WO 2011/ 0420271PCT/ DK2010/ 050258 Mul ti pl ex quantitati on of individual
reconbi nant proteins in a mxture by signature peptides and nass

spect r omawoyobAl4bo2pat ent and non-patent references cite#crmis/Eossent
application, are hereby incorporated by reference in their entirety. Field
of invention 10The present invention relates to an anal ytical nethod for
guanti t at i on Multiplek egiaatitatiohtof phdivideab rdziontsihantrprotimsin @ mixtaeepy ex sanpl e
such as reconbinant polyclongl anti bogi es .In serum or reconbi nant

pol ycl onal aﬁfqr@g iee[gepéélﬁﬁgggéﬁaﬁ%s%?c AeRE supernatant. The net hod

i nvol ves high sensitivity quantitation of peptides by mass spectronetry. 15
Background of invention There is a need for quantitative assays for

reconbi nant proteins in various conplex protein sanples, e. g. in human
serum or5 pl apatdio ane ndn-paight nefdraees cites aythe paaseniiptieationnpledresidyed as

i mmunoassays.such as E s ELI SA, ., maki ng use of specific antibodi es agai nst
target prot ei”??&rl‘?féasﬂ &?FE%”P?,'@HB”S@W Bti on reagents. New net hods,
particularly involving internal standards of peptides or proteins |abelled
wi th isotope | L ow mass spectrometry to provide such quantitative peptide
and protein %%%lggéi}}v.eﬁgqﬁntitati on by mass spectronetry by use of internal
reference peptides is well described in the art. However, there renmains an
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conb nat i on ATRPRR R SPauaeee P ad PRI 8l 3 gpuEh aag anesstla A5UHE kers [ 1-
5] . The pupseatani. Thentdtiosd ioesiesteagh addsitivity guamtitationod petives oy meassnbi nant

pol ycl onal prso(te(gll nsetrsuch as reconbi nant pol yclonal antibodies froma

conpl ex sarrpIB ' Ys serum or 35plasma or froma culture supernatant and

quantittgion by mass spectrometry by use of WO

2011/ 0420272PC‘|(; %201 /fOSO‘%FaB internal reference peptides. The present

i nvention pr&ﬂ YN SVEERYS i n sensi ti vi ty by inplenentation of an

affinity purification step. Another issue addressed by the present

Invention is 'IJh[e]Feelts:’raI l{[e%d?c];r c}ugen'\tit%{?\?el gsts%ys for recombinant proteins in various complex
protein samples, e. g. in human serum or plasma. Conventionally these assays have

20 been implemented as immunoassays such as e.g. ELISA, making use of specific

antibodies against target proteins as specificity and detection reagents.

New methods, particularly involving internal standards of peptides or proteins labelled
with isotopes, allow mass spectrometry to provide such quantitative peptide and protein

25 assays. Quantitation by mass spectrometry by use of internal reference peptides is well
described in the art. However, there remains an issue of the dynamic range and
sensitivity of MS assays when applied to very complex mixtures, such as those created
by digestion of whole plasma protein to peptides. The problem concerning dynamic
range and sensitivity has previously been addressed by development of immunoaffinity

30 set up in combination with MS for quantitative analysis of endogeneous biomarkers [1-
5].

The present invention combines affinity purification of recombinant polyclonal proteins
such as recombinant polyclonal antibodies from a complex sample such as serum or

35 plasma or from a culture supernatant and quantitation by mass spectrometry by use of



5Conventional ly, quantifying a protein based on peptides |eaves a
possibility for partially degraded protein being quantified in addition to
t he i ntacwopoot@eers This is especially a probl em when geammnk2ygiongo2ss

bi ol ogi cal pharmaceuticals for generation“f e.g. pharmacokinetic profiles.
In a preferred enbodi mrent of the present invention an initial protein A
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of invention.The e t . nti.on.relates to a nmethod for characterization
of pol ycl onal'tiI 9‘ fgétdﬁtggtg%t'pﬁgyo“@gﬁﬁuquaﬁhfﬁdysi s i n pharmacoki netics studies.
30 The invention relates to a nethod for quantitation of one or nore

r econbi nant tei.ns, in a.sa omprising the s .of_ 1) .
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fractionate the sanple and thereby up-concentrate the peptides of interest
V) quantit at iAonthef agentbgel ajfad methopeetording th yhenmesert peethtianetmparedival ysi s

10 ELISA is that the mass spectrometry analysis results in an enhanced dynamic range.

25
Summary of invention
The present invention relates to a method for characterization of polyclonality and high
through put analysis in pharmacokinetics studies.

30
The invention relates to a method for quantitation of one or more recombinant proteins
in a sample comprising the steps of
i) up-concentration of said one or more recombinant proteins by affinity purification to
obtain a first fraction

35 i) digestion of said first fraction to release one or more specific signature peptides for

each of said recombinant proteins into a second fraction



The met hod can be used for quantitation of one or nore proteins in a
sanple. In a preferred enbodi nent, the nmethod is used for quantification of
two or nowe 2priaieizns such as reconbi nant §0I ycl onal ant iPbodiesioosomssanpl e.
The sanple can be a serumor plasma sanpl €&, a cell culture or bioreactor
supernatant or an in-process reconbi nant 15pol ycl onal anti body sanple. The
nmet hod can béi)agditlor off ordedramorematinahrefdremae paptidesioe aacnofesatef sigmedurei dual
ant i bodi es dur.in harmacokinetic studies. |n.another enbodi ment the net hod
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t he unknown s to one another. The method
accor di ng t ovj beanitaise nf saidsgnbivonpeideb by ussd spectroamalio/snadysid one or nore
honol ogyis 30reconbi nant proteins in serum sanples, wherein said serum
sanpl e conpri ses a background of other honol ogous proteins. The method of
t he present iTheemdthahcareve Gsed foi dunétatibe oborad gransreqiroteimdiiva dampleaita bodi es

f | ycl ' . ition.i f or . i net.i
tudi b5, it nal e 3% BBRRERERRRbMEH A Bt D flselp o BERE8 HIERS <,
based t echni guesas Ascombhianppolycldriat actinodi@stin atsampleoi he samplei dcaame gsdErymloonal
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lyte i t dat | \ it .d th f both
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fromit in a ner, th be di stingui shed by a mass spectroneter,
ei t her througaﬁg/élrgéj@gg %ﬁgaﬁ?%nent of nol ecul ar mass or through mass

nmeasur e@tent of fragnents (e. g. through MS/Ms anal ysis), or by another
20equi val ent Ani\ee%qgature of the invention is that it is directed at establishing quantitative assays for
specific recombinant proteins selected a priori, rather than at the problem of comparing
all of the unknown components of one or more samples to one another. The method
according to the present invention can be used for analysis of one or more homologous
30 recombinant proteins in serum samples, wherein said serum sample comprises a

background of other homologous proteins.

The method of the present invention can facilitate the analysis of individual antibodies
of a polyclonal antibody composition in serum for e.g. pharmacokinetic studies without

35 the need of anti-idiotype antibodies as in e.g. ELISA based techniques. Accordingly,
the concentration of recombinant polyclonal antibodies can be determined and/or



The term'anti body' refers to any of the classes of imunogl obulin

nol ecul es of any species, or any nol ecul es derived there from or any other
speci fi c Wondimg2@gent s constructed by varj ati on of a censaxezeth/osoisecul ar
scaffold so as to specifically bind an 25anal yte or nonitor fragment such
as a reconbi nant protein and/or signature peptide. The term'anti-peptide
anti body' i s mohitdreslyimanyndidlay inmded thamdf e.gl geatime aftpegpdmidstraidn duet\ds imnd

it may be any, tvpe of antibody..(in.the precedin eneral .sense). t.hat bi nds
- pepti de cudneitafloe R, PRGN R b 8Re RERETM AP P A EbBlFrde T or
t he 30pur posémdoig reolecdé apd sulisegnest caanitbiorois pprfocessimdmseasgpémential agener al ,
any use nmade of..an_antibody herein is, understo tQ be a purpose that, could
20" be servaarisy AR marieH Rl Rl I8 s iRl Y 87%er Rt ooy
m mc. |5 oneneasbiediamalyte ismet bidagiadgtiarf prodct cawt it depits de tleenpriebardbe df dothhe
pepti de doersrgnotngz_.ra%e be very specific - i.e. high affinity and/or avidity
is in one embld "nmore inportant. WD 2011/ 0420275PCT/ DK2010/ 050258 The
ternms 'binding agent' may be any of a |l arge nunber of different nolecul es,

bi ol ogi cal cells..or regates. In this context, a binding agent binds to
an analyte b |eﬁr§"tg°é}%%?%%g]e&%§f)ﬂgr to enrich it prior to detection, and
does so in a specific manner, such that one or nore anal ytes are bound and
enriche Pr [ ‘ ept | , peptides, 5 l.eic '

(ol i gontte1 corad T aBRBURRUPER BERS &Ry ridRlEleR B solecte as 2

pol ysacchar i demjtonfragnoentfpapiidenef,a giemepbi@irsin scesamie.ot i cs, test conpounds
(particularly those produced by conbinatorial chem stry) may each be a

bi ndi ng agent. The term 'bi nd" includes any physical attachnment or cl ose
associ at i on, Thkiterm ‘imgrnblerefcbpeemeptdds’ oreahe ap @otope. lalisdineg paptide, withethersamiel e
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reconbléb'int teﬁgigglgktorﬁé%nghe present invention is in particular directed to

charact'eri zat onbi nant pol ycl onal anti body comnpositions where the
anti bodi es are expressed using cell lines that are normally used for

commerci al pr | Qn..of, r i hant Lbodi f f. 25t he
human or ot hér:?' g?r%@nél‘?%?ﬁ’ ycrgfq?qu %@s()frtr@e%%%ﬁgﬁzr%rg\l}'g(.ggI%ﬂﬁﬁlﬁ%@%‘%&?@n%f t he
present i _nvetspécm'es, ogan;anto:etcokéyfdie_sivetpﬁleliedmcbnaﬂgotkte'r epeﬁfiqbtfindinhg;ag@dé; ng
sequence i s kn i..e . also t i [ . :
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anti body nol ecul es which is capable of binding to or reacting with several
di fferent spéteftermr ‘ant-pgetiviecantibody’ is usadtsgnanyniduslyswiingamti-signatdief geptieat

antigens. A vel onal . i . [ " tail of
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of an antibody herein is understood to be a purpose that could also be served by

another binding agent such as an affibody or an antibody mimic. In one embodiment

the binding of the anti-peptide antibody to the peptide does not have be very specific —

i.e. high affinity and/or avidity is in one embodiment more important.

35



determ ning regions CDRlL, CDR2 and CDR3 regions. The polyclonal antibodies
that WD 2011/0420276PCT/ DK2010/ 050258 may be characterized by the nethod
of the inwenbiloeray be of any origin, e.g chineric, hecamkzethwn2ssul |y
human. The reconbi nant pol ycl onal anti body according to the invention
preferably conprises a population of at |east two different antibodies.
5The term " pdhgdérarsabintding agehtemay be ahhef & &rge himabereof Wé o indedulgsol ycl ona
protein contains.a defined number . proteins.and thus, i olvclonal in
Pont rast o DALl acoluRBSLInRoRlE5t Bhr0 aeberds B BB as B
term nol ogy deatectzel insetdr toemteEhdir prioe tpddtgctioonand doestsatih asdpetifie mpenert suchand
protein | eve The variabili%gﬁof a recanb' cl onal oteiq'

L. . nant . .S
characteri ze i ' i I"dual

i 9 of Flornalied af hatng i sntclits” BLeloity ol Psptdes; fertides:
rren‘pe[) §|Epf t Pmecl;eiemidsi(ulaggmuq:ied)tjdebcanndlpotynod:le?tidesjﬂa?tibcméeu, Ii%mwFpsi tional
variability" r r .0 _the neasur var il i i vidu onhi,nant
rotorns of BRTPEchalites MicBRRRNGRE KRGO ARt bl otlepHRs (RERIRLY
15The t er m " itmsemooduakd by ©dmbimn atooiahahenyistos ethysesach bed birdibg wgerdesi gnat i on
for the m xture of antibodies found in blood or serum Hence a

serumderived polyclonal antibody is often ternmed i nmunogl obulin or gamma
gl obul i n. Hovikreeerm binadhnolodédny physiceiattaahmentod disedstociates, ghishenay ba xt ur e

o e Be e LB AL A et B SR b B R
structur FI Wi ﬁmfrﬁao?anSngrw tit>cmelirrghaj/dgsphdb'r?f_o'rcr(;dzen\ta;;mddriﬁ?y;ormﬁsabtcsthgégic2
on the oxpr ed e R RuFE i Fb RN e MR A et Sy hB ARa IR | ot e

| i ght chai ns.measdiesiul phi de bond joins a heavy chain and a |light chain

toget her. The heavy chains are also joined to each other by disul phide
bonds. All four polypeptide 25chai ns contain constant and vari abl e regi ons
found at5 t he Thartdroxiprotainti reders no abyechdimal amine spigst iegeaidiess lomengibgdr post-i Nns ar e

e e ™ o PR o LR SRSEN Bl A B R R B
30and A (| anida@apr mbredassedivédd pobipeptideechairesy fragmesis of kabgies, olypeptitda, but

never both. | gG A . further divided into subcl asses that result
from m nor dioﬁg%ofe@ﬁ%éesgolr ﬁé‘ﬁ'ﬁggam no acid sequence within each class. In

humans four |1gG subcl asses, 1gd@, 1g&, 1gG3, and 1g&4 are found. In nouse
oo 5 hor SHESERE (B ILR oGP LSS, OS8R < 18 Rl B,
Af fibody nol eftdcembaraet antivbtieanblectassharhifgtturat fusing trgcqontonaeit teamoblegy  Tee
o eron o PSRl BB e & e A BUBG bR, e
i s tandem masstis@pycompositionys wbere the antibodies are expressed using cell lines that are
normally used for commercial production of recombinant antibodies, for example one of
25 the human or other mammalian cell lines mentioned above. In the context of the
present invention, an antibody is considered recombinant if its coding sequence is
known, i.e. also if it is expressed from a hybridoma or an immortalized B-cell. In the
context of the present invention the term "recombinant protein" includes a "recombinant
polyclonal antibody".
30 A recombinant polyclonal antibody describes a composition of different antibody
molecules which is capable of binding to or reacting with several different specific
antigenic determinants on the same or on different antigens. A polyclonal antibody can
also be considered to be a "cocktail of monoclonal antibodies". The variability of a
polyclonal antibody is located in the so- called variable regions of the individual
35 antibodies constituting the polyclonal antibody, in particular in the complementarity
determining regions CDR1, CDR2 and CDRS3 regions. The polyclonal antibodies that



