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
embodimeritainievastibec RelamsBACKEIRGND: ARLd ke sueeRgSHgeNesatiRgsAUsine
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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
cell blasts ST Wﬁ%‘%ﬁ?’%‘pﬁ%ﬁ‘ﬁ?@ﬁfﬁﬁtﬁﬁéﬁ SR ey ErRTEimeaRl o ERing
antigen-stirfgratetedis rarit o brrecasiisaeaktor Sutepit fesiontifiner ssheis trmpeiedithis approach in
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
EBVi og%{%e& <§ﬁo§§§ﬂ B CEEISS %é)e Og_[gg% Qg:s seve ral

j at FE}_:R/ immortalized
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‘B cells, the Sioty grow o ﬁngé)gﬁ&i’éa%%e% %ﬁ%&ﬁfﬁ%&h Wi PY As¥ e ribes a
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

probléth oﬁéﬁ?ﬁ#&ﬁ’ﬁff‘t’f’b‘ﬁ’%‘f’%ﬁﬁb@m BymrmeaRpatisy Easirinr Y dmedE Vil bsessdicsolve the
problem offRreHizidHEorhPRevs)iBardn prdueirg dpaviEn extibsiien MBis| ERNY wotrd bastbiors 35 carried.
“out an enriéismibeit fosamtlenlispdoificideclls (Rigre.ER M AT idstatizatidn oEingdattinstdnce

biotinylatedsotukiebanti enactQasaliiahaid9 86 h O riapesar tbe_?;fl.@lﬁﬂi@fgm R&-immortalised

cells with mmwelmwehymmmt%@@%l%%@&é cﬂ&%%% th rate and Ig
‘secretion %EQ&J%QH%%%@%Q& gl n%t984u;¥p san 1984)53(§/a|ms that the
cloning effLC|e cou ase erlve tors ﬂ ast |metﬁm|n have been
made in a pub | 1tz?)n glvers % bucfvfﬁ"ée%e resu S ﬁsavénﬁgt‘z SRS CBRHPREY nor utilized,

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



Receptor which is expressed on memory B cells; (ii) screening the culture supernatant for antigen
specificity; (iii) obtaining an immortalised memory B lymphocyte clone capable of producing a
monoclonal antibody having the desired antigen specificity; (iv) culturing the immortalised memory B

lymphocy e &r&zian dht oolsteriin eisinern prrdh B ﬁg@ﬂﬂ%@ﬁﬁﬁhﬁéﬁfﬁﬂd@ﬁn a fourth
aspect, thegpresesi mmmmﬂm;eﬂﬁmﬂmhmmr piddtgingratimenssitnbbantiibey comprising:
S () contactméﬁﬁmm@m%tsywmﬁw@ea anebHenal Beelastivatwmmihanein the
polyclonal. B cell activator i %cg’nl gt af2 9l Like Recenigrwhich is.expressad.gnmgmory B cells;

(i) culturmg aid memory, B ocyte; and (iif) obtaining, and optionally, isolating said monoclonal
~antibody. | Pe ,ﬂ%“féjesent invention is directed to a method for producing a monoclonal

- antibody <eBRHINGING:SIaR%R) M&%M%&%@@MM@%&M@E@%@ contRrting a

.memory ho h EBV aI B ce |v or, .wherein the pal CL?Q%! B cell
~ activator i "éﬁ&% %ﬁ?ﬁfl%ﬂghecq%& |svaei>€‘a§resse%g% megm%négc |i2 culturing said
: |mmortaI|s‘§Ef‘ﬁ‘F§ﬁ?§DS"JWfﬂ1 R Ry R TR RRRS %ﬁ%’hemory B

| Iymphocy@mm%m@m%h{@éemnwﬁ@(%@%ﬁw A BfgreiTEsE@MiPexpression of -
- the antibosiydmthatbiohes fxasinthsedpHet HHeenrese tdnyantiotis gipsetbe to achretiwddor preparing a

: recomblnq&&@l@@m@aﬁﬁ@%&gp@ ot f-prepacimgn MR RlizedB ealkalgng 2ythe method of
- the prese ny%@ é@e%&@&g%ﬂﬁgﬂ&%'&f&mgﬁ&ﬂmg&%&%& SNEQERSAR Awtibody of
* interest; a 1) Inserti q{mﬁ C|el%a%I to an expre %onbhos in order to pern&llte peressmn of the
antibody JPfR tpﬁﬁ%os fa Seve as Dect %)ﬁ e present | nis direcfed to a method for
 preparing ‘2 REEB R ISTIREH EERRIT SRITFEHTS WRPS: BF"I(?Ff)’Fgﬁﬁ?ﬁ’f@sa r}?f’g &Il clone by the
. method ofiehesfmitse hitinvenitnstedifoe quigseirdimyd derdlaate worhethars E%%ﬁ@?ﬁﬁﬁéﬁcodes an

antibody dfuntierestpanse:(ifhy usiricpt NESED neinee anfogmeahdin Mnost@n@ri)emb#ép&rmtlelc acid for
- inserting iniR-8p SXNEeSSiRRAS 1HRI Gakin: PermibaxREe SSIR®T eantbndyabisteresisin that host.

-Inan eig é?a? Rcty 10 presenkinyeniion s disciec o ametas dor sRarRaf Ausleisacid molecule
‘_that enco B %ﬂ E:mg:%g 3(::?;.,':9 res%!n(szompgxll%gg thhe St?pwt%s system shares with the classical
' ' paurine hybridome technology the hmitation that the antibodiss mre selected 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 o human pathogens. inclnding BIV, the four Plosmodium species that cause
malarie i humans (Pjfudciporum, Pvivax, P.malerige and P.ovale), tuman Hépaﬁiﬁs 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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preparing an immortalized B cell clone by the method of the present invention; (ii)obtaining from the B
cell clone nucleic acid that encodes the antibody of interest. In a ninth aspect, the present invention is
directed to a method for obtaining a nucleic acid sequence that encodes an antibody of interest,
comprising the steps of: (i) preparing an immortalized B cell clone by the method of the present
invention; (ii) sequencing nucleic acid from the B cell clone that encodes the antibody of interest.
DISCLOSURE OF THE INVENTION While the present invention is illustrated by embodiments where
IWYnan mondelenkrnatietits aresprbinisatonte ferriired astadbin FofrinEa MSPeEIMRlited. The

present inVeQﬂQﬂo@?%@?a‘&ﬁ?eMﬁ@ﬁ%p&@fﬁ%ﬁ@bﬁiﬁﬂﬁhg'&lhs degired to produce mo-aoclonal
antibodies efficiently. The invention is based on the discov ﬁtha}tl a)}t)ol clo 36cell activator (snob
el Taiea
t

e Opa sequel e ST S B P G IR A AL AT B iy Eiav-mmortalee
cells. This m{feéc‘é ed eHficienc r%‘?s@cﬁ%ﬁ%c%ﬁsgéﬁﬁ, eap that makes the EBV trnhnique suitable for
the rapid isola{jo " [9feR ahhsman.merogenadiantibodies from the memory repertoire with

no need for gpecificimmnunizationses heasHg yABplbodienas eselecitgdiornghe physiological
iramunocompgiesicaEhasabriehdstintd deedkbymtiato spbcbritact with a pathogen or antigen. The method
is therefore pavlicutisirly thsefulsaprebnonanBipaibscayaiaatapfigenic determinants that are
specifically révbehisaesipdatinariaisHaiigeSYsRrrHfada9%tiude neutralizing antibodies to 5
human pathogens and antibodies to allergens, tumour antigens, auto-antigens and allo-antigens that

arc part of thenempnLrepesoiR ofd-aiviateitidlyidualectéiete isiberalase fodeagd fomdiselasd models
to be created or f%g#mmunlzation with purified antigens. The antibodies of the current invention are
|

also fully hum&R GReIGaMR Hative post-translational. modificatiqns when expressed in B cells) and
RO %ﬁ%%}gﬁ@%% s
' or

exploit all the 82}98?%%%@% ¢ Receptor which 18 [Jnr?turatlon)' 10

Thus, the inve‘@otc?;cm?%row edinterciia a O%I%ﬁ%fcf producin Immontalised human memory
lymphocytes, @gqﬁﬂg@gm%@m trapsfepmingihuman B memory lymphocytes using Epstein Barr
virus (EBV) ingheopegsesesdahadpalycianaldd eelmeiival aditedpethod permits extremely high
efficiency nansformation for the first time. In a furtheF aspect, the invention provides a method for
producing a clene gff@n:sFaotiiseeamaaniibnBisritmory tymphebybefonpaldieial prosuisigna human
monoclonal anti?ggx Vc\:/é)tr?l a Sdntlasj[fl%cétargti&en specificity, Comprising the steps of: (i) transforming a
population of cae_nl scC mprlglrjg or CO_I’flngStlhg of human memory B lymphocytes with Epstein Barr Virus
(EBV) in the p%%@%ﬁ‘%ﬁ@?{ﬁﬁﬁd@%ﬂ%&iw&?ﬁ hCrRsaTRE frecERUB ERieRYiEtant for antigen
specificity; and?@ﬁﬁ%ﬁf%‘gﬁoﬁ i gﬁéﬁgj%‘é’%“ﬁuw an ﬁ%%rﬁﬁ%ﬁ%@%ﬁ@@&%ﬁle of

. Pregsed o1 meaemo ce ipr x
producing a hyganmeRes! Yol g(gi;g;@o\;ng 1%13&%’3@ aniigen specificity. The methods of the
invention have(aly e Qﬁ&l@ﬁ%@i&%@@ﬁdﬂﬁﬁﬁ@&@lﬁé@fﬂ&ﬁﬁrﬁﬂ%ﬂﬂ@&ﬁ?aﬁﬁth up to 100% efficiency.
EBV-transformgd Bseehcliones theicpt ddoecanputshlizing lg&danthediasspeasific fommeasles virus, the
Plasmodium spedhedythdbatdesfe malaria in humans, tetanus toxoid, Taxoplasma gondii and
alloantigens have been produced using this procedure. Furthermore, EBV-transfortned B cell clones
that produce nelitfatizthgrsc dhribsaiasiayratmciichure AR SEBRITEV TS V5 aveisa Been
produced. It will-bg@Rppregiategdbat the method can be transferred and used for the production of
antibodies against any specificity that is present in the human memory repertoire. The sudden
emergence of S?iF?@?ﬁ“?@G? Wﬂgida%g%%ﬁd%@§ Bledth SPetrahidEsribfB0 countries. The
causative agenfiyabiaimiraavrianesiogubn FrsheimpsinocacrécavairibiealyieHasrstheedoeen discovered
that the syndrorf® fgsea%éé‘aeﬁ cl¢ é’ﬁf‘gffé%?’&ﬁ?%ﬁﬁ%%F%t@?%f“&t%ﬁ@%}%§ﬁ§%k et al. 2003)
and methods to 3180t thiZTifti&P4PH mbat infections caused by it are required. In a preferred
aspect, the invention provides a method for producing clone of immortalised human B memory
lymphocytes capatslecsisiGericinBEPRIFRBIN eS8 dtciiatiah tibotptbpdifipr forrihe 3B BBavils,
Comprising the sigps-efag@dEanpstarming a population of cells comprising or consisting of human
memOryB lymphacytes with Epstein Barr Virus (EBV) in the presence of a polyclonal B cell activator,
Cu) screening the’ RIRUEP8 FperTataREFet B selt riens Motheeetingks irpssearidntidtieslating an
immortalised huriiare.sménanlbmpiddeyiahe Brechpal e of s we mgbadwmasreapadclonal antibody
having specificityiforthe SARSpirusidrmthis Spacificelio w tredemeclentiboty hsering spegificity for the
SARS virus" me&HESSE APELIRIHRATC ROTRE SR BRIl ERndrrivastiatie I causative agent of
SARS with a greater affinity compared to its binding affinity for other viruses. Generally, the invention
also provides a method for producing immortalised human B memory

L
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10 lymphocytes, comprising a step of transforming a. population of human B memory lymphocytes,
wherein the method transforms >n% of the human B memory lymphocytes in the population. The value
of n is selected from 2, 3, 4, 5, 10, 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 produce antibodies with a desired
specificity. Selected cells can then be used for monoclonal antibody production. This 15 method
preferably doés Agitiniokes einmrserfusisntion thdiRawe nerpiimpooytesingthotier edlfs. PoOclonal

activators InzHiusupesificrtion ety @g{)@@p%@gﬁgﬁ@ﬁlemma molecule or compound or a
combination thereof that activates B lymphocytes irrespective of their antigenic specificity. A range of

different mof8culereRijibean éamertiaed Fotsbigamg BrRrmsithobor BiF PIRERELEDISS (TLR.$) are
pattern recggnitionteRepiaesmahiciinae mmine s ysiean@xpiesseibodn « ety of cells including
denclritic cells and B cells (Medziaitov & Janeway 2000, 2002). TLR agonists include microbial

products a”%%ﬁﬁﬂ?&%&?% %@& EJ&I&J&Q&%@P@&QQ%'&%HX@%QI%@1 goniat;of the Toll Lace

Receptors w are expressed on memor such as TLR-7, TLR-9 an 112 -10 (Bernasconi et
al. 2003). Sﬁﬂ??ﬁ?ﬂé@l%?ﬁ%ﬁ%én@f’?ﬁﬁf)ﬁfﬁ{e&s E@W@Wf{’&@ﬁﬁtﬁ?%synthetlc &methylated DNA
oligonueleotigles (GR}AE FLiRnDANRRISE A RERNSY %&%@M&&@&lmwﬁ&wn and activate B cell
proliferation eBTd differentiation polyclonall}%La Ir ef§ectlvte of H1e ﬂ?ntl%g SPE(%IfIC ty (Krieg et at 1995;
ICrieg 2002 he BOIBYRAMRHECESES T s AR o TR seque ces ang chemical
modifications (Krieg 2002) CpG ohgonucleotldes can b4 as 30 poLyclonal activators, and examples of
Suitable actiPEROISHErEIBSTR MEFHBTBR006 (5 r -TCGTCGITTTGTCGTTTTGTCGTT-3'; Hartmann

et al. 2000) amsicaita QUgORHEIES: @W@%&&%%&W&ﬂmﬁﬁ gequences of
Unn'ethy'atego%é% %&M@ﬁ shepiady sHhelorn, 5@&& IRglessitanded DNA
molecules of between. 5 100 ucleotide Ien 0, 30-60 nucleotldes) that
include onedf 357 mo%e ms%fnces ?mcg% d?émémfg or mgcr'g%’odf%e 3|nugreot|c:|e CO sequence, with
the C in the@d@%@ﬁﬂﬂ%%@'&gm‘ m%@&a@a&@@mm%@%m&w%
(resiqutmod %gser&;g% mgbg ;[fl_bB% Fgmu?g% ate dgndﬁltc cell uratl%% ilﬁ Zlngl 2002).
Such compounds ¢an_be use o c ona actlvators wit t e ifvention e. analogs) -
and other syFtREE BERIBETAEE L}fﬁ'f‘@qﬂﬁf'%%]f iR iquimod,
loxoribine, MW%MWmmM@%@aﬁﬁ%ﬁwﬁmw&@m@mﬁeﬂomer
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 CD40OL, 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. 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), single-stranded
RNA (Diebold et al. 2004; Heil et al 2004), double-stranded RNA, poly(LC), bacterial DNAs, etc. A
detailed list of TLR agonists can be found in Talceda et al. (2003). Some activators are not preferred
for use with human B cells e.g. LPS. In a particularly preferred aspect, CpG 2006 is used as the
polyclonal 'activator. 20 Commercial suppliers of suitable polyclonal activators include Invivogen.
Recently it has been shown that human memory B cells are selectively stimulated by CpG (Bemasconi
et aL 2002), and that several TLlas are selectively expressed on human memory B cells but not on
nave B cells (Bemasconi et al. 2003.. 25 Transforming B cells In Methods of the invention, calls can
be transformed with EBV in the presence of a polyclonal B cell activator. Transformation with EBV is a
standard technique and can easily be adapted to include polyclonal B cell activators.
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. Additional stimulants of cellular growth and differentiation may be added during the transformation 30

