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as effective against targets that are complex or dynamic, such as infectious agents. There are
some examples of mixing monodonal antibodies in order to overcome this problem (e.g.
Nowakowski,A. et al. 2002. Proc Natl Acad Scl U S A 99, 11346-11350 and US 5,126,130).

25  Recently a technology for recombinant production of highly specific polyclonal antibodies
sultable for prophylactic and therapeutic administration has been developed (WO
2004/061104). The recombinant polyclonal antibody {rpAb} can be purified from a production
hioreactor as a single preparation without separate handling, manufacturing, purification, or
characterization of the individual members constituting the recombinant polyclenal protein,

30  However, such a production strategy requires a procedure for verifying the identity and
demonstrating consistent production of the complex mixture of antibody molecules over time.

Further, a polyclonal antibody produced industrially using recombinant technology will have
to be characterized to a certain degree in order to obtain approval as an investigative or
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Homologous protein compositions such as a recombinant polyclonal antibody or a
recombinant polyclonal T cell receptor (TcR) are comprised of variant proteins with very
similar physico-chemical properties. This Is an advantage when purifying a recombinantly

30 produced polyclonal protein, since the purification can be performed as if it was a single
protein, without the loss of diversity during the process. This similarity, however, provides a
challenge when characterizing the relative distribution of the individual members of a
polyclonal protein, because the similarity in the physico-chemical propertles makes it difficult
to distinguish one individual member from the other.
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The rare exception to this may be situations where an unscreened or

unsel ected library, e.g. froma conval escent patient is wused directly to
generate a reconbi nant pol ycl onal antibody. To ensure that the diversity of
t he out put WOt20e8/0085dnbi nant pol ycl onal protein) resenbPEEPEKRESAersity of
the input (the library of encoding seqyences) after cultivation and
purification, it 10 will be necessary to obtain information with respect

to the relatlve proportion of the Individua al
protein aMestéPMEREYrWhERPEHUAIGS & &eRER At thp%ﬁ%“ stthy%&?c&ﬁAoggwﬁ)E
manuf act ukhowg, bebilsel theiesqudiives proegins theinelyelanal aretein b@/‘{e&@gn igolater Reragred
char act er j;zalMhci ﬁﬁofr%fﬁe JRAG BN aGeREbHAT mARdhite®S) @8 livelt thes prot ei n

characteriz tlon echni Nodskh respect
o the. di DERE) 0P FBP RO Do e aro A 48 fer R of Akl "f AR
prot ei &. BeefWﬁ|2W"e$ﬂ%110"ﬁHt?r%t€r"Pﬁ°"P&Fﬁt?d bYetsrsnse A ?rﬁﬁﬁﬁ?pt'?rbtigg gm[ag bﬁ

f ul | - | engtibuadsisi viorRelyarDinstieaigsem Linddered dibratye eg. fram aappvaleskent petiant isFab' or
F(ab) z) whLghy @&@%fg (b rBlAbAghOpchRBnaf ARy, part of an i ndivi dual

menber of "a protein. Pr eferab y, an anti-idi otype anti body of

the presegt LivepLy n&'%oﬁ%‘feeflcthna Foly droSs Bl ARl Bk RBG oL "

anti - i di otliypsitasfithe mayt @'}f’é@ﬁ"b’ of woqh%g fﬁqé?’EF%@ft?r ﬂi‘tf‘%"d?rb‘i‘i‘dé’dafc‘ﬁ'g?n't%e
anti ggp- SpAnief feteshaty to Gdtaia infodiebiivi ahtia lespaxtixethe oélativepodppaloovhitheant i body or a

pol ycl O“a'mfdl Lios ! m%mﬂe%ggkgb%c?&ﬁl esaalbhft‘# tﬁé.rre%%&ra seh&eneamthmver al so

show speci @aﬁ on oft tgl vi dual nenbers,
e.g. a speeveons WRPHRHE TN LRY IR TRgPreeesh ey o pf"i’\’ges S8 YPure. The term
"anti-idi @h:ymerpemnn mlatformebased on permtis petists &5 Wwlpsipddein CRIAGS2AMCh | s

capabl e of, l?égcéaﬁgﬁlggf ﬁ"g\ﬁglha ﬁn@@h’nla’b(orﬁmﬁl'l tebpkst dodRa Bivérgibngs bath d putiiclonalual
protein rre ure of honol ogous proteins. Preferably, an

anti - i*di ofsib'@eﬁéﬁﬁlpaBC'Bffa‘ f’rﬁ’ e"br esent invention binds specifically to an

i ndi vi dual nmenber of a polyclonal antibody or a polyclonal TcR The anti 30
i di otype @eﬁml’fi@és of the present invention are preferably directed agai nst
the antigen-specific part of the sequence of an individual anti body or an
i ndi vi dualTnd tepelbnti-eiptpeantibotiy” wfirs to 4 il dangieanpbestyi A &2amHTt PRSP, @ al so
show speC|Ft,| é;:h; ¥al, cr\g@roqzr:(a% Zgl%lcneﬁhcmuawmutcamneoamfc parit Btlirvihduvedal menber s.

The term* %?%35_0 X \fc nalspéot(e’@n%'lél%ra% gn arqt? t ea tli%' &%Fme%seﬂr[meﬁﬂéh

sequenci ng" haono) ogous
pr ot ei2d msbestfigklyshinds tgtheyapantypartohal mﬂw@#@wmeHP%a o %asaé'ah%’ﬁ Ag
provi des sggHesHt ecH. Thosmmidicdpeahtimldy spduiicitli & besfently pirestesi aggingrtbsent wi t hi n

the WO 200%0075%2?% %%Wd&gprﬁ%ber%f §§H‘9&E§1aﬁ§nﬂbh@y miﬁcloﬁﬁ T ceil

posi ti ons Whef e the ‘ani no aci vary anon in the
Dol et essatob e cRlEA PSR dumadornB i rEP AR RE R Bp BV dual
anmi no aci dab-pbpuraich abindividod intdnthess, wigh b SpaCHie VH @enfagtinagnresantad t“t'F fespect to
the prgtei ) sHb-

The term “anti-idiotype peptide” refers to a specific peptide-ligand, which is capable of
assoclating specifically and thus identifying an individual protein member within a mixture of
homologous proteins. Preferably, an anti-idiotype peptide of the present invention binds
specifically to an individual member of a polyclonal antibody or a polyclonal TcR. The anti-
30 idiotype peptides of the present invention are preferably directed against the antigen-specific
part of the sequence of an individual antibody or an individual T cell receptor. An anti-
Idiotype peptide may, however, also show specificity towards a defined sub-population of

individual members.

The term “bulk” N-terminal sequencing” refers to N-terminal protein sequencing of a sample
35 comprising a number of variant homologous protein molecules, e.g. a polyclonal protein. This
bulk sequencing provides sequence [nformation of all the different proteins present within the
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25  a particular protein, e.g. a monoclonal antibody. Such individual clones can for example be
obtained by transfection of a host cell with a desired nucleic acld, and following selection for
positive transfectants, a single clone may be expanded or a number of single clones may be
pooled and expanded. A polyclonal cell line can be generated by mixing individual clones
expressing different individual members of a polycional protein.

30 The terms “an individual member” or “a distinct member” denote a protein molecule of a
protein composition comprising different, but homologous protein molecules, such as a
polyclonal protein, where the individual protein molecule Is homalogous to the ather
maolecules of the composition, but also contains one or more stretches of polypeptide
sequence, which Is characterized by differences in the amino acid sequence between the

35  individual members of the polyclonal protein, also termed a variable reglon. For example in a
polyclonal antibody comprised of Abl to Ab50, all the proteins with the sequence of Abl will



The term "pol ycl onal anti body" describes a conposition of different

anti body nol ecules which 5 is capable of binding to or reacting with
several different specific antigenic determ nants on the sane or on
different antigens. The variability of a polyclonal antibody Is located in
the so- called variable regions of the Individual antibodies constituting
the pol ycl WRaP0etsshody, in particular In the conpl e EI00N008R84 er i ni ng
regi ons (CIFOl, CDR2 and CDR3 reglons sThe terns "pol yclonal manufacturing
cell line", "polyclonal cell line", "polyclonal nmaster cell 10 bank
(pMCB) ", and pol ycl onal rkin b angeabl y
and ref e?%“’t"ﬁ‘d%fe%ai)?ﬂ Qf“i"\éyoa'd?en%e('if) ée‘:}“ﬁ pgggongpmgdy aq'ldg\bwm fé)lgg}xgﬁ]slla

t r ansf ect ditfendranh Ab2 Dnotﬂtr&n'ytl‘@fcqﬁérrﬁ%i?ﬁ A sbxeP@iIioR g ﬂd§€dﬂéﬁ%‘éb§r%?a“ it er est .
Pr ef er abl yantghend dadétitindd af the ahtitdienbélotpitgogabheabizans fb3it e t he

reconbi nant pol ycl onal manufacturing cell line, carry only one copy of a

di stinct Clafth Spoty E)lng ﬁﬁﬂ}&?n%crﬂﬂceshr%ﬁb&ﬂon oMFf@H@nteﬁﬁ@dﬁ&h@mleﬁwmm of

t he reconbi nant cl onal t ej
i nt egrat elf ‘??ﬂb(lf“ ‘Fﬁ’g‘%g‘ﬁﬁ%" 'l'eg‘ét% Il;tr}11 Severée?r?g#r%etng p%%%c ﬁﬁt@qpé%g%elﬁﬁms whi ch can
const i t ut thessamh oaomalﬁalfeat:mﬁiﬂﬁmT%Yal“'aP lity @f eaﬁvqf‘ma' atibady i@ ‘%%te‘ﬁ&‘ctf’% Fia

fungi, epkalyaidbe E@blsSor tsdiativiagal yeadties tons@atingcidk pslydenatrantivady, &m cell s,

CSPecial | kR e FUANRRLE, k15 oAt SR oD o ol 15, BrK

o ) e e el B, S8 R g PER

conposabt i bankcENPE)”sémig poludidrabwerking Cﬂmanhé%$@(jé@§59ﬁ‘ B‘Feéf*}?"ﬁﬁ?f’@@ﬂf‘ es,
preferabl y, é:@'t@%@ﬁlafu(aﬁ)w M@:d EFRERGIEY MBI kHaR arestypeeiadivity a lIBraeofvRriant

f d . T cell
e SRS LA VAL A o st T co

ot her
mol ecul es thef regBnttinpat pAYARSSH 'T‘?'b#fﬁd%\ﬁﬂ cgf} leg: ??6"Ht°§|yr?§e6 q"r%F‘ét "é’g %5t ches of
vari abl e aghg&ﬁ@ﬁdedﬁ ik E4tLRBIEL encodsihe h&tr@eeofahareawhbna@@dlvﬁgnadpmm ences

int hﬁéamop Qiteat“g 43 %g&he By ][sl?ﬁ%&\%@a |r§tQ@he| J&%\é&t@l Yethe gomINREsr2adi &0. deits Med

di sti var'tant pr.ot ein es of such
pol ycl onaMhtthF'éF‘?ﬁ‘é"‘tlJ‘i‘i’cﬂ”Emé W&HWF%B&%/%?R% %aéf‘i"" $aTRlsts o%\gﬂgﬁ%ﬂgald I

r ecept or s eulsrpidicyealspsnah as peast, disactraals aorsiraliap tells, %’r’é?‘?'%'édf“@a‘fﬁet of protein
mol ecul s, i 68, Péﬁun@@ﬁf&h%i:l—[@%guswo@cé’:@ BHOTENS) dyering @Iis@oh, 32/ he shar ed

bi ndi ng aCt' Vi\ltﬁ%o V\%&a %%P l I’ec'rt.'allz %an%ﬁ@ sﬂ!cﬂ at; mLaC?e‘ﬁg HERf29§CEHS,

pol ycl onal®® lign st re arget 'anti gen. A reconbi nant

pol ycl2onalor pERE&i n i s gener aIIy conposed of such a defined subset of

nol ecul es, where the sequence of each nenber is knowmn. Only in rare cases
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cont ai ns as cant rtion of non-target s ofhe term
"pol ycl on&HP aé'?é'ﬂ E"F%E‘E’B F%(rf’ﬂ%e howogog?u?rst%g' FE%QC%%gwhEhBFeO%n%Mfeo;Fent TcR

nol ecul es T aehiredaptos (Te)abiue, esich prakeln Mglecde §H‘°F‘€§&?qsr’f@ the qther eRleepisF of
di ffergnt tﬁ@g&hﬁoks@mamm 516Nk AME 020 QP Ao AR Bh BT VBHEO polRGGseqence,
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pol ycl ona So-ca r|a e regjons of Ih ¢
i ndi vi dua|mqr@rerwmce@un%dlwﬁ%w@ﬂ&m?i@b%@‘ the polyclonal proteln Kiown exampies o

such polyclonal proteins include antibodies, T cell receptors and B cell receptors. A polyclonal
protein may consist of a defined subset of protein molecules, which has been defined by a

30 comtron feature such as the shared binding activity towards a desired target, e.g. in the case
of a polyclonal antibody against the desired target antigen. A recombinant polyclonal protein
is generally composed of such a defined subset of molecules, where the sequence of each
member is known. Only in rare cases may a recombinant polyclonal protein resemble a
serum-derived immunoglobulin in the sense that the recombinant polyclonal protein also

35  contains a significant proportion of non-target-specific proteins.

The term “polyclonal T cell receptor (TcR)" describes a composition of different TcR molecules
which is capable of binding to or reacting with several different specific antigenic



polyclonal TcR, in particular in the CORlL, CDR2, CDR3 and CDR4 regions. The
TcR nol ecul es of the present invention are engi neered sol ubl e di nners of

t he al pha-beta chains or gamma 5 delta chains. Such engi neered TcRs are for
exanpl e described in (Wllcox, B.E. et al. 1999. Protein Sci 8,

2418-2423). The term"protein” refers to any chain of am no acids,

regar dl essWeF20p#f5H or post- transl ati onal nodifi cati BE/DEHEYEHNS can

exi st as nonomers or nultimers, conpriging two or nore assenbled

pol ypepti de chains, fragments of proteins, polypeptides, oligopeptides, or

10 peptides. The term"sentinel protein” describes l.ndi vi nber of
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of a recopdtarasd By2zqisedaged pol ycl onal protein. The term "uni que nmarker
pepti des"” describes a nunber of peptides originating fromthe variable

r eg:c on g}c Th@rrh Fﬁbﬁéind%érsm@ﬂi?ﬁéhﬁin% aminB QLS Iredsedieropleastn or pbee- pept i des are
prefera ner a Yy ptotea . | in

f r agment a?rf'r&f%?'mé"ﬂEogﬁggégb%rfﬁgé%%gﬁ%ﬁ%g%rﬁ_ 89&9@@@%8@@ Tnggé’gﬁgned to a
si ngl e i ndiots aseemblercpAiNPrPiEie chpias, fFOPENts ALProtsis: RAlYPertijes %'l@?ﬁ%ﬁdean?rque

mar kefg pepégrides. DESCRI PTION OF THE DRAWNGS Fig. 1: Cation-exchange
chromat ograns of anti-RhD reconbi nant pol ycl onal antibody (anti- RhD rpAb)

conposi t i oLy fFRRAkld YRSin3REG e sh R Rua M PibePorEsdifichtll frétvial Wiith cahhe

| ower 25 di agram corresponds .to aliguot 49 an h r o aliquot
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ﬂi f f eri ng rdrRctiBibiehdtBeeRstsibn i & palptiinaiantteiedivesn appesardrogertingrige

et erqQgeneous. Fig. _2: NI i | N fodei gaMI IS, on RT- PCR
produg dé’P&@gﬁ)d?ggﬂﬁzﬁ%eﬁ_? géﬁ%@@%ﬁoﬂ%ﬁ%@%%%& Itg:éihﬁr+otsn§€éla§1+ and 3949+
(FOWD65) prosersiop ﬁ@chaaﬁtwnfmmﬁmeaqu"ﬁupf%}é‘ﬁw“&'”%uPWF%ti on. Bands

whi ch can be assigned to specific clones are identified. Fig. 3: T-RFLP
patterns Ohe gnhiuRnegoark® mnﬁdd@bdgscniﬁeghmumh%ﬁ@eﬁtidéﬁﬂéﬂi%wg?@ﬁﬁ? cel |

cul Fgrg. Q%rlﬂaf}_)%%éi&g%fecﬂ% in;jﬁmDawrﬂébbéM &ty @hygidhal @rdiéinr Bietpepiics aftheausbl .
ant i bodi es. e, el i r ent - Rhe \Y ssd gned to
'he. peaks SEIREAPEoly ST ToNET el abber s seuExFiintd %;f%?%ﬁe@'?% o 4
T- RFLROpamhish gan losf UnaibiouperbsRRsTITecHiat ok nHddNA) mepberonfag Pa¥o8ahPEYFBns f r om
a pol ycl apaderrtel dnique Iniavikee peptleessi ng anti - RhD rpAb with twenty-five
different anti-Rhesus D antibodies at a given tine point. The twenty-five

different anti-Rhesus D clones have been assigned to the peaks indicated

Fig. 1: Cation-exchange chromatograms of anti-RhD recombinant polyclonal antibody (anti-
RhD rpAb) composition from aliquots 3948 and 3949 after 9 weeks cultivation. The lower

25 diagram corresponds to aliquot 3949 and the upper one to aliquot 3948. The Y-axis of the top
diagram has been displaced in order to separate it from the lower diagram, Peaks A - J
comprise antibodies differing in net charge and Individual antibodies appearing charge

heterogeneous.