MRMis nulti reaction nonitoring, or equivalent tecniques, such as e.g. SRM
(singlelselected reaction nonitoring) A B-cell receptor is a

t r ansnmenbwenelwveeept or protein | ocated on 6t he out er surfrato@biolBGRsel | s.
The receptor's binding noiety is conposed of a menbrane-bound anti body

that, like all antibodies, has a unique and random y-determ ned
ant i gen- bi ndinmey k=5 ¢haractericed &l lthe eetodaf trmrm\]'eﬁdﬂoh sy bmdfeanyloegrhpelgd on the

surface of T hoc tes hat i ponsi bl e for
Fecogn 2 ng. ARTTREnerbE T 4rd Ineinh She Residingd pFFRYS abue iRt ey

nol ecul es. | the mvmtioeqoeefembtyaronmlees afpopgjaiidn efrat adaphla/oadnf@brbmta]tlbd)rmesn in 95%
of T cells, whereas 5% of T cells have TCRs consisting of gamma and delta
chai ns. Description of Drawings 20 Figure 1: Standard curve correlating the
rati o of5 t he Theadrnma'tpehsloadlitpfIeers togtha faot hap apecaiebinant AQdlopa pirotdiascontdins t he

concentration a nk.Cyn I ey _pl asma.
For each: sanp &1t AETB8 Blluoile 88 i€ b PR e VAR S eo TR Bl o o
each concent redondoinamdprodeih er moneclomai ahhqulyl Thais esminbitegyydiah dbewssd AbHedcribel
with a linear d th nf e band
For "the. best PPbERFTEaAR BT adBurohe P et F4Salatinsrs EXhPENES | ng
the ratio of pbIyelopelakotameasharhctéﬂlfmb)sdlgemnmsan preppamihe acal sdQUdngestfi des

bl aorm. or - SEbo B Hietr ARe Srctbiet B bR 98B e e S0added. The
rati o at each concentration was determ ned in triplicates. The data was
ot P hBoL 50 PRRTR BB RIhE b v B,
concent r at i omedanrenant prodeing or an%@ﬁieahdtemh@ﬂéctuai aandyovaiveersfimad blieieslosed
wi th 8ng/ kg drug | ead. The concentration of A992 and A1024 was 35determ ned

from0.5 to 48 hours following adm nistration of the drug lead. WO
2011/ 04@278FFﬁ§ﬁ@KQ'mﬂ1@Vu65@aﬁ8inFisgmnﬂn@hly Stexhaboa dolleativeedesignation nge of 0. 2

Felation ber dasHestPbiy R SRR G A it BBl ihdnd ™
relative rez;anntxniyss gftext lerreeqbemhuruh@crmmeoegmmp@ntl'[lﬂe Hoevet,wo ant i bodi es
are neasured, ep e r u or
7052 and 5t nan I BUsERBERL T CPaRERTle dSRERELhu85s 3 BRI Form
description @tharlseurcm/@rg wexrorﬁ&mrpnramend)globuhené\ﬂ mnnmr&igwbehnstlodepememaﬂ for
dampl ¢ Bhion 480 SESTEMAaE 4 oo AR AR R i B By SRR o
pol ycl onal artntaa\iqprmaﬂrss eaqzi'r mﬂenﬁuhlly naraym;@bcbvadnntly aﬂadﬂedmhgmaceham#e@mamant .
R S T s
or nore recotibhtrchainspA dtsalphile bond joins a heavy chain and a light chain together. The

heavy chains are also joined to each other by disulphide bonds. All four polypeptide

25 chains contain constant and variable regions found at the carboxyl and amino terminal,
respectively.

Immunoglobulins are divided into five major classes according to their heavy chain
components: IgG, IgA, IgM, IgD, and IgE. There are two types of light chain, K (kappa)

30 and A (lambda). Individual molecules may contain kappa or lambda, but never both.
lgG and IgA are further divided into subclasses that result from minor differences in the
amino acid sequence within each class. In humans four IgG subclasses, IgGl, 19G2,
lgG3, and IgG4 are found. In mouse four IgG subclasses are also found : IgGl, IgG2a,
lgG2b, and IgG3. In humans, there are three IgA subclasses, IgAl, IgA2, and IgA3.

35 Affibody: Affibody molecules are small and robust high affinity protein molecules that
can be engineered to bind specifically to a large number of target proteins.



in a sanple conprises the steps of: i) up-concentration of said one or nore
reconbi nant proteins by affinity purification to obtain a first fraction
20i 1) di geetzpom4ed27said first fraction torel ease one oPCEIME0BPE0ISKI C
signature peptides for each of said reconbinant proteins into a second
fraction. Reduction and/or alkylation of said first fraction can optionally
be performed prior to the digestion iii) addition of one or nore internal
ref erence peptd des_for each of said signature peptides to said first
fraction and SIRFP 83088%‘?1'Hetf¥’acti on 25iv) optionally up-concentrate said
signature peptides and said internal reference peptides using a resin
coupled with i~Shgnature peptide antibodies foll owed by rel ease of said
si gnature peaﬁwgs's5%3%?aﬁnasﬁo?‘ﬁ%§trﬂ@leﬁ¥'eference peptides to obtain a third
fracti orb and/ or optionally up-concentration of said signature peptides and
said internal ferenc tides .using a resi.n wth hem st able to
fractionate METiSRERECafER SR e dptheaRRuReries Shed Bl T or
interest V) (siogleseleatedoeaadibn swinitordigynat ure pepti des by mass spectronetry
analysis vi) optionally repeat step i) to v) with a corresponding protein

preparation of known concentration spiked into the sanple to obtain a
pr ot ei n st andaB-delt taceptor is avrgnsnieentyasetactpior protar lcsaied onith@atter surfeeptaf des

obtai neg, in Vo, . t he. 35pr ot ej t rv ined in
step vi and%ﬁeglﬁt?qeartsef:%ﬁggﬁ'ggpé%ooﬁ%y@rcoﬁiﬂoég@ @fc%ﬂ%“‘%iﬁr?eﬁéj%} ee;.nﬁ§5$yn sai d
sanpl e i s obtlatnikd.alllantibotie s ho diumgnt anb eamdeinfipdetedfined antigen-binding site.

2011/ 0420279PCT/ DK2010/ 050258 results in absolute quantitation of said one

or nore reconbinant proteins in said sanple. In a preferred enbodi nent,
t he present iATeal ieccaptoebal@R id @ nwlevatelfound or thgusantacd aft T ympbbeyésvordr nor e

reconbi nant pr ins in a s le ¢ ising the sane ste i) .to vi) as
e 1 ned anovieraial ¥ il ok o M G ARFEIHERD 0 B,
speci f i t5 applhistatongasbility @SmelexQMHE) analécude s - aheenddiméen amssfing efcamdpimant
proteins Step I bove .can,c [,s€. an { h d Lib in the art for
Cpconcent r at o PERTEHESE SR TS onBee R d T B8 RRILRS BobtirBer Phe
enri ched fragamom arsd dedtarohdinehe first fraction. In one enbodi nent the
up- concentration/enrichment captures intact proteins such as intact
reconbi nant proteins such as intact reconbi nant 15pol ycl onal anti bodi es.
The separ at i dresbyiptidh ohDrawiagsomat ogr aphy i s based on differences in
af fini t%/o towards a specific binding nolecule. The binding nolecule or a
y

plurali of these ét hese different options are just ternmed binding
nmol ecul e i n tHgure b1 Plandlargcurvessorreiating Iezatio ofithg peak areas of A992 signature

peptide to AQUA peptides with the concentration of A992 spiked in a pool of blank
Cynomolgus monkey plasma. For each sample 1 pmol of the A992 AQUA peptide was
added. The ratio at each concentration was determined in triplicates. The data was

25 fitted with a linear regression and the dotted line shows the 95% confidence band for
the best-fit linear regression.
Figure 2: Standard curve correlating the ratio of the peak areas of A1024 signature
peptide to AQUA peptides with the concentration of A1024 spiked in a pool of blank
Cynomolgus monkey plasma. For each sample 1pmol of the A1024 AQUA peptide was

30 added. The ratio at each concentration was determined in triplicates. The data was
fitted with a linear regression and the dotted line shows the 95% confidence band for
the best-fit linear regression.
Figure 3: Plasma concentration-time curves for A992 and A1024 in a Cynomolgus
monkey dosed with 8mg/kg drug lead. The concentration of A992 and A1024 was

35 determined from 0.5 to 48 hours following administration of the drug lead.



20chr omat ogr aphi ¢ nedi um and the sanpl e containing the reconbi nant proteins
are applied to the affinity colum under conditions that favour interaction
bet ween twe 2ondi4xi2dual nmenbers and the i mgobi i zed bi ndiPOg/D20BNFHESS
Proteins showing no affinity towards the i'mmobilized binding nol ecul e are
collected in the colum flowthrough, and proteins show ng affinity towards
the i nmobi | i FeirddnSiangaroeueeslirea adreyedd S sl entD] ig/rel, i teglidatesnohd eutlied.um

under conditions .that counteract binding (e.g. |ow pH, high salt

concent r at i Orlrlr@@rlwicglﬁve,sisgawgh% @threqu%&ﬁn_tlgqqyeconc rl;!ratlong?n a spiked serum

up- cg_n?:_ent (r]I atsa@pleedid r@lamtespgmedm%@nrbweﬁﬁqﬁ/&yeraﬁw ;eépﬁdé.TH%lrtwlbesinnbwi@@n be
i mobilized onto a support and us or purification of tota roma

Cr e pr ot oi ATSORRST BN STuiERecs N S PR RAn e B s, SRR FHiv G ASSe PO £y
to humars | gGlhelodet géntl &% s@idardisurn® s 1ogd2a and 1 gG2b. Protein A binds

Wi th noderate affinity to human 1gM IgA and IgE as well as to nouse |1gG3

and 1gGl. Protein A can also be used for purification of antibodies from

ot her ani mal Petailedd debcrigtion f eysinvehtion econbi nant form of Protein Ais
cal | ed MabSel ect SuRe. In one enbodi nent affinity chromatography on 35a
matri x consi sting of Staphylococcal protein A immobilized to agarose beads

is used in sti@p prgsenfint@itivatreldes td achatied for qlaititatidn FEBHARSSmulipl®t ei n A

i bi | dt \WO 2011/ Q04202710PCT/ DK2010/ 050258 P i !
bounl ed € o AL RIS M CRImREs EmElR GUB 85 R R gL RiNsie 0 Shiheiss:

| atex and agar ssemhgagsomipedny pelycloeadditibguky Slyéssad readsll enitsiECulieads. | n
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and Protein lIspearon@ryused in step i) above. Each of these

i mmunogl obul i n-bi nding proteins has a different antibody binding profile in
terms of the portion of the antibody that is recognized and the species and
type oft1mnti ipdiid@ntién wmidiés i ehethbidor duaatitatiomofad rieormedratr&dnibindriieraisias of

ot her i mmunogl obul i n-bi ndi ng proteins, such as such 10Streptococcal protein
G rabbit an gﬁ@ﬂB@cPS@”? PRGHRSRY i ns, anti-human 1 gG i mmuogl obul i ns and
anti-nonkey |19gG i muogl obulins generated in other species. The present

invention also relates .to use of other affinity based pur,kf]cat.i.on. t hod

in step ). PHIBOTCRATAIigR ohRgPap Gbmorsecambinat MG Peallivdbtiticaiong n A

(Concanaval i pb&irls@rsgfradtiopm Canaval i a ensiform s (Jack bean); recogni zes
ectin affini chroma ant,i bodi es

agai et e JLpEHISE 95 akB TEr PR EpiDeaP BI° SHPPBSAPRLe SgaRHE PEIEEE Bhst ant
part of an arbthotuisrecbmbmaapaotets ihtoea Sdcoparactiohn Radilidtiondyiden alkpatiet bic
beads can. al 80 diEa 88l thrttrgBraly babriARLl ot RRSkgERon " ccyel 1o
iii) addition of one or more internal reference peptides for each of said signature
peptides to said first fraction and/or said second fraction
25 iv) optionally up-concentrate said signature peptides and said internal reference
peptides using a resin coupled with anti-signature peptide antibodies followed by
release of said signature peptides and said internal reference peptides to obtain a third
fraction and/or optionally up-concentration of said signature peptides and said internal
reference peptides using a resin with a chemistry able to fractionate the sample and
30 thereby up-concentrate the peptides of interest
v) quantitation of said signature peptides by mass spectrometry analysis
vi) optionally repeat step i) to v) with a corresponding protein preparation of known
concentration spiked into the sample to obtain a protein standard curve
vi) the quantitation of said signature peptides obtained in step v) is compared to the
35 protein standard curve obtained in step vi) and quantitation of said one or more

recombinant proteins in said sample is obtained. In one embodiment the method



I n anot her enbodi nent step i) can conprise purification of one or nore

anti bodi es by use of a resin and/or columm coupled wth one or nore

pepti des WO 2bhi4e@rget anti gen recogni zed py one or nor eCofdK2aB/0sezs8bi nant
protei ns such as one or nore reconbi nant polyclonal antibodies. In one
enbodi nent the purification of the one or 25nore proteins can be via an

i nteracti on weduits &n amaohude taargiedtioant sgidmne Shenorerdcbmbinapt proteirenh saidi on st ep
such as enrichmapt by protein Ain Step i) can be performed in a batch
format such a8"8°96 wel| format or as part of a multidinmensional LC M
system Alternatively it can be performed off line batch wise. 30 Step ii)
regardi ng reductiaqn | kyl ation,.and di gestion After, the initial I
up_concent r att o el eibpgieRl iR retert i Ry e o Bebf I Rvanttainal oo
prot easé t 0 1hed easereoreecmbinaD EFoleIacn hisamplegrtatpristgpbptade Stefps dno @@k
protein to bgj %’e%%got gt ed into a second fraction. In one enbodi ment the
first fracti On 1% fedtuced and 35al kyl ated prior to the digestion. The
second fraction conprises signature peptides and other peptides rel eased by

t he protease., Jhe redyctian, al kylation.and digestion.of. said W

2011/ 0420271 SR orvagsle s ol Sl UGBS can' be
performed by any nethod known in the art. Peptides can e.g. be reduced
usi ng dj4 hi otdy et DIT) an e ntly alkylated with e.g. 4-

vi nyl pgﬁ di neé,g’? 8698‘}35@5? é{%dc @gegfrgP%nd%ti%%‘%’%'n%)&ti%&e@%he first fraction, in
whi ch one w $hesi) Bboveesunomdrise aop enethodndeseritssl ie dhieealt foewpnbi nant
protein(s), i r ef i t pall onpl eti o r.partially
i gested |1 carrEafoR@esmstErae of 3 hbl suubBracHRlchs Pelpitfid
appropri at e [raoctieais ¢ersedhhafirst frygiiohnintome\enedodinpay thedgs c¢rnoratrattinfenrich@ent
sel ected sign

appear < once CRUISedMRRLRREIREn B by Re SR RRIEh: R T e RANRERSn: o

i deal | yl5genepalyelohfleansibodiesiunber of signature peptide nol ecul es as there
were reconbi nant protein nolecules in the first fraction. The digestion can
be carried out by first denaturing the protein sanple (e. g., with urea or
guani di ne HOThe sepalatiomigy affisitydétsorinbiodeaphg iedsased onldiffqueratesiimaffiGigy pwardsha

dithiothreitql or . 1), al ti . i . o
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0 : aci . v ( .ease such as trypsin is on

a solid Zuppgﬁf wgﬁr%%lt%ghcﬁ%g?{é%r@ r&@éagg Cpﬁ(f/eg{gri%h&%ﬁe destructi gﬁ of the

protease activity is inportant in order to avoid danage to anti bodies |ater

by residual H!hgﬁj%péo}%érﬁra?i%/iexriié%én'? cétj{'se ?)"élrl?gllmeéd by Protein A. Protein A can be

immobilized onto a support and used for purification of total IgG from a crude protein

30 mixture such as serum. Protein A binds with high affinity to human IgG1 and IgG2 as
well as mouse IgG2a and IgG2b. Protein A binds with moderate affinity to human IgM,
IgA and IgE as well as to mouse 1gG3 and IgG1. Protein A can also be used for
purification of antibodies from other animals, including monkeys. One recombinant form
of Protein A is called MabSelect SuRe. In one embodiment affinity chromatography on

35 a matrix consisting of Staphylococcal protein A immobilized to agarose beads is used
in step i). Alternatives include Protein A-SEPHAROSE, protein A immobilized to



30 The digestion can be perfornmed by any protease including trypsin,
chynmotrypsin, Asp-N, Qu-C Lys-C, lys-N and Arg-C (cf. the specificity of
t he prot eseasiivia2a2he t abl e herei n bel ow). (l)\/bre t han one PpTMI2ABS0EA be
used such as 2, 3, 4, 5, 6, 7, 8, 9, 10 oﬂ nore than 10 proteases. 35 WO
2011/ 04202712PCT/ DK2010/ 050258 Enzyme Specificity Opti mal pH Average MN
Trypsi n Car bagstoss, Rreteiri AApgplatitb Agtivated Agbin23agarddoaads PrdieiAA coaipedde of
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In addition to Protein A, other immunoglobulin-binding proteins such as
5 immunoglobulin-binding bacterial proteins like e.g. Protein G, Protein A/G and Protein L

can be used in step i) above. Each of these immunoglobulin-binding proteins has a
different antibody binding profile in terms of the portion of the antibody that is
recognized and the species and type of antibodies it will bind. The invention also
relates to the use of other immunoglobulin-binding proteins, such as such

10 Streptococcal protein G, rabbit anti-mouse IgG immunoglobulins, anti-human IgG
immuoglobulins and anti-monkey IgG immuoglobulins generated in other species.

