ordf intrelomBlke wditern desitart tdpalredtniaiontieitedlatiarutcal s ap@radirieatdnthethecal '
intraventrigefemticamsiidnmaliitrdirscuterebusifedys WO 98/ 20734 htopiedtisulfcutardods, intranasal,
enteral, subkihgsialciinisasaniralcadesctial e G4 ypaapraystRRy-piaabelbidsedspadminister the

pharmaceyticatizenpnsiionsohihentRvsing Jinicedyntheiherapnemtic sompesiicRs.may be
prepared %@Jﬁ%ﬁlﬁéoﬂ% as liquid solutions or suspensions: Solid forms suitable for solution in,

or suspension in, liquid vehicles prior to injection may also be prepared. Direct delivery of the
compdkitios V@?ﬂ‘igé%Wﬁé@@t&)ﬁ%ﬁéﬁé@]w&rﬁe@ﬁbﬁmm%ﬁsIye,ﬂﬁwalp@ri?eﬂﬁfeélIy,

- intravenousty wing ifatiees diitinly, oictelménddito, theghteribtitadsiactyofd fissile. Cttlercompositions.
can also hecddidkniste teddato RdLsinn o ohape & eatinknt tsay IheasingiRdose schedule or a multiple

dose schegule. Kn wh ntlbod -based phar rovid gwdan e relating to frequency of
admlnlstraﬁ]oneg e SF B mdgceu a@%ﬁésg‘af% 8ecfﬂﬁ 53%?%(4?1’% etc.

Frequency Sise dBeiydsmiy %%W@ﬁ@ﬁd’%ﬁ%@%%?ﬁ?"é?@ﬁﬁ&m %Wﬁ%"éﬁﬁ%‘&f’ated that the -
activéingfatentigde elofitpsurirmuiiase Buscintobs vl dcwdomsass suz s it witEbesusceptible to
degradatioreidhenigastbodivee otirm kerast . of husleif thrdc@RVBositimANgochedigiinisterdchily a route using
the gastrointizstinat itnaety, hedehvapositideny ibheidtaeapiain: agemts, which protect the antibody from
degradatlg%hut Whlch reJ ase the antibody gnce_it has been absorbed from the astromtestlnal tract A

thorough diScEEIaR 8 h ST ESy R EBTEFRHIETS RRrm AEtEbe et

Pharmacdtieiiese %Mﬁﬁ?@%ﬁﬁ%ﬁ?@%@ﬁﬁﬁ?ﬁ?%“&@%@ﬁdﬁﬁ@%&%@@ Remlngton
The SRierfs. dihd Pregitecisr PRaEdsTcyoRowitotitomidBNlessE 3061 R et Barentital
compositibapixftive Wivehtibndpaseradydaavesgbtd etiiiedn & biand, 8:6 wheederablyibetyeen 6 and 8,
and moreipraserakly: aluk Zerkhadd: mayraeaiainamediby-hesmse, of aibyffer, The.

Antibodies of the invention

The invention provides & monoclonal antibody obtainable ot obtained fiom B celf clones of the
35  invention. The invention also provides fiagments of these monoclonal antibodics, parhclﬁaﬂy
‘ fragments that retain the antigen-binding activity of the anﬁbodz&s

-



composition may be sterile and/or pyrogen free. The composition may be isotonic with respect to 35
humans. Pharmaceutical compositions of the invention are preferably supplied in hermetically-staled
containers. :Pharmaceutical compositions will include an effective amount of one or more antibodies of
the invention and/or one or more transformed B cells of the |nvent|on it. an amount that is sufficient to

treat, amellorate rpr v nt esired disease o COQ}%IIIOH hibit %ggtsggt ke therapeutic
effect. The 58’31 sog?nﬁudle% ucti or%“fn 0] yS|cal Sy p Homs. e preglsége effective amonnt

5 for any pﬁ?ﬂéﬁl%\?“ﬁﬁﬁ}%cﬂﬁhoa’ébmrﬂ’ﬁéﬁ%ﬁf PSRN PR SR TR Tt SRR LB Tof the
condition, aheitne Beesapericister ictndbin atiorrsf m’éra’ﬁeﬂh%@@e@éﬁéﬂ FResEn ST etE. The
effective ametsihfaraiigien sitiaiitn st etenminedbyeloutizene xpe titnendatiorea rigfisigignin The :
judgment ofa.clRisiaREROsREIROSES alithepraseptineTtionyaneiiecivedeseiibgeiderally be from
about 0.01malkg,e:a8RUE DAL, ARADAYE RN AR AR Mg lenahinaompositions 10 of

the present invention in the individual to which it is administered. Known antibody-based
pharmaceutigals:podyicfaigUitante mdhis: resipetitseghider deptinTiids ddminprskiseldy thiravenous
infusion of g,2lo%/ pabsekLionnWith ARiliakieading deasedpttatieg badynuelght afdiaweekly
~maintenang ﬂ@ﬁ&%%&ﬁgéhg Ay wRioh, %me&&%%ﬁﬁgmmz S.

Comp?sm s ca |nclude re than,one (e.g. 2 %%agt@g@mse MveRtiop,particularly 15
where antibo |essD |n dc?fmrent antlgens or to d|f enteglto%es in tag s%me a%;[‘[gen) to :
m

provide a s?ﬁ’ﬂ%?g‘fgﬂ% ﬁ?%r%‘%%%t’*&“é?ﬁg@f‘mo zf’fjﬁé invanton linistered_(either
combined é“m@‘@ﬁﬂ%WWéﬁﬁ%ﬁbé‘@ﬁé?’éd@e Wh“&%%ﬁé’rﬁé@ﬂf t égﬁnﬂ)b%%@ with
radiotherapipietesvitideeo Paobitions dt hbiinwdrdren Faap wédae carmpodies SrRemasHtoN, the |
antibodies grgferabiysd0imake.uyahlaastinbes byisdightie. ginB0%rFOMs809, FB%1d9B%0, 97%,.98%,
99% ofsmoge) Glihe 1Al RroieinNihesompesitian. Thaantibodiesamedus ispupfied form. The
invention pro&%@%ﬁfsﬁ&gﬁ% gl RIERRHN0. ARRA PACEIGE! s RORPFising: the HiePs-abidd) Rreparing a -

monoclonal anti tion and (| admlxm e \ QL4nore
pharmace HE3IF) -5t gensta%ecargners RE inventh %&D &%JI es ia%{let%gd‘%vtg %lggglnngfa

pharmaced’t‘fﬁ"d‘l“‘%%ﬁﬁgﬁﬁ’t%ﬁﬁlﬁ’%ﬁ’?ﬁﬁﬁnﬁt RSnocIonar antibody w e or more
pharmacedﬁ%ﬂ?%ﬁﬁ&@éﬁw@?@fﬁm@l‘é?ﬂ%@ ﬁ%ﬂﬁ%ﬁaﬂtﬁﬂtlbody is a monoclonal antibody that

was opjaingd fiam a tanslormed 8, sell e Jnvenlion. s Brosedureder fhstapiaining the
mono nf '%BI en preparlngt r eutical can. %1 g}g&%med atvery different times
by dlﬁerenflﬁéﬁ‘ﬁf@?ﬁﬁﬂf&ﬁﬁ %’b@’%‘ﬁ'i’@ ?ﬁ%‘ﬁi r% EouT ,Es an alternative to delivering

nt countr es

monoclonaj apiibgdies.orB.calls fontharapsulicRupasesqbis Bessibledaselvermumaig acid (typing
Iy DNA) to 3 gubieql ot encodes | b el o sl oo of rcrst

such that the nuctéic Cld can e ex Ee’ ect bn tu to provide a esweigotherapeutlc
effect SuitASIERERE AP |&ft Oé?a fivery vectors ecogﬁr%wn i the. art Medlcal '
treatnféntsrafeass essiqtre Bﬁo&'&ﬁa&’l %W‘%é‘%e’ﬁﬁ&%&ﬁraﬁ%eﬁ%%% ‘May be used for
The treatmiepeéidiseasehdmetitanplaving ot drsenss SATT treagRdesste HiREa@E™Preferably, the
monoclonadianiibadies whiadbive vion. abelu sedsfointienpy exiewtiprriliotrvim ericGRIS ARYS or for the
diagnosis %%ﬁ;@erl\/@mpdsag&giam@siwmguaﬁnﬁomﬁﬁ;ingsﬁifhzaﬂtib@ityﬁnt aniramtibody
fragment with 3, amp'% R raﬁm%&fﬂna@omaw@ﬁ%ngwﬁem@ deiastiannOtami;
antigep/antipo omé)le%g The inventio gg V|de 3. ComRoStion.of heimvention.farsg:as a
medicahmeft’ so rovides the use fpt) e invention |n the manuf ure ¢ ofa
medlcameﬁ?’ﬁ%’?“ﬂ% Ent Of g’bﬁlé’ﬂf”ﬁﬁcﬁor‘gg‘?g"éwgﬁlé’ TSR %‘f%?so BrolRies & Method for
treating a maﬁg/m%fom@domcm aureus; Rocillus anthracis; Morexella  catarrhalis;

Chlaymdia trachomatis; Chlamydia pnewmonice; Fersinia pestis; Francisella tularensis; Salmonella

species; Vibrie cholerae; toxic E.cofi; a human endog_enous relrovirys; eic.

'35 The nvention also provides monoclonal human antibodies that recognise proteins specifically
expressed i tumours, in diseased czrdiovascular cells, dwing imflammatory responses, i
neurological disorders (including Alzheimer’s diseese e.g. B-amyloid proteins), in encephaiopathies,

. “?u



10 diagnosis on a subject, comprising the step of administering to them a composition of the invention.
The subject is preferably a human_ One way of checking efficacy of therapeutic treatment involves
monitoring disease symptoms after administration of the composition of the invention. Treatment can
be a single dose schedule or a multiple dose schedule. The invention is useful for treating infectious

diseases, eanogts nflammata diseasesaaulommung diseeses aic, 2. AMbaciesolihe invention

.can be used N passive mmurg)lsatl n. Compositions of the invention ill generally be administered

directly to asuﬁa |ecr?t°ﬁ?f"él(’:?r8%1iv%nﬁ? B mpﬁ’é’ﬁ%ﬁ%y parenteral injection (e.g. subcutaneously,

intraperitongaliv. inEauaneMSiy NAHSCH BF . AbdR e dnterstiial BpAGe Afia-isste:es by rectal, ora