Fig. 2: Gel picture showing Hinfl RFLP analysis on RT-PCR product derlved from the
30 polycional cell line aliquots 3948+ and 3949+ (FCWO065) producing anti-RhD rpAb after 11
weeks of cultivation. Bands which can be assigned to specific clones are identified.

Fig. 3: T-RFLP patterns of anti-Rhesus D antibody light chains from a polyclonal cell culture
expressing anti-RhD rpAb with eight different anti-Rhesus D antibodies. The eight different
anti-Rhesus D clones have been assigned to the peaks indicated by arrows.



5 Fig. 5: cDNA distribution estimted by T-RFLP of eight different

anti - Rhesus D heavy chain encoding sequences froma pol ycl onal cell
culture which was cultivated for five weeks. Fig. 6: Shows the relative
content (9% of an anti-RhD rpAb with eight different anti bodi es anal yzed
using cation-exchange chromatography. Integrated chronatographi c peaks were
assi gned t WO e/97&§4al anti bodies fromthe retention tl’ K054k
patterns obtained from 10 single antibodi es anal yzed I ndividual ly using
cati on- exchange chromat ography under identical conditions. Fig. 7:
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to HP C n F t file from
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overl ay ofoddit@ns§dD280 | EX chr omat ogram obt ai ned on an anti-RhD rpAb with
twenty-five individual nenbers, with ELISA data obtained fromthree

I ndi vi dualggELl %on%@ab{&@&r&ﬁaw&a&@aﬁaﬁd Rh@llr;%m tn&&ylfd@&aPﬁE%Z PEP202
and PEP305 he ELIS gses 4 (%E %ing g k5§?2 gctl on_obt ai ned by
the ion-e bsé:mé‘h?ﬁﬂ 59 5‘6?‘%/6 STV SRS HATH hor Ferd 7éd to % of
total OD kntiwdigediffednainket thaegetand dnliviRiupiSatihedies\AEPEErnG cmw?rogqvewzsez and

PEP305, respectively, conparable to each other. WD 2006/ 007853
PCT/ DKBO0%/g080E (ebn mBoffié fijom hatidihewbarigh ehrdiratogrdphy bfonreodmititent pblydenatent i nel

anti bodi e arhh aﬁm&%m @%n&m&ﬁﬂémb@s TWE |£&é=r§ %@kaiﬁ%'eélls‘éﬁ&b&@d {d ke points

during fernentati on. corresponds to day 8 after inoculation of the
bi oreactoﬁPL(ﬁl'@thefﬂ°°nﬁﬂ@§”aiaTa of three cell lines stained wth PEP202
tetramers. (A) shows the PEP202 5 negative cell |line RhD162. (B) shows

cel | |ine FRIDBOOWS aneluifan)praffipifigm KP4 /i KkediprBafropdig- 8. | i nes RhD162 and

Rhd202 (corresponding to mx a in the experinent). The first panel in A B
and C showigt he: $FSEs 30 Ltabmpbartosal anhigsie o rekemibiteat gelydlong! drdirRHD antibgdvand

heal thy cg; Aﬁelpﬁ§:@|9ual%rr§:'eéev&fa§@d ol 2B dtb - rﬁa%ﬁ@pres-ghl%d M é‘ﬁa%gr amin

the mddl e depicts the fluorescence intensity of cells. The gate
surrounds 5t tetrarrer stained cells. The final

Fig. 11: Shows an elution profile from a strong cation-exchange chromatography of an Asp-N
digest of purified L.C from a recombinant polyclonal anti-RhD antibody with eight individual

members. The bold horizontal line indicates fractions subjected to MALDI-TOF analysis for the
25  identification of marker peptides.

Fig. 12: Shows an overlay of the ODagp IEX chromatogram obtained on an anti-RhD rpAb with
twenty-five individual members, with ELISA data obtained from three individual ELISA
analyses using the anti-idiotype peptides PEP162, PEP202 and PEP305. The ELISA analyses
were performed on each fraction obtained by the ion-exchange chromatography. The ELISA

30 data are normalized to % of total OD in order to make the three ELISA assays with PEP162,
PEP282 and PEP305, respectively, comnparable to each other.,



10 panel shows the percentages of cells in R6 used in the cal cul ations.

Fig. 15: Cation-exchange chromatography profiles show ng sanpl es taken at
different stages during down-stream processing of an anti-RhD rpAb sanple
containing 25 individual nenbers represented by material colleted

foll ow ng capture elution (A), Sephadex G 25 (B), DEAE-Sepharose (C), and
VEP Hyper cO 70p¥007858 Fig. 16: | EX profiles of three rePFEREHOPIE

monocl onal anti-RhD anti bodi es showing ¢ hree different charge patterns.

(A) honogeneous, (B) "3 peaks” pattern (C conplex pattern. Fig. 17: IEX
anal ysis of RhDI8 nd, t he nu e i ndi ng
activity &f éauS]FW st 3%5%% na- sptn%n& a%g,gggﬁtﬁtag?l@ gﬁzR%%lsgg Q:BI ndi ng
of the antiffeouit el-!itl\tatJOWDe posistduvies @f@?ﬂﬁ?%y?%é‘”{ﬁée‘“ﬁ'ﬁé‘é% % FACS and the
mean 20 flijRnessenae bistkgnrsity (M) is shown as a function of t he anti body
concentration. DETAILED DESCRI PTION OF THE | NVENTI ON An aspect of the
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protei ns. shhe shbkrRAserdscadot @lﬂtsplrv&ér%cmna thanatre fusieth mddssldyselt Habet ent
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for one ofpahdiehdval thepéramiques poeisini B tsed tetheratiulrdionhe rel at i ve
representation of the individual nenbers or sone of the individual nmenbers
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relative p rent sanples
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may be corRfdEsgrhdress (Fhend i"'l??é‘?/@erﬁf] (Rlect ors originally used to generate the
pol ycl onal _manuf acturing, cel The ¢ I S
parti cdl arfiy 1&5@(&"&#\'% g”'ﬁeb'fﬁpfe(g?q%ﬁt °n° gﬂ%%t?%ﬁ&%tlbg@egé@h g tmeb
cell line wfrthrcharn@pattemseé@rnomoawow (‘P)rf'ém@i"ﬁ apttapm (Ebefff}"ré@‘?@é%m
PCT/ DK2005/ 000504 9 proteins in a polyclonal protein produced by the cell
| i ne. Bot hrg.he: mxrHaeigsis dficmalies tabihkintugatediGluivagant ®8P¥8ual producti on runs
and the batch-to-batch consistency can be nonitored. Alternatively, the

platform pl{[]oql%d BhdiRg S&ﬂatglﬁs&u 9§rla¢ﬁ? Rhb RBE! Rl LbumIARASHD 831 Birding

di ff t |
mI Xt 5; gnofo f&h |g% &5 13 R %]Bvederét%rocyfes ‘Naglnlég%upe% b% ﬁ@éég%ﬁﬁtﬁpggge; gr (r)nr a

st abi 13% y fhioraseracs WEEAGATAL) 1S FRABAS fi"hc lg'ﬁgﬁgga@gﬁ% STon. “tne enmbodi ment

of the present invention is a procedure for character|2|ng sanpl es

conpri si ngpElAfErnESCRIRDION QTHSINVENTI®NNSs havi ng di fferent variabl e regions
or the cells producing such proteins, such that information is obtained
W th respegt adpsctiohthelpdsait iv@nbiéh iptopovite o platfornpfoe steurtwalofhatabierization W dual

menber s Ofob%g}li'l g\f&?‘anttic%l With ggpe%i the ﬁaﬁ'&ﬁ:@g ipl%gortion of individual members in samples
comprising (i) different homologous proteins having different variable regions or (ii} the cell
25  lines producing such proteins. The characterization platform can be used to assess different
aspects during a praduction or purification process or during long term storage of a
compasition comprising different homologous proteins. Preferably, the characterization
platform of the present invention is used for one of the following purposes i) to determine the

cl onal

relative representation of the individual members or some of the individual members in

30 relation to each other within a single sample, Ii) to assess the relative proportion of one or
more individual members in different samples for determination of the batch-to-batch
consistency, and ili) to evaluate the actual proportion of one or more individual members.
Optionally, this may be compared with the library of vectors originally used to generate the
polycional manufacturing cell line. The characterization piatform is particularly useful in

35  monitoring the clonal diversity of a polyclonal cell line and/or the representation of individual



sequences, said procedure conprising analyzing aliquots of said sanples by
one or nore protein characterization techniques and/or by one or nore
genetic anal yses of the protein- encoding sequences. In a further

enbodi ment of the present invention the structural characterization
platformis 15 conprised of a nunber of analytic techni ques selected from
prot ei n chMO=29060788at i on techni ques as well as genetikC NEWEN4Thus, the
structural characterization platformcan be conposed of any nunber of the
i ndi vi dual enbodinents described in the follow ng sections. It can be
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field of ep?@!@éﬁﬂl@@cefsor characterizi ng unknown proteins such as i)

chromat ogr aphi ¢ anal yses which separate proteins according to
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anal ysi s speci ect or S 0 ins.
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i ne e sentine antitatiyvely an [ vely
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i ndi vi dual fbers of
In preferred embodiments of the present invention one analytic technique is a protein

characterizatlon technique and another analytic technique is a genetic analysis,

The genetic analyses refer to techniques such as restriction fragment length polymorphism
30  (RFLP) analysis, terminal-RFLP (T-RFLP}, microarray analysis, quantitative PCR such as real-
time PCR, and nucleic acid sequencing.

The protein characterization techniques refer to techniques generally used within the field of
proteomics for characterizing unknown proteins such as [) chromatographic analyses which
separate proteins according to physico-chemical properties, ii) analysis of proteolytic

35  digestions of the homologous proteins, i) “buik” N-terminal sequencing, and iv) analysis
using specific detector molecules for the homoelogous proteins.



t he honol ogous proteins, e.g. such as anti-idlotype nolecules. The senti nel
protein concept can further be applied to asses the consistency between
different cell culture batches. The concept of sentinel proteins can be
extended to uni que peptides derived froma polyclonal protein by protease
treatment, such sentinel peptides preferably contain a part of the CDR if
15 the pol Y ¥ae7§58otein is a pol ycl onal antibody or TeHDPEXEPAIIES
performed at the genetic level can algo apply the sentinel principle,
based on unique nucleic acid sequences fromindividual nenbers of the

l'i brary encoding for the polyclonal protein. . L ; | eic acid
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ayat em T of e B B o By ey al Uat | ng

t he quant paRylagsn Efequ@iné%c%ﬁ%Htgi £ "%Sterga”rﬁi ﬁ%ﬁﬁla%rmm;%eﬁgeﬁgtﬁg go%o}fcl onal
protei n apayaimal ded cuifRiAo] entbe sellkgycfae d1ging Brodraian g FaNtinehRIRIEEF $4F t he

pol ych?nagxap,rpqgl?é dhal Ed.gi L%id@i?hétdaﬁalg mbmcfueg @mcmr‘eysm:ifmgﬂm?\yz@énpnﬁers logvel

using for_exa e or T- L Nt AL Brotdie bdhaégray

anal ysi s, tfﬁﬁ’ﬁ%{g’loﬁ?ﬂg’l p\F‘Jetemf’a'-?'s@Ec asgégar%gﬁly-ﬁ? Prgngb%%R: and :Q.UEL eEiIc ame%
sequenci ngerdirtadrde\aaplied 5 asseeie SAZSIHINCY REWGEhETYE tscgﬁﬁ‘é LRI al hed from

t he manuf agceptiongentinéllprdttinecaniletearanded toeinigue persidsatrsivedfrpmiauabsiopdn  be
Ve Ll HEh R SR sl sy st o |
Toni t 8F o erPoYAER SEHBD A RO oTT T actY & g ARy et dored at HeUeinel el ¢

di f f er ent cdri are oiyrthe saitingl mgntitle heatd IniidUSMUEFe PEH FeANBRReE FPTARAVITHR
relative Rl.aRektd MSibrdry tSdihg thir vhalbicnRgesteingingaeitelac te ubrioagtiout t he

duct i 35 t t ' | iJ it Ye i , th
e e e IR A it Yo sy astinl (1

f% PO éc nal _pr otein can be mgglgror ed on
sanpl es obtagineck saayences sk eiisterisd i e GRRPF reglant Thee N RIS BERSETY 'cul ar
time pgi NhubihebadYeqivites My Ny fdrehe Bbiatduslengyipbietinguss, sepetding onididki dual

encodi ng seauences, i di he hefeid RiPRaemsedatednd i9-dabeh vari ation.
WO 2006105’?@%?“!%%%&%8&%%%%%13}%11 Pr éf e;abﬁy t%e sarlrplle used in the

genet i ¢ adigtigauished with thegelected PRUYTS F2% P'on enriched for the cells of the
culture, e.g. by precipitation. The sanple Is generally obtained by

har vest i ngFemetit paslysespfdhe clogatdiversityiof amelysgfona! ﬁ’éﬂ'?’éé" fﬂgrfé?’g nt

foll owed by renmoval of the medium for exanple by centrifugation. Sanples
f or conparnh $éfie ofblmhahs dfahd atesdnt torsiost teeplvelprality ipuﬂ@ﬁ&f&ﬁ%ﬁ) syBeBfNed from

cell's at ”Poedukib%itpolﬁlaénail Eroi’éir’? & Shdmfbred 8@ v @iting ecushtitp Bf celRbrlDAitg RIFEP RFLP

d T-RFLP f h ] : . NA
Fovel . heRriRsg BEEr AT v era an/b e AT ee*“é‘ﬁf*é’}%?&@“‘?‘dgﬁ t hat

each cel | rosmhbercofthapoisiconleretsipy Ti$ may be monitored at the mRNA or genomic leve
using for example RFLP or T-RFLP analysis, oligonuclectide microarray analysis, guantitative