The present invention also relates to use of other affinity based purification method in
step i). These include any target for an antibody, Fc receptors, Con A (Concanavalin A
15 e.g. from Canavalia ensiformis (Jack bean); recognizes glycoproteins), other types of
lectin affinity chromatography, antibodies against the variable part of an antibody or
antibodies against the constant part of an antibody such as against the FC part. An
antibody on magnetic beads can also be used in step i). In another embodiment
recycling immunoaffinity is used in step i).
20
In another embodiment step i) can comprise purification of one or more antibodies by
use of a resin and/or column coupled with one or more peptides or the target antigen
recognized by one or more of the recombinant proteins such as one or more
recombinant polyclonal antibodies. In one embodiment the purification of the one or
25 more proteins can be via an interaction with a bound target antigen.

The initial up-concentration step such as enrichment by protein A in Step i) can be
performed in a batch format such as a 96 well format or as part of a multidimensional
LC-MS system. Alternatively it can be performed off line batch wise.
30
Step ii) regarding reduction, alkylation and digestion
After the initial up-concentration in step i) the first fraction is digested with a selected
protease to release one or more specific signature peptides from each protein to be
quantitated into a second fraction. In one embodiment the first fraction is reduced and
35 alkylated prior to the digestion. The second fraction comprises signature peptides and
other peptides released by the protease. The reduction, alkylation and digestion of said



28.0 kDa Arg-C Carboxyl side of Arg pH 7.5 - 8.5 26.5 kDa Lys-N Am ne side
of Lys Chynotrypsin Cuts next to Hydrophobic G oups Step iii)

regar di ngwortvewvwad27r ef erence pepti des An {ersi on of theps&nachBdssisgnat ure
peptide(s) labelled with stable isot ope(sy I s 5synthesised in which the
chem cal structure is maintained, but one or nore atons are substituted

W th an i sot dipst asdiohsddoat fisSicananys gerioamed by tihy giettslad Knbenlimthe! drie ®Peptiqisi de

fromthe nornal peptid ont ai ning ft. ural abundanc f. each el epents
| sotopes | Thaugd BereiieedrryB bRkt i iR s BB D el At 0.8
ref erence pepiyihesdind,0uo acetdrnidard iamoaedticeacid. educt i on, al kyl ati on and
digestion internal reference peptides for each of the signature peptides,

| abelled with stable isotopes are added to said first and/or second
fracti orb f or Thedirdt fraetianoim wisith oné wighssibsmgasmé trebee artreorgsaketicdat i on. Si nce

the amount o Gt PRYERCE Ty A frdY Be B PoSRaR o el o prfttfa "
ref erence pepﬂtgedteda]iﬂdistoaoﬂoectobyucttédainfd replodvEibEmahyrsarswith thevapptdpeate
the

concentration of i.gn I tide in.the.s |l e mxture to ,

ol cul at ot Prfigade o 4 b4h %, PEBgipq Il ATE s8tebisrnkptiige(s) o o
conmer ci al | y Favaislgabtuee pept'siaivﬂmlsé setuayick \appears ohedl in(the ra®atbiran®proteim ns .
These Can be sgal?ednc]:af)t%is%&eesrﬁgﬁ LR8I fde%l?’ycéénaepa% ltr?edsame number of signature peptide

molecules as there were recombinant protein molecules in the first fraction.

The digestion can be carried out by first denaturing the protein sample (e. g., with urea
or guanidine HCI), reducing the disulfide bonds in the proteins (e.g with dithiothreitol or

15 mercaptoethanol), alkylating the cysteines (e. g. , by addition of iodoacetamide), and
finally (after removal or dilution of the denaturant) addition of the selected proteolytic
enzyme such as trypsin, followed by incubation to allow digestion. In one preferred
embodiment the denaturing does not result in chemical modification of the proteins.
The denaturing can be performed by use of one or more detergents that are MS

20 compatible. In one embodiment RapiGest™ SF Surfactant (Waters) is used to enhance
enzymatic digestion of the proteins and as a replacement of urea or guanidine HCL as
denaturant during reduction and alkylation.

Following incubation, the action of the protease (e.g. trypsin) is terminated, either by

25 addition of a chemical inhibitor (e. g. DFP or PMSF) or by denaturation (through heat or
addition of denaturants, or both), by acidification, or removal (if the protease such as
trypsin is on a solid support) of the protease such as trypsin. The destruction of the
protease activity is important in order to avoid damage to antibodies later by residual
proteolytic activity in the sample.

30
The digestion can be performed by any protease including trypsin, chymotrypsin, Asp-
N, Glu-C, Lys-C, lys-N and Arg-C (cf. the specificity of the proteases in the table herein
below). More than one protease can be used such as 2, 3,4, 5,6, 7, 8,9, 10 or more
than 10 proteases.

35

In one embodiment the digestion can be performed by chemical degradation.



20' 5N-1 abel l ed, or 180-1abelled internal reference peptides. WO

2011/ 04202713PCT/ DK2010/ 050258 St abl e i sot ope | abel s can be incorporated by
any met hostodesioeied in the art such as E st - harvest', Poy/Dxrer/Salss
approaches or in live cells through netabofic incorporation. This isotopic
handl e facilitates direct quantification fromthe mass spectra [6] or by
MRM Preferably the stable isotope |abelli ng IS performed by chem cal

synt hesi s Srestt-ti-rg—izgeneraton—of—ar—kern .crcnc" pepti de

conpri si ng ¢rmHB8%vy ahheCUd¥a. 1n a prefp Pg 3 qEe M dni no aci d
in the intefmapsirefere 1@ermp[tg|d1;eoﬂ/eglaabel 6id.8.0°r ef erzabj D4 he one | abel |l ed
am no acid ifs lysine of arginine, the amnp acid to|be 10 |abelll ed should
appear in ajlsuitable t L¥sition fragnent ipn for MRM quantitati on. The
internal reflaggnee pepladend SdobEAST akd Y a| prlelo charaatsxpzed h¢nogenous
preparation|of peptide] A nmeasured aliquot|of isotopically-Iabellled

i nternal reflerence pept C4& is in one 15enbp8Pment tHen added to|a neasured
al i quot of U, @ 0eSTeUCamm|B&iREHEGdand X[ PH@ d N_arn) ooloddg anount .
Following this addition the Sel ected pepti deés) wi | I be present |in the
sanple in tywo forns (nat“‘éPaI signature pept7 e and ilsot opi cal | y{I abel | ed
internal reffglamce Pept CaRoxyi ke gfq_ entrarhae Bl Ppi calll y-1 abel | ed
version is acCurately known based t he apount add td and the known al i quot
vol umes. The AiCquot of CRoroxplsigs @fa‘\rgy-l abpPt e i nt er2edl kPaf er ence pepti de
can alternatfively be agided prior to digest|gg of the sanple. Infone

enbodi ment @ne concenttation of isotopically-labelled internal reference
peptide(s) idysél ected Andheasisleahu@rd curve i's generat ed by anallysis of

different 2% git-s ot —e—therconcentration of the
i sot opi cal | ;‘C?WQFW%%’“ mr%‘% %cﬁ*dr§®locﬂé: peptide is|the sanme in|all sanples
whereas the|concentrati Gmowds t he signature pept| de(g) is varied|in the

standard cum ve—as—+t S C/\pcut ed—to—var Y A—the—Ssar pl es—toe—bhe—anal yzed.
The concentration of the isotopically-labelled internal reference
peptide(s) i sStep &f eyakling intertdiecfeteddé peptfdes he expect ed neasured area - i.e.

30 the concentrati.on t he ato d i nter ref rence

vept i de(s + ARy afihe saBeied Yl ERpedlively Bosfte bt SRBR ifiBefEERG " ne

hi ghest Sreas lsyletdeslsmtlemmatﬂqemherhuchfﬁrl&tlgelatmaletapmdt bateonieror infoee didniscearent
sanpl es. Step ) I ng., u an of _si natu n

o br ence penrPaibubEERh h iR AR TE NS b AS e b ORI IRE B R P o1 ce
pepti des may fmnb&eapuenallpeptn@ (epnizonertht natueal doyndeeeaf eachr elsmenisdsgidmss).wi t h
anti - si gnatur.r%egee Pso{oplca Ital)gl Ccizllpee|sot| sI reqermed internal reference peptides.

10 Prior to and/or after reduction, alkylation and digestion internal reference peptides for
each of the signature peptides, labelled with stable isotopes are added to said first
and/or second fraction for quantitation, allowing subsequent absolute quantitation.
Since the labelled peptide is added at a known concentration, the ratio between the
amounts of the natural signature peptide and the labelled internal reference peptide

15 detected by the final MS analysis allows the concentration of the signature peptide in
the sample mixture to be calculated.

At least three suitable isotopes (**C, *N, '®0) are commercially available in suitable
highly enriched ( > 98atom%) forms. These can be used for generation of '°C-labelled,
20 ®N-labelled, or '®O-labelled internal reference peptides.



WO 2011/ 04202714PCT/ DK2010/ 050258 e.g. in rabbit. The pool of signature
pepti des are subsequently released (this fraction is ternmed the third
fracti on)woAbtieue®yi vel y the signature anﬂ ref erence pepCrohax0030158
upconcentrated by crude fractionation usi % any of a broad sel ection of
known separation techni ques e.g. anion exchange, cation exchange,
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excl usion andg_ot her separation principles. .Step, i is optiaonal . For.the
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equi val ent s i,fic. bindin agent) s used to capture and thus enrich a
spect i o 'si oRoH R0y B AE Foink SRRt b PR B S 1 Lo e
gquantit &t ed iresultingriogeadrgtiorcofdingetetnabfefereocepédpixie gompesing saspea)y amnido an
internal ref ergnce pepti de (the same chem cal structure but including

stabl e isot 088' I abel s). 15The upconcentration step in step iv) can be
performed in 96 well format or as part of a nultidinensional LC-M5 system

concontrat ed Thd ¢ ks apBRRinai e tn8 2B MR drvered Bomilie ROHER
eluted into lP_mea‘et%SIy thelongmbenéd mminmtdcideibjysirtefm mjinliee,jtthé rotnd dxed to be
The” Upchcent Rl r AR bnehsrE b8 eiateliba ot b Pyl BalhugryheS =0

corr espondi nintemal leteremgespeptid®is selectly @ wel codrasterizedroncaggobesipteparation
anti - si gnat ure gq%%i de anti bodies. In another enbodi nent recycling

i mrunoaf fi ni typ-pl .e. recycling of the anti-signature peptide anti body
resin - can be used. 25 The present invention also relates to use of

pept i de- bi ndin ent s ot her. than anti I s _RNA .apt aners, peptide

Potaners, arfl BSALS gio gs R end e e e ka8 e

pept i detm xt emdodsnant thebal added o d neaatred aliquat@f thestigresteat $apmple peptiviequieture

conpati ble wi.th the biophysical oper.t.i of  the, si r eptide(s). The
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pepti des and sampkriehee fqpeptnates) siphatote EEpide abdhsorpivallye labailest internabr

alternativel e flowthr L, in_the si e t.ides an

et or ence. peptPiact pRVsE REonbiaighal el d R fo BB e des

mai nt ai ned ohknbdwe bagsi on thelaeypoun hdiddoeanel the &aoviny ale@juoevdluraes. tThiel atighiairof t he

chosen trix d_chem v, of t ti . . ,

2011/ 000271 SEEH T st 8t A BisPRE bR c ey T e ATEUPES exposed

to the pepti digesti@coffthe sahpleni ty capture reagent, which preferentially

bi nds the sel ected peptide but does not distinguish between | abelled and

unl abell ed fornms (since isotopic substitutions are not expected to 5affect

ant i body bi ndh oge efmbodimen) oneldomcpriptiod®f sppicallyelahbledinteynat sgienenee can be

performed peptide(s) is selected and a standard curve is generated by analysis of different

25 amounts signature peptide(s) — i.e. the concentration of the isotopically-labelled internal
reference peptide is the same in all samples whereas the concentration of the
signature peptide(s) is varied in the standard curve, as it is expected to vary in the
samples to be analyzed. The concentration of the isotopically-labelled internal
reference peptide(s) is preferably in the middle of the expected measured area —i.e.

30 the concentration of the isotopically-labelled internal reference peptide(s) is preferably
approximately an average of the lowest and the highest measured concentration of the

signature peptide in the different samples.

Step iv) regarding up-concentration of signature and internal reference peptides
35 The pool of signature peptides and internal reference peptides may subsequently be
up-concentrated by use of a resin coupled with anti-signature peptide antibodies raised
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Mass spectroneters are therefore inherently poor quantitative devices.
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Step v) regarding quantitative mass spectrometry
35 Mass spectrometric (MS) analysis is an essential tool for structural characterization of
proteins. Mass spectrometric measurements are carried out in the gas phase on



The general approach involves digesting proteins (e. g. with trypsin) into
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with either electrospray ionization (ESI), and can be applied after one or
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are subjected to ion-supression by other analytes co-eluting during a LC-MS run. Thus
quantitation is only solid if the reference peptide co-elutes with the signature
peptide/analyte and thus is subjected to the same degree of ion suppression. With a
30 reference peptide that is of identical chemical composition and only differing in mass
due to incorporation of an isotope, co-elution of reference and signature peptide is
ensured. Thus, relative abundance of the corresponding protein in the original samples
can be determined by use of a standard curve correlating the signature peptide to
internal reference ratio with absolute concentration of signature peptide. Stable isotope
35 tags can be introduced to proteins via i) metabolic labeling, ii) enzymatically, or iii)
chemical reactions. Currently, chemical isotope- tagging of proteins or peptides is the
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collision chamber. In contrast to product ion scanning where all the fragments are
scanning through the third quadrupole (Q3), Q3 is set constant for one or more distinct
fragment masses. In this manner the transition Q1 — Q3 is monitored. The signal is
highly specific and is thus used to detect distinct proteins/peptides in a very complex

25 mixture. Moreover its intensity typically is proportional to sample amount over five
orders of magnitude. Thus this technique enables a very specific and sensitive
multiplex quantitative method over a broad dynamic range.The present invention
relates in one embodiment to use of a MS method based on MRM using triple
quadrupole instruments or the like.