(e.g. tablet, s inal,to l, E%%sdennal or.transcyutaneous, intrangsal, ocular, aural, 1
pulmonarytg'r ot %%aﬂgﬂ?%é {gaah%tmlstfgﬁ%%‘.’%” LE% ﬁo%le% %rfot]h%r?ﬁ\l}leaﬁ%bﬂﬂ%?gmbe%ﬁ ;?rgépared in |
variougforfﬁ%l."j_ Zﬁle ari% & the ESFBSE ORI THa J}pr _Jr%dcaag?h"é%f%@?fg &4 iquid :
solutions ofEEpEReleHE: SBhdTEE satTIaMs: Bt TBkA SRS in, liquid vehicles prior to
injection cap also be prepared.(e.g. a | ilised compositio IikﬁS}/n iSTM ancrj lierceptinrm, for
reconsitutiifri%ew!ﬁ%nqmﬁ) feﬁgvvgii%‘?écecs) %Pafﬁ%]ggg E%ﬁetgg r%goﬁggggqeh% co mwpos(?ﬁo%n?n%ybg%é gfr%pared for

teri ;
topical adn‘fﬁlﬁ'gf%ﬁ?)ﬁh&‘&hﬁghﬁﬁe&iﬁ‘%aé’n DLrERTPST powder. The composition may be prepared for oral
administrajan &6 A5 AuHACLOREARSYIEs ASHSPIA%. HvBRit VY B @RHgnaltk Jlayaused). The
_compgiltlogsirnnaglga%‘pn[egc% 5 f%{oguajn@ov@r%}fsa&arrnogi%@'% GinR %&mhaﬁ;ﬂs&pg{ﬁn@e powder or g
spray. The COmpoSHtion Mmay b6 prepared s a sUppoSiory er pessary. The COmposition-may be
prepared f8¥fwa§‘3¥?%’ﬁ¥aif8?‘ O M RStsn o smegeab @%ﬁ@??ﬁ?%gﬁ%w&% be in kit form,
designed Stiefrtrarheentrmirebesipdbnise rereebhutaiedpst prior to administration to a patient For
example, g.lyophilised antibody can rovided in kit form with sterile water or a sterile buffer. ‘
e e e e e e Bt or
the diagno@T& SFIIRTORPORERD TS D ZIBTGIE HHEEHER ™ ReThish A &% SrRER i PHP-immortalised.
memdry BA{H S Sresssshidedddsineitie rietHet SRtromdalibrely ntagmeed Belideb2hs a source of!
“nucleic aciEfe): thd Eiokigmeotabtiioryianés forosulbses siegitwbaoiFiHinzguite siyd droveExpression
“from reconbin e thsoyreeSihiniiesedAummankor phabtiis ot ticalptisp e gebt hambaxgpskasion from B
cells or hyhrgemasesge i easonsQhstaplity of 8RaeHAGHKlIty, culture ease, etc. Thus the invention

provides a method for preparing a recombinant cell, comprising the steps of: (1) preparing an
immortalis&b Brewtiaicire axddsceibedodbe duiinotstiivdy griin ecoratirdre astidheicvheids fe.g. heavy
and/atdightzchaingenesftent therB-celliciefecthdbencedes:the’ Gvifilndtyrabiftdressway (iii) inserting
the nucleic acid into an expression host in order to permit expression of the 10 antibody of interest in
that host SRRt rEPRAR SR PrOGIRY asrfdibdireifsripa s plcdtont i B8iFid8prising the .
steps of: (pobmsptidhsgaritirn mberligediB odilctlBre as destribdteaboydoth) segobrcidnucleic acid(s)
from the Bisellticlohevthatdivest esithcariiibtdy aidnteresidoidd(ity vaipgdhe sequengeywnformation -
from step (iditerprapasenyrlels RS dandasSeHNLIBle:an SMaSEIBRNBShERgpnapRMIt expressio
of th%g_nt'@i%déﬁtﬁgomégr&ﬁtﬁ:@ i%!ﬁh@f%&m? %teAﬂaagmﬁp—@é&a%{gwﬁeaﬁsﬁumom&%@glw ® s that
recombinant cell, comprising the ste ransformin ost cell w e or mor cleic adds that -
encod & PR B R ere

derived fréffPal MSTaNSSEPERER KIBHEBEI STHVERRBRFHERS (REBr SRR TP preparing the
nucleic actReHA? WaRsing irdyiderlsdnsorniea préleecen & B emetirefiatsaitisrent times by
different peroptesirtidiffartatiys agtis feginifdiffercbitdinvadse Phbseneguohisidas Helid bf the invention
can then hEvisetdoiexfirgaihtran dnoditvreipiyihscsribhtiy.ate particularly useful for expression of
antibodies for large-scale pharmaceutical production. They can also be used as the active ingredient -
of a pharntatibefieabhipsatinranby cstitable ciie fr Jsireningisaean e aseuriddrting but not
limited to dtatitideltahs, teofleilibtttionaintieé 2odci s fiusthehwllowt filserty pechioreasmreeBstridge, modular
minifennenerostifse doiallikg AiCvoGEas e iaigh e, RRIFNICISRIS PeriuBiRitvelt: the art, as are

methods for imaging using detectable labels.

'35 Antibodies of the invention may be attached fo a solid support.
. , ..



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; AS)NT: 0716733315). 30 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 [CruceII Jones et at- Biotechnol Frog 2003,19(1):163-8) or .

BKB-11 [Baygh.aR.k Ak ﬁva;gram@gi 128r3PifEb0rakArBielesRokieg;2R034 9:229-32]

cells, myeloma ells [US patents 5,807 71 a%ge 0R.104:1, 516k 25 Wellas.Pliant el Preferred
expressmnpﬁosscan? gg%te x%e antil e 9 1313?. partlcul rl Wlthdgarbopydrate

GCOTE]

structures {ReiE%k %ﬁﬁﬁ%ﬁﬁ’ﬁc xpressmﬁoﬁlos "that cah grow in
serum- freeﬂﬁh@cﬁ%bﬁﬁébﬂ?éferred Expression hosts that can grow in culture without the presence of

animal- 5der Xg({)g)&od S are refen gd mn]}'usz’z ; e ex rpﬂg&;&gﬁg@%@%g&%@ﬁgﬂ&gwe a cell Ilnefz

The inventioh provides a'method tor preparing one, or. more n nucleic, aC|d olecules f:%t% peavy and

Light cham%@ﬁ&%‘jl”fﬁgieeﬁ‘?%?f@ Wé’ﬁ% PR S & RS RS A epscct)ijf' ) preparingan |
immortaliséel Brestindiefietatbetieniy Wﬁ@ﬁ%ﬁﬂ&ﬁ‘”ﬁﬁ ‘E‘Stﬁﬁm‘i@ #%%"%"%?éﬂ’% cleic acid 5:
that encodéssthieanticldymitintessstbie vamiaraitomomiest mémoertde s a nucleic acid
sequence thai:enReeses @masibatty.of interest, comprising the steps of: (i) preparing an immortalised:
"B cell clone according to the invention; (ii) sequencing nucleic acid from the B cell clong that encodes

the artfbodiméberiesreidhe TreHRAAIEA oy FRETRE et Bhe TEE A B e ARG R HAED B nolecule(s) |
that encodést avillgeibely 10t iftsastheckaf ivting thibotiss orpbealeitly 182 Aelets BEH from a B cell
clone that wasiabtaiseshidionia tionsiomedscat-oh thityhdemion. Thus the procedures for fast '

- obtaining the B cell clone and then preparing nucleic acid(s) from it can be performer' at very dlfferent

times by differ&nepisnple Riferaneprrdisd Rmrrameraptcst stdertirHeth o frash Blovides a
- method fon@apamhgﬁmmfﬁbwﬂe?@wemdwaemw%}ﬂmlS|ng 15 the steps off. (i)
transfornimg a population of tutu='B memiiry ltmphocytes and selecting a " transformed B cell that
prodUtes diramiabmdorivienieaiéasited 'specificity, as described above; (ii) obtaining and/or sequencing

one or morg,p ugéajglﬁ&ﬂdao(ﬁtgamWsa@%thﬁma@egemﬁs)pkm&bﬁaﬁe@mﬂv&mé@mantibody of ;

interest, '“%?ciﬂakggtﬁ:% &!ﬁégﬂ&@&ﬁlﬂm&mtwimwwm@mﬁmmsion host that
can .expregs I q.ml Oq 1Q,fkt;nmfd'est gvgyngéqgwbgag{; ag(ggglgm%@mg’stunder ;

conditions re ntibody mterest is ?%(glresseﬁ;‘gn thﬂall P r| I tibody of the
inkiest.' ThEF %ﬁ’f R e N R RS aﬁngwrf? antlboccyi) ?t{e]ps of:

risin '
culturitfy orashBuEbinE A TEo e RSP B RIS pYitLi Wﬂer%&%ﬁ”gn v@ﬁ‘égaent%g "antibody of
interest is @@r@@%@mﬁﬂl@pﬁ@nauy, purifying the antibody of the interest, wherein said expression

host cell 25 opulatlon as bee ared by (i) rowqF nucIeJc id sg copég&&i%gl&ctedBcell the
antibody of i5t&FERFTRATIEEETE gl e%P et ooggmemor n( 8?:%%%5 prepared as described

ula m(})n
above, (ii)dridarerHgtRdYHRE dhe S ‘idilji’t(‘?aﬁﬁ Féﬁg?ﬂ?]oﬁoétﬁlfﬁf‘%‘? ?(]]pre%ps tHemRibody of :
interest, ar?@O(nPP@Mt&ﬁhW%agﬂlm@@(ﬁ?é‘%lﬁﬁ wisipiseaiap ASihg hbriisdlie@fifleic acids to
produge saighexpressiclii hdstecélt poplulsito i Thutibothe phrawsd ure $hfopfifsdpreprasiigatiberecombinant
30 expressignhastarathameuliring itdacexpiess antihesymegntse ingefosmelt atatantigifferent times
by. d'fferenlxq@&gﬂﬁeb@l@ffa%ﬁn&&)ﬁ%&ﬁmie1971 gifferen h&@éri%)ysﬂbﬁdﬁaé@nﬁeﬂlﬂiﬁﬁ Riayjdes a method
_ of preparm}%lyg?yco ¢ ac%eu“?a eSio At })Ségigs B8 opolymers and mactive virns partlclas

Pharmaceutically acceptable salts can be used, for example mineral acid salts, such as
30  bydrochlorides, hydrobromides, phosphbates and sulphates, or salts of orgenic acids, such as acetates,
. propionpates, malonates and benzoates.

Pharmaceutically accaptaiﬂe carriers in therapeutic compositions may additionally contain liguids
such as water, saline, glyverol and ethanol. Additionally, amxiliary substances, such as welting or
emulsifying agents or pH buffering substances, may be present in such comnpositions. Such carriers

Lo.



admixing a monoclonal 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 place . in different countrles) Startln with a transformed B
cell of the rvdinthsphoarmsenst ?Rﬁ%@ﬂ&?ﬂ% eyt atiRget SR  iencing, nucleic
acid prepageiticsrats stairboperionmied. fuoretstico Paspettee the, antlbody expressed by the

transformed B cell, with optional, optlmlsatlon at each s pfln a Lﬁ[r d Oi rtb%dloae t._the above
methods fﬁfﬂﬁ‘gﬁéd‘mﬁ‘ﬁé@tﬁm it o % gﬁ‘ jration bor bp mlgatlon) applied

to the nuclisiectieichs @ﬁ@@@ﬁg?ﬁ%ﬁtiﬂd&%ﬁh@%éﬁ%ﬂﬂéﬁﬁ g&s@@%ﬂ‘é@ﬂ?“ﬂﬂé’f&é acids,
vectors, sdtjeeicesjdiniiotimayeit: Gsdumnthprapgarien m!mﬁg @&W@E@ﬁﬁ an i ofRSYSRethods, the
nucleic acighusedHn #1egxpiessvmniieshmasnbesmianpusietnpoiweentse peliisimrmd) to insert, |

delete or amend-cadain. m&ﬁiﬁdﬁ@@%%mg%z&@aw&fﬁo@m masipuation ingde, but are not
“limited to, changes to mtrT(gQU&gnggﬁ%ggpn sites, to amend codon 10 usage, to add or optimise
WSS Witl) an (<]

transcription an /or transiation regulatory sequences, etc. It is also possible to change the nucleic aC|d
to alter therppeagacamine asigs: ok erasplenibmay hadsafubtd iMsauceeneiertnicee (e.g. 1, 2, 3,
4.5, 8o 7, Greerrbl BlGn) AURINRAGIC SRS IIAINSnBRS- AR RDulieds. 3, 4,5, 6,7, 8, 9, 10, etc.)
amino acid deletions and/or one or more (e.9. 1, 2, 3, 4,5, 6,7, 8,9, 10, etc.) amino acid insertions :
"into the antisogh¥samine] acihsdiue ot &iSochipoireykaiomnistsdhn arodmpetfdarytes functions,
antigen-bipdingaffisity, rBositensiational meddicatjonsaituElmoenieibibtdnteardnlirgduce amino
acids for t'&?ﬁ@&ﬁﬁﬁ@&?ﬂm&%ﬁlﬁ%&m&t@é (akbalRBR DAL AaRINIQALINDBES (BB tofREIpUIification

