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WD 2004/ 113377 PCT/ DK2004/ 000451 PURI FI CATI ON OF
HER- 2 VARI ANTS FI ELD OF THE | NVENTI ON The present
WO pooaniizon relates to the field of affinity pup€t/DK2004/000451
cation of proteins. Mre particularly, the present
invention 5 relates to inproyenents in netal affinity
proteln purification, especially purification of
ne tagged or_histidine rich proteins that have
PUREE%EAFé@HnQFnEHBFQ ¥rB&GNEd in insect cells. The
invention also relates to specific purification
schenmes suitable for histidine-tagged protein
vari ants derived fromthe 10 EGFR (endot helial growth
FIELRcPEr THECEPVBNY IPHNni |y of proteins, especially the
cancer-associ ated antigen HER-2. Further, the present
invention relates to an i mmunogeni ¢ vari- _ant of

Thel BRESSPRAL PENEABAbPE 1OFCPAE) RGoaRtF ARG, FEE (BpbHoBUTLEL-
catiBahBERRsoLuhich 8L bargeksihheynathueobugea:-ERv2nt ion

nol ecul e. The cancer .
relasgsctatempﬁeﬁbmanESpantmehaHERf21nsta pepbeinopurhfication,

a oteln s particul ar, prote
espEhoan IpPb-CeRELhh Phiabenti bapeod Shoprppadffie ricn
prot@ﬂh@othatahﬁvéfbB@nCQébamblﬁaﬁCQySprBdﬁabHy1br&ﬁsbct cells.
cancer and col orectal cancer. The assignee of the
Thepﬂ€§§ﬁFlﬁﬁtéﬁ?oaﬁﬁﬂPEﬁ?lSH ﬁ8§cﬁ¢é9|BH§F§lcFFF88 SChemeS

suleébﬁgtfeBphh%%&69ﬁé Egbagﬂngrbgeﬁﬁtb¥§l¥ﬁ€§'B@Eh@@d from the
agai nst the R-2 anti gén, . 20027 which is

EGFﬁerebﬁothelceﬂpqraWQd 5yctetereneptheveﬁnmlturpﬁeprotelns,

h h fiel h id i ed f d
eSPEERG3 1Yt Ca N S ieRCeab e nan L b ERLER Prr o

problemin protein chemstry is to devise imWO

Fur%ggéf1%%%7§rE§ZﬁPK%QQé£QQQﬁ %e%%t@Eo¥8daﬂe§ﬂﬁu585enlc vari-

i'ning satistactory yield reconbl han
ant of human HER-2 that is capable of raising an immune re-

sponse in humans, which also targets the native human HER-2

molecule.

BACKGROUND OF THE INVENTION

The cancer associated membrane protein HER-2 is a member of the
EGFR family of proteins. This particular protein has shown
promise as an immunogen in active specific immunotherapy of

certain cancers, notably breast cancer and colorectal cancer.

The assignee of the present patent application has previously
filed patent applications relating to active vaccination

against the HER-2 antigen, cf. WO 00/20027 which is hereby in-
corporated by reference herein. Further research in this field
has now identified preferred HER-2 variants for such vaccines,

but a general problem in protein chemistry is to devise im-
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protein with a high degree of purity. Imobilized
nmetal ion affinity chromatography (I MAC) was first
w0 pdgodisced by Porath (Porath, J., J. Carl ssonPCT/DK2004/000451
O sson, G 5 Belfrage [1975] Nature 258:598-599.)
under the termnetal chelate chromatography and has
been previously reviewed in several articles (Porath,
[1992] Protein Purification and Expression

Pro§e§6§e?§f fokd oRteiBiag eptddiprersynyletds Phneepgnbinant
pro%b&hc%ﬁkﬁnapﬁﬁﬁﬁsaeb§e€a§§dp9QlE9e enpl oynent of a
chelating 10 matrix | oaded wth Soft netal ions such
as Cu2+ and Nit+. Elec- tron-donating groups on the

InmdYiflacedomepbot ebns afespeeyakhy ot ogirtibdgz QlrpAs) dRas first
chain of histidine, can bind to the non-co- ordi nat ed

- intgppusegs byh&orsided PRERER, The Pnt ERZESER,bétweéAson, G.

Bellehg %'quﬁ@q %%%%Fe95@§95W%tB9bh? Rhal. £l @grﬁaﬂstal

rev rS|b e owering the pH or by displacenen
chewiatlk Chﬁ@&@@b@raﬁhysand hpsobeen pm&s&s&smg rev1ewed in

SevRERLI PRk iy eV BPERbRe. Mot 11 SCapPert Bo BA FREarED and

Exp&b@@&on'@ 2%%12859rdn§ta@klcﬁggr@at@d,ther@ﬂﬁﬁln@ﬂe EMAC pu-
G atz [1991] 20 Protein Expression and Purification

rifjcefipn7presseei BédopestePh thar eMpéaymentusitng Fihrtating
matkﬁghﬁ% a8%% %N%hNEéfk'ﬁeﬂgg ﬁén@p hbﬁdastegﬂeeﬁﬂpwﬂ?”F Elec-

proteins having tails wt I st dine residues
tro@pdbmhtshgdgm@upecombthansupfateln§ pthitsihaggedpecially the

. ns',) od t kes advant a f e fact
imiBRZpTeng He ShrRo BTN et At s oS BuEen BanocboRenaEco"
ordidateumsueky sl @Rg TBhakd ABtatQNPhexesteMBRABHSbetween

variations of this technolog% exi sts, where the his- _
thet pdpférrasdones greunt vathe@hasmetads capobehmadel sedprsible

by 1%%% | Raat %f el h&sﬁ%&bgﬁé gouRi-pat} 98§ZO§eg - Thus, a
g nrt

i ncl U rec lon-sites Ol' specific prote
pro$elhh@bssbeshng tdgctannbdonsulhagquenuby serhved hlStldlne
cane g%&a%ledyby reversible metal complex/protein interac-

tions.

In 1991, Ford et al. (Ford, C., I. Suominen, C. Glatz [1991]
Protein Expression and Purification 2:95-107) described protein
purification using IMAC technology (Ni-NTA ligand) as applied
to recombinant proteins having tails with histidine residues
(polyhistidine recombinant proteins, “His-tagged proteins”).
This method takes advantage of the fact that two or more
histidine residues can cooperate to form very strong metal ion

complexes.

Numerous variations of this technology exists, where the his~
tidine residues are attached as “tags” to the relevant recom-
binant protein in various combinations, e.g. including recog-
nition sites for specific proteases so that the his tag can be

subsequently removed enzymatically.
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WO 2004/ 113377 PCT/ DK2004/ 000451 3 Expression of

proteins in insect cells require the use of va- rious
wgep@aitadsrsed culture nedia and al so entails  PCT/DK2004/000451

contami nation of the reconbinant protein with various

insect cell derived constityents that are not found

in bacteria, fungi and mam 5 nalian cells.

Purification schenes devi sed for _reconbinant proteins
EXppesddeBd ofnPhateérsalnf tR§eCtoFekaimBPHdATEelNg Ype of va-
rlohgeEEEeﬁglEQEdn@ﬁ§§§§E'ﬁ¥d&ge ﬁetbﬂgg]@HQE%?S“@SHtlenatlon

protein produced in insect ce need to be
of pbei feedmbTheng psotheneWoth aacmnuSnmnagcheedlioderived

[ ove O tei atlon i.n_order
Consg? uﬁngﬁa%§33e3 |08P gFaaang ﬁraar.éaag%r8ﬁ9 Ram-
malﬁaﬁo&b&mantPn&@@m@ataanlacheﬁegtdéehbéd EBJECd c6hb ThEnt

I NVENTION It is an object of the invention to provide
PTOjRIPRPPEPEYCREL ﬁadbaf:%?reaar i £Yned, r egomBIRaALaEGERLLS are
the% k¥ He@tﬁb8e§§8E2§§eﬁhb” FElmag éﬁgﬁcge%hén gtp£8t31n

urt object o e“inventton to provi
produnadogenunseatlaaﬁlewaER—ﬁepdotelhetpat1f$edseful in

e.g. cancer treatnent by nmeans of specific active

I mmunot herapy. SUMVARY OF THE | NVENTI ON The present
TheirgyvéAt 6herRAPEedavirsediaunndenendt hod foprpueneptagin pro-

0 o] t e [
seif pRETEAFATpY, BErbELE. Col ol ACrRarRuE Y 6iT  GEeU8 pro
teimademmeedgémbm rEepgBinbntopeodapedbn thelpsesentells.

invention relates to a nethod for purification of an

EGFR fam |y derived protein, said protein being

reconbi nantly produced in an insect cell culture 25
oBJaQod o&i WHRr eN®ENTEeNNg one that is suitable for

purification by neans of immobilised netal affinity

chr omat ogr aphy, the nmethod conprising obtaining, from
It sai dni nbgettcelfl thal turentaoMOc30Pp46$1387dn improved method
forpgaé?§§ggg/ggggm%inant EGFR family protein expressed in in-
sect cells. It is a further object of the invention to provide
an immunogenic variant of HER-2 protein that is useful in e.qg.

cancer treatment by means of specific active immunotherapy.

SUMMARY OF THE INVENTION

The present inventors have devised a novel method for purifying
EGFR family protein to a degree of purity, which is acceptable

for pharmaceutical use, notably for use as vaccine agents.

Hence, in one aspect, the present invention relates to a method
for purification of an EGFR family derived protein, said
protein being recombinantly produced in an insect cell culture
and said protein being one that is suitable for purification by
means of immobilised metal affinity chromatography, the method

comprising obtaining, from said insect cell culture, a
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4 substantially cell-free sanple containing said EGFR
famly derived protein, and thereafter enriching for
W@ 200d/1B3FR fam |y derived protein by nmeans of PCT/DK2004/000451

subsequent steps of: - diafiltration and exchange of
culture nediumw th buffer, /5 - inmmobilized nmeta
affinity chromatography (I MAC), - size exclusion

chromat agr aphy .(SEC), and_. - ani on exchange X
s OGN AR (AR SRt S ea dop e ERReteren Y
derfifledt @3 dtRid)) IFHNRPRERIAG tWalndlchafh HER Y2 SRI6L @GR family
that conprises the am no acid sequenceé 10 set forth
deriyege@nabeio by, meadisdeds sups@rURentECERDS PO: THE
F G (Ao TN r aph rofi| f. the.l .
R ou s s Ra¥eot iR e Rgth futl Burrer,
- i@modridtcrgrda pieita 1p racffiing tef chiremSECgrabhyThamMac) ow
i,ndi cat es the noner peak, Fig. 3: Chronatographic
SAESt PG Lo ife CRTEMat OCBREPRYy d%Eicﬁdi éices the 104.1
aPe¥n Kchardie TS RIMERHE 23BYni H's vector p992,
pl asm'ed nﬁﬁfbe hHERZMAg-%gD:B%gﬁe ?gjdi ng for the
hHER2MAS- 5DUH protein (nucle- 20 otides 3604-5592). P2
Anocepietrop@pedequdnadcCddivag tion tlaeabdsepit gpe imhuhbgenic
hHER2ZMVAS- 5DUH protein (nucl eotides 4357-4401). P30
varggitopd: FERqderce e igatororReipss Ehet spénnachd sequence
seth HERANGSBEY RIEO1R):N o Nyelgatides ,5999-5562) . 25 SV40
| at e Pol yadenyl ation site: Poly A signal (nucleotides
263- 268). ColEl: Oigin of replication for
replication in E. coli (nucle- otides 701-1434). WD

LEGERDY F334f ReEURE2004/ 000451

Fig. 1: Chromatographic profile of the IMAC.

The arrow indicates the 104.1 peak.

Fig. 2: Chromatographic profile of the SEC.

The arrow indicates the monomer peak.

Fig. 3: Chromatographic profile of the AIE.

The arrow indicates the 104.1 peak.

Fig. 4: The pMT/hHER2MA5-5DUniHis vector p992, plasmid map.
hHERZMA5-5D: Gene coding for the hHER2MA5-5DUH protein (nucle-
otides 3604-5592).

P2 epitope: Sequence coding for the P2 epitope in the hHER2MAS5-
5DUH protein (nucleotides 4357-4401).

P30 epitope: Sequence coding for the P30 epitope in the
hHER2ZMA5-5DUH protein (nucleotides 5500-5562).

SV40 late Polyadenylation site: Poly A signal (nucleotides 263-
268) .

ColEl: Origin of replication for replication in E. coli (nucle-

otides 701-1434).
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5 Ampicillin resistance gene: Gene conferring

anpicillin resis- tance in bacteria (nucl eotides
wan9A23830). Metal | ot hi onei n pronoter: Pronot ePCT/DER004/000451

can be induced with a nunber of conpounds (e.g.

cadm um) (nucleotides 3050-3415). 5 Kozak |ike

sequence Ribosonal bi ndi ng site (nucl eotides 3493-

}L nal sequence: Signal sequence directing
Amp&ﬁé Eﬁzrﬁéﬂ§ ﬁpcepHSPe.nGeaeseepéersﬁngnﬁepﬂﬁéllln Tesis-

tan%ét&ﬁc%bh%b%&aCQHB@EEHEQHes(mggbegﬁBg?S 3502-3555). 10
Uni H' s sequence: Sequence coding for the UniH s tag

Metaéé@th@pnepurpﬁpmate@n BromheeHERZaAucavabepnodepad with a

nucl eot. 6 3597 tldas 0 ce:
nunpB L8P LLERARD <350 e oy BER (AR TR RS IR R B -
KozAlt aVae aeqhenﬂe(na@beebmde5b3588n§6@$te (ABcDESALEED 3493-

DI SCLOSURE OF THE I NVENTION I n the fO||0MAng a numnber
35049 -terns and expressions will be de- fined in the

BipCOALAXY ngh@ﬁc@re§§85a1n¥§ LbRBe g eE@EBgf@HblﬁERZ variant

deri'ved protein" dendOtes a protein
prOhewnlegoaecmet@pn|dehplthb ektihaheidnlEEFRofpertment

ErbB:1): ch _ ER-2/neu (ErbB-2); HER-3 (ErbB-3);
(nu &eﬁE Eg@% 2%95Xk "aut ol ogous"” EGFR famly protein

UnlﬂssleeqhenaeeseequeaeelEbdlﬁgtf@m and chaums tagended for
to denote an EGFR fam |y pol ypeptide of an ani mal
purgfiratdogoprhgths HERGabira¥REdragaFABt (PRslerhideerR556-
359f@m Iy protein. In other words, the termis only
rel evant 25 when the relation to the animal that it
Dipgpindase b&opasendnahed: Usedon$i tbeetinilihe tepnés to be

"T- I hoc " ~ T ce L mn be ,use terch -
cLeghps” FEPR YhenbElrel bt ehyREC 5 gl HogPER re 2008-3603)

responS|bIe for wvarious cell nediated imune

responses as well as for effector

DETAILED DISCLOSURE OF THE INVENTION

In the following a number of terms and expressions will be de-

fined in the context of the present invention.

“An EGFR family derived protein” denotes a protein which is
homologous to or identical with human EGFR (or ErbB-1); human

HER-2/neu (ErbB-2); HER-3 (ErbB-3); or HER-4 (ErbB-4).

An “autologous” EGFR family protein is in the present specifi-
cation and claims intended to denote an EGFR family polypeptide
of an animal that is going to be vaccinated against its own

EGER family protein. In other words, the term is only relevant
when the relation to the animal that it going to be vaccinated

is considered.

The terms “T-lymphocyte” and “T-cell” will be used interchange-
ably for lymphocytes of thymic origin which are responsible for

various cell mediated immune responses as well as for effector
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WO 2004/ 113377 PCT/ DK2004/ 000451 6 functions such as

hel per activity in the huneral inmune response.
whdemise] the terns "B-|ynphocyte” and " B-cel PCT/DKRI04/000451

be used interchangeably for antibody-producing

| ynphocytes. An "antigen pregenting cell” (APC) is a

cell which presents 5 epitopes to T-cells. Typica

anti gen- resentlng cells are macrophages, dendritic
fungEfpEsaftcht Rer NBRRGECTEF 2V hEY aht tg?n EDEF 3 nReRe s,

resg§n§gouh§kgﬁlgeteghéhgérﬁsceEL§gﬁbﬁec fyncLignepase 117 will
PCs by presentlng TH epi t opes bound o MCH cl ass |1

be pekdcihtsrcbafpesblysfbut anhéhodeneratibgingi hymphecytes.
term APC 10 in the present specification and cl ains
it is intended to refer to the above-nentioned
n pRE§AHEGRI Pragenhdngi aeeyti £RRg) cépl 8. CellbWbé@h presents
e cytesyqar I t j T
oo [gHIPREOHLESL o STBRERY a0 LS00 FE-CRN:R0n. iy Tore
macfophhbesyldendhetmecoghlslandobtﬁékephhgpegtbmunq dnd

PindEr = e rATRr - Bt SRGHTA o1 PRBRBCHPBE Poae) i FBe

fundsednkohsCRBCsPBSI bkégeﬁtﬁﬁb|ﬁn M €dpd LBBURI the MCcH class
assi stance of T ells in order to becone activat ed.

