WD 02/ 099089 PCT/ US02/ 17763 1 COWPCOSI TI ONS AND METHODS FOR HI GH LEVEL,
LARGE- SCALE PRODUCTI ON OF RECOMBI NANT PROTEINS BACKGROUND COF THE

| NVENTI ONwWBielogbogd t he I nvention 5 The present invention reratseyigeneral |y
to gene expression and protein produdtion and, nore specifically, to
conpositions and nethods for the overexpression of reconbi nant proteins.
Such conpositions and nethods are useful in the high-level, |arge-scale
production of r i r i sScripti | at r A maj or
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cell-lines._Conventionall cells, such as, e.g., CHO KLl or CHO DUX, are
grown in t%%@@@%@F@%MEWﬁQNw serum and transfected by the
expression vector. of interest. The entire population of cells
subsequent |y undergoes a process of selection to renove cells that failed
to take up Ficliofakpngsmionn vector. The vector containing pool is then,

typically, subcloned and screened for high-1Ievel expression. Each of the
resul ting high-1evel Ehgppesaitigvastionaslaies gepeially éx gerrderpressi@nsndvirgteiiapt ed

to serumfree, suspension cul.t.ur ich adaptation .2 ften results.in the
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efficient functional expression of nulti-subunit proteins, such as, e.g.,
ant i bodi es, largeepgnle pzodaopomwpf ieaomebipadigiretaimed expr essi on of bot h subuni t
chains. For exanple, traditional nethodol ogies for the expression of

anti body heavy and light 25 chains rely on the co-transfection of plasmds
I ndependent hys Ciafiby biBeldiel9qYY and light chain coding region makes the
mai nt enance of an equal copy nunber difficult and provides the potenti al
for trandBcriptional i Ateajbegeho tHediivtedmoldpy indusey is fthetdeselopmbntraf stable

integrate close to one another in the genonme. WD _02/099089 PCT/ US02/ 17763
2 cell-line based systems for the large-scale expression of recombinant proteins such as,

e.g., recombinant antibodies. Standard methodologies require time consuming and
labor intensive development of suitable recombinant host cell-lines. Conventionally,
cells, such as, e.g.,, CHO-K1 or CHO DUX, are grown in the presence of fetal bovine
15 serum and transfected by the expression vector. of interest. The entire population of
cells subsequently undergoes a process of selection to remove cells that failed to take up
| the expression vector. The vector containing pool is then, typically, subcloned and
screened for high-level expression. Each of the resulting high-level expressing clones is
then expanded and slowly adapted to serum-free, suspension culture which adaptation

20  often results in the loss of expression of the recombinant protein and/or polypeptide.
In addition to these general limitations in recombinant protein
expression, efficient functional expression of multi-subunit proteins, such as, e.g.,
antibodies, requires appropriately balanced expression of both subunit chains. For
example, traditional methodologies for the expression of antibody heavy and light
25 chains rely on the co-transfection of plasmids independently carrying a heavy and light
chain coding region makes the maintenance of an equal copy number difficult and
provides the potential for transcriptional interference between the genes if the vectors

integrate close to one another in the genome.



Thus, in spite of considerable research, there remains a need in the art
for inproved conpositions and nethods for high-level, |arge-scale

expr essi owowmk/09908conbi nant protei ns and/ or pol ypepti des i RCrasongr7ent i body
heavy and |ight chains. The present Bnvention fulfills these needs and
further provides other related advantages 5 by utilizing host cell-Ilines
that are pre-adapted for serumfree, suspension culture in conbination

w th suitable expression vectors for reconbinant protein expression. Also
provi ded herein are bithgs ieitesd spnsisoble wseasel tlnqﬁgtenyémsrﬁneedh@theartfor
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host cell-line is capable of in serumfree su nculture and
(b) a vect oprovated lmnemaarm(bddmmnmalptlé‘,% vectak thatrmmﬁhhaanﬁultmed&us; highnd/ or
pol ypepti de, such as, a - based vector described herein. 20 The present
i nvention, |SHeLEBrEFn QF Hue pr merergrRRinaRtelakns pad/of Relyprngides frema single

| ar ge- scal ey peptides. Particul ar nmethods conprise the
Hé‘s%& &s d P&tot

st eps of (a) taln ng an |mmrtallzed host cell-line capable of growth in
suspensi on; (b) adapting the host cell-line for gromh in serumfree
medi um c) transfectin the resulting imortalized host cell-line capable

of growtlR i AUMMAENS O BRENYENAON ee 25 mediumwith a vector suitable for

overexpression of ar tein and/ g eptide, ord| ng to
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at |east 75% 80% B85% 02/ 099089 PCT/ US02/ 17763 3
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15 In one aspect, the present invention provides compositions, comprising:
(2) an immortalized host cell-line, capable of continuous growth in culture, which host
cell-line is capable of growth in serum-free suspension culture, and (b) a vector for
sustained overexpression of a recombinant protein and/or polypeptide, such as a UCOE-
based vector described herein.

20 The present invention, in another aspect, provides methods for the high-
level, large-scale production of polypeptides. Particular methods comprise the steps of
(a) obtaining an immortalized host cell-line capable of growth in suspension; (b)
adapting the host cell-line for growth in serum-free medium; (c¢) transfecting the
resulting immortalized host cell-line capable of growth in suspension and serum-free

25 medium with a vector suitable for overexpression of a recombinant protein and/or
polypeptide.

According to the compositions and methods of the present invention,
suitable immortalized host cell-lines may possess one or more of the following
properties: (a) doubling times of no more than 16 hours, preferably between 12 and 16

30 hours; (b) transfection efficiency of at least 70%, preferably at least 75%, 80%, 85%,



90% or 95% (c) susceptible to standard sel ection agents such as, for
exanpl e, hygronycin, (418, and puronycin; (d) absence of gal-gal
gl ycosyl awpen/ogfo8r econbi nant  protei n and/ or pol ypepti de. PETArspl/ar7y3

immortalized host cell-lines that may3be adapted for use in 5 the
presently clained invention include, but are not limted to, the follow ng
commercially avail able host cell-lines: (a) CHO S (a Chinese hanster ovary

host - 1 : 93-F h h L L-1i : 293-H
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repression of the reconbi nant protein_ and/ or hlpoI ypeptide. Wthin certain

enbodi ment dine)d®) 39FFdp buman dogiseettliney(Eh2PTH (sdipmanrashesll-begipd $O%ne or

nor e uni versa h i nisN ts S)., as, ;. defj rei n bel ow.
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pronoter. Preferred conpositions and nethods of the present invention are

capabl el0 oflings hayw ber gbtaxedeibadugh towiind expstimentation shlle@ingrthe enahdsiohegis
protein andf.orl%gﬁklg%}e]gti de per liter of culture, nore preferably at | east

100 ng rec tein and/or 25 pol ypeptide per liter, and still nore
preferably at |east 2004 f6CGRERATDN BE PBitbinaAP ProRéi @%d/&ﬁﬁm' Bl
liter. The present invention fu?gt%ﬁer prrlovi des é%npgsi tl?ons and *r!% ﬁo s that

ar e capabl esuithble @l wselip thocanpdsaams atdtekliads of dreapresent frdveytic wisy ppsess100

liter culture) of at _least. 1 gram of protein and/ or pol ypept,i de, re
pr ef er abl y %€ preggre of dﬁ%r@l‘m’l%%rﬂff’%‘?rﬂg%o @nﬁ‘?‘ﬁ%‘%)@%p%p‘lnpf?e?le@ﬁ“?ﬁg re

o cf e bt gl QBT O DAL U A BRUACHL 801 B PR .
PCT/ US02/ 1é&&ant to repression of the recombinant protein and/or polypeptide.

Within certain embodiments, vectors of the present invention may
further comprise one or more universal chromatin opening elements (UCOEs) as
defined herein below. Additionally or alternatively, vectors as disclosed herein may

20 comprise one or more transcriptional promoters such as, for example, the CMV
promoter.

Preferred compositions and methods of the present invention are capable
of achieving expression levels of at least 50 mg recombinant protein and/or polypeptide
per liter of culture, more preferably at least 100 mg recombinant protein and/or

25 polypeptide per liter, and still more preferably at least 200 mg recombinant protein
and/or polypeptide per liter.

The present invention further provides compositions and methods that
are capable of scale-up to at least 100 liter scale with yields (per 100 liter culture) of at
least 1 gram of protein and/or polypeptide, more preferably at least 5 grams of protein

30 and/or polypeptide, still more preferably at least 10 grams of protein and/or polypeptide,
and most preferably at least 20 grams of protein and/or polypeptide.



4 The present invention still further provides conpositions and net hods
enpl oyi ng bi-directional vector systens for the high-1evel expression of
two or nowe 02/0ewenbi nant proteins on a single UCOE-based picagrsoziwext or.
Exenpl ary bi- directional vector systéns nmay conprise one or nore
transcriptional pronoter selected 5 fromthe group consisting of the mnurine
CW pronoter, the human CW pronoter, and the human beta-actin pronoter.

The present }nventi on_al l@%"g Vi dﬁ%{hﬁt%g}%rlr?%%ﬂ%{]?%n%l gﬂ(lj]lgﬁﬁ&r i rgvedcI
expressi on of one or r qﬁ%ég ase
pl asm d Vecéxﬂﬂ@yﬁg'%fldﬁ@otm‘ﬁalgvect&'%ﬁt@ﬁﬁ& th‘é%gﬁl[@rlei Yt QRN 611 @ ANRoRr Nore

10 deletions wthin the portion. Illustrative UCCE deletion
const r uct s resdnhbingnt epreteatd yonr et anglesU@ﬁ)E—bmdtplb@ﬁE actton i tExemplgry bt

| east about SO%I@E)referabl at |east about 75% and rroraj pr ef er abl at
| east 90% CHIERBIE! FECOICRISCHISIY CAMREF Q0F W6 MOBe “PP%HHE% PEGpQIer 1

corpri 56 ddl B, Eeap oo e e kR EMEY e HRE (B BB Eér%ﬁ%k
group consiatitfgnohan/Rts-adiocmbdinoteAEM  (err)Mul, and ARV, as depicted in

Table 4 and Figure 14. Deletions within the scope of the present invention
are preferably at | eakie prsentpinventione alse crevigdps fompoméa@% apd gneshodss {911 |

and st 11 bRty SEBSs BEuoRd sty BRlaoaidtl ShARInEbe kBT HGENVE Cce

vectors of Yab&l plagaRINeckdty Qithi N e, |¢ET7E-(I)GFIP RpBhdlly @aRisingmdtorl rﬁéi%t 20
one or nore portions, wher ei h the UCOE portions retain a desired |evel

of  UCOH) aclelefiony within theeS kb IR l&@E@O@Wﬂodﬂlﬁﬁrﬂtwe AICOB alstetiah canstacts, 1 kb

UCCE t d d 4 of T720€FP
(SEG 1D oW RtSRP SR Skt e O OB AT ity e o Bt b o Meterabbid
demonst r at aghsDgcRh 1540 afChbldbreferdshy B IcRf IMRCR b oy UOOILAERAY Rbhevd @ L hat

observed the full 8k el’'enent 25 correspondi ng to nucl eoti de residues
2225- 10525 thé aasmzemah@ § SEGND INWE $JemenT hleswibad demtith e Extigarpdeleiians can

ar L1 ocogh itk PRIV SELish dolelaoERaeaPaTtae RO o G OF IRtk e Thes
T LI T
30 ref er enddgudilgdc| Deledordsewihin the scoperoflife presatt finveationl aby preéhable ac Reatn
their entl I’l%t() pfsllsnolre]c prefege(m:brl]y X\'éalgaslt Sg(()) {)[E),()s‘:lﬁtn(aa(ge Ip?e(:jfér\ébl(;f at llelagt 1000 bp, still more
preferably at least 2500 bp and still more preferably at least 4000 bp. Particularly
illustrative UCOE vectors of the present invention will thus minimally comprise at least
20  one or more UCOE portions, wherein the UCOE portions retain a desired level of
UCQOE activity. In one illustrative embodiment, at least about a 4.1 kb UCOE portion
corresponding to nucleotide residues 5152-9254 of CET720GFP (SEQ ID NO: 9) is
employed. This UCOE portion, for example, has been demonstrated herein to retain a
level of UCOE activity comparable to that observed the full 8kb UCOE element
25 corresponding to nucleotide residues 2225-10525 of CET720GFP (SEQ ID NO: 9).
These and other UCOE portions can be readily identified, and their activities evaluated,
via routine and art-recognized techniques in view of the disclosure provided herein.
These and other aspects of the present invention will become apparent
upon reference to the following detailed description and attached drawings. All

30 references disclosed herein are hereby incorporated by reference in their entirety as if

each was incorporated individually.



WO 02/ 099089 PCT/ US02/ 17763 5 BRI EF DESCRI PTI ON OF THE DRAW NGS AND
SEQUENCE I DENTIFIERS Figure 1 is a diagrammatic representation of

UCCE- basemtoannydesdly expressi on cassettes. Figure 2A and PBtarse2/pi7esm d
maps of vectors that may be used for 55 expression of reconbi nant human
anti bodi es. Figure 2A shows a plasmd for expression of reconbi nant human
| g heavy chain. Figure 2B shows a plasm d for expression of reconbi nant

exprosston Pogey DERCiPE i, B Bra bRt h R AR AT BBaR. 1o
Figure 4 shows the repylls 10fs $CRlGaMMall Rpetdniationeds Ud@]‘?—b&é’eﬁnﬁt%ﬁﬁd

with vectors expressing the Heavy and Light” chains of antibody Abl i
shake- f | askexpredsionroassattes.in a 2 |liter bioreactor. The |eft-hand panel shows

anti body titer deternned y ELI.SA. The right-hand panel sho cel |
growth. Figure 5 is &’@P%Fp%/go"é‘g %@iaﬁapraﬁ@ui TAPRF O Greolsy tha may s ¥sdsbn t he
15 surf age N j , é?ﬁ% . [l I Qur y

di agr armgt i giprr éegé@gs g%{} é?({déﬂﬂéﬁ ? e :%8}3%0 F'(;E%I& %%h% ééglmpgasglé%tsfg?
pBDUneo 100exgdrégioheol7 rdcemdindhnfiirdnmnag iheavye phisis.e nfigire 2B ghowde plasmid for

bi -directional UCCE plasm d vector pBDUneo200. 20 Figure 8 is a
di agr amat i expressicasd secembirang humpeladiapgs Hgltshaial UCOE  pl asni d vect or

pBDUpur 0300. Figure 94is._a,diagr ti.G..repr ntation o h

bi -directional UCCE 151 sen‘iq'd 3%&%%‘%@&&%@%@’7 eﬁgljﬁ%?oen %BEIFE“(QHO cells

di agr ammat i gadERieSRAh atd Rh&@lt UdtOESI - di recti onal UCOE 25 plasm d vector
pBDUneo500. Figure 11 is a diagrammatic representation of the

bi - di red0i onal UCCE Plgagnd dhares therrepdBlodsogeomp ofi gGHE-3 zell ding tegnsigetadmmat i ¢
representation of the bi-directional | asm d vect.or, pBDUpur 0700. 30
bure: 131 8T8 Geioet Sxatktie e iena g Hant Brnal sy catl B S Gl

culture and in a 2 liter bioreactor. The left-hand panel shows antibody titer determined

by ELISA. The right-hand panel shows cell growth.
Figure 5 is a graph depicting the levels of Gal-Gal residues on the
15 surface of murine hybridoma, CHO-K1, and CHO-S cells.
Figure 6 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUneo100.
Figure 7 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUneo200.
20 Figure 8 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUpuro300.
A Figure 9 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUpuro400.
Figure 10 is a diagrammatic representation of the bi-directional UCOE
25 plasmid vector pBDUneo500.
Figure 11 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pPBDUneo600.
Figure 12 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUpuro700.
30 Figure 13 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUpuro800.



pl asm d vect or pBDUpuro0800. WO 02/099089 PCT/US02/ 17763 6 Figure 14 is a
di agrammatic representation of deletions within the 8 kb RNP UCCE of
CET720GFRvORRmem089 15 is a diagramrmatic representation of wPhe/usv2/dizeecti onal
UCOE plasm d vector pBDUpuro350. 5 Fpgure 16 is a diagrammtic
representation of the bi-directional UCOCE plasm d vector pBDUpur 0450
Figure 17 is a diagrammatic representation of the bi-directional

pl asm d vect or pBDUnepl20 re 18 c.represe n of
Phe bl ~di rect | onal - UBAER 14 it p Hitefermipalis sbrieBbfith oF asets iR dhe %ls%

di agr ammat igNp eRI@SeNCRTYuGIS. the bi-directional UCCE pl asm d vect or
pBDUneo 1600. Figure 20 is a diagrammatic representation of the

bi -directional UCCE FIpgwsibds wetisgrampBitjpeprosed®fion of Sha-bigdirestiddalil$CaQEgr aph
depicting the anti bod oductjon rates for illustrative cell lines
cont ai ni ng Pg?fsﬂﬂﬁ??’%%?fimp‘@@% pl asmi d vectors. BRI EF DESCRI PTION OF THE
SEQUEN | DENTI FI ERS I I

Ci 18 NG diad ﬁx;/n}nx%ﬁfﬂ r H&'n%ﬂto%‘iﬁe ﬁiez;ﬂi&’egc %%Aggggg

pBDUneol 00. SEQ ID isthep e sequence o .20
SEQ | D NO 3>1dsm1dhect¢1qﬂ3']m1plhle¢50 de sequence of pBDUpur 0300. SEQ I DNO4 is
t he pol ynucl eoti de sequence of pBDUpuro400. SEQID NO 5.is

pol ynucl eoti de sequeAd@usfl7gg %@@@aﬁcmﬂeﬁaﬂw %@%bkﬁéﬁcﬁéﬁmﬂ@p@otl de

sequence of Q NO 7 is the polynucl eoti de sequence of
pBDUpur 0706’1&%5&]2%%%?%“%@%%&5@5 t he pol ynucl eoti de sequence of pBDUpur 0800.
SEQID NO 9 is the puglisat diskeamaaue regeehtation of thdHIdiZd G0 USBR | D
NGs: 10-26 represent | ustrative prinmer sequences enployed in Exanple 4

for thel%rMQﬂdUWt@TPBWP@Vé@QJCCE vectors according to the invention. SEQ
D NG 27 i's the pol X:TUC qgtlls %edlasge%l%gﬁg rggrefe%%fj Bi o?%l?e bi-directional UCOE

plasmid vector pBDUneo1600.

Figure 20 is a diagrammatic representation of the bi-directional UCOE
plasmid vector pBDUpuro1800.
15 Figure 21 is a graph depicting the antibody production rates for

illustrative cell lines containing bi-directional UCOE plasmid vectors.

BRIEF DESCRIPTION OF THE SEQUENCE IDENTIFIERS
SEQ ID NO:1 is the polynucleotide sequence of pBDUneo100.
SEQ ID NO:2 is the polynucleotide sequence of pBDUne0200.
20 SEQ ID NO:3 is the polynucleotide sequence of pBDUpuro3 00.
SEQ ID NO:4 is the polynucleotide sequence of pBDUpuro400.
SEQ ID NO: 5 is the polynucleotide sequence of pBDUneo500.
SEQ ID NO: 6 is the polynucleotide sequence of pBDUneo600
SEQ ID NO: 7 is the polynucleotide sequence of pPBDUpuro700.
25 SEQ ID NO: 8 is the polynucleotide sequence of pBDUpuro800.
SEQ ID NO: 9 is the polynucleotide sequence of vector CET720GFP.
SEQ ID NOs: 10-26 represent illustrative primer sequences employed in
Example 4 for the production of improved UCOE vectors according to the invention.
SEQ ID NO: 27 is the polynucleotide sequence of pBDUpuro350.
30 SEQ ID NO: 28 is the polynucleotide sequence of pPBDUpuro450.