purposes). Mutations ¢ an bealnetIl G 1 t;gg{% ahiandon, followed by:
- selection (el\g tFlaﬁncsibfcu]ar ‘ev ulil 1%%216% AntH Od?ggé%&e%g?ﬁﬁgp %y%gtg]qumtlcularly useful

for prg)f)hy]%&‘i"s ﬁé‘?ﬁ%ﬁ/ Be&a(ﬁ'ml |s(iere & RBATH Care WoTkers of o Q(% may come into :
‘contact wifPESRRS iy ﬁ’ﬁ‘@ﬁ@f’d‘aﬂﬁﬁé‘ﬁ?ﬁtﬂéﬁcﬁ“ﬁﬁl%@eﬂmgﬁﬁry %6 ar an immediate cure of
infected inglifidladbs @@W@Ihasfémm%ilmt@ﬁlﬁrﬁfé&%ﬁeﬁ*@&ﬁfﬁ&?éﬁﬁ?ﬁﬁﬁi‘cal personnel.
Human sera cont ining antibodies to the ARS ys are not ay able u nts, therefore
the methot 5t % \? |on“6’rowans €san %Iéeé-?\f \fR; fg?cm%%% 9% &ngt%t%%%?d%%muonoclonal
antlbodlesmSﬁi?FF%?ﬁ%dﬁ’&Vﬁ’?ﬁVE’é’ﬁ?gﬁ“Wﬁ%@o% & e?ﬁ%gm ﬁpﬁgalnst% Is‘and other
patho@bn%h@mwam@wm@i@féﬁeﬁ%@wm@ésaal?ﬁ@th}aae%ﬁeﬁ?@%ﬁl‘i@%%%ﬁﬂ%‘?d’ﬁ%f the SARS
virus compuisitigeastministigringoan eifeilivéarmo ntiolatartibodpasruienlb o8y ifaprHence pecific for the
SARS virug1.8teaksiehantipotydapaeifiddorihabikS vinmshaitd therdforeddermdidtdined so that 30
they are ayailable, fpripuncdialtensea anfurhesShRaddtiaral ihlonshpan sy3ccies The
invention has been described above in relation to human antibodies prepared from human B cells. It
will be apprediatedthatitivd imrdntiotis ingtdisctinitalpresticrediduzeanitadiamalrrisetts, and can be
used with aRy, argarnisFekinky estegdip o vid gantitadies te.t ibrapbbtcoopditigndstic 35'
veterinary yisgi.QrgeRismsyihB.eal uibh st aanbatiansio mmedRyothndathess ef thetdvention

inchicie p“%%&eshg%o%ﬁhgggmgyﬂﬁgsdewemW%M%;my haboRs 1QsANG-Utans,

macaques, etc cows horses ep, pigs, dogs cats, camels, sharks, fish, etc. Genera( The
term’ com?)lﬁgfﬁegf’é’ %ﬂ%ﬁ‘rsélés |nci ﬁlng as well as "consisting" e.g. a composition

A thorough discussion of pharmaceutically scceptable camiers is aveilable in Remingfon's
30  Pharmaceutical Sciences (Mack Publishing Company, N.J. 1991} and in Gennate (2000) Remington:
The Science and Practice of Pharmacy, 20th edition, ISBN: 0683306472.

Pharmaceutical coropositions 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 a buffer. The
oamposmon may be sterile and/or pyrogen free. The composition may be isotonic with respect to
'35  Dbumens. Pharmacentical compositions of the invention are preferably supphed in hermeﬁcaﬂy—seaied

 gontainers.
-10-



"comprising” X may consist exclusively of X or may include something additional e.g. X Y. The word
"substantially" does not exclude "completely” e.g. a composition which’is "substantially 5 free" from Y
may be completely free from Y. Where necessary, the word "substantially" may be omitted from the
definition of the invention. The term "about" in relation to a numerical value x means, for example,

x+10%. B %‘W CﬂIﬁ?IPTION OFﬁ,SRAX'\J/ &NGS_\.:;}%E:1 ure 1 §h%§er%§%§eoin%%£g%@tﬂgmg SARS

virus-infected Vero ce s??go as O anfi own are the O Tg of serum (1/5000

dilution), sUPSHISERELIBSTESR SPTneS S7 6 ed‘@ﬁ%’ﬂ&%ﬁ%éncmffu?ones (A7 HthiSn). Figure 2
shows the HexirRiiprgteiter BFamtip dasel shemnienrondiinres A ediE 8 friedetls fsmPtttralization titer
(Vero cell asksly Y orgpriciSsdenssarindr reinstmtaitscel yyolyiotan Zhepiteise sTpsisitarecadnes isolated
from the culiyyitibigh estjas ilidagtitapon FoiF g and Shail/stelcaatanalysigmdfdhtduman
antibody regp@inse, e SAkpeiliSERHG REQLRIRr GlethyEaey RepaRiamS anasadasiediy their capacity

to stain 134iseeladianpierithidilant va&m%%&pmg SRMA UM isalal@land fur their
capacity to,n utr t e sam strain of SARS viru re 3Ab%h% Qeséatlfﬁn neutrallzmg
f“%ﬁm | |

~titer and st Spl mtem By tndilute gfefteure st ernhgjf1 gure 3 talnlng of |
spike-transfeté E&%W@%ﬁéﬁ’m@f@‘d’ﬁﬂhﬂﬁg Ot g 5R A Abs L Mge‘]’é@éﬁc’ﬁ@ﬁﬁ%‘ﬁ?mg cultures,

with filed s%%ig%\mmfih@ imabdrindividimlito whithefe le e Lbrenanawibefadspberved. Figure
4 shows thghainareiesiy atteidoftilenBAR Gineupealizia Partpbdy BdniSknihyoipiketsansfected BIM
cells by purifieshSa: 1 feigles)santos, mEnih seRnalRGCeRs SE MM S Godl esjght heifilleeslymbols |nd|cate
the maximym, dilHonWO6F plalsaekirriizalionasoRs ey Reid M IBHEH ShaWs |

hnmunoelectron microscopy of APS coronavirus in the presence of 83.1 antibody. Figure 6 isan
overview ofampettiod ehtiheidymotichfram(dmmhAnid e ealbnd! citibborROBRESIOR CARRYING
srint. INVEMEAQN LT HeREEEhdNY Rt DeEFS (&etﬁlﬂzﬁuﬂgaﬂéﬂﬂdmﬁm e gamiy Beiym)plaocytes W|th
very high eg;gyﬁggwglﬁg@%&@@ﬂgxthe combination of two stimuli, namely: EBV, that «
immortalizes 30 human B cells with low efficiency and a polyclonal B cell activator that enhances the'

- efficiency of-#REdddsmeioitalipatitem Exarky stiéninBiondn (kB cellgretlimasmmenioryBicetist(CD19+

- CD274 IghikfeRiniete.isiniparinenhaadibynpanarsdy aelbseringusing methods well known in the art
Different numbers of cells were seeded in replicate cultures in 35 96 well microplates in thé presence

of irradiateth Aroweriimieaf e favesicrobhinds arshrdpreEde dpaionian coibads aredmialone or EBV
_in combinatieis with BpCPR06 (28 arid s s6tnRFitafi Ll 9D4 800 W s riBlays the

" percentagecef gmmﬁesm&tﬂ;ﬂmxgmwm@beﬂﬂsawmmﬁdieﬂmenmes were determined by limiting
dilution assays. Cultures were scored for growing cells. Cloning efficiency using four different sources

of B cells Wafe insmfoWs B saibed ol grmmgiashieidleypaceutioal, comprising the steps of:
() preparing & menoclonal antibody of the iavention; and (n} admixing the purified antibody with |

one or more pharmaceutically-acoeptable carriers.

'25 The invention also provides a method of preparing a pharmacentical, comprising the step of
- admixing a monoclonal antibody with one or more pharmaceutically-acceptable catriers, wherein the
- monoclonal antibody is z monoclonal antibody that was obtained from a frausformed B cell-of the
 invention. Thus the procedures for first obtaining the monoclonal antibody 2nd then preparing the

oo phamxaceuﬁcal can be performed at very different times by different people in different places

.-

30 (eg indifferent countries).

As au alternative to delivering monoclonal entibodies or B -cells for therapeutic purposes, it is
possible to deliver nucleic acid (typically DNA} to 2 subject that encodes the monoclonal antibody
(or active fragment thereof) of interest, such that the nucleic acid can be expressed in the subject &
sity to provide a desired therapeutic sffect. Suitable gens therapy and nucleis acid delivery vectors
35 are known in the art. ' : '
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EBV EBV + CpG + 1L-2 Lip 1 (CD19. CD274- lad- IgEr) 1 1n200 1 Hal Exp 2 (CD19+ CD27+ Iglvr ID)
1in120 1in1.5Exp 3 (CD19. CD27+ IglvfigD) 1in601in1Exp 4 (CD19+CD2r)1in901in 1.6
No growth was observed in the absence of E13V. 5 Thus the methods of the invention allow virtually
every human memory B cell to be cloned (efficiency close to 100%). The method is alsO suitable for
subcloning. Example 2: Production of araThodies with a desired specificity In a. further experiment it
was demodéteird draaerrreififientalisation can b.to exploit immunological memory to produce human
monoclonatrytibediasichitesesirad speailicity hianan telesl aalsavere isatateckfrem & ml peripheral
blood obtajped.frath aNhealthy RIePARY: sor the diagnosis of disease. Preforably, the monoclonal
| antibodies of the invention aze used for the prevention or treatment of SARS or for the diagnosis or
5 SARS. Methods of diagnosis may include contacting an antibody or an antibody fragment with a
sample. The methods of diagnosis may also include the detection of an antigen/antibody complex. | ‘

The invention provides a composition of the invention for use as a medicament. It also provides the
use of an antihody of the invention in the manufacture of a medicament for ireatmept of a patient
and/or diagnosis in a patient. It also provides 2 method for treating a subject and/or of performing
10 diagnosis on a subject, comprising the step of administering 10 them & composition of the invention.

' The subject is preferably a human. One way of checking efficacy of therapentic treatment mvolves
monitoring disease syrptoms after administration of the composition of the invention. Treatment can
be a single dose schedule or 2 pauliiple dose-schedule. The invention is usefui for ﬁe&ﬁng infections
diseases, cancers, inflammatory diseases, autolmmune diseases, efe.

15 Am:lbodms of the mventzon cen be uscd in par;swe immunisation.

Compositions of the nvention will generally be administered directly to.a patient. Direct delivery
may be accomplished by parenteral injection {e.g.. subcumneousiy, intraperitoneally, intravenously,
m’zramuscuiaﬂy, or’ to the mterstmai space of 2 tissue), or by recial, oral (e.g teblet, spray), vagmal
7 tapical, transdermal or ﬁ'anscutaneous intranasal, ocular, aural, pulmonary or other mucosal

20 - administeation.

Compositions of the invention may be prepared in various forms. For example, the compositions may

be prepared s injectables, either ss Hquid solutions or suspensions. Solid forms suitable for solution

in, or suspension in, liquid vehicles prior fo injection can also be prepared (e.g. 2 Iyophilised

_ composition, Iike Synagis™ and Herceptin™, for reconsitution with sterile water containing a
25  preservative). The composition may be prepared for topical administration e.g. as an cintment, cream

or powder. The composition may be prepared for oral administration e.g. as a tablet or capsule, as 2 .

spiay, or as a syrup foptionally flavoured). The compesition may be prepared for pulmonary
administration e.g. #8 an inhaler, using a fine powder or a spray. The composition may be prepared as

a suppository or pessary. The composition may be prepared for pasal, aural or coular administrafion

| 370 e.g. as drops. The composition may be in kit form, designed such that a combined composition Is
reconstituted just prior to administration fo a patient. For example, & Iyophilised antibody can be
provided in kif form with sterile water or a sterille buffer. '

Antibodies and fragments thereof as described in the present invention roay aiso be used in a kit for
the diagnosis of tumour, avioimmune or allergic disease.