- step to further enhance the efficiency. These stimulants may be cytokines such as 1L-2 and IL-15. In a
particularly preferred aspect, EL-2 is added during the immortalisation step to further improve the
efficiency of immortalisation, but its use is not essential. The memory B cells to be transformed can
come from various SOLICes (e.g. from whole blgod, from peripheral blood mononuclear cells
(PBMCs), fréth BREBECCURTFEAEM 155nEHMERFow HORTBrodis Y8t ™ oh dReuiBIBRE Hiods for
“obtaining hW@W@Wﬁ% &yt reEmptedatiayith d et oabEse idememory B

cells e.g. othertibadhorfiz: pagivebificuseih arprdmrontiB fienphooy tetgulbp dpntatiensdidtibiting a desired
antigen spegjicity-nay agnieietiedrionn thenliasgiannatien siepdynusingingeihadsiknawn in the art.
In one embaglimepldRe-NUIMARMBEMEY &WWQ&Q@M@Q&%@&@%@%@%@Me SARS
virus e.0. the B gellsarg ggmg&m gt Whiesin, SURRHNG 8L RS [8GONAR A0 RARS. In another
embodiment, g%gl reil rom W#%;;[s }Q AJZheI[HWI IS as%l% nd include B.cells with
specificity forQ -a 0|d mﬂ%‘f‘:ﬁ &t k‘ﬁ SHire W agiene €'78‘5’7_“"5‘“ fﬂaet’?nonag Chan (2003)
Science 30124% 79{ %@%&f@?ﬁé‘ﬂ%ﬁ%@ﬂ?@l% i5tHes o iﬁ\%}%ﬁmf‘ﬁﬁb"éﬁeﬁ?ﬁamformmg
agents may %@@@?WM@W@%WWWW Bwetts. (FEyimauespm. for

transformln the B cells of mostgrlmates but, for o Egter or n,lsms smgl;bl VII’US can be selected.
Screentilg ahd isbrafBrrerErEE] T8 ey ?:e Ogemg i é?/emm'f’he desired
antigen spebEHS ISR THaRRE St Bt SrE g PR Baproa e Wﬂ?@%@ﬁﬁ%ﬁ%&lls The
screening stepsiERM acherieton b2Rpisind P sl ninty it She asbrdledmifireimmsly #ithsfected
cells), a neutifalisaiionsissastior onteaia fimmber of other methods known in the art for identifying

- desired antigen specificity. The assay may select on the basis of S|mple antigen recognition, or may IS

“select on th& adyitieiRatasadie Breosion atriiasfimetion Brgradrearptt W%W%ﬁmﬂrmher than
just antifienibindiny dmitiodies e eraiibe dibsrtiarerrtiohrl rgdbelrarit e Astied oftigiyeted cells,’
such as thekp&ﬁn’aﬂibrgngﬁﬁﬁgdm&mﬂs@iﬁ' shape; their growth rate, their capability of influencing other

tcr?g? dt?g:err?f ion stat S hﬁg&%ri?&e i oéeéég% aragé o nq nQﬁral %C:;?r%?nlrt]hceorr:wdlttlorn: of
- their_di i u Ixtu
posmve cells n%’my}b %carrle oufnusmg fmsl utﬁ% rﬁgig‘?omagei Fatlén lfsimgle t:éII deposition by

cell sorting or %WWWWW%%@%F@W@?%@@IWW is carried out using limiting
dilutionoThe migihads:ef dhasnventia it see-ibgiplised-Riealsiha arasueagatibodies having a
desired antigap.3REGHICHE.A RRIVG ALAR L' SRIQVIdeS-AR.iRpytalised B cell clone obtainable or

. obtained by the methods of the invention. These B cells can be used in various ways e.g. as a source
of monocloriat anthoddié e asvarSotioe afsaicteio acititDba ommaRiNayERcedingasiamadtiogional
antibody of intetestiiasmdelmewdagatients far aelklasibempyniatiesedschnatedithadngention
prcivides a mm%ﬁ%mmlw%%l@@&mmmwm wheteindhedinphocytes
broducs: ar Uhof & ARG EI0 e ARIGUIRS AL rgs&e&&%@a&wm&&w@ay The
invention als provi a compc mIaion c? RIS & ler talised.B 2&{5%? mphocyte
wherein the’? onoélgspro e a monodio aﬁlbo y *oFiiterest, a ereln‘fﬁ‘é produced’
at >ION ng P&r ¥ohesrday. %bﬁmﬁ‘ﬂ@q%@&@ﬂ%ﬁ% b? “afsﬁ"r‘id ?%%F‘hf%r%fbodles of the
invention - ﬁ?@%fﬁe@&?@%%@%mmf@%ﬁﬁﬁb%@ﬂ&ﬁ@@%@%ﬁ@%m B cell clones of
the 35 invention. The |nvent|on QVId fragments of npglonal antibodies, partlcularly
fragments thit FfSm FREERERS O?\/fﬂ/ ¥l o‘éaes IS JERGdR ABode of the
inventith faﬁpwm%a%aav%@%mmmea@ﬁfs%l@e%faﬁﬂ@%ﬁ% Bpie &rhf@éf?éf‘? Antibodies
that recognbsengtitateniddins Sarnbdromseds tertsehbylsaers dype af sepsyind éprasieyerrd Slftession,
including caiets canidiingjodne pmatibrotding e eksingd oibetiindoilzhessel sy diseasguirddtibodies that

recognlse non-self antigens can be used to treat infectious
In a preferred aspect, the invention provides a method for producing a clone of unmortahssd human

B memory lymphocytes capable of producing a human monoclonal antibody specific for the SARS . '
35  virus, comprising the steps of: : :



5diseases, including parasitic, viral and bacterial infections. The invention can advantageously provide
human antibodies that recognise antigens of interest where it has not previously been possible. The
methods of the invention produce antibodies with the characteristics of those produced in the course of
a physiological human immune response i. e. antibody specificities that can only be selected by the

human immu m This an lles 9 Ee resp Sﬂ%é&mm)&% luding HIV, -the 10
Plasmodium emes efug uman ma?mnp , human hegtatltl 0%% \flr%se§ Measles virus,
Ebola virus, t’ﬁ@@%ﬁ@ %‘“ﬁ %ﬁﬁgg‘m%’ena omaylrlarae Reoviridae

(including romlmmmwm@MfmﬁmﬁﬂlLv 11, FIIV-2),

Polyoraviridgs ,&%ﬂ 'M&@@s@dﬁ\%%mm@ymﬁ@ww@ec@%ﬁ%wm&émmg herpes
simplex virus &39 [s alowr IS v%ng -zoster virus, herpesviruses 6A, 6B and 7), 15 .

Porumﬁae I—FIE'O nartrlege eta, drane % ustive list see Fields a at 1996). It also applies to
- antibody rg&m@gg&,ﬁgﬁml@gwt@mﬂ&ww@e&m ifsatiergicrsatientsptagsribe proteins, to
tumour a”%ﬂ%”ﬁ gengraed NdRoUELRSRNGPRIRNS A ia-selaRigens iRatemmwith

- autoimmune dise ISes to am qg%rot%ns .etc, These, antibodies can be used as prophylactic or
therapeutl(‘f0 S upon ap%)ropr f%rmuimtlon or as a diagnostic tool. 20 Particolarly preferred

monoclon@&gﬂﬁp%&%ﬁ&pa@&%ﬁ&ya sReclicly jetbaSARISalss s hecinwgntion prowdeé

~a human monodlonal an B&‘ﬁ&&&@m\m&ﬂ&ﬁiﬂiﬁ&%ﬁny particular |
pathogen, gﬂaﬁ ﬁswﬂ ntibo |s n heﬁt can peutralis ability.qhdhabaatheaen to initiate
and/or perp: 'l”ﬁeé’i Vi ec?mn In'a ost & invention prs%w H@hs&n cl%nal human

antibody, WHEFeh7tHe S0 KPredodnibes A ﬁ%tlgén l?rorﬁ a ‘Qgt ogen select From: human
' immunodetierieiseiagts tre perdtechhpieyiranbitrom o Sl pat Rt PO IRE RS g’“r%plex virus type
1 or type 2% SARS poritingyifecimbadlessithe hursmdsiirmsnreipel aibady PRSBIRA (iB hola virus, |
influetza w@mwmrmmnmmwwﬁ@mmmmmg 9sB¥io virus; rhino
virus; respiratory sync-yds! virus; Pfalciparum; Rvivax, Rmalariae; P.ovale; Corynebacterium ,
'dlphtherlae’p@mmdh&wm{anl 30 Clostridium botuliman; Bordetella pertussiv Haeniophilus |njluenzae

Neisseria (pe{gl@ %q&;ﬁggogggu&é %nglgggaé@ggé@rgeﬂ@rgm@mgu&m&g;,ammzm )
Strept t t
reptococcus a aa&lsla ﬁf{'lsattrejé;o%o% g%pﬁés@ﬂpérg}mc%&;g%gé@g@% racis;

Moroccellac crondia tr 'SIDCQI‘%{}]‘%d'a pnewnoniae; Fertile pestis; Francisella
tularensis; %@ﬁ%’ﬁﬁ%ﬂ%{% BELTRE. RiFDY hoelgog XA E5il; a human endogenous rettovirus; etc. 35

- The inyentioy ﬂﬁ%@&%\(&g‘?ﬂ?ﬂ‘a‘?&@%?%ﬁﬁ&lﬁk@%%ﬁ&@&ﬁﬁ&@&ﬂﬁﬁmmﬂcalIy
expressed If t“m‘)“r/? ) diseanedcadiovasellapGel §§191 MR SAMMALRYeSRANSEsk in neurological

disorders (?néluﬁjn eimer's disease antylo otgj alopathies. etc. The
invention SEB UM §’f’i’f85%13'}&’ﬁ()§'humagn%%‘%o és t%aésre%%}%)ﬁfscp %%?%hgg %es such as

cocaine, haseispéhedpibEEERrreram BRIk L8t S Fertit R Tt may be recognlsed by
antibodieseof tFERin 0 ¢Borrelatiel. BRRrEwbrrkes t52TNE-of PSpRlo SISIEIRTEARS coronavirus
spike groteimetion protein Pr?, complement C5, 5 CBL, CD147, IL-8, HIV glycoproteln gpl120, VLA-4,
CD11a, CD/ 8, VEGF, CD40L, cellular adhesion molecules such as ICAVL\{{S 11\{%AM , CD80,
integtins, Fmobyisid dNAT H’égﬂ‘?ﬁ"é‘ﬁ‘fréaﬁsa‘lgﬁ"ért’ﬁﬂ&g‘s An’BrHBGd WO por t| e chains,
wherein omexioraiatindfagibigi S rderetiirsioromih 4 eptionpr ?@qb%ﬁ@égpﬁﬁﬁ‘f?o%%ﬁal antibodies
produced ayithaymetifatly (:ibedaeioniviey 082 krebiguriidd it et rd i deresiivgt Mtration,
centrifugatign;ancMRHQ SR iRm0 glapiieite Reds ueh ascedijduokatfinitacheomdtegrap hy.
Tech%queéi ﬁd%”%@,&%@ OfaHEOQQﬂ(ﬁ[@' %Q@%ﬂ@%&ﬂ@i&%n&éed@mmm prpdu g

pharmacegtical-grade antlbog; in the art Fragments af the monoclegal antibodies of
the inventibh 6 bebbtairied rom the monoclonrt?"antlf? é’if@@ uced ﬁE 3 that include

digestion \ﬁ?ﬁﬁ‘f‘éFFEyﬁ’?@s tdeReR aS-Behsivor Sﬁﬁaﬂve‘l%ﬁ’dlﬁ?%fc?eava sat'?l(i3 onds by
chemical ressstidentidkntidonpurisdaientes eaudeFEabeishsoe ) éﬂ}?ﬁ‘eﬁ@“‘?ﬁ% fhvention also.
encompasses@ingedhninRefisgneitgtcseRy | Hetivied fr dhitheteidpsh Hatiptekmeof a ,
monogionghaatikadiofdbesinyentipn e mMhe)iny antigminekidiosa seiRuceowitrising th¢r€DRs from an
antibody 0&19%@145%%&5'9&3 mﬂ}&gg@@tlon also provides a monoclonal human antibody with ‘
neutralising activity, whereln the 20 antibody can neutralise at a concentration of 1019M or lower (e.g.
1040M, 1(T4IM, 1042M or lower). Monoclonal antibodies are particularly useful in identification and -
purification of the individual polypeptides or other antigens against which they are directed. The