30 SEQ ID NO 28 is the polynucl eotide sequence of pBDUpuro0450. WO

02/ 099089 PCT/US02/ 17763 7 SEQ ID NO 29 is the pol ynucl eoti de sequence of
pBDUNeol1280.02/08@8 | D NO 30 is the pol ynucl eoti de sequenceCofuspBDUIpar 01450.
SEQ ID NO 31 is the pol ynucl eotide séquence of pBDUneol600. SEQ ID NO 32
is the pol ynucl eoti de sequence of pBDUpuro 1800. 5 DETAILED DESCRI PTI ON OF
THE | NVENTI ON The present invention is directed generally to conpositions

and nethods for use | iqgh-level, |arge-scale producti of . recombi nant
proteins and/or pol y%ﬁb%&::z%@t@é@?}%ﬁ]@ﬁtl %?eﬂﬁ@}“eﬁﬁﬁé&?jn??p&gt rative
conposi tions of the p@IEHNO:IIOE R u@g%g@fsgﬂf;%c@f@p%u{oqgml cted to,

immortalized, serumfree, suspension Host Ines 1n-conbination with
one or nore expressi BEQ &2 N3 198 ilteghlmutleotiddeqhégh of pBDEIneo16@0ge- scal e
expression of reconbi nant proteins and or pol ypeptides. The practice of the
present invention wi |S%ﬁ%ﬁ\@ﬁ%ﬁﬂ@gﬁmkea@wqu%@@f PBPAPp1860.t he
contrary, conventional nethods of virology, immnology, mcrobiology,

nol ecul ar bi ol ogy and reconbi nant DNA techni ques within the skill of 15 the

art, many dYEWAIIHD ABSCRIBTIONE@F DHEANVIBENTION purpose of illustration.
Such techniques are explained fully in the literature. See, e.g

Sanbr ook, et al . Nbl ebhsl resenOnyenting: is direefpd gencsally tmeamapsitionsanddnetheds,

1989); Maniatis_et. a | gcul ar Cl.oning; ..A Laborator. nual. (1982); DNA
Gon gt A B ol dar bighbRe ol sphi®) pRstophy, B G tpditer g Btiint *airde

A i gonucl egidifRpiRiest hasi SeschibedChirther @8low, 1if84ativBluson®iositiba @f 4Be present
Hybridi zation (B. Hames & S. Higgins, eds., 1985); Transcription and

Tr ansl| at i orinyetion ipgtade, SusareHiqy gestgcted dis . immi@Bliyed, AafumafreCeuspe@sibn ost (R,
Freshne

ed,.,..1986); Perhal, . A Practical CGuide to Ml ecular. C oni.
(1634) - 10y PR O3 PrTEn e Bhe, A SSE GRRTRU O SHOARS (gt aFErn
whet her  supyd, 19¢gelsBAlE @X}gl«ags%rr&fre&ﬂnﬁiﬁ&ﬁ gﬁ%ﬂ% Erﬂih&%o'hgkﬁtg ce in their
entirety. 25 As uUsed in this specification and the "appended clains, the
singular fornms "a," Thenpraatick of Hb¢ presehiudeveplionr abillr @hploenassssuindéssed he
content clear I_}( a(ﬂ ctates otherw se. WD 02/099089 PCT/ US02/ 17763 8
specifically to the contrary, conventional methods of virology, immunology,
microbiology, molecular biology and recombinant DNA techniques within the skill of
15 the art, many of which are described below for the purpose of illustration. Such
techniques are explained fully in the literature. See, e.g., Sambrook, et al. Molecular
Cloning: A Laboratory Manual (2nd Edition, 1989); Maniatis et al. Molecular Cloning:
A Laboratory Manual (1982); DNA Cloning: A Practical Approach, vol. I & II (D.
Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed., 1984); Nucleic Acid
20 Hybridization (B. Hames & S. Higgins, eds., 1985); Transcription and Translation (B.
Hames & S. Higgins, eds., 1984); Animal Cell Culture (R. Freshney, ed., 1986); Perbal,
A Practical Guide to Molecular Cloning (1984).
All publications, patents and patent applications cited herein, whether
supra or infra, are hereby incorporated by reference in their entirety.
25 As used in this specification and the appended claims, the singular forms

a," "an" and "the" include plural references unless the content clearly dictates

otherwise.



Preparation and Sel ection of Serumfree, Suspension Host cell-lines Host
cell-lines ideally suitable for use in the conpositions and nethods of the
present iwWoean)w9 nay have one or nore of the foll ow ng arCriusar/esss3 (a)
capable of immortal, continuous growsh in culture; (b) adapted for growth
in suspension; (c) 5 rapid growh, preferably 12-16 hour doubling tinme; (d)
high transfection efficiency, preferably at |east 70% (e) susceptibility

to selectiaqp ion . er ah hygronyci n, (418 or
pur omyci n; Tirg : ﬁgemgusp,en& RS ’Ehé‘..t with use as a

hunan ¢ her apeut i . pr}fés%ahhxesha@amba%% {94 143 tﬁ@ko@basﬂm'a%uﬂ&h&ﬁt tern;
and (g) adapted for gromh in serumfree nmedium preferably
chemi cal | y-odéhd presint is@npiorotnay hate ese grmatehofithe fdlowingafinitads: oa) oadablter i ved
conponent s host . cel | -1ine having qne or re of these attributes y be
used to é\tA rial, SPHERYS OV Hie Y e d&Y efaisre it SPWHeHotHsPSION: et

| t ] i W th
Feduced o1 %15‘9 St el O T R B e RO ek SRS DB, B2
hi gh- 1 evel ,préfarably- atc kbt P0%d Ot susceptibilityl %o rselecdd Bantantidt ildtoR agdéns,

pol ypepti des. For I ong-ter &1&} hi gh-yi el d production of reconbi nant proteins,
stabl e expre§mplyhyigeomysin G 18y or pruEgrayains € MﬁlnélwlémrmaﬂemmCﬁéﬁs’r@mat

d
cxpr ovsi on YRR B g5 Rl Bl  C e CO LRGN,

sel ect abl e JHAr (gBradapee PR drbR1LS M BeRfin-Aee %ecﬁmﬁe@?éféﬁaslyvafénﬁ&all e ng
the introduction of the vector, cells nay be allowed to gr ow 1-2 days

in an el i qieldinniset gow&fwrthoutm@ipeat@nm] -derived compemsintsct i ve medi a The

pur pose of the selec rker is to confer |st to se]l ection, and
its presence allows ‘&g?‘ alﬁ’(? l?agbr@v‘ér}eyoro’?m{?e‘?f é’f?@c%@’s*’%f]fiﬁ O pr ess

the introdygedo dﬁ qGY&athSer the@ﬁﬁﬂ%@&%pﬁkﬁr&%eﬁmlﬁﬁﬁﬁ? %BsttéeﬁﬂﬁfeQEHE?ﬁlaﬁfﬁJe' S may
be proliferated using tissue culture 25 techniques appropriate to the cell
type. Any rizanbferredfintedevdommens yaide npnnfagtubieg usill educed ceffmt and aimé casned

cell-lines. These incl ude, re.not_ limte t he herpes sinpl ex. virus
t hyni di ne RIRALE OWFEIsERS rmtilg olggies ) i 51@31 eVl lazggs@ai? pappPcHaR fhe
phosphoy4 b &ﬂy& t al. (1990) Cell 22:817-23) genes
whi ch cgsn ggé’dgiﬂlﬁé}gggﬁé}ﬁﬁﬂé/s p.Xpeétrldéb aprt.sup.- cells, respectively.

Al so, antinetabol it e Foaribhdtedini high-yiekl piotinckiorr of irsdoattigant gitoteivs, yablt as

the basis for selection; for example, dhfr which confers resistance to WO
02/ 099089 [EENTEsEED /13 7gangrally preferred. TFor example, cell-lines that stably express a

polynucleotide of interest may be transfected using expression vectors which may

contain endogenous expression elements and a selectable marker gene on the same or
20 on a separate vector. Following the introduction of the vector, cells may be allowed to

grow for 1-2 days in an enriched media before they are switched to selective media. The

purpose of the selectable marker is to confer resistance to selection, and its presence

allows growth and recovery of cells that successfully express the introduced sequences.

Resistant clones of stably transformed cells may be proliferated using tissue culture
25 techniques appropriate to the cell type.

Any number of selection systems may be used to recover transformed
cell-lines. These include, but are not limited to, the herpes simplex virus thymidine
kinase (Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphoribosyltransferase
(Lowy, L. et al. (1990) Cell 22:817-23) genes which can be employed in tk.sup.- or

30 aprt.sup.- cells, respectively. Also, antimetabolite, antibiotic or herbicide resistance can

be used as the basis for selection; for example, dhfr which confers resistance to



9 methotrexate (Wgler, M et al. (1980) Proc. Natl. Acad. Sci.
77:3567-70); glutam ne synthetase (GS) which confers glutarnine -

i ndependew0 ogiogssh and resi stance to nethioni ne sul phoxi mCRaSOBetshs ngt on
et al. (1992) Biotechnology 10(2):169975; and Cockett et al. (1991)

Nucl ei ¢ Acids Res. 25;19(2):319-25; npt, which confers resistance 5 to the
am nogl ycosi des, neonycin and G 418 (Col bere-Garapin, F. et al (1981) J

bl or sul £ urBiRaerat Wil B 2l 8D Sl cREIE el 2R aRminn,e .
supra). Addihfherasd (@g? aphiek | Anfde BRaMake - HEEHARIE drB%Hh h@ reSYHR! &

trpB, which allows cells to utilize indole in” place of tryptophan, or

hi sD, whi cimethlonins sdpHogirnine (Bebbirgtohies tal. (dP92)nBipteabmology HDE):il 69-A%; aH

(Har t man, .. a N O} | ]igan (1988) Pr Natl . Acad. )

Soi - 85 B4 Koskst Sl (oo Neersi &ieh Resmpsnk i 3hes> Gintre B siufess writana
such marker in A UGl @i S I a S,
and 1 ot T or Sons R RRRUAI ReorRh o @RS, & 5t URANZL Y (o
identify trRiobf 6Fihidy, abditalsl &o pay guiht iconfei hesistamento ofhlorksitiléash eadd or

stabl e protein expression attributable to a specific vector system (Rhodes,
C. 15 A @hogphinqtriggsacefileansisassprespestely Qdunry, suppe). Additingal gyelactble
presence/ a f r 1gen Sj SHage t hat . the geng, of
interest i %% g%ggavgrbeerségn ,g&}btgg’ %rr geégﬁr?ge’ g‘ﬁg’ expr eegfso?xgn&%)}o rlllélg%gt%d% el

confirmed. pghave EXBMRphan,i dr Hidl®, wiidhane®s edkadiviifize hRahyPRAilhRe i istidiger t ed
within a marker gene segi;ence, reconbi nant cells containing sequences can

be i dent® f i(Eartmpns heC.20d &b e Mbdligtn (BRI ogeMer] tAmdt a8 : 4 exInatlheséey, a

mar ker gene _can,be pl.aced in _tandem th. ol ypepti de-encodi ng sgquence
under the &8 n 1?18‘% g& % ?‘ﬁsg ﬁ@%f?é’%t’l&% “@p&’@bﬁﬁlﬁe‘@f % ﬁ‘&ﬁﬂ‘ﬁ’f’ﬁgf’ E%ﬁ'e in
response t QlidHedHiddse mnd itsS@lb8@htt USSMRA Tudifbath Gt RS subSHARERR 1M, Weiddre
tandem gene as well. Alternatively, host cells that contain and express a
desired 25videlyywsed | mdtdndie te edpntific dransfpronts, dentaldo ted qimntidy Vs ambyntodf
procedures known to ose of skilJl in the art. These procedures incl ude,
but are nottrqnﬁlﬁ{“t(g(ft#ge, PIRGAL PRpACSSIOnBRbY t‘i’l?ﬁ??%&"z%?%ﬁgﬁ%}ﬁ(@g‘?@ﬁse@n

bi oassays OrA.iéi‘HP(‘%§%rﬁo‘r‘z§Efquyz% 5\54*1'?@1]3& icl ude, for exanple, nenbrane,
solution, or chip based technol ogies for the detection and/or
quantification of nudldionghdhapesenpe/abehee oBMarkkey genceésprefionrspese haf or

detecting apd meaa%rj ng the expression of pol ynucl eoti de-encoded products,
usi ng ei t hdl® B8N QL owigresh s r?gffﬂ)@r%ﬁﬁi 3 pessdes egd expression may need to be

confirmed. For example, if the sequence encoding a polypeptide is inserted within a
marker gene sequence, recombinant cells containing sequences can be identified by the
20 absence of marker gene function. Alternatively, a marker gene can be placed in tandem
with a polypeptide-encoding sequence under the control of a single promoter.
Expression of the marker gene in response to induction or selection usually indicates
expression of the tandem gene as well.
Alternatively, host cells that contain and express a desired
25 polynucleotide sequence may be identified by a variety of procedures known to those of
skill in the art. These procedures include, but are not limited to, DNA-DNA or DNA-
RNA hybridizations and protein bioassay or immunoassay techniques which include,
for example, membrane, solution, or chip based technologies for the detection and/or
quantification of nucleic acid or protein.
30 A variety of protocols for detecting and measuring the expression of

polynucleotide-encoded products, using either polyclonal or monoclonal antibodies



WO 02/ 099089 PCT/ US02/ 17763 10 specific for the product are known in the
art. Exanples include enzyne-linked inmmunosorbent assay (ELISA),

radi oi mmmoagsgyws{ Rl A), and fl uorescence activated cell ®OTtUSAYITEACS). A
t wo-si te, nonocl onal - based i nmunoassal utilizing nonocl onal antibodies
reactive to two non-interfering epitopes on a given polypeptide may be 5
preferred for sone applications, but a conpetitive binding assay may al so
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may be cl orfgsé idothev@siydraré desctibed, prmoay othied placés, an Hamhonp Robeal. §906; 15
vectors are known in the art, are commercially avail able, and r%y be used

to synt hesi@ologra Methpds ailigbgratory Mapualg APSiBspssobt Bawl. dlimng snd MaddpayD

pol ymer ase 7 3, 2 QI PG al abel ed nucl eoti des. These
procedur es %}ignb@@ggh‘ét%p'e eﬁ's]i gﬁf}l?@grlél;)éty of comrercially avail able

kits. Suitable reportRivid®vatdty 651a8Els lhad 8bisugatidh GEchiRied BreUsBtn Hynibsde

radi onucl i des, enzynes, fluorescent, chem | um nescent, or chronogenic
agents 1®0 skilledan thesast andovey be used in yariwts awsleici agitd dsidtapning aeid @stays. cMeans
particles, and the |ike t.cells tr forme Lth a pol ynucl eoti
Cequence. orfor Arigiae e Boridition an Tt es he 9 GH0e SRR Bhe
expr essi on gyMhutREAY&A! YinBludé NBLPSIMEIE, | Atk taBithtidit! A Sabelile BF OPERN
produced by a reconbi nant cell nmay be secreted or contai ned

i ntracel | ulzmplificdépensing g lawlddmckotiden ddtemmatiidy, thhsequentesy ousmgydporensni | |

be understopd 25 by those of skill in_the art, expressio ectqrs

cont ai ni ng tﬁﬁ‘?ﬂ}fgﬁ’@gé& plgaed gto 1o xectqrn{pg ?é’ﬁ"q&‘ﬁ‘j}"‘g@?@@s@- PEec onted n

si gnal q i i C el e igde.:3hrough
a pr oka?gotq{% g&gsrsargﬁbg‘??gﬂ}%%él %Eﬁ#%ér}glﬁggl a\giﬁleﬂre’ recgﬁggggéﬁﬁ SE nﬂs;lgsrl%elgtl ons
may be useRNA grobes is &iftteby additorc oflamgppropriake/ RBAL palgmerfase suthew 51 T8 por

nucl eoti de sequence encodi ng._a pol ypepti de donain which wll facilitate 30
puri fi cati off otdslabelsd auplegtidsgs sThesg prpcpdies mextiesionducied psing aqrighnel ns

include, b L<':torr91[1e(?cially available kits. Suitable reporter molecules or labels, which may be used

include radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic agents
20 as well as substrates, cofactors, inhibitors, magnetic particles, and the like.

Host cells transformed with a polynucleotide sequence of interest may be
cultured under conditions suitable for the expression and recovery of the protein from
cell culture. The protein produced by a recombinant cell may be secreted or contained
intracellularly depending on the sequence and/or the vector used. As will be understood

25 by those of skill in the art, expression vectors containing polynucleotides of the
invention may be designed to contain signal sequences which direct secretion of the
encoded polypeptide through a prokaryotic or eukaryotic cell membrane. Other
recombinant constructions may be used to join sequences encoding a polypeptide of
interest to nucleotide sequence encoding a polypeptide domain which will facilitate

30 purification of soluble proteins. Such purification facilitating domains include, but are

not limited to, metal chelating peptides such as histidine-tryptophan modules that allow



not limted to, netal chelating peptides such as histidine-tryptophan
nodul es that all ow WD 02/099089 PCT/ US02/ 17763 11 purification on

i mrobi | i 2&0 oaed@Bs, protein A domains that allow purificaPCensent7763

i rmobi |i zed i munogl obulin, and the ddmain utilized in the FLAGS
extension/affinity purification system (Inmunex Corp., Seattle, WA). The
inclusion of cleavable Iinker sequences such as those specific for Factor
XA or enteroki.n | nvi b Ween th urlf atjon do and the
ancoded. porERRTdRe Ohel S HER, w2 ofitir PECER, PRl
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precedi ng urifisatimesisieinn (omuerexeborpr, Senitlas & A). élhageluson of ciﬁa@abh $inketi ne
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for purifyi'ng the desired polypepti romthe fusion proteln.

di scussi on (e mmht@npsessdonmcmm mravidesf fos ieaprepriat ef asfusien WMmd@mmmng(raol |,
D. J. et al DNA Cell, Biol., K 12:441-453). Ser mfree i mor.tal host
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(Carl sbad, ;ﬁﬁﬁcatldnhﬁl MmejﬂﬁnaﬁlﬂzeﬂaﬁﬁﬁlQSE affality cﬁmﬁeﬁogﬁ%@@s d&ahbabmr Y,
Wiltshire (UK) apan, respectively). Suitable host
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use of pr e-d@d@d%xﬁdf h@c&brscﬁlulchbbﬁ@ﬁl AR Bidteilialk pro@Ede® iri Krdll, QDCJiFEﬂQJl e of
achieving the desired conditions prior to beginning the process of

transfecti dh9¥ndNACeHBialard4pr-63Bi n  expression. As noted bel ow, such

-1 deal | ed. f t
Cont ai ni g oxpr oss: o RS HaCdRs USE ARty S drom s varier

charact &5 i zgGuBlc shab! é‘omﬂn%ﬂﬂ L6rtds :Jih'cH B! By @:Larﬁﬁl@ttﬁé A RES I5HO Culture
Exenpl ary suitable host cell-lines that may dified and/of adapted for

use accor diCaletiort PEICOMPYombisanNEA R r(tblomt&ﬁoﬁml df/IN)hEnvptrmﬁ {Cadlsbaé,n€C AN
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Shinjuky, Japan, respectively).

Suitable host cell-lines may be obtained by selecting an existing host

20 cell-line that possesses one or more of the above attributes and adapt and/or select for

variants of that host cell-line to obtained the remaining attributes. The use of pre-

adapted host cell-lines ensures that the cells are capable of achieving the desired

coﬁditions prior to beginning the process of transfection and recombinant protein

expression. As noted below, such cell-lines are ideally suited for use in conjunction

25 with UCOE containing expression vectors because these vector systems are
characterized by stable, long-term, high-level protein expression.