30
The general approach involves digesting proteins (e. g. with trypsin) into peptides that
can be further fragmented (MS/MS) in a mass spectrometer to generate a sequence-
based identification. The approach can e.g. be used with either electrospray ionization
(ESI), and can be applied after one or more dimensions of chromatographic

35 fractionation to reduce the complexity of peptides introduced into the mass

spectrometer. The mass spectrometry set up can be a single dimensional LC
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si gnature pep
25 the signature peptide is compared to internal reference peptide. Since the amount of

labelled peptide added is known, the amount of the signature peptide derived from the
sample digest can then be calculated from a standard curve.

Step vi) regarding generation of a protein standard curve and quantitation of proteins
30 A protein standard curve such as an antibody standard curve (e.g. a recombinant
polyclonal antibody standard curve) may be derived from a corresponding protein
(antibody/recombinant polyclonal antibody) preparation of known concentration spiked
into a blank sample such as a serum sample. Said protein (antibody/recombinant
polyclonal antibody) is purified from the spiked sample and analysed using the same
35 procedure as for the real sample — i.e. using steps i) to v) herein above including a
fixed amount of reference peptide added to all samples. The standard curve thus
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pept i de-specislhgnél “BnPt 'csjﬁy is finally immobilized on a colum, bead or other
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15 choice. In one embodiment the one or more of the criteria below can be used for

selection of the signature peptides:

a) The peptide has a sequence that results from cleavage of the protein with a desired
proteolytic enzyme (e. g. trypsin). All the candidate tryptic peptides can be easily
20 computed from the protein sequence by application of generally available software.

b) The peptide preferably should be intermediate hydrophobic, and soluble in

conventional solvents used in enzymatic digestion and affinity chromatography, but

should by hydrophobic enough to be retained on a C-18 or equivalent column for
25 desalting.

c¢) The peptide should preferably ionize well by either electrospray (ESI) or another type
of ionization. This characteristic can be estimated by software programs or determined
experimentally by MS analysis of a digest of the protein in question to see which

30 peptides are detected at highest relative abundance. Another criterion is good
transition in MRM if MRM-based analysis is used.

d) If anti-signature peptide antibodies are used the peptide should preferably be

immunogenic in the species in which the anti-signature peptide antibody will be raised.
35 Immunogenicity is generally better for peptides that are hydrophilic; that include a bend

predicted by secondary structure prediction software; that include no glycosylation
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sites; and that are 10-20 amino acids such as preferably 10-15 amino acids in length.

e) If the assay is developed for PK the peptide should preferably not share appreciable
homology with any other protein of the target organism such as a human target

5 organism (as determined for example by the BLAST sequence comparison program).
This characteristic should tend to reduce any interference in the antibody capture step
from peptides originating in proteins other than the target. The presence of interfering
peptides should also we tested experimentally.

10 f) The peptide preferably does not contain chemical reactive residues (Tryptophan,
Methionine, Cysteine), or chemically unstable sequences (Asp-Gly, N-term Gin, N-term
Asn).

g) The peptide is preferably chemical stabile.
15
h) The peptide preferably does not aggregate and/or does preferably adhere to one or

more undesired surfaces during the experiment.

All possible peptides derived from the target protein can easily be evaluated according
20 to these criteria and one or more peptides selected that best balance the requirements
of the method.

Preferably the peptides are selected based on experimental data — e.g. from analysis
of a peptide map.

25
Generation of anti-peptide antibodies

To immunize an animal for production of anti-peptide antibodies, the peptide is coupled
to a carrier protein (e.g. keyhole limpet hemocyanine (KLH); not homologous to a
human protein) and used to immunize an animal (such as a rabbit, chicken, goat or

30 sheep) by one of the known protocols that efficiently generate anti-peptide antibodies.
For convenience, the peptide used for immunization and antibody purification
preferably contains additional c-terminal residues added to the signature peptide
sequence (here abbreviated SIGNATURE), e. g.: n-term-SIGNATURE-lys-gly-ser-gly-
cys-c-term. The resulting extended signature peptide can be conveniently coupled to

35 carrier KLH that has been previously reacted with a heterobifunctional reagent such
that multiple SH-reactive groups are attached to the carrier. In classical immunization
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21
with the peptide (now as a hapten on the carrier protein), a polyclonal antiserum will be
produced containing antibodies directed to the peptide, to the carrier, and to other non-
specific epitopes. Alternatively, there are many methods known in the art for coupling a
peptide, with or without any extensions or modifications, to a carrier for antibody
5 production, and any of these may be used.

Likewise there are known methods for producing anti-peptide antibodies by means

other than immunizing an animal with the peptide on a carrier. Any of the alternatives

can be used provided that a suitable specific reversible binding agent for the signature
10 peptide is produced.

Specific anti-peptide antibodies are then prepared from this antiserum by affinity
purification on a column containing tightly-bound peptide. Such a column can be easily
prepared by reacting an aliquot of the extended signature peptide with a thiol-reactive

15 solid support such as commercially available thiopropyl Sepharose. Crude antiserum
can be applied to this column, which is then washed and finally exposed to 10% acetic
acid (or other elution buffer of low pH, high pH, or high chaotrope concentration) to
specifically elute antipeptide antibodies. These antibodies are neutralized or separated
from the elution buffer (to prevent denaturation), and the column is recycled to

20 physiological conditions for application of more antiserum if needed.

The peptide-specific antibody is finally immobilized on a column, bead or other surface
for use as a peptide-specific affinity capture reagent. In the preferred embodiment, the
anti-peptide antibody is immobilized on commercially available protein A-derivatized

25 POROS chromatography media (Applied Biosystems) and covalently fixed on this
support by covalent crosslinking with dimethyl pimelimidate according to the
manufacturer's instructions. The resulting solid phase media can bind the signature
peptide specifically from a peptide mixture and, following a wash step, release the
monitor peptide under mild elution conditions (e. g. 10% acetic acid). Restoring the

30 column to neutral pH then regenerates the column for use again on another sample, a
process that is well known in the art to be repeatable hundreds of times.

The present invention further relates to a resin or column coupled to more than one
different anti-signature peptide antibodies such as 2, 3, 4,5,6,7, 8,9, 10, 11, 12, 13,
35 14,15, 16, 17, 18, 19, 20 or more than 20 different anti-signature peptide antibodies.
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recombinant proteins in a sample. In a preferred embodiment, the present invention

5 relates to an analytical method for quantitation of selected multiple recombinant
proteins in a sample —i.e. a complex matrix. The selected multiple recombinant
proteins refers in one embodiment to 2 or more selected recombinant proteins such as
3,4,5,6,7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23 ,24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,

10 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, or more than 100 selected recombinant proteins.

The selected multiple recombinant proteins can comprise or consist of polyclonal
15 recombinant antibodies.

The recombinant polyclonal protein of the present invention is in one embodiment
intended to cover a protein composition comprising different, but homologous protein
molecules, which are naturally variable, meaning that, in preferred embodiments, the

20 library of variant nucleic acids comprises a naturally occurring diversity. Thus, each
protein molecule is homologous to the other molecules of the composition, but also
contains one or more stretches of variable polypeptide sequence, which is/are
characterized by differences in the amino acid sequence between the individual
members of the polyclonal protein. The differences in the amino acid sequence(s) that

25 constitute the variable polypeptide sequence might be as little as one amino acid.
Preferably the differences in the amino acid sequence constitute more than one amino
acid.

Usually, the natural variability of a polyclonal antibody or TcR is considered to be

30 located in the so-called variable regions or V-regions of the polypeptide chains.
In one aspect of the present invention individual members in a polyclonal protein
comprise variable regions that are approximately between 80 and 120 amino acids
long. The variable regions may comprise hyper-variable domains, e.g. complementarity
determining regions (CDR).

35
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preferably, the antibodies have the same constant region of the heavy chain. The
30 constant region of the light chain may also be the same across distinct antibodies. In

another embodiment there can be variability in the constant region.

A composition of a recombinant polyclonal protein of interest comprises a defined

subset of proteins, which have been defined by a common feature such as the shared
35 binding activity towards a desired target, e.g., in the case of polyclonal antibodies

against the desired target antigen. Typically a polyclonal protein composition has at
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Diversities of proteins can also be made in an artificial way, for example synthetic or by
25 mutation. Mutations can either be random or point mutations of a nucleic acid

sequence encoding a single protein, thereby generating a polyclonal population of the

single protein. In a preferred embodiment of the invention, the recombinant polyclonal

protein is a recombinant polyclonal antibody or antibody fragment.

In another preferred embodiment of the invention, the recombinant polyclonal protein is
30 a recombinant polyclonal TcR or TcR fragment.

A recombinant polyclonal protein of the present invention can therefore also be

constituted of the different isotypes or more preferred of different subclasses.

Polyclonality of the immunoglobulins can occur in the constant part or in the variable
35 domain of the immunoglobulin molecule or in both the constant part and the variable

domain.
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In one embodiment the recombinant protein to be analysed can be one or more of the
following:
25
a) a recombinant polyclonal antibody used for treatment and/or prophylaxis of one or
more infectious disease(s)
b) a recombinant polyclonal antibody used for treatment and/or prophylaxis of one or
more bacterial infection(s)
30 c) a recombinant polyclonal antibody used for treatment and/or prophylaxis of one or
more viral infection(s)
d) arecombinant polyclonal antibody used for treatment and/or prophylaxis of one or
more cancer form(s)
e) arecombinant polyclonal antibody used for treatment and/or prophylaxis of one or
35 more amyloid related disease e.g. Alzheimer’s disease.
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or, for purposes of evaluating the level of a particular protein in a population, can be

used to analyze pooled samples from the target population.

25

Another aspect of the present invention is quantitative analysis of one or more

reference recombinant protein expressed in a cell culture supernatant or bioreactor. In

a preferred embodiment the invention relates to quantitation of one or more

recombinant antibodies such as one or more recombinant polyclonal antibodies

30 expressed in a cell culture supernatant or cell culture bioreactor.

The polyclonal protein can for example be derived from a cell culture supernatant
obtained from a polyclonal cell culture supernatant. The polyclonal protein can be
purified or enriched from the supernatant e.g. by protein A affinity purification,

35 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
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protein composition, such as no more that 50%, or for example no more than 25% or

such as no more than 10%, or for example no more than 1% of the total number of
35 individual members in the final polyclonal composition.
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as from¥5 t cobPosittarss, for exanple from50 to 60 years, 30such as from 60
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race, a person lopl‘an race, a person o g race, pers
Aneri can | ndiresomkacaet polyclangd @nsloodyafomyabkitigaprodibciao eerum from an individual such
30 as a human being for e.g. pharmacokinetic studies. In one embodiment at least two

recombinant proteins such as at least two recombinant polyclonal antibodies have
been administered to said individual.

The invention also relates to characterization of polyclonality in a drug
35 substance/product. For use in process development and drug substance
characterization the method according to the present invention provides determination



WO 2011/ 04202730PCT/ DK2010/ 050258 Sai d human bei ng or animal can be healthy
or have one or nore diseases. Said human being or aninmal can be di agnosed
and/ or trweted/dfe27one or nore di seases. # one enbodi meat/pant/aspzd8vi dual
is genetically disposed for one or nore difseases. 5Met hod for nmanufacturing
reconmbi nant pol ycl onal anti bodies The present invention further relates to
a net hod f or ofregtativa@hdmabaguicenaoditration opatipotien diat aah bbpdifesnedatiar i si ng a
step wherein the present nethod far. quantitation of reconbinant proteins in
o chple 1 eaanBETEPaEh o8 A RaartRt b hetesy AR £ e BlShEh
gquantitated bylataitaqoattitaidn odonder meteaeteadbihamtrantibadied indfi-ppamkeys sampalkes.

anti bodi es. 10 EXAMPLES Exanple 1 15This exanpl e descri bes nultipl ex
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foll ow ng 20adm ni stration of the drug |lead. A PK profile was neasured in
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25bl ank’ Cyn gus fromthree subjects spiked with the drug
| ead at different concentrations. The analysis consists of two parts:
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chr onat ogr aptly hotfer difoditelt £ Brntiole G aBetd fub¥issane g mve vy
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chr omat ogr aphy Sanpl es contai ni ng 251. . dpool ed bl ank Cynonol gus nonkey
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concentthat i ofse sAmple, to@, an2ysed by thHEQBethitd disalode @ DChe gfaskent iPBStiphicdn Be a
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human being or an animal including laboratory/test animal. The animal can be a rabbit,
hamster, mouse, rodent, rat, monkey, cow, pig, horse, donkey, chicken, fish or any
other animal used for experimental testing.

20
The sample to be analysed can be obtained from one or more of the individuals
selected from the group consisting of a human being, a man, a woman, a post-
menopausal women, a pregnant woman, a lactating woman, an infant, a child, or an
adult. The individual such as a human being can be of any age such as from newborn

25 to 120 years old, for example from 0 to 6 months, such as from 6 to 12 months, for
example from 1 to 5 years, such as from 5 to 10 years, for example from 10 to 15
years, such as from 15 to 20 years, for example from 20 to 25 years, such as from 25
to 30 years, for example from 30 to 35 years, such as from 35 to 40 years, for example
from 40 to 45 years, such as from 45 to 50 years, for example from 50 to 60 years,

30 such as from 60 to 70 years, for example from 70 to 80 years, such as from 80 to 90
years, for example from 90 to 100 years, such as from 100 to 110 years, for example
from 110 to 120 years. The individual can be of any race such as a Caucasian, a black
person, an East Asian person, a person of Mongoloid race, a person of Ethiopian race,
a person of Negroid race, a person of American Indian race, or a person of Malayan

35 race.



WO 2011/ 04202731PCT/ DK2010/ 050258 vol une of 100 pl. The sanpl es were | oaded
on a 96 well Protein A HP MultiTrap plate (GE Healthcare). In all steps the
| i qui d i rwohelvebkd2s was renoved by evacuaé(i())on usi ng a UrcTax2oemishzssd

(What man) except in step 6 where an Eppendorf centrifuge nodel nunber 5804R
was used. The follow ng procedure was applied: Preparation of citrate
phosphat e bufJaéhuntrt béisg acadmal davt bellgeahy gr Kaverone ckenate OSiegses. Sdidsamhared
in water to 1000 m_. . prepared.in a 1L volunmetric flask, 2HPOA 200 M :
53,61 o NaoHBBROA BT i bk P iR b one B0 et 4 Ped | n a
1L vol unet ri enfdodshent $&iiindiddeal Rigeseticdllg disidoebfof Bh@okmAje didBead 0. 1M
Citric Acid and 364 m 0.2 M Na2HPO4( Merck) adds water to 900 m . Add water
to 1000 mM. Citrate Phosphate pH 3.5 (Stock B): 20359 ml 0.1MCitric Acid
+141 m 3. 2 MelaHeOhad dfasiatieg rdcon®tinibolydforidl ankitiosliest o 1000 nl. G trate
Phosphate pH-5,25: 567 m. Ci.trate Ph ha Stack A+ 4 m _Citrate
Phosphat o 5t A3k PReseaEman otk FonR RS Mot B eyfheibie Bearbliafke ep 1.