- monoclonal antibodies of the invention have additional utility in that they may be employed as reagents
in immunoassays, radiohnmunoassays (MA) or enzyme-linked immunosorbent assays (ELISA).1n -
these applications, '



| 25 the antibodies can be labelled with an analytically-detectable reagent such as a: radioisotope, a

! fluorescent molecule or an enzyme. The monoclonal antibodies produced by the above method may
also be used for the molecular identification and characterization (epitope mapping) of antigens
recognized by protected individuals in complex pathogens such as plasmodia the isolation of
cross-reactjve.protective antibo h arla se found in 30
HD/ and for &fﬁ1 q’|51at(f10 en%a terF‘%?n?ngqtﬁ%‘ a\téﬁ Jﬁ‘%« tbodies o af“r%:e&'fﬁ%qe%tlon can be
coupled to%F’Eﬁ‘i’ﬂj’f’B U@ngﬁ’%%ﬁ%ﬂ t&%6 %?R?fgﬁ é]t% 1%?61?4 Bt 15758 ate imaging of

-~ a site compigiify Eanion anda4t, Qubis ameloanced ebrsTMEifrIrerEs st rtpntibbdiedtto drugs and
detectable FiFe$s iaskding| bkinowinitisthe:aniquinexk methdsahor spaaging wsivey Geatetihiaté-labels. 35
Antibodies abihetsve atibhdasrhedsiiached to a solid support Antibodies of the invention are
preferably provided jn purified form. Typi caI , the w -sent in 8 composition that is -
substantially e SF SRk %ﬁé‘bﬁ%‘b"&? G2 ﬁlé?e ?éi‘g‘?ﬁa/ é {5&% élfg:ﬁ%“tf%?@fgﬁss than 60%

~and more (SRR AEES RERSEY S P IIRERGES ‘ihﬁoﬁl%@ﬁi’a Antibodies of
the inventidvigiiayebeolmlenghertestiesitpeiod Kiln Wﬁé?e?@%@“ﬁﬂ%}”ﬂé%?@fe RFPHFIRTCE 4n particular, |
-the antibodi#® mayknawe ;amidictepesithatis mpmindgemeior AgH-Alyfian FEsK battiofies a human
host. Antibegdiescahtpao ventios: fanbtikaapsesia i dedhinsesthahd anhatcha obllaiteddsom hosts such

- as mice, geas, ﬁ@@@ﬁ&%&gg&ﬂg@ﬂﬁgﬁmﬂ&&{@t&m cannot be obtained by humanisation or .
from xeno-mice. 10 Antibodies of the invention can be of any |sotype (e g. lgA, E?gG IgM Ic. an a, y or

g heavy cHEalF B8t HiFEenarIgBeTganAniir referesisErd RBEIgG2, 1gG3 or
|gG4 subclipspeixmttiadie it edpiidosticerm Sgshlive aymoena @dllgﬁ%lqélnwﬁ?héommﬁén also ;
provides afoimimartaitesB. meteoryviiishizhgolecod| (pariioslatiyhai inaribicelhaskdiedn the cell is
infectes wWitkaR Va0 Rakade sankanrtbnsy-of hedpvenriion lbbmnamarktigakepspaesitions The use
of monoc'%@lﬁﬁﬁ&o@igs%@%ﬁiyﬁé@m&mmﬁQ@E&@ﬁe&tiﬁﬁ@d@am?mﬂ%ﬁpﬁ@@, including the
products Heraeptin i dastiaim Laﬁi&&mfmab zeMRai: K Remikals REgR B YItalgTM,
ievalinTm, O E@:énnpg ga%égggﬁﬂ éPathzu poagsa %ﬁ%&mac%uwal% :These include

antlbodlesl?h recognise htiman s anflgens erceptl recognises er2 marker) 20 and

antlbodleslﬁmgme@dgmsamh@pm@gmﬂgml(ecgaswgnmmmwes an antigen frum respiratory
- Syncy; us). inventio ples a eclilétlfal composmon containing the monoclonal

antlbc% grﬁwe %n ar]E| tlai %gr?g o?crﬁeﬁg Cﬂ ells of the-mvention. A pharmaceutical

composmdtbmy disimc betaishemp hemhweuticattyoac e pthblecasieividy atimitedr &tiofip6f the antibody.
The carriegmshoule Aorieglkdodiicetbeipmori et en-ahanthedies hamshuktadhe-macttual receiving
the compagsitinn andshaulaethedesie: Suitable carriers may be large, slowly metabolised
macromolecules such as proteins, polypeptides, liposonies, polysaccharides, polylactie acids,
polyglycolic acids, polymeric amino acids, amino 'acid copolymers and inactive virus particles.
Pharrmacentizajtyaegdpiable salts can be used, for example mineral acid salts, such as 30
hydfoch'owﬁéfﬂaa@a%{eow&% maﬁém%smgﬂrﬂeme@@m@sg QEIFRICRARIS,FUCh as acetates,
proplonat%%ﬂn al lonates an nzQ harm (ﬂtl [ 2cC ‘[%“ e’[cgrrl rsin therﬁ\leeutlc
compositions may addr%nongﬁ"il/ comlal UI s° s as Wa er Agalm cero d etﬁanol Additionally,
auxiliary s%%?}fﬂf:le% eé’Lf’t‘f'Flvﬁtgr%ettlng or emuIS|fy|ng agents or pH bufferlng substances, may be
present in AuEi60 MiReSite 05 Hueheasticisd onekigdng phatnaruticaleanpasiianside be formulated
as tablets sjilh, ﬂﬁﬁﬁ?&h&é&%%ﬁwm%ﬁﬁﬂf@ﬁaﬁﬂé Hekandeuskensiensiqsingestion by the

patient. Prg %s.on g);?%ﬁ% i londoe e RO aiable PLaRERIBrRlAdIDLaton. & 9. by

injection of ?B us |rHect|on or continuous infusion. Where the product is for
injection ofr |nfus%n m15’I?’nay ‘Ee’t e form ora suspension, solution or emulsion in an oily or aqueous
vehicle anthi maygEntdinsicmiatany-dgantsps et asrsuspendig.gpteseriakivdostghitising and/or
dispersing,agapia vike malkytikathaapinady mele siia Baau-h &b dsdermotoreasensiitlition before
use wih ANAPRIPRIAIS: SIEHIA AW i A GO B U, WaroampPAliar s 0ldigidyantion can be
admlnlstere glrec@/ 0 the Sl{ ect, It E Oeﬁreferre[g r‘fttge ﬁon%posm%n%are ad%gted or

administration ?ooﬁuman sub ec Rarmaceutic cCompos fhis mve ay be
administeFEBRBSP mﬂ?ﬂé?"(‘}f ?gﬂ?é@gwﬁlﬁmﬁﬁdﬁﬂigﬁ%ﬁfﬁ%Wt%rgﬁ ﬁﬂ?ﬁ’i?&n% amuscular,
intra-arterial, intramedullary, , hatraperitoneal, iritrathecal, intraventricular, transdermal,
transcutaneous (e.g. W098/20734), topical, subcutaneous, intranasal, enteral, sublingual, intravaginal
or rectal routes. Hyposprays may also be - | '




15 Used to administer the pharmaceutical compositions of the invention. Typically, the therapeutic
compositions may be prepared as injectables, either 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 compositions will generally be accomplished by injection, stibcutaneously,

mtrapentoqm%sy mt;aav HS u\é .or m&ag;qmcula tly, oragelnveredtm mtgr |t|als ace oﬁa fissile. 20

The compasitions can also e a mlnlstereé’lnto a eSIOH ‘Bosageé{&ea me may e arysmgle dose

schedule otyg'?ﬁ?ﬁ'iﬁ BREdaH RETRAB tﬁﬁﬁ%ﬁ?"ﬁ’%@d A PR R BRIt uidance
relating to Wéﬂdéﬁ&@ﬁ%&‘n#ﬁﬁ@?ﬁtﬁ?@@mvﬂ%ﬁdﬂmm@é@m dhetilel e wlvERSY dalily,
weekly, mowmtinys st Srbejmericdisard tdsadelritgel sotdeageificin fotfesalpilib/zofssimprbms. It will be
appreciate 2t} theradtvdeirgreiens i Mitecanihas{titn3 \wikhe agt-astibadwmolecule. As 25 such, it

will be susgeptible to de radatlo th astrol tes inal tract. Th us, if the composition is to be
administergﬁ icare o %#Rr % Pé‘ghngf’r e SHRBO Eﬁ%%ﬁtﬁé%ﬁlt’g E8iitain agents

e usmg gdstrain
which prot&& ‘t%é‘ga t&éﬁfﬁﬂﬁﬂ%%ﬁf%l‘ﬁ@ly ﬁél@’é‘%@?ﬁ%‘ SaeBseNrs theetrrksbeen absorbed
from the géﬁ?b?ﬁ%ﬁ%t’%@ﬁﬂﬁ%ﬂgﬁ Hisbirsdmworphuirisaiédutically acceptable carriers is
‘available i Rem in tocpm PE@ ceutical Sciences (Mack Publishing Company, NJ. 1991) and in
Gennaro ( emlng n cience and Practice of Pharmacy, 20th edition, ISBN: 0683306472.
Pharn%&ceﬁmfce@ﬁ%gqﬁbﬁg Wﬁqréhtﬁsﬁlwgémwm@amwwwe% preferably
between 6@idi@ear frole praferd biyahopestivEbelpH may be maintained by the use of a buffer. The
compositio] ng% be sterlle agd% rog%r# he comp%m%g or%%)ﬁs §n |§%ton{mﬁs}thmr§spect to 35 :

humans. P aceu osItions "Are pretera ermetlcally staled
containers.” rﬁtaceu?téoz’illaéP o%nf’c()’ & \W“ﬁ1 ﬁ’i:iﬁé’ é@gﬁgﬁﬁe‘“ﬁ?ﬁtﬁﬁ?ﬁ R&BFRTBRe antibodies of
the inventiSF S aRE BB dh areionHet e b ool Narf SRR A MBS sufficient to
treat, h’smeﬁ%‘?&t@ﬂM@mﬂéﬁeﬁf@%&ﬁw@we&dﬁeﬁ%m&%ﬁﬁ#&@%m‘b@@@Erapeutlc ;
effect. Therapettiendfieits wiivdis| tdeketanttiotisntphysichhinymipternsisihefnerisé @ffgctive amonnt
5 for any partict ks wajrtingvilcelpe Mk BRp Rk Sz B Rdd ealikihapataerandextans of the '

condition, &4, the-therapeutissaneam b rlion et heranry iassalecksd iahadmigisialian. The
effective amauakiana.6iyea:sityation is detefmined by routine expenmentatlon and is within The

judgment of a clinician. For purposes of the present invention, an effective dose will generally be from
about. Ol%ﬂ@%ﬁﬁb@%@%@?k@“@tﬁ%iﬁ]@mm@%mfwamm@ atathke semigsositions 10 of
 the preseriminuergtiGmihhihitiohy idisairteniphighvit ignglinasi Skpratiioi hp weil anting dy- bagied

pharmacesiigatskpoovitiahg dit aree:diyttis desipg Biargedderseptindiahisiagministered by intravenous
infusion of a 21 olution, with an initial se of 4mg/lcg body weight and a weekly
malntenarttrc?e O%Teg%) e WBRBOH Welg ’[@ %: ﬁ%ga%‘?ﬁﬁﬁf’éjtjé? %ﬁ%‘gﬁ %f§ﬁ?§i 2 S. ,
Com posﬂ%‘?‘?@‘iﬁ’aﬁﬁ%@ﬁfﬁ &‘?ﬁﬁ%fh%ﬁé’r@“ﬁes?némﬂm’ﬁﬂl@fé ‘?&ﬂflﬁ'ﬁﬁ?%lﬁtm?dpartlcularly 15
wherésudty Artipetrds Bk toyiiere hentRyerls (or for difé forvedpitopes nsthe sameaptigen) to
provide a synergintictiiedipeatic effect Ahtibdeirescai (Hlinve ntiiNAN aychéngdministeloael (either
combined«satiseparatelyniiaier thersprubticemg: hithgiametherageutic compounds, with
radlothera,P etc. . In com osmons of the invention that mclude antibodies of the invention, the

antibodies re“feratb% s RELEY °§t%W%W8\§L SJRBERE sRe Bse B, W06, 979%,.98%,
99% or mEFEYFIH élt’é’fg‘f‘f)?&t’é it i WBFRRO LR SPHOP s AFrsethens &I ReFFLRIPRTStTorm. The
inveritfon pehvidieduentietrn srpideparingrepinr nengesiticalcesmbeisimguielistd 3 ofm@ispreparing a
monoclonbreititytd yiskdnahiniant pridasd Hidradionaingithdy pfiifiedipniiyddyeivit amgady more
pharmacessiieaiiyeacceptatlp-casiiess: dyermvenion aise-Riaviges 3,methad vbpyeparing a
pharmaceutical, comprising the step of admixing a monoclonal antibody with one or more
pharmacetitiéameicepiaé@asarriers, wherein the monoclonal antibody is a monoclonal antibody that
was obtaimge iffefti rarskarmad-Breal abibsdnyamtion. thusdhe Rragesvasialkfirtbtaining the

mon%'Oﬂﬁb@dﬁfd{?O@ﬂeaﬂ%ﬁ'El@&‘ R Fﬁ%lﬂ&st%mc aeatical sanhepgpimed alxgrydifferent times
by different %ln iff eéenmﬁlac cg( Lerengc untries). As an altérnative to delivering -
monoclo %%. ies or Eflorl?h peu”ﬁY PUTPOSES, | ftis possible to deliver nucleic acid (typlng