Exemplary suitable host cell-lines that may be modified and/or adapted
for use according to the compositions and methods of the present invention include, but
are not limited to, the following: (a) 293-F, a human host cell-line; (b) 293-H, a human

30 host cell-line; (c) COS-7L, a monkey host cell-line; (d) D.MEL-2, an insect host cell-



30 host cell-line; (c) COS-7L, a nonkey host cell-line; (d) D. MEL-2, an
i nsect host cell WD 02/099089 PCT/US02/ 17763 12 line; (e) SF21, an insect

host cel IwWbi@9908d) SF9, an insect host cell-line; and (gPCTHSIB17768
Chi nese hanster ovary host cell-1line.12For exanple, a Chinese hanster ovary
subcl one (CHOS; Invitrogen/ G bco) that has been adapted to a comrercially

avail able chemcally 5 defined, protein free nmedia nmay be suitably
enpl oyed in.th ositions and nmethads of the present .invention. See,
b Anna et dine: GrSEPe UL Bed el et ras. s e e5a) col-Bhrig (1 CHPS,

Met hods i n (ehiheeBhfRES otaty hds ctRIink19960; Deaven et al., Chronpsoma
41:129-144 (197/3); Corfein"et al., Animal Cell Technol ogy: Basic & Applied

Aspects 9:247-252 (Kouwesxatpialem c (hidzisé s Henster Nedvaey | anbdonel 908HO-S;he
CHO S host cell 10 _line has . a 12 to 16 hour doubling tinme _in shaker flask
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produce reconbi nant protein w thout t hi's particul ar ‘carbohydrate structure
is 20 Hivdimedgeoud? taHé OMOdgublosg timelih shilree flask paltuies utashing anpdak clii t ed

for use in, canj jon W th expressi.on vectors .co i Sing on re UCCE
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car bohydr atalz18 r%%flééctﬁ;gﬁ ?6;14 thjg‘t 568 91?%;(7:@:' Zghésﬁé}lzso ?%’f%i aﬁtg 1:ﬁﬁl'ﬁllf :m&glp ﬁ%&%—l@greh ost

cell-1ine icsllsenenabhetationargxpltessi on of reconbi nant proteins and/ or
pol ypepti des produced_for clinical_ use. Preparation and Sel ecti gn_of

Expression Vectors S 'I’F’abp@s?ﬁ@& off sytet e q]o?3@i‘%‘r1e—§‘§(i}]6NA6TRy d&Bifiabant
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i ncl ude one or ‘
rapid protein clearance from the serum. Rodent cells typically introduce the terminal

Gal-Gal disaccharide into the carbohydrate structures of secreted glycoproteins although

the Gal-Gal residue is not found in human glycoproteins. As a result, the ability to

produce recombinant protein without this particular carbohydrate structure is
20 advantageous.

The CHO-S host cell-line is particularly well suited for use in
conjunction with expression vectors comprising one or more UCOE elements, as noted
herein below. This host cell-line possesses favorable growth characteristics and
generates undetectable levels of the Gal-Gal carbohydrate moiety in its surface

25 glycoproteins. Thus, the CHO-S host cell-line is suitable for expression of recombinant

proteins and/or polypeptides produced for clinical use.

Preparation and Selection of Expression Vectors

Suitable vector systems for expression of recombinant proteins and/or
polypeptides according to the present invention may include one or more of the

30 following attributes: (a) ease of manipulation; (b) elements that make high-level



30 following attributes: (a) ease of manipul ation; (b) elenents that nake
hi gh-1 evel WO 02/ 099089 PCT/ US02/ 17763 13 expression site-of-integration

i ndependewD;0202908¢€l enent s t hat nake expression resistant PC®/US02/17763
silencing/repression thereby all ow ngl3f or sustained, stable expression over
|l ong periods of time; and (d) elenents that express at high-levels in
different cell types and in different species. 5 In order to express a

desired protein.and/or | ypept.i de h cleotjd sequences. encodi t he
ol ypept | dexbsRict P REeHREH aend (h§lFRhls et BE PTG R EREAN at o
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the transcription and translation of the inserted codi ng sequence. Mt hods
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are descri Beghentey erodingl the polypSptide;, @ Kinctional equivalérit98Mpy bl irseuiedrinto
Cloning, A Labqgratory Nanual, Cold Spring Harbor, Press, Plainview, NY.,
and Ausubel@pPioprige xpiessjon vectpn dggy gt é%uclpﬁ‘eﬁt@eaﬂse necesaBIedements ol ogy,
John W1 ey . Y i X i . t
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vectors; insect cell systems infected with virus expression 20 vectors
(e.g., Hhcwepoiginingjequphcgpenending & pelypepside of ieeigstrand appraprigiertpns@ipsioaslsi on

et S SaE A0, BT YL o TR PRR G L5, T
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vector - - enhancers, prompters, 25 5 and 3° untransl ated regions--whi ch
i nteract wiath dasssibed.eforutxample,oireiSambtavke dr rey abu(1380ardolecyei Ghordng) A
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i nduci bl e pronoters, may be used. In manmalFan cell systens, pronoters
from mamualN.&n genes or from mamal i an

A variety of expression vector/host systems may be utilized to contain
and express polynucleotide sequences. These include, but are not limited to plasmid or
cosmid DNA expression vectors; insect cell systems infected with virus expression

20 vectors (e.g., baculovirus); plant cell systems transformed with virus expression vectors
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV); or animal cell
systems.

The "control elements" or "regulatory sequences" present in an
expression vector are those non-translated regions of the vector--enhancers, promoters,

25 5" and 3' untransiated regions--which interact with host cellular proteins to carry out
transcription and translation. Such elements may vary in their strength and specificity.
Depending on the vector system and host utilized, any number of suitable transcription
and translation elements, including constitutive and inducible promoters, may be used.
In mammalian cell systems, promoters from mammalian genes or from mammalian

30 viruses are generally preferred. If it is necessary to generate a cell-line that contains

multiple copies of the sequence encoding a polypeptide, vectors containing GS or



30 viruses are generally preferred. If it is necessary to generate a
cell-line that contains mnultiple copies of the sequence encodi ng a

pol ypept iwe,020gm80r s contai ni ng GS or WO 02/ 099089 PCT/ USeRraRé587614 DHFR
sel ect abl e markers or vectors based oW SV40 or EBV nay be advant ageously
used with an appropriate selectable marker. An insect systemmnmay al so be
used to express a polypeptide of interest. For exanple, in one such

system Aut ph i fornica nucl ear pol %‘gosi iru 5‘%@0'\"3 IS
used as a Ve grseféS&gifplpgrsk 5t %rrVe‘%"g’ﬁS §%~°ﬁ§s‘"ﬁyﬁ9 883:33{%%@?@%64 A\agﬁo\%léfl l's or
i n Tri choplyded ¥ithan\igsroprihte ssleéibsBaRskencodi ng the pol ypeptide nay be
cloned into a non-essential region of the virus, such as the polyhedrin

gene, and pl aced undekn gweetrsystemahayt dleo polugdrbtdr ¢xpress anmilgreptiGuelinss e

i nsertion t he | ypepti de- encodi ng, sequenc wi || render, the polyhedrin

gene i nact i\& eéﬁ‘a‘gfﬁ” 618 1958 SP@& ﬂﬁg?%aﬁﬁtoﬂaggg Ccplifornipg, npglgqr H@y}}?gfﬁs i BTUSThe

reconbi nante A Vool tQ..ok : : i perda
nANt ACNIPYS §8 u&BaYasthRidtd? %o \E,:'\%Iﬁ'gsﬁ ftglr‘_le'é@{) %@ys id 9#@%???%18&21 EIRghP

cells or Trichoplusia larvae in pept rest may be
expressed i Hhriphbplasid larFae. Cheeteqadnceq d2@dingRhe polyaptide rAsypte chaed iftd a
: 3224-3227) . | | j an host, cells, a nunber of viral-based expression

systems ar élongeg?f’g‘?la regiog\ofithe, {irys, syehras dhepelyedringengswd plired andgs C&H@Wovic rus
. 3 . . - .
ntorest el REBRS RS tonbe SRk SRR RSO PNP SRR ©

conpl ex congillstehdg thé polithedid Gely HABH®Y ardh Produée dcbinbihahe delgy laclEfg wemce.
Insertion in a non-essential El or E3 region of the viral genone nay be

used tH opreein. The respmbingnt visusghmek then heaysah teingtct.dhp exasple §. fivgiperda

| tide_jn i h |l J...and. S ,_T..(1984) Proc.
ot 1 7 Road cold o R REs R 58 Wich 1R9 Bodosi Ot RUER ot b it o
such as t hqERedIBardAE.GON8R al (1948) PR52VNafNRaRE SEi, 9/Bp2haopped to increase

expression in mamalian host cells. Specific initiation’signals may also be
used to achi eve nor e lamidnynaian host cells) mmimberof virelgorsad espressvodiystgmsa are

ol ypepti de of jnter. . -Such signals include the _ATGinitiation codon and
Dol oot s EsteAllpavaiRRle, EQSmRley & e BB a0 SHEYING 1 180 25 5 BIRem de

its inifs atde%r,%@@@éﬁcesaé}ﬁoﬂ'iﬁgtarme SIS eR ey BSESARCintd PadelSvirus

appropriate expression vecto no agdl tironal transcriptional or
t ransl at i ornminsagtiondtanslgiignadepler\cohsistireed the lmwproartoteri amdciaipasitaeade onl y
codi ng sequence, %g a.portion ther i s inserted, .exogenous

t

of , .
transl ati ofSIUDEHIRSFIG Grip-¢ssentighEh gt ERdemiorsof Hic Visy gepppme may be used

to obtain a viable virus which is capable of expressing the polypeptide in infected host
cells (Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81 :3655-3659). In addition,

20  transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used
to increase expression in mammalian host cells.

Specific initiation signals may also be used to achieve more efficient
translation of sequences encoding a polypeptide of interest. Such signals include the
ATG initiation codon and adjacent sequences. In cases where sequences encoding the

25 polypeptide, its initiation codon, and upstream sequences are inserted into the
appropriate expression vector, no additional transcriptional or translational control
signals may be needed. However, in cases where only coding sequence, or a portion
thereof, is inserted, exogenous translational control signals including the ATG initiation
codon should be provided. Furthermore, the initiation codon should be in the correct

30 reading frame to ensure translation of the entire insert. Exogenous translational

elements and initiation codons may be of various origins, both natural and synthetic.



codon shoul d be provided. Furthernore, the initiation codon should be in
the correct 30 reading frane to ensure translation of the entire insert.
Exogenousworoatngdosd i onal el enents and initiation codons mrR¢ThSDi77¢8r i OUS
origins, both natural and synthetic. M0 02/099089 PCT/US02/17763 15 The
efficiency of expression may be enhanced by the inclusion of enhancers
which are appropriate for the particular cell systemwhich is used, such
as those descrisgeed in the literature,(Scharf, D .et al. {1994) Results
B obl - Cel | Ry et rssyieh Faf icintnzi B g Bk Slpn 2 chRAVE SRR Ae o
neki ng hi ghphRpahteS¥PHRSSRUlar el st e whith ROURH] Q1dh a8 d4R1A8 AeRRbed REtH4dE,
for exanpl e, universal chromatin opening elenments (UCOEs). UCOEs are

pol ynucl eotlitetetuse(pebar€dd. et Rk(1994) Resulis Pediloiell Diffarn20:526-1@hen”
configuration. See, .,.Cromiie et al., PCT Patent. | j catj on No,
V00005393 (2000) . !nﬁ"%gi_l’lﬁ’iy Brtfadigens st _}Fp‘%éé%qﬁ‘a%%f&fﬁf’i TR of
the proymOige opLAYHEEsH Nh@peh&E!ifciBle, 1R SSRPA hlle: ar anbﬁgﬁmgﬂﬁﬂlg of
integration site and 10 are resistant to silercing. EF i cl ent expression
can be der iclkmkerty @ACAES). NgCOEsapy polfynacieotidet sequankexdthge mairgaih @ hrodsatint inng i n
a higher percegntage of cells expressing the marker gene in the selected

pool in corBarfReBn BIEHEHRM P40 $-LICEEOEbR! & ﬁlisngcgegﬂtﬁrtsAPHiiﬁaE‘Pnimo-

conbi nati o 1 e N i p i p par ent
Col I 1o, AHORIsRCshoL,; ERLLAR 8 O OR R o B R R
short peri qgombtet prowided hiphlievdlnef €gsasioafihdteremdypepbiémiof tte@mhfidh ditteandCOE
vector significantl é reduces the nunber of transfectants which need to be
screenelf i mroregistant by dleneing Efficiet ypredtien cgn by derined fene a singld ¢apyafiaon of

vectors containi ne.. or [e. Es in_a suspension adapted host cell-Iine
i ows 1 or PEBRAGeBERACralRhg i Dbl s R P B e s 2R &) o

pol ypept i den Scitlfed fol if&dRRon &N§thRREY nok-UCCHE 6Bikiniddereefs. HEEEs al | ow
20 for screening of a small nunber of subclones to obtain a clone capable

of produci regmbinatienswitbheytilizagion mfat ssrumalivd suspputigp edaptefleparensrcell-line
preferably at |east 100 ng/.l rotej.n d/ or pol ypepti.de, .and il

or e pr ef SALB1y ki aedBie of ey Riteiinaiiy B Hpakepafor Be i s
week perq 0GndrBass® 5%&5981%@91@@ WfifhQRs U@@@@%M%ﬂﬁﬁﬂ& ?&ﬁb&ﬂh&’ﬁﬁ&@& stystens

suitable for use in the 25 conpositions and nethods of the present
i nventi on dragsfectpiath wdickf negd & bk svgeemred ireadern obtaiv e highiprodacteisyssubtlohe.g
protein and/ or pol ypept.i de psgvliter of . suspension culture, More

preferably, expressi ilizaien, pE vegters copiaiae gre Qs more, UGQEE B :84peRsipn-- | i nes
wher ei n | e3ghyted host cell-line allows for rapid development and scale-up for production protein

and/or polypeptide such as, for example, antibody or fragment thereof. UCOEs allow
20 for screening of a small number of subclones to obtain a clone capable of producing at
least 50 mg/L of protein and/or polypeptide, more preferably at least 100 mg/L. of
protein and/or polypeptide, and still more preferably at least 200 mg/L of protein and/or
polypeptide in a 5 week period in serum free conditions.
Preferably, expression vector systems suitable for use in the
25 compositions and methods of the present invention are capable of yielding expression
levels in excess of 1 g protein and/or polypeptide per liter of suspension culture. More
preferably, expression vectors are capable of use in stable host cell-lines wherein least
20 pg protein and/or polypeptide per cell are achieved per day.
As discussed in detail herein below, within certain embodiments of the
30 present invention, the protein and/or polypeptide may comprise one or more subunits

such as, for example, antibody heavy and light chains or fragments thereof. As is well



20 pg protein and/or pol ypeptide per cell are achieved per day. As

di scussed in detail herein below, within certain enbodi nents of the 30
present iwWoeab)wsy the protein and/ or pol ypeptide may compCrasopngedr nore
subunits such as, for exanple, antibwedy heavy and |ight chains or
fragnents thereof. As is well WD 02/099089 PCT/US02/ 17763 16 understood in
the art, efficient functional antibody production requires appropriately

bal anced expressign of th ay nd. light.chains. Transfection of. {he two
chai s on' BEERefdnohe i SRRt ARank bl BPeuchoR AR iRty

di fficult anghnRed¥ksi8ssion Seth MedRt i ligA chhind@NAGarsRiction 3k tha iRy SIRLRANGE
between the genes if the vectors integrate 5 close to one another in the
genome. Consspepamlasmiddimalies meintenaate vkan equal copy nheberodiffeoufirandgirovides t wo
genes on the sape.vector nay .be. enployed. As digsclosed.in further detai
"n the. Exarthf ECCRGHIOR TBRICORHOM SHBTEFYos bt thei ST 1 b tiaS dngBiA or
Syst ens, 5 W §fleMoldiR SGARE iP the S gﬁ{e‘?sé selibhel tbpcﬁrecﬁﬁﬂa(l WRokORRthy coPe
constructed based on the "hybFid"' RNP/beta-actin UCOE (Cobra

Ther apeut i csxpresiien bbtwo genes bil thospne sectammaypbe employadit Abididclosed asfusthance
mar kers such as, e.g., the neonycin or ouronyquﬁﬁégé%itance mar ker s

and/ or may i e Fxamgles hsraan helawgl Paesniaty nkit HUGQE-hasqsl vegtpre
i CW :
murine LAAR! %31“ oL cIOB%,?)? y eag@%@ﬁt@d@%ﬁ%&@%ly bRl cohliF digyran

actin pronoters to or arn éxp Ion. “Trans i on of
Host cel | - | bas&k owi thb 'hybri¢'s RINFibatgatti ICOEt (GybR ahenpedtityentVeetord may
Transfection of a standard host cell-line, preadapted to growin a |arge

scal e s&9t i 995IPrise | RSOt BrBRiEbiptig repistasicp -Iparkers gl | asp Agnt the mepaiypin or
increasing the transition rate fromresearch into devel opnent and

manuf act ur 1G0T B s the s anBnay fianse sis SriRtomatililan By,

cel I -1ine vtk Bs, @ Uhé Bfurine CMV fpi&BoRNENCHASP R IEAN TNVt ftbiefer g{GM'V),
transfection further increases the need for screening a l'arge 20 nunber of
subcl ones, drdbalignamaniip psdmetars tg dbiwe dghizonhieaty chein dxpreasibe. t o gr ow under
conditions that allow |l arge scale protein production. Use of a preadapted
cell-line can reduce the tine required to develop a cell-line from nonths
to weeks. Theng&lionlor Bost &il-IMe8 34BN GHed R RRILEAL PYesdR Thigfon PT Ot i N
free nmediaand grows rapirdly to high cell densities in a snhaker flask or
bi oreaci®dr. 25 Suit alilrensfectionfofct stamiapd hosicelldinar preadepdid o &owvin @atadgeor

available to . those of. skill in the art enpl ary transfection protocols
t hat are Sl,ﬁci‘]ﬁb$eét?rf%ra‘1]§(¥\f§i léqyi mgre rapigl cell—lliznxe eve?op){nent ereby increas?ng the

transition rate from research into development and manufacturing. In contrast, the

traditional approach of using a parent cell-line which requires serum free and
suspension adaptation after transfection further increases the need for screening a large

20 number of subclones, because many of the subclones will not be able to grow under
conditions that allow large scale protein production. Use of a preadapted cell-line can
reduce the time required to develop a cell-line from months to weeks. The cell-line is
preadapted to a chemically defined, protein free media and grows rapidly to high cell
densities in a shaker flask or bioreactor.

25 Suitable transfection protocols are readily known and/or available to
those of skill in the art. Exemplary transfection protocols that are suitable for achieving
high-level, large-scale transfection are those recommended by Invitrogen/Gibco for
transfection of the CHO-S host cell-line. Generally, positive selection of transfected
cells may be achieved using agents such as, for example, hygromycin, G418, and

30 puromycin. Transfection efficiencies are typically at least 70%, more preferably at least



hi gh-1 evel, large-scale transfection are those reconmended by

I nvitrogen/ G bco for transfection of the CHO S host cell-line. Cenerally,
positive woloeo9dosn of transfected cells may be achi eved eerngoagent s such
as, for exanple, hygromycin, (418, and 30 puronycin. Transfection
efficiencies are typically at |least 70% nore preferably at | east WO

02/ 099089 PCT/ US02/ 17763 17 75% 80% 85% 90% or 95% Fol |l ow ng
transfecti n electi t o] f. resulting clpones may, optionally,
e fur ther BubcRRedS oo Dok a1 RS i Givin FRBiER af RTCeE ihORRArof ey s
of protein RYMIKSAoAY maL oBadADY, BE ekt sfpelohtd & Gh@DRIuA RHe8GHiton and
testing of serumfree media suitable for culture of the imortalized
suspensi on tbehighest dovslsdif proteio exheesgiomsent i nventi on may be achi eved by the
skilled artisan by routine experinentation. For CHO S cells, described
herein above, the CD-CHO nedia is suitable. (e.g, available from

I nvi trogen %ec@bﬁ%@bel@ﬁ‘&%'(%ﬁﬁj@&n@t eins and/ or Pol ypeptides Suitable for

Hi gh-1 evel _‘I:Er‘gE_S‘C‘alr‘eﬁEYp‘r“ersm—O‘rr" 10 As used herein, the terns "protein"
and "pol ypepti de" ar Seltidniandt lesting of eervumnfrées nrdiagdtablegfori cudiure ab tige
sequence of, am ng acids. The polypeptides are not, limted to a specific

| ength of tiHENGstebiged suspensien cellspcrerding 19| the dpspt igwantionfaay be edieedahve

i ncl uded withip.the fiqiti 0 vpeptj de; a C e . . used

i nter change&a1 |331 I%Qraéﬁ%mu erélg[ﬂéepé}(cq%g 'uccél"f@h'i nFlrcg gsdgo{éh%’r é\néggrel. ngrgmt erm
al so does novd,3hd EDECHOMNETa R¥suitbble. ROS lavalddlEReh Hvitogin dr@@ibég)ns of the
pol ypepti de, for exanple, glycosylations, acetylations, phosphoryl ations
and the like, as well as other nodifications known in the art, both

e oEuhhd At AR B SR P i S B e o,
llack Galjg Gal gl ycosylgd 14 hefeiROlhY RERIs ‘PRotBRY aHE “BOlyBEPHIE® aftf k@M thep0 OF a
subsequence thereof. Particul ar pol ypeptides of interest in the context of
this i nvenongentimnel meamiog,qd. dassa lsepguen of smommwidsi dge eplypepeles are eot
antigenic determnants . subst ially responsible for the i nogeni c

P opar i os GRe oy ypage aeTtdhe BoRlct BapanPutsT OREPBRI R ScOTERS ote
response. ljf LR fferdefit; [ idb henpolydpenthies R ¢du

and/or 25 lg(ﬁgﬁ%({/g‘kéﬁggcg{redi(%gﬁltﬁgﬁ?%g %@2‘%"3’%& &’i %\I}en%llyognwaérg ?n (r?ogg%ac,
i.e., they ineabhngedblydeicb ylers specificaliy indivatedagisawises Udls @An aisokokSAotOr

T-cell stimulation assay) with . . . .
15 refer to or exclude post-expression modifications of the polypeptide, for example,

glycosylations, acetylations, phosphorylations and the like, as well as other

modifications known in the art, both naturally occurring and non-naturally occurring.’