PCR such as real-time PCR, and nucleic acid sequencing of the variable regions of the gene
30 sequences obtained from the manufacturing cell line. Alternatively, the same techniques can
be used qualitatively to demonstrate the diversity of the polyclonal cell line. The nucleic acid
sequences encoding the polyclonal protein can be monitored on samples obtalned from a
single polyclonal cell culture at different time points during the cultivation thereby monitoring
the relative proportions of the individual encoding sequences throughout the production run
35  to assess its compositional stability. Alternatively, the nucleic acld sequences encoding the
polyclonal protein can be monitored on samples obtained from different polyclonal cell
cultures at a particular time point thereby monitoring the relative proportions of the
individual encoding sequences in different batches to assess batch-to-batch variation.
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In a polyclonal manufacturing cell line with a large diversity, it may not be possible to obtain
a unique restriction fragment for each individual encoding sequence. If such a situation
arlses, sentinel nucleic acid sequences can be selected for monitoring the clonal diversity of
the polyclonal manufacturing cell line. Alternatively, the fragments which cannot be

30 separated according to size may be sequenced in order to asses the distribution of all the

individual encoding sequences.
Oligonucletide microarray analysis

Oligonucleotide microarrays, such as DNA chips, can be used to measure genomic DNA levels
or MRNA levels in a polyclonal cell line by measuring hybridization of labeled DNA generated
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Speci fic m@géox@;m the Felgvepk encoding sequences. When using total RNA or mRNA it is
possible to obtain labeled cDNA by reverse transcription elther alone or combined with a PCR
step using labeled primers or nucieotides. Suitable labels may provide signals detectable by
30 fluorescence, radioactivity, colorimetry, X-ray diffraction or absorption, magnetism or
enzymatic activity and Include, for example, fluorophores, chromophores, radioactive
isotopes (particutarly * P, P, 3°S and **°I), electron-dense reagents, enzymes, and ligands
having specific binding partners. Preferably, a fluorophore is used as label. Where the
encoding sequences to be analyzed are antibody heavy and light chains first-strand cDNA is
35 prepared by reverse transcription by priming with anti-sense primers situated in the constant
region 3’ to the variable region. If no additicnal PCR is performed the synthesis is preferably
performed with labeled nuclectides. If the reverse transcription is followed by PCR, a series of
sense primers are applied which ensure that all the families of the variable regions are



Quantitative PCR 10 PCR nmet hods have previously been adapted to provide
both detection and quantification of nucleic acid sequences in a sanple,
see for exanple H guchi, R et al. 1993. Kinetic Biotechnology 11,
1026-1030; Holland, P.M et al. 1991. PNAS 88, 7276-7280; Livak, K. J. et
al . 1995 PCR Met hods Appl. 4, 357-362. These net hods enpl oy forward and
reverse pr WfE86/0053 | n st andard PCR pl us one or nore aga Kﬁﬁﬂwmﬂﬂcleic
aci d sequences that hybridize to the 1%3nucleic acid which shaII be
anplified. This additional nucleic acid sequence, terned a "probe",
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non- speci féuﬁta@[@ﬂbl&i@ irr?a@%i‘d?tfbe signals detectable by fluorescence, radioactivity, colorimetry, X-
ray diffraction or absorption, magnetism or enzymatic activity and include, for example,
fluorophores, chromophores, radioactive isotopes (particularly ** P, P, **S and 157y,
electron-dense reagents, enzymes, and ligands having specific binding partners. Most

30  commonly, the label for the probe is a fluorescent fabel which provides a fluorescent output
signal. This may be achieved by providing a probe which is double-labeled with a fluorescent
reporter dye at one end, typically the 5' end, and a quencher dye at the other, the 3', end
(e.g. Livak, K.J. et al. 1995 PCR Mathods Appl. 4, 357-362). When the probe Is intact, the
proximity of the quencher dye to the reporter dye suppresses the fluorescence of the reporter

35 dye. Suitable dyes are reviewed In Wilhelm, J. and Pingoud, A., 2003, Chembiochem. 4,
1120-1128. During each PCR cycle, the 5'—3’ exonuclease activity of a DNA polymerase




is not detected. Only anplified products that contain the sequence
conplenentary to the 10 probe are recogni zed by the presence of the
fluorescent signal, thereby elimnating certain elenents related to the
anal ysis of false-positives. Additionally, one or nore other enzynes may
be utilized to help limt the anplification of carry-over transcription
products. W0 0e9630f quantitative PCR permits the noPHFEPEKMEPWHof
pipetting errors and volunme changes, (yhich nay be done by dividing the
reporter fluorescence by a passive reference, 15 contained wthin each
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Nucleic acid sequencing
30  Nucleic acid sequencing is a well known technique, which can be utilized with the present
invention to provide qualitative information with respect to the diversity of a polyclonal

manufacturing ceil line, The sequencing can either be performed on single celis derived from

the polyclonal cell line by single-cell cloning or on an unprocessed sample of varlant cells

obtained from a polyclonal manufacturing cell line.
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30  protein. In this procedure a sample from a polyclonal manufacturing cell line is obtained at a
desired time point. RT-PCR is performed directly on the lysed cells within the sample. The
primer set applied for the RT-PCR reaction is designed in such a way that it will be expected
to amplify all the encoding sequences with the same efficiency if the sense and anti-sense
primers hybridize to regions that are identical in all mRNAs (e.g. a sense primer in the 5°
35 untransiated region or in the signal peptide encoding sequence and an anti-sense primer in
the constant region sequence can be used). The amplified PCR fragments are cloned into a
sequencing vector and transfected into a host cell, preferably E.coli. Plasmid DNA from single
colonies representing an individual encoding sequence from the polyclonal manufacturing celt
line is sequenced, the proportion of the individual encoding sequences obtained will reflect
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monoclonal proteins, or a polyclonal protein. The polyclonal protein can for example be
derived from a cell culture supernatant obtained from a polyclonal cell culture, e.g. in the
farm of a “raw” supernatant which only has been separated from cells e.g. by centrifugation,
or supernatants which have been purified, e.g. by protein A affinity purification,

30 immunoprecipitation or gel filtration. These pre-purification steps are, however, not a part of
the characterization of the recombinant polyclonal protein since they do not provide any
separation of the different homologous proteins in the composition. Preferably, the sample
subjected to the characterization process of the present Invention has been subjected to at
least one purification step. Most preferred are samples which comprise 90%, 95% or 99%

35 pure homologous proteins.
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a) Ion-exchange chromatography

In embodiments of the present invention ion-exchange chromatography is used to separate
individual members of a recombinant polyclonal protein or a sub-population of individual

30 members of a polyclonal protein. The separation by ion-exchange chromatography is based
on the net charge of the individual proteins in the composition to be separated. Depending on

. the pI-values of the recombinant polyclonal protein, the pH values and salt concentrations of

the chosen column buffer, the individual members of the recombinant polyclonal protein can
be separated, at least to some extent, using either anion or cation-exchange

35 chromatography. For example, all the individual members of a recombinant polyclonal protein
will normally bind to a negatively charged cation-exchange media as long as the pH is well
below the lowest pI-value of the individual members of the recombinant polyclonal protein



exchange chromat ography are comrercially avail able, b) Chromatofocusing 10
In further enbodi nents of the present Invention chromatofocusing is used to
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¢) Hydrophobic interaction chromatography

In further embodiments of the present inventlon hydrophobic interaction chromatography is
used to separate individual members of a recombinant polyclonal protein o a sub-population
30 of individual members of a polyclonal protein. The separation by hydrophobic interaction
chromatography is based on differences in hydrophobicity of the individual proteins in the
composition to be separated. The recombinantly produced pelyclonal protein is bound to a
chromatography media modified with a hydrophobic ligand in a buffer that favors
hydrophaobic interactions. This Is typically achieved in a buffer containing a low percentage of
35  organic solvent (RP-HPLC) or in a buffer containing a fairly high concentration of a chosen
salt (HIC). The individual members of the bound recombinant polyclonal protein will
subsequently be eluted from the column dependent of the hydrophobiclty of the Individual
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medium. The assay can be designed with one epitope per column or several different
epitopes per column, thereby altowing for characterization of the recombinant polyclonal

30  protein mixture with respect to the distribution of individual members towards the particular
epitopes. Alternatively, the complete antigens or target molecules can be Immobilized on a
chromatographic medium.

Affinity chromatography with anti-idiotype molecules (e.g. anti-idiotype peptides or anti-
idiotype antibodies) which specifically bind to individual members of a polyclonal protein or a
35 sub-population of such individual members can be performed to obtain information with
respect to the relative proportion of selected members of the recombinant polycional protein
(also termed sentinel proteins), or a sub-population of individual members. Ideally, each
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Depending on the complexity of the variant homologous proteins in the sample to be
analyzed, e.g. a recombinant polyclonal protein, it may be desirable to combine two or more

30  of the chromatographic techniques described above in a) to d) in a two-dimensional, three-
dimensional or muitidimensional format. It is prefetred to use liquid chromatography in all
the dimensions instead of two-dimensional gel electrophoresis. This does, however, not
exclude the use of gel electrophoresis or precipitation techniques In one or more dimensions
for the characterization of a recombinant polyclonal protein,

35  Ligquid two-dimensional chromatography has been described In for example Lubman, D.M. et
al. 2002. J.Chromatogr.B Analyt.Technol.Biomed.Life Sci, 782, 183-196; WO 01/58925 and
WO 01/58926. The method has been used to compare protein expression of healthy cells and
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chromat ography is used for the characterization of different honol ogous
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dimension and affinity in the third dimension. However, some chromatographic techniques

25  can provide additional separation when used in a subsequent dimension, even if they exploit
similar physico-chemical properties of the protein. For example additional separation can be
obtained when chromatofocusing is followad by ion-exchange chromatography or affinity

chromatography with different figands succeed each other.

Table 1 lists up to five dimensions, in which chromatographic techniques can be employed as

30 a part of the characterization platform of the present invention. This should, however, not be
considered as a mandatory number of dimensions. If a sufficient separation, to characterize
the recombinant polyclonal protein, has been obtained after one, two, three or four
dimensions, the remaining dimensions can be omitted. Hence, if sufficient separation is
obtalned with ion-exchange chromatography (IEX), it is not necessary to perform

35  chromatofocusing, RP-HPLC, and so forth. If on the other hand five dimensions prove
insufficient, additional dimensions can be added. Further, Table 1 should not be considered as
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25  introduced during transfection {Harris, J.R, et al. 1993, Bictechnology 11,12983-7) and
crossover events between variable genes of heavy and light chains during transcription (Wan,
M. et al. 1999. Biotechno! Biceng. 62,485-8). These modifications are epigenetic and thus not
predictable from the genetic structure of the construct alone.

Some of these post-translational modifications which may result in heterogeneity may be

30  dealt with prior to characterization. Charge variation arising from enzymatic removal of C-
terminal lysine can be solved by the use of specific carboxypeptidase inhibitors or treating
the antibody with carboxypeptidase to simplify the overall pattern (Perkins, M. et al, 2000,
Pharm Res. 17,1110-7). Size variation arising from differences in the glycosylation patterns,
may also be dealt with by enzymatic deglycosylation using for example PNGase F, Endo H, O-

35  Glycosidase or Neuraminidase.
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tools, which are based on the physico-chemical property net charge, e.g. IEX
chromatography and chromatofocusing. The formation of N-terminal PyroGlu residues is
eliminated by ensuring that no polypeptide chain contains a N-terminal glutamine, e.g. by

2000.

30 changing said N-terminal glutamine residue to another amino acid. If the protein is a
heteromeric protein composed different sub-units, preferably all N-terminal GIn residues are
exchanged for other residues. For antibodies Gin residues at the N-terminal of the heavy
chain and/or the light chain are exchanged. This is done by site~directed mutagenesis of
nucleic acid sequences which encode polypeptides with an N-terminal glutamine. Preferably,

35  the N-terminal glutamine residues are replaced by glutamic acid residues, since this is the
uncharged derivative of giutamine. In a recombinant polyclonal protein, the individual
sequences encoding for the members must be changed and re-inserted into an expression
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unique marker peptides is based on an analysis of the protein sequences constituting the

sample of homologous protein. Generally, the proteases or a chemical campounds should

cleave at defined sites in the protein with high specificity. Such cleavage-specific proteases

are well known in the art and can for example be trypsin, endo Glu-C, lysyl endopeptidase,

30 endo Arg-C, endo Asp-N or endo Asn-C. These are merely examples and should not be

considered as limiting to this embodiment.

When a polyclonal protein sample is digested with one or more selected proteases, a pool of
peptides originating both from the constant and the variable regions from all the individual
members will be generated. A proportion of the unique marker peptides will show differences
35  in their physico-chemical properties compared to the main population of peptides originating
from the constant regions. The unigue marker peptides can therefore be isolated using one of
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30 bis-acrylamide support with Azlactone groups) followed by centrifugation whereby the bound
internal peptides are separated from the acetylated N-terminal peptides, which are present in
the supernatant. Isolated acetylated N-terminal peptides can subsequently be analyzed by
one dimensional or multidimensional liquid chromatography combined with MS analysis as
described in the above. Alternatively, the N-terminals of the intact proteins are blocked with

35 acompound that allow for their specific separation and the internal peptides generated after
cleavage are acetylated or blocked with a second compound.
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peptides primarily from the variable regions.

The proteolytic digestion techniques described above can also be applied according to the
sentine! concept, by selecting sentinel peptides which can be characterized within a

proteolytic digest.
35  “Bulk” N-terminal sequencing

As described, N-terminal sequences can be isolated and used for fingerprinting a proteolytic
digest of a polyclonal protein. Alternatively, the N-terminal sequence can be sequenced
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Specific detector molecules can be used to characterize complex mixtures of homologous
proteins by, 1) allowing for determination of concentrations or relative proportion of one or
more individual proteins in a sample comprising a complex mixture of homologous proteins,
i} acting as an additional dimension in chromatographic analyses, iii) allowing for

30  determination of concentrations of individual proteins in samples obtained during
fermentation of a complex mixture of homologous proteins, and iv) allowing for
determination of individual protein producing cells in a polyclonal cell line, such as a working
cell bank or a bioreactor cell sample, expressing a mixture of homologous proteins. Step iv)
can either be performed on a polyclonal cell line or on single cells distributed Into single tubes

35 from a polycional céll fine followed by a subsequent cultivation period.

For generation of specific peptide-ligands capable of identifying individual protein members
within a complex mixture of homologous proteins, vast libraries of filamentous phage
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both applicable for isolating individua! protein producing cells from a cell culture.