Ily DNA) to a subject that encodes the monoclonal antibody (or active fragment thereon of interest,
such that the nucleic acid can be expressed in the subject in situ to provide a desired therapeutic
effect Suitable gene therapy and nucleic.acid delivery vectors 35 are known in the art. Medical
' treatments and uses




The monoclonal antibodies of the invention or fragments thereof may be used for The treatment of
disease, for the prevention of disease or for the diagnosis of disease. Preferably, the monoclonal
antibodies of the invention are used for the prevention or treatment of SARIS or for the diagnosis or 5
SARIS. Methods of dlagn05|s may mclude contactlng an antibody or an antibody fragment with a

sample. The meth (gla%?%s%?ngﬁé/ cIudeatll;e det%&tl 3‘9}%@0 '993'&(%9} stdéécomplex The
ion 0

invention p%%ﬁﬁ posr B for use as a cament, It also pro des the use of
an antrbod?‘é‘f'ﬁﬂ%aﬁ%?ﬂroﬁ? %“ﬁhﬁﬁﬁ‘f%ﬂﬁ?e‘%ﬁ ?‘i’ﬁ”@ﬁr&%ﬁ&‘t‘?ﬁiﬁr‘é@ﬂﬁﬁof A'pati e%t and/or din

111, osis inskepaticBtit afserosrisvidasidmmtbroertor 28 alh FRraEnjcErsin dPB e FBEBITIHE 10 diagnosis
on a subjectheimarisitigatae Mepodtadminisigringito-teé misconspobitiorbidtivadnpgstior. The subject
is prefejablya.tumamdatdnavey, ofaheckingafficnesoal thermpedticeatmeniindglmesidaonitoring

disease sympions:AlieLadminisialon: o remRcaiion ot e javealips.d watmrent can be a single
dose schedule or a multiple dose schedule. The invention is useful for treating infectious diseases,

cancers, inflpsnraniasstise asesialaitnm uribdise asthshe thaBokritibe didssf predurrddntith can be uséd
_in passive RYBIS3oRssAMINRSIORSAhdAeIsMe RH BN OpBefallyhedmilistereltaitectly to a |
patient Dirgy %ﬂ@ﬁ%ﬁgx m&@ %%ﬁé‘%ﬁ}ﬁﬂs@ﬂ%@s&l@é@k&rﬂ&ﬁ&%ﬁ&%@ﬁmw

intrap torl) all H!F: venou mtragruscula 2Of; ugapgmgt@dse%sg; %gage},rpg by rectal, oral

(e.g.t Iet pray naf plcalrlf transglenna or tra scytaneous, infranas Iar ural

pulmonary & 50% st '@’gﬁﬁ’ptgsitlons S e invention ma repared in
various forrﬁi@hﬁmé&@‘ﬁﬁ‘éﬂ e EbivieRsH SHEHTRre Eptuling B a5h gﬁe@%i’ 58Miquid |
solutions wmmwwmm%mm@dwemﬁ%r@wg@ﬁ%ﬁ ﬂ?h‘l‘i’éf@dl‘?iéfﬁcles prior to’
injection camaise Beprepased.(eyguadylophilise datotipasitionirikadvdagisT Mhatl KedcBptinrm, for j
recongifution Wity sterile.walsLeniainns A JhpesenetiveFidhecampasiiprimaydiesasepared for
topical adipislign,5.4, 3 @RRIRIEIGH  6aRKRRN R TR GamROSH omaYBRsprepared for ora

administration e. g.asa tablet or capsule a%e 83,8 %rggfg&gé%a{yggg%r% The
omposrtlo%ay ?)ré%repgre or pulgwona n%;gh ler usi gcgflne powder or a

|strat|og e.g-asani r{}a
spray. The CHHBESRiGHTHRES Be A G pp SISy 8r‘pessary et cgmppgsrtron may be :
prepared féﬁ%ﬁfca&ﬁ‘ﬁ? W%@QW%W@H’&WW e4peReREIE. The composition may be in kit form,

deS|g ch th ned com ion.is re BRisiEAL a patient For
example, a ly antl 3]:}0 Sgﬁa%an% &L tﬁg%ﬁ%&'ﬁ%&%ﬁ, ls%g%%ger ara. ste?ﬁg&%uffer

vide orm wi
Antrbodres%ﬁﬁ%%@ﬁ?édﬁéﬂé‘ﬁaggﬁ’éé Siohi ProﬁYeé‘presen Vention may also be used in a kit for

the dlagnoﬂsmqit{b}{@%{y ﬁéﬁ&l&ﬁﬂ}éﬁ.‘sg@ﬁ allergic diseaseoiecombinaniexaressian Tiedmmortalised

memory B ymphocyles Produssd Uaind themathac st ihs, nysnian manalsahe saias a source of
nucleic aci fOI’ nln antlbo ﬁg g’es OI’ Su sequeq)t rec0|l tth gnl ex%ress&on Expressmn

from recon‘iﬁ%‘ﬁ‘% f§1 SFEE ﬁyfowpeﬁarmzfceu RO paretees i 1%reislﬁlgon from B
us thee invention

cells G¥hyinitiesrm s@eedofras JBImet fEmBis Fapmh TEThiey i S B SoRats

provides almetifod:foirysr dpaengueplecormimg it @éﬂ?%&ﬁ&%ﬁ@?ﬁ@ﬁép%eﬁci%éﬂ&?ﬁg an
immortalise@ds; cellfionuas deiscritres) abuiverntis) difieiningrowe prpifonevitus|ehedmilddifesy. heavy

and/or light,ghain.96nes) fiam #heB GelgloRedhakencesies hasanilawe bytepest ands(il) inserting
the ”UC'G‘C?Q#W%WSWEW%I Ip. g &9 Mkﬁmr ea9ign-af theokiantibemyef interest in

that host Sithila cymhg inyentio esa meth 1 for aﬁﬁ&}%gc%%@ngq%@gﬁ%pnsmg the

steps Of: (i preparrég an imimo allse ce clone as escrlbed aboye; aguenaglngaguclelc acid(s)
from the B ¥EIFO8héthit ncddés M%%o‘&@%‘f’fﬁfé%ﬁmﬁaa(’ﬁstm fhecsequ%nce information
from step (HyepaseamareYageler AEaEpfercuh SBrRRSnfr Al xBrEEGSn HEEPRb PT84 it expression

of the antihTdyefinterdstinithabimsfidHnedrmmrst SerattooprovifesciadeMedstoieranid a
recombinageeRl; BORMASIAGNExSi B4 2 human endogenous retrovius; efc.

'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



transforming a host cell with one or more nucleic adds that encode a Monoclonal antibody of interest,
wherein the nucleic acids are nucleic acids that were derived from an immortalised B cell clone of the
invention. Thus the procedures for first preparing the nucleic acid(s) and then using it to 20 transform a
host cell can be perfonned at different times by different people in different places (e.g. in

differealcoyptrigg),, Fhess agsmne%%&%"; of hednvaieR.caleh be. used oL gxpression and
.culture purgtmges The gere%agt C‘grly usefu i arge scale

exgressmn 0
pharmaceuti cafspro HetsH hey i active ingredient of a pharmaceutical

COMPOSItiog, /Ry M&@W%&é %ﬁﬂw%%ﬁeﬁ%e@%ﬂﬁﬁ%ﬁﬁﬁhﬂ%&é&%&%%m& static culture,
roller bottlet Ql.tl&i{g’ &gm%ee flug)dé hoé love-fib flbert ﬁreac o’%%%rtg m@%ﬂu ar ggm el:'eﬁglenter stirred.

tank, microc core u5|on talnlri uencmg

|mmungglo e#g’s o%‘n eq Iﬁﬁ%gw ﬁ“@h mmunology |
(4th ednmrﬁ%“ﬁ@ﬂ@?ﬁ %ﬂ@?§é§@5¥d§@% %%%ﬁﬁ“ﬁm HF@?(-ffﬁbly a eukaryotlc cell, |

including yeas animal ce partlc mammalla é{ cells, human cells such as
PER.C6 [C?gc&]? q%%ae%ﬁget A |otec nof)éyog%ot%’ r%f g ) or Bﬁ% R [Jéaygf]'3 g‘n gt al. é
Cytotechné’f%#’ 55 F5 356 RS Y BISEERESI Frog 2003,19:229-32] cells, myefoma cells [US

patents 5 %QZHZA&Q%%@&%&@& etk é&@%ﬂé&&&lém 5 Sé%&%%ﬁ&ﬁ@é%%ﬂ%ts can
_glycos_%late %ptltagody 0 ﬁ%% gventl n 351!£algkcu %Qg{}glth carh d%hg(m ateﬁgﬂgtur a%nk}at are not

themselves mﬁn@ Ji%el’]IC n mairjs. X FESSIOH osts that can?%row In serum-, free media are

preferred. EXPPE ﬁo@?%hﬂ’f&ﬁd?fﬁ BT PORGRCBR AR et derlitips Avimardetted products
are prefen@?ﬁuc%ma’#’ﬁ@‘@kb‘r%m#%%ﬁﬁ?“ﬁé‘ Eﬁﬂ?&?éd%f’&‘rve a cell line. The invention provides a

method fo a[ln(gE ne or more nucle ei ac t{;nolecuﬁle h%egr}rd Ll%ht chalri 8%énes) that
encodes an ody ot in erest, com rlsmg e steps, o preparlng an immanaiise cell clone

according fﬁtﬁ?éllﬁﬁ\?gmﬁﬁ)bgﬁg S HoRTHIE %gfi%'l?%l FREETe BHPEPHREP QR EFRISS the antibody
of intefest 2THe |W0éﬁﬁ‘@ﬁea‘f§dlﬁf@éf'd@§l‘§ Grethoriod reiesmndnihde desgemrsRradetnat encodes |
“an antibod§(@hirmat Es e Sihgitheidte plscoiprepasingeabdmindreaisasd (B eivne according to
“the inventiftin ity seguentipgirhaieof acidnyacaatheiBoge balenerthtdenc adesthionhiihady of interest.
The inventiopralsmpromices coneiRedRiepasng.melgicsacid molecule(s) that encodes an antibody
10 of interest, comprising the step of obtaining the nucleic acid from a B cell clone that was obtained

llom a tradsfoinyietioB ded| robtivesiavermgonnat homah enprode tithessforifant ettivinimiali Beell clone and
then prepasifgpiucieicaeitiés): fromeintaiviber petfo nreweatae notiffe toritdmes Bediftengnt people in
different places (e.qg. in different countries). The invention provides a method for preparing an antibody
(0.0, PSI. DRarHREb AP cTe GO TB o S TG -LHopARaibh of (i B
memiiry Iterireridescand scieiting weinanbidr thedas delictht Tirodtredsnahapiiitidise yidith a desired
'specificityinasnifles beipedidiiovd ; ilip itaimn han digr segueheiigonegnn branueieisasids (e.g heavy
and light chaifigenicasiie Rikie-selppadiReeidmantihacsalinteiess ihseiingghedugleic acid(s)
into opusing theupeleie AGId(RIRPIGRAS HFRISSHIRARRSIRALGRR XA eaR lpaNEbOdy of
interest; (%)qult r{n Qr ‘50 sub culturln%the > EXpress %QQ?JE %t%r%gg?%%go dltlgons W'i'l?rf the antibody of -

“interest is expressed:.and. optonally. (V). pdrtying the ant &in |est e‘ﬁﬁe invention also
provides & 1eth&EF 75 aﬂﬁze‘:&’ﬁra‘ﬁ?fﬁ 8?718’6%% CRIPRE RERRARF O sﬁﬁgﬁﬁﬁturlng an

express|owﬁ&%|bbmﬁ6ﬂwﬁ%%dﬁoﬁﬁaw§w@@%%t?}t.%mqﬁft’er@eﬂe%a&r%sed and,
‘optionally cpesifsirtiytrectntitomipiibctte rast ol highbinvsiaidc axfreesionchesthoed REP6pulation has
been3jore paTe dnld Yol ipecrinigl nhomaleitideies)mp eedlingissBrjected B cell the antibody of interest that is

produced by a population of B memory lymphocytes prepared as described above,
Amtibodies of the invention can be coupled to a drug for delivery to 2 treatment site or couplcci toa

detectable label to facilitate imaging of a site comprising cells of intersst, such as cancer cells,
Methods for coupling antibodies to drugs and detectable labels are well known in the art, as are
methods for imaging using detectable labels.

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



(i) inserting the nucleic acid(s) into an expression host that can express the antibody of interest, and -
(ii) culturing or sub-culturing expression hosts comprising said insetted nucleic acids to produce said
expression host cell population. Thus the procedures for first preparing the recombinant 30 expression
host and then culturing it to express antibody can be performed at very different times by different

people in dﬁt&%%%?@&ﬁ%&&om'géﬁ%@ HivESE): Fhednventionaian,arevidese wmethod of |
preparing a 1pha{maceutlca%1 comprisin u§15t§£ gg 19&191@992%@@1@3%%%’@} one or more
e

pharmacelﬁ acce carriers, wherein the cI tibody is.a monoclonal antibody that
was obtain¥8" We@%@ﬁ&ﬁ&%@?ﬁﬂ%bés g?Zus %ﬁe m%) SdoreS FOr Tirst 0 taining the
monoclona?&fiishasrtess. expressing it and/or purlfylng it) and then admixing it with the
pharm c:eu‘}u(]:ab arru; )can be performed at very Qéﬁ%ﬁﬁ%tt@ﬁ&&ﬁ%ﬁﬁﬁwg @A%dlfferent

placesTe.g. In eren coue%rle §’tar |ng V\?:ﬁl tgansformed B.cell ventiop,, vapous steps df

ein
culturing, sﬁ'@%ﬁﬁﬂ'ﬁn %Q‘:’I‘E?n”m LR BAEE™ nu(’%ﬂécam ttlgpara{?on >etC, can be
performed iﬁ@?ﬁ@ﬁftémﬁé Wfé*ﬁﬁﬁﬁéﬂ?ﬂéﬁﬁé@éﬁﬁsﬁw St IWﬁ‘?’?‘%ptlonal
optimisatiofieat battssies drica, mﬂeﬂ@ﬂ@mboﬁmctméfm@%ﬁm%%@%%%se
techniquespahaEtitis atiotd @cgo-afifinity maturation 5or optimisation) applied to the nucleic acids !