As noted above, however, preferred proteins and/or polypeptides according to the

present invention lack Gal-Gal glycosylation. A polypeptide may be an entire protein,

20 or a subsequence thereof. Particular polypeptides of interest in the context of this

inavention are amino acid subsequences comprising epitopes, i.e., antigenic determinants

substantially responsible for the immunogenic properties of a polypeptide and being
capable of evoking an immune response.

In certain preferred embodiments, the polypeptides produced and/or

25 employed according to the present invention are immunogenic, ie., they react

detectably within an immunoassay (such as an ELISA or T-cell stimulation assay) with

antisera and/or T-cells from a patient with a cancer. Screening for immunogenic

activity can be performed using techniques well known to the skilled artisan. For

example, such screens can be performed using methods such as those described in



antisera and/or T-cells froma patient with a cancer. Screening for

i nmunogeni ¢ activity can be perfornmed using techniques well known to the
skil | ed awoiogaostor exanple, such screens can be perf or mea/ussr/myéedret hods
such as those described in WD 02/099089 PCT/US02/ 17763 18 Harl ow and Lane,
Anti bodi es: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In
one illustrative exanple, a polypeptide may be i mmobilized on a solid

t tacted w th patient to al i.ndi ng, of anti bodi
o EhOn 't no et s LAk, Ainfaller £ Jo i S e Ll sBiind Yl T idien be
removed and dagugoRubediveSxafipRel B FGHES nie beliRin N 08 o sbBA Sopgire! ed

Protein A. As would be recogni zed by e skillTed artisan, inmunogenic
portions ofandt dvataetedywidip patied spracualledv hindorgdohantibodieh evithis cheosana o phreovi ded

herein are al sq..enconpassed t he, present_inyention.. An i nQgeni c
portion," Awrgabier Pl g%lb?% % mayrthemhbe ey éﬂﬂcb%’gaufﬁgg?‘ﬂﬁse of
the inveati Qﬁ}s-' I§ ., 1l 13FFL i . 10 reactive (i.e.,

speci fi cgl Y Cittn s}ﬂ ﬁ?é?ﬁ@%@?‘%@%‘gﬁé)&?cel | surface antigen
receptors that recogh weuldte reedgnireftbydle skiltediavigarn itnpasgéninportiays of
generally be identified wusing well known techniques, such_ as, those

summar i zed th pAyReptigesn geadueechiaccordingnin dbg , disslesuiey providesl harpin RER édSoPr esss,
1993) and ref ' er ein.  Such: ' i NGl nj

pol ypept | g paPRFRELE ke A Fhilon il i RRLALBI R I8 EREBRTIIS, o
anti sera anfdg@iend of&l ixmhuﬁ@am@_rpoglp_@?ﬁfe ofAbe hvestidiethel isel fas irhd Bhdlog@ibally
antibodies are "antigen-specific" if they specifically bind to an antigen
(i.e., 1Geyeadiyei.e. wipetifictlly bindyavith tha Baeclislandar drceltsysipce amtigan sesspiprs and

do not react detectably with nrel ated proteins). Such ant, ser n
ant 1 bod! os iy REEIRE . BRVBetE, chrih BipeRBR crarhons, e AR el
techni ques. sy hRIORBoWH efebidifiks ¥R adBNose A0minTHREP ARNPSuIP Hiliti@heRhl 2

pol ypeptide of the present invention is a portion that reacts with
anti sera anmmobgpedidsdat243-24GVRlaverhBtess, i 199hoandsugfesermns ciddd thetegs sSudhan t he

reactivity of the full-length polypeptid e.qg., i.n an ELISA and/or,. T-cell
eactivi ty EehegHRs sl TR 1op 6 SHHUG aHeE vt FBEE] TR

| MTUN0GLAT CuRBbdibO Mool ahPBST-AlIRHies5 B4 ! C1NDLYkaR herk R SIniBlRUAnd 0%

and nost 25 preferably greater 't out 90% of the I nmmunogenicity tor the
ful | -1 engt hantipodiyparet "antégentspeciiokifithsit specHallyp biidetd raachntigen (g eherqaot t i ons
will be identified that have a |evel _of inmunogenic activity %reate_r t han
that of theVidhihesapisiimar ELISA o8 qHien immunoassay, and do not react detectably with

unrelated proteins). Such antisera and antibodies may be prepared as described herein,

and using well-known techniques.

20 In one preferred embodiment, an immunogenic portion of a polypeptide
of the present invention is a portion that reacts with antisera and/or T-cells at a level that
is not substantially less than the reactivity of the full-length polypeptide (e.g., in an
ELISA and/or T-cell reactivity assay). Preferably, the level of immunogenic activity of
the immunogenic portion is at least about 50%, preferably at least about 70% and most

25 preferably greater than about 90% of the immunogenicity for the full-length
polypeptide. In some instances, preferred immunogenic portions will be identified that
have a level of immunogenic activity greater than that of the corresponding full-length
polypeptide, e.g., having greater than about 100% or 150% or more immunogenic
activity.

30 In certain other embodiments, illustrative immunogenic portions may

include peptides in which an N-terminal leader sequence and/or transmembrane domain



pol ypeptide, e.g., having greater than about 100% or 150% or nore

i munogenic activity. 30 In certain other enbodinents, illustrative

i mmunogernwo oposBons may i ncl ude peptides in which an N Permsnzl77bxader
sequence and/or transnenbrane donmai n MO 02/ 099089 PCT/ US02/17763 19 have
been deleted. O her illustrative i munogenic portions will contain a small
N- and/or C-termnal deletion (e.g., 1-30 amno acids, preferably 5-15

i id | at i t he...mat . tein. | th di t
orotei p_anakde Enaiele (D RGINEIAE RiSiogetic MuBRSNG «BMna SrlcYns
invention mayd/@ €0teHRHAL id%l%ti@ﬂ?e%f, (B0 CaRPbY REM, | (88 rbRAL- B @mino acids),

i mmunol ogical Iy reactive with T cells and/or anti'bodi es generated agdinst a

pol ypept i derelatvetitrthei materetpirotein. parti cul arly a pol ypepti de havi ng an ani no

aci d sequence di scl osgd erein, or to an i.mu enj c fragnmept or variant

t hereof. A pol ypepti d@ a‘?Pgli‘qraﬁ‘R%Odnﬁ‘?’tﬁlquteé?ﬁpag 88 emgj?’éfl le gnd/og used

pol ypept isde ,dd3@ing thOthk YRisER ihv %ﬁfl@%}; ' QWAisP 8hd/ BERbI idd A

di scl osed h%rei I’llngl n oni) osr r%l)reelf1 subst tout ?Hg’r?llss Bgepgﬁpt)eg@,lﬁaﬁg?‘%sitg%sd%nd/ or

i nserti ons. intmoholugicalbnteactiveywikie T eall iaral/ driantibedies gena@tedragaimyt Dygolypeptide

synt hetically generated, for exanple, b,%q nodi fyi ng one or nore of the

above pol yp&hthedavarne padisulatly errolynepids herngaa asiae asidi seguencedisclosed vi t y

as describ er el j r. of techni ques well known
e bR loctinl AR of ol R

in the art. Sequences according to the present
invention are those saqpu@RRptde relrahgdadhe hafDisegyd héteinhss BEdly MRSk

sequence provided herein, or a_ subsequence thereof, which retain a desired

degree df UnpEaly tdiffexsy fromn aopelyeapbideli spesificallyo diseloagth hereirp an tang uptamioye
illustrati i.ant .of t i. nt | i | | id
PSS e SPISIERRS, My G660 SSh e,
identity w bfousiddEEmpPby @ﬁﬁﬂlé@féﬁlﬁ}d%enl‘éfh%a, frdiCahmpled by %da%@ﬁlgh%e}r Baore of

Preferably such variants exhibit at | easf 70% 75%  80% 5% 90% 95% or
100% or nor theUgome apalyndaptide wwaguencesph it imiention ked USaating ttheit tagtidighiabi t ed
by the 8 kb RNR el enent disclosed herein, In many instances, ~a variant
will contai 6388"1@%5% @gru%sglgg £ Pgﬁél.unﬂ?er Sk t‘“"?’ﬂ’r‘ﬂé‘@@’ﬁﬁﬁ?’@“@dﬁs@?@&ti on"
i s one 1B WiusRaBR MHAAP s@fleficdsSacBbtRftel oUhE brieht AREA bROscRGbibel Nat
has simlar pr oiaf)erti es, gﬁ‘?ﬁ (t:ﬁatc ongiglsﬁk)iuﬁ g’é |£n tﬁﬁ@ tgt?{a%%%%p%eﬁg%&eg
related by homology to the 8kb RNP UCOE sequence provided herein, or a

subsequence thereof, which retain a desired degree of UCOE activity.
In one embodiment, for example, particularly illustrative variant
sequences of the invention comprise polynucleotide sequences having at least 70%,
20 75%, 80%, 85%, 90%, 95% or 99% or more identity with a UCOE polynucleotide
specifically disclosed herein. Preferably such variants exhibit at least 70%, 75%, 80%,
85%, 90%, 95% or 100% or more UCOE activity when compared with the UCOE
activity exhibited by the 8 kb RNP UCOE element disclosed herein.
In many instances, a variant will contain conservative substitutions. A
25 "conservative substitution” is one in which an amino acid is substituted for another
amino acid that has similar properties, such that one skilled in the art of peptide
chemistry would expect the secondary structure and hydropathic nature of the
polypeptide to be substantially unchanged. As described above, modifications may be
made in the structure of the polynucleotidés and polypeptides of the present invention
30 and still obtain a functional molecule that encodes a variant or derivative polypeptide

with desirable characteristics, e.g., with immunogenic characteristics. When it is



chem stry woul d expect the secondary structure and hydropathic nature of
the polypeptide to be substantially unchanged. As descri bed above,

nodi f i catworg/opmmye be nade in the structure of the pol ynueceaisnzeseand

pol ypepti des of the present inventiom030 and still obtain a functional

nol ecul e that encodes a variant or derivative pol ypeptide wth desirable
characteristics, e.g., wth inmmunogenic characteristics. Wien it is WD

02/ 099089 PC'I?/ld 02/ 77[ 320 de(?i red to tal teiypt hte am no taci d seg ence of a
pol ypept | d&SHEFIPAIE U 2R AT aruones of 3 POIPERIGeIS G588 2o agH Al o
portion of egepa ¥RRBYdAdQarint bPEortiBl 81'% hOYpepias ofttiel ihRehtibh, dRkilRE tin We! !
typically change one of nore of the codons of the encodi ng DNA sequence
accor di ng g Wdbtypichlly xhiEage encaopinere of thea¢adoasriofl theaencddingeyNBesasubistei t ut ed
for other am ng acirdbj1l iin a protein structure w thout appreciable |oss of

i nteracti veWIHIB Ry TRAYBdcity with structures such as, for exanple,

anti gen-inding regi g Rhmpidl bR Ehitd aauy%z{yggbé ShREmOD fSUAR Bhfho

nmol ecules. Since it is the tnteractive capacity and nature of a protein
that defi mess ithabrqisintseuctuse Witladud gppradiatlel iusk iof mtractivel bindiyg cagacitpisitham no
aci d sequence 10 substitutions_can be na in a protein sequence, and, of

d
course, it STBGIBIEE ISYSthas. BAxaEe tlg@hbi@ﬁiglg,reg}ﬁas Ak grithodiss &5 dingrg pifesa

protein w tog. sluia{fﬁateofn%f’%{dt is.e§inc£tit fssché H;?esr ﬁ%%’%ﬁ%{y%ﬁﬂw&ﬂ@%f X%E&Qﬁﬁh&hanges
may be made in e pepetl de sequénces 0 e scfosed conpositions, or

cor r espondidegndsNfhas egroice bivlobichl RradealsaitiitpeREHAaSamitot Beidt seypeiceci abl e
| oss of their biological utility or activity. 02/ 099089 PCT/ US02/ 17763
21 Tabl ¥ 1 sppstifigiongices begredesin Apeteinsequeacd aadAolonrgodisamderiyipg tliNAe Cys

phony! al ancha b pEtcah B el oty s R Colfclle b cuf i Hesn s

CAC CAU contemplated that various changes may be made in the peptide sequences of the

disclosed compositions, or corresponding DNA sequences which encode said peptides

without appreciable loss of their biological utility or activity.



| soleucine Ile I AUA AUC AUU Lysine Lys K AAA AAG Leucine Leu L UUA UUG
CUA CUC CUG CUU Met hionine Met M AUG Aspar agi ne Asn N AAC AAU Proline Pro
P CCA CCOvOO@o®ORy d utam ne G n Q CAA CAG Argi ni ne Arg RPABUSAMIAGB7CECA CGC
CCGG CAU Serine Ser S AGC AGU UCA UCQIUCG UCU Threonine Thr T ACA ACC ACG
ACU Valine Val V GUA GUC QUG GUU Tryptophan Trp W UGG Tyrosine Tyr Y UAC
UAU I n maki ng such changes, the hydropat hi c index of amno acids may be 5
consi dered. The inportance of the hydr ic amino acid index in
conferring interactive biologic functi n a protein is generally
understood in the art (Kyte and Doolittle, 1982, incorporated herein by
reference). —H—n—s—accepf—ed—ﬂﬁb—ﬁwe—ra-arﬁrek—ﬁydmmn—rdmﬁef—of t he
ami no aci d cont r Aminescido t he secondary struct ufﬁq;iom the resultant
protein, whi nlnturnd i nes ,the tera n tein with other 10
nol ecul es, f xarrpl e, I?zyrreé suggér at e%tsdcor ecep or g'%i%NA anti bodi es,
antigens, andystdifte |ike.Cjzach am novaci d hasy been assigned a hydropathic

i ndex on the basis of its hydrophobicity and charge characteristics (Kyte
and Dool i tt|@spatgasid Thése vaPues A& \A@f’d&/ 099089 PCT/ US02/ 17763 22

i sol euci ne (&famdic adi@! | NG +4- 2) ;| g4Ql ne dat$- 8); phenyl al anine (+2.8);
cysteine/ cystine ?+ 5); methionine (+1.9); al anine (+1 8); glycine
(-0.4); threBrnylelating. 7)Pheseri ke (- UU@) lﬂﬂglpt ophan (-0.9); tyrosine

(-1.3); prol 1.6); stld ne( ta ( ); glutam ne
(-3.5); aspa!r}[}ﬁ'[“é (-3.5)" iaspa agi nd QM %‘g G?Lg and argi ni ne
(-4.5). 5 Itygissdikwown i ngishe apt th@Acceerm am no aC| ds may be
substituted by other amino acids having a simlar hydropathic index or
score and stiPruditssult iMea prbtei nAhitth A | £V ol ogi cal activity, i.e.

still obtainy, i ol ogi caf ,f uncki onallyy equi@l ent protein. In making such
changes, the gsl[%stl tuti ony of a%d‘l no aci ds \%Aose hydr opat hi ¢ i ndi ces are

Leucine Leu L UUA CUA CUC CuG CUU
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCC CCG CCu

Glutamine Gln Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA  ACC ACG ACU

Valine Val \% GUA GUC GUG GUU

Tryptophan Trp \'Y UGG

Tyrosine Tyr Y UAC UAU

In making such changes, the hydropathic index of amino acids may be

5 considered. The importance of the hydropathic amino acid index in conferring
interactive biologic function on a protein is generally understood in the art (Kyte and
Doolittle, 1982, incorporated herein by reference). It is accepted that the relative
hydropathic character of the amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the protein with other

10 molecules, for example, enzymes, substrates, receptors, DNA, antibodies, antigens, and
the like. Each amino acid has been assigned a hydropathic index on the basis of its
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982). These values are:



within 2 is preferred, those within 1 are particularly preferred, and those
within 0.5 10 are even nore particularly preferred. It is also understood

i n the arwotb@aposhe substitution of |ike am no acids canPo@/usazier763
effectively on the basis of hydrophilixity. U S. Patent 4,554,101
(specifically incorporated herein by reference in its entirety), states
that the greatest |ocal average hydrophilicity of a protein, as governed

DY e Y SRt 0 il 3430) RERIL R0 ng 0L SL SRl ik
4,554,101, (the); fxﬂéth@ﬂneq+h9ﬂrawmel (+Eigh; Ygljv’o%h 4 thﬁi»e@nﬁ@%no B saﬁfee(do By, ami no

aci d residues: arginine (+3. si ne 0 artate +3.0 1);
gl ut amat e (typtophard Y=-0. g)artm)@mé{GIS p@bpar(abﬁhehlﬁt 123 Yt wlwarhate ((-315) 2);

I 0 h I ' di
e L T d e
| sol euci5ne ( 1.8) 5 Y Q%nBn in #Q af- 1Rt ceﬂﬁlﬁ%ﬁé 2049Bak be subsiitutddt FRGaN

(-3.4). It is understood that an am no acid can be substituted for another
having a S|amm<aa01&g/hb:smgm kilmilat Ltydralbaﬂﬂc amttx s isédre eid stilhreault bi opogiic stithy

equi val ent, ,and i.n parti cul ar noI QQgj ca equi yal ent rot ein. In
such changé?nlﬁrl‘hé(’]é’ﬁﬁéli PFYE ok (?Fﬂl %glcﬁiné‘éléh ¥ SRV eEﬁ PRPISH| yes

are within [ d, and
Those w ¢ hih PhkbeiEh Shafts 3&99?0%“”“%?@?@#[1 PGB0k WA B hEY
above, ani neittagid 1§p1ke$etrrerdutho@mmarneslgaﬁqraﬁidularltyhﬁéfeﬁed enbalsad within £06
relative simlarity of the am no acid, side-chain substituents, for exanple,

their }Wd@@wmr@@aﬂwmlmmfw@ tis aésvamglérsmdzlé thegitithatie [splpséitution

Exenpl ary s titution K of o agleristics
into consi 83?2‘? a}cl?ﬁﬁo FRRNE ¥ Iﬂ%‘%n%{e\éﬁ%gggt basig S’fiﬁ%%ﬁﬂi%g%eﬁgrgt Fé’f%

i ncl ude: argsai e (ﬂj%i:lﬂidéﬁy riﬁcorﬁﬁrh't%éflﬁieﬁl By defofRad i€ entefy), eatéthat the
threoni ne; glutam ne and asparagine; and valine, |eucine and i sol euci ne. WD

02/ 099089 RERteISbRAN FVRERE m@rqplnlmquuaomoteaws govsined by dhel kysropbjliciy ofur t her
nodi fied to, i sta in viv Pos ficafions include,

mo o oo sl hing AR, el it drbiolb BRR g B s SRR ek

and/or @ ends; the u@sede@éﬂeeb&@pwa&hl40§st4qoqrth% folfesvwﬁg hy&mpﬁlﬁ&lwaméaan
phosphodlesterase | i nkages 1 n the backbone’ and/or the inclusion of

nont r ladl ti dlﬁaé bbasﬁsmgmdrtoaammncwmans;chpuewgmmwﬁ? @};yﬂm_irms(ﬁd)) a@aWeﬂeI as
t - t t
Sﬁ:n%/n e nfl{y lbrghl? aﬁ% {+§€J‘ s 1)?2er|1nel 8!-%.’1)? I.::lsri)sarggineagl-%r.]i) glut 1ne %—8 3‘)

glycine (0); threonine (-0.4); proline (0.5 = 1); alanine (—0.5); histidine (-0.5); cysteine

(~1.0); methionine (-1.3); valine (-1.5); leucine (—1.8); isoleucine (—1.8); tyrosine (—
20  2.3); phenylalanine (-2.5); tryptophan (—3.4). It is understood that an amino acid can be

substituted for another having a similar hydrophilicity value and still obtain a

biologically equivalent, and in particular, an immunologically equivalent protein. In

sul:h changes, the substitution of amino acids whose hydrophilicity values are within +2

is preferred, those within =1 are particularly preferred, and those within +0.5 are even
25 more particularly preferred.