30 Potentially, it is possible to generate specific detector molecules for each and every individual
member in a polyclonal protein to obtain a complete characterization. However, In order to
monitor the expression stability or batch-to-batch consistency, it is in accordance with the
present Invention enough to identify a number of individual members, so-called sentinel
proteins, within a recombinant polyclonal protein for guantitatively and/or qualitatively

35  characterization to ensure that this collection of individual protein members is consistently
expressed and purified in different batches of the recombinantly produced polyclonal protein.
This approach can in particular be used to simplify the characterization of a complex pool of
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homologous proteins having different variable regions are recombinant proteins. In addition,
it Is preferred that the individual members of a polyclonal protein or mixture of monoclonal
30  proteins have been defined by a common feature such as the shared binding activity towards
a desired target, e.q. in the case of antibodies or TcRs against the desired target antigen.
Typlcally, a polyclonal protein composition to be analyzed by the characterization platform of
the present invention comprise at least 3, 4, 5, 10, 20, 50, 100, 1000, 10%, 10° or 10° distinct
variant members. Usually, no single variant member constitutes more than 75% of the total
35  number of individual members in the polyclonal protein composition. Preferably, no individual
member exceeds more that 50%, even more preferred 25 % and most preferred 10% of the

total number of individual members in the final polyclonal composition.
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30 negative donors immunized with RhD-positive erythrocytes. The library was panned for anti-
RhD-specific antibody producing clones. Variable heavy and light chains gene pairs from
antigen-specific phages were transferred to a mammalian expression vector. The mammalian
vectors were transfected individually into CHO Flp-In cell line (Invitrogen, CA), in a site-
specific manner using the Flp-FRT recombination system. Nucleic acid (nuc.) as well as

35 protein (a.a.) sequences for the complete light chains (LC) as well as the variable region of

the heavy chains (VH) are identified by the sequence identity numbers {seq id) shown in
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ai, VHa~a|{RhP1g9C, a [oRHD18%/I81H0Y 2\ 4 seqid]/ P8 r Seq |154~n~ 3P dl L RhD157
RhD157. 119R431985 91 AMIIROBFORNhDIS8 RhD1589 11980 15% 92 1411204 D159
RhD159. 119868137 93! dviRoL0Be0RN D160 RhD1EO0A19C07 138 94 1502206 D161
RhD161. 119RA81539 95] Aplo20ikcoRh D142 RnD1620119G12 149 96 1523208 RhD163
RND163. 114 ﬁgglggl 97 Ap39@05n1 RNDLBY RhD1B%05 81E0] 142 98 1%47210 RhD190
RhD190. 119505, A3 99 ApRoZIbackN OIS RAD1910d 19E09 144 100 146 212 | RhD192
RhD192. 11908, A5 10125, ¢be10 RNEO6 RNDIYE, 126HIE¢49 105 461 217

RhD199 RhD199.164E03 | 52 108 164 220

RhD201 RhD201.164H12 | 54 110 166 222

RhD202 RhD202.158E07 | 55 111 167 223

RhD203 RhD203.179F07 | 56 112 168 224

RhD204 RhD204.128A03 | 57 113 169 225

RhD207 RhD207.127A11 | 60 116 172 228

RhD240 RhD240.125A09 | 63 119 175 231

RhD241 RhD241.119805 | 64 120 176 232

RhD244 RhD244.158B10 | 67 123 179 235

RhD245 RhD245.164E06 | 68 124 180 236

RhD293 RhD293.109A09 | 71 127 183 239

RhD301 RhD301.160A04 | 79 135 191 247

RhD305 RhD305.181E06 | 83 139 195 251

RhD306 RhD306.223E11 | 84 140 196 252

RhD307 RhD307.230E11 | 85 141 197 253

RhD317 RhD317.144A02 | 86 142 198 254

RhD319 RhD319.187A11 | 87 143 199 255

RhD321 RhD321.187G08 | 88 144 200 256

RhD324 RhD324.231F07 {90 146 202 258




RhD197 RhD197. 127A08 50 106 162 218 U RhD198 RHd198. 127F10 51 107 163 219
RhD199 RhD199. 164E03 52 108 164 220 RhD201 RhD201. 164H12 54 110 166 222
RhD202 RhD202. 158E07 55 111 167 223 RhD203 RhD203. 179F07 56 112 168 224
RhD204 RhD204. 128A03 57 113 169 225 RhD207 RhD207. 127A11 60 116 172 228
RhD240 RhD240. 125A09 63 119 175 231 RhD241 RhD241.119B05 64 120 176 232
RhD244 RnDYA2NEWEFS 67 123 179 235 RhD245 RhD245. 164E0EPEHIYYASM 30 236
RhD293 RhD293. 109A09 71 127 183 239 R§P301 RhD301. 160A04 79 135 191 247
R7hD305 RhD305. 181E06 83 139 195 251 RhD306 RnND306.223E11 84 140 196 252
RhD307 Rhgg%é%% OE11 85 141 197 253 RhD317 Rh0317. 144A02 86 142 198 254
RhD319 Rh “T87A11 87 143 199 255 RhD321 RhD321. 187G08 88 144 200 256

RhD324 Rh0324.231F07 90 146 202 258 WO 2006/,007853_ P 00504 33
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production Ten ce i nes each expressing a distinct reconbi nant

ant i - Rnes@&9EFt%At i body from a specific site on their genone
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and 10 RRER2OHHHLR234Q%e (ADEsE eloeat othDa Al 1 n9BO6ARHIN.50 ANSRGIL BIWDEL6L HASEDS,

reconbi ”a%n?%\i\%z%ﬁ’?adhpg?& W6t WHp?61. ¢ Rcbs | AR 02 RIHHR/ Ry R RRI%nwer €
Lanbda cl ones er eds e remaining  were Kappa clones., After the cell
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adapt ed t gnangREtuRnd tetidina.lRDe BB BrohRIOOE weee lambdh gikess viHerssk Setra@yinii@r e mi xed

i n equal Qﬁe'%K OBEhes. t hereby 15 generating a polyclonal CHO Flp-1n (019
cell Iine. eaﬂ)#l xedescel | culture was centrifuged and P ( )

After the cell cultures expressing the individual anti-Rhesus antibodies were fully adapted to
serum free suspension culture In shaker flasks they were mixed in equal cell number, thereby

15  generating a polyclonal CHO-Flp-In (019) cell line. The mixed cell culture was centrifuged and
frozen down in aliquots of 10 x 10° cells/tube.

Two tubes (3948 FCW065 and 3949 FCWO065) were thawed and cultured individually for 11
weeks In 1000 ml shaker flasks containing 100 ml Excell302 serum-free medium with

neomycin.

20 The supernatant was harvested and filtered prior to purification of the anti-RhD rpAb.

Clonal Diversity

‘The clonal diversity was assayed both at the protein level as well as at the mRNA level. The
supernatant sample used to analyze the antibody composition was taken after 9 weeks of
cultivation, whereas the cell sample used to analyze the mRNA composition was taken at the

25 harvest after 11 weeks of cultivation.

Antibody composition:
The anti-RhD rpAb expressed from the polyclonal CHO-Flp-In {019) cell line is an IgG1
isotype antibody. Anti-RhD rpAb was purified from both allquots (3948 and 3949) using a
column immabilized with Protein A. The individual antibodies interacted with immobitized
30  Protein A at pH 7.4, whereas contaminating proteins were washed from the column. The
bound antibodies were subsequently eluted from the column at low pH value (pH 2.7). The
fractions containing antibodies, determined by absorbance measurements at 280 nm, were
pooled and dialyzed against 5 mM sodium acetate pH 5.



frozen down in aliquots of 10 x 106 cells/tube. Two tubes (3948 FCWG65 and
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25 final anti-RhD rpAb composition.

Table 3

ThlsAb is aISo present in peak B

10 2 RhD157 This peak represent at least three
RhD159 different Ab's
RhD192

5.3 RhD191

0.8 (RhD158) Not actually assigned to this peak, but

it is likely to be. RhD158 may also be
represented in other peaks.

'E.: ) 10.9 14.4 RhD204
E. | 24,3 23.0 RhD197 This clone split into several peaks, due’
G . -.]136 12.5 RhD197 to heterogeneity.
‘H
2
3

§. 44 3.3 4.0 RhD197

v a1 14.0 13.7 RhD161
Goi) 1005 10.5 RhD163




in some of the other peaks due to heterogeneity. In particular the antibody
product from 20 cl one RhD197 shows a hi gh degree of heterogeneity in the

| EX profile. The RhD190 Ab should have been visible at a retention tine of
15.3 mn. However, it was not detectable, indicating that this clone was

| ost or al ternatlvel y produced in anounts below the limt of detection in

t he reconbMPM06/WHSycl onal manufacturing cell |ine. ThECTBEWIYI0XEone
RhD190 corresponds to a 10%reductionszef diversity which is considered
acceptable with respect to di verS|ty of the 25 fi naI anti - RhD r pAb
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(RhD158) Not actual | y assigned to this peak, but it is likely to be.
RhD158 may al so be represented in other peaks. 10.9 14.4 RhD204 F 24.3
23.0 RthQ,?RN'NHoa]psc_l,.m,e split into several peaks, due G 13.6 12.5 RhD197 to

het er Ogeng-g? ng%aEg&gr%g\{swijc% Zl'f(e%ém@*al clio- ~Elp-In QOQQFcleQnéA%%}%%em 2006/ 007853

PCT/ D1S20 IJ 48" 3949
oo~ cultivatiop was pstynqteq by RT ﬁC%,BFhP gna y%ﬁ %éneﬂy, Icelg;%s%e&smas co.rrespoQa Thl s
Ab was 5not20d etlBcteedsubidRiNA te o ieasHthéw procdduee @ridghede irbiatee mere ysedias tamplathe

pol ycl Onallfﬁ%EhQSlh%F(lQ%QéP ﬁ'ﬁbéR et gﬁ g%fq Rith érlmé’@@‘ﬁ%f?lﬁg ttﬁ“el»llghﬂ MAlhl B Was

esti mat ed é\ LP anal ysi s. y, cell suspensions correspondi ng
to 5 200 PEBIT EFUENE° KHj ected to a freeze-thaw procedure and these |ysates
wer e used Fasvareprphert &8'-TE CATFTEAATFEUETRE (IFTRICNEP) RT- PCR kit (Q agen) with

primers amalédypiert beaddghtcabadrecchbecemnd (BeQ IDeUENces were: Forward
prinmer: 5" -TCTCTTCCGCATCGCTGICT (SEQ I D NO 1)

10  The RT-PCR products were digested with HinfT and analyzed by agarose gel electrophoresis,
visualizing the restriction product with ethidium bromide staining (Fig. 2).

The expected size of the restriction fragments obtained by HinfI digestion of the RT-PCR
amplified light chains are shown for each individual clone In Table 4. Six unique fragment
sizes on the gel, which could be assigned to individual members of the polyclonal anti-

i5 Rhesus D antibody encoding genes, are indicated in bold. Not all unique fragments could be
identified on the gel, these are indicated in italic. This, however, does not necessarily
preclude that these clones are actually represented in the culture, since the fragments may
either not have been separated sufficiently from other fragments to be identifiable, or
alternatively that the concentration has been too weak compared to the stronger appearing

20  bands. This may be more pronounced for shorter fragments, since they bind a smaller
number of ethidium bromide molecules and therefore are less visible.

Table 4
CRhD.# ¢ |57 g ] 159 [ile Tl d00t a0k il"i93) i 197 5204
825 | 671 505 696 . 502 475 671 521
Hinfl 138 138 320 138 191 268 149 167
fragment | 76 126 138 126 138 138 138 138
size 76 77 76 126 85 76 88
22 76 76

The two aliquots (3948 and 3949) of the same polyclonal cell line, showed a simiiar

25  expression pattern in the gel, although the intensity of the bands were not completely
ldentical. This indicates that aliquots of the same polyclonal cell line grown under identical
conditions will produce anti-RhD rpAb with a similar clonal diversity.



Reverse prinmer: 5'-AGGAAAGGACAGTIGGGAGIGECAC (SEQ ID NO 2) 10 The RT-PCR
products were digested with H nfl and anal yzed by agarose gel

el ectrophoresis, visualizing the restriction product w th ethidium brom de
staining (Fig. 2). The expected size of the restriction fragnments obtained
by H nfl digestion of the RT-PCR anplified Iight chains are shown for each
i ndi vi dual “Q BAEPF3 Tabl e 4. Six unique fragnent si zeBCHREIREOGI which
coul d be assigned to individual nmenbergg of the polyclonal anti 15 Rhesus D
anti body encodi ng genes, are indicated in bold. Not all unique fragnents
could be _identified on the gel, these are indicated in italic. This,
however , AYRL Kot necessarily preclude that these clones are actually

represented in the culture, since thg frﬁﬁ)ner%s ma%/ eietdq;%rdplo@o have been
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al t er nat i geleyate Amentt-Red gohoemtiguiioncdidise beidh afisno weeke of swiatiedstlo t he
fst ronge[ %Qﬂ%éd%g@& th@mgﬁl dVdMEIE, PR 1 EndERS 6F IIOADA EreNA f;@'ﬁ si_stgmretealt |
ragnments,, sinc ey bin S r i e nol ecul es
hnd L har ofai g br Sty BOR e en QAR B ated s R K BT G, O, €1 20
161 163. erapreseiggd injthe barghat 3ppreximatelyR0Lp. 825 671 505 696 505 502 475 671
743 521 Hinfl 138 138 320 138 166 191 268 149 138 167 fragnent 76 126 138
126 154 188 thdRhdr3Bo8BqubB&of tisd potycipBal THO7Bp-1BE130@!IdBesrhoned g@ilaryesuits 76 76
The two atzvl gp&b@c‘t@@g&%l @iogfsi%gﬂﬁétr&és fhBEresRBEINO ¥ @tsanAlbe 6Blalnet beteershowed a
simlar § exPre sion pattern in the gel, although the intensity of the
bands wer &fREP %%ﬁf'et ely ldentical. This Indicates that aliquots of the

same polyclonal cell |line grown under identical conditions will produce
anti-gRhD epApwisth a simlar clonal diversity. WO 2006/ 007853

PCTI DK2005/ 000504 36 Summary Ten cell |ines each expressing a nonocl onal
anti-RhD ant | body X%p‘?e it Gehslefe ?{a%%fer&&ionQ?QEEI%I&a%H%G[&dm RitE elghAb

manuf act ur i g Cal [ i'ne, which arter_9 WEieks of cult vt%l on ?tlelrcl.l

mai nt ai nef scver tge-i The e diypreiky &f the CUItYF Wps apresieb®d oS el B'Vat i on nRNA

from si x diifd RFLPRhalpsichreneshepuleth Ipel usisndEyoneedprhietagbniayedd odhd sever al
other clopgsnake likely to be represented In the band at approximately 500
bp. The fact that two aliquots of the polyclonal CHO Flp-1n (019) cell

| i nes gho simlar r | A Loty ehiepal diversity, illustrates
t hat rlgpr gggpc‘? W@’S?oeessﬁ’ﬁ%ge éér%nr? &é}ﬂgﬁsﬁc}g{@?ﬂgg %et weL:an di fferent batches. 10
EXAVPLE 2 ;1I'he present exanmp

| il trat t h L i ti
pol ycl onai™e disiribytignyqh the 'W"(iﬂ"?aélf'ﬁ?ﬁgs'" %r@ﬁlg%?nsa P%\'/’%F‘@rr?%?%#ﬁg ekﬂﬂgﬂlg{aregtl versity

of the culahtiiRBeanad mmtibatssadhs getinndted geieaningl RFER E1-RFLP) analysis of RT-PCR
products derived from the polyclonal celi line. In the T-RFLP procedure the forward and/or
reverse primer(s) are fluorescently labeled and therefore a proportion of the restriction
20 fragments generated from the amplicons will contain the label. The labeled fragments can
subsequently be separated by capiilary electrophoresis and detected by fluorescence. The
analysis can be performed both on the light chain and the variable region of the heavy chain

encoding sequences, depending on the primers applied.