-12-



CD194C1327479G+ human memory B cells were isolated by cell sorting and seeded at 10 cells/well
ha 96 well microplates in the presence of BBV, apG 2006 (2.5 pg/m1), recombinant 11,2 (1000 Mud)
and irradiated mononuclear cells (5x105/rrd). Seeding only 10 cells per well helps to increase cloning
efficiency. After 15 days all cultures contained growing cells. A sample of supernatant was collected 15
and tested | E,I;QA for total Jgo antibodies and for Ige specific for Toxoplasma gondii, tetanus toxoid
and measles ?ﬁrusff’ﬁuﬁg%ﬁpernatants were also tested in a measles virus neutralization assay using
Vero cells d&tdnyersslised oot Bienmbsitiee pofitrds e itifiadheérd baboketier by litrthsg dilution to
isolate speeifid etonesiprosiugicigidheid @sinae thnhgald aatitantibecty. Giulttitepaeresulicianed at 0.5
cells/well in{he#aseRse:de: 8bk R 2N AL:CuRe M hhrdleod kGG LiimianctiiasiaiadRBMC
(5x107g1) eé,@&mgmmaimmmBg_%\e@a%gwgabﬂa%%@gm&t%ﬁméésg/e@ﬂempts made *

IgO (EL1SA)'1 8U/180 Anti-Toxoplasma gonelii (ELEA) 23/180 516 Anti-t(’gtanus Untold (ELISA)
- 19/180 51 6Tt éxysteisnrasideE B syihodaht SOemidn tcoweirieisodl somindtneateafion o#/180 4/4
(i) preparing an immortalised B cell clone as described above; (ii) obfaining oue or more nucloic

acids {e.g. heavy and/or light chain genes) from the B cell clone that encodes the antibody of interest;
and (ii) inserting the mucleic acid into an expression host in order to permit expression of the
AU antibody of interest in that host.

Similarly, the invention provides a method for preparing & recombinant ceil, comprising the steps of:
() preparing an jmmorialised B cell clone as desoribed above; (if) sequencing nucleic acid(s) from
the B cell clone that epcodes the antibody of interest; and (53} using the sequence information from
gtep (i) to prepare mucleic acid(s) for inserting iuto an expression host in'order to permit expression
'.ES . oi:the atdibody of interest mthat host. . - " ' ’ e I o
The invention also provides » method of preparing a recombinant cell, comprising the siep of -
transforming a host cell with one or more nucleic acids that encode 2 monoclonal ax.y.tibody'of
interest, whesein the nucleic acids are nucleic acids that were derived from an immortalised B cell
: clone of the invention, Thus the procédure_s for first preparing the nucleic a;:id('s) and then using it fo
20  transform a host cell can be performed at different times by difforent peopls in different places
(e'.g. in different countries). ’ oo
These recorbinant cells of the iﬁv;:nﬁan can then be used for expression and culture purposes. They
are particufaxly usefid for expression of antibodies for large-scale pharmaceutical preduction. They
can also be uvsed as the active ingredient of a pharmaceutical composition. Any svitable cultire
25 - techniques can be used, including but not {imited fo static cultere, rofler bottle aulture, ascites fluid,
hollow-fiber type bioreactor cariridge, modular minifermnenter, stizred tank, microcarsier culture,

ceramic core perfusion, efe.

" Methods for _of::taining and sequencing immunoglobulin genc-:s from B cells are well known in the art
e.g. see chapter 4 of Kuby Immunology (4th edition, 2000; ASIN: §716733315).

36  The expression host is preferably a eukaryotic cell, including yeast and znimal cells, particularly
mammalian cells (e.g. CHO cells, human cells such as PER.CS [Crucell; Jones et al- Biotechnol Prog
2003,19(1):163-8] or HEB-11 [Bayer; Cho et gl Cylofechnology 2001,37:23-30; Cho ef al
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 sfructures that are pot themseives nununogenic i humans.
Expression hosts that can grow in serum-free media are preferred. Fxpression hosts that can grow in

- culbure without the presence of animal-dertved products are preferred.
-13-



For ELISA, number of cultures with OD >0.8 in an assay with background <02; for neutralisation
assay, humber with complete protection from cytelitic effect of measles virus *Number of asses where
at least One antigen-specific clime could be isolated, relative to the number of original cultures that
were cloned, Cloning efficiency varied from 50 to 100%. - 17 - EBV-transfonned B cell clones that
produce IgG antibodies to measles virus, tetanus toxoid and Toxoplasma gondii could thus be
isolated, sﬁéﬁﬁﬁ’@e&ﬁ%mﬁéﬁ%ﬁqﬁ‘a@w&%ﬁﬁgdﬁ%s with multiple memory specificities can be

prepared fiﬂgﬁ;@%ﬁ&ﬁ%&%ﬂ@'@&&@d@ﬁ@zﬁ%ﬂ@%@&lﬁa@ nlaaEpie Bolesuiao (tatisedymednory 13 cells:

that e ROHIES PREC ﬂsfm% éﬁﬁéusar%@%}e&@i ks BRI Were ghtainagom wo

patients with a clini oth lents | antibedieg s detected by
two assayZeyEel; %r%‘ﬁg% %lcﬁw Q%O%é eutr IFEI A BSé‘ﬁ{f’sj’(}lrected against surface

n ie .
proteifis oﬂﬁé@%ﬁ@%ﬁﬁ?%ﬁé’ﬁﬁﬁé&%ﬁ’é LR U L DU 1%?%[%0 tglssa 4t detects antibodies |
binding to =iy dewaterdef provdin of W@NR@W%“F&?“EH%S% R FERA T dSs BYPEEaFHilutions of ;
serum obtainegtded Bhelbibad qum@mfwmmemwﬁm%%wgﬁ followed by :

(Mated amgpuuats ol oAR Sy usoAiermiaays, the cympathic effect was recorded by visual inspection.;
A conventional ELISA was also develwged using SAES wrys 'Tf%ft /erg cglls lysed H} 3% SDS as :

the antigeAbe MEwitRaL BUTRHH TN B RS EE Ess Hrodcng onoc cional antipodias specific for:
the SWRSof mnmﬁmﬁ%maﬁ@%ﬁa\m@%ﬁ@%@ﬁt@ﬂmﬁﬁ%ﬁg iZing antibodies
" was 15selected mhbekaned B @bl dariyingisuTavethy Grosduesbriey disneate RhARG microbeads,
incubated Withnds BN e3 hesenesnatantah BadSealishiarnd doers difftrwefenthdn piedtat 10 ?
cells/well i gﬁa\%egjﬁp‘w@g&% gﬂﬁhﬁg@{gﬁ%&g@r@;ﬂ 5p.g/nil CpG 2006 and allogeneic irrartinted
PBMC (inthese experiments IL-2 was omitted)..Alter two- weeks the.cultu D§ﬂ?p”e53 ernatants were

“screened fﬁmth@ﬁmmwﬁﬁgﬁéé?ﬁéﬂﬁﬁ%&%@w SR tested, 165
scorexd poditivesin tifée LSy « Fioureios. mé@mwém’é%ﬁ)ﬁaﬁ 5EABVe and specmc
clones weggiselakadsrem Htoftadses Someiatihwitiumdesimbineidnl.artidesidedsdrmed recognise !
the nucleogsQliginaf Ra/SARRMRSIR WosiRembieis idile. s 0meydadbEhsugiesting fvat they may
recognise gifferent.uiral ?ﬂg@%‘ﬂ%& (33,002 wpNowRhNeneRidheae anitediss shawadeneutralizing

activity. Out, 1042 cult ermna feste IN:ASRRY (RS ngfﬁxgggwed low level |
neutrallzm"ﬁm |vci)PT Wiiie TWoTATL an ? ﬁ% Shaw it %@&hﬁﬁéﬂlﬁ@% %Ut% :eg/’é%?g%%&g 1125 s
respeiveR-F %I%W?W&é’%ﬂgﬁrﬁﬂlm%ﬁg dgrﬁtlon in t%g presence of CpG and |rrad|ated

PBMC andmisneial(® peifrsiesitndshtpaiEBithigh neutralizing activity were isolated (Figure 2). 30

The All angigodiesdidnethineuin ihadsk bEAASsRkmbEsIa e suiace: Spikas ol leSAES Virus as

detected by electron mlcrosco(gyhgg@m ﬁﬂﬁmd@g&gﬁ@s Welg dRisAmeihost ihisdeossible to :

produce neutraﬁlz“fﬁ]é ang%%(iles speciric.f for at}q%a% % Lusing.on %g&%lmgsgﬁgﬁgglgaﬁaround 10 mi)
%g%” Phe also

within a sHERESRESHGN he e ows electl %%1 p est aptihody from a
large3ool parrtion et a6 eI PTHFORIGHALE SE°IRHFAHAE AR m§nat| anti bocfm utralise the
SARS virue ittaen tenisatikiesd Pys: RepR N BmIRATHEIRISHFEREB St NG R éﬁﬁsv a common
cause of regaisatary Maﬁuﬁeﬁ«nﬁn&spmﬂmlm@qmmabywmﬁﬁm%ﬂ%%ﬁﬁ%an|zed
antibodiesgsoguea by senvertionaliechniquas segpises aidlinsued 000-foletitite arantibody
Concentraign és&&%%@&%s? o2 3 Rlsdhorsioradindulied human gntadiespraduadabby the method

of the, |n gventlon ﬁe araund thggngég L RRES S Gy Behin S uoaes dhal veps sall amounts

of thé’ ntlﬁ)é%'y scr &re shoufd be fflﬁglent t%e\sent or cure SAPS infection-
ifferent p::ople in dlﬁarent places (e.g. in

The invention also provides a method of preparing a pharmacetmcai comprising the step of

admixing a monoclonal antibody with one or more phanmaceutically-acceptable carriers, wherein the

monoclonal ansibody is a menoclonal antibody that was obfained ffom 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 fhe pharmaceutical carrier(s) can be performed at very
different times by differont people in different places (e.g. in different countries).