I Ppl§§éé?ﬁ|§0 Fmﬁﬁﬁéhié§ﬁbmﬁﬁmsﬁ@ﬁﬁxakﬂxWQﬁ&ﬂﬁ Wontleam APC
in Eﬁ QggenEOaEQCQ%EB ElénPQLMCEQQﬁhs'E?“?E ifeonged Jfo refer

ted predom nant agai nst a nol ecule or a gr
to bheqabsvermentuoaédnphegubgsloing ahtlephadvcyel ying cells
agai nst cells which present CTL epitopes of the

nol ecul e or the group of quasi-identical nolecules.
“Heip@rtErhvmpbpywépﬁrd@r PEHi¢ellﬁ$pﬁanﬁﬁscﬁﬂﬂepasitive T~
ce1} 8! eRAeH! B 082HPRAR1BOLE BNALY1BERLLIRY OLoLE QM 2:L01s via
amno atid resi : i gOpept | ron11 0

thel@@caghheiani dfr i epietsopea oMy -t PNHT dElsaf TOMelecules
t han 100 amino acid residues. Furthernore, the term
on pEtipeR PREERBEHNPoCPhLFude proteins, i.e. functiona

The term “cytotoxic T-lymphocyte” (CTL) will be used for CD8
positive T-cells, which require the assistance of Ty cells in

order to become activated.

A “specific” immune response 1s in the present context intended
to denote a polyclonal immune response directed predominantly
against a molecule or a group of quasi-identical molecules or,
alternatively, against cells which present CTL epitopes of the

molecule or the group of quasi-identical molecules.

The term “polypeptide” is in the present context intended to
mean both short peptides of from 2 to 10 amino acid residues,
oligopeptides of from 11 to 100 amino acid residues, and poly-
peptides of more than 100 amino acid residues. Furthermore, the
term is also intended to include proteins, i.e. functional

biomolecules comprising at least one polypeptide; when compri-
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bi onol ecul es conprising at | east one pol ypeptide; when
conpri WO 2004/ 113377 PCT/ DK2004/ 000451 7 sing at
WO e@gt1 1330 pol ypepti des, these nmay form conpl eREEPKR@4/000451
covalently linked, or may be non-coval ently I|inked.
The poly- peptide(s) in a pretein can be glycosyl ated
and/ or | i pidated and/or conprise prosthetic groups. 5
rm"subsequence” neans any consecutive stretch

. _The t
sings ahy lepgistvwe BALYBERELEESor FRRRENTRY| QAR COBPLgKes, be
covb@%ﬁ%l? nyehee, birdgdy 8erhvadcdivheehkYyf i9A%@8d. The poly-
naturally occurring an1no acid sequence or nucleic
pep4édg (Seqianeeprogspacrianeby. gBycrhglatem and/or lipidated
lati ut ol ogous EGFR fam |y protein”
andfg9¥g0ﬁgggﬁe ﬁeaﬁ?ﬁe%&ucglgﬁplh the |living organi sm of
the anmobunt and/or activity of the relevant EGFR

ThefQQEEY“BE %%bﬂengge ﬂggﬂgn%g%gk@hE%88E§9eb§t9QE?h ?@ at

by nmeans of several I nc renova
leashe3CEmlbp scadenger, wbbhsreiawhnas nﬁcao lphages andleo—

ot her t.izin [1s) nore i orta
tiags  ReB SRR BBt S =0% RaPBOHEPAGYt HECHAE B SBtho acid
segkiehked oky nGElLs icn athg @@q&@hceTh@ehgéﬁtibgmynOQGn is

i ntended to denote a substance capabl I nduci ng an

i Mmune response in a certain animal. It wll
By ther ¢kame “dewnrdegslaadohhah antalbgbogoBSFRGERnfaR byotein”

n 20 i s not an |nnunogen i,n.the autolo%ous host

s BefeShontapeesatiictdonued Eenat VA gt PERE AGRUOEnE S, amount
andqBe/ actiQieQ- presant rI1BehRer cceRi FARESyWoLBtERR. The down-
aut ol ogous prot ein in order to nmount an" im nune
regpdgpdase cagalrsobaatsrdgbiismprosePh aﬁﬁeralsmehhanaame
' n". h opo r h
inch 08175, TOHESRT og, Bl esEOMIOBLbLafget B 1g) (MILA"al omacro-
phagesnandgemhealbhagbbgtﬁzvegaﬂemme) haadi tsetismakentaportant,

n the art, i.e._an_ anount of an i mrunogen,  whi ch
that %elgs carrying or harbourgng the antigen gre kllled by

CTLs in the animal.

The term “immunogen” is intended to denote a substance capable
of inducing an immune response in a certain animal. It will
therefore be understood that an autologous EGFR family protein
is not an immunogen in the autologous host - it is necessary to
use elther a strong adjuvant and/or to co-present T helper
epitopes with the autologous protein in order to mount an im-
mune response against autologous protein and in such a case the
“immunogen” is the composition of matter which is capable of

breaking autotolerance.

The term “immunogenically effective amount” has its usual mean-
ing in the art, i.e. an amount of an immunogen, which is
capable of inducing an immune response, which significantly en-
gages pathogenic agents, which share immunological features

with the immuncgen.
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capabl e of inducing an i nmune response, which
significantly en- gages pathogenic agents, which share

wo pomnod3oyi cal features 30 with the i nmunogen. PAADDK2004/000451
2004/ 113377 PCT/ DK2004/ 000451 8 The term
"pharmaceutical ly acceptable’g has its usual neaning in

the art, i.e. it is used for a substance that can be
accepted. as part  of medi canent for hunman use when | ,
They Feafy ﬁ‘gh@ﬁ@a&e%&géﬁwn 2GGEBLtRBACANB2ENGE St HEVRdr Rifaning in

the€bh@GtiVely iexalsudesqt keruge sabs?alt@Nk¥ako¥ha be accepted
subst ances that would worsen rather than inprove the

as ppgat o subleddrcagienpndiori buman tber whgn Treekling the disease

: [ " LS @ ti Lch is_able to hin to VHC

n SRREEPe SheCuhRe B, RO el B eRRafeld: RuGRughP Bhe e of

highfgcitesicPreberaadekorabgnwepltopes sane rapheli $BeAUSmprove
epitopes, 10.i.e. epitopes, which binds to a

thesEE?? {6 §UPPRgd PoROBEIMUeR -cl ass || nol ecul es in an
ani mal species or population. Aterm which is often

wused.interchangeably in the art, i.s the.term .

A %ﬁﬁﬁ&gps IcfigeFPlEéPFopé§"afBFbFﬁég Wgﬁ&goﬁseﬁp98p59.blnd

to @l yHa meekyullienbhedwABhestohusdeBsprorkstyous Incahlimal
epitopes are 15 known, and they will be dI$CUSSEd”In .

spegaesi-l PEerewrert ToR6dPa BR1tABREdatRal PrAMéFEEPUSEr epitopes,

i.eth%pH%gﬁggge@%iWR'Sﬁnagetgsgdsﬁggeﬁgkﬂgl 2.8 on of MuC
present invention to be effective 1n as |large a

clafkpadfli owleglulas ani pnl apopelaspernias pesppoblidatibnmaf term,
.be necessary to 1) .insert several foreign T-ce

wni gl A BT RR pRB A AREeZRarbgREEG 30 BNepHEbar Loskher KT

“unafalrggues-waeneepieaphsanabegunibagiad dicf EpieBbes. only a
prom scuous ggltope Inserted. It should be noted that

veryhdipdiedpnupPeroréi gaCl- epnisprpyped-ardd epitopes are

kno®H9OEB@S%%%.U%%lﬁfbgcaXBEgEFEacﬁh'd%EF??pS§goh;ezt should be
epi topes which are derive roma self-protern and

notedi thadnliy exdetrs fommhegémninonbghasgi ehdlchhene?2b6sed according

to gg%?%&g%ehg E%%%%%ggnfggnkgﬁg?%ggtgsgngnpggtlgigghg fraction
of an animal population as possible, it may be necessary to 1)
inseft several foreign T-cell epitopes in the same analogue or
2) prepare several analogues wherein each analogue has a
different. promiscuous epitope inserted. It should be noted that
the concept of foreign T-cell epitopes also encompasses use of
cryptic T-cell epitopes, i.e. epitopes which are derived from a
self-protein and which only exerts immunogenic behaviour when
existing in isolated form without being part of the self-

protein in question.

A “foreign T helper lymphocyte epitope” (a foreign Ty epitope)
is a foreign T cell epitope, which binds an MHC Class II mole-
cule and can be presented on the surface of an antigen pre-
senting cell (APC) bound to the MHC Class II molecule. It is
also important to add that the “foreignness” feature therefore

has two aspects: A foreign Ty epitope is 1) presented in the
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protein in question. A "foreign T hel per |ynphocyte

epitope" (a foreign TH epitope) is a foreign T cel
wepiotaps77 whi ch bi nds an MHC O ass |l nol e- cUPET/BKA004/000451

can be presented on the surface of an antigen pre 30

senting cell (APC) bound to tye MHC C ass Il nol ecul e.

It is also inportant to add that the "forei gnness”

feature therefore has two aspects: A foreign TH
MHCe Gilese Tls COPtexEs BNt &dei ANLRE Wb ougsTign7and 2) the for-

elgﬁcéb@%%QQAﬁgogéﬁlde%1V@9 @E@ESth% %%ﬁ%eﬁbl?¥o R€de as the

animal in question and 2) the for- eign-ep e 1S not
targeti wed geomiiohe temimpohygeptiode —ashehepitapgetis thus also

antlg n f r the |nnun|zat|on - the epitope is thus
torgids % By G h@nFéQSQt antigen. 5 A "CTL epitope"
is a peptlde mhlch is able to bind to an MHC class |

A “%%te%%l%o Lhe jierm, ? E%anbhl%ﬂs t%bﬁ%“%' pe3ni ng aﬁ MHC

the a Fvacdi he nél o SubsSt ance or
classnpogictlliccmlef. matter which is 1) not initself

capabl e of nounting a specific imune 10 response

agai nst the i mmunogen of the vaccine, but which is 2)
Thengeam Neldgsy apafabke étsenhaﬁéimganhegidnuheerespon§evaccine

[ th [ in ather
tec@%%&%ﬁ'flon%VAgngP%g% gjuvanF anﬁgsm%egnnSF B?SEFaeWthh
is an notude rHespdfseapgblasbrt heunitignagepecydtei Nanas

with the i nmmunogen nay or may not give 15 rise to an
resSpRRGie 2P8PGHs & égémﬁgpoﬂﬁé Pﬁnﬁﬁ@g@ﬁccﬁaﬁrtﬁét which is 2)

neve@FRicned svagphpatl 6 WhhAntAaUnegen iaARAnad-d¥dBhse against
i nduces an I MMmMune response agal nst the i munogen

thenhmamniogest.r Oged nt hahert Wardsndueedibyptihe withnbgen
adjgkg%% algh%fhkgga% n ro%lg tgggnL ﬁ%&é%éggpnse against the

faf Tt at ron - nenbr anes .
immsoogent,, vexchaageohulfiensther ifmmaabgenanay dicf heyenbt give
, Size bionolecules in nmacronpl ecul ar sol utions. M-
rise to an immune response against the immunogen, but the
combined vaccination with immunogen and adjuvant induces an
immune response against the immunogen which is stronger than

that induced by the immunogen alone.

“Diafiltration” is a technique using ultrafiltration membranes
to remove salt or solvent, exchange buffers, or fractionate
different size biomolecules in macromolecular solutions. Ma-
cromolecules retained by the ultrafiltration membrane are con-
centrated while solvent and lower molecular weight species are
removed. However, a simple concentration of the macromolecular
sample will not completely remove the smaller species. There-
fore, the smaller species must be "washed" from the sample u-
sing multiple wash volumes (diafiltration). After the diafil-
tration process, the sample can be concentrated for further
analysis or purification. This is an advantage compared with
gel filtration or dialysis when the sample can be diluted du-

ring the separation process, requiring an additional concen-
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cronol ecul es retained by the ultrafiltrati on nenbrane

are con- centrated while solvent and | ower nol ecul ar
wowedght33gpeci es are renoved. However, a si nplBCT/DK2004/000451

concentration of the macronol ecul ar 25 sanple will not

conpl etely renove the snalleiospecies. There- fore,

the smal |l er species nust be "washed" fromthe sanple

- sing multiple wash volunes (diafiltration). After
tra&ﬁ@“ﬁ? N-- Texs &3 PPode®S§, oth&ovirprieatapnpesing diafil-
t ra@AREFL R /IRd f Yoy Lh%H aa%%dl%%%po%rgg%%fkcat'on

This is an advantage conpared with 30 gel Flltratlon

or dialysis when the sanple can be diluted du- ring
“ImMabﬁaa@@mathalp@qqaaatgr%%ubhbm@g@ﬁpﬁ§dlRuﬂn@b G@NGERhro-

WO 2004/ 113377 PCT/ DK2004/ 000451 10 tration step.
matpggeehils e dhaddusr wbereaRireation agengudiffield as a conse-

rat i .coulg . it - S c . .

e s (oA Seearintr fie b ae e SRS B p g ops oF-
thea defsico-i piditoag iaphihe t‘@akkiggvendherfe theotlavesatana” .

purified as a conse- 5 quence of their affinity for

certain divalent nmetal ions, cf. the description in
" Sigige exRaslcgoou sl romathe rephs((t i(GFC) 'iSi zecbxohasgmaphic

I to " [ chr onat ogr aphi ¢ echni que,
e, R P1RRe et e Al oG, Byt ohodpgules ard
frafrdohiacret edcacdindi ng thethephyghyaicalzsl. zema$mahblecules
%%ules 10 are retained intpqres of the matrix and

|
areggg HOFEr gRePEEGEe@E SPEWISE riffePBEs arsr GBRIREPECURE ted

sloal§, exhlewdad QBQgEEeﬁ%ﬁ@Eﬁle%lHE%deﬁéﬁhMeﬁrgghFEﬁerefore
matri x. "Ani on Exchange Chromat ography” (AIE) is a

elugkdomardyr aplinc theephnicdee, where nol ecul es having a
net negative charge are re- 15 tained on the colum
matrix and subsequently el uted b% dis placing with .

“AndQno FXCRGROENEhEPTRLBATBRIYEr (BEEDy ishanghhgmaspgraphic

tecﬁ%%g%%ﬁgﬁ?ggé Hb@%%hmesDﬁéeﬁhBtEoﬁeeanBStEQEfSBEEQe are re-
e |

tained on the column matrix and subsequently eluted by dis-
placing with anion from the elution buffer or by changing net

charge of the protein.