Briefly, a celi suspension corresponding to 200 cells was washed one time in PBS and
25  subjected to a freeze-thaw procedure generating lysates used as tempiate in a RT-PCR
amplification using a One-Step RT-PCR kit (Qiagen) and suitable ptimers,

The RT-PCR was carried out on a standard thermal cycler with the following conditions:

Reverse transcription 55 oC for 30 min

Denature 95 oC for 15 min
30  Start cycle loop (35 cycles)

Denature 95 oC for 30 sec

Anneal 60 °C for 30 sec

Elongate 72 °C for 5 min



usi ng RFLP analysis and at the protein | evel using a chromatographic
technique In one dinension. 15 RFLP analysis to estinmate clone diversity
in polyclonal cell cultures The distribution of the individual clones in a
pol ycl onal cell culture expressing eight different anti-Rhesus D

anti bodi es was estimted by term nal RFLP (T-RFLP) analysis of RT-PCR
products d¥Q 2Pee007853%m t he pol yclonal cell line. In thepe\;@?ﬁg{“ﬁﬁ’%’f’@éedure t he
forward and/or reverse priner(s) are gjuorescently |abeled and therefore a
proportion of the restriction 20 fragnents generated fromthe anplicons
will contain t | abel . The | abel ed fragnents can subsequently be
separatedEB‘f/C Eﬁ?ﬂﬂary el ectrophoresis and detected by fluorescence. The
anal ysi s Ewnodfe performed B8t°RfSHStHB |ight chain and the variable region
of the hegwwhchai n encodi mpcyeguances, depending on the priners applied.
Briefly, a cell suspension corresponding to 200 cells was washed one tine
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cycler w tfitllowdte foll owi ng conditions: Reverse transcription 55 C for 30
mn Denature 95 CC for 15 mn 30 Start cycle loop (35 cycles) Denature 95
oC for 30 wesrwaAnieadr: BOTAICTTCIGCAICRECTCE(SRBNC F2 oC for 5 mn WO

2006/ 007853 LCTLERARSLOARRAAoNHEABRSTGaPIGTGEQRD(SE0aDaRs #) 72 DC for 15 min

Finish 8 orever For analysis of the Iight chain the follow ng priners
were used for the RT-PCR anplifi .90, hEe, [ S PorMsbr R 1 \BSF Hinfr

6- car boxyfTiWSPtéé%%fitﬁJEE%_ pf@ ‘é_tlve'eag%yﬁggg th grﬁoﬁe@&gelqu%ngérs Vere as

fol | ovs: ~ \all frem Waw dEngpnchiplabs) in NEBICPTEREATCGCTGTCT (SEQ 1D NO 1) CL
Reverse priner: 5'-FAM AGGAAAGGACAGTGGGAGIGGCAC (SEQ I D NO 2) Twentg pi of
t he RT- PCRhpiabeiad tragmasntslivgestetzdieviby fludredgende cabitiary electypnbpreps pn 2 ABI3T0Q of
Hntz 10 fglky BoQmdNeyE5@lAs dehOhaRst:, tpeMRRdnfme 2 hours. The |abel ed

fragnents were detected by fluorescence capillary el ectrophoresis on an
AB13700 (Applied Bk ERD atff B&fcink WhiPelofe BRIABES T  DK.
The expectél ef“?eétecr’rgpﬁginx'%%rgz%%@%@étq‘hle anﬁ'?%ur?grant in%odya%roduci ng cell

cl ones ar éaélhémgrtlw FAMplppeledsragmentsrae inAlPted %8 fragnents are indicated In
bold. 15 Table 5
15  Table 5

"RhD !

475 | 696 |516 |422 | 690 682 | 761 |513
210 138 166 | 318 | 138 138 138 166
138 [ 76 138 | 138 {76 76 76 138
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The T-RELP pattern is shown in Figure 3 and all eight anti-Rhesus D antibody producing
clones have been assigned to specific peaks. Under the assumption that there was no
template/primer competition during the RT-PCR, the relative peak area will correspond to the
relative amount of mRNA transcribed from each antibody light chain gene represented in the

20  polyclonal cell line.

For analysis of the heavy chain variable region within the same polyclonal cell line the RT-
PCR amplification was carried out with VH-specific primers. The primer sequences were as

follows:

VH Forward primer: 5-FAM CGTAGCTCTTTTAAGAGGTG (SEQ ID NO 3)
25  VH Reverse primer: 5-HEX-ACCGATGGGCCCTTGGTGGA SEQ ID NO 4)



r = Rh"D#t F. tk ;191 396.;F 201+, "203 X244 7306!; ,3~9 ?;324"i 475 696
516 422 690 682 761 513 210 138 166 318 138 138 138 166 138 76 138 138 76
76 76 138 fragnent size Stl/H nff 76 67 76 76 67 67 67 76 fragm 67 59 76 67
41 59 76 58 67 18 18 17 67 18 The T-RFLP pattern is shown in Figure 3 and
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anpl i fi catPeANBILEA 1% NER? 18UE P Th VH specific primers. The primer
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( SEQ | D NOhglabelod fragmaenis wers detgeiefy flugyescppog capitasaFeeispher 9L 8A SEQ | D NO
4) WO 2006E04¥685the Bodii k2 8hR00&DEY st38nd seninyingitutef Caphehalln, BBR pr oduct was
digested with 1 U of Rsal and 1 U of Ndel (all from New England Bi ol abs)

I'n NEBZ f Qe @y 20Meh 5-RFLP BattedAr8 dhdwirl FanIL 8, Wedretlehagibdisghkhtaapscence

capillary el ectrophoresi _an  AB1370 ihe | ysi s r med by
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shown i n TFalshdatgledfifagments jsee ynaRmsteel ed fragnents are shown in bold and

t he HEX (6-Carboxy-2',4,4",5,7,7" -hexachl orof| uorescei n succi ni m dyl
ester) | alrebled fragnents are underscored. Table 6 k *4y,' 366 203 429 186

350 435 328232 26f=Ra4l S AR AR T I8k ST s sFagnent 63 79 22 79
size 22 ¢HPEH '%‘ul‘ S CHe L "?‘""“"“""‘.'L""‘i}“ € ""*‘oger 5 weeks and
once a wdek sanpl es24%r|d3% K806 0R590 42300 $28,n P9 c6€%6 The anal ysi s was
per f or med Roel/Ndeé vatbfabl e heddy ¢BRin| but| BoulldiBayssZ
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The polyclonal cell line was cultivated over 5 weeks and once a week samples were taken for
10  T-RFLP analyses. The analysis was performed on the variable heavy chain, but could have
been performed on the light chain as well If desired.

After capillary electrophoresis of the restriction fragments, the relative peak areas were
integrated and used to estimate the clonal diversity of the polyclonal cell culture. The relative

quantities over time are shown in Figure 5.

15  Based on these results, It seems that RhD196 increase whereas RhD203 seems to decrease
over time. The quantities of the other clones are quite stable during the cultivation period
and all eight cDNA could be detected after five weeks of cultivation.

By performing T-RFLP on both light chain and heavy chain as well as on both mRNA and DNA
it should be possible to obtain a precise fingerprint of the clonal diversity within the

20 polyclonal cell culture, for example in cells at the limit of in vitro cell age or at any given time
point during culthvation,

The technique can therefore be used to monitor the stability of the clonal diversity in a cell

culture over time during antibedy production. The technigue can also be applied to monitor

the batch-to-batch consistency for example of different ampoules frozen down from the same
25  polyclonal working cell bank (pWCB) or in cells harvested after two or more manufacturing

runs.,
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conpositional diversity of a cell |ine at the genetic |l evel and of the

r econbi nanty 2@, P9! ycl onal protein produced fromthe cell Iine.

The present example illustrates the characterization of a polyclonal cell culture with twenty-
five members over time. The clonal diversity of the culture was assessed at the genetic level
using T-RFLP analysis and at the protein level using a chromatographic technique in one

25 dimension.

T-RFLP analysis of the variable part of the heavy chain genes derived from a polyclonal cell
culture expressing twenty-five different anti-Rhesus D antibodies over a 5 weeks cultivation

petiod,

The palyclonal cell culture examined in the present example was composed of a mixture of
30 cell cultures expressing twenty-five different anti-Rhesus D antibodies {generated as
described in Example 1). The polyclonal celi culture was cultivated over 5 weeks and once a

week samples were taken for T-RFLP analyses.



EXAMPLE 3 The present exanple Illustrates the characterization of a
polyclonal cell culture with twenty- five nenbers over tine. The cl onal
diversity of the culture was assessed at the genetic level using T-RFLP
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5.2 3.7 4' Rhd240.i' 369 11 3.3 1.8 1.3 0.8 0.0 ';Rh d 207" 'l 414 12
11.7 10.5 10.1 9.9 11.1 .9hd160" 426 13 'Rhd293 426 13 11.3 17.1 17.5 18.1
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6.8 9.4 8. WORB6/WTHS Rnd241435 16 4.8 13.7 12.5 7.2 4. BCU/RKIHEYs04 438 17
Rl id301' 438 17 9.4 12.3 14.8 16.8 18. 33 Rhd317.; 438 17 WD 2006/ 007853
PCT/ DK2005/ 000504 41 It was possible to separate the restriction fragnments
to an extent that allowed information to be obtained for twelve individual
clones of the twenty-five clones constituting the cell line. The remaining
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ant i - RisD rigrétnapipo du tedefpeiomgtchheessane pol ycl onal cell culture as used in the
T- RFLP anal ysi s descri bed above, was anal yzed usi ng cati on-exchange

chr onat OQV@BWeXCF%e%%MbrapLQ MaPiis id dsBftateatpBldnpdg/ iy 2 PbIRcbHRLEE!
pol ycl onal nt i %Tm%w%fj%veggfe‘%n{] ntprgusyé:a;@ g@é um (4.6 x 100 mm) in 25

mv sodi um& eFafpre dGarimee at a flowrate of 60 mnl

h"' oper at ed at roomtenperature. The anptib onent s bsequent |y

eluted usiAGNURPP ARARPrEfuser o “?ersﬁmef@@d?"agg%l W&"n'gc?&i” ?ﬂs‘e\iﬁy?eeofﬁg‘% in 25 mv

sodi um acenalygs desktited @boat was dhahwaed eting fiorgexdrbnde-chronBiamraphy | The dhyotein

CErmomt%nt S WRHEd é%&,ﬁ&ﬁﬁﬁ[y%?%&édop{awommoa@we%a@@,eci&qta8@o|@oatar¢dluﬁqlhe )

chr omat ogr in [ pea S
(g Ml sz lg 8%/%0 acel %FaES% ml@ gdiﬁm %hig Hlﬁ Oliigg f}éwq‘g% of

was used t ant 1 bs
the chr one&oagrrampe@t@onycf@mn tameratyre. B@rﬁaﬂ@%1§9rapmatswrmkeq&enttvrﬂ#'t%t i body
cont ai ni NQispgakveddrdtint from 150 ~ 350 mM sodium chioride in 25 mM sodium acetate, pH 5.0

at a flow rate of 60 m! h™*. The antibody components were detected spectrophotometrically at

15 280 nm and the chromatogram was subsequently integrated and the area of individual peaks
was used to quantitate the different antibody components. Figure 7 shows the chromatogram
produced from the sample obtained at week 4, the antibody containing peaks being
numbered from 1 to 25. It is pure concurrence that the chromatogram contains an identical
number of peaks as the number of individual antibodies in the polyclonal antibody analyzed.

20  Table B show the relative content in percent of the total antibody components (AC1 to 25), as
well as the representation of the individual antibodies in each antibody component (peak).
The assignment of individual antibodies to the integrated chromatographic peaks was based
on the retention times and peak patterns obtained from monoclonal antibodies analyzed
using cation-exchange chromatography under identical conditions.

25 Table8

i) 293, 319
1 157, 203 3,63 3,83 3,97

JAC'S | 319 2,18 1,94 1,33 1,08 1,26

LAC.6 " .| 241, 191 6,01 6,4 6,32 5,42 4,1
ot | 189, 192

ACT7 ! '

o 199, 201 3,89 4,21 3,38 2,95 2,63
f*ACS { 160 12,1 15,77 18,71 17,59 15,56

AG 9‘ ! 203, 191 2,65 3,89 3,69 3,99 4,14
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324 7,57 5,12 4,86 6,89 7,79

197, 321 2,27 1,44 1,51 1,39 2,83

196, 240 3,8 2,63 2,87 3,98 6,35

317 4,58 1,39 0,77 0,71 0,86

317 2,86 0,59 0,36 0,83 0,42

207 2,07 2,61 1,58 1,65 1,93

207 3,33 3,87 2,56 2,41 2,87

207 2,46 3,48 1,73 1,52 1,92

| Unknown 1,58 0,83 2 0,75 0,87

Cation-exchange chromatography separates individual antibody members from a polyclonal
antibody based on differences in net charge between the individual members and in addition
separates forms of individual antibodies that appear charge heterogeneous. Several

5 antibodies were therefore represented in a single peak, e.g. AC 1 containing RhD293 and
RhD319 (see Table 8) and some individual antibodies were further represented in several
chromatographic peaks, e.g. RhD319 which is present both in AC1 and 5 (see Table 8).

Peaks which contain more than one Individual antibody could be subjected to additional
protein chemical characterization techniques, such as quantitative analysis with anti-idiotype

10  peptides, proteolytic peptide mapping, N-terminal sequencing or a second dimension
chromatography.

Summary

The present example illustrates the combined use of T-RFLP analyses and cation-exchange
chromatography for assessing the distribution of the primary transcripts and of antibody

15  components, respectively, over a perlod of cultivation. The T-RFLP analysis allows for unique
identification of 12 individual clones of the 25 clones expressed in the polyclonal cell line and
in the present example it is illustrated that these 12 clones could be detected during 4 weeks
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t he RhD160 anti body showed the highest antibody |evel during the
cul tivati dxAMerE ©d i n accordance with the high T-RFLP

20 The present example lilustrates a compositional analysis of a polyclonal anti-RhD antibody
with ten individual members derived from a polyclonal cell culture, The diversity of the
polyclonal antibody sample was assessed using two-dimensional liquid chromatography which
separated the antibodies based on differences in their net charge and hydrophobicity, using
cation-exchange in the first dimension and reverse phase {(RP)-HPLC in the second

25 dimension, respectively.

A polyclonal anti-RhD antibody sample with ten individual members was derived from a
polyclonal cell culture, The anti-RhD rpAb was purified from the supernatant using a protein A
column (HiTrap™ Protein A column, Amersham Biosciences GE Healthcare, England).

The first dimension was executed by applying the purified polyclonal antibody onto a ProPac
30 WCE10 column (4 x 250 mm) in 25 mM sodium acetate, 150 mM sodium chloride, pH 5.0 at
- a fiow rate of 60 ml h™* operated at room temperature on an Ettan LC system (Amersham
Biosystems, GE Healthcare, England). The antibody components were subsequently eluted
using & linear gradient from 150 to 350 mM NaCl in 25 mM sodium acetate, pH 5.0 at a flow
rate of 60 m! h™. The antibody components were detected spectrophotometrically at 280 nm
35 and fractions corresponding to particular peaks were collected and further concentrated prior
to analysis by RP-HPLC.



val ues obtained for group 13 representing the RhD160, 293, and 196 cl ones.
Furthernore, 10 the RhD 207 conponent, which could be uniquely Identified
by T-RFLP as well as by cation- exchange chromatography, showed T-RFLP
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stabl e prodR2OFHTES t he MRNA and anti body | evel duri n§CEREIYEPYN;
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to characterize the individual members of the compiex rpAb.

25 EXAMPLE 5

The present example illustrates the characterization of a polyclonal anti-RhD antibody with
eight individual members derived from a polyclonal celi culture. The diversity of the

polyclonal antibody was assessed using “bulk” N-terminal sequence analysis.