-14-



Example 4:Screening SARS virus convakscent patieniSfor antibodies Peripheral blood was obtained
from a patient at different times after acute infection with SAPS virus 10 (2,4 and 6 months after
infection). PBMC were isolated by gradient centrifugation_ WI' memory B cells were isolated by an
improved method that avoids triggering of the B cell receptor. Total B cells were isolated &um PBMC
using CD22 microbeads (Ivfiltenyi), which were found to be even better than using CD19 microbeads.
The cells \ﬁéﬁ*@*ﬁ&ﬁ%ﬂ%ﬁﬁ%ﬁbﬁﬁ%ﬁf@%ﬁ?ﬂ%ﬂ@%@ﬁﬁ?ﬁﬂfﬁﬁ% HegeirE e BErrying surface
IgG wefe isdladetiisy eetestntingrBicets wereRulser Witk EBYNBG% e8eipormsteit 888-95-8 cells)
for 8 hoursasddhenrplaiag fik tAcalsaedd Sfhweaictibptieimdnaitreiates in confgtede RPMI ,
medimn supplemented. with- RS e AhAR L ERG AW erandinadisiatRRMEK305/m1). In this,
experigient L.y georsoﬂ% ads Alsh g sskolbacy e sups AR Eesseedfor he

presence of specilic an odies usrn%épet ree.assays deseribe E<1lz.zﬂlew Pos 5‘%ve culture were cloned‘
by limiting a’tfbn T BT TReEHEED and wrac?latglgpfr BNMEaS above. Positive clones
. were expancariaschifigoantirasyi¢s ach eed! wak: pusibieid fon e thr exsupénedtantsch weaffinity i
- chromatogg Qpﬂﬁ%?r@t%ﬁe& GRILIGS CABEIshakn) ndhe: FiankitkisalatenafthesSARSNirus (Genbank

accession g kb DA dp g el M&rmmmve@rmaemwnfected ata
multi crty 0 fec n of 0.01 plaque formr er Gellculture supern collected after
2 da)iéwas cFeared&%y cgm?mteg e rgparlhS§ e Su err?gafargrt \f%vé‘g?éu %qt?te d to

centrifugald FEPS0HOB 5 "fﬁ‘%é"hﬁﬁ%ﬁrﬁ 5“%’5@%%"%@% %Qﬁ’%ﬁ%d’% &tdRe cushion.
The pellet%‘mmwrwm{%ﬁfpbﬁs&lf’rrrfstért'ra@e?gl%é@ yrintierit SRR PR RRI%S000 INE
buffer (10 ¢ak T As3HICL. 6pH 87 94,10, 46 Mukitm@did ZrwbEBFAY) toerrproteinedribéntedién’of approx 0.5,
mg/ml. The,antiglen-SuspenmanusashicithBeRkiSt asaniovan 3tnuepahed hyaddiageids MS to the
viral Fig"etc;&!'o}ﬂ@rﬂf#’)’%ﬂt&g fRh SR INals kdSA-BIRe SivaHe Q@Eaﬂxmﬂhbﬂail l&%@hﬂé’&l@n of SAR,S
virus antiggn i), Q.4 M:p Q?P%QQE%&Q%%QMH&&%&@?%@&MHW palgteisadedand
specific IgGl anti o Ie%‘%ﬁ re %Sete "f“%w sm{&rg a#: hatglsle{l% ntl @cngca&égG Results Were
00 '

expressed° i arbr rary Vi on s,am era from 20 normal
donors testEPgERRHNE V’é‘?@i RilpePEtishiog g&ﬁtfﬁﬁla?glé:seﬁ Bfor native spike protein of SARS
virus Weresgj%ected by flow eytometry. Briefly, the SAR_S virus spike gene was cloned |n an
appropriate vector and naRNA Was transcribed in vitro and used to transfect BBK cell

electdPorafiiPotiarEretia fits HeRé Ric b &ttt Regilary, iora! Jlop BrARiRARTS BHBRInR° Washed and’
stained witmAPEebsled!§rraramiMaRare GOty P iemesBin catec T iyt tiBSdies directed
against natifetspikecantifeh, rost sivinichyhaseafeutralizrgizic ivieoRdsbindeidueiRpressed in
arbitrary URis {Addptelativeriaibie pdomadiiosamples (mi Gkl peSate irimmal sarmatkdgors tested

were negativgHel A BARYIIRNEN NI ZAIRRSE A eEEH Wis-SUPeRaIRaRS arscier in log 2 steps
and e itde L%&%Oéé@ngaga&?ﬂg hOKHSHIRLMRS Q,%L%ma%m@@gao the method

of Rather). The rnrxtur Jvas In gveae orlngS min at room e ercat %%bsequently, 50 gl trypsinized
Vero cellsafﬂt.ﬂgjxef&%er RS RePE SRABREAR mcr%dgfeaaafor ays a agnas’flnally, the neutralization
titer was dptermineidhihaigual Arspection: o ghiedhe serwmig|iticmiisihneUlral BAgsS 78:isC 1050 SARS

10virus. ThepssaysdigiaRriareedivahinnaiets lavebd labarmiary/ mResulipwereraarollows’
SARS virus. Stocks of antibody specific for the SARS virus should therefore be mamtamed s0 that
36 they aie available for immediate use in any farther SARS outbreak.

Ner-humtan species
- The invention has been described above in relation to human antlbodzes prepared from human B
" cells. It will be appreciated that the invention is not technically restricted to use with buman cells,
and can be used with any organism of interest e.g. to provide anttbodies for therapeutic or diagnostic
35  veteripary use. Organisms with B cells that can be transformed by the methods of the invention
inciude primates (monkeys, apes, gorillas, gibbons, lenmums, chimpanzees, baboons, orang-utans,
macagues, efe.) cows, horses, goats, sheep, pigs, dogs, cats, camels, sharks, fish, efe.
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Months after infection Anti-SARS antibody detected by El ISA Spike staining s Neutralization 2 1000
000 11128 4 650 700 11128 6 300 400 1/128 While normal sera were negative,, the patient's seruni -
collected at different tinie points after the onset of acute disease scored positive in the three assays.
Antibodies detected by ELISA and those staining 15 spnce-transfected cells were highest 2 months
after infection and decreased to about one third by six months. In contrast neutralizing antibodies

- remained cBerraht with a titer of 1/128. The isotype of the antibodies detected in the Spike-binding and

BLISA assays was exslissively la6lniadgAniighiantibedies beingdesecied ¢detametishiown). Thus

the post-inteGlian SeAM.0) %ﬁzﬂ%ﬁ%@%@&@ﬁ:&iﬁ%&ﬁ%&@&%@@bepdlﬁs to the SARS virus
and 1gG antibodies that bound spike 20 proteins ap tected denature %Qtlg‘er&gsémgath Example

5 fﬁnellcs AR P Rhenetelr s El’ﬁ?f HEPBryBRENY &8 2 composiion W

free” from Y may be completely free from Y. Where necessary, the word “substantially” may be
omifted from the definition of the invention.

The term “about” in relation to a numerical value x means, for exanple, x310%.

BRIEF DESCRIPTION OF DRAWINGS
Figwre 1 shows results of the ELISA using SARS virus-infected Vero cells Iysed in 3% SDS as
10 sutigen. Shown are the OD values of serum (1/5000 dilution), supernatants of polyclonal cultures and
of independent B cell clones (1/2 dilution).
PFigure 2 shows the neualizing titer of antibodies specific for the SARS virus. From left fo right:
neutralization titer (Vero cell assay) of convaicscent serum; supernatants of polyclonal cultures,
"’ positive clones isolated fmm the culttre with highest nautrahmng titer.

- 1’5‘: "“‘Fxgure 3 shovrs clonal analys:s ‘of the human. antibody response to the SARS virus spxke pretem
Cultum supernatants ‘were tested for their capacity to stain BHK cells transfected with SARS virus
spzke protein mRINA (Brankfurt isolate) and for their cdpacity to nentralize the same strafn of SARS
virus. Figme 34, shc»ws the correlation between nentralizing titer and staining of spike protein by
widihted caltore supematant Figure 3B shows Staining of spike-transfécted BI-IK cells by serial

"0 dilutions of supernatants Fom- eleven neuiral;zmg cultures, with filled symbols showing the

maximum dilution where complete neutralization was observed. _

Figure 4 shows the characterization of the SARS - neviralizing antibody S3.1. Staining of

spike-transfected BHRK. cells by purified 83.1 (circles) and 6 months copvalescent serum (squares).

The filled symbols indicate the maximum dilution where complete neutralizetion was observed.

25 Figure 5 shows iramunoslectron microscopy of SARS coronavirus in the presence of 83.1 antibody.

" Figure 6 is an overview of 2 method of the fnvention, from human to monoclonal antibody.

MODES FOR CARRYING OUT THE INVENTION

The present mvention permits the cloning of human memory B lymphocytes with very high

efficiency and achieves this by the combination of two stimuli, namely: BBV, that immortalizes
30 human B cells with low efficiency and a polyclonal B cell activator that enhances the efficiency of

' ERV-immortalization. ‘

Example 1: Cloning of B cells

Fiuman memory B eells (CD19" CD27" IgM™ 1)) were isolated from heslthy dopors by cell sorting

using methods well known in the art. Different numbers of cells were seeded in roplicate cultures in
35 96 well microplates in the presence of irradiated mononuclear cells (5x10°/ml) and either BBV
" (supematant of B95-§ cells) alone or EBV in combination with CpG 2006 (2.5 pg/ml) and
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ter+ memory B lymphocytes from the 2-month, 4-month and 6-month post-MRS sera were
immortalized with PBV 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 speciEc antibody detected in positive cultures is
monoclonal and, at the same time, increasing the probability of isolating a clone producing the desired
antibody bysabRg fddh0Ridmivd Yo sk 44t tIRfrerntre S HFUEB IR BeHeE 5686 and
irradiated feweserael St recsufriaringh by Wiengcfdeiredaionth Syiesseners afospeditic 19G

30antibodiggousingeiR TioAng efsiainin sk spikdiftansioatants Blhisfrequeftipef cultures screening
positive in the SARS virus ELLSA assay er staining SAR.S virus spike transfectants were as follows: -

20 -.*Months

275/480 (57.3%

fte LQL?E}iO” Positive culturds / total culturéssegséiredef%) ELEA Spike staining 2 .
ﬁilot détermined 4 123148 (25.6%B12/576 (2,196p8 44MBOHII2%) 211768 (2.7%)

The frequendyeef cylimrescppotiysinggntiboglies detecterd by the BLISA assay was very high 2 months

after infection

ano desreagedyé @yl 6 mpnths. Thgdsequengy of culiusessproducinlg antibodies

against nativegglgg(ﬂgww at2'and 6 mgighs was fower. Impgrfantly, the culture that

scored positiy

SI0% b EapRodies Were gistnct figigy those gontainingapgbodies I the spike

No growih was observed in the ahsence of EBV.

5 Thus the methods of the invention allow virtually every human memory B cell o be cloned
(efficiency close to 100%). The method is zlso suitable for subcloning.

Example 2: Production of antibedies with a desirved specificity ;
In a further experiment it ‘was demonstrated that the immortalisation can be u;.ec} to exploit |
immmological glemory'to produce human monoclonal antibodies of the desired specificity.

10 Mononuclear cells wore isolated from 20 ml peripheral blood obtained from a healthy blood donor.

15

20

CD19*CD27'1gG" human memory B cells were isolated by cell sorting and seeded at 10 cells/well in
96 well microplates in the presence of EBV, CpG 2006 (2.5 pg/ml), recombinant IL-2 (1000 Uknl)
and fradiated mononnclear cells (5x105/ml). Sesding only 10 cells per well helps to increase cloning
efficiency. After 15 days all culawes contained growing cells. A. sample of supernatant was collected
and tested in ELISA, for total IsG antibodies and for 1gG specific for Toxoplasma gonds, 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 limiting dilution to isolate specific clones
producing the desired monocional antibody. Cultures were subcloned at 0.5 cells/well in the presence
of CpG 2006 (2.5 pg/ml), IL-2 (1000 U/ml) and irradiated PBMC (5x10°fmb).