Prepar ati on @blyBPiooslentibddiédcdviybrisinbr aaptepivdiieesin the presesill syathudl fohguasttitatiag ef

sol ution by shaki.n h | at e nd. do remmve seal s _and. yacuat e the
Soor hge"sol TS BB % HindP T SR Iacd TR, RER Ref R pBaRL A 'S
Add 300pl PBS$epidamtitdtetyesadhmetabd can BEsaledttd 02 38A RCHOIRKHA0H Ghibdds3 Add

100plspjked sanple or PK sanple to each well and incubate the plate in an
Eppendort thernmom xer confort at roomtenperature for 4 min. at 800rpm

EXAMPLES

Example 1

15 This example describes multiplex quantification of a recombinant polyclonal antibody
composition consisting of a 1:1 mixture of the two antibodies A992 and A1024 against
the epidermal growth factor receptor (EGFR) (WO 2008/104183). Pre-clinical
pharmacokinetic (PK) measurements in a Cynomolgus monkey were shown, where the
individual antibodies A992 and A1024 have been measured in plasma following

20 administration of the drug lead.

A PK profile was measured in plasma on samples collected after administration of one
dose of the drug lead (18 mg) i.e. 9 mg A992 and 9 mg A1024 to a single Cynomolgus
Monkey. These PK samples were analyzed together with samples containing a pool of
25 blank Cynomolgus monkey plasma from three subjects spiked with the drug lead at
different concentrations. The analysis consists of two parts:
e Up-concentration of the A992 and A1024 by Protein A affinity
chromatography.
¢ Liquid chromatography-mass spectrometry (LC-MS) using AQUA peptides
30 (Sigma).

Up-concentration by Protein A affinity chromatography

Samples containing 25 pl pooled blank Cynomolgus monkey plasma from three

subjects were spiked with the drug lead at the following concentrations: 0, 5, 10, 20,

50, 100, 150 and 200 pg/ml. PBS pH 7.2 (Gibco) was added to a total volume of 100
35 ul. PK samples were prepared by adding 25 pl plasma to PBS pH 7.2 (Gibco) for a total



Step 4: Wash 1 5a) Add 250pl PBS pH 7.2 to each well and evacuate. b) Add
250pl1 PBS pH 7.2 to each well and evacuate. Step 5. Wash 2 a) Add
250p1ci t rabeoptmas@ehat e wash buffer pH 5. |2_§ to each wel | pamboamsetse. 10b)
Add 250plcitrate phosphate wash buffer p 5. 25 to each wel | and evacuate.
Step 6: Elution of drug | ead Place the Protein A HP Multi Trap plate on a 96
wel | col | ect ivolanel cit1€0 QUGH helsahtplesara loaded on a 9GawelMEidt&0 ByH R Multeirap plate

phosphat e el ytj eﬁﬁ ffer .5 to each |1 .and centri e at _1570xqg.  b)
hda-boopt o ¢ S RHRL LA bR AR R MRt 8 MesiEMeled BBy tbaty i o
centrifuge atUnkR@egnariokesvietmam extepstampleps witere [a6-Bse2ddrbtdniniiugg model
up-concentration b rotein finity chronatography. the sanples
contatning ontohense @ hE et The il o beRI L et Bt or L v
analysiss During this step the AQUA peptides were added to the sanpl es.
AQUA pepti de re_synthetic peptides.that are identical to the unique
signature pe%tr?%%t'%roér%ﬁ'}&%q%a?ﬁhatﬁ%g r but which contain one stable

i sot ope | abelQited aaidicntMaci d al | owi ng t hese peptides to be 25di sti ngui shed
usi ng M5 anal ysj,s. Arom t.he..si e ptid | abel | ed amin j i
contains 08 dearn S8 AHA F AR e e TR 000y PSRl T B BRLE (o
nati ve si gnafflasle pepti des of A992 and A1024. The AQUA peptides selected for
absol ut1e0 guantitation were reported in Table 1. 30Table 1: Signature

pepti des used for absolute quantitation. Mass to charge (nmz) val ues were
shown for thé&asHRAQLe0Q M¥), double (MH2+) and triple (MH3+) charged

Bl Bct 1 ospr ay PTG EEe ek EBA RN o0 F T e a 1L

volumetric flask.

15 Citrate Phosphate pH 6.5 (Stock A):
136 ml 0.1M Citric Acid and 364 ml 0.2 M Na,HPQO, (Merck) adds water to 900 ml. Add
water to 1000 ml .

Citrate Phosphate pH 3.5 (Stock B):
20 359 ml 0.1M Citric Acid +141 ml 0.2 M Na,HPO, add water to 900 ml. Fill water to 1000

ml.

Citrate Phosphate pH 5,25:
567 ml Citrate Phosphate Stock A + 433 ml Citrate Phosphate Stock B.

25

Protein A affinity purification procedure:

Step 1: Preparation of Protein A HP MultiTrap plate

Suspend the storage solution by shaking the plate up and down, remove seals and
30 evacuate the storage solution according to manufactures procedure.

Step 2: Equilibration
Add 300ul PBS pH 7.2 to each well.

35 Step 3: Binding of drug lead



pl Sequence e (M) (MH2) (M) WD 2011/ 04202733PCT/ DK2010/ 050258 A992
1-19 of heavy chain 2022.10 1011.55 674.705 7.03 EVQ.QQPGSEL VRPGASVK A1024
39-57 of Wweavy/mbern 2081. 05 1041. 03 694. §§5 PCT/DK2010/050258

Add 100ul spiked sample or PK sample to each well and incubate the plate in an
Eppendorf thermomixer comfort at room temperature for 4 min. at 800rpm.

Step 4: Wash 1
5 a) Add 250ul PBS pH 7.2 to each well and evacuate.
b) Add 250ul PBS pH 7.2 to each well and evacuate.

Step 5: Wash 2
a) Add 250ul citrate phosphate wash buffer pH 5.25 to each well and evacuate.
10 b) Add 250ul citrate phosphate wash buffer pH 5.25 to each well and evacuate.

Step 6: Elution of drug lead

Place the Protein A HP MultiTrap plate on a 96 well collection plate (GE Healthcare).

a) Add 200ul citrate phosphate elution buffer pH 3.5 to each well and centrifuge at
15 70xg.

b) Add 200ul citrate phosphate elution buffer pH 3.5 to each well and centrifuge at

70xg.

Preparation of samples for LC-MS

20 Following up-concentration by protein A affinity chromatography the samples
containing endogenous |g and the drug lead were prepared for LC-MS analysis. During
this step the AQUA peptides were added to the samples. AQUA peptides are synthetic
peptides that are identical to the unique signature peptides from A992 and A1024, but
which contain one stable isotope labelled amino acid allowing these peptides to be

25 distinguished using MS analysis from the signature peptides. The labelled amino acid
contains 98 atom% '°C and "N and the mass was thus increased compared to native
signature peptides of A992 and A1024. The AQUA peptides selected for absolute
quantitation were reported in Table 1.

30 Table 1: Signature peptides used for absolute quantitation. Mass to charge (m/z) values were
shown for the single (MH*), double (MH?**) and triple (MH™) charged peptides that were formed

when the peptides were ionized during electrospray ionization (ESI).

Antibody | Residu | m/z m/z m/z pl Sequence
e (MH*) (MH?) (MH*)




6. 85 QRPGQGLEW GCEI NPSSGR Table 2: AQUA(r) peptides used for absolute
quantitation. Mass to charge (mz) values were shown for the single (MT),
doubl e ( MviD2p112maeo2turi pl e (MH3+) charged psﬁtides t hat wece/Dfeomadosien 5t he
pepti des were ionized during ES!. The |lysthe (K) and arginine (R) in bold
and underlined were the labelled amino acids in the AQUA peptides. Anti-

body Resi due AgD2 ( MKi)19rof z| 2044200 nif 0 1(10853) |B7430GUenTe0AIEY A-QQAPGEER030. 1
1015.5 677.37 7.0 E\/%%}}PGSELVRPGASVK heavy chain 14 61 VRPGASVK
chain
A1024 39-57 2081.05 | 1041.03 694.355 6.85 | QRPGQGLEWI
of GEINPSSGR
heavy
chain

Table 2: AQUA® peptides used for absolute quantitation. Mass to charge (m/z) values were shown
for the single (MH*), double (MH?**) and triple (MH™") charged peptides that were formed when
5 the peptides were ionized during ESI. The lysine (K) and arginine (R) in bold and underlined were

the labelled amino acids in the AQUA peptides.

Anti- Residue | m/z m/z m/z pl Sequence

body (MH?) | (MH?) | (MH®)

A992 | 1-190of |2030.1 | 1015.5 | 677.37 | 7.0 | EVQLQQPGSELVRPGASVK
heavy 14 61 7
chain

A1024 | 39-57 of | 2091.0 | 1046.0 | 697.69 | 6.8 | QRPGQGLEWIGEINPSSGR
heavy 58 33 1
chain

The following procedure was applied for preparation of samples for LC-MS:

10 The immunoglobulins (lg) eluted from protein A HP MultiTrap plate were precipitated
using 800ul ice cold acetone (Merck). The samples were subsequently dissolved in 9l
1% Rapigest SF Surfactant (Waters) and heated in an Eppendorf Thermomixer
Comfort at 100°C for 5 min. with mixing at 800rpm. The samples were added 50mM
NH;HCO;, TmM CaCl, to a final volume of 90ul and the samples were heated in an

15 Eppendorf Thermomixer Comfort at 100°C for 5 min. with mixing at 800rpm.
Subsequently, the samples were reduced using 0.1M dithiothreitol (DTT) (Sigma),
alkylated using 0.25M iodoacetamide (Sigma), and digested with trypsin (Worthington)
at 37°C for 16 hours using an enzyme to Ig ratio of 1:20 (w/w).The digestion was
quenched by addition of trifluoroacetic acid (TFA) (Fluka) to a final concentration of 1%

20 (v/v) and samples were incubated at 37°C for 30 min. 10 pl of a 1:1 mixture of A992



7 3 A1024 39-57 of 2091.0 1046.0 697.69 6.8 QRPGQGLEW GEI NPSSGR heavy
chain 58 33 1 5 The follow ng procedure was applied for preparation of
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1: 20 (w w) . The di gestion was quenched by addition of trifluoroacetic acid
(TFA) (Fluka) to a final concentration of 1%

10

15

20

Quantitation by LC-MS

The peptides were separated by reversed-phase LC using a Zorbax 300SB-C18
column (2.1 x 150mm ; Agilent) and a RSLC system Ultimate 3000 (Dionex). The
solvents were solvent A: Water with 0.1% (v/v) FA (Fluka), solvent B: Acetonitrile with
0.1% (v/v) FA (Fluka) and a flowrate of 200ul/min. The samples were loaded at 5%
solvent B, and eluted using a gradient from 15% to 40% solvent B for 30 min. The
column was washed in 80% solvent B for 20 min and the column was re-equilibrated at
5% solvent B for 14.7 min.

Mass spectrometry

The peptides were analysed on a microQTOF instrument (Bruker). For the analysis of
the samples acquisition was performed in the m/z range from 400 to 3000 with the
parameters in Table 3.

Table 3: Parameters for MS method on a microQTOF instrument.

lonization parameters:

lon polarity positive
Capillary voltage 4500V
End plate offset -500V
Nebulizer gas 1.2 bar
Dry gas heater 200 °C
Dry gas flow 8.0 I/min

Mass analyser parameters:

Hexapole radio-frequency 375 Vpp

Detector parameters:

Scan time 1.00 sec

In the beginning of each run a calibration segment was included where 20ul of ESI
tuning mix (Agilent) was injected via a divert valve. Extracted ion chromatograms (EIC)



20(v/v) and sanples were incubated at 372C for 30 mn. 10 A of a 1:1

m xture of A992 WD 2011/04202734PCT/ DK2010/ 050258 and A1024 AQUA (Si gna)

pepti des wo 201110220/ v) formc acid (FA) ( 1,_L)uka) with a ecmomxmresizs of 2

prol total AQUA/ plwas added, i.e. the tot anount of each AQUA peptide in
the sanple was 10 pnol. The sanples were centrifuged for 10 mn. at

14100 cf i n ahmEpysmetoiof thiei MiHE @ind MHH*Jsha:rgatsteitéwqahaeignamamariobA@talA deptitiéd C

{ever sed- phadt etenny BRsRYecrih b Wil BEPhaISD L% The MBI, cn

and a RSLC syigmaturdbéptivetand FAN0A cEptmzerds defrmiddisiodn ¢hd sreaef thesspeviéot A
Water with 0.1%(v/v Fl uk sol vent , B: eton h 0.1% (v/v
FA (i uke orsnatare Shg AOUHEHIES poR B oot el BIRMEICS RN 0400 ( Koy

solvent B, and eluted using a gradient from 15%to 40% sol vent B for 30

m n. The colum was washed in 80% solvent B for 20 mn and the col um was
re-equilibrated at 5% solvent B for 14.7 mn. 15 Mass spectronetry The
pepti des were anal ysed on a m croQrOF instrunent (Bruker). For the analysis
of the sanples acquisition was perfornmed in the mz range from 400 to 3000
with the parameters in Table 3. 20 Table 3: Paraneters for M5 nethod on a
m cr oQTOF | nJuble#siiCs usedfor da¢rmbmtipaot peaktageaf signatome ol AU A yep@dgsi Thie away

vol tageyEnd RhialQorNobs §lre MR REHF Gffecd s POYA B3 mD RALHLL idoPesIRBork QWIS

anal yser par arrezg ers: Hexapol e radi o-frequency Detector paraneters: Scan
time charged ions were used.

A992 A1024

m/z Signature m/z AQUA peptide | m/z Signature m/z AQUA

peptide peptide peptide

674.705 677.3766 694.355 697.691
694.690 698.026
1041.028 1046.033
1041.531 1046.535

Results

The ratio between the peak areas of signature peptides to AQUA peptides for A992

15 and A1024 in the EICs can be correlated to the concentration of the drug lead by
standard curves. In this experiment the drug lead, consisting of both A1024 and A992,
was spiked in a plasma pool from three Cynomolgus monkeys at eight concentrations:
0, 5, 10, 20, 50, 100, 150 and 200ug/ml for generation of a standard curve. For each of
the antibodies these concentrations correspond to 0, 2.5, 5, 10, 25, 50, 75 and

20 100pg/ml (
Figure 1 and Figure 2).

The standard curves showed that it was possible to correlate the ratio of A992 and

25 A1024 signature peptide to AQUA peptides with the concentration of the drug lead
spiked in Cynomolgus monkey plasma. The results furthermore demonstrate that the
ratio of signature to AQUA peptide for A992 and A1024 can be determined in the range
of 10 to 100ug/ml of the individual antibodies. No peaks for the signature peptides of
A992 or A1024 were detected for samples spiked with <10ug/ml A992 or A1024.



positive 4500V -500V 1.2 bar 200 PC 8.0 |/mn 375 Vpp 1.00 sec WO

2011/ 04202735PCT/ DK2010/ 050258 of rniz values for the MH3+ and MH2+ charge
st at es ofwoOhe1igisgorat ure and AQUA peptidess\éﬁere gener at esdCcTanctotodnsoskt r act ed
rniz width was set to 0.02. The rati o betWeen signature peptide and AQUA
pepti de was determ ned fromthe area of the specific signature and AQUA
pepti de conpounds detected in the EICs (Table 4). 5 Table 4: EICs used for
determ natioq.hof aoeak area .of signature and AQUA peptides. The m z 10val ues
for A992 were tRE +CU<EY1€a?r'5ed ions. For A1024 the two first isotopes of
bot h the MH3Figunel1dhid Figring @ getle Lsatstowatarmirseettie cOBGEAtrAlOIPdf AI82zan8i AJri2d um e

peptide rni z ACHARORLL d%cfinka FR S08) & e BRRULESINLEFARBLLEBASTRI4- 705
5 ratio between the peak areas of the A992 and A1024 signature and AQUA peptides
were determined at the sampling points at 0, 0.5, 1, 4, 8, 24, 48 hours and at days 9,
16, 23, 30, 37 and 44 following administration of 8 mg/kg of the drug lead. The

pharmacokinetic curves for A992 and A1024 are shown in Figure 3.