As outlined above, amino acid substitutions are generally therefore based
on the relative similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions that
take various of the foregoing characteristics into consideration are well known to those

30 of skill in the art and include: arginine and lysine; glutamate and aspartate; serine and

threonine; glutamine and asparagine; and valine, leucine and isoleucine.



Am no acid substitutions may further be nmade on the basis of simlarity in
polarity, charge, solubility, hydrophobicity, hydrophilicity and/or the
anphi pat Wwo 02a®o8at ure of the residues. For exanpl e, negatPCraisy2/ciies ged
am no acids include aspartic acid and3glutam c acid; positively charged
am no acids include |ysine and arginine; and am no acids w th uncharged
pol ar head groups having simlar hydrophilicity values include [|eucine,

i sol euci ne and val i n CI ne and.al a X as r ne an |l utam ne; and
serine, threonine, %1 1% pﬁ%‘“?[}?ﬂ@? eﬁr%ﬁ%{:‘géftoalﬁfl}qﬁseam ds
that may 154RK65 ‘%Wo RRSBI A diNEatioNd REGRIE! 9&' ah‘@"ﬁ?t ﬁl%}tecf{@ﬂfeom tidH o 9' u,

asp, gln, asn, Ser, thr; (2) cys, ser, tyr;
al a, phe; (ﬂh)lﬂdqgss,eqmmes atithe S'camd/cfr ) emﬂsethetqse of tphpsphofuﬂsoaté\ ov ar Oanéthyﬂay
al so, or alt téﬂ‘\(/eph?ﬁ gnt ain qonconser vative changes. In a preferred

enmbodi ment 1@ istieges Inkeges, rﬂéa‘?nbé“’]ﬂ%ﬁn?v@ngféﬁ JB?\C’@CIBVOH of
bstit f pants
Ty al 50 (o Efg‘% FRAIPEhB Bl RO lbing ShE Rl e T BEATCLS

addi tion ofmahylnothm;l arl dihet mohﬁied ok mﬁlademhé,ummep@umhﬁe I thyRdihegeid city,
secondary structure and hydropathic nature of the pol ypeptide. As noted
above, pol ypERs des may corrpri se a signal (or Ieader) sequence at the

N-term nal end of the h co-tra sI
post-transl ationally Alglgn clfbquﬁuf%s?lg ﬁ 8t° | c Egﬁlls of Similgdly; i de
may al so bﬁncwhrﬁﬂablﬁl%é csombﬂitsa KBYdrephobidit§! hs@apsneey fa@d/o?ﬁﬁ:earﬁ phipyhichesi s,
purlflcatlon or identification of the polypeptlde (e.g., poly-H'S), or to
enhancel®i rmatug obtthe tesidpes. y Petpetarwple, megativshyi chasgadpamino absks ln@u@Mpel;tlca
pol ypepti de con ted to, an i nogl obulin Ec.regio
conpar i ng 6‘8[@%’3&%}1 é%‘g é??é@é’elyt‘i%rgggu alsa‘tnﬁlugﬁ bt c?ngé‘rgl%l@e and

‘i denti cal tRRIsSERN AELNY W e sane
when ali gnaelltljlh? Y ﬂrsnsm w%%a%é%despond%ﬁ%ﬁ%pé %ng 9@{3%18@911@ Ctglnf)agrll sons
bet ween t manicﬂkvuﬁm@,Oeéleﬁliﬁfé BiS0 241ine7 §B cindandearine espanging ypl glatdnyine;

performed b ar| ng .t he sequences over . a conparison  w ndow to identify
and conpar Q%Bﬂ"e pheny; 3@3@&}% '@/r%r}eaf%they STONDS egﬁrﬁﬁk‘)l%@ﬁ hagimayow' as

d h t t
325a||3e/[€br}t%1% @S?Hg‘f&aﬁxi%mﬁﬁéul‘l@%o UG aForE €, B S 2

to a 5 ref g2pasesaegrah 3)ofaltile leaaanet, rwmphé @} lysoarp) lgsiound (PPgliel tyensp.af ter
the two sequences are optimlly aligned.
s. A variant may also, ot alternatively, contain nonconservative changes. In a

preferred embodiment, variant polypeptides differ from a native sequence by
substitution, deletion or addition of five amino acids or fewer. Variants may also (or
20  alternatively) be modified by, for example, the deletion or addition of amino acids that
have minimal influence on the immunogenicity, secondary structure and hydropathic
nature of the polypeptide.
As noted above, polypeptides may comprise a signal (or leader) sequence
at the N-terminal end of the protein, which co-translationally or post-translationally
25  directs transfer of the protein. The polypeptide may also be conjugated to a linker or
other sequence for ease of synthesis, purification or identification of the polypeptide
(e.g., poly-His), or to enhance binding of the polypeptide to a solid support. For
example, a polypeptide may be conjugated to an immunoglobulin Fc region.
When comparing polypeptide sequences, two sequences are said to be
30 “identical” if the sequence of amino acids in the two sequences is the same when

aligned for maximum correspondence, as described below. Comparisons between two



Optimal alignment of sequences for conparison may be conducted using the
Megal i gn programin the Lasergene suite of bioinfornmatics software

( DNASTAR, wolmo990sMadi son, W), using default paraneters. TPhiraispz/ogsam
enbodi es several 10 alignnent schenes24described in the foll ow ng
references: Dayhoff, MO (1978) A nodel of evolutionary change in
proteins - Mtrices for detecti ng distant relationships. In Dayhoff, M QO

(ed.) Atlas of Protein uenc and Structure, National Bionedical .
Resear ch FoURYEETHA® W?é ﬁgﬁ%ﬁ“ﬁ?ﬁg\%l corgparigg e sequences O¥alsa LOMPALiEe .

(1990) Umvafnagw%erfaaﬁ?p aﬁ@c&h#e&e ] ré%rﬂfﬁm P&vée%gégl §mlﬁpmt>62@ ﬁ%ﬁgilz{ﬁg&?ds in

Enzynmol ogy 15 vol. 183,” Academ c Press D ego,

and Sharp, wWnNow{ 3198§ed hdﬁéiB,l ﬁa&r5 101_5 begth@it ofineteast dboul¥/ Z(anchtl‘gubhsepoﬁ‘um(s,'LQSS)
CABI CS 4:11-17; Robinso 19712) Conmb, Theor 11:105; Saitou, N. Nei,
M (1987) wshallpp@to a%m 73, 4*04t96ab0a19§ inwhich 2 fequence BAY bsgrmpared R a

1973 |
Taxonomy” - FF st SRRVt he kil Rk J7 o s pLTiAGHS s e MTBLNRES
D. J. (1983)arPopimalNadlignedcad., Sci. USA 80:726-730. Alternatively, optinal

al i gnment of sequences for corrparl son may be conducted by the | ocal
identity al gorithm ofOxgmnalwhanmemfépmcemfgeqqmmuonAraly be avndurict udme by

th dentit t th f Nee 197

b0l a6: ae MpABREBloaB R R P ThsRiaeh Siivg SF iR RS obas Bhves 14k e
(1988) 25 HpeS MhEikén, WNARdusiBEi defidstA Beimetddsd. T Q&%\d&x rein%@&’ies several

i npl enent ati ons of t hese” al gorithms (GAP, BESTFIT AST, FASTA, and

TFASTA 16 tdligniesicenhsings Gesveibed 5n (o follkaving Pefcieages; Qaplafi,chl. @o(ﬁﬁﬂﬁ)atA G oup

(GCG, 575 Sc ction. red
xanpl o of TRLDE EYeTRdASE Change by Pl M ersdoF frirs g st gt

sequence | aNfdos e i T N

al gorit hmqﬁmq?l%y%ﬁffaggodgégér‘?%%d% 1?0@1? sS %ﬁuéﬁeg'ﬁh gﬁuﬁl{t@% 7) Nﬁ%:_]é}ig%\lce |a§s Res.
25: 3389- 34(Resvicl) FoOodmidn, REThinS0a/NC N6A. 52Suppid3 App. 33345&858etHeaiJ (1999p0) J.
Mol . Biol. 403-410 respectlvg%ﬁahBLAST and BLAST 2.0 can, be used for

exanpl e wi tlllnm?lﬁ‘é Apgroach e Al caaent Y RemE PP+ @%@%WMS e duapology
sequences | qfé'i'tff;%yAchJe 08! %nghﬁﬁé{gisﬁmaﬁﬂgg@gﬁ%t%gmr PPI\Q.GQ%%)D' .

i nventi on. f t war e or performng ana y avai
t hrough t heCANBIOSOSAb1-ToBtt BfyefspE. W. ahcbl\/ﬁﬂleﬂtw.og988)1C’QBMSi401r1~173(1{ob&11ﬁ§'oﬂ,0 acid

sequences, o SR Lot Theor 11105 Sioa. NONei, M. (1987) Mol. Biol. Evol, 4:406-
425; Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy — the Principles and
Practice of Numerical Taxonomy, Freeman Press, San Francisco, CA; Wilbur, W.J. and

20 Lipman, D.J. (1983) Proc. Natl. Acad., Sci. US4 80:726-730.

Alternatively, optimal alignment of sequences for comparison may be
conducted by the local identity algorithm of Smith and Waterman (1981) 4dd. APL.
Math 2:482, by the identity alignment algorithm of Needleman and Wunsch (1970) J.
Mol. Biol. 48:443, by the search for similarity methods of Pearson and Lipman (1988)

25 Proc. Natl. Acad. Sci. USA 85: 2444, by computerized implementations of these
algorithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group (GCG), 575 Science Dr., Madison, WI),
or by inspection. '

One preferred example of algorithms that are suitable for determining

30 percent sequence identity and sequence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul et al. (1977) Nucl. Acids Res. 25:3389-3402



cal cul ate the cumul ati ve score. Extension of the word hits in each
direction are halted when: the cunul ative alignnent score falls off by the
guantity WofoeomoBe s maxi nrum achi eved val ue; the cumnul ati PeTAS02/€7760es t o
zero or below, due to the accunulati @% of one or nore negative-scoring
residue alignments; or the end of either sequence is 10 reached. The BLAST
algorithm paraneters W T and X determne the sensitivity and speed of the
alignnment. |n.qne ef er appr.oagh, e ~pgarcent age .of se nce._ | tity"
SRR RN R s e o (e N
of  conpari 3@ caibedised, F85ExadfdI PR thORRamMBR REQiTel e, kd Qélcel‘ﬁiig% Ercent

pol ypepti de sequence in 15 the conparison w ndow nay conprise a tions or
del eti ons ( seguencegislpstity dbr 2@ pdynweledtidasrandgmdypepideal dfyth inventidn. pSofteme, or
sequences (whi ch does not

10 to 12 t d th f (

co rrp?i se 233‘?&6 ﬁ?f‘af?y%fngcﬁgggff ?%ﬁ e Erept{bﬁfﬁ?gfgﬁghl? Urresh therNatippal Cogger for
' : . e

sequences; ﬁ?&s\ﬂﬁ%&%&ﬁ%@?gbﬁorﬁ aﬂ’cﬁ‘é&lﬁﬁ@ gm@ée(ﬂﬁh@ésma BLdMhot G R WD E% Pﬁefd to

posi tions at entical amno acid residue oCcurs in

sequences t oalpuletedht hemulatibe sconé. BRten®ide bé chepwoddthifaris cach Hirettiog atdigaleanber
of matched positions by the total nunmber of positions in the reference
sequence (i véen: theecumpuitaiiyg aligpmentsrererialisi 5 Py the anantite ufiom ity maxgoumo
yield the peug OfheSEAH i Lk Y. '%g' other illustrative
enbodi nment s?&gg\%tgla‘&gueepplwofe pr%o{ uc%%ﬁ%ﬁ% %)6r Ze\{Xe b%%vd %%@o*‘?i ?%cém{uﬁ)at’toﬂe(’f

present i nvent icdmoRyndpatide-s@n@gemnRsidGe ROLYRERS; setHdhald o2 20BN RIGLSRS B

pol ypept i de having substanti al sequence identity, as described above, to

t he” humel® pataghedpt The BLASd malgenithmdpaaameltsgWud andt X gleterminei thé sensitivétyt and a
reference polvpeptide, but which xenogeneic pol ypeptide is derived froma
di fferent, ﬁ%eneﬁﬁgﬁﬁenﬁlggﬁ’gﬂ'es. One skilled in the art will recognize that

"sel f'antigens are of t©£pnR .fe.n%ai @ajrcg’r gleofs%%fag@ngf Enck i&éﬂ{;@eq}gt e

responses, and therefore efficient "30 i munotherapeutic strategies directed
agai nst t undetepoinggebyt | eayparieguiwe dpitienallste ukigred meequendes netdrods wimloow exfc ome

i mmune tolerance.to particular self t r WO 02/099089 PCT/ US02/ 17763 26
pol ypept i de§9mP?fFS°8>9§ﬁ£i‘:’é?ttﬂrﬂlﬁ’fﬁﬁ’sonﬁfrﬁfﬂﬂfﬂ?ébe RPN ?6}?{ pRlyeptids B8a4eRsedh a
xenogenej ] Tl r : j i se
2gai ot Tt naRORL wifde T cBrRRERiohs EUMRACRD (A LRI fatal
protei n preseidssonsuallyeinto ffirerceag|drsl0 Thep gietvent, asn@ngspeicto Bk feheeReesent

I nvention prsgci{lierqga% (é/ % %Qse II1($[ comprise additions or deletions) for optimal alignment of the
two sequences. The percentage is calculated by determining the number of positions at
which the identical amino acid residue occurs in both sequences to yield the number of

20 matched positions, dividing the number of matched positions by the total number of
positions in the reference sequence (i.e., the window size) and multiplying the results by

100 to yield the percentage of sequence identity.
Within other illustrative embodiments, a polypeptide produced and/or
employed according to the present invention may be a xenogeneic polypeptide that
25 comprises a polypeptide having substantial sequence identity, as described above, to the
human polypeptide (also termed autologous antigen) which served as a reference
polypeptide, but which xenogeneic polypeptide is derived from a different, non-human
species. One skilled in the art will recognize that “self’antigens are often poor
stimulators of CD8+ and CD4+ T-lymphocyte responses, and therefore efficient
30 immunotherapeutic strategies directed against tumor polypeptides require the

development of methods to overcome immune tolerance to particular self tumor



5 variants of the protein and/or polypeptides descri bed herein. Mre

particularly, the invention is directed to nouse, rat, nonkey, porcine and

ot her norwbuwomeogol ypept i des whi ch can be used as xenogen@CE/UiSor/nE6df

human pol ypepti des set forth herein. 2/thin other illustrative enbodi nents,

the present invention may enploy 10 and/or produce a fusion pol ypeptide

that conprises nmultiple polypeptides and/or pol ypeptide subunits, as

described herein,.or that conprises at |east. one .pol tide ,as .described

her ei n and FAVRSRISat ohPls SSUBREe BURaPS STRAR MUl YU PSR PE, fassi st

in provi di ngndodielcN@bn HRdaAPSHginde CHPIROSOBLERing M5 IRAuRAHG]S against

preferably T hel per epitopes rFecognized by humans, or may assist in

expr essi ng thheoymtarpat huhampeitgin,ess itnhuBareprostaseetninoa profigig Ipeasentioal laksanhan

the native reconb{nan pégtein. Certaip preferred fusion rtners are both

i munol ogi d4MORfallex pl RSOk %ﬁh%ﬁl?&?tnep fligs PEeni AoV RIS, POVIes xenpgangls

part ner s; Mgy, -g&;gﬁ ] . ubility of the

polypept?de &?ﬁ§§gh§ﬁ%ﬁ?glt e Béﬁyéeg%ggéﬁF% éﬁgg?geted to desired

intracel | ul ar conpar tvefet partiShladly, fher infessitionf Us idivectpdirtd naosse] mat] weamkad,fi nity

tags, which facilitate purification of the polypeptide. 20 Fusiaon

pol ypept i de¥repg arfbpbenney hyman palypentides, sihich ewnheqised as xeedgandde &yms of

i ncl udi ng i C nj td referably, a fusion polypeptide is
%{&%{Enrpggggg@e% 38 fggﬁ hete

expressed as a nan ypeg%ide enpl oyi ng conpositions and net hods

of the present invenyithih otRetdil@la0Vé 8abddiRents QlY Bidse iBfentiichapem@ldyevel s
in an expression system Briefly, for exanple, sequences encodi ng the

pol ypept? demdmimppmduges a28isioay pelapeptide nihhie domppsasamaltiple qotiypeptiftes eahd/ant o an
appropri ate expressi on yvectqgr. .Jhe 3'. en f the sequence encpdi ng one
ol ypept | dBERBUeHPuRLe i daicaled hitei BF el porhiares 4t Ken AP AEORPRRER St o ¢ ha
5° end of aicliihed FOHENERT SNGRL1RY dchferREC A FisioRPa¥iBEPhbF oL QIR LSO t hat
the readi ng franes of the sequences ‘are in phase. This “~permts translation
into a si ngheréuding’ papsgmpenitopere(aniamunetagicat fisiem partnengpefiraldy (T hélpgr of

hnker soquBHEE TR BRI YRS § Bep&it & IRCPIRESRe Ao 8L o tion
pol ypept4 d i : WeIF .eN :

Dol yhent R e RicherlioRs W AERLR bconflifMl pldReifl BYin ot G fion
peptide |i paghers egelcbotte imsunblogiap anditegpressivm ehhancings fusionppdrinesspt IGdkerusi ng

standard techni ques well known in the . . .
fusion partners may be selected so as to increase the solubility of the polypeptide or to

enable the polypeptide to be targeted to desired intracellular compartments. Still further
fusion partners include affinity tags, which facilitate purification of the polypeptide.

20 Fusion polypeptides may generally be prepared using standard
techniques, including chemical conjugation. Preferably, a fusion polypeptide is
expressed as a recombinant polypeptide employing compositions and methods of the
present invention, and allowing the production of increased levels in an expression
system. Briefly, for example, DNA sequences encoding the polypeptide components

25 may be assembled separately, and ligated into an appropriate expression vector. The 3'
end of the DNA sequence encoding one polypeptide component is ligated, with or
without a peptide linker, to the 5' end of a DNA sequence encoding the second
polypeptide component so that the reading frames of the sequences are in phase. This
permits translation into a single fusion polypeptide that retains the biological activity of

30 both component polypeptides.