Antibody Posifive Specific clones isolated /
(detection method) cultures* attempts made *
TG (BLISA) 180/180

Anti-Toxoplasma gondii (ELISA) 23/180 5le
Anti-tetanus toxoid (ELISA) 19/180 516
Anti-Measles virus (ELISA) 36/180 FE)

Anti- Measles virus (peutralization) 7/150 414

7 * For BLISA, number of cultures with OD >0.8 in an assay with background <0.2; for
neutralisation assay, pumber with complete protection from cytolitio effect of measles virus

* Number of cases where at least one antigen-specific clone could be isolzted, relative to the

munber of origina! cultures that were cloned, Cloning efficiency varied frons 50 to 160%.
' - 17 - '



5 indicating that the two assays detect distinct non-overlapping antibody specificities. Furthermore, a
sizeable proportion of IgGd memory B cells are specific for the spike protein. Tests were then carried
out to see whether there is a correlation between spike binding and neutralizing activity. 56 culture
supernatants which stained spikertamsfected cells were tested for their capacity to neutralize the same

SAILS virus isolate from which the splice protejn was.cloned 10 (Fig aA). Alth the, gntibodies with
the highest’?&%ﬁ?ﬁ?ﬁ"ﬁﬂ%ﬁ%i “ﬁ%t%ﬁ’a?f?ﬁﬁlgmt@%mﬁ?g%ﬁv%r?égw 'F%%b’?ﬂ?ggﬁm%ne'ulralized
O e S0 ke T oL, Dl LG utalzo.
urthefroo e efn g [ , No clear correlation
between staining and neutralization was evident (Fig 3B). Taken together these results indicate that at
the clonal Bvesinfsd rEuperdiabmrpmrey & wsidioganes i adarmecEhdt SR gt Re antibodies
produced igjthe Gapesenat hinnaiurahinieginnmrdisapibialoted bl Bt primisErdm.* 6:
!s?latlon :)fst gﬂ%ggﬁggﬁ;&sagod%%wr% %&ewlﬁhgﬁ%%&%MMS posstljble. to-
interrogate uman.B cell memory Fege ire with.a arie 35INRIQ gitsres producing:
an antibodf/so the ﬁé%tglk%% %spg%ﬁ%?t - In ttié}%%% X gjime&g}s 29dof0§e§n %HE%Z@:%’) at cloning
positive cuffitrb8 BRE G c?ﬁ%fsé’ﬁ% hore clones proaéﬁrglrf’é antibodies of the selected
Pt it BB Aggony and S
were | (gth-ﬁ%%fﬁ\% iﬁ’e%:sec%rbl é gtaﬁ?nce%%saé%n %ngar%i abalnéoto. n%%%giewSA£§ %%&?55 Out of the 21
independeﬁ‘f’(‘fﬁ?ﬁ%ﬁq’e&ﬁ’f“é(ﬁe e T éﬂﬁﬁg 28882955 produced antibodies specific for
the SARS viaSHas sbwrafareiNPy sttt RSP Re B, while 5 did not recognize NP, but

stained SAKS vitus ofected gello, a0daheemalning, ieasiadARkIn e bl Arassars As expected
‘none of‘thgsoé ant o%ﬁeosn.'s_ owe neu,rallzn?% cti\ua/é%)ut <$f thed‘_%m!élml %Qz%nde%g&%(;%;taining spike:
transfeetan%ﬂﬁ%%&ﬁ’ﬁﬁ%@%ﬂ?%om@%n@i@ﬁ,' PP AS Salected for in vivo nedtralintion.

assay¥ TheleAshoclonal antibody from this clone was purified from the culture supernatant and tested

for its capagity to stain, spike-transfect el i IE] i 4eBael Neutralized 75

TffiD50 B,;;}g Wl% %eo %gﬁ?énr]ﬁrg%%ﬁes %% e]"lf ;Qg}%ﬂ%%){) ‘ﬁgﬁ&aﬁﬁ%ﬁ%\% ﬂ%pﬁg&%‘? mosg potent than
conva[escé?ﬁbs@?‘ﬁrrﬁoﬁﬁfﬂ@ﬁ%ﬁte%%?f%8 1tqallie Otﬁgﬁl—lran%urteg d Orbar i@&??s with the same

efficiency mﬁ%@ﬁ%ﬁ%ﬁsﬁﬁﬁ%ﬂgﬁém%@w&de 3 immuneelectren

- microscopyieiiisEkenypie Tu8Bd. ki e ssdnte [HBEREPRREAENEARSEE ETHE in vivo
neutralizingraekivityf efetii: sdilodianoclonal antibody was tested in a mouse model of acute SAPS

infection. Purified antibody was transferred to naive mice by intr?#eritoneal dp%g%ti%nzt? termine
whether arfiscdy i FteB TR FRETER LI CATISIET BAIRE e Rt FEEhivatory tact Drs. U.

_ Anderson dinsk TulBr & sisalonsirs theCenters fisrbrse 5 dotd Rard PrERER SR Atlanta, GA,
" provided SRS virusdfttehaniisitain)stbradsechgrass thovinyoamieli dtibh S yirhE YO56ils was
isolated anglpasadisadhwigs dorVarebeals atihe.C R atd ldErpasdal ety égacells for two
additigpal 985, INAHLIBhRRAIRLY 18,88 naKale- A bastock with a titer of les TC/Dst/ml. The Vero

cells were maintained in OptiPro SFM (Invitrogen). All work with infections virus was performed inside
‘a biosafetyoaabineansibiosafetycantaismant tevehG-fbwitiop asdparson b rePINered .air
purifying respisaiass (M ERAARM ate1. Saink)RastA gk Themicusaistuilistwedel B5t@pfiroired by
the NIEL Apjita.al Gareand Hse-GOmmiies afiners eamachQ iranapprpes animetibiosafety level
3 facility. Al RSO e InNg e T oL PRSI SR ALY LR ER RIERIRd SFigure 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 showr).

Tﬁerefare, using this method it is possible to produce neutralizing antibodies specific for an antigen

using onfy a small blood sampls (around 10 mi} within a short timespan (30-40 days). The method

also allows selection of the best antibody from & large pool, and is therefore a high throughput .
35 - method. :
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Four-to-six week-old female DALB/c mice purchased from Taconic (Germantown, NY) were housed, %
mice per cage. -On day 0 mice,, lightly anesthetized with isOflurane,. were injected intraperitoneally
with 3 different doses (800, 200, 50 rig) of 83.1 antibody in 500n1 or with the same 20 . volume of a
polyclonal human Ig that lacks neutralizing activity. 24 hours later mice were intranasally challenged
with 104 TCIDss of SARS coronavirus. After two additional days mice were sacrificed and their lungs
and nasal KhowifR erdrdisrasamidin SARYERS A S RPEEHRN o s0 S BRE-PEB SRtz 15 medium
(Invitrogenjshissue sasmpksive B Fesesseuhfor infscriorseintpyifstitdretigrsreseielifed as
described gigeve) VirusHitersalie rerexpirchaacins logioTie 1 Peipdr@Scgramiaftisshagkativody Virus -
replication.in.ohalrnaes otee ik upgs Nasalylbukinatacn Numbes infraterhMeasrtSe)misus titer |
Numb%r InLeug%da%ggﬂeg %&W’éy“@ M@Wﬁlg&é@% be arownd 1000-fold more

effective. This sugeests that very small amounts of the antibody described here should be sufficient
to prevent or cure SARS infection. '

Example 4: Screening SARS virus convulescent patients for antibodies
Peripheral blood was cbtained from 2 patient at different times after acute infection with SARS virus
10 (2, 4 and 6 months after infection). PBMC were isolated by gradient centrifuigation. 1gG" memory B
| oolls were isolated by an improved method that avoids triggering of the B cell receptor. Total B cells
were isolated from PBMC using CD22 microbeads (Miltenyi), which were found to be even better
fhan using CD19 microbeads. The cells were stained with antibodies to human Ighf, IgD and Igh and
neigative cefls carrsing surface IgG were isolated by cell sorting. B cells were pulsed with BBV (50%
15 supematant of B-95-8 cells) for 8 hours and then plated at.10 cellsfwell in 96 well Uf_bottom
,;zlicroplates in complete RPMI medium suppls;mented with 10% FCS, 2.5 ng/ml CpG 2006 and
irradiated PBMC (2x10°/mi). In this,experiment [L-2 was not used. After 2 weeks the culum:‘ ’
supernatants were screened for the presence of specific antibodies using the three assays described
. - below. Positive cutures were cloned by limiting dilution in the presence of CpG 2006 and irradiated
ZGI PBMOC as above. Positive clones were expanded and the antibody produced was purified from culture
supernatents by affinity chromatography on protein A columns (Awersham).

The Frankfurt isolate of the SARS virus (Genbank accession nwmber AY310120) was used for three

in viiro assays:

BLISA Vera cells were infected at & multiplicity of infection of 0.01 plague forming wnits per cell.

25 Cell culiure supematant‘coiléCtad after 2 days was cleared by centrifugation at 3000 rpm, 5 min. The

: supernatant was subjected to cenirifugation at 20,000 rpm for 2 hours in a Beckman SW28 rotor

through a-20% sucrose cushion. The pellet was purified using a potaséiqm tartrate/slycerol grgdient

and resuspended in 500p] TNE buffer (10 mM Tris-HCI, pH 7.4, .15 M NaCl, 2 mM EDTA) toa

_protein concentration of approx 0.5 mg/ml. The antigen suspension used for the BLISA assay was

30 prepared by adding 1% SDS to the viral pellet followed by béﬂing for 10 min. ELISA. plates were

coated with 2 1:1000 dilution, of SARS virs antigen in 0.1 M phosphate buffer. Dilutions of sera or

culfwe supernatant were added and specific IgG1 aotibodies were detected using alkaline

phosphatase goat anti-human IgG. Results wers expressed in arbitrary units (AU) refative to the 2
month sample (=1000AU). Sera from 20 normal dopors tested were negative (<t AU).

35  Steining Antibodies specific for native spike protein of SARS virus were detected by flow cytometry.

Briefly, the SARS virus spike gene was cloned in an appropriate vector and mRNA was transcribed

i vitro and used fo fransfect BHE cells by electroperation, Transfectants were incubated with
o -19- o :



2.50.47 83.1 200 pg 0/4 $1.50' 414 3.4t0.41 83.1 50 rig 2/4 3.1+1.36 414 4.80.75 Control 800 ug 4/4
7.50.1 4/4 6.40.41 The lower limit of detection of infectious virus in a 10% w/v suspension of lung
homogenate was 1.5 logioTemisc/gtn and in 5% w/v suspension of nasal turbinates was 1.8
log30TC11)50/gm_ These values thus indicate no detectable virus. frfice that received S3.1 mAb
were thus protected from replication of challenge virus, particularly in the lower respiratory tract. The .

differencescliar sinsrarsniiverenmahed 1 srineb R P it ded et i e S AmPeAk0.05) ina
Student's taEstaSigrificeniz@strcimdiof dirstsicphtationiis ke spigere spisarsrfiidctias noted in the
mice whichsgegives darihigheatdase @bBdd m Ak xaim K BraB48RE8 A3nsbreagdnist of Ti. 117

and T1.E.8 Jhis £oMaouadWas £em Raed with $RG208% iRitamms of efficiency of EBV-induced
|mmortaI|zat|on of human 3.3 cells. Memory B cells were isolated from healthy donors using anti- CD

19 or anti-GD2Zsmagniitition toheaddiicl swetkbynegatifutebiléioh Hireald singingidM, TOD and
_ IgA (or IgGIchR S eRlicripueiusad Wate Gef Wik incRamnied ddobaiignaatlc mothod of Karber). The

mixture was incubated for 45 min at room temperature. Subsequently, 50 pl trypsinized Vero cells

(1.5 x 10° per mi) were added and incubated for 3 days at 37°C and finally, the neutralization titer

was determined by visual inspection to give the serum difudion that neutralizes 75 TCIDs SARS
16 virus. The assays were performed in a biosafety level 4 laboratory.

20

- 25

30

Results were. as follows:
. Anti-SARS antibody detected by ‘
Mounths affer infection ELISA Spike stainjng < | Neutralization
2 1000 .. 1000 . 1128
* 4 650 700 1/128
' § 300 400 1128

. 'While normal sera were negative, the 'paﬁeﬁt’s seruni collected at different timie points after the onset
 of acuts disease scored stiﬁVﬂ in the three assays. Antibodies detected by ELISA and those staining
15

Vspﬂca-t‘ansfected cells were highest 2 months after infection and decreased to about one third by six
months. [n contrast pentralizing antibodies remained constent with a fiter of 1/128. The isotype of the
antibodies detected in the Spike-binding and BLISA assays was exclusively IgGl, no IgA or IgM
antibodies being detected (data not shown). Thus the post-infection serum of this person had
modezate tters of neutmliﬁng antibodies to the SARS virus and IgG antibodies that bound spike

- proteins and detocted denatured antigens in BLISA.

Example 5: Kinétics and frequencies of specific memory B cells .