“encoding the antibody. The invention encompasses all cells, nucleic acids, vectors, sequences,
antibotfles AnsibedieshEiiel Prepiarcardimt grE RITRIHS. el Bt B ffeth Gl CTHPRRTEIERRReid used in the
expressionbavstleyehiyrheigcl Witdbe @ isstepsattbodice ity bo faSerizRidgSdrafaehd certain
nucleic acighsaasensrsdGhangesdraca skghmeani priatitghirislinde, but are not limited to, changes to

- introduce restriction sites, to amend codon 10 usage, to add or optimise transcription and/or translatlcan

regulatory Sbe|irEsmies a@?d’fméeafﬁ’dﬂﬁ'é%ﬁbi‘édt@ Eﬁﬁﬁ@é%@ﬂﬁﬁé@é@ﬂ‘%‘%‘?&q%aﬁﬁﬁl@d ed amino :

- acids. For ehariphes eilriaiplbecd sefERY| mﬁ@dembsonen@'qué%lg%ﬂﬁ?% 4,5,6,7,8,9, 10, etc.)
amino acid substitutions, one of more (e.g. 1,2, 3; 4, 5, 6, 7,8, 9, 10, etc.) amino acid deletions and/or
one ol morBkfempcanizelToap&i@ry 8, 9, 10, etc.) amino acid insertions into the antlbodys amino. aC|d
sequence. fHd RN HoMbREDRRHZEA5 ko aifive fpaiaen: funatiensantitien tindind affinlty,
post-transiglignal f%ma %ﬁﬁﬁ;ﬂ%@&g&&%ﬁgﬂmrm@wmma@m@mm@attachment of
covalent’ gméﬂ Zeva (a'mcan intro 35725 PARfICaHO R RHERASES)ations can be
introduced |r¥spe iff of can be Intr ed at ra followpd b fi IcuIar

"evolution). BHRHIBE @%égﬁg %?I%ﬁmagfggl Vitus {%15% artlcn’laf;l{ms et% %(])r laxis and
may b’@adﬁ%@i@?%‘ﬁefo%éﬁ??@éﬁ“e%ﬂ%@? &P’Eﬁﬁ’ér(ﬁéo Wﬁo rﬁ%%‘ifﬁ?e%f@%%t%ﬁ’[‘y ith SARS |
virus mfec@@iﬂp&ﬁ@ﬁi@cﬁﬁbﬁ%swe serotherapy may offer an immediate cure of infected individuals.
as well as contaiumen throu 1o ection oif P crgggcts and dica eer%}(l)gmcemlaI IH{QI%] ﬁgfa containing
antlbodles% TR EHRR V|Pus Sre b a‘a‘%‘/’ﬁ%ﬁe n sﬂiﬁlment amouﬁts ere oret e me od of the 25
invention pRVitYERism seren RepeatipretiLBing W@Mrlﬂrﬁﬁ?ﬁﬁ%’ﬁ%ﬁ%ﬂ% &€¥such |
antibodies Hsaydstrngeehtordevoly 2esanahie seietfer afyisis |'§l°aﬁ&"b‘t%r%'atﬁ’€§éns The
invention tengforetaisdipigividesea mdthd off prethedisn garaisninstiorindivifeeiSRRSNGr s comprising
administerighaigtic Gty esasmauni: obanrogitineybrr astibedydyapacaiapetifity fandhinBARS virus.
Stocks of %&Memac%ﬂomﬁo%%aﬁ@ﬁa@ W@owimmunw%a@ they are
available for |r%; éaag?déjsefm any, furm%{éé;% KO PHRAR SEE %mk;ghe invention has

; n {0 h odlesr%%

“been deschb&t above in uman’anti répared from human B cells. It will be
appreClatephmaamWamtasmojataclamcauyw@s,tnfdeckw with-humah estls, sl ean be used
with agly ORganI % 0@5@&&&%@9@&4@&@ {he'aneuic. aridiagpstis-abiyeterinary use.

Organlsms Wlth B ceII aaessformed by the methods of the invention inchicie primates
(monkeys, aﬂjes gorlﬁas glf)%no JR?fgmurs chimpanzees, baboons, orang-utans, macaques, etc.)

Cows, horsgs,HRaL8SHeRR:RIBS oS, HolkrLaMe Sorshankssfigh; ed@itionally contain Hquids
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.



Genera( The term "comprising" encompasses "including” as well as "consisting" e.g. a composition
"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%. BRIESE [5E SRR RoN oreestimambe Syt A Flib Rl Sume oritEsUEA S sing SARS
virus-infectel. evpscetisity satisip8if8 DB apdton hiigeraBhbwn are the OD values of serum (1/5000

dilution), supernatants of polyclonal cultures and of independent B glon 1/2 dilution)." Figure 2
shows the@?@"ﬁﬁ‘?ﬁlf‘?ﬁﬁstﬁ@rm i E”ﬁrsfﬁ%bﬁl% P/II‘US htg ngutrallzatlon titer

(Vero cell desigh of ebuisal é@d@ﬁ@s@ﬁﬂfﬁaﬁﬁlﬁ@ﬁﬁ%fé’w&?ﬂ?{ﬂ%ﬁ F e ?}B ‘?ﬁVé Blones isolated
from tie cejeminittinkigitre Stmetteled i dotiter! 4 @@%M@@%W@n&w%% #EEShuman
antibody regpeRsade the SAKS Hinusapikepia)einh GUityadngamatasties)\webditagted/for their capacity

to stain 133z1Kgells tanafeciad with.Solk sy pika-Rroieln IRMA, Hhranidudkisotate} and fur their:
- capacity to neugla ize the Sme St tr]}':]c:»)f SARS virus. Figure 3A, the correlation between neutrallzmg

titer and stalnlng %pﬁﬁ(g protein by undiluted culture supernatant. Figure 3B shows "Staining of
spike-trangigsied BIURCalls-biyseitiats' 2 @:el ihviana ehtspdninitants dieneletenupat &lizing cultures, |

with fijled Symbelsshowing hemaxnumdivionwhere.cempieesngalization was observed. Figure
4 shows the characterization of the BARS.neutralizing antibody 33.1. Staining of spike-transfected BIM

“cells by purifiegtSatetdintl eshmatiGnb it Steonival st éntedwititeistinares pupher ffiéersymbols |nd|cate
the maximupmeilytioa:whers-ge pleteme uttalizatia) wamolsnry 26t gy riaGustisisy, :
hnmunoelgglion:micioseankel SARSERIGRAMKMEIRINeEaseAGE EESFdsantimliofigyre 6is an
overview of Eqi%th"d Qlihe 'P‘é%@% ?%@BM%%&@&QQ&A?%@'&P&QM\AQMR CARRYING
srInt. INVEN reserhﬂpgr[]r\t/entl permlt the (%I%pl ofhuml%?mrﬁ fgfyﬂ% hocytes Wlth

very Hth &ffi |é°ncyc d achi cw% t5e €ombination of two stimufi name] that

'|mmortal|zWBWﬁBﬁ‘ﬁﬁ?@%@f@%ﬁﬁﬂﬁoﬂ@ﬁ%’?&ﬁ&eﬁﬁﬁl‘&"b‘bfya%%&“ﬁ%%c%va%o% A nhances the
efficiency mﬁ«MﬁMmMa{@ﬁPW%iﬁﬁd@F@Wﬁ@é@%ﬂmﬁ%E?ﬁfﬁfi?‘%dcelIs (CD19+

CD274 Ightt %Dc] erecﬁ_ ated from he%]my dm%é ceII f;tlglg usin g&e;%%aggﬂ&nown in the art
e prl cu 5 \%v

Different nURTBers oF Celtd Wera REadad 1 rey ture |cro g‘ttes in the presence

of irradiatdB AETIGRIEe A CEROPEN PO STl rtﬁ]éfieﬁ?f?d@ﬁﬂ‘erﬁtetr B528°CalS) alone or EBV
in cotbinahorramithstps. @@0@12365Wﬂraﬁ@t?édéﬁ%r%aﬁ%gf@%&%@@hﬂf 8 9%%ays the
percentagectdols|terresxodiriaiding gtowikgieis vaeboredd Pretrreritiod werddgateffted by limiting
dilution aseaymeGollfitrasese abaredfvnorgnieieelis piatantngieffidieridybe duliyefodi delifferent sources
of B cells %ﬁﬁ%gﬁﬁﬂy,\/&c%ﬁﬁuew&@@ kﬁ%@ﬁﬂﬁ%ﬁ}ﬁy on the severity of symptorns.

_ It will be appreciated that the active ingredient in the composition will be an antibody molecule. As

95 snch, it will be suscoptible to degradation in the gastrointestinal tract. Thus, if the-composition is to

' be administered by a route using the gastrointestinal tract, the composition will need to contain

agents which protect the antibody from degradation but which release the antibody once it has been
absorbed from the gasirointostinal tract,

;D"

A thorough diécussion of pharb:xacéuticaﬂy acceptable carriers is available in Remington'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-



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)1in901in1.6
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 Exam I:I;ro%l%c;lg .arlaghod %% éﬁllth a de |r%doéeogrcing&y&égb%&iégrg}%eexperlment it
was demons ra att € |mmorta Isation ¢ exSFDt |mmunolm%|cal ?%%to Qroduce human
‘E?}lﬁ\ﬂ% ated 1r

monoclonaPSASe NS Y Hew fEat HOHTESR b2 7856 3F 2 ml peripheral
blood obtaise WWM@TW&&&@%@S@SEMM%’@F%&NWW& PEREiEwere isolated
by cell sortifgcaitieeedso e betishe leiwti@owblisrmtrppiies. iFherepredéntestBBY, apG 2006
(2.5 poftMmlyureapmbasdnt subjdq YA0Qdybid Jnandtinadiateddniemia) deleatee ksd Sxt054f the Seeding only
10 cells pegwetdields WneaasaGloRing:sHisiensy ahftgtkosdayeall fultureseansaingd growing cells.
A sample Ofﬁ%gﬁ%r%&@tﬂaasg?%& %gcm is determined by routine experimentation and is within the

judgment of 2 clinician. For purposes of the present invention, an-effective dose will generally be

From about 0.01mg/kg to about 50mg/kg, or about 0.05 mg/ke to about 10 mg/kg of the compositions

10 of the present invention in the individual to which it is administered. Known antibody-based

pharmacenticals provide guidance in this respect e.g. Herceptin™ is administered by intravenons

fnfosion of 2 21 mgfnl solution, with an initial loading dose of 4mgfkg body weight and a weekly

maintenance dose of 2mg/kg body weight; Rituxan™ is administered weekly at 375mglm’; elc,

Compositions can include more than one {e. g 2,3,4,5, ete. } antibody of the invention, particularly
15 . where such anhbodacs bind to dlﬁr'ereut anﬁgens (or to different epifopes in the same azmgen) to
 providea syncrgistlc therapeunc effect.

Antibodies of the invention may be administered (either combined or separately) with other
- therapentics e.z, with chemotherapeutic compounds, with radiotherapy, eic. '

"I ;‘.omposmons of the.mcntlion that inchide antibodies of the iﬁvexrﬁon, the antibodies preferably
20 makeup at least. 50% by weight (e.g. 60%, 70%, 80%, 0%, 95%, 97%, 98%, 99% ox more) of the
total protein in the composition. The antibodies are thus in purified form.

The invention provides a method of preparing a pharmaceutical, comprising the steps of:
(i) prepering = monoclonal antibody of the invention; and (i) 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. ' : '

A1-



15 and tested in ELBA for total Igo antibodies and for Ige specific for Toxoplasma gondii, tetanus ‘
toxoid and measles virus. The supernatants were also tested in a measles virus neutralization assay
using Vero cells as targets. Some of the positive cultures identified were subcloned by limiting ‘
dilution to isolate specific clones producing the desired monoclonal antibody. Cultures were subcloned
at 0.5 cells/well in the presence 20 of Cpe 2006 (2.5 pg/m1), IL-2 (1000 U/ml) and irradiated PBMC
(5x107m1 ) MAdie Gegaeteetictidhethod) Positive cultures 4 Specific clones isolated / attempts made *
IgO (EL1SAQd :8446:B0a1 AR IRS Msgeiaali fipimh) R3kbBGh1E: Ant-fetdpusdintaldiELISA)
19/180 516,Antk M&q@%@&ﬁ%ﬂ&@&%@@g@@% Measlas, irs-guiialization)a/180 4/4

For ELISA, nymber PLEESINAPEGE 1A @ﬁ%@wﬁ!&z@@m@&%% dogERgualisation

assay, numa%er WI comp e rotectlon elitic effe measle E*Numbe of asses where
at leasf O %%P?fen@gdfﬁ B & |Sé¥"’ el Tefaive tothe: num% r of origina cultures that
“were cIone‘@m@[Ra @MM@@WWW&%@?”@? of an antigen/antibody complex.
The invention provides a composition of the invention for use as a medicament. It also pmwdes 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.
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EBV-transfonned B cell clones that produce IgG antibodies to measles virus, tetanus toxoid and
Toxoplasma gondii could thus be isolated, showing that human monoclonal antibodies with multiple
memory specmcmes can be prepared from a small sample of human peripheral blood. Exanrple 3:
brunortalised memory 13 cells that express antibodies specific for SARS coronaviras 5 Blood samples
were obtaingd frgm tw atlents with a clinical record of SA.RS. Both patients had serum anti-SARS
antrbodres%g3 ec'f’e‘ yetm% assays: (i) a neutralization assay which detects neutralizing antibodies
directed agZhsdmsigisedproteinBditrk SAR Sreipayl Witeyitheotsikef rotoirtirgiy slfp P811SA assay,
that detectsmﬂtdmdm&hrmdlm@lﬁbam denatucRdanm efciniobihebARS whssuborthenbiuitalization :
assay, serighsistions,of-s rbalisinashierm:dbe hioed weie.addeminiomicrplaia wells Contalnlng