10 The concentration of A992 and A1024 was determined in the samples from the time
points from 0.5 to 48 hours following administration of a single dose of 8mg/kg drug
lead. It can be observed that the two antibodies follow the same degration pattern.

Example 2

15 This example describes multiplex quantification of a recombinant antibody composition
consisting of a 1:1 mixture of the two antibodies A992 and A1024 against the epidermal
growth factor receptor (EGFR) (WO 2008/104183). The antibodies were spiked in a
donor serum pool and measured simultaneously. Two standard curves were

generated, one for each antibody.

20
Samples
The two antibodies were spiked into serum at 100ug/ml for each antibody. The sample
was then diluted in serum to generate samples for standard curve. The serum used
was a pool of 10 healthy donors. Table 5 shows the concentrations used in generation
25 of the standard curves.

Table 5: The samples used for generation of the standard curves. The concentration indicates the

concentration of each antibody in one sample/one well.

Level Concentration Concentration

[ng/ml] pmol AB/33 ul serum




694. 690 698. 026 1041. 028 1046. 033 1041. 531 1046.535 Results The ratio
bet ween the peak areas of signature peptides to AQUA peptides for A992
15and A10R0 20n/i4b@7El Cs can be correl ated %o t he concentcatnkeiofsoisse drug
| ead by standard curves. In this experine% t he drug | ead, consisting of
both A1024 and A992, was spiked in a plasma pool fromthree Cynonol gus
nonkeys at H0, 150 and
2001..ig/n ach of the antibodies
t hese concen 50, 75 and

201001. .i g/ surves showed that it
was possi bl ] @% ¢§ 024 signature peptide
to AQUA peptides witfT the concentT 8ion of the drug | ead spiked in
Cynonol gus nonkey plasma. The results furthernore denonstrate that the
rati o of siggﬁ%yre to AQUA peptide for A992 and A1024 can be determned in
t he range of RIQ PIRRAALORY/ il of the individual antibodies. No peaks for

t he si gnat ur gopgRIG AaS pofifiedBHoewelAL AN wEsIgtedrtRebsE ol iR ExaapR! € howBlded

with <101..ig/ mA992 or A1024,. _ _
e plate was eluted in 200 pl 0.5M GndHCI/0.1M Gilycine pH 3.0. Three aliquots of 33

5 ul were analyzed for each standard curve point. The eluates was evaporated, and the
reconstituted by addition of 50 ul 50 mM ammonium bicarbonate pr well. The protein
was reduced by DTT (56°C, 1h) and alkylated by IAA at room temperature for 1 h.
The samples were transferred to a deep well plate and 15 pmol of each AQUA
peptides were added pr well, and the samples were diluted with 50 mM ammonium
10 bicarbonate.
The samples were diluted 1:1 in 4% phosphoric acid and purified on a Waters Oasis
MCX ion exchange plate
The plate was eluted using 30 pl 30% NH,OH in ACN/MeOH/ well.
The plate was evaporated and 30 ul of 0.1% formic acid was added
15
LC-MS set-up
The antibody concentrations in the samples were quantified using LC-MS and multi
reaction monitoring of selected peptides from the CDR regions of the two antibodies.
The samples were analyzed using the following:
20 Mass Spectrometer: Agilent 6400 Triple Quad LC/MS (QQQ)
HPLC: Agilent 1200 Series
Column: Waters Acquity UPLC BEH300 C18 1.7 um, 2.1 x 50 mm column
Flowrate: 300 pl/min
Solvent A: 0.1% formic acid
25 Solvent B: 99.9% ACN, 0.1% formic acid
Injection volume: 30 pl
MS1: Unit
MS2: Widest
30 ul was injected into the LC-MS system for each sample and the gradient shown in
30 Table 6 was used.



WO 2011/ 04202736PCT/ DK2010/ 050258 The standard curves in Figure 1 and
Figure 2 were used to determ ne the concentration of A992 and A1024 in
sanpl es fworma/q@e@c! i ni cal PK study of thg drug | ead i nrPaTOK20NIS025S
nonkey. The 5ratio between the peak areas %f the A992 and A1024 signature
and AQUA peptides were determ ned at the sanpling points at 0, 0.5, 1, 4,

8, 24, 48 houaBe &réraditntasedSor@utidiGol p2Bide3oto tBMSKENd 44 f ol | owi ng
adninistratrgﬁayf—ﬁ—ﬁqfkg—tﬁ the drug | ead. The pharmacoki netic curves for
A992 and A1024 are shown in Figure 3. 10The concentration of A992 and A1024
was determ nd@in the sanples fromthe time points fromO0.5 to 48 hours
follow ng ad a single dose of 8ng/kg drug lead. It can be
observed th bodies follow the sane degration pattern. Exanple
2 15Thi s exaﬁﬁle destri bes nmultiplex quantification of a reconbi nant

anti body co ing of a 1:1 mxture of the two anti bodi es A992
and A1024 adgif rmal growth factor receptor (EGFR) (WO

2008/ 104183) s were spiked in a donor serum pool and neasured
si mul t aneou d curves were generated, one for each anti body.
20 Sanpl es Theotwo ahti bodi es were spiked into serumat 10011g/m for each
anti body. Th AR en diluted in serumto generate sanples for
standard curx& e serimitised was a pool of 10 healthy donors. Table 5
shows the concentrations used in generation 250f the standard curves. Table

5. The sanpl gg, ﬁ@?ﬁﬂifiéﬁfongﬁgﬁwﬁdeg%é?é s&l@@teﬁ%ﬂﬁ%ﬁ?ﬂe&ﬁ% é;&glfﬁimﬁggtri]dees, i.e.

concentration I ndicates the concentration of each antr |
sanpl e/ one webhtainingveh&vydeaiepalabelacamiinadichtios thig expegment wenesptidgs asrel A

serum 2 %ﬂe{:{é 202737PCT/ DK2010/ 050258 Sanpl e preparation Total 1gG was
purified on -well Protein-A plate as described in Exanple 1, however,

Peak | Name Sequence pl ACN Elution%

4 1024HC8 ATLTVDK 6,99 22,5

5 992HC1 EVQLQQPGSELVRPGASVK | 7,03 32

Results

Two standard curves were generated one for each antibody, shown in Figure 4. The

measurements are in triplicate and demonstrate god reproducibility and standard
10 curves fitted to a non-linear fit. The range of both curves are 0.2 ug/ml-100 pg/ml for

each antibody. The two antibodies are measured simultaneously.

15 Abbreviations

ACN Acetonitrile

DTT Dithiothreitol

EGFr Epidermal growth factor receptor
EIC Extracted ion chromatogram

ESI Electrospray ionization

FA Formic acid

lg Immunoglobulin




the plate was eluted in 200 jil 0.5M GidHC /0. 1M d ycine pH 3.0. Three
aliquots of 33 5jil were analyzed for each standard curve point. The

el uat es wa® 2euiapenat ed, and the reconsti ty%\gd by additi eaT®K260/G5015850 niv
anmoni um bi carbonate pr well. The protein s reduced by DIT (56C, 1h) and
al kyl ated by I AA at roomtenperature for 1 h. The sanples were transferred
to a deep wellC pl ate and 1‘>Lta|mdcrm<5matagll’apAQJA pepti des were added pr well,
and t he sanpkes—were—di-tuted—wth . arrerium-10btcarboenrate—The sanpl es
were dilutedMS1 in 4% phos FPBe‘iré’i MFYn g purified on a Waters Oasis MCX

i on exchange nphate The pl af masesheiget ed u5| ng 30 1 I 30% NHAOH in ACN MeOH
well. The pl A ated—and 30 01% -G d was added 15
LC- M5 set-upPThe ant | body ¢ REERITERMNs i n t he sarrpl es were quantified
using LC- M5 g@g$ nult1 react papsghaie b@fdrésahesel ect ed peptides from the CDR
regions of the two antibodi san i e

foll owing: 2@%ss Spect r ompPEAMILGKINGHES 6400 Triple Quad LG/ M5 (QQQ HPLC

Agi | ent 12007Faries Col umm] THRIREhe Ihi y pm 2.1 x 50
mm col um Flowate:r 300 iil/mn Solvent A: 0. 1%formc acid 25Sol vent B:
99.9% ACN, 0.1%formc acid Injection vol une: 30 il MB1: Unit Mb2: W dest

30 jil was injected into the LCG-Ms system for each sanple and the gradient
shown in 30Table 6 was used. WD 2011/04202738PCT/ DK2010/ 050258 Tabl e 6:
G adi ent usedefeyeneesiti on of peptides into the Ms:
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[4] Ackermann and Berna, Expert Rev Proteomics. 2007 Apr;4(2):175-86. Review.
[5] WO 2004/031730
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Ti meB% [ m n] For quantification two peptides were sel ected and ordered
as AQUATM peptides, i.e. containing a heavy isotope | abeled am no acid. For
t hi s expewOrmento42020 pepti des were 5sel ectg@: Peak Nane SBeqmarros/q3h258CN
El ution% 4 1024HC8 ATLTVDK 6,99 22,5 5 992HC1 EVQLQQPGSELVRPGASVK 7, 03 32
Results Two standard curves were generated one for each antibody, shown in
Figure 4. Th&€lamesurenents are in triplicate and denonstrate god
reproduci bility and standard 10curves fitted to a non-linear fit. The range
of both curves are 0.2 lig/nl-100 ig/m for

1. A method for quantitation of one or more recombinant proteins in a sample

comprising the steps of:
5 i) up-concentration of said one or more recombinant proteins by affinity purification

to obtain a first fraction

ii) digestion of said first fraction to release one or more specific signature peptides
for each of said recombinant proteins into a second fraction

iii) addition of one or more internal reference peptides for each of said signature

10 peptides to said first fraction and/or said second fraction
iv) quantitation of said signature peptides by mass spectrometric analysis.

2. The method according to claim 1, wherein said method further comprises the
steps of
15 i) repetition of step i) to iv) in claim 1 with a corresponding protein preparation of
known concentration spiked into the sample to obtain a protein standard curve
and
ii) the quantitation of said signature peptides obtained in step iv) in claim 1 being
compared to the protein standard curve obtained in step i) and quantitation of
20 said one or more recombinant proteins in said sample being obtained.

3. The method according to claim 1, wherein said method further comprises a step
of reduction and/or alkylation prior to the digestion in step ii) in claim 1.

25 4. The method according to claim 1, wherein said method further comprises a step
of up-concentration of said signature peptides and said internal reference
peptides using a resin with a chemistry able to fractionate the sample and
thereby up-concentrate the peptides of interest.

30 5. The method according to claim 1, wherein said method further comprises a step
of up-concentration of said signature peptides and said internal reference
peptides using a resin coupled with anti-signature peptide antibodies followed
by release of said signature peptides and said internal reference peptides to
obtain a third fraction.

35



each anti body. The two anti bodi es are neasured sinultaneously.
15Abbrevi ati ons ACN Acetonitrile DIT Dithiothreitol EG-r Epidermal growth
factor rewepvwo4kil2€ Extracted i on chromat %gram ESI El ecrrogm2al/isorsszat i on
FA Form c acid Ig | nmunogl obulin WD 2011/04202739PCT/ DK2010/ 050258 LC
Li qui d chromat ography M5 Mass spectronetry m z Mass/ charge

The method according to claim 1, wherein the affinity purification in step i) in

claim 1 comprises binding to one or more immunoglobulin-binding proteins.

7. The method according to claim 1, wherein the affinity purification in step i) in
5 claim 1 comprises binding to one or more bacterial immunoglobulin-binding

proteins.

8. The method according to claim 6, wherein the immunoglobulin is @ human

immunoglobulin.

10
9. The method according to claim 8, wherein the human immunoglobulin is human
lgG1, human I1gG2, human IgM, human IgA, or human IgE.
10. The method according to claim 6, wherein the immunoglobulin is a mouse,
15 rabbit, goat, pig, cow, camel, dog, cat, chicken, fish or monkey
immunoglobulin.
11. The method according to claim 10, wherein the mouse immunoglobulin is
mouse IgG2a, mouse 1gG2b, mouse IgG3, or mouse IgG1.
20
12. The method according to claim 1, wherein the affinity purification in step i)
comprises binding to protein A.
13. The method according to claim 1, wherein the affinity purification in step i)
25 comprises binding to protein G.
14. The method according to claim 1, wherein the affinity purification in step i)
comprises binding to protein A/G.
30 15. The method according to claim 1, wherein the affinity purification in step i)

comprises binding to protein L.

16. The method according to claim 1, wherein the affinity purification in step i)
comprises binding to an antibody against the constant part a polyclonal
35 antibody.
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quantita&ion of omempriseadriedingto@im Aant proteins in a sanple conprising the
steps of: 5i) up-concentration of said one or nore reconbi nant proteins by
affinity purification

19. The method according to claim 1, wherein the affinity purification in step i)

comprises binding to a target for an antibody.

10 20. The method according to claim 1, wherein the digestion in step ii) is performed
with trypsin.

21. The method according to claim 1, wherein the digestion in step ii) is performed
with chymotrypsin.
15
22. The method according to claim 1, wherein the digestion in step ii) is performed
with Asp-N.

23. The method according to claim 1, wherein the digestion in step ii) is performed
20 with Glu-C.

24. The method according to claim 1, wherein the digestion in step ii) is performed
with Lys-C.

25 25. The method according to claim 1, wherein the digestion in step ii) is performed
with lys-N.

26. The method according to claim 1, wherein the digestion in step ii) is performed
with Arg-C.
30
27. The method according to claim 1, wherein the digestion is performed essentially
to completion.

28. The method according to claim 3, wherein the reduction is performed with
35 dithiothreitol (DTT).



to obtain a first fraction ii) digestion of said first fraction to rel ease
one or nore specific signature peptides for each of said reconbi nant

pr ot ei ns wottia4z@cond fraction i1i) additi eaTEK20M$050258N0r €
internal reference peptides for each of sé?d signature 10peptides to said
first fraction and/or said second fraction iv) quantitation of said

Si ghat ur e pept i 282 Fhbynethcssapeding natdimi 3 wieeadity fesred@ctiof liseparédrimed withcor di ng
to claim1, wherein Saitdt tkllod further conprises the steps of 15i)
repetition of steﬁ”qr?ap[%e %0 inclaiml with a corresponding protein
preparation of known concentration spiked into the sanple to obtain a

protein standar rve.an 11 .th ant.i tation . of .said sign re
ept | des obt ai ridh 11 e BR rerpraing teoipin BTG RAReedh B Sl B

st andar & curve obtvaylpgddin@ step i) and quantitation of 20said one or nore
reconmbi nant proteins in said sanple being obtained. 3. The nmethod accordi ng
to claiml1, wherein said nmethod further conprises a step of reduction
and/ or al kyl at i ®n Tpeinoathadaddoedi peddimad) wheresh & alkyation ispaforméd wvith4. The
met hod accordi ng toc%l &i m|d1’ wherein said nethod further conprises a step
of up-concentrati 699 PeeRY - si ghature peptides and said internal reference
peptides using a resin with a chem stry able to fractionate the sanple and

t her eby, up-conc t 1des of dnterest. 305 . The t cordi ng
to crar i T, “aneraieal O TaRRRig B AR e raphifpiomed i

up- concentrati on adoseétdmidegaravariedopeetic deid and said i nternal reference
peptides using a resin coupled with anti-signature peptide anti bodi es

foll owed by rel ease of said signature peptides and said internal reference
pepti des to obt28.Mha nidihodladaoading wrclaimADwWRelcin Gvexine /ot hiviee /ibkpalefdh&tt258 6.