Description of the preferred embodiments

The present invention relates to a purification process that is
especially tailored for purification of EGFR family derived
proteins that have been produced recombinantly in insect cells.
The present invention was conceived in connection with efforts
that have led to the preparation of immunogenic variants of the
human cancer-associated antigen HER-2 - these variants are
produced in the DES® expression system, an expression system
owned by GlaxoSmithKline and marketed by i.a. Invitrogen. The
system utilises S2 Drosophila cells and specialised vectors.
The use of S2 cells as host cells for recombinant production

has, however, posed its own set of problems to solve vis~a-vis
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The present invention relates to a purification
process that is 20 especially tailored for

w@eokflisati on of EGFR fam |y derived protei nSPCTYAK2004/000451
have been produced reconbinantly in insect cells. The
present invention was conceiygd in connection with
efforts that have led to the preparation of

i mmunggeni ¢ variants of the hunman cancer-assocj at ed
theaﬁﬁﬁgg VRER2DE. iphgigstiPPanaidatbess Prentees Pavenkeen

ol@Eé(b& %é@h%s§h%n1§¥§B%Eheaﬂe%58ae§§'9” ?¥§E§€hs0W@€H co-
by G axoSm thKline and marketed by 1. nvi trogen

mlgThélnngK@ﬁﬁunslWQthSErEWdSUpMEHafcemIShanEZ cells).
speci al i sed vectors. The use of S2 cells as host
cells for reconbi nant production has, however, posed

Thej par&hFudet BEOpeanl Bhatt #Ssuped insthevEsamples is a vari-

ant2894£&%§§7ﬁEECE/Dﬁ%QQﬁ/2904é$ é EES HERhﬁ egég%”%hénvarl—

question, and these pro €een
antushrgutiee itheenmiue Heudodegueacepsebléarthnnh SEQ ID NO: 2,

m.qr at ins which,are rived,fromthe
resggies) 11960 s o Rur by CBiBCE: ROLRaEN BoLaEdY) fogHgRCe is not
in Exaepkesuisadivakbr IvMA0L 9t BuARAiRERAR, NwBkeRih&1

I mmunogeni ¢ in humans - the vari- ant includes the

hisgathpeatrg degdeacaciet residhnepnlskd ip RER 2D NO: 1) that
canrﬁé'gﬁgav%é @%% b?ﬁ |t§éFP8 FSBEFHQF ﬁ%ﬁ%ﬁ%g?yl peptidase

sequence I's not
I, OeRtai ns. aﬁeNetsealﬂabthaétudﬂ999tagrbaannoEaprds51on and

Pax§FRCBYER A nOBP ARt dadbe( aF BBpEPEYF REpEPARSES I,

dlaQERbpeﬁﬁldagée6§ﬁ51ét§to@'reslaags ProLBlN1 EXPHESBHORD NO:
and Purification 15, 389-400). The stop sequence tor

2. the diam nopeptidase consists of residues 15 and 16
in SEQID NO 2. 15 Therefore, in general the instant

urification nmethod js espe- cially suited for EGFR
The?sﬁPFﬁ déPugéaeﬁﬁétEPﬁslPﬁSFnFnEPEaélgath@FemﬁFB@8ués espe-

cia@fyNguackd $8qURBEFR EhAL1{agkkilabep BYELfLCARLONincIude a
heterologous amino acid sequence that facilitates purification
by means of IMAC. This sequence may be native to the EGFR fa-
mily derived protein, but more often it is heterologous amino
acid sequence (i.e. not naturally associated with the EGFR
family derived protein). Preferred amino acid sequences for
this purpose are rich in histidine residues (e.g. the Hisg tag
and other amino acid sequences with several consecutive his-
tidine residues). The most preferred heterologous amino acid
sequence that facilitates IMAC purification is the one compri-

sing residues 1-14 of SEQ ID NO: 2.

The EGFR derived protein subjected to the inventive process is
preferably one that comprises a substantial part of the amino
acid sequence of human EGEFR or human HER-2, and it is espe-
cially preferred the this substantial part is mainly derived

from the extracellular portion of human EGFR or human HER-2.
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by nmeans of | MAC. This sequence may be native to the
EGFR fa- mly derived protein, but nore often it is
whedoenaddogous am no 20 acid sequence (i.e. notPCT/DK2004/000451
naturally associated with the EGFR famly derived
protein). Preferred am no acid sequences for this
purpose are rich in histidine residues (e.g. the His6
ta d other am no acid sequences with severa
MOSEORESTRTTRE Hiss > (P ABLr 63, gugey. HeRe Zppspdprar Eheegost
pre/flreidl QaPIYIHINRG a¢hd 23 -38quence nihal HaRlbi ial8Sides at
| MAC purification is the one conpri- sing residues
leapt pnef foE@iD NOhe2peThecEGFRpdécipead protein
subjected to the inventive process is preferably one
that conprises a substantial part of the amno acid .
As gegdree bRy tan tREFRNFE NG YEN PHERESS ARd Peenscespgeived in
coﬁ%&dﬁf@n’%i&%eg%EregntQgcgﬁbinﬁﬂQsFQQEEQEieﬁr%fl%Frtain
mai nly derive rom the extracel Ful'ar portion o
variamins BEFRumanhHERR2HERL2geWD T0@4k£1133738nts are characte-
. PCT/ DK2Q04/.00Q451 12 ,Most pr%ferned I s .a_variant of
L1Sfairart " HER 2 UYARG PROMHECHEEE THrEferr ahenBedi fRhtepes that
aret hatraduarld ehtbuthe HERnd beshudeguahcel 82ShuRR8 HER-2 ex-
foreign T helper cell epitope. As nentioned above, the
tracgldiliave dorgdsss Prgscpsed veméanted ofnhugasoHBBcRi énclude
i o'y i,nant i.0 f rtai .
e R R Ren®) (RERTREL TR0 28 b2 eE0,TR NO: 2)
andc R@0adtres idustsi 6¢4Pr 66ACbdSBQ ADONDScAguantiotdegmost pre-
£ T-%g%pen e igopes t hat, are,hntroduced iBto the am no
CrEErd ?&&&8%0 35t CRufB"RERC2 SR EAIFREE| LOREr CABRAFRS ©f
resPagker neg¢7vaciragkd @b Rygran HER-2 include 10 tetanus
toxoi d epitopes P2 (residues 269-282 of SEQ ID NO 2)
and P30 (residues 649-669 of SEQ ID NO 2) and the
Diamfadtt ratd-onf/@urrfEd rv akickhg@as an ani no aci d sequence
that consists of residues 1-677 of SEQID NGO 2
D afiltration/buffer exchange
The step of diafiltration/buffer exchange is performed at a

temperature from about 2 to about 25°C. However, preferably
temperatures in the lower part of the range are used, e.g.
temperatures below 20°C, such as below 15°C or below 10°C. Most
preferred temperatures are in the range between 2 and 9°C, such
as in the range between about 3°C and about 9°C, with a most
preferred temperature range from about 3 to about 8 and espe-
cially preferred from 4 to about 6°C. At higher temperatures
(e.g. beyond 10°C) there is a tendency that the protein aggre-

gates, and this can be counteracted by adding a detergent, such

as a Tween type detergent.

Normally, the diafiltration is performed in two rounds so as to
initially concentrate macromolecular compounds in the sample of
culture medium and thereafter to exchange culture medium with

buffer. These procedures are done following standard procedures
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15 The step of diafiltration/buffer exchange is
perfornmed at a tenperature fromabout 2 to about 25C
whioaeue3y7 preferably tenperatures in the | owePCPaKR003/000451
the range are used, e.g. tenperatures bel ow 20C, such
as bel ow 15C or below 10C. Mst preferred tenperatures
are in the range between 2 and 9C, such 20 as in t he
nge between about 3C and about 9C, with a

in %ﬁéf@FFedCFenﬁéﬁatahé Féﬁ&@lﬁﬁonﬁgbéatP@eﬁsrasethét the

con%@ﬁt%%@%oncb%gkyr@%ﬁﬁ%ér@H Erephdche-abouh BE. bé%ween 2 and
hi gher tenperatures beyond 10C) there is

25 taépgeney that mtahe“o;mpéeeuﬂxaaggpmpogades sand ahu s can
nt.eract dd| g et erge u
COH%%@@%gFége e?e gen? %glgy,eF gd?ﬁé ﬁg 55W8ﬁ getween 3

andpenof eined . IHer@r&édHGSn&@nﬂﬁathnlBftmébkwmolecular
concentrate macronol ecul ar_ conpounds in the sanple of
Comeappéﬁelﬁe&ﬁuﬁhsnaaﬁa@r@éfP@FWFéneﬁcﬁaﬁgé Bimegy eand the

mosgggk%%bﬂkéﬁ cBUEERErathERe s Qrgégggog4f%@§§7§9eto a total

| om ng standard procedures
proPEThDKR004h00E450n ©3 thet hedant, nof. eaksedihg 3 mg/ml, or
refer%ed that the concentration step

pre?éggghgsPﬁkgeggﬁggﬁpga BA/Bf-between 2 and 25 tines

of the macronol ecul ar conpounds such as a

TheCBAESRLS %&%B gg yeer legglgf g”e §me§ %ﬂdt%g Ltﬁ@gquent

bet ween concentration o
stepacpdnwhectul ahe émnpbundkeBSpﬂacehetrangH of betheentd6.5
8 t| referrea EB centration is

andaﬁgupogt n@saBa Pg ghfSﬁ FheppgERpR B8nPLafPoAtof PH of

at uaasﬁedlonhﬁat @Xﬁ§§€|9903 g/ ik, AbwePE8] €p8bLYLDAl to per-
exceedlng 10 The buffer exchange is typically

forpepp&hnedcprsa ﬁﬁot§@b§éﬁ9eﬁﬂ ist 6ps efvewhtphin@epartsef the

t I H t d t
B e AR B e SR
phokphste7bOféed.of nost 8.0. It is, however, possible to

per -
After completion of the buffer exchange, the stringency of the
following steps is preferably increased by adding an agent to
the sample that will compete for binding to the chromatographic
matrix in the IMAC step so as to reduce the amount of non-
significant binding by contaminating constituents. For example,
addition of imidazole, histidine or a high salt concentration
buffer to the diafiltrated and buffer can be done to increase
the stringency. Preferably, when imidazole is used, it is added
so as to reach a concentration in the range between about 0.05
to about 20 mM, preferably in the range from about 0.5 to about
15 mM, such as in the range from about 1 to about 10 mM.
Especially preferred is concentration of imidazole in the range
from about 2 to about 9 mM, such as a concentration from about
3 to about 8 mM. most preferred is an imidazole concentration

of about 4 to about 6 mM, such as a concentration about 5 mM.
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formboth steps at the same pH in the overlapping part
of the 15 two ranges. Typically, the buffer exchange
w0 200p21330T ned using a phosphate buffer. AfterPCT/DK2004/000451
conpl etion of the buffer exchange, the stringency of
the following steps is prefgfably increased by adding
an agent to the sanple that will conpete for binding
to the chromatographic 20 matrix in the I MAC step so
Whe&suﬁénﬂeéuBégphéaégoﬁﬁﬂcﬁﬁtﬁéﬁl°§lBHﬁfﬁéaﬁPfB?Hdﬁﬁﬁlby the

conE%HE%ﬁkQ%h'Qg EH”EBEtHSHgé fEB& ﬁéenmheugntgdabbee of .

i mdazol e, histidine or hi gh salt conc rati on
buffer to the diafiltrated and buffer can be done to

It hBCcheaseprbhierskhi Bgenad. aPretergbhy, tWhenel AiHaZ0Lated and
is used, it is added 25 so as to reach a concentration

buffﬁrtﬁéaﬂaﬁggsa@pﬁéeﬁraaéutootbs IMBCabbep - 2BhaMietergent

1 Rr e a u
w11 FEERARY, bR LS Le0ge s oYl ol B b0 000 ocbEian savey
aciHspetbalbycpraﬁemwedni20¢omweehraoyomweénlEDdazwbenilO, and

t he _ran to. about 9. mMM such as
Twesanééntgatﬁg%y ?6 ABBOYS8553 Foghut SBCRIRS nBed ton X100, a

nonpﬁgheera@tb§geﬂtlnhﬁazal@ageeﬁ9a&5@éleaseefdQEQH%[ﬁttguch as
about 6 nM Such as a concentrati on about

octybgdrycesidde . PErEDRRDE4LE0DDA5S adyanhagequbhy addeghto reach

rati e ten h o
» BB B Bl bkl YRRl T 30 kndl( ™ -
such bk bbous al.3& préfrerred to add a detergent to the
diafiltrated and buffer changed sanple prior to the
| MAC step. The detergent 5 will nornally be sel ected
IMACr om a pol yoxyet hyl ene sorbitan fatty acid ester such
as Tween 20, Tween 40, Tween 60, Tween 80, and Tween
85, an al kyl aryl polyether alcohol such as Triton
Thexi¥aC gtemoADVBAVESIEhaFgéng, cdnd ahEampbhgErRheCHASEdUM

w1tﬂegeagggﬁeﬁﬂcﬂe@§é gghyb9£¥go§bdgngESagfgﬁr8?”£hés?uffer
advant ageous ed to reach concentrati on

eXCbengeénsampme 0hebes v/ Vypandll@% téviivalent metal ion is
selected from the group consisting of Ni?*, cu?*, zZn?", Co?", and

Fe?*. Preferably, the divalent metal ion is 2Zn?'

Elution of the chromatographic medium in the IMAC is performed
by applying imidazole, histidine, a high salt concentration
buffer, or a change of pH onto the chromatographic medium
(typically in a chromatographic column). For instance, when u-
sing imidazole for elution, this is advantageously done by ap-
plying the imidazole in one single step at a concentration be-
tween about 50 mM and about 500 mM (such as between 100 and 400
mM) , preferably at a concentration of about 200 mM. Alter-
natively, when histidine is used this is done by applying the
histidine in one single step at a concentration between about
20 mM and 400 mM (such as between 50 and 200 mM), preferably
about 100 mM. The high salt concentration buffer usually con-

tains NaCl in concentrations up to about 1 or even 2 M.
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such as about 0.1% (v/v). |IMAC The I MAC step involves

charging of a chromatographic nmedium wth a dival ent
wOoredoal1133en prior to application of the buffer PABEDK2004/000451

exchanged sanple thereto. Typically, the dival ent

metal ion is selected fromthe group consisting of

Nit+, Cue+, Zn2+, Q021 , and Fe2+. Preferably, the
Sfxgivalent metal ion is Zn2+. Elution of the

hr omat ographic nmediumin the IMAC is perfornmed by

appl ying i m dazol e, histidine, a high salt
n SIS 2 el DS 2 DY one cnat
sepeiaait Uiotifliag @elct@ ). PedfvdaRStiaNG®a When 600 KiDad

i mdazole for elution, this is advantageously done by

ap- plying the imdazole in one single step at a
Afteondentinat iapplied ttheesaaipdet th0 titd and rdabQue 1986 ofiMis done

..(such.as between and 400 25 m\), preferably at a )
Wlt&bﬁcé)ﬁ]_tors °GT OF i%g&t géég'wom Pérteﬁgl_tait\}éﬁ}y'v\ﬁéﬁh a bio-
lodlicelll BuFErdrS ste®d alshgpEs . dane Byc3RRredngulrtter is a TRIS

hi stidine in one single step at a concentration
buffempeen about 20 mM and 400 mM (such as between 50

and 200 mM), preferably about 100 MM The high salt

concentration hQuffer usually con- 30 _tains NaC in
PH d&h @@t

AN6Rs 1ip 06 ZB8GE Pfopbeién72tm apput 8 during the
sEC2QQ4 PlaFerBel/ K004 GQ04at é%o%n‘?EG.Ehe aver age

pore Size of the SEC matrix is preferably one that
separ ates gl obul ar protein between 10 kDa and 600 kDa

If AQQQWah&Vbﬁ@;&@@bb%dr&hQiS®thﬁeh0atEﬁo&@hbké,b@E%EEOHs used

,_is done 5 with a phosphate or TRI'S buffer or, .

in dheerkat SFERY, RPER1&Shrentrdgiesl thef FEFRsfiemidy derived

pro%%&%sobIggngﬁe%ﬁﬁﬁe§E€9fEgrd%ﬁu%e§Rb§fo ngﬁ%'égﬁ.%%ep so as
mai ntai ned in the range of about to about uring

to \lkddust the phosphate concentration to less than 15 mM, such

as to the range between 10 and 12.5 mM. However, it is

surprising that the AIE can be performed at all using such a

phosphate buffer concentration.
ATE

The final step in the purification procedure of the invention
is at least one AIE step, whereof one is performed using a
strong anion exchange matrix — in preferred embodiments, there
is also a preceding step involving use of a weak anion exchange
matrix. This preferably involves loading of the sample
containing the EGFR family derived protein obtained after SEC
on a strong or weak anion exchange matrix. Typically, the
elution is performed with a buffered (phosphate, TRIS or a
biological buffer such as HEPES) NaCl solution at a pH between
7 and 8, preferably about pH 7.5.
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SEC and preferably the pHis kept about 7.5. 10 If
rel evant and necessary (i.e. when a phosphate buffer

w0 204aex377i n the SEC step), sanples contai ni ngPCTYOKE@BHR00451
famly derived protein obtained fromSEC, is diluted
before the AIE step so as tggadjust the phosphate
concentration to less than 15 mM such as to the

ran het ween ;10 and 12.5 nM However, it is 15
ThesEF%E@%Png%Fﬁ&PeﬁhénAFEec&ﬂuﬁéepéﬁFSFnEBeé? SCEPgsPRg @
clisdehiagrabesphatieybuhlier scaneerbhatheny ArEe thecbhR@hinants

step in the purification procedure of ?he i nvention
deriigegt firemstthendnAeEtstep,l whéitaot.one i s performed

using a 20 strong ani on exchange matrix - in preferred

enbodi nents, there is also a preceding step involving
It gsecontsgmpdakesnitbaterBhdnfe Strt Hitt1iTRNG pr¥pakaBnyon

[ v l.qadi of, .t ntai.nL.ng
) RS ed ‘aroPS! ACBhtarned ot ér "ER DERReEE Fhe uac
andoSE@e sk episi, onnexehdngé matiliudingypitcakl parthef25he
on Ls_perfornmed wth a buffered (phosphate, TR S

el ut.i.
congguglngi@ﬁggﬁ5ﬁp'buffer such as HEPES) Nadl sol ution

at a pH between 7 and 8, preferably about pH 7.5. WO
70 _R 004/ 000451 16 The protei n obtained
Fhr%%%#ﬁé&%ﬁgéfécgét I these steps has a clinical grade
purity and is substantially free of contam nants
artder We¢iniemtbe 1RSeS!t a68hhtaHLbUEe Lol inkSude a virus
contenplated that an AIE step atilising a weak anion 5
cleaxehargetent riex gwi Wiitbe2&ppweeabP€ apdalsB&pThBPWeend it is

I d _SEC steps, -instead.of includi it as
ez b8 B Ba0eRRs BT RARERLAoh i Bhe Pt ToperbnaFep after
AIESt(epy.Alkkehgdabilbhbati 0BNi Filseadvantagentiisat-ofilter),

i ncl ude a virus ) )
where both steps are included in order to ensure that the

resulting product is free of clinically unacceptable con-
taminants. However, in the event a virus-free system is em-

ployed, these two steps are non-essential.
HER-2 variant of the invention

As mentioned above, the present inventive method has been con-
ceived when purifying a variant of the human HER-2 tumour an-
tigen. This particular variant has proven to be especially

well-suited as a vaccine agent for inducing immunological re-
actions against autologous HER-2 so this particular variant is

also a part of the present invention.