Vero calls, follawed by, (Mated Amauals.of SARS.Viryse Afet? Sa4sAR SyRBRIGEffect was

recorded by visual inspection. A conventional ELISA was also developed using SAES virus mfected
“Vero cells [Jhedtn ByegmSagidpresantiyeh for pRoritprsoubie ofirenwisiasots saisbroducing

Monoclonalizpiibatie s:Specificifod thecBARS as\deuspblobovisdil) theigagient showingutidchigher titer of

binding anddg@utalisng aﬁl&ﬁgée&mgeﬁ@mm be erayii caltuqantindsiytaceige were isolated

using anti-Rymgasa 'ﬂ@r@a fRbeadls. nevbated: Wil GBMR034RUP R AR QS BR:8,66lis) for 6 hours
‘and were the&% 18%9%51 sgll in 96 well microplates in the presence of 2.5p.g/nil CpG 2006
and allogeneic ir Artinted |n these experiments IL-2 was omitted). Alter two weeks the culture

supernatarisnikety deieentchinntiles20pdséficerafspeeifcoabiibudils c@ptishd Od epuifure

supernatants jegiedy L65:searaspBsitilindae EdbA assay (frighiad)s 2c-pidhase)adfures were

- cloned as ghoye ANGhAPR&IiGCIRPas Watedsalakashirom: Hnakilem cpme HliheAumammonoclonal -

antibadies | emﬁgg cggnuserysg{ars %gem%goJQ&%@\&%%@;&&&%@&Qéﬁp,@ems some do not,
WeHR

‘sugge tlng t rec rent V|raI proteins ( ata not 25 shown). None of these _
| antlbo ? ﬁfﬁfe ut of 1042 culture supernatants tested in the néutralization
~assay, sevmmmlmlwmutm&ﬁmgoawwm&mw&m PR)skioyes kighateutralizing

titer (1/512:2096511 236, "e3P841VRN orkhe AlhSUlidIg-WasClonedby limiine dilktigmusaiespresence of

CpG and il bl a0deaevaiah R SRR onss il ORARRRNG g axe%mua@%ctwlty were
isolated (Figu O T e A‘éh OdIeS did E)?ltirsjcnd in the ELL 3{:\)\/ stalned eurface spikes:

of the SAE V|rus HIOERT eIgc%(’r"orlrmrar?l(:roscf‘_ﬂg) éh?]% %‘ilf\:/zn erel ore %lsmg this method

it is pdd &bf?’fﬁf‘ﬁ%ad}‘i’g LR DRSS e ¥'5p %%P%H*ﬁﬂﬁ&éﬁ"@? if GARE HREH blood sample
(around 1041 evitFRREE stiBtishespun (30-40 days). The method also allows selection of the best
antibody fr@ﬂés@x@%ﬁ&%cﬂ?&@éﬂ%ﬁ@ﬁeﬁ;H&Qr‘bm&'%m%@ém%m&ﬂugﬁﬁp@% -BARS antibodies
neutralise (g rﬁaégﬁérr 3 ORSRIUAlOnS Al R ML gcaraﬁn SLissRaIon fevtal virus
(RSV,ac ause o respirg tory tract Intfections, especially in ¢ m rC|aIIy available
humanlze(f%??ﬁ B YT D éﬁﬁof % R (f‘g/ml%go old hitu er :
antibddy CEFEMESHBRTISEalE ‘&E}tfgﬁ??‘t%‘@r%%?é‘?ﬂ’éefﬁﬂvsbﬁﬁm‘éﬁﬁ%ﬁ?&”&oduced by the
method of kBoimidertityncappregatao dsersisu mddrbo Gatgfemenis stfeutirelcThigreayesetvat very small -
amounts ofdhaiantbpeyustesertbed here should be sufficient to prevent or cure SAPS infection-

Example n SARSV us convakscent patieniSfor sPer eral blgod was obtained
from apatﬁ%%‘fgy egrenlfl?i‘mes af‘[ue&rz'ﬁ'ﬁf};lm fezlcnigegqm Eﬁ%v usaf(a)v(r and gt%o hs after

infection). PRRIEHETS 1R By grims it ertrt it SN HEHUR)B cells were isolated by an
improyed mgsheddhrhaveids Hgasiing aldbeR call IesepiphietalB.cols wersiselaeg &um PBMC
using CD2g MIGIRREARS, a('éf f&%x&wﬁr&&w&@&%&a@e [%Mf‘c@ubﬁ%&r DB EHERGF RSy microbeads.
---The cells Were Siaines. é’Y th aptlbqdies to,human Igh. 1D and 198 20 179350, ho et ai

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
 culfue without the presence of animal-dertved products are preferred.
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negative cells carrying surface IgG wefe isolated by cell sorting. B cells were Pulsed With EBV (50%
15 supernatant of 8-95-8 cells) for 8 hours and then. plated at. 10 cells/well in 96 well U,bottom
.naicroplates in complete RPMI medimn supplemented with 10% FCS, 2.5 ag,/m1 CpG 2006 and
irradiated PBMC (2x105/m1). In this, experiment 1L-2 was not used. After, 2 weeks the.culture
supernatants were screened for the presence of specific antibodies using the three assays described
below-PodteEprsmiiRiRe AeERs el E insitng Glldfien in the presence of CpG 2006 and irradiated 20

PBMC as fﬁ%ﬁ@ osliveslonasiess: sxansdeshandibe antipodsiproduded sasspuridied from culture

superata aff'”'% [P0 BB IR Al (Amasshaen) T pegkiag it isolate of

the SARS énba accessi berAI 10 used dor Mitrg.assays: ELISA
Vero ceIIs‘Wé’P SRR ty 0 mi‘v ectlo E(.) Pk A

0. 01. agu ﬁgog?m nits per ¢ II 25 Cell
culturé supefreatate @&I@@@Gyﬁf@?ﬁéﬁm@&?@’éf&? Bmceeﬁ‘tﬁ tgation a% 5'888 From., 5 min. The
supernataﬂttdfvmtﬂébﬁém%ermm@ﬁﬂ@ih‘&?@@%@OWZ% S8 Ph B RFERGST28 rotor :
through a2@¥ussesase efishisnadthéimettetwaweptinifidd) usingengonddn mitdivma@gl tdhol gradient

“and resuspgReask ip-aRRE N ferfidmM Tris-HC1, pH 7 4,0.15 M NaC1, 2mM EDTA) to a '

protein concentration of approx 0.5 mg/m|. The antigen sy ssay was 305
prepared @%W&%%@Wﬁefﬁéf\?ﬁ’ﬁ%ﬁgﬁ’é’?fﬁ‘ﬂﬁ By Hoim '18? ﬁi méﬁ%Amﬁ%a?%? were coated

with 401:1000xditaticpnotiSmrossiipes ehitigen the GUpiRe ﬁﬂééﬁ?ﬁa?eatfﬁ &t orﬁlfﬁﬁovﬁaﬁ ra or culture
| supernatﬁwema&%&&@ﬁélm@@ﬁmmmﬂm&%ﬂ@gmr"f ﬁl‘ﬂ’}%phatase goat
anti-numag, lofeeRRspiss iR xpms seehintashitbarinited AUjere | dfveto fesbmdtresample :

(=1000AG), I@(EFQ, &fﬂgﬂ,&%@gg@%l gdonarsdesiqawgre negative (<1 AU). 35 Staining Antibodies specmc
for native Spike protein of SARS virus were detected b fl=ow eytometry efI the SAR_S virus splke

“gene was Brorwstirnprepfssoyprbed for pstrariee A R RS IS wi TR to transfect |
BBK eells iy slestoficiatiomiiramsiecamisines h\’@ﬁﬁa?eal%ﬁ*ff 11@1’1"76@1}?&@“@&6]@?%&\%3 or serum,’
washed ang staines mﬁ&%ﬂaﬁe&lﬁdagnmhmhuﬂnmdq@taﬁmeh%mé’?ddét@@ﬁs IgGl
antibodies %@&%@Qﬁ%ﬁ&é&@éﬁ%&é@ﬂ%ﬁ%ﬁm&e%ﬁ whidedaved it elidingelifitp. Results were
expressed 0 IDWARY Wnits é@ﬁﬁf&é&% %é&@ﬁ&'ﬁxéﬁﬁ@ﬁi@a&rd@q%%u% afieReR0 normal
donors teste% ere negative ('Cl A L%%Ogtl tro mlizstion SR PLEIN G HURGRARIaRS were

t

diluted in | %eﬁ% hd mix 120 AKS virus in 2 Juas, determined )
accoffing TP e ﬁ‘?foe%ﬂfﬁé?ﬂé‘ FHE TR ew%?% mc%lﬁ a 3%34%%%%%%%%%% ?efar?gerature

Subsequeritiposly drispsEiz s %Pﬁd@éﬂfébﬂ"éﬂ?ﬁ% per ml) were added and incubated for 3 days at

37C and f%l YR (o T-WAL-T) I @@Q&gow%%mw%QMdylmxmgaﬁlﬁEﬁ@@t\tﬁlﬁﬁt@ serum dilution

el neual 5 TC 1050 SARS 104\l ASSRYS RS oUminm Biosaaisdavel
0

laboratory. es&ftm %verexggasfg W Mo infection ,g\ntl s tj 2 by El ISA ;
Splke stalﬁﬁﬁ’a’@ﬂéﬁ gﬁggi gui%alag e an oc{y it%ae miterest, w) 1?@“51? i EQBQX@EE%Q{%Q}

population bas been prepared by (i) providing nucleic acid(s) encoding a selected B cell the antibady

of interest that is produced by z population of B memory Iymphocytes prepared as described above,

' (i) inserting the nucleic 2cid(s) into an expression host that can express the antibedy of interest, and

(i) cutturing or sub-culturing sxpression hosts comprising seid inserted nucleic acids to produce

 said expression host cell population. Thus the procedures for first preparing the recombinant

30  expression host and then culturing it to express antibody can be performed at very different fimes by
- different people in different places (e.g. in different countries).

The invention also provides a method of preparing a pharmaceutical, comprising the step of

admixing a 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).
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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 constant with a titer of 1/128. The isotype of the antibodies detected in the Spike-binding and
BLISA assSySineRiBcrenridorin fyivmtin Srtots beyte b etrrdE Rt shown). Thus
the post-infeletibniss remesfitisipdvsonih atrmetier ste tebs piRentlizrdgdatisodiesctdehe SARS virus
and 1gG antibeslieeghatddonmt spikR:20maidineiandideibgitdiddnatucatl anigeagmitBA. Example.
5 fiinelics AnchiteayensiBs oL aREIicMETARR Gells 4Rk -IoRMmARR lymRliReylesdrammthe 2-month,
4-month and O;menif. Pas %M%Sm%%re;wawm&%g%dm By UAsEE G hgre the number

of B célls pe cult Imiting, as - 25 abov lls his strategy allows |
analysis o?’ &Pt %%f%ﬁ’ c@ 3 Tetv e oryoé ?s per cedl{) Eﬁl%%%suﬁ,r%gt%at the specgléc i

. antibody dm@nm&msm\mmmﬂe&is manodenakasich httharsbenentipedah beoasingetize probability of
-isolating agipRgapiasiusingdhnesdesirgd MEW linpitin b usiaienAdie Chaverks efdulture in the |
presence qlIRNkRGANGAUAYAIRH ISl crlsiba.cU BRSPS sgroened for the

presence of ofs euﬁgdlng bodle usm RITI Aors nin Seofu égset%ﬂsfe% ntgs..b'{he frequency
of cul%ures Sradhin po ||ve ma?ﬁe Kﬁ?ku sa er talrg‘?J s&nke
transfectaffsoiiere 98 mkeiig 2t Bh B PSR R il Petgfe tires screened
(%) introduce one or more (e.g. 1, 2, 3, 4, 5 6 7,8, 9, 10, etc) amine acid substitutions, one or more

(e 1,2,3,4,5,6,7, 8,9, 10, efc.) amino acid deletions and/or one or more (e.g: 1, 2, 3 4,5,8,17,
8, 9, 10, efc.) amino acid insertions into the antibody’s amino acid sequence. Such point mutations
15 can modify effector fumotions, antigen-binding afﬁmty post—nmzs}atlonai modzﬁcatwns, ]
* immumogenieity, efc., can introdnce amino acids for the attachment of ¢ovalent groups (e.g. iabeis)
or can introduce tags {e.g: for purification purposes). Mutations can be introduced in specific sites or
can be miroduced at mndom followed by selection (e.g: molécular evolution).

5

SARS .

20 Antibodics sﬁ&ciﬁc for the SARS virus may be particularly useful for prophylaxis and may be
" administered to health care workers or ofher people who may come into. contact with SARS virus
infected patients, Such passive serotherapy may offer an immediate cure of infected individuals as
well as confainment through protection of contacts and medical persormel. Human sera containing
antibodies to the SARS virus are not available in sufficient amounts, therefore the method of the
- 25  invention provides an ideal way of producing buman neutralizing moneclonal anifbodies. Such

 antibodies may be used to develop a passive serotherapy against this and other pathogens.

The invention therefore also provides a method of preventing transmission of the SARS virus

comprising administering an effective amount of an aptibody or antibody fragment specific for the

SARS virus. Stocks of antibody specific for the SARS virus should therefore be maintained so 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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ELEA Spike staining 2 275/480 (57.3%) Not determined 4 1231480 (25.6%) 12/576 (2,1%) 6 44/480
(9)2%) 211768 (2.7%) The frequency of cultures producing antibodies detected by the BLISA assay
was very high 2 months after infection and decreased by 4 and 6 months. The frequency of cultures
producing antibodies against native 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 SGaeitadting that the two assays detect distinct non-overlapping antibody specificities.