The N-terminal sequences of the individual members present in the polyclonal anti-RhD
30 antibody sample which were analyzed in the present example are shown below in Tabie 9.
The Lambda light chain sequences are shown In italic.



with one or two narrow peaks. The RP-HPLC profile of an anti body conponent
B5 is shown in 10 Fig. 9. Summary Since cation-exchange chromatography in
the first dinmension separates the individual antibodies differing in net
charge as well as individual antibodies appearing charge het er ogenous,
several antibodies can be represented in a single peak. 15 Several antibody
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Table 10

E, D, Q
LT
v, Q

LMV

ND
ND

ND— Not determlned

The sequences for the HCs are identical except for the first residue, whereas the Kappa LCs
15 are conserved for residue two, five, six and seven and the Lambda LCs are conserved for
residue one, five and six (see Table 9).

The result obtained from the sequencing of the HC is in agreement with the expected
sequences as presented in Table 10. The sequence data from the Kappa LC band of ~25 kDa
indicated the presence of antibodies with the N-terminal sequence EIVLTQS (SEQ ID NO 7),
20 corresponding to RhD191, 324, 201, and 306, and antibodies with the N-terminal sequence
DIQMTQS (SEQ ID NO 8) corresponding to RhD244 and 196, With the present technique it



One band of approx. 53 kDa corresponding to the heavy chain (HC) and two
bands of approx. 25 and 30 kDa correspondi ng to Kappa and Lanbda + Kappa
| i ght chains, respectively, were clearly visible on the Coomassie bl ue
st ai ned PVDF nenbrane. These bands were cut out and subjected to

N-term nal _sequen anal ysis, using an ABI Procise pro pencer

(Appl i ed 1ﬁ%&8§9@%§m, CA) and standard prograns. The¥§gﬁﬁzqqg’ W@Mr esults
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fromthe spedrRGFREIDES3 difiBodiGrads Sbtathed g BRNA inMdytiB tld endikpRCieetbctisdguences

as presentp.el ﬁﬁ%&&a&% a1 S ARE nIB A0 hBLrSRBRS: s Dand of X25

kDa indicate sequence

El VLTQS ( seambtaanr@fr)odﬂw a&B‘i’QdééﬁWﬁ&M mgﬁ%t@ﬁ tyed 4 of BbY203394 a PR 306, and
anti bodi esdistkdédN-tdrmirdist L] inedn rebriemcigsivdl GG «d3EEd B-t&i@I8) sequence
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2006/ 007853 3%005/0 sses
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sanpl el0 Sdyoetecinegnd ke MLrSsitierrtessiit IK3PckHda i ndi cat ed the presence of RhD319
anti body judged by the presence of a Val in cycle three and four. No
evi dence fiakumhhery, pilk sleBeendfseddabizOdaist chogyusad & idbithy egrgsameSfand A in
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and N-term nal sequence anal ysis rec nant naI anti bod
strongly SIRfleskit t'f'%%\’tte"fr}‘l"@' s df'et?@ﬁjﬁﬁ'%‘arﬁ%w%a%@b? Pyihe '\UiegE'Rb ¢ t er ni nusy
Thus, it dedfivichet pddgpepiides lacsnorbryiatiictlesked.ned by the N-term nal sequence
anal ysi s whether this antibody |Is present or not in the analyzed m xture.
In addition, it seens that the 30 kDa band al so contains sone Kappa LC,
si nce ]therEé( YPF & and D residues present 10 In cycle one and an Mresidue
present in cycle 4. In summary, bulk N-term nal sequence anal ysis can be

used to i déAPresteRMple dweiries e CharAIPZRERLAT 2aelvelgpRPBE RIP apYhagy Withf er i n
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was analyzed by isolating unigue marker peptides originating from the variable region using
either RP-HPLC or ion-exchange chromatography (IEX) for peptide separation.

20  Peptide generation by digestion of isolated heavy chains and light chains

A polyclonal anti-RhD antibody sample with eight individual members was purified from the
supernatant of a polyclonal cell culture by affinity chromatography using HiTrap rProtein A
columns. Lyophilized material was dissolved in 6 M guanidium hydrochloride, 0.5 M EDTA, 0.2
M Tris HCI, pH 8.4, reduced (DTT) and carboxymethylated (iodoacetic acid). Heavy chains

25 and light chains were separated by gel filtration on a Superose 12 column (10/300 from
Amersham Blosciences, GE Healthcare) in 6 M Guanidium HCl, 50 mM sodium phosphate, pH
8.4 on an Ettan LC systemn (Amersham Biosciences, GE Healthcare, England). The separated
HC (~3.5 mg/ml) and LC (6.5 mg/ml) were digested with Endoproteinase Asp-N (Roche, 1
054 589) at an enzyme to substrate concentration of 1:500 In sodium phosphate, pH 8.

30 Isolation of unique peptides by RP-HPLC

Aliquots of individual Asp-N digests of isolated HC and LC obtained from the polyclonaf
antibody sample were applied to an Agilent 1100 LC/MSD SL system equipped with a Zorbax
300SB-C18 (2.1 x 150 mm) 5 pm column connected to a guard column (Zorbax 300SB-C8,
2.1 x 12.5 mm, 5 pm) equilibrated in 0.1% TFA using a flow rate of 0.2 ml/min. Peptides
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8 leferent peptides with the same mass. ®Peptides (four identical and one different) with

nearly the same mass.

*Indicate a N-terminal cyclized Gln (PyroGlu)
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! di-dS 11727.2 11726.8 380.0 105.2
1 d2 3206.7 3206.5 152.9 80.3
| d1 8668.7% 8668.2 255.1 85.2
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As seen in Table 11, thirteen peptides from the variable HC and sixteen peptides from the
variabie LC can be identified as unique marker peptides and some peptides from the vatiable
region of HC, (e.g. D1 from RhD196, RhD244 and RhD306 indicated by 7} have the same
5  mass, and thus these masses cannot be assigned unambiguously. However, since other

masses can be unambiguously assigned to unique peptides in all cases positive identification
of all eight antibodies has been obtained. For the LC, unique peptides have heen assigned for
seven out of eight antibodies (Table 12). The antibody from which information is missing for
the LC was RhD324. Thus, the combined MS data from the HC and LC demonstrate that all

10  eight antibodies could be identified in the anti-RhD rpAb sample based on detection of unigue
peptides from each of the antibodies,

Isolation of unigue peptides by cation-exchange chromatography

The Asp-N digests of HC and LC were separated by strong cation-exchange chromatography
as follows: Aliguots of individual Asp-N digests of isolated HC and LC obtained from the

15  polycional antibody, as described above, were applied onto a PolySulfoethyl A column (2.1 x
100 mm) equilibrated in 10 mM potassium phosphate, 20% (v/v) acetonitrile, pH 3.0 using a
flow rate of 0.2 ml/min at room temperature on an Ettan LC system (Amersham Biosciences,
GE Healthcare, England). Peptides were subsequently eluted using a linear gradient from 0 -
500 mM potassium chloride in 10 mM potassium phosphate, 20% or 30% (v/v) acetonitrile,

20  pH 3.0. The eluted peptides were detected spectrophotometrically at 215 nm and fractions
were collected based on time fractionation. Aliquots (1 wl) of the fractions were mixed with 1
ul of a solution of a-cyano-4-hydroxycinnamic acid (20 mg/mL) in 70 % acetonitrile/30 %,
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0.10/a TFA and applied onto the M5 target and washed with 0. 1% TFA. The
sanpl es were analyzed by MALD - TOF on an Autoflex TOF (Bruker Daltronics,
Bremen, Gernany), and external mass calibration was perfornmed using
calibration m xt :JI‘ es fromBruker Daltronics (Brenmen, Germany). MALDI
spectra were analyzed (mass search and internal calibration [

6.1 sof t wvaM® IP¢Y¥house data, Odense, Denmark). A rep?‘égﬁﬁ%(’g??‘\?éﬁ ng CRMAW
chromat ogram cont ai ni ng several peaks fspom the Asp-N digest of LCis shown
In Fig. 11. Results fromthe MALDI - TOF anal ysis of the fractions of the

ﬁgorNe?: ge,gglg 149,5,‘95&%@5}%@(}@(,&@%0\/\/11 in Table 13 and 14, respectively.
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aSa"me peptide. "Verifted by identification of the same peptide with an oxidized Met.

As seen In Tables 13 and 14, fifteen peptides from the variable LC and nine peptides from the
variable HC can be Identified as unigue marker peptides and some peptides from the variable

5  region of HC as well as from the LC have the same mass, and cannot be assigned
unambiguously. Thus, it has not been possible to assign unique peptides for HC RhD201, 203
and 324 and for the LC RhD201 and 319 using strong cation-exchange chromatography.

Summary

The resuits 6btained from the two different marker peptide analyses are sufficient to

10  substantiate that the combined data obtained from the MS analyses of the HC and LC enables
identification of unique peptides from the variable region from ail eight antibodies
constituting the anti-RhD rpAb using RP-HPLC. By using strong cation-exchange
chromatography six out of eight individual members in the anti-RhD rpAb composition could
be identified. The results from the MS analyses have so far not been analyzed to complete

15  detail, but only to the extent shown in Tables 11 to 14.

EXAMPLE 6A

The present example illustrates the characterization of a recombinant polyclonal anti-RhD
antibody with 25 individual members derived from a polycionat cell culture (bicreactor run).
The diversity of the antibody was analyzed by isolation of unique marker peptides originating

20  from the variable regions from the LC or HC using RP—HPLC combinad with mass
spectrometry for the identification of the peptides.
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menbers in_the anti-RhD rpAb conposition could be identified. The results

fromthe N8 &nal yses have so far not been anal yzed to conplete 15 detail,

but only to the extent shown in Tables 11 to 14.
Isolation of unique peptides by LC-MS

Aliquots of individual Asp-N digests of isolated HC and LC obtained from the polyclonal

i5  antibody sample were applied to an Agilent 1100 LC/MSD SL éystem equipped with a Zorbax
300SB-C18 (2.1 x 150 mm) 5 um column connected to a guard column (Zorbax 300SE-C8,
2.1 x 12.5 mm, 5 um) equifibrated in 8.1% TFA, 14% ACN using a fiow rate of 0.2 ml/min.
Peptides were eluted using a linear gradient of 0.08% TFA, 70% acetonitrile. Peptides were
detected spectrophotometrically at 220 nm and analyzed by on-line MS (atmospheric

20  pressure ionization {(API) electrospray). A mixture of 75% propionic acid/25% isopropanol
was added post-column to the mobile phase to increase the signal. The obtained mass
spectra were analyzed using Chemstation software (Agilent Technologles, CA) and GPMAW
6.2 software (Lighthouse data, Odense, Denmark).

Results from the MS analysis of the Asp-N digests of HC and LC are summarized in Table
25  14A, where theoretical and detected masses are given as average masses.

Table 14A: Identification of unique hydrophobic peptides from 25 antibodies in an anti-RhD
rpAb employing Asp-N cleavage and LC-MS analysis.

Thi o

'RhD. " [:Peptides®

196 | D1-D2*" 6297.1 6295.8 303
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the HC and LC unambiguously demonstrate that all 25 antibodies could be identified in the
anti-RhD rpAb sample based on detection of unique peptides from each of the antibodles.

EXAMPLE 7

The present example Hlustrates the generation of anti-idiotype peptides with specificity
towards individual members of a recombinant polycional anti-RhD antibody, as well as the
assessment of the concentration of one Individual member in a recombinant polyclonal

antibody.

Generatifon of anti-RhD antibody-specific peptide ligands.

A phage library displaying seven amino acids in random sequence order at the N-terminal
end of pIII (Mew England Biolab) was used for affinity selection of peptide binders to
individual anti-RhD antibodies. Both a linear and a constrained version of the peptide library
were used for the selection. Microtiter plates (Maxisorb, NUNC) were coated at 4°C for 12—
16h with purified monoclonal anti-RhD antibody at 10ug/m! using 100pl per well. All the
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neutralization with Tris-HCl, pH=9.0. After three to four rounds of panning, single clones

were isolated, DNA extracted and sequenced in the region corresponding to the random
15  peptide region. Table 15 below shows alignments of deduced amino acid sequences from

singie clones.

Table 15

T - I T

e rget

ACMGYGPRMCGGG (SEQ ID NO 11)
ACMGYGPRMCGGE (SEQ ID NO 11)
ACMGYGPRMCGEE (SEQ ID NO 11)
ACMGYGPRMCGGGE (SEQ ID NO 11)
ACMGYGPRMCGGEGE (SEQ ID NO 11)
ACMGYGPRMCGGG (SEQ ID NO 11)
ACMGYCPRMCGEG (SEQ ID NO 11)
ACMGYGPRMCGEE (SEQ ID MO 11)
ACMGYGPRMCGGEG (SEQ ID NO 11)
ACMGYGPRMCGGEG (SEQ ID NC 11)
ACPGDGEPRMCGGG (SEQ ID NO 12)
ACMGYGPRMCGGG (SEQ ID NG 11}
ACMGYGPRMCGGG (SEQ ID MO 11)
ACMGYGPRMCGGG (SEQ ID NO 11)
ACMGYGPRMCGGGE (SEQ ID NO 11)

4 162-B11
1 162-B12
1 162-C01
| 162-co2

'| 162-C05
| 162-C06

‘| consengus - PEPLE2

CMGYGPRMC (SEQ ID NO 13)

202-01 ACMPRNPLECGGG (SEQ ID NO 14)

202-05 ACAPRNPYECGGG (SEQ ID NO 15

202-07 ACPRNPFEMCGGG (SEQ ID NO 16)

& | 202-06 ACYPRHPLDCGEG (SEQ ID NO 17)
.!+| consensus - PEP202 CAPRNPYEC (SEQ ID NO 18)

i1 305-01 ACTTLLHFLCGGS (SEQ ID NO 19)

+| 305-06 ACTTLLHFLCGGG (SEQ ID NO 19)
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PRP305 only bound anti-RhD305 with a signal-to-noise ratio above 10.

Determination of the amount of anti-RhD305 antibody in a recombinant polyclonal anti-RhD

antibody

20  Using proper dilutions of purified anti-RhD305 monoclonal antibody as a reference standard it
was possible to determine the amount of anti-RhD305 antibody relative to the total amount
of antibodies in a mixture of recombinant polyclonal anti-RhD antibody. Briefly, ELISA plates
were coated with Streptavidin and incubated with PEP305 diluted to ~10pg/ml in PBS for 1h.
After incubation, excess peptide was removed by washing. The plates were subsequently

25  blocked in 2% skimmed milk/PBS and washed tree times. A recombinant polyclonal anti-RhD
antibody composed of 25 individual anti-RhD antibodies (the sample) was added at dilutions
ranging from 1 to 16384 fold. The sample was analyzed In quadruple, In separate wells on
the same plate, serial dilutions (in triplicate) of monoclonal antl-RhD305 antibody starting at
10ug/mi were added as reference samples in order to generate a standard curve, Bound

30  antibody was detected using an anti-human IgG-conjugate (Caltag cat # H10307). The plates
were washed five times and detection was carried out by adding 25 u of chromogene (TMB,
Kem-En-Tech). Reactions were terminated 15-25 min later by adding 25 pl of 1 M H,S0,.
Absorbance values were measured at 450 nm,
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wWith specitTic affinity towards elther anti-RhD162, 202 or 305,

respect i vahyse dar resistpdiresiadatd accowidh thg eqoatioh= =04 46leRI0S ™ ENs Us ani no

aci d sequepceq@f, groups of related sequences. Each synthetic peptide was
coupled to Biotin at the CGtermnus. 5 The specificity of each peptide was
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pepti d& divaatess tPGalwgtFﬁ*l‘e foRcqmpation aﬁB’&?B”% %lt‘f’f)%a %[EFW%QF, on for 1h
and renovgblyfibnal ex-eRADS apipty senddy washi ng. The pl ates were subsequently
bl ocked in 2% ski med m | k/ PBS and washed tree tinmes in PBS. Each of the

!stnglr ;’: gua;t ~fb[@@%tﬁ>’ﬂ}3&h§%gér§§e M@&o&ﬁi@h@.dre&@or&ﬁ@ﬁrnaﬂ@hafs ap4smrd,ous dilutions
d correspong ing to an a%g nRhD%@St ént%oaly f:om:en%i oenccgf%ds:&tbsé g?m‘?‘”l the polyclonal

anti-RhD antibody. The total antibody cancentration in the recombinant polycional anti-RhD
10 antibody sample was 100 pg/ml. Thus, the anti-RhD305 antibody represents 3.8 % of the

polyclonal antibody sample.