In general, the specific use, formulation, recombinant produc-
tion, suitable vectors and host cells as well as other details
pertaining to this specific HER-2 variant can be found in the
disclosure of WO 00/20027. Hence, iﬂ the following only a brief
discussion will be provided that specifically pertains to the

variant. Hence, the disclosure of WO 00/20027 is included by
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10 cl earance step (e.g. with 2% Tween 20 and 0. 3%

TnBP) and it is further advantageous to include a
waeRoma1Brttration step after AIE (e.g. using BCPDER@A00451

15N filter or a simlar filter), where both steps are

included in order to ensure {hat the resulting

product is free of clinically unacceptable con 15

tam nants. However, in.,the event a virus-free system
refpsepme éﬂe&ﬁé&, 2PReREOVWICSt éR% 5PE RERCESSENt FeRCNINgs

condEBnd n¥ahianh 195+ Ba hﬂ¥ﬁnhhﬁn2A%aggghk9ngﬁda@%ﬁ:%ehg§al

present inventive method has been con- ceived
metpgdisf Fiorrg paodaciiagt tbesehaenhuthriHERo2mihAbdrnanAlao the
. tihgen. This. part.i variant has proyen to b . .
a1o5a380eal 1" B POLEIbZ B15Ehoc PR RGER < B Fndaerigacion
agalifsineuegilegbuse HEASRI 08S 1agairPstaddlobegedscHERC2 86rein.
this particular variant is also a part of the present
invention. In general, the specific use, fornulation,
As meatrnbnedntbpreduanoclbeti anpestii b@blkhevpeteeatandvbast on
cells as well as other detail's _pertaining to thjs
relglies, foo FERBYIPPARC YaR BBCT BEnAERn 2t RECL8LECF st 6o
pri@%svﬁhgoé%ﬂﬂg7acH@n@équbﬂcbhQeEOEBQ%hUQnOQEP apbfipef 2,
di scussion wi |l be provided that specifically pertains
resgguere 1l 7v&ri’antt Henpecfersedi sBrostihésovawbapd/ 260a27poly-

pepEi?EnEhgqegoﬁ%iﬁ%&2g94éﬂé3g%ZnECEéEﬁzggéﬁgggés%etl%orth in
reference herein and provi des for e necessary
SEQt @dcNOng8, cemsdcdneeng-bAhinizeati anvairtiAntERh2tvalksantigacludes

and.the general nethods.for producing these and their
@ b GO Lo BBELRecChi8Bl bat 6P AL D106 9B0srsidies 1-14
in kebatripngoto2nuehei Enagntin¥geptiaks@NsBopd8ERSEnce consisting
aut ol ogous HER-2 is incorporated by reference herein.
of mespgiesoAédandové, 1an8ERefDal¥pect . of the present
invention relates to an i mmunogenic variant of HER-2
protein that com prises the am no acid sequence set
Alspo}pﬁlpge§E€p|Epﬁﬁprg§ent invention is a nucleic acid frag-
ment that encodes this immunogenic variant of HER-2 protein,
such as a DNA fragment. An especially preferred DNA fragment
has the HER-2 variant encoding sequence set forth 1in SEQ ID NO:

1.

Useful tools in the recombinant production of HER-2 variants
are vectors carrying the nucleic acid fragment of the inven-
tion. Especially preferred is a vector capable of autonomous
replication. Typically, the vector is selected from the group
consisting of a plasmid, a phage, a cosmid, a mini-chromosome,

and a virus.

Expression vectors are especially preferred. A typical expres-
sion vector of the invention comprises, in the 5'—3' direction
and in operable linkage, a promoter for driving expression of
the nucleic acid fragment of the invention, optionally a nu-

cleic acid sequence encoding a leader peptide enabling secre-
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residues 17-677. It is preferred that this variant is
a poly 10 peptide that consists of the am no acid

weemuamse7 set forth in SEQ ID NO 2, resi duesPQFBRZ004/000451
i.e. avariant that also includes a histidinyl-rich
purification tag consisting gk residues 1-14 in SEQ
ID NG 2, and an am nopepti dase stop sequence 15

. consistin residues 15 and 16 in SEQ ID NO 2.
1A & il %é\ifﬂt% s dite MAmHRaTGh 9 tél%lﬂﬂléd&eptlde

frafichid f adre 'ﬁiﬂlélr@tacﬁ%%ea%ﬂemts dmﬁ‘?ﬂ}&lt\ﬁ%ﬂ ,2Und op-
of HER-2 protein, such DNA fragnent.

ticisdddl & Inpgdediceracsdl muamcgamcodms} tme:ehﬁt?irﬁator

vari ant encodlng sequence set forth -in SEQ ID NO 1.

20 Useful tools in the reconbinant production of HER-2
FOLy At nalte RFQAUSTS ®ar iy ieptt ive ldudiraing fagimed with the

veddAIMENt 1 ihRRJHIVEN 4 id ecﬁsa[i ?Lje\fe@’ %fjepl C%alrs'c:Lcularly

vect or capabl e of autononD S ation
inuetx@s\tactgorhqss: sv@llécu@damamstelm gredup atn siostd @:gre(ffera:ed is

asm.d, hage, cQsm a m.ni - chronos 25 and
a O&oso hll IS %‘O\?g:ctc zfrué:heﬁ?e&nan%y SSrldf-err ed.
A typlcal expres- sion vector of the invention

Als%o:ji‘}?arath%sf t'h% tltf'l%e%tflo% @ recsttla%rie (11 r1 oDer?}ﬁé:% carries

a pronoter I VI ng expr eSSI on
thenoelatiosr adi dhier dguventt iefh talmei wh\iesht ietpre@Ricsor@ld Yiudleic

0 cleic acid sequence encodi ng_a | eader peptide
acigh SIS o cle B SOTFPLLSRT oPET BRSO HPEGORSE Ly gecTetes

or daariefs @h iifse@halfiaeR ithleO ikhRndRRRane0H shie of PER—Z
pol ypeptide fragment, the nucleiC acid fragment o

PrQﬂﬁéq NeiticoAnvendiop- tional |y a nucleic acid
sequence encoding a term nator. For reconbi nant
roduction, a host cell transformed with the 5 vector
STRO Liemy EHEI SR VEELdOPeilEN PIpvaresr §@r An immunogenic

it bharelby 1mﬁhﬁﬁ§§hbn%g%9%%tcﬁkb bS p2B k%8Gt SChlman

and nmost preferred is
comprising the immunogenic variant of HER-2 protein described

above in admixture with a pharmaceutically acceptable carrier
or vehicle and optionally an adjuvant. Details on suitable

formulations can be found in WO 00/20027.

Alternatively, the vaccine may be in the form of a nucleic acid
vaccine (for details concerning this technology, cf. WO
00/20027) . Thus, also part of the invention is an immunogenic
composition'for immunizing against HER-2 protein in a human
comprising the vector described above in admixture with a
pharmaceutically acceptable carrier or vehicle and optionally

an adjuvant

Also embraced by the scope of the present invention is a method
for immunizing a human against autologous HER-2, the method
comprising administering, to the human being, an immu-

nogenically effective amount of
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a drosophila derived host cell such as an S2 cell

Also part of the invention is a stable cell |ine which
w@a00i1e3377t he vector of the invention and whi chCT/DK2004/000451

expresses the nucleic 10 acid fragnent of the

i nvention, and which optionakly secretes or carries

onits surface t he i mmunogeni ¢ vari ant of HER-2

protein of the |nvent|on rt re, the inve
- oiff BRI (BT GG & Gdpos It g Herein or

an 1ﬂHUHBd@dﬂl:Qﬂﬁﬂﬁﬁélﬂﬁg%:%dﬂﬁﬂfﬁﬂhd'tﬁ%iﬂﬁﬁﬂhnﬁ¥5or
conprising the | mmunogeni ¢ vari ant of HER-2 protein

descri bed above in adm xture with a pharnaceutically
- tacoapiml elasiriesd erabehicd earandmoptogetald yeamposition
adj uvant. Details on suitable fornulations can be
comBhiidg Fafd 0HZBU27. Alternatively, the vacci ne may
be in the formof a nuclelc acid 20 vaccine (for

detalls C ernln tm qhqilo A 00/2 3JQ
1T 5§ P& arff ]frhee £ |J§mé\1‘H”r Sy (as
wel CBasd Icplnff@feﬂmguﬂs N 2 it 1 A oh @t Ibdd Herein)
human  conprising the vector described above in

is weRd il Exfahing Phamcandddly ycarept abl e carri er
or vehicle and optionally 25 an adjuvant Al so
enbraced by the scope of the present invention is a
met hod for inmmunizing a human agai nst aut ol ogous
PREMER-R2, TQ HEI Bt XPLIEDnpri si ng adm ni stering, to the
human bei ng, an i nmmu- nogenically effective anmunt of
WO 2004/ 113377 PCT/ DK2004/ 000451 19 - the inmmunogenic
The v%@llamlreﬁ el b ot Fon ik e nerei nt - L diplecule

(cf ] NEREOGENS. C@%i%ﬁ O COMPI iR Sy d e VAL B ue O F -the

the vect or des herei n or an 1 nmunogeni c
cancmmnmms¢¢xnte¢ommR+%lpxptﬁumi\HnmaﬂerB it wsll be understood

by t?l?ge;g:elgsléx)( glgffferéeflntt aé zgr that {héaééggrﬁt@ggc 1ngs of
the present invention are applicable for other His tagged
proteins, especially those produced recombinantly in insect

cell systems.

The purification process consists of the following 4 general

purification steps:

1. Diafiltration with buffer change of fermentation super-

natant.

2. Immobilized Metal Affinity Chromatography (IMAC)
3. Gel filtration/Size Exclusion Chromatography (SEC)
4., Anion Exchange Chromatography (AIE)

There is additionally 2 virus clearance steps included in the
currently preferred process, one virus inactivation step and

one virus filtration step.
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well as the different nmeans for inmmunization described
herein) is used for treating or aneliorating cancer.
WEREANVBIBE TO THE EXAMPLES The fol | owi ng exenpl PET/DRR003/000451
utilizes the "104.1 nolecule” 10 (cf. SEQ ID NO 2)
whi ch is an inmmnogeni c anal ggue of the cancer
associ ated HER-2 protein. However, it will be
understood b the person skilled in the art that the
APHERGE BEChERgehr esent invention are
appllcable for other H s tagged proteins, espeC|aIIy

ced reconbi nsec
The R e N e SR, PEFTEA: FoRch: BEARE EEL) s’ GphpRRtrate the
subk@khewi ngo4.gengjako pembleCabiyORosteRSarlweight substances
D afiltration with buffer change of fernentation
trogypbe- framgntatronomedikpbthriegonttafinaptifpreywith the
0 ( ) ' ation/ e

s o P S e hpRiichsaty L ATPAY Bhibs) g0 change
buf@hromatogaabhﬁfé&lEbréheuéthbladdbtimaahﬂycﬁelatBSchroma—

I [ | uded th tl eferred
toofpERyad Rk ShBnkRern Setnoher kbl P Ate 38 Bhe 0F: fuo
steEb'tTﬁblﬁmr§Ee@te 1300444188 7AMPEhOBDKRAG4/ 88482 pR07.0;

Diafiltration/buffer exchange The diafiltration serves
thet geeenguppepedniy 66 @Mn@bﬁﬁphﬂeetheff§ﬁb§ﬁaﬁc§ is optional.
¥ gh a
Tt A b e A BR Oor e Ehiey P B ppee
seetnketb bebsequenalchpbaueesgemngsd¢heaslyeﬁatoipHs7aEd1eads

fer to a_buffer npre suitable r,
to BkebiriRatite BF: Bhh-tREBFLERETl FRRBIRCRLFT EroByERandBSeCt
celtakesmphaseibi aeelaﬁ twencehepstidheiki natinsiepekrSormed to

into_50 mM phosphate buffer pH 7.0;
reduce loading time in the subsequent IMAC and to reduce

consumption of buffer in the buffer exchange step and is not
found essential for the process, as the subsequent IMAC by
nature is a concentrating process step. The concentration scale
is presently about 5 times or to a total protein concentration
of the medium not exceeding 3 mg/ml (preferably not exceeding 2
mg/ml), but experiments using 10 times concentration also seem
to work when protein level does not become to high and it is
expected that it is possible to go higher, such as 20 or even
25 times. Further concentration than the 5 times described in
the protocol may improve the process, as it would decrease the

loading time on the following IMAC column.

Sample preparation for IMAC

The diafiltrate can prior to application to the IMAC column be
prepared by adding imidazole to a final concentration of 0-10
mM, when imidazole is used in eluent buffer; if no imidazole
(or a similar substance) is added, we have experienced co-pu-

rification of other proteins from the insect cells with 104.1.
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the second step into 50 mM phosphate buffer pH 7.5 is
optional. 10 If diafiltration is perfornmed into pH

wQ@ 284/113375 pH sequence seens to be critical bRCHDER004/000451
going directly into pH 7.5 leads to precipitation of
non-identified conponents fremthe insect cel
fernmentati on nmedium Concentration is mainly perforned

reduce._| oadi n iin the subsequent | MAC and.to
on &g‘&ué’g £5 bg 31 nngtBEfPf ef f“ﬁdtehé’lﬁih Péﬁlé%&%éﬁﬁe salt
is Slerdare tﬁen%ﬂutﬁ%%n@u%ﬁé%nﬁhékeﬁﬁr Fhe tREeG8se, @%een 20
the subsequent | MAC by nature is a concentratlng
is pdeedsdadttepy. fiR&resaoant tat pofdiseal @onpgnpbnf@@e@nl y:f 0.1%
out,. 5.ti ABS I ratlo
G B oot By E8e AP R 15 nE P CU8r aTAFaBrginsne nlgner
con@kmeedtmgnZtBann@/nP)wlbutleaﬁetbneﬁes d&mﬁg £6rhbﬁ&5n
concentratlgn al so seem to work when protein |evel
Oth§geSeh6E IFBESNE L0 2HEGh SFRGCTEET §° BRpase&ylrhabviipupdy
othR@SHBke Hetgelhgher mw%@saml@s £0,0608%8 g2y tinmes.
Further concentration than thé 5 fimes described in
the protocol may inprove the process, as it would
iMadecrease the 25 |loading tinme on the follow ng | MAC
colum. Sanple preparation for I MAC The diafiltrate
can prior to application to the | MAC col um be
Thepsepatadcby1Qddﬂn@abnbdabebalﬂedaHﬁbHabgcdncehérthemminus
f _0-10__nM, when imdazole is.used in eluent buffer
thalt bRg PATARIENe 195 CORPCERR P4V >LABSt BREE) FonRudBEOPLLized
on WBehaveuRxPRkieA&edceatRdalr Fﬁk‘éﬁbt@@soﬁr@t B8bice of
proteins fromthe insect cells with 104.1 2
divadearimgsat pery BrRE0GHPGGE45E eputdant ﬁée@ttvf@ethadd Ni
2 A2t [ t d _
cu tomt“h el u(??%néﬁfaﬁg M\%%@téé%g]& %:urt Lot mertélaﬁ%g How
eveirs Zd&%dﬁ#ﬂﬁinﬂvﬁdédrgﬁddnﬁeddyarjlaﬁﬂ ﬁymmuenmmgununies For
f, 0.1% to 5% can lied for the I MAC
eLuigh ShachbGHERs 08ndeReT AL on ERah o8 26 RAPI DPedSEo 1)

ApphesstdoRebrf @hABkizOMe to the column 2) application of his-

tidine to the column 3) application of high salt concentration

buffer to the column, and 4) change of pH on the column.