Furthermorg,.assize abig Pianertiadmi:lob dirrmery B cols arespepifigforghe spikgptiotein. Tests
were then GQJH&%&“W%&%&%&%&%%H% Debween spiks.binding end neutralizing

activity. 56 culture supernatants which stained Splk sfected ceJIs W% tesj; 8% or their capacity to
€

neutralize {H% 86 BRIRERNF LRENEE ificSprotein v was on ig aA). Although
the antihodied ire tKemigprestdtsiringee fowet ﬁ’f&%@‘ifﬁ'ﬁﬁ?ﬁﬁ‘@ﬁtﬁﬁé THEYRURNE &iPT0 antibodies
that ne'ulravmétidetini dmtizinispied &f puetistaining while 'others stained spike fransfectanm, but failed:

to neutralizeyfiihefkere, Wwhrna i L ShHRemBaS wikhdigh-reutalizioetiter were analyzed, no clear
correlation between stainin g and neutrallzatlon was evident (Fig 3B). Taken together these results |

indicate thatEHERBESGREF NR&SH G 0 spike is heter Iaéﬁgeneous and that. 5not all the anti- splke
antibodies bimmteuomwel@oqfrﬁvé BiHive vt R attoiirec st s irediitaf ARy the virus. Exam.*
6: Isolationsafigno Shalanal taifodies: t6 SAR S Alsdlkm s sultstshunef eiimies edered adt is possmle

to |nterrogajﬁﬁ@ehmcal%mm@mmpertowe with a variety of assays to identify cultures :
producing an antib the d ired specifici Jn thes %?&fzé gt} pts (76%) at
(%Lﬁ% ﬁVVéS d ae%r% Jg g dics § quczg %43 g ‘E}IL§ (v

.cloning posF{ﬁ‘/‘ee 6 atlon of'one or more clones ent S of the selected
 specificity, W?B@%I%%gvﬁér%e}étﬁfﬂ@ ARG rfgf'ﬁ?iti%‘Bﬁnes were ¥ 9(foveredpiln the culture

supernatarreatieorieestwniindsion fo-odg il IegbpRsaipdding fhositive in the ELISA assay and S
‘were Hoth"fgsitve dn e spikeistalninon ssayansveapladomn eutslie EAES I piein.
| Calture supernatants Were tosicd for their epacity 10 stain BEK 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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25 Out of the 21 independent clones that scored positive in the ELISA assay, 13 (62%) produced
antibodies specific for the SARS virus nucleoprotein (NP) as detected by Western blot, while 5 did not
recognize NP, but stained SAKS virus infected cells, and the remaining 3 reacted only in the &LISA
assay. As expected, none of these antibodies .showed neutralizing activity. Out of the 8 independent
clones staining spike transfectants and neutralizing SARS virus, one (53.1, 30 !gel sc) was selected for
in vivo neurrARRHBAEEsA A 00RE HR ASEICA SPEH BB P RIET ( SIBFeOPRE FEE T the culture
supernatanvangdestdikipritecapaciyrtoistdihyshiking dtisfootesae | Spgs ovrre IRAHZEBARS virus
(Fig 4). 53. grebiralisetichnd HRRABARSwI tiFat cneentsatiants ofkread f1e8300 ng/nal, and was up to
300 fold more_potent than convalescent serum. Furthermore 53,1 neutralized the Erankfurt and Urbanl
isolates with t13e Spme e efficiency (data not $hown), and d€boiegeffithecspikes of SARS-CoV as ;
detected by i himuneelectren microscopy (Hig 5). Examwiple 7:83.1 m&itredlg@s- EAD' infection in an ;
animal mode| &3 hednyhapmeugsalizing activity of thexb®.1 mohoclonal antibody wasjtested in a mouse
model of aculexpARSbfegionRighed antibody wassansferted to najug isice by infraperitoneal :
injection to d(&%@l@ﬁh@%@pﬁl@g@y alone coulg;pggvent rgplication pE$ARS virus in the

respiratory tr Feci oPEsheFson and .G, tSIaqungam the Tenters TpfPigease Cantrol and ,
Prevention ((i RSVIrus (Urbanistraimy-for-use imanmvim neutralization.

assay. Thd@(ﬁ@ﬂ%@m@mmwmsﬁ@%‘d twice in Vero E6 cells at the CDC and was passaged
in Vero celﬁégr Wo adc HS @%Qa%a&%sai % .?1 gnerate avinug slogk witha titer of les

' TC/Dst‘7§mI ero cells g a|n 5 nvitrogen). All work with infections virus:
was perforf 3’%&'&5’%&6 aféty. c‘g |n ahi6esre fy c ntaiiment level 3 facility and personnel
wore powemwmwmwegmmﬁ&(am nERAAHMgRy. Saint. Paul, MN). The mouse studies were

Lo apfroreg QY Lo AL Al & A0 2 8&%{@5}9&%@% %I%du@ute@ aihigpproved.
animal blosaf evel 3pfmm]|t 1§onnel ent rlglganhéao CI|I owel.réa air purifying

-resplratorsmfct s%‘\?veé’f?’ cWe utT?fl;5\1'f’%‘7‘°‘:m|ce purc cgge fom onic (Germantown, NY)
were hpusegdniice Rl GREEcI B3} Qo RICEmdahily Bhesthatizetwithdn@f uiaeinere injected
ntraperitongsilcal SicHdosea v@gqm%%g; D3k %@&%&Lﬁ%@ﬂsﬂkﬁ\'ﬁh the same 20
- volume of 2 ‘}g clon hum%n §9 atI nsuér iézg fCtIV kbourﬁ iﬁ-tf X\%&ge intranasally
challenged9 R 105 T fffm of 8A corondw us. %“’naf“é% e were sacrificed and
their lungs %2 dPrdizat ferprAMse orls LTl Seatiterain by %%Eﬂ‘ﬁ? thels W?ﬁ%apéﬁ%%n in Leibovitz
15 mediuntfirietmoddisy. Wl@lﬂé%*ﬂh’ﬂfﬂé%c’m?@imgéﬂlﬁoﬁﬁfé@ﬁ(?ﬁs"aﬁaa%‘i’mﬁaﬁé%%‘ére determined
as degéribesti astden \HLiB\tifer ©wldes enirsisoadétdgit SFeID o Fer2bagraprofitistmes Antibody
Virus repliéatian-e chalienged. mieeulstingsiNaga kit binat es s Mismibeviinfeetedization assay

using Vero cells as targets.

;--
oz-\

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
20 of CpG 2006 (2.5 peg/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 5/6

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

menber of ‘original cultures that were cloned, Cloning efficiency vemed from 50 1o 100%.
17 -



Mean (t SE) virus titer Number infected Mean ( SE) virus titer 53.1 800 pg 0/4 <1.5t0 ' 2/4 2.50.47 83.1
200 pg 0/4 $1.50' 414 3.410.41 83.1 50 rig 2/4 3.1+1.36 414 4.80.75 Control 800 ug 4/4 7.50.1 4/4
40.41 .

EBV-transformed B cell clones that produce IgG antibodies to measles virss, tetanus toxoid and
Taxoplasma gondii could thus be isolated, showing that man monoclonal antibodies with multiple
‘memory specificities can be prepared from a smell sample of buman peripheral blood.

 Example 3: Immortalised memory B cells that express autibodies specific for SAES coronaviyus

5  Blood samples were obtained from two patients with  ciinical record of SARS. Both patients had
serum anti-SARS antibodies as detected by two assays: (1) e neutralization assay wihich detects
peutralizing antibodies directed against surface proteins of the SARS virus, likely the spike protein

" and (if) an ELISA assay, that detects antibodies binding to auy denatured protein of the SARS virus.

' Por the noutralization assay, serial dilutions of serum obtained from the blood were added to
10 microplate wells containing Vero cells, followed by titrated amounts of SARS virns. Afier 2 days,
: the cytopathic effect was recorded by visual inspection. A conventional ELISA was also developed

using SARS virus infected Vero cells Iysed in 3% SDS as the anfigen.

"\ For the production of the. clone of B cells prothucing monoclonal antibodies specific for the SARS
.. .- o.Yius, blood from the patient showing the higher titer of binding and peutralizing antibodies was
15 selected, - '

Mermory B cells carrving surface IgG were isolated using anti-human IgG microbesds, mevbated

'Wlth BEBY (50% mpmatant of B95-8 cells) for 6 hours and were then plated at 10 cellsfwelk in 96

well microplaes in the presence of 2.5pgfm! CpG 2006 and allogeneic itradiated PBMC (n ‘these

experiments IL-2 was ornitted). After two weeks the culture supematants were screened for the
20 presence of specific antibodies. - '

Out of 1042 culture supematants tested, 165 scored positive in the ELISA assay (Figure 1). 23 of

these culiures were cloned as above and specific clones were isolated from 16 of them. Some of the

human monocional antibodies isolated recognise the pucleaprotein of the SARS virus in western

‘blots, while some do not, suggesting that they may recognise different viral protems {data not
25  shown). None of these antibodies showed neutializing activity.

Out of 1042 culture supernatants tesled in ‘the peutralization assay, seven showed low level
- neutralizing ectivity while two (All and DR) showed high peutralizing tter (1/512 and 1/256
respectively). The A1l culture was cloned by limiting diletion in the presence of CpG and hradiated
. PBMC and several B cell clones with comparably high neutralizing activity were isolated (Fignre 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).

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

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

also allows selection of the best antibody from a large pooi, and is therefore a high throughput .
35 - method.
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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 differences in viral titers
when compared to the control: were statistically sngmﬂcant% §p<0 E%m a Student's t-test. Significant

restriction &h¢/misSAsplieaterishaEdishee FOSH ARG ¢F ReBLRA @ e ceived the
highest doserdt88. bzl SiERhPle 8:R84S Rmefgmmugvefmqnﬁm.& This

compounddpaEEP BpaERaritilyCRaI2R0 fuiniead sribeffisipridycef BB vimguicsd mmigrelization of
human 3.3,gellss MemaryoBogshswaseisslalediamhaaitydans s using aneGRdadyanti-CD22 |
magnegic. %&%@&&%ﬂ%ﬁgﬁ@y Bl BPRISHO B AL G5 S AU 0o GMnd B3R IAOT 10C). 48
replicate cu reﬁ e se(tas nﬁg%g well bott%mgg 10 t@lﬁr Iat s Py limiting dilytion.at 30,10 and 3
U

B cells per e presence of Irra mononuc ear cells, EBV (20%

supernataﬁ?ﬁ‘ﬁm‘ﬁﬁ%gégﬁ’s‘}’%ﬁwji’n the presence or absence of 2.5ugiml CpG 2006 or 2.5ng/m1

R-848. The frequenc of cultyres positive for ceII rpwt n !g roduction was measured after 14
esu

days and tHEBRIRERET SIS TSR AL LR cu A € were as follows: 13 cell source EBV
+ CpG aroBetiptenBhbohwrsADSGHiboua ippieht f Pt tmﬁ 189 acife Filotion A PHERFMOS CD22, Iglir
IgD- IgA- 4300 dlriteslair:lidi-Bioan PRIGC veb £61xdd M- dgBrdgdutifigrBR014GTnRrom B.4 Donor ASC
CD19+ 19N igRiGetated by au 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 supersatant of B-95-8 cells) for 8 hours and then plated at. 10 cellsfwell in 96 well Usbottom
mferoplates in complete RPMI medium supplemented with 10% FCS, 2.5 pg/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‘coﬂéCted 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 potassmm tartrate/glycerol gradxent

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 beﬂing 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
in viiro and used to fransfect BHE cells by electroporation. Transfcctaﬁts were incubated with
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11n2801in 4 1in 2.2 Donor EIR CD2241gM- IgD-1in 230 1in 1S 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 .
antibodies TR atRI DR RScwEr Rephed e fasdrrbABCrAET S BaE LM SRR @BV neutralizing
capacity wasipesdiyobibers @E3 critibotizb clixected rasiinsh otz selkmentisny Beselps wbidtddfom a f
convalesc%mtammmﬂaﬁs&ﬁm tafestianin Soitakdiuliopd b fdative n slia A tedninsatindeB cell cIones
were testetﬁ%ég_ Q&gg&gm@é@}ﬁe@gwwmmgmotems) and their capacity to i
ec

neutralize ytopathlc effect of 25 SARS CoV (Frankfurt isolate) on Vero cells. The concentration of
monocionalxgfonasaiiesisureasby EdhiS Adpthesamecctilna® s et NEadraihidy titers were |
_expressed @@[ﬁ;@gm SRRGENY MioMef B (rgdgEnpet mibiritissubculitivd ciBabig.dftcompletely
neutralizing,the vigs {mean valuss:of atiRasiireaestabResulis swatagsiolansr Bmell clone
Lsotype Specificiyy NeUlalzINgJeL 318 b A8PkICs 3% 379 5m dlBt5, the neviralization tiver

was determined by visual inspsotion to give the serum dilwtion that neutralizes 75 TCIDs; SARS

virus. The assays were performed in a biosafety level 4 laboratory.
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Results were as follows:

Anti-SARS antibody detected by

Months after infection

ELISA

Spiks staining -

Neutralization

2

1600

.- 1006

. 1128

4

850

¥ 700

17128

300

400

1/128

§

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

15

20

- 25

30

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:
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$21.11gG, Ic NP - $23.4 Iga, tc  $24.1 IgG, 1 NP 513.1 JO., Ic Not determined - S5.1 IgG, Ic M -
S3.11gG, tc Spike 300 8101.1 1gG, x

Positive celtures / total cnftures screened (%)
Months after infection ELISA ] Spike staining
2 2757480 (57.3%) Not determined
4, 1237480 (25.6%) 12/576 (2.1%)
6 - 44/480 (512%9) 211768 (2.7%)

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

-2 -



Spike $102.1 IgG,x Spike 850 S1033 IgG, Ic. Splke 350 S104.1 1gG, Ic Spike 150 .S5105.2. 18G, Ic-
ISplice 150 5106 119G, Ic Spike 45 1'S107.4 ' Spike 75

~300 ngfml, and was up o 300 fold more potent than convalescent serum. Purthermore 83.1
neufralized the Frankfirt and Urbani isolates with the same effiviency (data not shown), and
decorated the spikes of SARS-CoV as detected by immunoelectron microscopy (Fig 5).

Example 7: 3.1 neutralizes SARS infectior in an animel model

5 The in vive neutralizing activity of the $3.1 monoclonal antibody was iested in a monse model of
acute SARS infection. Puarified anitibody was transferred o naive mice by intraperitoneal injection o
determine whether antibody alone could prevent replication of SARS virus in the respiratory tract.

Drs. LY. Anderson and T.G. Ksiazek from 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.