5 art. Suitable peptide |linker sequences may be chosen based on the
followng factors: (1) their ability to adopt a flexible extended

conf or matworn2/0¢®@39 t heir inability to adopt a secondary sPcwaisor/er7that
could interact with functional epitop¥s on the first and second

pol ypeptides; and (3) the | ack of hydrophobic or charged residues that

m ght react with the pol ypepti de functi onal - epitopes. Preferred peptide
| i nker -sequences contain n and r i dues. Ot her, n ar neut r al
ani no acids, such as Ar ﬂi’FPtéfgdy ‘Kfeé Sﬁ%ﬁ“ﬁ? gq)aygge e'&i‘B’Z’éF‘?’ﬁo F?@I‘P‘F rﬁ%ee eaﬁ‘gence.
Ani no aci d sefueR ntb%ylascﬁétaﬁdeﬁuﬁrmén@y@&lsaae thhd a%ﬁ ioalyPaﬁidéde

t hose di scl osed |n rat ea et al :39-4 5; Murphy é

Proc. Nat | .foldsduoto ﬁ@lsecddﬁﬁy%dSMEﬁﬁcmﬁQSGSudh S. peEHd@r]nmkéabsqumﬁ%SJ,sZSS

and U.S. Patent 4,751, 180. The J.i nker se uence nm ally.b froml
to about 5@%%'\351@43%@% pelpRntide Usget caales e hfsrtowrﬁau

Wnen th fi st \Y am no
BTl rog oflt | SRRBISEARAC kG XORAIL iRy 18 ﬁ%f“%aﬁé? ?ﬁ%%ffoé@%%%@%%%

prevent st €l) their abidity &r afopea fTekidld exgaided ohdrmeatine (Z)theia ieabilpie t@bdopt lai nked
to suitable transcriptional or translational regulatory el ements. The

r agul at ﬁr y Seqondatséruchie thateritd ingeracty with Swstienal iepionrss apnhe Sirs and segasd onl v
codons. 1 eqBe PR THENER GPERIAC AR FUMBERILAS: ual Mgt ohOD) ¢

are only prks Paltypamdb%mﬁm@l\lé\plmyem@ﬁeﬁéw pebtivg lidker sépeAtd ddatauP ey, de.
The fusion polypeptide can conprise a polypeptide nade and/or 25 descri bed

herein IQ)gé’tSIﬁémd\ﬁﬁt restiven N diennesd npwterl emino adids seeh asrilhir andi ddymay elsprbet ei n
bl e of el | f h | ud

Cotanus, . cimbiche BB s ARTRT ST iosPERR wikstaney b bRl sturlonsdifh o o

al . New Engﬁlkerg indfBdk those3dReBfedih M&%@e%)etal n(?‘éﬁke4039-f4%r '19815 mﬁﬂ ReAL, the

i mrunol ogi cal fusion partner is - 30 derived froma Mycobacteri um sp., such
as a MycobdrverNatin AaadeScullisel $3:8258-826d, RAJR U.Sr RgstnNo. WiﬂoambHSl ons

o et o, LOr NS YGE e GO IEA Sy SHRE B Q00 o
Lo yrucl ol fEloge! CRLSSAURAES b paTObE, S leng
ref erence ipolyiptstidesthave tnon-dssanéial W-tefraihdl amimr scid aeg@omo khan wah ot usdd to
separate the functional domains and prevent steric interference.
The ligated DNA sequences are operably linked to suitable
transcriptional or translational regulatory elements. The regulatory elements
20 responsible for expression of DNA are located only 5' to the DNA sequence encoding
the first polypeptides. Similarly, stop codons required to end translation and
transcription termination signals are only present 3' to the DNA sequence encoding the
second polypeptide.
The fusion polypeptide can comprise a polypeptide made and/or
25 described herein together with an unrelated protein, such as an immunogenic protein
capable of eliciting a recall response. Examples of such proteins include tetanus,
tuberculosis and hepatitis proteins (see, for example, Stoute et al. New Engl. J. Med.,
336:86-91, 1997).
In one preferred embodiment, the immunological fusion partner is

30 derived from a Mycobacterium sp., such as a Mycobacterium tuberculosis-derived Ral2

fragment. Ral2 compositions and methods for their use in enhancing the expression



region that is a subsequence of a Mycobacterium tubercul osis MIB32A nucl eic
acid. 5 MIB32A is a serine protease of 32 KD nol ecul ar wei ght encoded by a
gene i n Wpuwkeedo89 and avirul ent strains of M tubercul osi sPCThsSozuwb®ot i de
sequence and amino acid sequence of PTB32A have been described (for
exanple, U S. Patent Application 60/158,585; see also, Skeiky et al.,
Infection and I nmun. (1999) 67:3998-4007, incorporated herein by

ref erence). termnal fragments of .the MIB32A,codi 10 ,sequence express
e b on eVl B ART S Rl d e oo B R P B RO e
purificati afespi@ess UMD @aNar  AFatioRY6s@ISRsee e distiiinRIRR Ghich &
het er ol ogous i mmunogeni ¢ pol ypeptides with which it is fused. One
preferred Rat@pbratsiddereipby yefersneadia itsompirdty e Briafly, RHD reéfetsctorsi podynubieatide nt

correspondi ng. t mino acid residuyes 192 to 323 of M ~ . Qt her. preferred
ro12 pol yneRishndos RoulSiaend St dBRghaeshan HibexosiNLIE 24 Ribe B ve
nucl eot i ¢ge M’O t LBaSk . i des,
at | eastga?gg?g%%ggﬁtggl eot i ﬁ%@@a@%a 1?)13‘5,61 00 nﬁ%@% %62% lﬂg%h%?{

| east aboutandOfvindet estbimdest 1hatbenosie arlmonudlmidefseQumé&nﬁoimipemdcﬂe.

Ral2 pol ynucl eotides _may conprise a native sequence (i.e., an endogenous
sequence t FEHUCTER d?fdeaq)éﬁa%Q"ep S apicriged (forexsmnis, 011(4.8[. Heateh fAPriicatiery

conprise a ' .0f..s S n Ral clfézjgp' ) ] S may
contain oneé(gﬁsar’f%ktrsé STseabe'&si?(?’t glf%%ﬁse?%gdgl?%jl?ﬁs%”dgg}r’é%}ﬁorgs a %Oyggn@g?ti ons
such that tineorpbratedgherain dptiefrdneenf Ch@nemtofigtnents S ahe MATBREAL tdlind S not

substantially dimnished, relative to a fusion polypeptide conprising a
native KAa1zepaingpespicaeat highilayals apd eqregintes\a wolphlpipolyaeptides shropglumt 0o

i dentity, cef erabl y, at | east -about 80% i.dent |t d. nost f er abl
at Teast abburieBRSLBRERsMBleoySs Bal R shiere o i bosERGl B heoBediies
native RalZnflnogesti silypiptides RALH ivfick NerigofusedV t Oh RéRAED PREDERiSsh

enbodi nents, an i mmunol ogical fusion partner is derived fromprotein D, a
surface pr aodypepde chmpysesna nidgKD) (etebaiiak fiagmekia eomgsppihdisg to rdntine reead B (WO

91/ 18926). Pr.efer r i derj vati ye ri ses 30 approxi el
the Tirst CRIRtEOI} Hb 397 GRioWT iRy, OtbifapieloFus “REL Pl piileotBS Seal no
aci ds) , 18nGefise it BoOR M5\ Bhied GiviYucRB il P hBAE Sbouf¥B b MubleGiEdel At Teast
preferred WD 02/ 099089 PCT/ US02/ 17763 29 enbodi nents, 't he ]?I rst” 109

resi dues ofabaul 6(uopiatides) aflchstabout l9@mucleotides, atiedstiatent 200 hindeotied, @ ai nus

to provide the pol tid i.th _additipnal exogenous T-cell epitopes and to
P least a%ou’é/ 888 nuc eo)gﬁdes that encode a port)iorglJ of a Ral2 polypep?ide. pRalZ

polynucleotides may comprise a native sequence (i.e., an endogenous sequence that
encodes a Ral2 polypeptide or a portion thereof) or may comprise a variant of such a

20 sequence. Ral2 polynucleotide variants may contain one or more substitutions,
additions, deletions and/or insertions such that the biological activity of the encoded
fusion polypeptide is not substantially diminished, relative to a fusion polypeptide
comprising a native Ral2 polypeptide. Variants preferably exhibit at least about 70%
identity, more preferably at least about 80% identity and most preferably at least about

25 90% identity to a polynucleotide sequence that encodes a native Ral2 polypeptide or a
portion thereof.

Within other preferred embodiments, an immunological fusion partner is
derived from protein D, a surface protein of the gram-negative bacterium Haemophilus
influenza B (WO 91/18926).  Preferably, a protein D derivative comprises

30 approximately the first third of the protein (e.g., the first N-terminal 100-110 amino

acids), and a protein D derivative may be lipidated. Within certain preferred



i ncrease the expression level in E. coli (thus functioning as an expression
enhancer). The lipid tail ensures optinmal presentation of the antigen to
antigen pwesentdosy cells. 5 Gther fusion partners includePChasS02/17763
non-structural protein frominfluenza®® virus, NS1 (hemaglutinin).
Typically, the NNterm nal 81 am no acids are used, although different
fragments that include T-hel per epitopes nay be used. |In another

enbodi ment, t.he.li | gqi f usi on rtner .i he praotei.n. LYTA,
or a porti oeﬁn]?oﬁg?ng%u?’m(q%f@ _iﬁ%ﬁﬁsﬁfﬁl_ssﬁf%?ﬁ?%_m?o %08@?13"?\%%}&“@%&%6%” ved
from St reptiNGaeaasss BRI HRGIYMIbEL: WHRbAGEDAR 2xE8EnbuAPREN kpi }ﬁkaﬂa&?

am dase known as am dase LYTA (‘éncoded by the Lyt A gene; Cene 43:265-292,
1986).  LYTiActesseathe auprsissioi heviehitt £s pelé i(thus dildcyionlieg ras chpsexpesssian renbamds). i n

t he peptidagl yca ackbone. .The C-termn domain of the LYTA protejn is

r esponsi bl gﬂf‘%ﬁp@ﬁ@ﬁm‘i‘rﬁ? PQ“‘P?II p‘ieﬁ%é’l%l ‘%Jn e gpuge ?o%lgeﬂd’lr‘?sﬁ’étp%%ﬁggues

such as PEAk; [ Ha% ] f : e of E
cola CLYTA t??g?%%%‘ﬁﬁ’g&ﬁr%gnm ds %yﬁ%@a@%ﬁ%%%eg%i gn pro 1ei ns.
Puri fi cati ahembglhtinng.d Tpioalss, nise Detotoainal Sigamhe £cidsYaré usdd, agh@nh diffeiche

am no term pus has_ been described (see Bi ot echnol ogy 10: 795-798, 1992).
Wthin a pr %ﬁ‘er"éﬂh%trfﬁ%ﬁ?@ﬁte,lpe&el?lgb’@&maﬁ@?PF‘“{Slﬂ of LYTA nmay be incorporated
into a fusion polypept.i ' ' . N > ter m nal
region starti ng a%/p % aﬁllgg}}eﬁﬁléﬁgﬁg{engq%%r I 3111119 %él%ir}g?léﬁlg%&g%%r éhgeeﬂ;g {%gnort ion
i ncor por at dsmoesad LT AL 8&- 3 Qortiorethedd (b feraBly WS Cridinhivial o8l MeVTA ol ves
fusi on pol ypeptides, and the polynucl eotides encoding them wherein the

f usi on g%r tqaived oI Sieepracacaysy Bueutrpriad, gwhich captissiges fan dNrasetyl-heplanine

pol ypepti de_t. e endosongl / spmal r nt, as descrihed in U S
P01 YPeP L ol SRR LSRRI SRR IR e e R B 10,
fused with tYTA f&adnd8ktoR&inStHaP pecifidally REAAEE RbRiAMRIEH isd pEPtidvaitbddd MHC
class Il nol ecul es and 't hereby provide enhanced in vivo stimulatron of

CD4+ T-cel |backhumei flihe C-feominahdomaih pf detli YIEA proteipdneasponside fir éhenaffindy ar
pol ypeptides (including fusiqgn.polypeptides) of__the invention are

i sol ated. A{Ee 'C’:t‘g]gli‘eapé(ﬁg SBB’Fy‘%@BB? d‘églio St 5t Dﬁé%r edFeBopsTomhpt deenyg
ori gi nahsenyl : e upgl 0 i pLOHEI

pol ypent s de P e BB o B Rl Y LA G R R AE el for

coexi sti ng exptassipalo$ fusion pmteiad. uParifiddBod 2 BIBAB Prdd&ins LERRining A6S C-BYTay St em

Pr ef erabl y, . such pol eptides are also purified, e.q., are at | east about
90% Y fragment B e ar%no ferminus has beeh described (see giotechnology 10:795-798,

1992). Within a preferred embodiment, a repeat portion of LYTA may be incorporated
into a fusion polypeptide. A repeat portion is found in the C-terminal region starting at
20 residue 178. A particularly preferred repeat portion incorporates residues 188-305.

Yet another illustrative embodiment involves fusion polypeptides, and
the polynucleotides encoding them, wherein the fusion partner comprises a targeting
signal capable of directing a polypeptide to the endosomal/lysosomal compartment, as
described in U.S. Patent No. 5,633,234. An immunogenic polypeptide of the invention,

25  when fused with this targeting signal, will associate more efficiently with MHC class II
molecules and thereby provide enhanced in vivo stimulation of CD4" T-cells specific
for the polypeptide.

In general, protein and/or polypeptides (including fusion polypeptides) of
the invention are isolated. An "isolated" polypeptide is one that is removed from its

30 original environment. For example, a naturally-occurring protein or polypeptide is

isolated if it is separated from some or all of the coexisting materials in the natural



pure, nore preferably at |east about 95% pure and nost preferably at | east
about 99% pure. Particularly preferred pol ypeptides produced by the

met hods oWOtoh®99089 present i nvention include bindi ng agent CTAB021763

anti bodi es and antigen-binding fragm¥nts thereof, that exhibit

i mrunol ogi cal binding to a target pol ypeptide of interest, such as a

pol ypepti de associated with a parti cul ar disease state, or to a portion,

vari ant or d r|v t her eof ti bod or. en bi g.f
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reacts at a detectable | ével (within, for exanple LI SA assay) with

t he pol ypemurele, and does not react det ectably with unrelated polypeptides
under simlar conditions d|n as_used in this context,
generally refers to tﬂ?glc%%ﬁgﬂfeg{niﬁyﬁ {éﬁ %‘Pr?e‘é)f Ytﬂ}? methodsptc Coccur
 minog! bdl Tt aeandh cude VERUGE debnid M”a%’%?lh.g?d}e% A Ak b
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constant (Kd) of the interaction, wherein a smaller Kd re{)resents a greater

affinity. | bIsBeh 2 Py PRplidg aﬁ%‘ﬁ'@ﬂt"iﬂg‘sa partiglpedisenge pigtey petora BREOBan be
quantified . ugl déﬁ’v%t%%gmé@{)é KH gphéﬁ‘ag}t@&} nt%}% en?‘a%e?é)o? ﬁ%&% H S

measuring the rates o i'gen- onplex forma

and di ssocitat"spgeeificalle bRidY ‘ﬁﬂﬁﬁﬁ@o%aélg%m&iemmr pitmbfneRBRANY f@buw’r&otaf t he
conpl ex partners, the affinity of the interaction, and on geonetric

par anet & s mh@@pfettm@ﬁ thy inventigarif i reacss pe defentabletlavali(within, éwSexallrmls anhot h

the "on rat nst ant Kgn) rate const Kof.

et er i ned HSACASRN ptofenpairrtide a8 ok i douh (R Rheo kit ikl Bl o
associ at i OpoRpElca 3Rt coditibRe ratio of Koff /Kon enables
cancellatlon of all parameters not related to affinity, and is thus equal
to the dissociation domsineingiddl birSae, agemﬁ &l thys cth,egererallazl refefq 80 the
Annual Rev. Biochem, 59:439-473, An en- b| |te "Rhi ndi ng
bort i on"  offioRFoRRIeRy deigrariansy of ke BRe wﬁeﬁ St e ﬁag%lauﬁl?a%g%mecm e
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t he heavy (affifii}y a»ﬁoﬁrﬂmghﬂoglédl '‘Dindibgi im&raoﬁbne&amlgmleglpxdsseérlgemtnstdfeﬂmhes WO

02/ 099089 PCT/ USQ2/ 17763
dissociation constant (Kd) of the interaction, wherein a smaller K4 represents a greater

affinity. Immunological binding properties of selected polypeptides can be quantified

using methods well known in the art. One such method entails measuring the rates of

20 antigen-binding site/antigen complex formation and dissociation, wherein those rates

depend on the concentrations of the complex partners, the affinity of the interaction, and

on geometric parameters that equally influence the rate in both directions. Thus, both

the "on rate constant" (Ko,) and the "off rate constant" (Kog) can be determined by

calculation of the concentrations and the actual rates of association and dissociation.

25 The ratio of Kogr /Kon enables cancellation of all parameters not related to affinity, and is

thus equal to the dissociation constant K4. See, generally, Davies et al. (1990) Annual
Rev. Biochem. 59:439-473.

An "antigen-binding site," or "binding portion" of an antibody refers to

the part of the immunoglobulin molecule that participates in antigen binding. The

30 antigen binding site is formed by amino acid residues of the N-terminal variable ("V")

regions of the heavy ("H") and light ("L") chains. Three highly divergent stretches



within the V regions of the heavy and light chains are referred to as
"hypervariable regions" which are interposed between nore conserved

f I anki ng woroetgdes known as "framework regions,” or "FRSPCTNS0E11T76® t erm
"FR' refers to am no acid sequences 3thich are naturally found between and
adj acent to hypervariable regions in 5 i mmunogl obulins. In an anti body

nol ecul e, the three hypervari abl e regions of alight chain and the three

hypervarl ab e v isposed yelative,fo eac ot her
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t unor - associ'z &fcgg%%r%agﬁ’ih gﬁ“‘%ﬁ’i’tﬂé‘i qigsa éooPYHﬁfY%ﬁ nfPEP g
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provi ded herein and known in the art exanpl &, anti bodi"es or ot

bi ndi ng agenhaantahétheuhrad hyperaamahh@regmnstoéarhem dhapr &t dispbéed r&Eﬁgetneemhe a

si gnal |nd|c e presence of a cancer in at st abqut 20% of
patients H%é&@ies BSIORA)  Pacs & dotah ap Bé’ttlgF’eg mghHirfacgodhe anlgst-ent s.
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si gnal |nd|cat| abse ce of di sease 1n

i ndi vi dual Sandtﬁeahﬁeeﬁlbpemmubwregiﬁm detahrofniee Wdaey laad tight dhatidiafgregesdtto
satisfies this requirement, biological sanples (e.g., blood, sera, sputum
20 uri né0anés gio W@?ﬂtﬁ%ﬁteé@)mﬂ%@%%‘)ﬁ&f Pén@@ §th and W|thout a cancer (as

determ ned using sta i C e b ed descrl .be
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Pref erably, pitsihaiils bé Eaiey c c bl bf @ﬂmenuawgoeémeén §§t[8?1|tse€int1wﬁﬁahﬂ vAfHbuh t hout
t he disease wi || be assayed. Each binding agent should satisfy the above

criteria; heswopeusingHbe gepresepiaiiva sasyays kirpyvided hetein and lyowvin m5th|eeamg Hoze

t hat bindin a nts . n conbinatjon.to inprove sen

oner . pimag g BYen i ABE biblint aEme Tt B S p B DIERL Bl a1 so
have t heysapgitdraie aVsidda® iRBGHiHs e %)féﬁ‘élfce DPaahbeiih Yt fakt 536&?20%%%3%@&@(1

pol ypepti de sequences. Any agent hat satisfies the above requirenments may

be a bi ndi ngmaghcntdmeaséomoe«arqﬁreblyat éastabogit 3§%nof patientse Altemhtu&mmr imi t h
or without a e nent, 30 an RNA nol.ecul.e .or, a pept| In a
preferred eﬁ%‘gﬂg 'g‘f’ (?}hmln]hgge%r@malngg%{wea%gq dadicaingathe aﬂ%‘ﬁ?‘&érf’ bibRdi ng
]I;rc_?_/g ['Eg; / El_gg ésg%tf in éﬂqﬂéé@ R D09PYF iREVRIER AR uPMe 20cel! TY RN IR er a

binding agent satisfies this requirement, biological samples (e.g., blood, sera, sputum,

20  urine and/or tumor biopsies) from patients with and without a cancer (as determined
using standard clinical tests) may be assayed as described herein for the presence of
polypeptides that bind to the binding agent. Preferably, a statistically significant
number of samples with and without the disease will be assayed. Each binding agent
should satisfy the above criteria; however, those of ordinary skill in the art will

25 recognize that binding agents may be used in combination to improve sensitivity. Other
binding agents produced according to the present invention will also have therapeutic
value based on their specificity for tumor-associated polypeptide sequences.