The net hod according.to.claiml rein.the affinity purification in step
i) inclaiml conﬁ?ﬁtécgeeg nﬁls%&qua’r? %@glﬁeé;%;h n@re i nmunogl obul i n- bi ndi ng
pr ot ei nth 7. The nethod according to claim1l, wherein the affinity

purification in i), 1h 5claiml c rises bindin 0.0 [e
bacterial i mmn%%ﬁﬁgm%tﬂgcg?%éf ﬁ%gnkrc ?'@i né'\{h%ge.m %?eonﬁe(?ﬁ@%eéq%(ggr ieneéerfcg claim
6, wherein the i mpepidgsobsaleprii)iase mbbiletamitti TNunogl obul in. 10 9. The net hod
according to claim8, wherein the human i mmunogl obulin is human 1 gGl, human

| g&, human IgM human 1 gA, or human | gE.
35. The method according to claim 1, wherein the one or more internal reference

20 peptides in step iii) are labelled with '®0.

36. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by post-synthetic labelling.

25 37. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by chemical synthesis.

38. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated in live cells through metabolic incorporation.
30
39. The method according to claim 38, wherein the cells are part of a

microorganism.

40. The method according to claim 38, wherein the cells are mammalian cells in
35 culture.



10. The nmet hod according to claim6, wherein the i munoglobulin is a nouse,
15rabbit, goat, pig, cow, canel, dog, cat, chicken, fish or nonkey

i mmunogl owol2nno4ia27 The met hod accor di ng %2 clai m 10, wreT@KR2010ME0I88USeE

i mrunogl obulin is nouse 1 g&a, nouse | g&b; nouse 1gG3, or nouse |1gGl. 20
12. The method according to claim1, wherein the affinity purification in
step i) conpri sk Themdthed aacopdiad i ataid. 1, wherein the one dk3noré lrdenmat feetlence
according to claiml. wherein.the affini tl%/wgurifi cation in step i)

25conpri ses bi ndi r‘?ﬁp?%sﬂ?ae i"H a{_?gei%rat?ﬂé Phod accordi ng to claim1,
wherein the affinity purification in step i) conprises binding to protein
Al G 3015. The Qd cordi ng t |.ai . Wherein the affini

our fcaci on 1 rigu g metaEerdud Bl fiytes sl oo ielal rencse, o
accordi rig to cl ai peptidestiestepriii) tane garidrated by apuaethbd cahpiising dewérped Jeetate
conpri ses bindi ng n_antibody agai nst the constant part a pol ycl onal
35anti body. WO 2(5%%%%%&%%%&5@10/ 050258 17. The nethod according to
claim1l1, wherein the affinity purification in step i) conprises binding to
the Fc receptor 18. .The ne d cording to claimil rein the
Aty pori 11 st edlee Bt L8R I g s

nmet hod accor di ng tepiidesiimstep iiMaee gemeratied bafaf methbg cpmpriding atterorinalispsdifep | )
conpris bi ndi ng target for an antibody. 1020. The net hod accordi ng

0
to claim1, wherei aqeﬁgs.di gestion in step ii) is performed with trypsin.
21. The nmethod according to claim11, wherein the digestion in step ii) is

Dol & SRR B o TGRS Sl oo
peptides in step iii) are generated by a method comprising permethyl
esterification of peptides carboxyl groups.

15
45. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by a method comprising addition of twin 'O

labels to the c-terminus of tryptic peptides during cleavage.

20 46. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by a method comprising N-teminal peptide
labelling.

47. The method according to claim 1, wherein the one or more internal reference
25 peptides in step iii) are generated by a method comprising NIT (N-terminal
isotope-encoded tagging).

48. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by a method comprising C-terminal peptide
30 labelling.

49. The method according to claim 1, wherein the one or more internal reference
peptides in step iii) are generated by a method comprising labelling that are
different from N-terminal and C-terminal peptide labelling.

35



23. The nethod according to claiml1, wherein the digestion in step ii) is
performed 20with A u-C. 24. The nethod according to claim1l, wherein the

di gest i orwOnrosioapo27i ) is perfornmed with LX$- C. 2525. Thecwmkroth/@&ezser di ng
to claim1, wherein the digestion in stepTi) is performed with lys-N 26.
The met hod according to claim1, wherein the digestion in step ii) is
performed w th 20.gh€ma8BoRaccoiding toedldimd! , adeosidthegoriecorchae ntérnaiveéarenae t he
di gestion is perfar npéj esstgnt..i al | 5 to tcgr%gl et itﬂn' . . 28.O| t;I'hedmat hod
according to cl ai MeRIOGRARPEPL e OfghRler 0¥ R TeiNBE PPBPTRIRR ginfy acid base

35di thiothreitol (dbENphg. WO 2011/ 04202743PCT/ DK2010/ 050258 29. The net hod
according to claim3, wherein the reduction is perforned with

mer capt oet hanol . 30. The nethod according to claim3, wherein the
al kyl atison i s pgt.fToemesthed advoddindiol atgilnply mihdreie the3dne oFimeoradritérod! r@tsrenadi ng t o

claim3, wherein the.al kyl ati.qn | erfaornmed with iodoacetam de., ,1032. The
et hod accor di ng PEoIes: e e efiid TRy Piabi snBRRRE pATlotsi dEH
i odoacet am de and/airelling@boae amino aid id e€28h pdpteenret hod according to claim 1,
wherein the one or nore internal reference peptides in step iii) are

| abel led with 130. 15 34. The nethod according to claim11l, wherein the one
or nore internab2.Matenathakageptinglesclaim 4 wdyerain the antiesigredhek lpeptidd ariibadibs
35. The t hod ac in i m.l ejn. the one or nore internal
refer en1cdgEZOpepti %gésg%‘ng%%aiﬁ&{uﬁ @%’Fg\gﬁg%oec}"ﬁ%ed wi th 180. 36. The net hod
according to claim1l1, wherein the one or nore internal reference peptides

accoratng 10 ol 3t AT ) athrREloshif St MR ihand Bhoidk BRoea e

in step iii) are genmoata@chddgntifoelidscal synt hesis. 38. The net hod according
to claim1, wherein the one or nore internal reference peptides in step
iii) are generated in live cells through netabolic incorporation.

15 54. The method according to claim 1, wherein the internal reference peptide has a

sequence identical to a sequence within a recombinant polyclonal antibody
and/or TcR.

55. The method according to claim 54, wherein the sequence within the
20 recombinant polyclonal antibody is within the constant region of said
recombinant polyclonal antibody.

56. The method according to claim 54, wherein the sequence within the
recombinant polyclonal antibody is within the variable region of said
25 recombinant polyclonal antibody.

57. The method according to claim 54, wherein the sequence within the
recombinant polyclonal antibody is within the light chain of said recombinant
polyclonal antibody.

30

58. The method according to claim 54, wherein the sequence within the
recombinant polyclonal antibody is within the heavy chain of said recombinant
polyclonal antibody.



30 39. The nethod according to claim38, wherein the cells are part of a

m cr oor gani sm 40. The nethod according to claim 38, wherein the
cell s ar evoanmmelsz@n cells in 35cul ture. 2011/ 042027 2¢POK2DKABA138050258
41. The nethod according to claim1, wherern the one or nore internal
reference peptides in step iii) are generated in vitro. 42. The net hod

accordi ng to cl%4.Mmha mathedt accordifetoartamas4, mbeeresin theesenaénaeafithirethee Spepti des
in step iii) are generated by a mmethod conmprising deuterated acetate to
| bel pri maty ani fegiBuL poYeBnd iy S IR RaBRb RS et

wherei n the one ompolyoloealiantieodyal ref erence peptides in step iii) are
generated by a nethod conprising n-term nal -specific 10reagents. 44. The
nmet hod according to claim1l, wherein the one or nore internal reference
pepti des i n st ef0.i The mathed gecwdiay el claim 84 natidneid ticeoseruieacagitine thnet hyl

esterification of peptide I | ..aroups.., .15 45. The . d_according to
craim 1 uherein (RO D POREPL AuBdir M Rins S8t B8 RS SRR TP
are generated by aecvretbiwaht polygdonadiantbadydi ti on of twin 180 | abels to the
c-termnus of tryptic peptides during cleavage. 2046. The nethod according

to claim1, wherein the one or nore internal reference peptides in step
iii) are gener adtdhbynethodadvodinpiopaisi 54 wReteimihealeqpenpte vdthin thbel | i ng.

47. The t hod acc in cl,ai . erei.n the o r e, i.nter.nal

refer en1cdgE25pept i &%‘go%bﬁ%sr{t §8‘V+'?'=‘§Paél“%‘\’@£¥e'%$’#@{‘éﬁe g@fﬂéeﬁgpﬁﬁﬁy dce(t)%r“{"gg?ng NI T
(N-term nal i sot opegiersc@DiR) of agigirecpmbinant pdgcloddantieedyod according to claim
1, wherein the one or nore internal reference peptides in step iii) are

generated by a nmethod conprising Cterm nal peptide 30l abelling. 49. The
met hod accor di néR.{The ohethod dccovdigy i aaimist, asheradr themequéentearitinid theef er ence

e difrerent froftouiiin AapCaR SRupy i WS T B SlsEPrbRgR! poisbra ™
2011/ 04E02745PCT/ BHASHY! 050258

63. The method according to claim 54, wherein the sequence within the
recombinant polyclonal antibody is within CDR2 of said recombinant polyclonal
antibody.

20

64. The method according to claim 54, wherein the sequence within the
recombinant polyclonal antibody is within CDR3 of said recombinant polyclonal
antibody.

25 65. The method according to claim 4, wherein the signature peptides are
upconcentrated using an ion exchange based separation

66. The method according to claim 4, wherein the signature peptides are
upconcentrated using a reversed phased based separation
30
67. The method according to claim 4, wherein the signature peptides are
upconcentrated using hydrophilic inter action based separation

68. The method according to claim 4, wherein the signature peptides are
35 upconcentrated using hydrophobic interaction based separation



50. The nethod according to claim11l, wherein the one or nore internal
reference peptides in step iii) are generated by a nethod conprising am no
aci d baseaol2atiglsbizng. 551. The et hod accg di ng to cl ai ’CT/DK2BEVEN258t he one
or nore internal reference peptides in st % iii) are generated by a method
conprising am no acid based | abelling of one amno acid in each peptide.

52. The net hod 6&dbednatigod acookdingnodslaimtye mdiereit the signtatureipgptidasraee pept i de
anti bodi es 10are pola/cl Oﬁatl serum derived. antibodi es,..53. The net hod
according to cl ai mPA°SA ?SFHSWH@ S 7 S{j’H Aqr Sﬁ%arg?ti'o@e anti bodi es are

nmonocl onal anti bodi es. 1554. The nethod according to claim 1, wherein the

internal refere ept) de_bhas.a sequence identical. to sequence within a
r econbi nant polﬁﬁgﬁﬁetg%fﬁ%)wn f?d?c"%?‘rﬁéﬂﬁ.ere'”]ihe%%'?s'%?g“r gﬂﬁ %@@8?'8?@
to cl ai b 54, wher ererdidee iseapbince wi t hin t he 20r econbi nant pol ycl onal
antibody is wthin the constant region of said reconbinant pol ycl onal

ant i body. 56. The nethod according to claimb54, wherein the sequence
wi t hin the reconbiThamethad gadoadiad toaadimbis) dsheresn Wiet dntirsigriature peptidd antibediesn of
sai d 25r econbi nant L ycl.onal, anti body. 57. The nmethod according to claim
54, wherein the s@&‘g%ﬁs\é "\%/)\ncﬁ'ﬁif%'the reconmbi nant pol ycl onal antibody is
within the Iight chain of said reconbi nant pol ycl onal anti body. 30 58. The

met hod cordin cl ai 4 erein the ce.w.thin the.reconhi.nant
pol ycl oflogl ant i %Zdtc-{)%eiré&m %‘fdr? r%{ohcé%\pyé?c %F‘%Hgg %né';!gc')gr{rééuc% r‘?gstrlfgen n?.%g&eé‘

pol ycl onal anti bodye raisé®i20adtl 04202746PCT/ DK2010/ 050258 59. The net hod
according to claimb54, wherein the sequence within the reconbi nant

pol ycl onal antibody is within the frameworks of said recomnbi nant pol ycl onal
anti body. 560. 7hdhewtdtbed amodia togldim K vdiensib the antiesigriature ipeptidegaraibodies

wi thin the reconbinant polyclonal antibody is within the hyper-variable
domai ns of said r@&%%ﬁ%&%%ﬁ?ﬁﬂ'ycl onal anti body. 61. The net hod
accorditig to claimb54, wherein the sequence within the 10reconbi nant

g;)l Zg: 8”?; Cg%: 2égﬂ'%ﬁe;5riqt§“%cf %‘%ﬁ%fc}'%ﬁ}oﬁﬁ%;§ qv%rétre% Heymgt%g e .ennjorr]rgecﬁ ane'l Biken (CDR)
format.

75. The method according to claim 5, wherein the method is performed in a 96 well
20 format.

76. The method according to claim 5, wherein the method is performed as part of a
multidimensional LC-MS system.

25 77. The method according to claim 5, wherein the method is performed offline.

78. The method according to claim 5, wherein the method comprises that said
signature and reference peptides are eluted directly into the ion source.

30 79. The method according to claim 5, wherein said the method comprises that the
signature and reference peptides are eluted directly into the ESI source.

80. The method according to claim 1, wherein the mass spectrometry comprises
ionization by ESI.
35



62. The nmethod according to claimb54, wherein the sequence within the
reconbi nant pol yclonal antibody is within CDRL of said reconbi nant

pol ycl onavo2banuedody. 63. The net hod acc?édi ng to cl ai RCHDK20ie5e1s8 t he
sequence within the reconbi nant pol yclonal antibody is within CDR2 of said
reconmbi nant pol ycl onal anti body. 20 64. The method according to cl ai m 54,
wherei n the segdkite meéthdd accohiing wadaiin 1) arhiergio theahassadpeatndmbipggomsrissst hi n
CDR3 of said reconbinant gwlonal anti body. 2565. The method according to
claim4, wherein {HFLPYR pepti des are upconcentrated using an ion
exchange based separation 66. The nethod according to claim4, wherein

the signature p ides .are upconcentrated usi.ng a reversed phased based
separation 30 6 Hid e FaRRIR AR € Srdrl et s BRESah g ERCr o
pepti des are upconCeMSramtlydisweempgsihy two phinbrecdimehsionsacftchoomatagegphisepar at i on
68. The net hod acc Eﬂc;n%ﬂ '510 claim4, wherein the signature peptides are
35upconcentrat ed usrng 9 rophobi c interaction based separation WO

2011/ 04202747PCT/ DK2010/ 050258 69. The nethod according to claim4, wherein

t he signature p, i de re_u ncentrated usi.ng a size | usi on sed
separation PS8 THERRASEAURRANE BRAR SR s ol Bl ST BOTRS
anti-si gnat ure pehC-d8 amalysib@dmpsisibg inmalticinergonahchrabilakdgraphy. The net hod
accordiﬂg to claimb5, wherein the anti-signature peptide antibodies are
rai sed in chicken. 1072. The nethod according to claim5, wherein the

anti - si gnat ur e e ghedetbhod advoddiastoaai@mr giveecein thegoads spé8troribiey cwhprises
according to clai y anti-sjgpat ur. i | bodi es are

rai sed i n sheep. %ﬁ%[’é's%ﬁga'%ggc%nrgﬁﬁ@eﬁg%@I%g?%sg,sar%ﬁéﬁr'ei n the met hod
is perforned in a batch format. 75. The nethod according to
claimb5, wherei h is.performed in a 96 [l 2 rmat, 76. The
et hod accor di rep10eEanah 2ccolRE bl AL vriedlo % BStseseie AP corfisetor

mul ti di teensi onal ILC-WB aswglysiermomprising a two or more dimensions of LC separation.