Fourto-six week-old female BALB/c mice.purchased from Taconic {Germemtown, 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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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 1gG, Ic Splice 40 8124.4 1gG, x Spike 40 8159.1 IgG, X

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:
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Spike 25 $160.1 IgG, Ic Spike 15 Thus the invention is routinely able to provide antibodies that can
neutralize the virus at concentrations lower than 10-9 M and even down to 10-1 M (MW of human 1gG
is -1501cDa, and so ISO ng/rol is -10'9M). It will be understood that the invention has been described
by way of example only and $ modifications may be made whilst remaining within the scope and spirit
of the invention. In particular, minor modifications that do not aff
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Neaten at al. (2003)

. rofa ugﬁ/f. cororfaviru pd[len[ WIth's € acute respirggery syndrome" N Engl J
Med 348(20)1967-76--15-FielHs-etat: L’":‘ ||U|ug)é LlpplllL,UlL-RaVEEb NeWw York. Also "Fields'
VirOIOQy", 4t edltl(ﬁ%%hn’l) PHITOFQ m f Knibe.& Hg Q\l ISBIN-O-£841832=5] Giacbino et at .
(1995) "kap aHamﬁﬂd’ﬁJ— dual recepféﬁf?) cellslare Dréﬂikﬁt n l'hFl human nnnnh eral repertoire_" 1 Exp
Med 181,1245-50. s1e3artmanh at allg@000). "Delineaioficof a CpG Dhoééplorothlo hte ‘
oligodeoxynucleoligegior activating 2f}grimate ilnmunepisponses .in vitr6@ind in vivo." | Immune] .
- 164(3): 1617F2AHgjpeg ar. (Z¢04). %EQ%ES Sp(=C|f|c Ragegnition; of SingleeStranded RNA via Toll-like
Receptor 7 ane-8- Trente 2604 I—Ei.) ra [Epub aneads LTt Henami e;gat (2002 "Small anti-viral
‘compounds Luyate-mmene-@elb vigiR-yB88-idepengent-signafing pdu%vay at Immunol 3(2):
196-200. 25 {lverset Hiht (1993). “Ef tEof celllderived growth-fhetors-and eytokines on the clonal
outgrowth of{fEBV- ifiebled B dells aﬂ@&ﬁabhs ed lymi#thlastoid cell lings." HamlAntibodies
Hybridomas-%(3): 151%923. TaG, x ~ Spike 80
81329 IeG,x - Spike 200
$128.5 IeG Spike 25
- S1276 TG, x Spike 40
81244 168G, ¢ Spike 40
$159.1 1gG, 1 " Spike 25
3160.1 1gG, 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

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

particular, minor modifications that do not affect the immunogenicity of the modified capsular
saccharide of the present invention are also encompassed, :
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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 a Toll Like Receptor which is expressed on
memory B cells. 2.A method for producing a clone of an immortalised human memory B lymphocyte
capable of producing a human monoclonal antibody with a desired antigen specificity, comprising the
steps of: (i) transforming a populatlon of cells comprising or consisting of human memory B
lymphocytesoieheraE i et SHBRRistritarearsicmrnesitsrefethe porids FEVEeaferetator is an
agonists oftedfaylPlakE ﬁ@é@pﬁ@ﬁ%ﬁ@ﬁﬁé@?@p‘f&f@é@mﬁ HierAd¥.B cells; (ii) screening the culture

supematag&ag R RSt and. i AT OHRISSNHAERORN: Fymphocyte

clone capable of producing a human monoc onal antlbocy having t esired antigen specificity. 3.A -
method according to any preceding claim, wherein the B cell polyclonal activator is an agonist of Toll |
Like Recepiied T R{I¥9Tj0l ke feice piobattTdl RO} amider Hitkt iRedRopipttrsIONFLR-10). 4.A |
- method acegkghrg e a0y, preceding claim, wherein the polyclonal B cell activator is selected from the :

group consisting of: CpG -848 and other |m|dazo\%%nollne compounds that stimulate G?J_RS 5A
method acéottffigtda %Pecéd}?fﬁ IR ITHAERTHTS FOR ST B R S RERIZ SR f‘§°615
oligodeoxyHagiE¥E84¥RHEHBY according to any preceding claim, wherein the palyclonal B cell ac:

~vato s CpG 2006, 44 FRE 0L ASEAISINGICAR-RIC6ading ¢alls whsralR:ae additionadstimulant of

cellulay,groyth 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 sald
-cytoklne is Yhindzror #12L1G9%0. "NMmetlvorl abepraiend &ﬁyﬁ@i@@@@?@%ﬁh@%@ﬂﬁlﬁ@&%mng is
carried OutWﬁ@ﬂéﬂlﬂmgldﬂﬂklﬁﬁmhialﬁﬂ”ﬁﬂt&m adzﬂnnﬁhﬂgiuzar@omecedmg claim, wherein a

subpopula fhu an mem hoc tes with as ecifi an CIfICIty e seiected before
the transforfiafion s anﬁaA (ﬁu 5%00 |ng G 1072 a%’i/ pgreceg1 C alm ’\% erain s’%‘.‘é“% ymphocyte
prodtices é‘ﬁeéﬁ??b%; dire¢ted-against viruses such as SARS v:rusg ‘HIV4, hepatitis-A'virds, hepatitis B

virus, hﬁpa%aﬁtwuszmm@mum&bﬁ@ VieusRaxX MdE, idldenza vrus, inbiesatias, rhino virus,
resplratorygmgggexég@,ﬁg@g%@ such as Streptococcus pneumoniae, Streptococcus pyogene,
Staphylococcus aureus, Bacillus anthracis, Chlamydia pneumoniae; protozoa such as P. falciparum,

P. vivax, PRAsHidle "PoIsiRm; I&E?@Bfélntéﬁ?ﬁ§%‘i%ﬁ%%ftéﬁﬁngﬁ'i‘fiﬂwoﬁb‘r‘ﬁ”’él@ﬁmﬁ?}ﬁ?sté‘tanl

diphtheria toih ﬁf@me@ﬁ?éiﬁ@ﬁhﬁ?ﬂfphthenae other microbial pathogens or micrebial toxins; allergens;

tumor antiggng, %vtgafai%psvﬁuw%%&&@%%th ﬁus Admaihadidar prggucing a

monaoglonal antlb n%ncsipswe‘gBanHéq,e&m ecifi ggx %%Béé e steps of: (i) transformlng a
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(if) screening the culture supematant for antigen specificity; (iii) obtaining an immortalised 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 mondCImMSantibody 14. A method for producing a monoclonal antibody comprising: (i)
contacting a memory B lymphocyte with EBV and a polyclonal B ceII activator, wherein the polyclonal
B cell actiVator i%‘ ﬁ&ﬁllé"t"é?“é“ﬂ*&ﬁ%ﬂél;f?éé‘%{gi ELEREF A éfﬁb?’gl%B cells; (ii)
cult.urlng said acuv g’@?ﬁ? é@%‘n&@lﬁ@' CLIv ﬁfﬁ?ﬂ%{ﬁé‘ﬁﬁf@%‘@ﬁﬁ% t()r ?‘HOI’IOC|OI’]8.|
antibody. 15. A hggif 9 monocional anti comprising the Steps of: (b) producing an
immortalised memory B Iymphocyte by contacting a memory B lymphocyte with EBV and a polyclonal
B cell activator, avhaheinfdheq@obyclianadB el activaitsishamagenistob ayhpHokikeckesieptor which is

expressed on rmeaﬁr@gyga watis: rffijetttatimgsdiowihmdriatid enlipme morfiBtly mphodytehe(iii) obtaining
Offf’

nucleic acid fr |mmortallsed memoré/%B Iymphocyte and (iv) inserting the nucleic acid into an
O

expre.ssmn hO n cyles WER:%W g clon. %{E activa hzggéﬁl L@%‘%‘[”?@ %ﬁn ttWOd of any one

of claims 13- 1 s rs@ comprsing bR iR Al adnvdna g lsdlated mhonpcionalantibody with a

pharmaceutically) agegpia @@@ﬁmup%atﬁ,mgﬁgge%pﬁgp@negda récombinant cell, comprising the

steps of: (i) preparingaar; kmeitatised Beell cloneyythemeth odef-anpenepefdatains 1-12; (ii)
obtaining nuclehoragidfroniothbaBibedy blome that@nebdegcanmantibidy of interest; and (iii) inserting the

nucleic aC|d |nto an ex reSS|on host |n order to permlt expressmn of the antlbody of interest in that

host. 18. A met t %ﬁf? Hﬁ(ﬁrlg % ring an
immortalised B & Jrs Oﬁ% %’5 metho Or" %%ﬁ% a?ﬂ gﬁé eq&aélf\gj?g hticleic acid from

the B cell clone tha encodes an antlbody of interest; and (iii) using the sequence information from
step (ii) topreparedingel eicoagic to iR getbag iniemwexRIe 85 @BINShi B eeleed0pe ERil@aression of the
antibody of intefest i thairhostist@. ot et &H3ét aof othémnridarclaimlii8;wipenedthbaexpression host is a
eukaryotic cell. 20l dEthod of claim 19, wherein the eukaryotic cell is a yeast cell, an animal cell

r a plant cell.
or a plant ge A method according to any preceding claim, wherein the polyclonal B cell activator is CpG

oligodeoxynucleotide.

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

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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21. The method of claim 20, wherein the animal cell is a mammalian 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
human cell is a PER.C6 cell or a 11KB-11 cell. 24. A method for preparing a nucleic acid molecule that
encodes an antibody of interest, comprising the steps of: (i) preparing an immortalised B cell clone by
the methodof afyrehed dfraleidneiz-4 2ofigrlopthinitgdr onththdeBrebibtioneprtitidticcanietisingt encodes the
antibody of intef&ste A method f?r ob fétinincg a nucleic acid sequegce that enc\ofdes an antibody of
mrest, compril FBSHE LA PIVTHEOd M i of anycne
of claims 1-12; ﬁbcagmgqge%g eig &qﬁﬁ&%&gl ’ cell clone that encodes the anti ody of interest.
26. The methodigcgerding 4Q an:QREOLEIIMS dfiQhIfcviagyein the nucleic acid is manipulated
between steps (ii))abditii} by ichangife] adding Divdgleting aueleaiides:farodhitisgmethod according to
any one of claimskglteal Bithvidetsirithaadenodlonatastbddinis a human monoclonal antibody,
MONOCLONALGRKAHBeDY PROBECTTIORNB\E BBV TRERSEORMATION OF B CELLS ABSTRACT
A method for prOUtRHYS GRS AR EPaY ARG PRITEE B UK BYRefNory lymphocyte, comprising the step
of transforming hymarn %Jﬁ%ﬁ&%fg Mﬁ%@]@lﬁ)ﬁ?&%@;@ c@BﬁFEngBa" Virus (EBV) in the presence of a
polyclonal B ceffyagtivatias..the.mrethed s Radiculauseiubinasmathodifanpieducinga glone of an
immortalised hgatamBirBesicyitymhacyiencapabisof pratueing whivimarppesosional@ntibody with a
desired antigenBspéeificity, comprising the steps of: (i) selecting and isolating a human memory B
lymphocyte subpbpitatisriaidiperasisBimmbetie siiBpopulation with Epstein Barr Virus (EBV) in the
presence of a POy eIGHAME BEIPRIN S0 P o8 creERIG IR AniiPdYsupernatant for antigen specificity;

and (iv) isqlating AnmMNANSEHNUMAN. BHSMeN, YipRosYE clape gapable of producing a human
monoclonal aniiheeyiaing ithedesiteshantigan sRRCicyy 5/ d RERQYBNGRbIRIING <110>
INSTITUTE FORIRESEARGHINBIGNERIGHNE, whadiZ AYRGAHA B0 nigved20 anMQONOCLONAL
ANTIBODY PREBDUTE THOM BptEBNATIRANSEGRMAFNON DEelB;CELLS <130> P033334WO <140>
<141> <150> GB 03043638 wpB1islpggegpra lymphocyte;

(itf) obtaining nueleic 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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<150> GB 0318431.4 <151> 2001-08-06. <150> GB 0325391,1 <151> 2003-10-30. <150> US
60/516665 <151> 2003710-30 . <160> 1 <170> seo0qin99, version 1.02 <210> i <211> 24 <212>. DNA
<213> Artificial sequence <220> <223> CpG ODN-2006 <300> <301> Hartmann G, Weeratna RD,
Ballas ZK, Payette P. Blackwell S, Suparto I, Rasmussen WL, waldschmidt M, Sajuthi D, Purcell RH,
Davis HL, Krleg\mg@ﬁrﬁ@m@amﬁf@ﬁ% M@yﬁh@r@ﬂﬁ@m@f%‘godeoxynucleotlde for Activating

Primate Immun@ B Berpd Ibtne Adbgy <304> 164 <305>
3 <3065 1617- @s};@ s W@W%ﬁ%@%ﬁ@ﬁﬁﬂg e

Vo mtercst
nuclei aerd info & expresd o8 expression of the
antlbody of interest in that host.

18. A method for preparing a recombinant cell, comprising the steps of:
(i) preparing an immortaiised B cell clone by the method of any one of claims 1-12;
(ii} 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.
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19,

20.

21.

22.

23.

24.

25.

26.

27.

The method of claim 17 or claim 18, where the expression host is a eukaryotic cell,

The method of claim 19, wherein the eukaryotic cell is a yeast cell, an animal cell or a plant
cell.

The method of claim 20, wherein the animal cell is a mammalian cell.

The method of ciaim 21, wherein the mammalian cells is a CHO cell or a human cell.
The method of claim 22, wherein the human cell is a PER.C6 cell or a HKB-11 cell.
A method for preparing a nucleic acid molecule that encodes an antibody of interest,
comprising the steps ol

(i) preparing an immortalised B cell clone by the method of any one of claims 1-12;
(i1} obtaining from the B cell ¢lone nucleic acid that encodes the antibody of interest,
A method for obiaining a nucleic acid sequence that encodes an antibody of interest,
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 the antibody of interest.

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.

The method according to any one of claims 13 to 15, wherein the monoclonal antibody is a
human monoclonal antibody.
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