Any agent that satisfies the above requirements may be a binding agent.
For example, a binding agent may be a ribosome, with or without a peptide component,
30 an RNA molecule or a polypeptide. In a preferred embodiment, a binding agent is an

antibody or an antigen-binding fragment thereof. Antibodies may be prepared by any of



32 a variety of techniques known to those of ordinary skill in the art.
See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring
Har bor Laworanemogy 1988. In addition to the nmethods exenplirfisez111es ei n
according to the present invention, 3unerous antibody production

techni ques are available to the skilled artisan. For 5 exanple, antibodies
can al so be produced by cell culture techniques, including the generation

of nDnocIonaI anti ie des bed her.ei n, [ via tr nsf ec
ant i body ‘#?ﬁg@HFF '®8 jordipanyesithin the arte ?eﬁé%ﬁ%“ﬂﬁ ang} ger
to allow fQIanEhﬁntzwd?é}UCH' E’Jbo?cflto ReRRIREN@Rd 8 %"Pﬂﬂﬁﬁ LdoBra832§, {®gINjAue,

an i munogen conprising the polypeptidé is | injected I'nto any of
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i nterest). Such cell-IT'nes may be produced, for exa rom spl een cel
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are then innortalized, or exanple, fusiopn with a nyelom cell fu5|on
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Monoclonal antibodies specific for an antigenic polypeptide of interest

()

20 may be prepared, for example, using the technique of Kohler and Milstein, Fur. J.
Immunol. 6:511-519, 1976, and improvements thereto. Briefly, these methods involve
the preparation of immortal cell-lines capable of producing antibodies having the
desired specificity (i.e., reactivity with the polypeptide of interest). Such cell-lines may
be produced, for example, from spleen cells obtained from an animal immunized as

25 described above. The spleen cells are then immortalized by, for example, fusion with a
myeloma cell fusion partner, preferably one that is syngeneic with the immunized
animal. A variety of fusion techniques may be employed. For example, the spleen cells
and myeloma cells may be combined with a nonionic detergent for a few minutes and
then plated at low density on a selective medium that supports the growth of hybrid

30 cells, but not myeloma cells. A preferred selection technique uses HAT (hypoxanthine,

aminopterin, thymidine) selection. After a sufficient time, usually about 1 to 2 weeks,



WO 02/ 099089 PCT/ US02/ 17763 33 colonies of hybrids are observed. Single
colonies are selected and their culture supernatants tested for binding
activity wganrnstst he pol ypeptide. Hybridomas havi ng hi ghpceasoy/vizey and
specificity are preferred. Monocl onal33anti bodi es may be isolated fromthe
supernatants of growing 5 hybridoma colonies. In addition, various

techni ques nay be enployed to enhance the vyield, such as injection of the
hybri doma cell-line intqo the peritoneal cavity of a suit vertebrate
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invention may be used in the purification process in, for exanple, an
affinity chromat ogr apMpnedensl aptibagdigsenaydie iselated Siom thesrpsrnafans of Sieplieg ul es
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conpri se a vayiehtagnhodtetush adiarmeuseh avonaskinghenibediecs maycthem he-hgevastd fiwimng

ragrents, PRAIRF GRS P HPR” ComatiFT o PR oo Cednimdie B o
antigen-Di ”&in’&gntﬁinfa?%chﬁlhu'ééif Vsuch ' 9 BRBhatdzRphHE B GHtraRd, %e@ﬂ%@ﬁ?%i%d al

proteolytic cleavage of an I'gM and on rare occasions 20

i mrunogl®budxtractiod. eThé polypeptides gfrithit miventen eywbe @sgd mthe puofieatioh prowtss | ved
usi ng reconpi pant techni c% es known in the art. The Fv fragnent includes a
non- coval enffl PLEXaMDIR RS gﬂi OMARTAIMAS®Bn ant i gen- bi nding site which

retains much of the I 4.l [atel R . 1t he
native anti body nol ecﬁ{i‘fghﬁ)%{‘%{)tg%ﬁg@t%i k Z%@ﬁdl@%@%{&?&%@gﬁé Q@m “usa
69: 2659- 266amyrize umtige®binding ((tk9 Thgt ar@ Samdiblec b exHibitidg Gtmaumiblhgicah @irddivid i ch
et al. (1980) Bi.ochem 19:4091-4096. A single chain Fv ("sFv") po%%{),e?ti de
i s a coval epfepsrties pkedn wptibody medacaleo diheeprofgelyic przyme perpie Prefesatiallyene

ot on el U008 Sl SRFESM 9Ty TR OB EOESETS
nunber of neichedmphisy e chegetdriesdiRediadirdlfies b itth@ntigén-Bdmgrsue! Thes for
converting the naturally aggregated--but chemcally separated--1ight and
enzyme pepsin is able to cleave IgG molecules to provide several fragments, including
the "F(ab'), " fragment which comprises both antigen-binding sites. An "Fv" fragment
can be produced by preferential proteolytic cleavage of an IgM, and on rare occasions
20 IgG or IgA immunoglobulin molecule. Fv fragments are, however, more commonly
derived using recombinant techniques known in the art. The Fv fragment includes a
non-covalent Vy::Vy heterodimer including an antigen-binding site which retains much
of the antigen recognition and binding capabilities of the native antibody molecule.
Inbar et al. (1972) Proc. Nat. Acad. Sci. USA 69:2659-2662; Hochman et al. (1976)
25 Biochem 15:2706-2710; and Ehrlich et al. (1980) Biochem 19:4091-4096.
A single chain Fv ("sFv") polypeptide is a covalently linked Vy::VL
heterodimer which is expressed from a gene fusion including Vy- and Vi-encoding
genes linked by a peptide-encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci.
USA 85(16):5879-5883. A number of methods have been described to discern chemical
30 structures for converting the naturally aggregated--but chemically separated--light and

heavy polypeptide chains from an antibody V region into an sFv molecule which will



heavy pol ypepti de chains froman antibody V region into an sFv nol ecul e
which will WO 02/099089 PCT/ US02/ 17763 34 fold into a three di nensional
structurewouwRdtmstially simlar to the structure of an amCirgsn/bi7ezi ng
site. See, e.g., US. Pat. Nos. 5,09134513 and 5,132,405, to Huston et al.;
and U.S. Pat. No. 4,946,778, to Ladner et al. Each of the above-described
nol ecul es includes a heavy chain and a 5 light chain CDR set, respectively

i nt d bet h hai d.a light in FR i ch id
opport o THia ERRa e ninDnth, S0 P Nefalf Skl 18 he Fubiepal th e
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three hypervariable regions of a heavy or Tight chai'n V region. Proceeding
fromthe N anébin§.Mas Nf. 4040538ytodradhérghtl. chai n, t hese regions are denoted

as "CDR1," "CDR2," an 0" " respectively. An_ antjgen-binding sife,
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2" CoR1, | CORYEI R EDRACE ReepfuRAL YRR P ber BLPE hely) a3 130/ Bk 1 D
unit." Cryssetlwidgh arivide suppdry so the @DRS andriefineothe apdtiad esiatiomklhip @fyhe CORpl exes
has denonstrated that the am no acid residues of form extensive 15

CDRs
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sequences which frane the .a CDR set of a heavy or light chain V
regi on. 1020 "EbR8" Frespedtivglye s Amayentgant-biodingosiiel derefgem; itebwlevesix KRRsar e

primarily respaonsibl.e folding the Vregion.intq t ant i gen-.bi ndi .ng
site, parti 38&8‘_??19‘% h?eénﬂg SFtejlg?IBl?g%h 0% heayy gﬁ}‘?ﬁ&?gtccg’mnhﬁﬂegl%%fﬁ@e hi n
FRs, certai Cordfiififg @esﬁhgiy@mn@§9, CHRY, UORE LY IE@R3) BALHEES tG hEreMhy a

hi ghly conserved. Tn this regard, all V'region sequénces contain an

i nternal di Swofecdlar fegognitibn anioliKdysedlographic amelysis of aintimbst ofldntigert-aeibédy
regions fold into a 25 binding-site, the CDRs are. displ d as projecting
| oop notifs c%’?l’]f?ﬁesf Brhiemo cdethat fhendming agid fresidnes | qf ééﬁ@éﬁ%“i‘ SKjepsive
recogni z t I : i f : Whk

i 1 ence ¢ kotpe) Sih boBhd shiRsy WRHE (e ol Bich G AMiech conlich it Wih e

st ruct ur es- heagyaheineCBRAT Thine thpr molesw aGidbb@iticioukics de patadhciesponsibleter
certain FR residuyes are known_to_participate in non-coval ent interdomain
contacts whitResPegIfity pLan antigen-binding site.

As used herein, the term "FR set" refers to the four flanking amino acid

sequences which frame the CDRs of a CDR set of a heavy or light chain V region.
20 Some FR residues may contact bound antigen; however, FRs are primarily responsible
for folding the V region into the antigen-binding site, particularly the FR residues
directly adjacent to the CDRS. Within FRs, certain amino residues and certain structural
features are very highly conserved. In this regard, all V region sequences contain an
internal disulfide loop of around 90 amino acid residues. When the V regions fold into a
25 binding-site, the CDRs are displayed as projecting loop motifs which form an antigen-
binding surface. It is generally recognized that there are conserved structural regions of
FRs which influence the folded shape of the CDR loops into certain "canonical"
structures--regardless of the precise CDR amino acid sequence. Further, certain FR
residues are known to participate in non-covalent interdomain contacts which stabilize

30 the interaction of the antibody heavy and light chains.



30 the interaction of the antibody heavy and |ight chains. WO 02/099089
PCT/ US02/ 17763 35 A nunber of "humani zed" anti body nol ecul es conprising an
ant i gen- Wondiosgyssite derived from a non-human i nmunogl obwCirrushavaebeen
described, including chineric antiboi es having rodent V regions and their
associ ated CDRs fused to human constant domains (Wnter et al. (1991)

Nat ure 349:293-299; Lobuglio et al. (1989) 5 Proc. Nat. Acad. Sci. USA

86: 4220- 4224; Shaw et al. (1987) J Il mminol . 138:4534- 4538; and Brown et
al . (1987) Cancer Reg mwnbstph ypanized; sahedscmriccyles fcoBprising #naantigghan
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each other, and their interaction with the rest of 25 the V regi on domains
are car efulth%emlﬁtﬂ%ilﬁéﬂmalsye%@ﬂ% veneering techni ques, exterior (e.g.,

sol vent ;accessi bl e) FR resi.dues ich are readid v encountered. by the j mmune
system gsrae sel ecti ve!jg/g Irl%g!hgceé% t}’l\v\fb#ﬁmﬁuﬁgﬁe}ﬁggﬁk%e@at BGCBP’E’WaH%y g{el_?ﬁ‘fﬁ d
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non-i mmunogeni c veneered surface. )
chain V region, with human FR residues in order to provide a xenogeneic molecule

comprising an antigen-binding site which retains substantially all of the native FR
polypeptide folding structure. Veneering techniques are based on the understanding that

20  the ligand binding characteristics of an antigen-binding site are determined primarily by
the structure and relative disposition of the heavy and light chain CDR sets within the
antigen-binding surface. Davies et al. (1990) Ann. Rev. Biochem. 59:439-473. Thus,
antigen binding specificity can be preserved in a humanized antibody only wherein the
CDR structures, their interaction with each other, and their interaction with the rest of

25  the V region domains are carefully maintained. By using veneering techniques, exterior
(e.g., solvent-accessible) FR residues which are readily encountered by the immune
system are selectively replaced with human residues to provide a hybrid molecule that
comprises either a weakly immunogenic, or substantially non-immunogenic veneered
surface.

30 The process of veneering makes use of the available sequence data for

human antibody variable domains compiled by Kabat et al., in Sequences of Proteins of



30 The process of veneering makes use of the avail abl e sequence data for
human anti body vari abl e domai ns conpil ed by Kabat et al., in Sequences of
Pr ot ei ns Wb 0»PRY 099089 PCT/ US02/ 17763 36 | mmunol ogi cal PCAttsoEs1763 4t h
ed., (U S. Dept. of Health and Human ¥ervices, U S. Governnent Printing
Ofice, 1987), updates to the Kabat database, and other accessible U S.
and foreign databases (both nucleic acid and protein). Sol vent
accessibilities of 'V region am no acids can_be deduced fromthe known
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contacts b . J I Bl . . esi dues_fr.
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t he "canoniegpbsedt @blivemtr acessibla)C bl eSredl ckbrRistdmh H@ORPlacdhieRrARSInE cid
criteria are then used to prepare reconbi nant nucl eotide sequences which
conmbi ne t heewbrs whichonny theee ldesigyifigant gffeghtoncthai tartisfy atructurei ofeV region

FRs that can be used to transfect

ggt In%ﬁ?r{ﬂb: gq%hgagfsrsé& 5‘%%%‘?351%;&%& gg&gﬂ{aj{ﬁne%rag%%‘fl %nt human anti bodi es whi ch

exhi bit the antigen 158 n{dnféd heFbsdlfAft WehREIARLHROLN BRI BRI Esitel Bre

anot her enbodi nent of the invention, antibodies pr oduce§ accor cﬁesng to the

present i nvbug designeéyo betaio dhpmadne €T eesatuesishe rdsitmes pastantalgasent to

Sui tabl e the CDRs, the residues identified as buried or mostly buried (solvent inaccessible), the
residues believed to participate in non-covalent (e.g., electrostatic and hydrophobic)

20 contacts between heavy and light chain domains, and the residues from conserved
structural regions of the FRs which are believed to influence the "canonical” tertiary
structures of the CDR loops. These design criteria are then used to prepare recombinant
nucleotide sequences which combine the CDRs of both the heavy and light chain of a
murine antigen-binding site into human-appearing FRs that can be used to transfect

25 mammalian cells for the expression of recombinant human antibodies which exhibit the
antigen specificity of the murine antibody molecule.

In another embodiment of the invention, antibodies produced according
to the present invention may be coupled to one or more therapeutic agents. Suitable
agents in this regard include radionuclides, differentiation inducers, drugs, toxins, and

30 derivatives thereof. Preferred radionuclides include Y, 2, 125] 131 186Re 188Re,

21At, and *®Bi. Preferred drugs include methotrexate, and pyrimidine and purine



agents in this regard include radionuclides, differentiation inducers,
drugs, toxins, and 30 derivatives thereof. Preferred radionuclides include
90Y, 1231wO0b2599084311, 186Re, 188Re, 211At, and 212Bi. PrefTarsoBdr76¥ ugs

i ncl ude nethotrexate, and pyri m di ne #nd purine WO 02/099089 PCT/ US02/ 17763
37 anal ogs. Preferred differentiation inducers include phorbol esters and
butyric acid. Preferred toxins include ricin, abrin, diptheria toxin,

chol era toxin, gelonin, . Pseudaonpnas exot oxin, Shigella toxin, and pokeweed
antiviral piBlagn, PiRleticd: difletrniation arhicsrs,neade sipPEN efiesgmd buyes ahd: y
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may also facilitale the use of agents, or functional groups on dgents,

whi ch 30 hecontaigngigbdd teavingerqups(gighlachalitie) omi the other.evi dent to those skilled
inthe art that a variety of bifunctional . or polyfunctional reagents, both
homo- and het ero-func%ﬁ@)éatﬂveé%d&ﬁlaé{sbet%%blaé%ewrﬁ%a tﬁ?rap%ct%snfc%nda%g of

the Pierce ) . ord: g d el nke
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Pat ent No. ZrOBly$amalso serge fiHwEqape e chemioph eqestivityt ofed sybstifubrt aig@hegent ofor e
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t he otherwise would not be possible.
It will be evident to those skilled in the art that a variety of bifunctional
or polyfunctional reagents, both homo- and hetero-functional (such as those described in
20 the catalog of the Pierce Chemical Co., Rockford, IL), may be employed as the linker
group. Coupling may be effected, for example, through amino groups, carboxyl groups,
sulfhydryl groups or oxidized carbohydrate residues. There are numerous references
describing such methodology, e.g., U.S. Patent No. 4,671,958, to Rodwell et al.
Where a therapeutic agent is more potent when free from the antibody
25 portion of the immunoconjugates of the present invention, it may be desirable to use a
linker group that is cleavable during or upon internalization into a cell. A number of
different cleavable linker groups have been described. The mechanisms for the
intracellular release of an agent from these linker groups include cleavage by reduction
of a disulfide bond (e.g., U.S. Patent No. 4,489,710, to Spitler), by irradiation of a
30 photolabile bond (e.g., U.S. Patent No. 4,625,014, to Senter et al.), by hydrolysis of

derivatized amino acid side chains (e.g., U.S. Patent No. 4,638,045, to Kohn et al.), by
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and/or pol ypepti des di scl osed herein above. The terms "DNA" and
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originally oes.n clu e enes .0 di.n ons | ater
o ro 3 NGl e bresh iminte e ol il ol LoV b8 g b fsriede
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conprise a(&dqgeﬂmemmhatmﬁhdﬁdehedﬂVArnmhkuhr&ﬁenuﬂaﬂmumnl@geﬁmnahkyabnd
i rmunogeni c v nt or g rlvatlv of such a sequence. In certain
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pol ypeptid e C wi l |
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i nserti ons,isqlated emdlloys seteRclui@perics @r totingagims tténaddéd tobe sqpenpptiiede
encoded by the variant polynucleotide is not substantially di mnished

rel ative tdwagd ﬁﬁWpeptl de encoded by a poI ynucl eoti de sequence speC| fically
set forth herein) varl ants" .shou nder st o

enconpass honol ogous-lih(ﬁ 8{&% LA O S IAL (o 3r|ag’lvﬁ Seﬂ%enfﬁg f)ofl%/ﬁﬁcg(fggg?lfsdes of

the presentseidtedtHa®Bncods 4 pRWIRBAG o hdyRptide, m%ﬂ@ﬁaxﬁfboaﬁ Qrlpdiginh of
t he codi ng sequence itself, may be conbined with othe
thereof) or may compnse a sequence that encodes a variant or der1vat1ve preferably and

immunogenic variant or derivative, of such a sequence. In certain embodiments, the
polynucleotide sequences may encode immunogenic polypeptides, as described above.
Typically, polynucleotide variants will contain one or more substitutions,

20 additions, deletions and/or insertions, preferably such that the immunogenicity of the
polypeptide encoded by the variant polynucleotide is not substantially diminished
reiative to a polypeptide encoded by a polynucleotide sequence specifically set forth
herein). The term “variants” should also be understood to encompass homologous
genes of xenogeneic origin.

25 The polynucleotides of the present invention, or fragments thereof,
regardless of the length of the coding sequence itself, may be combined with other DNA
sequences, such as promoters, polyadenylation signals, additional restriction enzyme
sites, multiple cloning sites, other coding segments, and the like, such that their overall
length may vary considerably. It is therefore contemplated that a nucleic acid fragment

30 of almost any length may be employed, with the total length preferably being limited by
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perfornmed, for.exanple, using the m.croarray .technol of Affymetrix, Inc.
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4, 800, 159, each of which is incorporated herein by reference in its
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target sequence is present in a sanple, the prinmers will bind to the

t arget and subleapiomemeelisse wil | cause the

Many template dependent processes are available to amplify a target

sequences of interest present in a sample. One of the best known amplification methods
20 is the polymerase chain reaction (PCR™) which is described in detail in U.S. Patent
Nos. 4,683,195, 4,683,202 and 4,800,159, each of which is incorporated herein by
reference in its entirety. Briefly, in PCR™, two primer sequences are prepared which
are complementary to regions on opposite complementary strands of the target
sequence. An excess of deoxynucleoside triphosphates is added to a reaction mixture
25 along with a DNA polymerase (e.g., Taq polymerase). If the target sequence is present
in a sample, the primers will bind to the target and the polymerase will cause the
primers to be extended along the target sequence by adding on nucleotides. By raising
and lowering the temperature of the reaction mixture, the extended primers will
dissociate from the target to form reaction products, excess primers will bind to the
30 target and to the reaction product and the process is repeated. Preferably reverse

transcription and PCR™ amplification procedure may be performed in order to quantify
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SSDNA, and dappll dfosr2020328, BINAiI{ BEDNA). PRCAppIn Plubl. NRatPCTAIRBI/01025h| Othidp. WO

89/ 06700 describes a nucleic acid sequence anplification schene based on
the hybri di z849d6 a@fi agbifisatineproprduERs ind edp eanseriptipnabased amplificabigh sysieranded
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the art. An anplified portion of a polynucleotide of the present i nventi on
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si ze-selected to include | arger nol ecul es. Random pri ned
on the hybridization of a promoter/primer sequence to a target single-stranded DNA
("ssDNA") followed by transcription of many RNA copies of the sequence. Other
amplification methods such as "RACE" (Frohman, 1990), and "one-sided PCR" (Ohara,
20 1989) are also well-known to those of skill in the art.

An amplified portion of a polynucleotide of the present invention may be
used to isolate a full length gene from a suitable library (e.g., a tumor cDNA library)
using well known techniques. Within such techniques, a library (cDNA or genomic) is
screened using one or more polynucleotide probes or primers suitable for amplification.