The presently preferred process uses elution by application of
100 mM L-Histidine in one step. However, down to 50 mM can be
used but the result is less concentrated 104.1 and lower reco-
very. It is also possible to use imidazole (applied as a 200 mM
solution), and also this can be used at lower (down to 50 mM)

concentrations with the same effect on recovery.
SEC

The example below describes that the SEC is run in TRIS buffer.
However, phosphate seems to work as well, but TRIS is more
suitable for the subsequent AIE than phosphate. When using
phosphate or a TRIS buffer containing salt, dilution of the SEC
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O her detergents are al so expected to be useful,

obvi ously other Tween detergents (Tween 40, 60, 80
war@4853377 | MAC The substance 104.1 has a so- cBACT/BE2004/000451

His-tag in the Ntermnus 10 that has affinity for

conpl exed dival ent netal iong,inmmbilized on the

colum matrix. Critical paraneters are choice of

di val.ent nmetal ion and choice of el ution_agent/nethod.

SlURte+ 1S BESESEAGYZREF OLsn 2RPI 168 ti98d Ofs thRe AdBeailig in
ord@%t%b E@@uc@oﬁ%eeﬁ%bsp%%%g Géﬁceh%!b@%@ngoaﬁdf%gg%e%X11 not
and fewer inpurities. 15 elution of capture
be @@@@ﬁéﬁrgtW&ﬁ@g@e@Rdénbméfase@nlr) Appl i cation of
inidazole to the colum 2) application of his- tidine
to the colum_3) application of high salt
If ¢hfceNRFahpsnbektf Fan 1 BhaWesnaRR, cangeny refkangehother
Hpaonet hec e Iy prefpenced p e us
chaBtloonst g coahumy Bie SRl ¢pCohenied PERECaRUoEs the
1040ﬂepsbéplanwewenotdbwndt005®h&NA¢Encb&umns&d hht t he

res iL.s_less, concentrate r rego-
congE raFﬁoPs 3 3e§8§gbbﬁé 69 §§ Fﬁ?&a?omg (3PpLi Bgyadiffer
whed 2688 AWVE sel w#uhoRh, o2Rdrabs@rbhi gy eaBmRe Used at

| ower (down to 50 mM concentrations wth the sane

ef fect on recovery. 25 SEC The exanpl e bel ow descri bes
Sambhat ptrbpaBECibs o AIETRhSohdtbgtaphkowever,

phosphate seens to work as well, but TRISis nore

suitable for the subsequent AlIE than phosphate. Wen
Theysengvaphogphaté ovs irﬁmlSEﬁuﬁterd¢dntadnﬁngwaabt, 1 volume

iLLut, t he SEC 2004/ 113377 004 0451
1u50r ut EOLERECSEHFY et bPe  SRBFPCAlFoRPOET RS ARERCon-

Sel'uat &°1-§ Ss

tra¢@bunyhen ronden phoepda@@ hBeiphespbateres with the AIE
concentration, and this will not be necessar¥ with a
ChroRREOELAPEY - oRPY S LFSPRe lFMAESRadiB68ASEdnipnthe SEC para-

grapween-20 concentration higher

ATE Chromatography

The critical parameters are the pH and ionic strength of the

sample and buffer systems.

If the SEC has been run in TRIS, the sample preparation
(dilution in water) can be avoided and the loading volume (and
loading time) will be reduced. When the AIE is run in TRIS
buffer including salt, the AIE is diluted in TRIS buffer until

an ionic strength below 3 mS/cm is reached.

Final bulk product is analysed by SDS-PAGE, western blotting
(WB), ELISA, HPLC, visual inspection, ODsgo, pH, Limulus Amoe-
bocyte Lysate (LAL) and amino acid analysis. Intermediate pro-

ducts are analysed by SDS-PAGE, WB, ELISA and ODsgg.
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5 than 0.4% it should be adjusted to < 0.4%in the

SEC, as the 104.1 protein does not bind to the AIE
waeodmms3rt the concentration of Tween-20 i s hP@h®K2004/000451

than 0.2% This may differ when the AIEis run in

other buffer systens. Sanple,preparation for AE

Chr omat ography 10 The rel evant fractions from SEC are

diluted in water, 1 volunme, eluate + 3 vol unes of

As yatér et gPPadgRe- t RBephdEphat BrebrEdRL Yt PaFFERTGReRS two

conkHButRvBhesRPat eyfarkt ai RieLtesesp W15 88sALEveak anion
chromat ography. This issue is also discussed in the

excBECgpamatrgkaphd assacenchsbant vgiaphgsThestrpngcanion ex-
ara IS a the pH_and-ioni,c strength h .
cnaBRE et Eh8 - Dufr &r - shorNE 2 PRY; EoUER kA  Phakntpanst e vsing

a wERkSAIEhRasaiRl eapr bpanate@nso(dil Ubi b8 intwatigeddcB8tween
be avoi ded and the | oading volune (and 20 |oading
thet IMBS @nfl SBE FEBREed. When the AIE is run in TRI'S
buffer including salt, the AIEis diluted in TRI'S
buffer until an ionic strength below 3 nS/cmis
reached. Final bul k product is analysed by SDS-PAGE,
EXAMBSEeln blotting (WB), ELISA, HPLC, visua
i nspection, 0OD280r pH, Linmulus Anpe- 25 bocyte Lysate
%LAL) and am ng acid analgsis. I ntermedi ate pro- ducts
CulgpeizhaPys&§Rny psipAEEIVBL ELI SA and OD280. WD
2004/ 113377 PCT/ DK2004/ 000451 23 As will be apparent,

cel he,AlE is preferably perforned as two consecutive

= = CHPPrst step utilises a weak anion

exchange matrix and a second step utilises a strong

A pBILARoAY1 EN3RGSMBEN K. plbsh ot gopLateds, bpweye

ptﬂgt ?ﬁe step us?gg SBa weak g?EQnaﬁrlé égn Be ﬁ%vegs was
trasefasted béthntr pdlicedcberWweBRS®t hgst8AC andiBEC€gen) con-
tai%gggsthe gene coding for the HER2 wvariant 104.1; the entire
nucleic acid sequence of this pMT vector is set forth in SEQ ID
NO: 1. The cells were in parallel transfected with a plasmid

carrying a gene conferring hygromycin resistance enabling the

usage of hygromycin for selection of transfected cells.

A limited dilution technique was used for isolation of single
cell clones and a Master Cell Bank (MCB) was produced from the

selected cell line.

HER2 protein AutoVac production

One vial from the MCB is resuscitated in a T-flask and propa-
gated in shake flasks containing ExCell420 media (JRH) at 25°C
to obtain enough biomass for the inoculation of a bioreactor. A
total of 45x10° cells is diluted into 3000 mL with ExCell 420
supplemented with 4 mM Glutamine, 0.1 % Pluronic F68, and 0.5
mL/L PD30 antifoam. The 3000 mL are used to inoculate an Ap-

plikon bioreactor (7 L working volume) where the culture grows
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EXAMPLE 1 Culturing of HER-2 variant 104.1 Cell |ine
production 10 A polyclonal culture of S2 Drosophila
woredoanogaster cells was transfected with a pMICT/BER@H/000451
(DES(r) system Invitrogen) con- taining the gene _
coding for the HER2 variant 340Q4.1; the entire nucleic
acid sequence of this pMI vector is set forth in SEQ
araIIeI transfected with

for pldé‘éfrﬁ &Hyg‘g Ceﬁofag E§en¢§1 Brf Br RLAgSAYYFeRyeRhy PH = 6.5

+ 0.asi(@lBanee NIRNG the,pysagey of  IIgnemei N S stirred at
seIectlon of transfecte cells. Alimted dllutlon

170t @pni que was used for isolation of single cel
clones and a Master Cell Bank (MCB) was produced from

the _selected cell line. 20 HER2 protein AutoVac
Thisy GHGERTSn 16n&iviudeds Mainht B&CRER 142 0r suppdiemsnsedi nigh 4 mM

Glu-EaHﬁ%k Nd sPHAREH %)%t e gl n shake Sf%n g5KS peant %b@'a_'%%am to a
1”420 "nedi a at 258"t 0 "obtal i enoug
totﬁdrceﬂé C@@@@hamemnoafoé hBoxeé@FocelPs/thahdoﬁsed for in-
109 |1 dilu ed |n 300 th_ExCell 420
OC”%)’El&pp%%neﬁtléZ% i KGN e g 511 g@f Siprgrghre main-

taih@8g asdcQ. 30,/ 60 PP30sgat %i@@nW1EHep§QQOOQ§g@ﬁ? usgd= 6.5
to inocul ate an Ap- plikon bioreactor (7 L work

T Oydl Urel URfere Wifkd éurt HeROgragwhs OAO 200W0OH)33 ZNd Stirred at
142%%&%%%99%% 1%4c%8'klﬁlu§ﬁé§gahléﬁ‘fe %.ZLJCH g%é"ﬁltlhzlzo

%o = air saturation) ust
supel%maepem andh0 45mM N&@HﬁmlaadaﬁdiDredoaPluI%ﬁlprB8 until a

is uItur i l,uted 20 ,sup Ienented
topﬁ t fOz4 g Eﬁ gaﬁ?neea 3 Eﬁﬁ%oﬁﬁ uﬁégn ﬁaeolg adjusted
dalﬂyftopﬁggv@ﬁtlEQ@”belanuﬁBb§|t@ehkoﬁoﬁéﬁahrgg'ﬁnlgﬁ

X 106 cells/nL and used for in- oculation of a 15 L

Cel\}oé/R‘F'ngPpélouﬁ@tAéﬁlamkéﬁ BAgrdampprafaiynto the culture to
maintain a total concentration of 0.5 mL/L.

When filling is completed, perfusion is initiated at 1 RV/day
(reactor volumes per day) using the BioSep cell (AppliSens)
acoustic retention device to prevent cell loss with the removed
media. At a cell concentration of 30 x 10° cells/mL, the
culture is induced by addition of a total of 2 uM CdCl, (10 mM

stock) to the culture and to the medium reservoir.

The fermentation medium is harvested, centrifuged to obtain a

cell free supernatant, and filtrated through a PALL filter
0.8/0.22 pum. The resulting sterile supernatant is either stored
at -80°C until use (storage up to three months at -80°C has not

produced detectable stability problems) or stored at 4°C with-
out for up to one week (also without any detectable degradation

of the protein).

The culture is terminated 10 days post induction and the resi-

dual culture media in the biloreactor is discarded.
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taining 25C, d02 = 50 % (sparging with pure oxygen),
pH = 6.5 0.1 (adjusted with 5 % H3PO4 and 0.5 M
wola@133and stirred at 10 142 rpm The cul t ur ePCEDK2004/000451
continuously diluted with ExCell 420 suppl enented
with 4 mM G utamine and 0.1 %Pluronic F68 until a
total volunme of 10 L is reached. The dilution rate is
adj.usted daily to prevent the cell nunber to drop
e ow 5 x 106 cells/nmL. PD30 antifoamis added
rranually to the culture to 15 mai ntain a total

. GOl ' ofOSrrL/L i i s conpl eted,

Dlap%ér usi oﬁg#}g’n? it liatdwéi af%“f&iﬁ r vol unes

per day) using the BioSep cell (AppliSens) acoustlc

Blen n Vi I n I noved .
T e R e e S o B L R LA
keptthet26-804Ct utRavedi Bdored By addiddon r@ifglﬂ:tpé}?é pafs@ 3 to 4

gM CdC12 (10 nM stock) to the culture and to
hougsgicam Pss derdiormethd rf sodshwatiesn , n@@ﬁu#hﬁgeafter stored

rvest.ed, c i fuged, t obt Ih a .cell free )
fors%p(lenr‘—’lr}fa:\L T © %nrt‘fi dfa]y%[ F&t gd hSJE)ﬂ@ﬁwésﬁALEh?iF?E’Pentatlon su-
per&a&ja@ltza_sglﬁlse-a‘lejl&%%lﬂ .ng sterile supernatant is
ei ther stored 25 at C until use (storage up to
three nonths at -80C has not produced detectable

Thesﬁahmbmtwtﬁm@bb@@@kn@ta&toﬁedcaht%@fwgéﬁ iauk kekvHR1 RE 5C
al so wi_.t hqut any detectabl e degradation
PLu R e ap SeRaOBD Eubes S5 aPmPRa: sl ogals min, at
gecpost induction and the resi- 30 dual culture nedia in
the bioreactor is discarded. WO 2004/ 113377
PCT/ DK2004/ 000451 25 EXAMPLE 2

Dla@hiﬁkbE&%h'Q%/E%Q%%Qhéathﬂn aeglgu%ggﬁ ggaggg %eEo § a pro-

use, ferment ation supernatant from Me™1
Flugf MlFZepﬁMléﬂlp@@@ whahed koM goat 24Cas‘ssett|3| glﬁllt(athBOK 0.5

m? Q?]L'Ldijfh% %‘ft%? Eolgéé(a?@ﬁo?e plehé O£1 ‘gells nlscollaedfc\JArlaé elgs)e stored

in 0.1 M NaOH. Before diafiltration the filter is therefore

EX

thoroughly washed through with milli-Q water: The standard
reservoir is filled with milli-Q water (3L) and washed with
water through the filter until 200 ml is left in the reservoir.
This procedure is repeated 3 times until a total of 12 litres
has passed through the filter. Now, diafiltration can be

instigated:

A maximum of 15 L fermentation supernatant is concentrated
about 5 times or to a total protein concentration of the medium

not exceeding 2 mg/ml, as measured by a calorimetric method.

The recirculation pump is started. The backpressure valve

should be partly locked, to give an outlet pressure that shows
back pressure (e.g. 0.2 bar). The pump speed is adjusted to 30-
50%. The pressure difference should show 0.7 - 1.2 Bar, as this

is when the filter’s maximum capacity is used and flow over
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for a maxi mumof 3 days at 4C. O herw se, the
fernmentation su- pernatant is used directly. The

wo eoorgnd3at i on supernatant is centrifuged i n a Bor/DER04/000451
RE 5C Plus Centrifuge in SCA3000 tubes at 10,000 rpm
for 15 min, at 10 4C. D afpktration is performed in a
cold roomat 5 3Con a Pro- Flux M2 (MIIlipore) with

R e S g A0 9 S
21 T8 OB L S ] o . o

conataiearindl heuksitrandairfe ares grardiagrmasndd | 1160 anittilghrad [dinl@t
wat er ,(3(L52 and vvazzmed wi t h ter through the filter
presifig Hodleilicds dfte it e IRUID 7T &S S ST &0 £
eledaxdepeat s G id Mcnitidald grdstud 2 did b idiATould be
passed through the filter. Now, diafiltration can be
elevarethsiy rrking febdhammmsfesiBine fagy ridye dtukgmg (scale 0-3).
super nat ant_ 1 s concent.r.at bout . 5 fiJe it
Whe!} gi% at %Sar%’% & %escsolﬁ%eeﬁ{érlzﬁael (?‘Lgs ocﬁcf#eed’neadi}{u?rﬁsn e%{)tlnqeac and
higlexceadi g: o ddre as meastired byrie daldd ipmisdure valve
met hod. The recirculation punp is started. The
shopl b K ES e SRIIRAE B %S be partly | ocked, to give

an outlet pressure that shows back pressure (e.g. 0.2

bar). .The speed ,i s ,adj ust.ed t,0.30- 50% Th .
subgitiden T PR SREETES G SSRGS FfeMfans 1o
subjsctderncd heuffdt edtchdrmyd Min@rapant tiwd Sstuged anid-dd awing

over WO 2004/ 113377 PCT/ DK2004/ 000451 26 filter
10 wkueaspord b MRaA PO (N aHIRO g, PBUL/- 8y PRE. EheRr 10y P&t oP-

ol =0.18) .14 &t r Igh, B X Lid7.5:
tionit A R Uk NI ey L RS PMT b
The e ighedardl stsepraiss e ttse dosiFlaty Mk Migdl imanatdmraratus

is %tﬁescg {ng% rk?‘Hpela%n% &e%ga %%Vaglt gvgo]gtf)r)ue oorf tﬂ? art haalns!ocaclhe side
reservoir is filled with buffer. The setting on the apparatus

is the same as when concentrating the sample.

The volume of the buffer changed sample (Vb) is measured and a
sample is taken out for SDS-PAGE (Sb). The concentrated buffer
changed sample is portioned into 11 ml and 50 ml lots and

frozen quickly to -80°C.

Analysis of the Diafiltrate

pH and ionic strength is measured to assure efficiency of the

buffer exchange.