86. The method according to claim 1, wherein the mass spectrometry comprises
fourier-transform ion cyclotron resonance (FTICR), Q-TOF or triple quadrupole
based methods.

20

87. The method according to claim 1, wherein the mass spectrometry comprises

LC-MS/MS.

88. The method according to claim 1, wherein the mass spectrometry comprises
25 LC-ESI-MS/MS.

89. The method according to claim 1, wherein the mass spectrometry comprises
LC-MALDI-MS/MS.

30 90. The method according to claim 1, wherein the mass spectrometry comprises
multiple reaction monitoring (MRM) based methods.

91. The method according to claim 1, wherein the mass spectrometry comprises
extracted ionchromatograms.
35



2577. The nethod according to claim5, wherein the nethod is perforned
offline. 78. The nethod according to claim5, wherein the nethod conprises
t hat sai dweignatse2e and ref erence pepti dei are el uted diPpcemr2910/050258t he i on
source. 3079. The method according to cl al?‘nS, wherein said the nmet hod
conprises that the signature and reference peptides are eluted directly
into the ESI so82.dée ndAhodraesonditdtacti@inciomdiersin the robsd spetirombiey eompridee nmass
spectronetry conprises jonizatjon by ESI. WO

2011/ 04202748PCT/ ﬂﬁ%%%%&z"%%h%% The met hod according to claim1, wherein
the mass spectronmetry conprises ionization by MALDI. 82. The net hod

according to cl '_ %, e gi n 'rh]eo ss SR %t [0 tr co ise yéé‘n%r'i\é%sa
anal ysi s conpri ey T IHSFEGOEAT: b CG Ei % TFARAP

fractiortati on. 83 ESHrplergtduvdpde bagadi mgthbd. cl ai m 1, wherein the nmass
spectrometry conprises LC-M anal ysis conprising nultidi nensi onal

chromat ography. 10 84. The nethod according to claiml1, wherein the mass
spectronetry codiTiheesethdd AdSoadiad yosilamcionyheresn tigp rmass spgeordeineoanoiisesf LC
separ ati on. , .. h thod according to claim11, wherein the
mass spectrorretryc%:rB'rtr%Pi%gﬁ%d Tgﬂ‘ggws anal ysis conprising a two or nore

di nensi ons of LC separation. 86. The nmethod according to claim1, wherein

R S R A e
accordi ng to cl ai BSI,;TOMeased mathedsmass spectronetry conprises LC M5/ Ms.
88. The nethod according to claim1l, wherein the nmass spectronetry

conprises 25LC-ESI-Ms/ Ms. 89. The nethod according to claim1, wherein the
mass spect r onet 96 The mpuethckscdot@indMoliails/, MBere30 8@ masrespeetrbradinacaopriieng t o

claim1l1, wherein tég?_d‘_r?é% b%ggg%re%%%g_ry conpri ses
15
97. The method according to claim 1, wherein the one or more recombinant
proteins comprise two or more recombinant polyclonal antibodies.

98. The method according to claim 1, wherein the one or more recombinant
20 proteins comprise two or more chimeric polyclonal antibodies.

99. The method according to claim 98, wherein the two or more chimeric polyclonal
antibodies comprises a human part and a mouse part.

25 100. The method according to claim 99, wherein the human part is the
constant region of the polyclonal antibody.

101.The method according to claim 99, wherein the human part is the variable
region of the polyclonal antibody.

30
102.The method according to claim 99, wherein the mouse part is the constant
region of the polyclonal antibody.

103.The method according to claim 99, wherein the mouse part is the variable
35 region of the polyclonal antibody.



mul tiple reaction nonitoring (MRM based nmethods. 91. The nethod accordi ng
to claiml1, wherein the mass spectronetry conprises extracted

i onchr omawogname2027\W0O 2011/ 04202749PCT/ DK%@lO/ 050258 92 PCThx2BW/(50158
according to claim1l, wherein the nass spectronetry conprises ion trap
based net hods. 93. The nethod according to claim1, wherein the
mass spect r onetl0%. The mpethsksccardifcSlo-dlaimpl, evhgusid thepalecor base decveildiretht 94. The
met hod accor di nﬁgt.o claiml1, wherein the nass spectrometry conprises

Obitrap based PRETHBGTBYE onﬁ% rPr%fFﬁ‘8H‘° 26T di ng to claim1, wherein the

mass spectronetry conprises ESI-TOF based net hods. 96. The net hod according
to claim1, wh i th SS _spectronet co ises ESI-Q TOE based
methods. 15 07 105 Ee MR NEIEGERBTIer AT &t S e eels # YA SABES v e
reconbi fant proteins conprise two or nore reconbi nant pol ycl onal

ant i bodi es. 8, . The.net hod cordi.ng to clai.m wherein the one
or ore T econbil A& AT A fede S 0 e e R e S S GeRona

anti bodi es. 99. The method according to claim98, wherein the two or nore
chi meric polycl nt.i bodi .Conpri.se human [ nd use part.
35100, The et ndd” a0e STNRE S S a8 T uhere Y lteie A e PRURS P

const ant regi osupdrnataet. pol ycl onal anti body. 101 . The nmethod according to
claim99, wherein the human part is the variable region of the polyclonal
anti body. 30 102. The net hod according to claim99, wherein the nouse part
i s the constantiO8dgeometbdd ddvergiad toadlammal, waneteib daysample is a bioreaddB. The net hod
according to Clsaéépn%t% wherein the nouse part is the variabl e 35regi on of
t he pol ycl onal ant | 8&/ 104. The met hod according to claim1, wherein the
one or nore reconbi nant proteins conprise one or nore honol ogous. 105. The

method accor di ngg 4. ¢l dhdl decoliS & dait ™ WHAMRA fhe cheorSRerd TREAMBRN i
15 proteins comprises a recombinant polyclonal antibody used for treatment and/or
prophylaxis of two or more infectious disease(s).

110.The method according to claim 1, wherein the one or more recombinant
proteins comprises a recombinant polyclonal antibody used for treatment and/or
20 prophylaxis of two or more bacterial infection(s).

111.The method according to claim 1, wherein the one or more recombinant
proteins comprises a recombinant polyclonal antibody used for treatment and/or
prophylaxis of two or more viral infection(s).

25
112.The method according to claim 1, wherein the one or more recombinant
proteins comprises a recombinant polyclonal antibody used for treatment and/or

prophylaxis of two or more cancer form(s).

30 113.The method according to claim 1, wherein the one or more recombinant
proteins comprises a recombinant polyclonal antibody consisting of different
recombinant polyclonal antibodies.

114.The method according to claim 1, wherein the one or more recombinant
35 proteins comprises a recombinant polyclonal antibody consisting of different
recombinant polyclonal anti-Rhesus D (RhD) antibodies such as Sym001.



106. The nmet hod according to claim1, wherein the sanple is a plasma sanple.

107. The nmet hod according to claiml1, wherein the sanple is a cell culture

super nat am0.2011@B20Bhe net hod according to gtai m 1, wher ePOTIHRBAIPI8 i S a

bi oreact or supernatant. 109. The nethod actording to claim1l, wherein the

one or nore reconbinant 15proteins conprises a reconbi nant pol ycl onal

anti body used for treatnent and/or prophylaxis of two or nore infectious
to.C mJl. wherein the one or

di sease(s). 0. T t hod accor.di ai

mor et econbi nart S SParR IR BB L R T S b ody used

for treatnent andéios c@bprisgshayleaambinant golyelomal andi-eacbimc \@iuis antibodyeto remades ) .

111 . The nethod according to clalm 1. wierein {)r‘e EOFG Qr rr]mrs rﬁggnbi nant

proteins conpri SRUNRANRY: ﬁ@fanréyr?t B‘S’?‘{x& OHEMARYYHS y Jssga farYieat ment

and/ or @ ophylaxis of two or nore viral infection(s). 25 112. The net hod

according to cla.m.1, erein the one o re recaonbi nan rotein

conpr 1 ses ar eddnn R IR o i oS L PR PREk oA o

prophyl axi s of ptateinecomprisescarecemnbihantrgadyclond04aritBodi argeting cantiaiespinatbrypg t o

claiml1, wherein. t on re.r i,nant proteins conprises a

r econbi nant poIswqyg%éll'rugﬁ[fci)]é’%g%fﬁc%%’hm?’hg of different reconbi nant

pol ycl onal anti bodi es. 114. The met hod according to claim1, wherein

t he one, or nor i of el onpri.ses rec i .pol. ycl onal

anti bod consi 9 { TRy sesPaies bR AR B AR TR a2 b Rno)

ant i bodi es suclprasinSgofprises ABc@dtibaAOKRDZTnAPITibDHR Gt @ethhG2hsndrl¢anthe

nmet hod accor di %ﬂi o) claim1, wherein the one or nore reconbi nant proteins
0

conprises a re i nant polyclonal anti-vaccinia virus antibody to repl ace
exi sting anti-vaccinia hyperinmmune i nmunogl obulins (VIG such as SynD02. 5

116. The met hod r.di laima1, . rein.the one or nore reconbi nant
oot ef s compr 484 T Mafes BrRitd oo Bivdiemeif MR B Py e gl
ant i - r espi r at opyoteipscympades\d reasmbiRSM) padyetdmabantiBpdy GBgetihg hlivhahHeGFRt hod
according to claim1, wherein the one or nore reconbi nant proteins

conprises a reconbi nant polyclonal antibody targeting a human cancer
anti gen. 119.Th& h$etidrbacoetdiagltoadaimr Jiwhgrdin thel arienor oreinezombindanthe one or

nore reconbi nant r i C i rec i t ycl ti body
ar get  ng humad RReSHEET AR RASRIRNT R%% RS Bl Che”one
or nore reconbipatiobemr ot ei ns conpri ses a reconbi nant pol ycl onal anti body
targetié’&; a bacterial pathogen. 20

120.The method according to claim 1, wherein the one or more recombinant

proteins comprises a recombinant polyclonal antibody targeting a viral pathogen.

121.The method according to claim 1, wherein the one or more recombinant
25 proteins comprises a recombinant polyclonal antibody targeting an infectious
disease target.

122.The method according to claim 1, wherein the one or more recombinant
proteins comprises one or more recombinant B-cell receptors.

30
123.The method according to claim 1, wherein the one or more recombinant

proteins comprises one or more recombinant T-cell receptor.

124.Use of the method according to any of claims 1 to 123 for quantitation of one or

35 more recombinant proteins in a sample.



120. The nmet hod according to claim1, wherein the one or nore reconbi nant
proteins conprises a reconbi nant polyclonal antibody targeting a viral

pat hogen.wo 2011/#2@27. The met hod accor di ng ég claim1l, wheceink2iesoss or
nore reconbi nant 25proteins conprises a reconbi nant pol ycl onal anti body
targeting an infectious disease target. 122. The nethod according to claim
1, wherein the1@a6&heuseaceordiagtorbininah24, prhetein tiee mettpd issesseddoredade rnination
reconbi nant B-cell .receptors...30.123. The met hod.according,to claim 1
Wherein the ond BrSTERPREHMATET P Boal S SR REE BB By dbra
reconmbi nant T- aetibodyeoapbsition inNABr@a IrbhO4PDANRRERICT/ DK2010/ 050258 125. The use
according to claim 124, wherein the nethod is used for determ nation of in
vivo cl earance of individual antibodies constituting a reconbi nant

pol ycl orfal ant i1B6de cwatpad addoading to damurd4f wbeneamthe mbthodlisalsed &t26. The

met hod accordin o claim1? erein the method is used for

phar macoki net i gﬂg%ntﬁ&%glge%%s]tg%ef\ﬁp r{/'ing'ﬁ’glu?ﬁlzl The use according to claim
125 or 126, wherein the individual is a human being. 10128. The use

according to cl.giLm 12 r 12 rei he Jd ndivi dyal. i.s rodent . 129. The
use accordi ng t1gl7'mh8iu§1€%5%°r§'gg i%@g'm\/\kg? éri %61[ Wgefeﬁrhfh\?i"b‘h\é{?l?ﬁl & %ﬁ%ﬁﬂéwg'
130. The use according to claim 124, wherein the nethod is used for

15char erizatji f Lycl. Pty i bstance.. 1 se
accor d?ﬁ)tg to cﬁgg'mhgé’iggﬁ%oerb@gﬁé %I%%” :lr%-f ﬁr()ﬁgdljlg'hgééénd{hleéﬁoeﬁéﬂ%aﬁisc% gor%l%g tion of
polyclonality in a drug product. 20132. The use according to claim 124,
wherein the ne .S or . g i i 0 ne. aor. e e | hant

anti bodies in itIEg.gpggggéggoar%ﬁé%&g%%éfét% WLﬁ%'nn@gﬁ%%rﬂac\%aclésr%%%gk?yo claim
1 in connection with manufacturing of reconbinant polyclonal antibodies. 25
134. Use of th hod accordin o] imJl.in connection with

manuf act uri ng g?%%&%%iaﬁ%‘fﬁ"”%‘?ﬁ'%\”bﬁ%ﬁ Wﬁ?{‘?”ﬂ,ﬁ}ﬁ rﬁgthﬁééﬁtﬁseegﬁﬂwor downst r eam
of prodifcti on chamacerizafionud polgcloralityBidlB3drug Welestaficet he nmet hod according to
claim1 in connection with manufacturing of reconbinant pol ycl onal

anti bodi es upstream or downstream of production of a drug product.
131.The use according to claim 124, wherein the method is used for

characterization of polyclonality in a drug product.

20 132. The use according to claim 124, wherein the method is used for quantitation of

one or more recombinant antibodies in in-process samples.

133.Use of the method according to claim 1 in connection with manufacturing of
recombinant polyclonal antibodies.

25
134.Use of the method according to claim 1 in connection with manufacturing of
recombinant polyclonal antibodies upstream or downstream of production of a drug
substance.

30 135.Use of the method according to claim 1 in connection with manufacturing of

recombinant polyclonal antibodies upstream or downstream of production of a drug
product.

136.Use of the method according to claim 1 for selection of clones for a polyclonal
35 cell bank.



136. Use of the nethod according to claim1l for selection of clones for a
pol ycl onal 35cell bank. 137.The nethod according to claim11, wherein the
nunber ofwoeenmaeozant proteins to be quangéfi ed are twoPQT/DK20E/050258

137.The method according to claim 1, wherein the number of recombinant proteins
to be quantified are two or more.