IgG" memory B lymphocytes from the 2-month, 4-month and G-month post-SARS sera were
immartalized with BBV under conditions where the number of B cells per culture was limiting, as
degeribed above (10 B cells per well). This strategy allows analysis of the product of only a few
memory B cells per culturs, thus ensuring that the specific antibody detected in positive cultures is
monoclonal and, at the same time, increasing the probability of jsolating 2 clone producing the
desired antibody by limiting dilution. After two weeks of culfure in the presence of EBV, CpG 2006
and imadiated feeder cells the culture supamataﬁts were screened for the presence of specific IgG
antibodies using BLISA. or staining of spike tramsfectants. The frequency of cultures screening

positive in the SARS viras ELISA assay or staining SARS virus spike fransfectants were as follows:

- -



10 microplates by limiting dilution at 30, 10 and 3 B cells per well in complete medium in the presence
of irradiated mononuclear cells, EBV (20% supernatant from 1395-8 cells) and in the presence or -
absence of 2.5ugiml CpG 2006 or 2.5ng/m1 R-848. The frequency of cultures positive for cell growth
and lg production was measured after 14 days and the efficiency of transformation was . calculated.
Results were as follows: 13 cell source EBV + CpG aros +R848 Donor AOS CD19+ 1g1VI-IgD- IgA- 1
in 150 1 in 3.5 1 in 2.5 Donor AOY CD22PigitvégBitunAl twinh gtigres gyrpereth(Yoh Danof ASC CD19+

IgM- IgEr IgA.-vhdnea2@ie imkaedbin 2.4 DONOEABE CD19+ IgM- |gDBhi@siaimm280 1 in ¥ 1in 2.2 Donor
EIR CD2241gM- 1gD- 14n 230 11 1S  275/480 (57.3%) Not determined :
: 4. 1234480 (25.6%) 12/576 (2.1%)

6 T 447480 (92%) 211768 (27%)

The frequency of cultures producing antibodies detected by the ELISA assay was very high 2 months
sfler infection and decreased by 4 and 6 months. The frequency of cultures producing antibodies
against nafive spike protein measured at 4 and 6 months was lower. Importantly, the culture that
‘scored positive for ELISA antibodies were distinct from those containing antibodies to the spike

5  indicating that the two assays detect distinct non-overlapping antibody specificities. Furthermore, a
sizeable proportion of IgG* memory B celis are specific for the spike protein,

Tests were then carried ouwt to see whother there is a comelation between spike binding and
nentralizing acﬁvxty 56 culture supematants which stained spike-transfected cells were fested for
their capacity to neutralize the same SARS virus isolate from which the spike protein was cloned

16 (Fig BA} Although the anﬁbodms with the highest staining showed high neutralizing. titers, there
were some antibodies that ncutrahzed efficiently in spite of poor staining while others Stamed spike
transfectants, but failed to neutcahze Furthermore, when 11 supernatents with hzgh neutralizing titer
were analyzed, no clear corrclaizon between siaining and neutralization was evident (Fig 3B). Taken
together these results m&wate that at the clonal 13%1 the responsé to spike is heterogeneons and that'

15 not all the anfi-spike antibodies produced in the course of the patural infection are capabls of
neutralizing the virgs,

Exarnple &: Fsolmion of monoclonal antibodies to SARS virus

The results shown sbove prove that it is possible to interrogate the human B cell memory repertoire

with a variety of assays to identify cultures producing an antibody of the desired specificity. In these
20 experiments, 29 of 38 amempi:s (76%) at cloning positive cultures led to the isolation of one or more

clones producing antibodies of the selected specificity. The BBV clones were stable and monoclonal

antibodics were recovered in the culture supernatant at concentrations of 1020 pg/ml. Of these 29,

21 were positive in'the ELISA. assay and B were both positive in the spike staining assay and were

- ghle to neufralize 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 Westorn blot, while 5 did

" not recognize NP, but staincd 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 8§ independent clones staining spike transfectants and neutralizing SARS virus, one (83.1,
30 IgGlx) was selected for i vive neutralization assays. The monoclonal antibody from this clone was
purified from the culture supernatant and tested for its capacity to stain spike-ransfected cells and to
neutralize SARS virus (Fig 4). 83.1 neutrafized 75 TCIDsp SARS virus at conoentrations of
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1in 2 15 R-848 and Cp0 2006 are thus comparable in their capacity to increase the efficiency of
EBV-induced inamortalization. In addition, R-848 was comparable to CpG 2006 in the capacity to
increase the cloning efficiency of polyclonal EBV-immottalized 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: Isolation of high affinity antibpdies neutralizing SARS-Cor A new series of monoclonal
antibodies wiflt AR S=Goven eptraligh §rthpacityaivas Hroduoedawt egenbdudibore:f i immortalized
memory B sallsizeiateddreiia convalestanlpatien s nopthEaitey ittestion sEenal ditutions of

supernatanisfoma ihesfieelralones setadrsiet {omtheis AREARRIGRREHIE NP, matrix (M) or spike
proteins), and their capacity to neutralize the cytopathic effect of 25 SARS CoV (Frankfurt isolate) on.

Vero cells. jﬂwggmgmyﬁmmm@@w&gmﬁﬁsmed by Ed ISA in the same culture .
supernatanfs. N Neutrallzm titers w. V%refe ed asktmﬁ fi %980%% {%UEB&IOH LOf, gsGlgnge 9% perml)in

ed :
tissue culture capaBIe of co neufralizing ?ﬁoe V|rus an values of at least three tests). Results

were as folfSHES*BBirEh B‘Efﬁ%b%dﬁé’{’ﬁf Wﬁ?&ﬁ?fﬁﬂ?@?’é’f?ﬁ@%ﬁ%ﬁeﬁmf 19G, X NP - |

- $2 1 1 IgG Jgtegpine whether antibody alone could prevent replication of SARS virus in the respiratory tract.

Drs. L.J. Anderson and T.G. Ksiazek fromi the Centers for Disease Control and Prevention (CDC),
Atlanta, GA, provided SARS virus (Urband strain) for use In s iz vivo peuiralization assay. The
10 virus was isolated and passaged twice in Vero E6 cells at the CDC and was passaged in Vero celis
for two additional passages in our laboratory to generate a virus stock with a titer of 16%° TCIDsy/nal.
The Vero cells were maintained in OptiPro SFM (Invitrogen). All work with infectious virus was
performed inside a biogafety cabinet, in a biosafety coni:éinmmﬁ level 3 facility and ps:soimel wore
powered air punfymg respirators (3M HEPA AiMate, Samt Paul, MN). 'I‘hc ‘mouse studws Were
15 appmved by the NTH Animsl Care and Use Committse and were caried ouf i an approved animal
biosafety level 3 facility. All personne] entering the facility wore powered air purifying respirators.

.Fou.r-to»-six weck-old female BALB/c mice.purchased from Taconic (Germantown, NY) were
housed, 4 mice per cage. On day 0 mice, Lghtly anesthetived with isoflucane,. were .injected
intraperitone;aﬂy with 3 different doses (800, 200, 50 pg) of 83.1 antibiody in 500ul or With the same

20 volume of & polyclonal human Ig that lacks neutralizing activity. 24 howrs later mice were
intranasally challenged with 10* TCIDs of SARS coronavirus. After two additional days mice were
sacrificed and their Iungs and nasel furbinates were removed and homogenized I a 5% wiv

- suspension in Leibovitz 15 medium (fnvitrogen). Tissue samples were assessed for infection, and
virns titers were determined as described above. Viras titers were expressed as logo TCIDso per

: 25 gram of tissue:

Antibody Viras replication in challenged mice
Lungs Nasal turbinates
Number Mean (= SE) Number Mean (&t 5E)
infected virus fiter infected virus titer
| §3.1 806 pg 0/4 <1540 24 254047
$3.1 200 g 0/4 <1.50° 44 34041
183.150pg 2/4 3.241.36 474 4.830.75
'Control 800 jig 4/4 7500 474 6.4:0.41

" The lower limit of detection of infections vims in 4 10% wiv suspension of lung
homogenate was 1.5 fogyeTCIDg/pm end in 5% w/v suspension of nasal turbinates
was 1.8 log1eTCIDsy/gra. These values thus indicate no detectable virus.
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$23.41ga,tc $24.11gG, 1 NP 513.1 JO., Ic Not determined - S5.1 IgG, Ilc M - S3.1 IgG, tc Spike 300
8101.1 1gG, x Spike

Mioe that received S3.1 mAb were thus protected from replcation of challenge virus, pariicularly in-
the lower respiratory tract. The differences in viral titers when compared to the control were
statisticelly significantly (p<0.05) in & Student’s t-test. Significant restriction of virus replication in
the upper respiratory tract was noted in the mice which received the highest dose of $3.1 mAbD,

5 Example §:R8-848
R-848 is an agonist of TLRY and TLRE. This compound was compared with CpG 2006 in terms of
' ~ efficiency of EBV-induced immortalization of human B cells. Memory B cells were isolated from
healthy donors using anti-CD19 or anti-CD22 magnetio microbeads followed by negative depletion
- of cells carrying TeM, IgD and IgA (or IgG). 48 replicate cultures were set up in 96 weil Usbottomed
. 10  microplates by limiting dilution at 30, 10 and 3 B cells per well in complete medium in the pressnce
" of foradisted monomclezr cells, BBV (20% sapomatant from B95-$ cefls) and in the presence or
absence of 2. Sy;g{ml CpG 2006 or 2.5pg/ml R-848. The frequency of cultures positive for ccll
. growth and Ig produatmn was measured afier 14 days and the efficiency of transformation was

:qgoulated.gemxggwemasfqnqm; T e s, C e
B cell sonrce EBV +CpG2066 | +R848
Donor AOS CD19" IeM 1D IgA™] 10150 1in3.5 1in2.5
Donor AOS CD22" IeM IgD IgA” | 1in300 1in2 Tinls
Donor ASCCDIS IeM gD JgA™ | 1in320 1in2 1in2.4
Donor ASC CDI9* IgM-IgD"leG™ | 1in280 | 1ind 1in2.2
Donor BTR CD22" IgM Igh™ 1in230 | 1inl® 1in2

" 15 R-848 and CpG 2006 are thus comparable in their capacity to increase the efficlency of

o EBV-induced 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-84% the cloning efficiency of BBV cell lines ranged from 25 fo 100% in 10 independent
experiments.

. 20  Exuampie 9: Ealaiwrz of kigh affinity antibodies neutralizing SARS-CoV
" A new series of monoclonal antibodies with SARS-CoV neutralizing capacity was produced as
~ deseribed above ﬁrom immortalized memory B oells isolated from 2 convalescent patient six months
after infection. Setial diluions of supernatants from the B cell clones were tested for thejr antigen
specificity (NP, matrix (M) or spike proteins), and their capacity to neuiralive the cytopathic effect of
25  SARS CoV (Prankfint isolate) on Vero celis. The conventration of monocional IgG was measured by
ELISA in the same culture supernatants. Newtralizing titers wete expressed as the final concentration
of 1gG (ng IgG per mi) in tissue culture capable of completely neutralizing the virus (mean values of
"zt least three tesis). Resulis were as follows:

w23 -



$102.1 1gG,x Spike 850 S1033 IgG, Ic. Spike 350 S104.1 IgG, Ic Spike 150 .S105.2. I8G, Ic- iSplice
150 5106.1 IgG, Ic Spike 45 1' S107.4 ' Spike 75 '

| Beeliclone Isotype Specificity Neuntralizing {iter
S13.1° TeG, x NP -
820.1 IeG, A Np '—'
821.1 I5G, x NP —
§23.4 TeG, k NP —
s24.1 TeG, A NP —
813.1 1gG, x Not determined e
85.1 : IsG, x M —
831 1gG, & - Spike 300
51011 G | Spike 40
5102.1 IgG, ® Spike 830
$103.3 g6, % Spike. ' 350
S104.1 IeG, x Spike 150°
sws52 |, IGx . . Spike 150
$106.1 _ Gx . | Spike .45
" 81074 T g "Spike 75
§108.1 1gG, Spike ‘ 40
§109.2 TGk " Spike 80
81329 - IeGx .. Spike . 200
s1285 | G« ' Spike 25
- 81276 TgG,w Spike ' 4D
§124.4 1gG, ¢ ~ Spike 40
$159.1 1gG, 1 " Spike 25
9160.1 1pG, « Spike 15

Thus the isvention is routinely able to provide antibodies that can neutralize the viras at
concentrations lower than 10 M and even down to 107 M (MW of human TgG is ~150kDa, and so
150 ngfml is ~10°M).