Total protein concentration is estimated spectrophotometrically
at 280 nm in a 1 cm cuvette. A 10 times diluted sample (diluted
in 50 mM sodium phosphate buffer pH 7.5) with 50 mM sodium
phosphate buffer pH 7.5 is used as reference (using the

approximation Abszgo of 1 = 1 mg/ml total protein). The total
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el evated by applying higher pressure on the tubing
(scale 0-5). Wien the back pressure valve is closed,
w@2004gisr7 i nl et and hi gher outl et pressure i SPCT/DK2004/000451
recei ved. The back pressure valve should never be
conpletely shut. 10 Subsequenyly, the concentrated
fernmentation supernatant is subjected to buffer
change in.one.or two steps, first using 10 vol unes
P %w%%%% PPEAI F19HET5008dd vt én R sukedopy a calo-
rindtorial ByecFd SRRy 181 S £ i
Na2HPO4/ NaH2PO4, pH 7. £ @ﬁewtt gﬁ%a?%gercésfelfvgioﬁmgﬁtratlon
of (VR IpFIL - N 2 svmerisges. Byp BLABAs a8 ithef dikdd Iwirthe is
ff 0 t I f.~aL and_al so.the side
fu%ﬁiﬁ;ﬁﬁﬁﬁ'%a?l i%ﬁe§9h%?§ %u ér?lﬁﬁgrng iR§ o AEH B -ECL
detgofdioat.us is the sane as when concentrating the
sanpl e. The volune of the buffer changed sanple (Vb)
is neasured and a sanple is taken out for SDS-PAGE
Remegiks tPhéheopdedtidstredibof Béep 20 changed sanple is
portioned into 11 m and 50 M lots and frozen
uickly to -80C. Analysis of the Diafiltrate pH and
It aénF@PQFFéﬁétﬁoi§tﬁ§§sEh@dbﬁéfsgsaﬂehéﬁﬁEcB@npﬂ belohe7.1
be f nge. ,g5-Tat a LN concentration is
e A i s e S S R
thecgesmeatani®d medesmdpkatégisanple (diluted in 50 nmM
sodi um phosphate buffer pH 7.5) with 50 mM sodi um
phosphate buffer pH 7.5 is used as reference (using
Diafhéteapgr erinphtBsohatbsR86nobtdradlafyled tOtBdr several
mongggteLEé 'tThﬁ total WO 2004/113377 PCT/ DK2004/ 000451
pF'ot 8PREcENRRR

oHEeAtr 4P BRTEaR™arErt tBnkhrydpentihstive HER-2
ELI@X.aH?QEQérf'wﬁéﬁ'Ehg%égfoégeﬁpgﬁggigggﬁggg%ﬁegg3§gaj and

specific concentrati on bf “vari an

54°0yd FhSA @t § heediafddd rate dsredMidher i
by SDS- PAGE, %i | ver stai ned a%d WB- ECL f%%}?éladyéﬁdltrate
in the same ELISA. When kept at 0 °C (ice/water) and 4 °C after

thawing from -80 °C, the performance in the ELISA of the

diafiltrate is stable for up to at least 4 hours.

After diafiltration, it is convenient to inactivate any virus
that might be present in the diafiltrate. To do this, samples
are thawed at 2-8°C and pooled, subsequently filtered through
1.0/0.45/0.2 um filters, where after 50% Tween-20, and TnBP are
added to a final concentration of 2% and 0.3%, respectively.
The solution is kept at 2-8°C for 16-20 hours while gently
stirring. The solution is then 0.2 pm filtered prior to the

subsequent IMAC chromatography step (Example 3).
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5 detection. Remarks to the Diafiltration Step It is
inportant to start the buffer exchange at pH below 7.1
whedoenesschangi ng to pH 7.5. O herw se, resi duaPCT/DK2004/000451
conponents from the fernmentati on nedi um precipitate.
10 Diafiltered sanpl es have bgen stored at -80 C for
several nonths w thout change in performance in the
EXéﬁﬁﬁgh§ative HER-2 ELI SA. However, when thawed, even
exposure to 37C and 54C dramatically decreases
the performance of the diafiltrate in the same ELI SA
ﬂwypen kept at O C (ice/water) and 4 C after 15 thaw ng
rom-80 C, the performance in the ELISA of the
diafiltrate is stable for up to at |east 4 hours.

The; inaf il i bt ie t tiv . _
AR AT J S TR 0 Yy
twekm @o “tthigs, csarghleeprodrdnt kaved aiet218Cocandhedated complex on

subsequently .filtered throygh 20 1.0/0.45/0.2 pm
£he; R MRS -l CHOR A A28 CaRia tFAEP  5r SORRGIENC or,
prefe radliynals opengepthattiem @% YoeRNG 1G53 %t HRI PR LBl -

The solution is kept at 2- for 16-20 hours while
chegefting mettiedr ileg. iphénsol Ehont (4 1 henlexlonm S idtariatkd with

= B e T By R AR JO b BoBas Fheogie-tag  to
theEXANRIE BalttMA® 1Fhé Ogeite NabHBbOL ANELE@Q; Aphi TS PTirachPbe pH

for IMAMCis affinity be- tween a "tag" on the protein

7+54nd a netal ion chel ate conplex on 5 the col um

matri x. The chromat ographic matrix is PORCS 20MC or,

_aP nably, .50 fraom Appli ed Biosystens) and
2-4PhE AP iengMﬁfet(:g’ﬁhP‘Snmﬁécefﬁﬁi. e dotarty SR sifiPgauent1y
eluitedprueiinded 00 il LaHbiss4tdgeand ot her Nubfipo, Ast.ew,fopy 7.5,
bi_ndi n %f the Hs-tag to )
0.1 % Tween20. Alternatively, when eluting with 200 mM
Imidazole, the buffer system for binding also contains 5 mM

Imidazole.

Instrument: VISION Work Station (Applied Biosystems).
Software: Data analysis software for Vision, BioCAD 700E, ver-
sion 3 series software, Perseptive Biosystem.

Detection: UV absorbance at A = 280 and 220 nm.

Conductivity: 0 — 200 mS

PH calibrated at: 7.0 and 10

Temperature: The procedure was made with buffers and column at

room temperature (20-24°C) and loading of sample on ice and

fraction collection at 10°C.

Sample Preparation

To the diafiltrate containing the 104.1 molecule, 800 mM imi-
dazole is added to a final concentration of 5 mM imidazole when

an Imidazole containing buffer is used for elution in the IMAC,
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the colum matrix is 50 nmM Na2HPO4/ NaH2PO4, 0. 1%

Tween20, pH 10 7.5. 2-4 ng 104.1 per m col umm
woraioeniml7 i s | oaded and subsequently el uted uBCTDK:@3/000451

nmM L- Hi stidine, 50 mM Na2HPO4/ NaH2PO4, pH 7.5, 0.1 %

Tween20. Alternatively, when, glutlng with 200 mv

Inidazole the buffer system bi ndi ng al so cont ai ns

5 I m dazql e. Instrurrent .. VLSION Work Station .

Wheeﬁﬁﬁ|.&@e§. vdfergfied &6f PndrealpsPaCcaRargsion of 0.1%
(v/39f taine TF-0r sYiisiigr, 1B @GAR %@QEelﬁ%ﬁonShﬁnt%eSQM%%S

sof tware, Perseptive Biosystem Detection:
Immgigd gitisdic befiore appddcandor2@onihe zol@mndmheuwampleols

H cal i br and 10 _Tenperature: The
fllﬁFéggﬁggap%a§uHEdé%ﬁppﬁ%b&fPegg HRdfeoFGim aPe saBmle is
kepiterpersatiune co( 26+246kaan Meég 0g+9h ﬁﬁgﬁl%agﬁohc%oa@ﬂe

fraction collection at 10C. 25 Sanple Preparation T
columa @h@ﬁﬁlﬂﬁaﬂé bedtapni nget MbehO4pplietectibedl80g niilne at
'ni azole is o a.fi.nal concentration of 5 n
roohni g oF%t & SﬁgﬁﬁgnﬁﬁaQ&Pém&éﬁ alning buffer is used
for elution |n the 1 MAC, WD 2004/ 113377
co1Rfd/ DK2004/ 000451 29 whereas Tween-20 is added to a
— frmal concentration of 0.1% (v/v) when L-histidine is
used for elution in the IMAC. |Imediately before
PORARPhiog@t ben sboMthepealrdrm e isagphe ksloblhhfgbgdlbﬁl PEEK
vacuun1through a 0.22 mfilter. The sanple is
colymns (ApgligdeBépalisyene) Qﬁ?kedapplQééﬂréﬁoﬂopshe- other
t LS I [ l-i. ed, .Handl
co1 o "ReBIREE R ohSchE: fedlenl HBcrRRhen et s Atk b aure.
are equally useful.

Column Charge (strip-charge) Program

Flow: 10 ml/min.

1.5 CV of 50 mM NaPO; (abbreviation for NaH,PO,/ Na,HPO,) pH
7.5, 0.1% Tween-20 (strip).

.5 CV HO0 (Milli-0Q).

. 40 CV 100 mM ZnCl,, pH 4.5.

. 40 CV H,O0 (Milli-Q).

.20 CV 50 mM NaPO, pH 7.5, 0.1% Tween-20.

g W N

The column should be charged before each run.

Chromatography Program
Flow rate 30 ml/min, loading 5 ml/min.

Fraction collection size 9 ml, and 5 ml at the elution peak

with 100 mM L-histidine (or, where applicable, at elution peak



10

15

20

25

POROCS 20MC or 50 MC (preferred) in a 16 x 100 nm (20.1
m) PEEK 10 columm (Applied Biosystens) packed at
WQO0ALBOD psi - other colums dependi ng on t heCHEDER@4/000451
of the purification procedure, are equally useful.
Col utm Charge (strip-charge)zgProgram Flow. 10 ml/mn.
15 1. 5 CV of 50 mM NaPO4 (abbreviation for NaH2PO4/
Na2HPO4) pH 7.5, 0.1% Tween-20 (strip). 2. S5 CV H2O0O,
WItR MDD iy Tmeda0leN: 1601 MFRHEAA peplsd (10 s magtion
I1i-Q. 20 5. 20 CV 50 nM NaPO4 pH 7.5, 0.1%
COl#gg%épgo The col umm shoul d be charged before each
run. Chromat ography Program Flow rate 30 nl/ m n,
Thelgéﬁu@90§ @@ﬁ@&fﬂl@é %ﬁ@c$19@scﬂﬁ$@€$#9@e§'éfaglltrate is
m at the elution peak wth
loadeﬁlsm|U®n©h¢o¢Ole@r@ta®p$l@@@I@aSQQdeWutho%Op@%k5@KmM
% PCT/ OO 0 1
an’ yai%l%z) I"ec Aj{p 8)30 ed%p(af#‘:)fb}lrlé)c eer(\)/lr%oy > CV of 50

mM RePOLGIT. 5Theo.51@l u[tWeoam Nt TG d kAL wtirdrs with 50 mM NaPO,
inactivated diafiltrate is |oaded on to the columm at

PH 40 andl- Washesen & 200 Vo afk 5ANAP04 pH 7.5, 0.1%
Tween 20, 0.5 M Nad followed by 5 CV of 50 nM NaPO4

5 %Tvve n 20 r| 0 0,e 0 th
PooRablsh THRETLSES of 196 Trlbrc 26 S100° W FF S G ene pgFan (cF-
Figl h@)tr@&gi@ oémm;tae péé)kegt@ﬁakalﬁdoﬁbLDé@ﬁHéO’géﬂm of 50

cf. Fig. . -%]I n pooling at geak start. and col |l ect
ml 0¥ ol ap %@lls@n yolwpes bron, Boed| LRACTHPURERFSBE POOFPS—

PAGE/ﬁ§t£Q$§%€§ﬁ§F $ﬁ1§£5%5mgf%8%%{eéﬁ|§é Ri . EbhPE b9oR can be
total o : I'S pooI

saved over night at 53°C or carried on to SEC straight away.
Storage of pool up 7 days at 5%3°C, -~20°C and colder than -70°C
has shown no loss in total protein after filtration through

0.22 pm filter when analysed on SDS PAGE and WB-ECL.

Sanitization of column

Wash the column with 5 CV 1 M NaOH, 2 M NaCl, followed by 10 CV

of water. If further sanitization is needed see the RSP from

the manufacturer. The column is stored in 30% EtOH at 5-30°C.

Analysis of IMAC Intermediate

Start material, flow through and eluted fractions are analysed

by WB-ECL and SDS-PAGE/silver stained.

Analysis of IMAC Pool

The pool is analyzed by WB-ECL and SDS-PAGE/silver stained,
HPLC and ODsgo nm (on 10 times diluted sample). The specific
104.1 concentration is determined by ELISA.



10

15

20

25

saved over night at 53C or carried on to SEC straight

away. Storage of pool up 7 days at 53C, -20C and
wa@oedodar3rhan - 70C has shown no |l oss in total PCDDERIV4/000451

after filtration through 15 0.22 mfilter when

anal ysed on SDS PAGE and WBsECL. Sanitization of

col um Wash the colum with 5 CV 1 M NaCH, 2 M Nad ,

faollowed by 10 CV of water. |If further sanitization
EXM‘I@J#e‘leded see the RSP from the manufacturer. The
colum is stored in 30% EtOH at 5-30C. 20 Anal ysis of

SEC A b RO Bhe PR d DU o) v B and

SDS- PACGE/ si |l ver stained. Analysis of I MAC Pool The

' 5 : IEEY -20,
ey dofglisp i U gy g e e, o

7.5sanpt Q i eNaubiif NeH2 B4 chne snbsittirtatticofhies Tris as buffer

det ermi ned LIS 2004/ 113377, PCT/ 04/.0
sys iR e SR I PR o Do Sy T ber Loop
(Ph&i@hadid f réd i Hnsep@pdds 70M prepM ddds , mék dda Tween- 20,

pH 7.5, but 50 "M Na2HPO4/ NaH2PO4 can substitute the

Tris as buffer 5 system Fifty ml from | MAC of

InsExangie: 3BisCADAURYE byoSuptrdoopn f¢hafremtis)onrChromato-
uperdex 200 pre rade, matrix., lnstr nt : Bj oCAD/00E
Tramley S LRE T ot For St R EHat O | T ApHye BT o ice the

bach e ds S8 oRr eparabivenfl ow cell to reduce the back

pressure on the colum. 10 Software; Data a,nalzgsi S
Sof twaxearkataranakyshs oMy T0ober Vefioni gl Rl (QeE, ver-

: oft P pyve i i e,V
siof PYLUEL fos PEOPERALYE FLASHILEM BROSHILOD WV o
Detd8Pid®>: UV absorbance at A = 280 and 220 nm.
Conductivity: 0 - 200 mS

pH calibrated at: 7.0 and 10
Temperature: Buffers and column are room temperature (20-24°C)
and the sample is loaded directly from 4°C. Fractions contain-

ing the monomer 104.1 should be moved to 4°C directly after

collection if the collector is not cooled.

Sample Preparation

The Pool from IMAC in buffer, 50 mM Nay,HPO4/NaH;PO4, 0.1%
Tween20, 100 mM L-Histidine (or 200 mM Imidazole), pH 7.5, re-

gquires no special preparation. The sample should be kept cool

(5+3°C) until loading.

Column

Superdex 200 prep grade, packed in Pharmacia column XK 50x960mm

(1884 ml) at 15 ml/min as final flow rate. Load maximum 50 ml.
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pH calibrated at: 7.0 and 10 15 Tenperature: Buffers

and colum are roomtenperature (20-24C) and the
waeaphe337s | oaded directly from4C  Fracti ons POIDERIV4/000451

ing the nmononmer 104.1 should be noved to 4C directly

after collection if the colggctor is not cool ed.

Sanpl e Preparation 20 The Pool fromIMAC in buffer, 50
m\/l Na2HPO4/ NaH2PO4r 0.10 Tween20, 100 M L-Hi st di ne

: ¢ pH 7.5, re- quires no speci al

pr epar at| on. The san‘pl e shoul d be kept cool (530
Gengmiill flloadivage Golminmin25 18Sapeldet /206 .prep grade,

packed in Pharmacia col unmm XK 50x960mm (1884 ni) at

15 mM/mn as final flowrate. Load maxi num50 nl. WO
Fraggaen1 83377 POTMBK2004/ 000451 32  Chr onat ogr aphy

Program General flowrate 8 m/mn, load 5 rer'n

ﬁractl n.size 9.0 m 1. EqU|I|brat|on1 Ccv 2

gulglf%aﬁk@@n 128, CE{HZ? gM Bris,| fads W&eeo&% pH 7.5

SUpeLdk09Ra %oma{lmsﬁ T %bg;;' o8 h19mnG¢Y 20 MM Tris,

0.1% Tween720, pH 7 act’ions fromthe nononer

pedRutdon Ri.g. CI) 28r mMp&Tm‘llsd By 1%c Gwpani-2§ ,geH &and/ or

SE/RP-HPLC results to obtain a pure pro- 10 duct

(approximately 130 m ). This pool can be saved over
Thenfgbbtabn53€r©m.Q@érmaﬂomérdpé@&t|%ftOF&Be AhEare pooled by

chr gmat ogr. aphy nple 5. Storage of pool up to 7
COMgayd Ngt g@écandieé §ﬁdRPc8P&€r reRHAtS70C RBR$adRoANPHES Pro-

cacke gk hobent vl LAt A B QIO 0ofe nione

at 84@i°Ci pat carrard chednirrgtdfy tol thme AIE chromatography of
Example 5. Storage of pool up to 7 days at 5%3°C, -20°C and

colder than -70°C has shown no loss in total protein after

filtration through 0.22 pm filter when analysed by SDS PAGE and
WB-ECL.