EXAMPLE 8

The present example illustrates the use of anti-idiotype peptides to identify sentinel
antibodies in specific fractions/peaks following separation in one dimension by liquid ion-
15  exchange chromatographic analysis of a recombinant polyclonal anti-RhD antibody.

A recombinant polyclonal anti-RhD antibody composed of 25 individual anti-RhD antibodies
was separated by cation-exchange chromatography and the fractions were collected. Each
fraction was examined by ELISA using the three anti-idiotype peptides (as described in
Example 7) in order to detect the presence of a particular anti-RhD antibody in each fraction.
20  An overlay of the chromatogram with the ELISA data performed on each fraction showed that
this method can be used to identify individual antibodies in a particular fraction (Fig. 12).
Thus, by comparing the absorbance in'a particular peak with ELISA data it is possible to
make a semi-quantitative assessment of the composition of complex mixtures of homaologous

proteins.

25  EXAMPLE 9

Ensuring compositional stability is a key issue when manufacturing polyclonal proteins for
medical use. Specific peptide-figands capable of identifying individual protein members within
a complex mixture of homologous proteins can be used to monitor the compositional stability
of a polyclonal protein during manufacturing by extracting media samples during



anti-human 1gG conjugate (Caltag cat # H10307). The plates were washed five
times and detection was carried out by adding 25 Id of chronogene (TMB,
Kem En- Tech). Reactions were termnated 15-25 min later by adding 25 | of
1 M H2SO4. Absorbance val ues were neasured at 450 nm Testing each peptide
agai nst the (Eanel of nonocl onal anti-RhD 15 anti bodi es showed t hat
reactivity WR2MHHI$Pi ¢ for the appropriate individual ReERBERWHPYWIY n.

Hence, PEP162 only bound anti-RhD162 aggi body, PEP202 only bound
ant| - RhD202 and PRP305 onIy bound anti-RhD305 with a signal-to-noise ratio

above 10. _Deter i ngt t he anpunt i i
r ecombi nadt5BF 2%'] %r#éf%r%(ﬁtgeneﬁﬂtﬁn ant qu% r@%lpbsﬁg%gé}t%gérdgﬁwo&rﬁ%ﬁ%d of
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pol ycl onalpnphéd, 2RaEhd 20%) iab efyreapmmrnaash tohe Abnts Aoting felmadntagint,i wihE3 ant i bodi es

(the sanplg) W85y gﬂ%qyﬁt sl b ULARBR or hEBGIAGET O L Lo 16384 fol d. The
sanpl e was anal'yz I'n rup I'n separate wells on the sane plate,

serial dilutions (in tri plicate) of nonoclonal antl-RhD305 anti body
starting axam@Gug M were added as reference sanples in order to generate a
standard curve. Bound 30 anti body was detected using an anti-hunman
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Absor banc ediffesny @ntinggy erqd*eamu@eédin%&wa@@oa'mﬂd va@ EOGB?W‘*% PRIGY5/ 000504

55 The st apdafetlyGaraetecrs | inearly proportional to concentration within the
fol l owing range: Monoclonal anti-RhD305 Ab 0,156 0,078 0,039 0, 0195 pg/ ni

D450 1, SOI%VOQHOQ\%QJaparﬁﬁlzh[Qal%l?b%dy a3 'agci@ﬂ fnds it 62 dnd RhBR0S) *Bdafigedatr ve Wt h
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th t det d f
he St EIPYE 2 SRITeae” DR rMaT oh e %?‘"3?%%‘)261”& o5 was used

to calculate the concentration of anti-RhD305 anti bod%{{ e recponbi nant
pol ycl onal Bietinylaterpeptife; 208 SBEP282 pisPared iy BRMBle A 4ag ke ‘8‘H1 PIRERVET age
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ant i borty rrelpine@rent.sTha iBlividuaf unnhiged cell lines were measured as well (Fig. 14 A and B).

A feature seen for the anti-RhD antibady producing cell lines is the presence of both antibody
expressing and non antibody expressing cells within the cell line. To assess the share of
PEP202 positive cells in a mixture, the total number of expressing cells needed to be
determined. In this example, we assumed that the share of expressing cells in the mixture of
35  RhD162 and RhD202 was the same as in RhD202 alone. This could have been assessed by
doublestaining of the cells with Pep202 and anti-IgG antibody (not performed). However, the
results indicated the correctness of the assumption. The percentage of RhD202 cells bound
by PEP202 tetramer in the mixes was calculated from the percentage of cells in gate 6 (R6),

as shown in Fig. 14.

30 The percentage of the RhD202 cell line in mix a) was calculated according to the following

equation, exemplified with the measurements for mix a.

%Gate R6 mix(x) 14.12

= x100=45%
%Gate R6 RhD202 31.42

S RED202 cells =



pol ycl onal anti body sanple. EXAMPLE 8 The present exanple illustrates the
use of anti-idiotype peptides to identify sentinel antibodies in specific
fracti ons/ peaks follow ng separation in one dinmension by liquid ion- 15
exchange chromat ogr aphi ¢ anal ysis of a reconbi nant pol ycl onal anti-RhD
anti body. A reconbi nant polyclonal anti-RhD anti body conposed of 25

i ndi vi dual WAROPG8FRS3 ant | bodi es was separated by catloﬂgEQ%W§W8gm4
chromat ogr aphy and the fractions were gpllected. Each fraction was

exam ned by ELI SA using the three anti-idiotype peptides (as described in
Exanpl e 7% m 1grder to detect the presence of a particular anti-RhD

ant i body > .ﬁf ractl on._20_An. n\/pr_l ay of rhg_duhromit ogram wi th the ELI SA
dat a per f oMb d!-aii | @atual 4, RbDRO2I MensdeEd ‘ s method can be used to
identify g HutvE 1I50ant| bodi es i|m5a parti cuI ar fraction (Fig. 12). Thus,
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of —hronotogous o oterns: 25 EXAVMPLE 9 Ensuring

conpl ex mnxt £
conposi ti P el ity s atey 125 s tre—wher—manut act ur i ng pol ycl onal
proteins for rredl cal use. Specific peptide-ligands capable of identifying
| ndi vi dualEXpHBiEeitn nenbers within a conplex m xture of honol ogous proteins
can be used to nonitor the conpositional stability of a polyclonal protein
duri ng manué ekt iergnpyillesttatasthé nge ofeek|-tinePCpIte sssdisrthe disWEUREPOB B0 7853
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(anti - erent cult

f er ment at |Q5W~2 °€/’\FPF13 dpselectsdfissRana e 'Gayay p@!’eaﬁoétrpre% |éoHnR§o?é*

bi or eaot ons sd$Pbidedignid@thEaqparesrebe. exarrpl e illustrat es a met hod for t he
identification of cells producing a particular anti-RhD antibody in a cell
cul ture mogbfiRiecdid debign €xanpl e, a mi xture consisting of two different
anti body producing cell lines was anal ysed using an anti-idi otype peptide

and flow Gy ﬁmFESraye 5.%%5 %Ic?egfghmsucﬁmtbﬂgncﬁhmavb -aBbinuffedddanirebody

pr oduci ng cél I nes D162 ratios.
The per cerfP&RYES: A psFHe Rﬁﬁﬁbﬁesﬁné afené CS'Aﬁen‘c’a‘s %nrw?ram”meié%e%ﬁ'ﬁ H%% at ed
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were 1ncu aEween the individual members of the sample, preferably the CDR3 region, Is designed for

each clone of interest,

A potential set of primers and probes for the analysis of the polyclonal cell line expressing the
following eight anti-RhD antibodies may be designed as indicated below.

20 Forward and reverse primer for ali clones:

Fw primer: CAC GGC TGA GTA TTA CTG TGC (sEQ ID NO 24)
Rw primer: TTG GTG GAG CCA CTC GA (SEQ ID NC 25)

TaqMan probes for all the individual clones are shown in Table 17.

Table 17
DA I I T H Joa gt e :'w vt e

RhD# .. ~.‘ ‘fTaqMan probes ";--5,5":.; i, ,:{f:;; N B e e T e e ety
4917, % | AGA AAT TTG TTC GGT GAC TAC GAT CTT ARG TCC (SEQ ID NO 26)

"{ AGA GAA TTG AGC ACG CAA CGT GGA TAC A (SEQ ID NO 27)
% 0| AGA GAG AGT ACT CTA TAT AGC AGC AGC TGG TAC A (SEQ ID NO 28)




with the cell line mxtures for 20 mn at RT and the cells were run through
a FACS CAlibur flow cytoneter (Becton Dickinson). Cells positive for the
tetramers were gated as depicted by 20 RL in Fig. 14. The individual

unm xed cell lines were nmeasured as well (Fig. 14 A and B). A feature seen
for the anti-RhD anti body producing cell lines Is the 1g)resence of both
anti body OREHN7EEY and non anti body expressing cel | sSPPRI I cel |

line. To assess the share of PEP202 pgsitive cells in a mxture, the total
nunber of expreSS| ng cells needed to be determined. In this exanple, we
assuned t hatzt-me
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m xes was |igdhculal eds héomt he pareentage(eh weld s3in gate 6 (R6), |as shown

in Fig. 14, 30 The percentage of the RhD202 cell [ine in mx a) was
cal cul at edsnattedrithienginteo dedign foothk dmevygrhaie guedingsequeresssbistirudela Wrwrdt he

nmeasur enents, f MneHing ifithe 06 hhcBa reve/@@gﬁmgan R eXdoXdtant r&éﬁorﬂ-%n& the00 = 45%
oat eR6 RhD202
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15 EXAVPI2B, 1BSTH9dSpresent exanple illustrates the use of real-tine PCR to
assess the distribution of the Individual clones or a sentinel selection
of suchly clrepesnagizhtitatiee pot ycl onal cell culture. 5 The technique is based
on the sequence differences anong the individual antibody encoding nucleic

aci d sequeRg@Ser dekémit @Nﬁ\@e)&@&t‘e@?%mqjellét@@cé!lﬂdf WRHH A usad ks Rethaten@odi ng 4/
sequences can 0 and/ or
light ch alrﬁver%rtrag ﬁeg %é%\glgger&?\l dier Fz He rea'l ﬁ;ﬁ%@cﬁ A +r§lﬁer{3ﬁae\éﬁlrﬁ?%@

Pr ef er abl yeactiprs cofregpirediGDR thégi"ﬁ‘?%’ of dpyes to bw@/seq' 'SGER?J“ is selected for
desi gning the TagMan probe. Mst preferably, the CDR3 region 10 is

sel ect ed froe rebbsingpEsags seepTacghhwitprabels tObigermactestticte aodkaaytlan Prbepr i ner s

are prl%f ercgpée}{trc%%ﬁ& %@&mﬁé‘&}é ﬁeﬁ@trméarmkr\pﬁéﬁﬂé lﬁ)f96 paet plage'é@eiléEJJlm id@s are

obt ai ned poSSi gns_are: onsensis r
anneal i ng ﬁdﬁeﬁvﬁéovwcgé‘gﬁ%ﬁ'sﬁe& %E%WVGFS? I dﬂ?s ekl and\Pa\rr/@g dgrq ?gigl on,
and t he r evieng80ptApntgd Bieaystgmishyith subssiuetteanalysis vdr the 4§ Bism 200Pa%Fan pr obe
specific fgfwaepart of the CDR region which differs

Analysis of the diversity

15  The Cr values of the different clones are compared to each other, and the distribution of each
clone in the polyclona! cell line is calculated. The method may be applied to assess batch-to-
batch variation as well as clonal stability over time during an individual praduction run.

EXAMPLE 12

The present example illustrates a method for evaluating and demonstrating the polyclonal

20 nature of a polycional cell line (e.g. a pWCB) capable of producing a recombinant polyclonal
antibody by means of DNA sequencing of the variable region of the heavy and/or light chain
antibody genes from single-cell clones derived from the polyclonal cell line.

Single-cell cloning

An ampoule of the pWCB is thawed and cultured for a few days in complete medium to

25  reconstitute good cell viability. Subsequently, single-cell clones are obtained by limiting
dilution, where the cells are plated in 96-well cell cuiture plates at a density of 1 cell/well, in
complete culture medium. The cells are incubated at 37°C, 5% CO, for 10-20 days, and the
plates are then scored visually for wells with single colonies under a microscope.



bet ween the individual nenbers of the sanple, preferably the CDR3 region,
is designed for each clone of interest. A potential set of prinmers and

probes for the analysis of the polyclonal cell |ine expressing the
fol l owi ng eight anti-RhD antibodies may be designed as indicated bel ow. 20
Forward and reverse priner for all clones: Fw priner: GCC TGA GTA TEA

CTG TGC (sEOWH/R{E24) Rw priner: TTG GIG GAG CCA CTcPCcE&“E’é’E‘-’t? P3¢ No 25)
TagMan probes for all the individual ckones are shown in Table 17. Table
17 R hb, # , TagMan probes AGA AAT TTG TTC GGTI GAC TAC GAT CTIT AAG TCC ( SEQ

| D NO 26) @%@%‘é@,ﬁr@ J#G&é‘h@%c B FALEMed Asih SERAED NGRS, Viable201 ' "
AGA GAG A TAC 2006/ 007853
PCT/ DK2008BY/EB6g54r¢ gged gnds 056‘50 fo ¢ %ﬁams ES&?‘”@?‘(BH@’ g%&ﬁ%@ G CAG CTG
GTA CC ( SE@ni@e NGdRE)at 1x4#/welli The celRGraBAIIETRY andFooTalFoca AGIONEASTAG AT

(SEQ I D NQ.3Q)ed sb3R6 !;, GGG TAC TCT GTA TAG CAG CAG CTG GTA CA (SEQ I D NO
31) AGA GAC CTA CAA GGG TAT AGA AGC AGC TGG TAC (SEQ ID NO 32) 324, '!'f

A GIG GGC C (SEQ I D NO 33) An alternative primer
deS| gn forﬁ%?ﬂcg-%dg_&zen i n encodi ng sequences constitute a forward priner

B L T
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seal ed w esive c [eac rcial
PCR nmast ePﬁ?"ﬁg'éﬂdfgﬁ'é?‘?eo?tﬁ%aT'lpﬁR Rﬁl él?oﬁ?'?ggﬁ? %E'C)Ctuf ';&;p rglgrglgaclc"[‘] with
subsequentkelared ysidrigsiorthe PER F%BiOonﬁlesWSWWCS[QSQ“'@fB‘T ig ﬁ@r@r'f'i@n‘éﬁ"&gﬁ % of the
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3100 Genetic Analyzer (Applied Biosystems) Alternatively, DNA sequencing is performed on

genomic DNA as described above, except that the reverse transcription step is skipped.