Yt will be understood fhat the invention has been desoribed by way of example only and

4§ 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,

-



6108.1 1gG, ic Spike 40 8109.2 IgG, x Splice 80 $132.9 Ige, Ic Splice 200 S128.5 IgG, Ic Splice 25
8127.6 IgG, Ic Splice 40 8124.4 19G, x Spike 40
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7. A method according to any preceding claim, wherein an additional stimulant of cellular growth
and/or differentiation is added during the transformation step.

8. A method according to claim 7, wherein said additional stimulant is a cytokine.
9. A method according to claim 8, wherein said cyvtokine is IL-2 or [L-15.

10. A method according o any preceding claim, wherein the cloning is carried out using limiting
dilution.

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

12. A method according to any preceding claim, wherein said B lymphocyte produces an antibody
directed against viruses such as SARS virus, HIV, hepatitis A virus, hepatitis B virus, hepatitis
C virus, Measles virus, Ebola virus, Pox virus, influenza virus, rabies virus, rhino virus,
respiratory syncytial virus; bacteria such as Streptococcus pneumoniae, Streplococcus pyogene,
Staphylococcus aureus, Bacillus anthracis, Chlamydia preumoniae; protozoa such as P.
Jalciparum, P. vivax, P. malariae, P. ovale; microbial toxins such as tetanus toxin from
Closiridium tetani, diphtheria toxin from Clostridium diphtheriae; other microbial pathogens or
microbial toxins; allergens; tumor antigens; autoantigens; alloantigens; chemicals; or toxins.
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cell activator is %&@g&q‘;ﬁkg F Mo le gnl%lgﬁg[ﬁ éé/lhlgch is expressed on memory B cells. 2.A method
for producing a glore-efiandovnaraliseehhsmnan.memepyBilyphocyte capable of producing a human
monoclonal antiiiodytuisithcardesired antigemspaciieiy,cemprsiagiteosiepiiahy 4i) transforming a
population of cellencdmplrisiiiydrievngigtrgsottanten wemoty: B lymphocytes with REV and a
polyclonal B celf'aciatoe W eveirraie-paiyersnd ipredpeattiiaterisian agonists of a Toll Like Receptor
which is expresSeaGtr e A SPE Mils Sqli et Fadmmg et arlike’8upernatant for antigen specificity:;
and (iii) isp@tingm@mp&% lemg@g{%% Iy@p@&gé{te clone capable of producing a human
monoclonal antihegyhauingnthe.daesitegdrriigenspesifichy it methodipeeordingde _RyHereceding
claim, wherein the&telbpelyelonal-aciivaieriscn agonist 3o kikriResepiatdlofhdRrofy, Toll Like
Receptor-9 (TLR«€@}sand/or Toll Like Receptor-10 (TLR-10). 4.A method according to any preceding
claim, wherein tHeepéiyetofi Beely hvaivcrcsaiécted from the group consisting of: CpG; R-848 and

other imidazoqUiASFE EEmBOeRTTahai Sifia st PRSI %A B8 according to any preceding claim,

wherein the, polycloRal B o6ll ACHYAIELIR SRS &H@Q@%&%yém&%%%% 644 method according to any
preceding claim;whgsein thenpadvsinnalB.tell ABeMRIRSEPG Q.Q@éa%,mﬂ;l@d@m@t@g to any
preceding claimyiwmsre i eipanditional stindglani-of sebiil ak goowiihamd/ar differentiatiemisadded
during the transforfdlickeStepr8rAvmbthedrassal dingetoogtdinels; wherein said additional stimulant is a
cytokine. 9.A migitsstiraeesrdingetelaphremwncbdimabgertytokine is 1L-2 or 1L-15.

(itf) obtaining nueleze acid from said immortalised memory B lymphocyte; and
(iv) inserting the nucleic acid into an expression host in order to permit expression of the

antibody in that host.

16.  The method of any one of claims 13-15, further comprising the step of admixing the isolated
monoclonal antibody with a pharmaceutically acceptable carrier.,
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10. A method according to any preceding claim, wherein the cloning is carried out using limiting
dilution. 11. A method according to any preceding claim, wherein a subpopulation of human memory B
lymphocytes with a specific antigen specificity are selected before the transformation step. 12. A
method according to any preceding claim, Wherein said B lymphocyte produces an antibody directed
against ersesPSEPGW(aisﬁSARSfmmgeﬂmﬁné HiSomIvips, ¢ B virus, hepatltls C virus, Measles
virus, Ebola vir PF"B@PWE‘@ gli‘ﬁ%c %@tkﬁrﬁgﬂlﬁ‘hﬂ ri?fé? Cf%"‘s‘ 2? ncytial virus;

bacteria such a ? €48 |ae @%ﬁ? g Us aureus,

e nucl 1c ac: rm’it % 100 0
Bacillus anthra ;glb pi[ }%@H@ngglae prgtozoa such as §)IC|paru vivax, P. malariae, P.
ovale; microbial toxins such as tetanus toxin from Clostridium tetani, dlphtherla toxin from Clostridium
diphtheriae$.othe nmickobial-paifiegensebimigraliiabiopting stengens, tumor antigens; autoantigens;
alloantigens; cHermrierais oantmxirmstaibe] E\Qﬂhmodbﬁoﬁlpmr@inéaaymmd@ﬂ@m lahtibody with a desired
antigen spemﬂcﬁﬂ%&?ﬁ’i&fr‘@ﬁ@%ﬁ’éﬁé IBFh ﬁ%ﬁé‘f{%ﬁﬁhﬁﬁ & ﬁﬂlﬁt‘i@ﬁ%f’@%@%rﬂplsmg memory B
lymphocytes with BB dd %@W@;’& I?lgéfﬁ? gﬂf%ﬁféﬁﬁﬂ;ﬁ f??ﬁ ﬁ?ieﬁué%ﬁ‘ a&fivator is an
agonist of a Toﬁ)(fﬁ%SS]f{ec()eSpi%?l I elxeﬁc essed on memor tn) screening the culture
supematant for antigen specificity; (iii) obtaining an |mmortallsed memory B lymphocyte clone capable
of producing a monoclonal antibody having the desired antigen specificity; (iv) culturing the
immortalised memory B lymphocyte clone; and (v) obtaining, and optionally, isolating said monoclonal
antibody. 14. A method for producing a monoclonal antibody comprising: (i) contacting a memory B
lymphocyte with EBV and a polyclonal B cell activator, wherein the polyclonal B cell activator is an
agonist of a Toll Like Receptor which is expressed on memory B cells; (ii) culturing said memory B
lymphocyte; and (iii) obtaining, and optionally, isolating said monoclonal antibody. 15. A method for
producing a monoclonal antibody comprising the steps of: (i) producing an immortalised memory B
lymphocyte by contacting a memory B lymphocyte with EBV and a polyclonal B cell activator, wherein
the polyclonal B cell activator is an agonist of a Toll Like Receptor which is expressed on memory B
cells; (ii) culturing said immortalised memory B lymphocyte; (iii) obtaining nucleic acid from said
immortalised memory B lymphocyte; and (iv) inserting the nucleic acid into an expression host in
order to permit expression of the antibody in that host. 16. The method of any one of claims 13-15,
further comprising the step of admixing the isolated monoclonal antibody with a pharmaceutically
acceptable carrier. 17. A method for preparing a recombinant cell, comprising the steps of:
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(i) preparing an immortalised B cell clone by the method of any one of claims 1-12; (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 in order to permit expression of the antibody of interest in that host. 18. 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 1-12; (ii) sequencing nucleic acid from the B cell clone that
encodes alantBEdFBPirerese Hrid < dSinGusdrsstirenin ivbiniatbimpbnidtep (i) to prepare
nucleic acgqfor ansertl mé(gla%gl fgpdiesrsmn h%}s(t in ord Io perrplt Th ression ﬂf the ntlbody of
interest in e me of claim 7 of claim i%a ere the Expression Ho'tlis a eukaryotic
cell. 20. The method of clalm 19, wherein the eukaryotic cell is a yeast cell, an animal cell or a plant
cell. 21. The. methog «afoalanziadf 2wheeein thesaninaticelh isamamnealian cell. 22. The method of claim
21, wherein the mammalian cells is a CHO cell or a human cell. 23. The method of claim 22, wherein

the humartéell iSaPHERICEEEN BT afmqéghwe@maﬁm ElnstheHforprepanngnaducieic acid molecule
that encodes an_ antibod nte st, comprl the ste ar immortalised B cell clone
TEC me% a/o? Pna‘asvi f_;fEm(h an ceﬁl E?’ %ﬁégéjce% #—21%3 mI

by the method of any one of elainm aining from nUCGiEIC acid that encodes
the antibody of intgrest Rrp-Anmethadder abtaining.& BECBIC ACi seianee;thatencodes an antibody
of interest, compsigiagithestepsaf: (i) preparing an immortalised B cell clone by the method of any
one of claims 1{12r{rsequéncinglivacRicladic éigmbthe:Bodell alonecthiatancodes the antibody of
interest. 26. Théihebttivcon ttiiyord ey ondeof wlidifa azesBe whbedireiheersstleic acid is

manlpulate%g beR/vee tte || and "L)és y chan |ng ddln gr deletln Eleotldes 27. The method
according 6 any giie of OEO s 1801 aﬁere ufﬁ é‘f’ﬁﬂﬁ%éid)? &§itiman monoclonal

antibocy, MONGELENALANT asaggwa@&ugw@wog@f\g@%mﬁ&%MfzﬂON OF B CELLS

{ii} sequencing nucleic acid from the B cell clone that encodes the antibody of interest.

26.  The method according to any one of claims 17 or 18, wherein the nucleic acid is manipulated
between steps (i1) and (Iii) by changing, adding or deleting nucleotides.

27.  The method according to any one of claims 13 to 15, wherein the monoclonal antibody is a
human monoclonal antibody.
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ABSTRACT A method for producing a clone of an immortalised human B memory lymphocyte,
comprising the step of transforming human B memory lymphocytes using Epstein Barr Virus (EBV) in
the presence of a polyclonal B cell activator. The method is particularly useful in a method for
producing a clone of an immortalised human B memory lymphocyte capable of producing a human
monoclonal antibody with a desired antigen specificity, comprising the steps of: (i) selecting and
isolating a human memory B Iymphocyte subpopulation (ii) transforming the subpopulation with

- Epstein Barr &?ﬁﬁ %7?% Xcﬁ the culture
supernatant f\cg\r&antlgen specificity; an%%(elﬁs Eﬁ |mmor ise Fgfi‘loan memory lymphocyte

clone capable of producing a human monoclonal antibody having the desired antigen specificity. Fig. 6
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sequence comprising the step of transforming human B memory lymphocytes using Epstein Barr
Virus (EBV) in the presence of a polyclonal B cell activator. The method is particularly

useful in a method for producing a clone of an immortalised buman B memory

lymphocyte capable of producing a human monoclonal antibody with a desired antigen

specificity, comprising the steps of: (i) selecting and isolating a human memory B

Iymphocyte subpopulation; (if) transforming the subpopulation with Epstein Barr Virns

- {EBV) in the presence of a polyclonal B cell activator; (iif) screening the culture

supernatant for antigen specificity; and (iv) isolating an immortalised human B memory

lymphocyte clone capable of producing a human monoclonal antibody having the desired’

antigen specificity.

Fig. 6
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