Sanitization and cleaning of column

The column is cleaned by running 0.5 NaOH in the reversed flow
direction for 1-2 h at 6.5 ml/min (20 cm/h) followed by 3 bed
volumes of buffer. For sanitization run 0.5-1.0 NaOH in re-
versed flow direction, 13 ml/min (40 cm/h) for 30-60 min fol-
lowed by 3-5 bed volumes of sterile buffer. The column is
stored in 20% ethanol at 4-8°C. For additional information con-

fer manufactures manual.

Analysis of the SEC Intermediate

Start material and eluted fractions are analyzed by WB-ECL,
SDS~PAGE/silver stained and SE/RP-HPLC.
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The colum is cleaned by running 0.5 NaOH in the

reversed flow direction for 1-2 h at 6.5 mM/mn (20
waedo)11330t | oned by 3 bed volumes of buffer. FRET/DK2004/000451

sanitization run 0.5-1.0 NaOH in re 20 versed fl ow

direction, 13 m/mn (40 cm B} for 30-60 mn fol -

| oned by 3-5 bed volunes of sterile buffer. The col um

i.s .stored in 20% et hanol at 4-8C. For additiona

Anglysdin@fi SEC RO er nmanufactures manual . Anal ysis of

the SEC Internediate 25 Start nmaterial and el uted

fractiqQns .are anal yzed b - ECL,.  SDS-PAGE/ sil ver |,
The T ed i S RP. L A B 266 FRsTFRCE) s1lver Shained,
HPIRCHNAK20Q4/ Q048 speciAnal M9ids 10fconlEenReal 1 Bhe iR0Gktermined
i_s _anal ysed by WB-ECL and SDS- PAGE/ sil ver stai ned,

by EIEfand 0D280=,n,. The specific 104.1 concentration
determined by ELISA. 5 Remarks to SEC Make sure

i's
R that the le is kept at 53C between | MAC and
—Eﬂﬁéiﬁkﬁéiﬁigﬂythe Superloop. If the fraction collector

is not cooled (10C) nmake sure that fractions are

I frid ' di_at el,y, ,af th
el K e F5R Theh e EolomioPE Preqienti yoresan JUAC and

- loacidmst d@rionf ko SRp2ridopri n) of 20 mM Tris, pH 7.5,

0.1% Tween 20 is applied to the colum (alternatively
50 mM Na2HPO4/ NaH2PO4 is used instead of 20 mM Tris

If and iffraichdion solhectaseisTweencddliesl Yysedc ptmfk&03ure that
15 EXAMPLE 5 AIE Chroma tograpgy_ First optional step
fraghilon SERORaAGY SChitonged§r ApRY/ £& ifgesimapdiiakglyyafter the

colRgkaLped on

When the column is frequently used, a constant flow (0.2
ml/min) of 20 mM Tris, pH 7.5, 0.1% Tween 20 is applied to the
column (alternatively 50 mM Na,HPO,/NaH,PO, is used instead of
20 mM Tris and if that is the case, Tween-20 is used at 0.5%).

EXAMPLE 5
AIE Chromatography
First optional step

Anion Exchange Chromatography is first optionally performed on
a Poros 50PI matrix column. The column is equilibrated with 20
mM Tris HC1l, 0.1% Tween 20 at pH 7.5. Post-equilibration, a

sample is retained for bio burden testing.

The SEC eluate is loaded onto the column at 4°C and the column
washed with 20 CV 20 mM Tris HCl, 0.1% Tween 20 at pH 7.5 fol-
lowed by product elution with 20 mM Tris HC1l, 250 mM NacCl,
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a Poros 50PI matrix colum. The colum is equilibrated
wth 20 20 M Tris HC1, 0.1% Tween 20 at pH 7.5.
w@omAER3aT | i bration, a sanple is retained for PCDDK2004/000451

burden testing. The SEC eluate is | oaded onto the

colum at 4C and the colum sypashed with 20 CV 20 nM

Tris HCL, 0.1% Tween 20 at pH 7.5 fol - Immdbé o

roduct elution with 20 mM Tris HCL, 250 mV Na

12602%%?@3? BET/ BrR20GAL0BEASECE3ROR L1 10t Pues 26 15Rred,

'an%%é%ng@%'@ﬁ@QMF%nPOQb4'§ @L%@%!f'gL@ﬁ@% aeﬁn%hlﬁ%ﬁcbyand

0 nm 104.1 ELI SA, 'RP-HPLC'and SE-HPLC,™ and
stogesk @d &-85C8CKHvupUEot 8 Sagays. The Poros 50P1 col umm
is flushed with HO (mll1i-Q and cleaned 5 with 10
2 M NaCl, 1 M NaOH before storage in 20 nM NaCH.
The| thré’SsérQuPtIu Sod Ui f S5 fdvsbredo v thy Na@l—l mhYlit+Qbhedd cleaned

w1€W ﬁ@ H%Oof(@'hi%&£%_b %ﬁub f%r %%%r%% in 20 mM NaOH.

f
subsequent re-use. Ngn a gr ste ion~excharng
It dlsr cmmtidgsaphyiith @eCNODﬁe@ 5tMpNa®H5a@ﬂOf&théa with Hp0

TRI.S).,, preferabl tron ni on exchange perfusion
i) Bodees SOUGLARTATE0 BrgepoPeREpor SoPRER:
4. 6x100 nn1(1 662 m) colum. 104.1 is eluted in 200
Mang%k lLastrument: VI SION Work Station for Perfusion
togr

phy. Software: Data analysis software for
Vi sion, Bi oCAD 700E, ver- 15 sion 3 series software,

r a8 B { ct .0 orbange-a
Anleﬁ %g%gaﬁ c%%ﬁ%a%@gugﬁpglg$ BgrygfgganéQ %ﬁ 785 X207 mm
TRI@&bl@K@ﬁ@da@ﬂy %nOaaﬁdr@@gTenpenaeucbangbeppmduedunematrlx

t rs and c lum _a
por{f3> SBRCC (Hob Bt HELR AREnED T anbrak 41 89D g e 2 - 662 m1)
colthe. floacti as eolleet on wBs sPoNgdito 10C. Sanple
Prepar ati on

Instrument: VISION Work Station for Perfusion Chromatography.
Software: Data analysis software for Vision, BioCAD 700E, ver-
sion 3 series software, Perseptive Biosystem. |
Detection: UV absorbance at A = 280 and 220 nm.

Conductivity: 0 - 200 mS |

PH calibrated at: 7.0 and 10

Temperature: The procedure was made with buffers and column at

room temperature (20-24°C) and loading of sample from ice. The

fraction collector was cooled to 10°C.

Sample Preparation

If the first optional AI sfep is omitted, the SEC intermediate
may be diluted 143 (to 25%) in water containing 0.1% Tween-20
under gentle magnetic stirring. Otherwise, the POROS 50PI elu-
ate is diluted in 15 volumes 20 mM Tris HCl, 0.1% Tween-20 at
pPH 7.5 to reduce conductivity. The sample should be kept cool

(5£3°C) until and during loading.



If the first optional Al step is omtted, the SEC

intermediate may be diluted 1+3 (to 25% in water
w@oemwAalzrng 0. 1% Tween-20 25 under gentl e nmagP€r/DE2004/000451

stirring. Qtherwi se, the PORCS 50PI elu ate is diluted

in 15 volunmes 20 nM Tris HClz50. 1% Tween-20 at pH 7.5

to reduce conductivity. The sanple shoul d be kept coo
53C) until and during | oading. WO 2004/ 113377
E59;5@?-/DK2004/000451 35 Colum PORCS 50HQ i s packed in

a 4.6 x 100 mm (1.662 m ) PEEK columm (Applied

con SO SIRLeTR) b, 20952507 Bl LT SOGBYy P BBER™. S

(AppiLaet BﬁloSty'EeemQ)rﬂatd00092560pb§1| oad, 1 ml during
1st elution step, and 5 m during 2nd el ution step
Ani on Exchange Chromat ography is perforned on a Poros
ChreorQoguaphyi #rogikemm at 4C. The columm is equili brated
with 20 MM Tris 10 HC1l, 0.1% Tween 20 at pH 7.5.
Post-equilibration a sanple is retained for bio burden
5 Geneesfli iowThetsaidpl rlVmihpatleddontmplibe5cal yimmnand t he
colum washed with 10 CV 20 nM Tris HC1, 0.1% Tween
20 at pH 7.5 and 10 CV 20 nM Tris HCl, 20 nM Nad,
FragtionTRe&s : 2@ ai leerg ﬁémpé@veéIObyl 15 ploducingl Lt edution
t O nd? % Tween 20 pH
Stegd n Flon ro%ﬁ' e gﬁ%&ﬁ&h peak (cf. Fig. 3)
are pooled by conparing gel results to obtain a
Anlean9@@hgatgboeh95mgeasrgﬁﬁp 18- Be P86 PheAr o280, - gur  S0HO ma-
. 5. fracti ons can be kept 20 over nlgﬁ
trlsscbﬁemnrétpéopedThStopégmnoispethMpbtatéddaySh ao mM Tris
2 nd ol der . .tha 0C, has s
10 Ko1g b BB 00 bRl PEP ut FORCT RGO RE D050 £ Frple is

ret@ll@Bd for bio burden testing.

The sample is loaded onto the column and the column washed with
10 CV 20 mM Tris HCl1l, 0.1% Tween 20 at pH 7.5 and 10 CV 20 mM
Tris HCl, 20 mM NaCl, 0.1% Tween 20 at pH 7.5 followed by

15 product elution with 20 mM Tris HC1l, 200 mM NaCl, 0.1 % Tween
20 pH 7.5.

The fractions from the elution peak (cf. Fig. 3) are pooled by
comparing gel results to obtain a concentration of more than
2.5 mg/ml or ODzgonm Mmore than 2.5. The fractions can be kept

20 over night at 5%3°C before pooled. Storage of pool up to 7 days
at 5x3°C, ~20°C and colder than -70°C has shown no loss in

total protein after filtration through 0.22 um filter when
analysed by 3SDS PAGE and WB-ECL.

Sanitization of column

25 Wash the column with 10 column volumes (CV) of 1 M NaOH, 2 M
NaCl, followed by 20 CV of water. If further sanitization is



anal ysed by SDS PAGE and WB-ECL. Sanitization of

colum 25 Wash the colum with 10 col um vol unes (CV)
wo@R001/1M3NaCH, 2 M Nad, followed by 20 CV of RI/BK2004/000451

further sanitization is WD 2004/ 113377

PCT/ DK2004/ 000451 36 needed3gonfer manuf acturer's

manual . The colum is stored In 30% et hanol at 5-30C

neeé%%L%%l%gri&%%%ﬁgg%ggégbg %%gaéiggﬁﬁ Eggggmglggegtored in

SRS P Ll ver~stai ned. Analysis of Al E Pool The poo
3O°i§§§ﬁ§§§éég §y38§§ECL and SDS- PAGE/ si | ver stai ned,
Appear ance and description, pH HPLC, LAL and OD280 n,
analyses3 tines diluted sanple). The specific 104.1
—Eécgﬁcgntration Is de- 10 term ned byELI SA. Remarks to
AIE If the SECinternediate is diluted less than 1 + 3

Sta@5WhtE4al, iFsodetaebagni Anbhe1tkBqt kr-aughohE0BYENEnalysed
AlE due to interference fromthe phosphate buffer. 15

5 by Wp-E§L28ndySPE4PRACR4sibuen sppined-to the Al E col um
wi thout detectable amounts of 104.1 in the

run-through. OQptional virus filtration Virus
éﬁééﬁéﬁéaﬂégalgnEQEﬁe subsequent dilution and filling of

drug substance take place in a Cass 100 environnent.

Prefil- 20 tration purifi bul .k r e.or nore
TherBBoL A5rerPiNEear BYr DRoUod APGnEPPoIbiELesrNgR. Bhained,
Appthawedeabnd- 86sctheyiahe phennp@cl} paLf khieoed,and (use 3

. passed through a Planova 20N virus filtration . _
timgsniidnéedTRE™PILEY er The PEESILAGE fOA-infegFppyration is de-

10 terk®8kbingy ERgsuirus filtered material is adjusted to a
concen

Remarks to AIE

If the SEC intermediate is diluted less than 1 + 3 (25%) 104.1
is detected in the run-through from the AIE due to interference

from the phosphate buffer.

15 Up to 25 mg 104.1 has been applied to the AIE column without
detectable amounts of 104.1 in the run-through.

Optional virus filtration

Virus filtration and the subsequent dilution and filling of
drug substance take place in a Class 100 environment. Prefil-
20 tration purified bulks from one or more Poros 50HQ runs are
removed from frozen storage and thawed at 2-8°C. They are then
0.1 pym filtered and passed through a Planova 20N virus
filtration membrane. The filter is retained for integrity
testing. The virus filtered material is adjusted to a concen-

25 tration of 2.5-3.0 mg/ml by measurement of 0OD280 nm.



25 tration of 2.5-3.0 ng/mM by nmeasurenent of OD280
nm WO 2004/ 113377 PCT/ DK2004/ 000451 37 Storage of
wo-2wal11Bat k Product The final bul k product i s BCDDEAED00451
tenperatures colder than -70C in a polypropyl ene
container or CZ vial after fgftration through 0.22 gm
filter. 5 The product thus obtained has a purity which
i s _suitable _nlaal use. WD 2004/113377
StOBAPPDR20G4PE80 R 3 AlMS 1. A nethod for
purlflcatlon of an EGFR fan1|y derived pro- tein, said

Thep%ﬁﬁlg Q&I gr?gcsal Iérs1an ¥e8rog.u%§%8|ﬁ ?Hangggnger than

tur pro ern [
~7084i iﬁlbé e;f>$9§ @%Iérflé C@éﬁ@@ll@é(r NEANSz O\frléfr@ﬁl’:éf Sethtration
net al af |n| y chromat o- graphy, the nethod conprising
throhuai 0i.ag, ufr galsard i nsect cell culture, a
substantially cell-free sanple containing said EGFR
famly derived protein, and thereafter enriching for
Thes pirddBEGERt hhanobyadeedvbdspropernthywhtahsisf suitable for

1 subsgquent steps of 10 - diafiltration and exchange of
CL1laffar 8°fediumwith buffer, - immobilized netal
affinity chromatography (INM(D, - size exclusion

chromat ography (SEC), and - ani on exchange

chromat ography (AIE). 2. The nethod of claim1,
wherein the EGFR fam |y derived 15 protein includes a
het er ol ogous am no acid sequence that faci- litates
purification by neans of I MAC. 3. The nethod of claim
2, wherein the heterol ogous am no acid sequence is
rich in histidine residues. 4. The nethod according to
claim 3, wherein the heterol ogous
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20 ami no acid sequence conprises residues 1-14 of SEQ
IDNO 2. 5. The nethod according to any one of the
w@e@aadi3nyg cl ains, wherein the EGFR fam |y dePCTmBR2004/000451
protein conprises a substantial part of the am no
acid sequence of human EGFR @ human HER-2. 6. The
nmet hod according to claimb5, wherein the substantia
25 portion is mainly derived fromthe extracellul ar
portion of EGFR or HER-2. WD 2004/ 113377
CLAR@H DK2004/ 000451 39 7. The method according to claim
5 or 6, wherein the EGFR fa- mly derived protein is a
variant of human HER-2. 8. The nethod according to
1. cl & merhoghdogi purd igatilont odf anhEFER HERIZY senddes! pro-
t rel Iy I p
reidl mogeh saoter Ry Bedhe PSR Ba n BR o R O, By HiBect
celiurmil thiFle- 2nidnalaude » roekdnudetiogoiotteeinbpes BAitable for

282 of S 2) and P3Q (residues

PUr A CE68 OOt UEBPBONST LIROPIAIR6S HRE MerRSd A dor i Rgato-
gr&ﬁ%y9|%%@'%@tﬂ@@f%bﬁp&ﬁ%l%@rb%@%lﬁﬁnghUT%BmHgglé insect cell

i n¢l'udes amino acid residies 17-677 of SEQ I'D 2.
cultprethe maisd¢anidedridi @@ltlof(rIGa wam@lem@n@annnn@ said EGFR

[ e varl nt. of _human

rarfToRRd Bt BEEMREC o) RgtRa Rl Bl BN Top; saia merm
fanmihe mﬁméda@cmrc@mg biyomaayisore€ eclibikskeuphecediepd of
qlg whereln the step of diafiltration/buffer

§E Lo N PHERaTGe 8Tt EpErECURE B abGuPus fer,
1&@10@)tiqlitze%5ﬁetﬁrlefa%r‘f§?1|1¥yat::h"%omta%gg%ﬁﬁhgr Q mhca}bout 3

to about 8C, optionally with tion of
- Sdéﬁereg:@imsg@@hc@gom@gm@@w t(REC) enpadat ure i s bey-

a%&% %%change chromatography (AIE).