For characterization of the anti-RhiD recombinant polyclonal antibody, the following primers

20  are used:
PCR primers for VH amplification:

RhD#001: 5 TCTCTTCCGCATCGCTGTCT (SEQ ID NO 34)
RhD#007: 5’AGGAAAGGACAGTGGGAGTGGCAC {SEQ ID NO 35)

PCR primers for VL amplification:

25  RhD#005: 'CGTTCTTTITCGCAACGGGTTTG (SEQ ID NO 36)
RhD#008: 5'AAGACCGATGGGCCCTTGGTGGA (520 ID NO 37)

Sequencing primers are:

VH: S’AACGGGTTTGCCGCCAGAACA (BEQ ID NO 38)
VL: 5'CCGAGGGACCTGAGCGAGT (SEQ ID NO 39)



batch variation as well as clonal stability over tine during an individual
production run. EXAMPLE 12 The present exanple illustrates a nethod for
eval uati ng and denonstrating the polyclonal 20 nature of a polyclonal cel
line (e.g. a pWCB) capable of producing a reconbinant polyclonal antibody
by means of DNA sequencing of the variable region of the heavy and/or |ight
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descri bed abov hat the reverse transcription step is skipped. For
characterﬁgaplgﬁagﬁﬁﬁﬁgm%nti-RhD reconbi nant pol ycl onal anti body, the
following primers 20 are used: PCR priners for VH amplification: RhD#001
STCTCTTCC@RATORIPEPAT s SR cpTiziNng 32 jndivighelmerpbers, fr BRUHeeEAGTGRCAC
(SEQ | D N®i@&jctor PGRwpr pumiéed udingr the/follawind PEP &tePF:on:

density of 1 cell/well, in ete cul | re
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capture of the antibodies using a MAbSelect column

virus inactivation at pH 3

buffer exchange using a sephadex G-25 column

anion-exchange chromatography using a DEAE-sepharose column

virus filtration using a Planova 15N filter, and

hydrophobic charge induction chromatography using a MEP hypercel column
ultra filtration/diafiltration using a milipore biomax filter

20

25

Nowbdwne

Analysis of clonal diversity after individual DSP steps

Catlon-exchange chromatography was used to analyse the clonal diversity during DSP of a
recombinant polyclonal antibody composition. Samples taken after step 1, 3, 4 and 6 during
30 DSP of a anti-RhD rpAb was applied onto a PolyCatA column (4.6 X 100 mm) in 25 mM
sodium acetate, 150 mM sodium chloride, pH 5.0 at a flow rate of 60 ml h-1 operated at
room temperature. The antibody components were subsequently eluted using a linear
gradient from 150 - 500 mM sodium chloride In 25 mM sodlum acetate, pH 5.0 at a flow rate
of 60 ml h-1. The antibody components were detected spectrophotometrically at 280 nm and
35  the chromatograms were compared (Fig. 15) to detect the potential loss of clonal diversity



25 RhD#005: 5' CGITCTI TI TCGCAACGGGTTTG (SEQ | D NO 36) RhD#008:

5' AAGACCGATGEO00TTGGTGGA (SEQ I D NO 37) Sequencing priners are: VH

5' AACGGGT Tr GCCGCCAGAACA (SEQ I D NO 38) VL: 5 CCGAGGGACCTGAGCGAGT (SEQ I D
NO 39) WD 2006/ 007853 PCT/ DK2005/ 000504 60 ELI SA on single cells using
anti-idiotype peptides As a supplenent to the nucleic acid sequencing, the
clonal co ?"P?"@ﬁsséf a mixture of antibody produci ngFCEPKEMEN a5 5

pol ycl onal working cell bank can be asgessed using an anti-idiotype
peptide ELI SA. 5 The sorted single cells are cultivated for approxi mtely

14 days, thereb enerating Isqgenic cell cultures. fr si ngl e cl ones.
The super Agtng fg"dtﬁ? PW@%%E?JP@%F@?_S(?%'HWE ra’f'g‘ﬁ’ ‘fslrhfec tl%r_{(’)‘(rg%}jrﬁg presence of
speci fic ememataBrhyHhpige cleral giverly Kt gl dgEoIedtinads” °h? an ELI SA assay
as descr rdgerdbinant Briasipiabamtivodhi s wil | provide information with respect to
t he nunber of clones producing a particular individual nmenber. If the
amount of gpdmpedivi dual nmenber is conpared 10 to the total anount of
anti body producing cells (e.g. by neasuring 1gG on all |sogenic cell
cul .t“.rgs) EPa AR e Rk YR RSB diEOhgdife RhDARE r@Rakl thald subpaadaici ng
i ndi vi uaF ant1-RhD antibodies i a t he le é?%l)oq £l Slhoﬁ,thji B e1§33n be
obt ai ned. NERRNPEhe dippualaniibadies ERAIAY R e AERLATT At &s” Che 'usd of
cat i on- ex changeephdaamt vegitaphi, as aetilay sarbobysirate inalysis haveindiceind thaditigr si t y
during down- st ' GrpEdIPAIRG oPpreelceakiati@nt i body.
Down- st r e& rgﬁfé%%@%?ﬁg&ﬁﬁ%gﬂ%”%f@ (r:g%'bn%g%rrpl e, BS oPer ng 25 i ndi vi dual
menbers, Bridkdatagevdo¥ikental bioreactor run was purified using the
followi ng DSP steps: 20 1. capture of the antibodi es using a MAbSel ect
col urmg 2 .Th¥ bfddsnti examiblevdziniomatraiies phidt BheSchagsf iaseroasdiingduausi P @Y sephadex
G 25 columm 4. aniqn. g Ye USddNG obtdiEASmesBaIsaER col umm
5. virus ?rmaF'g"?ingam&ﬁ%ad;&gfegnhﬁo\%g&f%ﬁg?igflhter, and 25 6. ?ﬁ%grophobi C
char ge i nd#adeindn chr omat ogr aphy using a MEP hypercel colum 7. ultra
filtration/diafiltration using a mlipore biomax filter Analysis of clonal
di ver si t y mpreetioniand iputithatibn EISPRLitdéess Cat i on- exchange chr onat ogr aphy was
used to anal yse the clonal diversity during DSP of a reconbi nant
pol ycl onals it deharbs (6REPES hé ibrbeSanpiras d=adoe npraitdton PaReR 03133 filed Julkd 6
durin 3Q,.Dk f nti-. l.j RorRloy Sahdbca@keie (4. 6 X
100 [ %%gﬁm%leg%d%ﬁﬁﬁsgggtg g{sg&{%'ga%@ﬂ%oégﬁﬁ%g%fbari de AH 2. QIQ?JZ a flow
rate of GGPﬁifiCﬁitio%H’@F&eéﬁ“%Were adapted to suspension culturein seruin-free EXc

medium (JRH Biosclences, Andover, UK) supplemented with 4 mM L-glutamine (Invitrogen)

and anti-clumping agent (Invitrogen) difuted 1:250, expanded and banked at -150°C using

canventional freezing procedures.

20 The supernatants were harvested from the cell cultures prior to banking, and the supernatant
were filtered prior to purification of the anti-RhD monoclonal antibodies using affinity
chromatography (Protein A) essential as described in Example 1.

Strong cation-exchange chromatography

The monocional antibodies purified in the previous step were subjected to strong IEX
25  chromatography essentially as described in Example 1. The IEX column of Table 18
summarizes the number of peaks present in the IEX profiles of selected antibodies, such IEX

profiles are also presented in Fig. 16.
N-terminal sequence analysis

N-terminal sequence analysis of the separated peaks from the IEX analysis of 2 selected
30 antibodies (RhD198 and RhD307) was performed in solution, by Edman sequencing

using a a Procise 494 Sequencer (Applied Biosystems, CA) operated as described by the

manufacturer. The sequence analysis demonstrated that the charge heterogeneity was
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N-t er m nalin Q‘exjﬁémcféll%mal ysis N-term nal sequence anal ysis of the separ at ed
peaks fromthe I EX analysis of 2 selected 30 antibodies (RhD19S and

RhD307) waspleesf ormed in solution, by Edman sequencing using a a Procise
494 Sequencer (Appl i ed Bi osystems CA) oper ated as descri bed by the

manuf act ¢ RGD T T TTaERT tnagon{.ﬁ@tghar ge
het er ogefeity: CEU g B P pateern [ B
162b QVQLV no seq.’ DIQLT; DIQ 1 peak Total blocked N-termlnl
of HC
SEQ ID NO 40 SEQ ID NO 42
196° QVQLV; QVQLV n.d. 3 peaks | Partially blocked N-
termini of HC
SEQ ID NO 40 _
306° QVOLV; QVQLV EIVLTQS; EIVLTQS | 3 peaks Partially blocked N-
termini of HC
SEQ ID NO 40 SEQID NO 7 __
2400 QLOLQ; no seq.? DIQMT; DIQMT 1 peak Total blocked N-termini
of HC
SEQ ID NO 41 SEQ ID NO 43
305" QVQLV: QVQLV n.d 3 peaks | Partially blocked N-
termini of HC
SEQ ID NO 40 i
198° P1: QVQLV; no seq.? | PL: DIQMT; DIQMT | 3 peaks | Total blocked & pertlal
P2: QVQLV; QVQLY P1: DIQMT; DIQMT blocked N-termini of HC
are seen in pl & p2,
SEQ ID NO 40 SEQ ID NQ 43 respectively.
307° P1: QVQLV; no seq.? | P1: DIQLT; DIQLT 3 peaks | Total blocked & partial
P2: QVQLY; QVQLV Pi: DIQLT; DIQLT blocked N-termini of HC
are seen in pl & p2,
SEQ ID NO 40 SEQ ID NO 42 respectively.

?Expected and obtained N-terminal sequences are indicated in regular and bold font style,
20  respectively. ®Data obtained from blot. “Data obtained from isolated fractions {peak 1 & 2) from




WO 2006/ 007853 PCT/ DK2005/ 000504 62 due to partial cyclization of the
N-termnal Gn of the HC (see Table 18). Thus, the first peak contai ned
anti bodies with totally blocked N-term nus of the HC (the Nnterm ni of the
HC have 0 charge); second peak corresponded to anti bodi es where one of the
N termini of the HC were bl ocked (the Ntermi ni of the HC have +1 charge),
and the thMQRO%/MEER nost |ikely represented anti bodi eBCTHPREFAS/Q004
N-terminal Gn of the HC were unnodifggd (the N-termni of the HC have 2+
charge). Cycl i zation of the N-termnal glutamne residue to Pyro@u
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anti body to SDS page which was el ectro-blotted onto PVDF nenbranes. The HC
and LC bé&ferderiedvesgtegdsiedits were subjected to Edman sequencing. A few

anti bodi es harbouring an Ntermnal Gn in the HC (RhD162, RhD240) was
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| D NO 41 SEDLEY N@raes GRAGRACCSDEHGEATEETR QT?F%(%%%&%%MU al ly bl ocked
N SE ID NO 40 term ni of HC 198" PI Q\/Q_V no seq. d P1: D QVI; D QVI 3

peaks Tot ascilyite okiad fabwadmptirat andPghol GCQn\he @VEka/privher At OMIEriNER . GITfe Breock ed
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HC 15  were performed with the Phusion DNA polymerase (anzymes, inland) for 25 cycles
according to the manufacturer’s instructions. VH band of approximately 400 bp was purified
on a 1% agarose gel, incubated with BioTaqg DNA polymerase, repurified on an agarose gel
and cloned into the pCR2.1TOPQ vector (Invitrogen, CA) according to the manufacturer's
instructions. Clones containing the VH insert were verified by sequencing. The original VH

20 fragment was excised from the plasmid RhD189 with AscI and Xhol and the mutated
fragment from the pCR2.1TOPO plasmid was inserted instead. Endotoxin free plasmid
midiprep (Macherey-Nagel, Germany) was prepared from a positive colony from the cloning
and sequenced to verify the presence of the correct fragment.

The antibody was subjected to SDS-PAGE analysis, electroblotted followed by N-terminal
25  sequencing of the HC band to verify the replacement of Gln to Glu (data not shown).

Exchanging the N-terminal Gln to Glu of the HC of antibody RhD189, displaying a *3 peak”
IEX profile, resulted in a significant different profile with only one peak (Fig. 17). Thus the
charge heterogeneity had been eliminated successfully by changing the N-terminal Gin
residue to a Glu residue,

30 Binding assay

To asses whether the N-terminal mutation affected the functionality of the antibady, the
native antibody, RhD189, as well as its mutated Glu counterpart, RhD189E, was assayed for
binding to RhD-positive erythrocytes.



SEQ ID NO 40 SEQ I D NO 42 are seen i pl & p2, res ectivel . a Expected and
obt ai ned N-term nal sequences are indicated in regular and bold font style,
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bi nding to RhD-positive erythrocytes. WO 2006/ 007853 PCT/ DK2005/ 000504 64
Eryt hrocytes were prepared from whol e bl ood obtai ned from heal thy donors
after informed consent at the Bl ood Bafk, Aal borg Hospital, DK, by washing
the blood three times in PBS (G bco, Invitrogen, United Kingdom
containing 1 % bovine serum al bum n (BSA, Sigma- A drich, Germany). The
erythrocytes were resuspended and stored at 4C as a 10% solution 5 in
| D- Cel | st@AIMS aMed, Switzerland). The binding capacity of the antibodies
was neasured using RhD-positive erythrocytes at 5 x 104 cells/pl in PBS,
1% BSA. Dilutions of the antibodies were made in PBS, 1% BSA in triplicate
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anti-RhD anti bodies was due to partial 20 cyclization of the N-term nal
G n residue in these antibodi es. Exchanging the Ntermnal Gn for Qu
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wherein salg one or nore genetic anal yses are performed on aliquots

conpri si ngoleculss fAFhEA9MAIRYYE PEPEES | s wi t hout i sol ation of single cells.

2. The pr ocedure according to claim1, wherein said genetic anal yses are

sel ected ‘{
e procedure according to claim 3, wherein said chromatographic analyses are

based on another physico-chemical property than size.

5. The procedure according to claim 3, wherein an individual chromatographic analysis
is based on physico-chemical properties selected from i) net charge, ii) hydrophobicity,

iii) isoelectric points, and iv) affinity.

6. The procedure according to any one of claims 3 to 5, wherein said chromatographic

analyses are performed as a multidimensional chromatography.

7. The procedure according to claim 3, wherein the analysis of proteolytic digestions of
the homologous proteins is performed in order to isolate N-terminal marker peptides or

peptides with characteristic amino acid side chain functionality.

8. The procedure according to claim 3, wherein said specific detector molecufes are

anti-idiotype peptides or anti-idiotype antibodies.



RFLP, T-RFLP, mcroarray analysis, quantitative PCR and nucleic acid
sequenci ng. 3. The procedure according to claim1, wherein said procedure
further conprises analyzing aliquots of6said sanple by one or nore protein
characterization techniques selected fromi) chromatographic anal yses

whi ch separate proteins according to physico-chem cal properties, ii)

anal ysis of proteolytic digestions of the honol ogous proteins, iii) "bulk"
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15. The procedure according to any one of claims 1 to 13, wherein said samples are
obtained from different polycional cell cultures at a particular time point and the
relative proportions of said individual homologous proteins and/or encoding sequences

are compared.

16. The procedure according to any one of the preceding claims, wherein the different

homologous proteins having different variable regions are recombinant proteins.

17. The procedure according to claim 16, wherein the recombinant proteins constitute

a recombinant polyclonal protein.

18. The procedure according to any one of the preceding claims, wherein the different
homologous proteins having different variable regions are antibodies with different

CDR regions.



obtained fromdifferent polyclonal cell cultures at a particular tinme point
and the relative proportions of said individual honol ogous proteins and/or
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directed mutagenesis of the nucleic acid sequence encoding said protein.

22. The method according to ciaim 20 or 21, wherein said change is performed on one

or more individual members of a polyclonal protein.

23. The method according to any one of claims 20 to 22, wherein said protein is an

antibody or a T cell receptor.