2. The method of claim 1, wherein the EGFR family derived
protein includes a heterologous amino acid sequence that faci-

litates purification by means of IMAC.

3. The method of claim 2, wherein the heterologous amino acid

sequence is rich in histidine residues.

4. The method according to claim 3, wherein the heterologous

amino acid sequence comprises residues 1-14 of SEQ ID NO: 2.

- 5. The method according to any one of the preceding claims,

wherein the EGFR family derived protein comprises a substantial

part of the amino acid sequence of human EGFR or human HER-2.

6. The method according to claim 5, wherein the substantial
portion is mainly derived from the extracellular portion of

EGFR or HER-2.
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13. The nmethod according to claim12, wherein the
diafiltra- tionis perforned in two rounds so as to

WO pootitad3lry concentrate nacronol ecul ar conmpounBCT/DR240AM®00451
sanpl e of culture medium and 25 thereafter to exchange
culture mediumwi th buffer. Y 2004/113377
PCT/ DK2004/ 000451 40 14. The nethod according to
claim 13 erein_the croool.ecy- |ar. coppounds, are

7. o R EPES e S abat: CoRAidSaBEUD: 28 NEEPAs t IgSEGER fa-

mil{heereiBadpaceehidi g Lovekabitldr WaRkE AERbE .
macr onol ecu- 5 | ar conpounds are concentrated about
3-5 times. 16. The nethod according to any one of

8. cl @ahesméPhtfl, avberding tbhechufifer, exbbasge the variant of

erforned,in_one or tw subsequent steps _of which_the |,
humgprﬁgRggké§C&P§8§ at 4epAtoPngt fPEgdenslshahBest CohpsePi-
topé-.2 and of which the second optional step takes place

at a 10 pH of at least 7.0 and of nost 8.0. 17. The

nmet hod according to any one of clains 12-16, wherein a

9. phesphatenbuf heeorgiugedof enatheshbuihercexchangearl8nt of
The nethod according to an¥ one of the preceding .
humapa fiFR 2 hRELBARS kP8aR¥PetORPiLi GPhECBESaPRI JKHesaRnes 269~
282088CRRLIAbI AB: DY) - aha b0 |2.39dRdS! 8460869 BEL SEHALBNO:
and buffer exchanged sanple or erein the buffer
2) .exchanged sanple is substantially unaltered. 19. The
nmet hod according to claim 18, wherein imdazole, when
added, is added to reach a concentration of between
10.abdhe wepBodt gegpsdingotamcladm2f, wherggphsbe variant of

c LBg; 0064 P a , e .
g 2o PeLARs AR b BREbEREEHLRE, By 2ET . grpbEgn D no:
2. fatty acid ester such as Tween 20, Tween 40, Tween 60,
Tween 80, and Tween 85, an al kyl aryl pol yet her
al cohol such as Triton X100, a non-ionic detergent,
11.an@hg matbodydrapsdbagedodeteigent, wherein the amino acid

sequence of the variant of human HER-2 consists of residues 1-

677 of SEQ ID NO: 2.

12. The method according to any one of the preceding claims,

wherein the step of diafiltration/buffer exchange is performed
at a temperature from about 2 to about 25°C, preferably at a

temperature of about 3 to about 8°C, optionally with the addi-
tion of a detergent such as Tween when the temperature is bey-

ond 10°C.

13. The method according to claim 12, wherein the diafiltra-
tion is performed in two rounds so as to initially concentrate
macromolecular compounds in the sample of culture medium and

thereafter to exchange culture medium with buffer.
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25 such as octylglycoside, is added to the

diafiltrated and buffer exchanged sanple to reach a
w@omgani3rat i on of between about 0.05% (v/v) apdI/hB2604/000451

(v/v), such as about 0.1%(v/v). WD 2004/113377

PCT/ DK2004/ 000451 41 21. Thgynmethod according to any

one of the preceding clains, wherein the | MAC step

i nvol ves charglng of a chronatogra hic nmediumwith a
14.gi Jareefe HQ@aPCF€ﬁd6PGOFOt§l§6ﬂIﬁéatw@ﬁr@ﬂntﬁ@e parremolecu-

lare%QH@%%%@sS%E%l%on%e%%ra%@% %@E@%%na%%%QQ'@ga g %%%MQIZS

wherein the divalent netal ion is selecte rom
tlmﬁﬁe group consisting of Nit+, Cua+, Zn2+, Coe+, and
Fee+, preferably zZn2+. 23. The nethod according to
claim 21 or 22, wherein elution of the
15.chIdfafeghashrecoadiins ite srior fdd bpeasphyithe macromolecu-

larL%P&%??h%S atQ %b%%'%;%%ﬁe% EF%EtS%L% %QQF%ntratlon

or change hé chronatographlc
medi um 24. The nethod accordlng to claim 23, wherein

16. el@thﬁeQBlo%cc%Eﬁg%%t%%f%BQ'%n@E@EU%ub m@eﬁEQﬁ@Edwﬂ%reln

applying imdazole in~ one single step at
thec W@éﬁﬁr&ﬁpbﬁnﬁétm@e@eaﬁ@mmGQOlmNbaﬁdor5tabOBMb5@QuﬁNk steps
ferahly ncentratlon of about. 2
of gFg %RSIS?%S% %%kﬁgrpbrﬁgd %y aﬁglﬁlna h%&?ﬁ&lﬁe j gnd at

mosmné 2sang|efswancattaeceaeenarabt@anagtwe@p abaek Qace at a
and_400 preferably about 100 mM 25. The
pH ﬁ@tﬁadl§€€6ralﬁgapé Ry M8RE 8f Othe preceding cl ai s,

20 wherein the SEC step involves elution with a

ph hat nar TRIS .buffer or a biolaqgical, fer,
17 D HBPReE gy Ik Sradi Hoa8byr A oty Cordm 38-16, Wherein a
phowbﬁéebnbhhﬁe@Hleu@@dﬂfo&atﬁédb@EféQoékcﬁaﬁge
preferably about 7.5. 27. The nethod according to

claim25 or 26, wherein the ave- 25 rage pore size of
18.t h&#h8EGeirhbdi rceepdiagesoghabubae ptfotekenpreceding claims,

wherein imidazole, histidine or a high salt concentration buf-
fer is added to the diafiltrated and buffer exchanged sample or

wherein the buffer exchanged sample is substantially unaltered.

19. The method according to claim 18, wherein imidazole, when
added, is added to reach a concentration of between about 0.05

to about 20 mM.

20. The method according to any one of the preceding claims,
wherein a detergent selected from a Polyoxyethylene sorbitan
fatty acid ester such as Tween 20, Tween 40, Tween 60, Tween
80, and Tween 85, an alkylaryl polyether alcohol such as Triton
X100, a non-ionic detergent, and a carbohydrate based detergent
such as octylglycoside, is added to the diafiltrated and buffer
exchanged sample to reach a concentration of between about

0.05% (v/v) and 10% (v/v), such as about 0.1% (v/v).
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between 10 kDa and 600 kDa. 28. The net hod according

to any of the preceding clainms, wherein sanples
w@omiailszrng the EGFR fami |y derived protei n obPGNIDK2004/000451

2004/ 113377 PCT/ DK2004/ 000451 42 tamed from SEC, if

necessary, is diluted beforesfhe AIE step so as to

adj ust a phosphate concentration to |l ess than 15 nV

su as to the range between 10 and 12.5 mM 29. The_
21'wetﬁ5%“§%@%¥£ﬁ?ﬁfQ? By TonENSt A Yr dOEIRTE Edns c1aims,
wher et ieien Thvire %'t%gf:ti%ﬁfdl%%' ¥es rlead _g of éh*i%m%&%?g%phic

n

containing the EGFR fam |y derived protein obtal

medgdfume W iGhCcag fliyadiengngeterd weak parioon tex ep@igeardoni xf the
buf@érb%%%ha%%edT@%P%ﬁEhOd according to claim29, wherein
i - r

elution 1s-per med with a buffered NaC sol ution
at a pH between 7 and S. 10 31. The nethod according

22.F0T%%Ym%%%o@fdH@%rBﬁ%%e@En%lgﬁgigﬁ’ Wagrelin 2 WS alent
i nactivation step is introduced between the
metgilafiiont iagt isedklotieldef roxc ltheggrang kchACistdps. oF2NiThe cu??,

2iret hod accordifng to an e of ,the precedi ng clains,
Zn Whé?%ih The ng’spgﬁ%Fgaggwlgﬁed by a virus filtration

step. 15 33. The nmethod according to any one of the

_pr di ai re.an = step ut il Si a.wea .
23 RS sr e £ A e de g oS R T Rk iom of
theaglirSEStogepphid4 medi ummivnpgefioemedr bgntpefl yHER- 2midazole,

. _pr.at.ein that conprises the am.no acid sequence set
hisfRiRe £ SSEOIDRA: 5OMFELFaLdOR7DEFFeE, 26738, ChRBYS Of DH
ontbMEUBOGaRLMA¥BGraRhief mEERuA. protein according to

claim 34 that consists of the am no acid sequence set

forth in SEQID NO 2, residues 1-677. 36. A nucleic
24 .acTtdef maghedt athatrdéngodes cllhémi aBYN@gercenvaliuitiant of the
of HER-2 protein,according to claim34 or 35. 25 37. .
Chr?ﬂlétﬁaEPBB&ca@? 1PPadfeRETACEBRH RY eBPeVANG 3midaRPén in

onei§ingle step at a concentration between about 50 mM and
about 500 mM, preferably at a concentration of about 200 mM, or
wherein elution is performed by applying histidine in one
single step at a concentration between about 20 mM and 400 mM,

preferably about 100 mM.

25. The method according to any one of the preceding claims,
wherein the SEC step involves elution with a phosphate or TRIS
buffer or a biological buffer, such as HEPES.

26. The method according to claim 25, wherein the pH is main-

tained at about 7-8, preferably about 7.5.

27. The method according to claim 25 or 26, wherein the ave-
rage pore size of the SEC matrix separates globular protein

between 10 kDa and 600 kDa.

28. The method according to any of the preceding claims,

wherein samples containing the EGFR family derived protein ob-
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a DNA fragnment. WO 2004/113377 PCT/ DK2004/ 000451 43

38. A vector carrying the nucleic acid fragnent
wa@ewandi3myg to claim36 or 37. 39. The vector BCT/OKAA®H00451

to claim37, which is capable of autononous

replication. 5 40. The vectoppaccording to claim37 or

39 being selected from the group consisting of a

pl j d, hage, a cosmd, a mni- chronosone,
takﬂ?ﬁ? %E%h q\fe@teé:tesgﬁr@rdllﬁg dd Uty brdoge GIh§| @bIE step
so 3& 40 it IS prRBpRREESHRRNIEEHAn G i%ssTQ%an 15 mM,
vector according to claim4l, conprising in the ->3'

suchi eectticort hendrang copertatsiea [Lionkage 12a Sprdhot er for

driving ex- pression of the nucleic acid fragnment

according to claim36 or 37, optionally a nucleic
29.acildes 2EROSHIRG &9 é@d’epnﬁeﬁf ttih@e ParaBiing claims,

whe%%ﬁ%e%%%nkﬁ% %te?nﬁ%g%ﬁhkgn 1.Q %h%fn%%%r%%%ggae#?ntalnlng

t he pol ypepti r agnent g nucl’eic acid
thead&diRdifagni liyo delrdiviead3® roite3n, obmea iopd erfdlklry S@Cnoal @i etrong

- d a t 43. A
o We&%ssgﬁﬁﬁg%%E n%%@lFgggﬁgyiﬁgn#ﬁgksgctor of any one
of plalns 37-42. 20 44. A stable cell line which
BO.aﬁﬁE%eﬁekg%dy%%E%& OEQ'QQaH% 2%|am%g%%l%fei g%% is per-

expresses the nucleic acid accor
foﬁmechamm]&6b@ﬁf&%edadeWhBohumnbmoaalbypﬂebbeWanoﬂ and 8.
carries the immunogenic variant of HER-2 protein
according to claim34 or 35 on its surface. 25 45. An
31.i mAto gertine I aimsesictiingn thopnynwnei 2ifnghegeiresediBR- 21aims,

sijng the i.mmunageni.c, variant
Whe%%th R- l%u%ogég%%a%%gﬁglngtgg EPaitht3s %Fe§5be ween: the
diaddmitxatti @ nwicilt fa rplkea-idnge and IMAC steps.

32. The method according to any one of the preceding claims,

wherein the AIE step is followed by a virus filtration step.

33. The method according to any one of the preceding claims,
where an AIE step utilising a weak anion exchange column is

introduced between the IMAC and SEC steps.

34. An immunogenic variant of HER-2 protein that comprises the

amino acid sequence set forth in SEQ ID NO: 2, residues 17-677.

35. The immunogenic variant of HER-2 protein according to
claim 34 that consists of the amino acid sequence set forth in

SEQ ID NO: 2, residues 1-677.

36. A nucleic acid fragment that encodes the immunogenic vari-

ant of HER-2 protein according to claim 34 or 35.

37. The nucleic acid fragment according to claim 36, which is

a DNA fragment.
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WO 2004/ 113377 PCT/ DK2004/ 000451 44 ceutically
acceptable carrier or vehicle and optionally an
w@adjouuszy? 46. An i nmunogeni ¢ conmposition for PCT/DK2004/000451
I muni zi ng against HER-2 protein in a human
conprising the vector accordypg to claim4l 5 or 42
in adm xture with a pharnmaceutically agceptablz7 A
caryier .or vehicl.e and optiqgnally a j uvant : ,
38 e PhOT TG ARG S RURIE o doas: THaEBRBgogEcording to
claHER3% oxt I3g .met hod conpri sing adm ni stering an
i mmunogenically effec- tive anount of 10 - the
i munogeni ¢ variant of HER-2 protein according to
39.cl dihma vattor 3Tcoadingt he ichaimogani ghempasi th@dble of
accordin%_tﬂ,claLn145, or - the vector according to
autonomaup) 16pligatdon.  he i nmmunogeni c conposition
according to claim46, 15 to the hunman being. 48. The

me d rding tog.claim47 wherein t [ Myuni zat i on
4O'ag§?%ép%§%%gl8§%S§%ﬁﬁﬁ-§opF épn3§soﬁsg§ PSingr &5 Prged from
theograng- coneliatiing e&neeplasmid, a phage, a cosmid, a mini-

chromosome, and a virus.

41. The vector according to any one of claims 37-40, which is

an expression vector.

42. The vector according to claim 41, comprising in the 5'—3"
direction and in operable linkage, a promoter for driving ex-
pression of the nucleic acid fragment according to claim 36 or
37, optionally a nucleic acid sequence encoding a leader pep-
tide enabling secretion of or integration into the membrane of
the polypeptide fragment, the nucleic acid fragment according
to claim 36 or 37, and optionally a nucleic acid sequence enco-

ding a terminator

43. A transformed host cell carrying the vector of any one of

claims 37-42.

44. A stable cell line which carries the vector according to
claim 41 or 42 and which expresses the nucleic acid fragment

according to claim 36 or 37, and which optionally secretes or
carries the immunogenic variant of HER-2 protein according to

claim 34 or 35 on its surface.

45. An immunogenic composition for immunizing against HER-2
protein in a human comprising the immunogenic variant of HER-2

protein according to claim 34 or 35 in admixture with a pharma-
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ceutically acceptable carrier or vehicle and optionally an

adjuvant.

46. An immunogenic composition for immunizing against HER-2
protein in a human comprising the vector according to claim 41
or 42 in admixture with a pharmaceutically acceptable carrier

or vehicle and optionally an adjuvant

47. A method for immunizing a human against autologous HER-2,
the method comprising administering an immunogenically effec-
tive amount of .

- the immunogenic variant of HER-2 protein according to claim
34 or 35, or

- the immunogenic composition according to claim 45, or

- the vector according to claim 41 or 42, or

- the immunogenic composition according to claim 46,

to the human being.

48. The method according to claim 47 wherein the immunization
against autologous HER-2 protein is used for treating or ame-

liorating cancer.