25 Preferably, a library is size-selected to include larger molecules. Random primed
libraries may also be preferred for identifying 5' and upstream regions of genes.
Genomic libraries are preferred for obtaining introns and extending 5' sequences.
Alternatively, or in addition, essentially any amplified polynucleotide may be employed
in routine subcloning techniques in order to arrive at a UCOE-based vector according to

30 this invention.
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to arrive at a UCOE-based vector according to 30 this invention. WO

02/ 099089 PCT/ US02/ 17763 41 For hybridization techniques, a parti al
sequence may be | abeled (e.qg., by nick-trans]ation or end-]abeling with
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anpl i fi dat i partiblesshnénges snayshec fengmtddsidentély wnelednadearerlappian cloges s &hell  f or
obtaining a full length coding sequence froma partial cDNA sequence. One
such anpl i f PetEPleisnsaaBenssi gap then bedefeminpdrusing stapdird| teghniquey| whickympy

Acids Res. .16 8 - Whi StHl.CcLL.on . e . [ a
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ci rcul ari zeghehYisdeftblaatoes sthale cbﬁt@bh@ﬁbq&éﬁbeZQ‘ fiflElengh cBN/HiB]eatile ch®be PCR
wi th divergent prinmers derived fromthe known region. Wthin an

al t er nat i vegenspriohehligatingsaitdie fragients ising ovell ke te¢hnigrgsience may be
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subj ect ed t gyPpeSRERMN Por' HEIFinE b fuld IRLIH dodRel BRuetcd BoNEpRBARDN A K&fuciid, Mer
and a second priner specific to the known 25 region. A variation on this

procedure, @hechcleamppbficationdegmiqueris invteate POR t(sert ‘Eriglia et al., Nucl. Acids Res.
16:8186, 1988), which uses restriction enzymes to generate a fragment in the known

region of the gene. The fragment is then circularized by intramolecular ligation and
20 used as a template for PCR with divergent primers derived from the known region.
Within an alternative approach, sequences adjacent to a partial sequence may be
retrieved by amplification with a primer to a linker sequence and a primer specific to a
known region. The amplified sequences are typically subjected to a second round of
amplification with the same linker primer and a second primer specific to the known
25 region. A variation on this procedure, which employs two primers that initiate
extension in opposite directions from the known sequence, is described in WO
96/38591. Another such technique is known as "rapid amplification of cDNA ends" or
RACE. This technique involves the use of an internal primer and an external primer,
which hybridizes to a polyA region or vector sequence, to identify sequences that are 5'
30 and 3' of a known sequence. Additional techniques include capture PCR (Lagerstrom et
al., PCR Methods Applic. 1:111-19, 1991) and walking PCR (Parker et al., Nucl. Acids.
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of the invention, polynucleotide 10 sequences or fragnents thereof are
enpl oyed i mayhke esddo gemsraton cantiguons figkleogthiyepEnce dgddlengb YA sequitnesscode

one or nore polypeptides,of interest, such as antibodies or fusion
pr ot ei ns o@?ﬁﬁ%ﬁ’%ﬁ@%@q%@%ﬁlﬁm@%ﬂ% 280598 to the inherent degeneracy
of the genetic code,y,otdghy, @ggfgﬁe@%ﬂ&ﬂ%mmét oS REOBvaHiBA! @nyhaa&aﬁ&ehe

sane or a functionally equi nt amno acid sequence nmay be produced and

t hese stfuenqencesayr hapmeswdthbeof 4 enipdoyedandhezqsasdion gidieuspof Y- de.
As will be understood by those of skill in the art, it may be advant ageous

in some i ndRERHESIITS A GBLRIS 61 aRE RAYRSRHE Sginirirstoleh ge agidhndintcts
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by a particu prokaryotic or eukaryotic host can be sSele 0 I ncrease
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transcript having desirable properties, such as a half- life which is
| onger t harfapivalenbamino acichsegpenee mahlks producedrand these seavanees Mgy be vsadriong

SoECRs ML ET kR PSR Co pravgnocs of (he present Toventon
al ter pol ypeptide As will be understood by those of skill in the art, it may be advantageous
in some instances to produce polypeptide-encoding nucleotide sequences possessing
non-naturally occurring codons. For example, codons preferred by a particular
prokaryotic or eukaryotic host can be selected to increase the rate of protein expression
20 or to produce a recombinant RNA transcript having desirable properties, such as a half-
life which is longer than that of a transcript generated from the naturally occurring
sequence.
Moreover, the polynucleotide sequences of the present invention can be
engineered using methods generally known in the art in order to alter polypeptide
25 encoding sequences for a variety of reasons, including but not limited to, alterations
which modify the cloning, processing, and/or expression of the gene product. For
example, DNA shuffling by random fragmentation and PCR reassembly of gene
fragments and synthetic oligonucleotides may be used to engineer the nucleotide
sequences. In addition, site-directed mutagenesis may be used to insert new restriction
30 sites, alter glycosylation patterns, change codon preference, produce splice variants, or

introduce mutations, and so forth.
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to, alterations which nodify the cloning, processing, and/or expression of
t he gene womduews For exanpl e, DNA shuffling by random f pegresnt/at7edn and
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New York, N.Y. or other conparable techniques available in the art. The
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anal ysi s.or_sequenci e.q.., .tthe Edman. degradati on procedure).

Addi 15 onl | BPE R M o e SRR B0 SERURS ety (i e Jpan
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chem cal nethods wth sequences fromother proteins, or ‘any part thereof,
to produce parlthereaht may bk altersdi diwingldireTheyiritb¢siomndior Eoxmbiped ssiag eheical ed by
way of illustration, not |limfatiaon. VMPLES EXA%I;LE 1 EXPRESSI ON. OF
RECOVBI NANTER® {8 SFN““’R"%C%%—“E’ BTERPREISTBRPAERESRE 18 2 VAreRt o
exanpl e di 5@1&% g4& conparison between the expression |evels of reconbi nant
anti bodi es ‘'usi’ng vectors with and w thout UCOEs. Engi neered human anti body
Ab3 waslexpressed fr crhe/fellbwing Kantpiesraregfferad by vay oRNRistdaifdn s linditationi n
Figure 1. ldentical vectors, but wthout the UCOE elenent, were also
constructed. The Ig heavy chain codi ng sequence in this exanple 20

conpri ses an engi neered human ,V-reghwce i ntroduced upstream of and
in franme with a genom c DNA fragne g a human I g gamma-1 const ant
region. The Ig light chain coding sequence conprises an engi neered human
V-regi on sequence introduced upstreamof and in frame with a cDNA fragnent
encodi ng a human | g kappa EXAMPLE 1

EXPRESSION OF RECOMBINANT ANTIBODY IN A UCOE-BASED EXPRESSION VECTOR

SYSTEM

15 This example discloses a comparison between the expression levels of
recombinant antibodies using vectors with and without UCOEs.
Engineered human antibody Ab3 was expressed from vectors containing
a human RNP UCOE as shown in Figure 1. Identical vectors, but without the UCOE
element, were also constructed. The Ig heavy chain codihg sequence in this example
20 comprises an engineered human V-region sequence introduced upstream of and in
frame with a genomic DNA fragment encoding a human Ig gamma-1 constant region.
The Ig light chain coding sequence comprises an engineered human V-region sequence
introduced upstream of and in frame with a cDNA fragment encoding a human Ig kappa
constant region. The vector for expression of the Ig heavy chain additionally contains a
25 neo selectable marker gene and the vector for expression of the Ig light chain contains a
hygromycin selectable marker. See Figure 2A.
CHO-K1 cells were co-transfected with the light-chain and heavy-chain
vectors using lii)ofectamine (Life Technologies) according to the manufacturers’

instructions. Cells were selected using hygromycin and G418. Pools of transfectants
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cont ai ni ng mﬁmlmhmﬂ@aﬁams&ﬂﬂiynIaadeleshrmdrthcmm@ej tlo contrastyninl teensfeaon he
transfec C ures wer.e expanded, . r.eachi m. 15 . days

post - trargusf}%%’lt‘llﬁ %ﬂm FRIFSSIop L& W%ﬂ%&ﬁ%ﬁ% é%%ae&?lﬁ Gontipue @R)I s of
transf ect edaenbitatd BRIhEHRMER RN IRCY S C O in.
EXAMPLE 2 10 HI Gt LEVEL, | LARGE. SCALE EXPRES PR R RORT AR

CELL- LI NE d@ANﬁEEﬁ@MbﬁMhﬁE}SBASEDCB‘H@%&h@I i@ T¢ne MG WYl (s 6f cel | s
wer e co-transfected th vectors contai . anti body expression
cassettes (‘é‘%%ﬁtqdr?eﬁ% Bt exprgss highdevdve e?%"’@ﬁ‘&ﬂﬁ‘@&“@@"h@%n ant i body
Abl. The I g heavy chain codi ng sequence conprises an engi neered human V 15
regi on sequence introduced upstreamof and in frane with a genom c DNA
fragment encoding a human | g ganma-EXaMPtEmt region. The Ig light chain

codi ng sequence__ conpri ses an engi neered human V-regi on sequence i ntroduced
upst r eahd of and}HQH'LE%nbAW&W@E@mEﬁsi%ﬁ@HEVEB%&H RgHesTiRFaRINEy kappa

233???2%[?3;82?;1. i ing%ﬁ‘fééfﬁ*E‘?%%%%f?EéfﬁEgéﬁM%@ﬁﬁﬁ hg:erc‘tor for
I

See Froure 2. T anorGHPSneefomiste ah Rt SWngheciop  SEEAHI U e
sl oot ed uerhyofy ERBETh LasrstS GO T EHBEY ARG U B RuBLE)

and subcl onasibogy abselThe Igheavyithsin coding sequence comprises an engineered human V-

15 region sequence introduced upstream of and in frame with a genomic DNA fragment
encoding a human Ig gamma-4 constant region. The Ig light chain coding sequence
comprises an engineered human V-region sequence introduced upstream of and in
frame with a cDNA fragment encoding a human Ig kappa constant region. The vector
for expression of the Ig Heavy chain additionally contains a neo selectable marker gene

20 and the vector for expression of the Ig light chain contains a hygromycin selectable
marker. See Figure 2B.

Transfections were carried out using lipofectamine (Life Technologies)
according to the manufacturers’ instructions. Cells were selected using hygromycin and
G418 in CD-CHO medium (Life Technologies) and subclones were selected. This

25 process took approximately 5 weeks. One subclone was scaled into a 2L bioreactor to
perform final parameter optimization before being scaled into a 100L bioreactor.
Production rates from the majority of transfectants expressing recombinant antibodies
were typically approximately 5 pg/cell/day using this approach. Yields of one antibody
in suspension culture reached approximately 200 mg/l. See Figure 4. The inclusion of

30 the UCOE in the two expression vectors co-transfected into CHO-S cells resulted in



25 process took approximtely 5 weeks. One subclone was scaled into a 2L

bi oreactor to performfinal parameter optim zation before being scal ed
into a 108D obiogosact or. Production rates fromthe najori PETAfS02/17763
transfectants expressing reconbi nant 4#nti bodies were typically
approximately 5 pg/cell/day using this approach. Yields of one antibody in
suspension cul ture reached approxi mately 200 ng/l. See Figure 4. The
inclusion of 30 the UCCE in the two expression vectors co-transfected into
CHO S cel | stapikigolaiien v Wosfertay gbas tetroudommertiady basultansd in sespensionn of
a transfectant %ésée that could immediately be cultured in suspension in a
defi ned rredlintfnq Low LEVELS OF GAL- GAL RESI DUES ON CHO K1 AND
CHO S HOST CELL- LI NES 5 As di scussed herei nabove, the presence of the

Gal (err)1(err)3Gal (err)l-4GLcNAc-R (Gal - Gal ) carbohydrate resi due on

anti bodi es used as hunman ther apeut iEXANEY h&en associ ated with rapid
protein clearance_ fromt As ar , t roduce
Feconb nant - prgtEH VIR CR G- ot BerBUFe e CFO-K e Des HosY 6kl L

Borrebaeck et al., Imunol ogy Today 14:477-479 (1993) and 10 Ka avva et al .

J Biol. Them 263 17588- 17élﬁsuseq®88)her@mbqvm ng the FPTEensgbel & | Bdhe

| ect d th t .the (3 d

ot present OB T HEABE PRV R G p BB R o mwﬁ’%éﬁ?e@gése '
di scl osed i mukdiPthRtapshitios hhs Bt assoSRRM wikll 2a %ﬁﬁelﬁ%@e’é&r&é%?ﬁ tiRNgkrgaAr el i k
et al., Cancer Res. 55:4185-4173 (1995). this respect, CHO S resenbl es

the ot her wislet yesdtedtheHbiliynty pesdued, re@mbmant proteis Wﬁh@lrta‘éms reshduenbus e

GOl sur acevauasiis: S - Barkebr Bl ipano et (odptlATTLTT DGR apd
puri 1 edo_ rRESHRI AANL/Bsigk ErBmPICHHPRAL. 17815 Eﬁ)s@ ' Ulizg wlepRgstbateth) he

absence of th -Gal " residue (data notf shown
Bl - DI RECTI d&w&nMﬁCﬂbWEﬁGﬁﬁfﬁy ROR:s| ARROVEDe EXRRES DG al BYuS is ﬁd%present on

55 ot essi on OF SHEESHBIGHNS SEle: 566712 o S C AMPIPHHIPR LB O Chakis B
-di rect | oppl, U0 95HGE Y569 Rid ERRR oF! Laheet e 55201 BTTTS (6391 2

Therapeutl cs were change
In this respect, CHO-S resembles the other widely used CHO line tested, CHO-K1. In

15 contrast, the mouse hybridoma cell-line tested in this experiment showed high levels of
cell-surface associated Gal-Gal carbohydrate. Mass spectroscopy of a purified
recombinant protein produced in the cell-line demonstrated the absence of the Gal-Gal

residue (data not shown).

EXAMPLE 4
20 BI-DIRECTIONAL UCOE VECTORS FOR IMPROVED EXPRESSION LEVELS

OF MULTI-SUBUNIT RECOMBINANT PROTEINS

This Example discloses improved expression of recombinant antibody
heavy and light protein chains on bi-directional UCOE vector systems.
The two Sfi I sites of pORT1 (Cobra Therapeutics) were changed to Mfe
25 I sites by introduction of adapter molecules comprised of annealed oligos Mfe.F, 5°-
AACAATTGGCGGC (SEQ ID NO: 10) and Mfe.R, 5’-GCCAATTGTTGCC (SEQ ID
NO: 11). The HSV TK polyA site was then amplified from pVgRXR (Invitrogen) with
primers TK.F, 5’ACGCGTCGACGGAAGGAGACAATACCGGAAG (SEQ ID NO:
12) and TK.R, 5’-CCGCTCGAGTTGGGGTGGGGAAAAGGAA (SEQ ID NO: 13),



25 | sites by introduction of adapter nolecul es conprised of anneal ed
oligos Me.F, 5 - AACAATTGECGEC (SEQ ID NGO 10) and Me. R, 5'-GCCAATTGITGCC
(SEQ I D WO002099089 The HSV TK pol yA site was then anpli fi esCrrusmn/prgRXR
(I'nvitrogen) with priners TK F, 5" AGBCGTCGACGGAAGGAGACAATACCGGAAG (SEQ I D
NO 12) and TK R 5'- CCGCTCGAGITGGGGTGECGAAAAGGAA (SEQ I D NO 13), WO

02/ 099089 PCT/US02/ 17763 46 and the Sal | to Xho I fragnent was inserted
into the Sal | site. FoIIOW| ng this, the nmurine PG polyA site was

anpl i fied fA¥hiheaba &Wﬂ(@@ﬁ@@t@dhq Sah&uSﬁ@ Eﬁllom&ﬂmnckw

o - cancaTCTi) &%W&ﬁ?&o bR RO ot 1

fragnment wagsiff @Rieters MEGK IR WGMG%C@W@AMA@@A&@WGA@WW%

pcDNA3. 1 cont al ni 2% t he neo expression cassette was treat ed wt

pol yrrer ase, IPiNfa sl HFEK.R) SikAACATCIGTBEPATGEGUTIGGCLCCTEA (SHQ t he

SPOR | %‘JK@?N@“@%@%" & RRRELYDBE e krspiutd Qe e dalgienane” "
puronyci n 1Qsg ef S413HEEmeAL S@E&tﬁwﬁ csﬁtsﬁhfgdh%weﬂeéa}yﬁ daggewwa@&%%ted b

ligated to Xba I |inkers, the Xba | fragnment was cloned into t
site to gi vmqu?I'ENpAoﬁolyfﬁthﬂl ligdtedi tb Spe I 1dketd (5°-GevGC TRGTRY SEQOIDNED: 16)

fr???‘i?}i;?@e@%fﬁﬁw e i ot i e D SOOBgROEN Gas
5 CTOGAGT AL AT AGLART TT%C%%@ZXW%%GF%%M? AR %&1&3&9@@{5

5' - GT CGACGGATSSIEGEAGEES IMW@T« BHNA pélymbiase, Ifphtedrtd Ntad I¥il@rd, tagd Sal |
fragment was cloned into the Sal || site. The BanH I to Sal | fragrrent was

then cl oned™ertlp & fiegosatayas clogedinto) fhesKba L sifsy toirerp@BEPwigF g Rhe Higgbiliieol 00,

The Sal | cPaapgnbMeChfy BRI @it AR IR P Lol P R GRRL”

di rect ed nuimagerRagind, It bBuniie sBagbf the Hydaid WCOEAQMBKS+\@sbia). OTRS hidhe t he
BanH Ito Sal | sites of pORTneoF to give pBDUneo200, or into pORTpuroF to

gi ve pBDUpGMM poomeianaias dieni avarlifiedi fom pasatis pIRESreoo(Chongech) nsingairmess t he
Bant | glrsogﬁ‘bggﬁj 2 0(3’5{5Sﬁ\(?fTﬂfAA%GPAA?bA%%&@&bd&%Me(%%?f D NoO:

(pEpEne 17) and hCMVR, 5’-GTCGACGATCTGACGGTTCACTAAACCAGCTCT (SEQ ID
NO: 18) and the Xho I to Sal I fragment was cloned into the Sal I site. The BamH I to

Sal 1 fragment was then cloned into the BamH I to Sal I sites of pORTneoF to give

pBDUneo100, or into pORTpuroF to give pBDUpuro300. The two ATG codons

20  upstream of the Sal I cloning site in the Hybrid UCOE in BKS+ were altered by site-

a l

directed mutagenesis, then the BamH I to Sal I fragment was cloned into the BamH I to
Sal I sites of pORTneoF to give pBDUneo200, or into pORTpuroF to give
pBDUpuro400.
Human antibody light chains were cloned into either the BamH I or Sal I
25 sites of all four bi-directional UCOE vectors (pBDUneol00, pBDUneo200,
pBDUpuro300 and pBDUpuro400; Figures 6-9 and SEQ ID NOs: 1-4, respectively),
followed by the heavy chain at the remaining BamH I or Sal I cloning site to give
pBDUneol112, pBDUneol21, pBDUneo212, pBDUneo221, pBDUpuroll2,
pBDUpuro121, pBDUpuro212 and pBDUpuro221.
30 Additional bi-directional UCOE vectors suitable for co-expression of
two or more recombinant proteins are disclosed in Figures 10-13 (SEQ ID NOs: 5-8)



pBDUpur 0300 and pBDUpur 0400; Figures 6-9 and SEQ ID NGs: 1-4,
respectively), followed by the heavy chain at the remaining BanH | or Sal
| ¢l oni ngweiokme94089 gi ve pBDUneo 112, pBDUneo 121, pBDUneo2CZ/uspBDUR0221,
pBDUpuro 112, pBDUpurol2l, pBDUpuro22 and pBDUpuro0221. 30 Additi onal

bi -directional UCCE vectors suitable for co-expression of tw or nore
reconbi nant proteins are disclosed in Figures 10- 13 (SEQ ID NCB 5-8) WO

02/ 099089 PCT/ US02/17763 47 and are referred to as pBDUn ‘?Orﬁ BDUne0600
pBDUpur 07000d e fﬁémshfp@emﬁ wéB@»&BQ‘ém;MO%@%UW@FB%n uE$9Poyed,

for exanpl r 0

expr essi on%a{)t 8t1\9eﬁ’3f o%?)‘ﬁ%‘@. 1@5’ %Ft % favg&gé’%sr#&?g t ‘%:pé%% ng%é %bndf or
optim zati diCOE d?ie@mﬂod ORI Fexpressioh, 38 Skl agmd Excﬁ&hﬁl alfepakité ptom@sd Nsi |
to renove the bovine growth hornone pol yA site, en ligated to the SVv40

early pol y/somdiinasionmfos loptigézasianl i fied with prinmers 14506, 5'-

CCAATGCATAGGTTGGGCTT d
GCTCTAGA CTCGACGGTAT%@A%&‘(‘@ Q"‘ﬁab%s@))w i Pﬁ%sﬁgaaff}?b 139 P’é‘és on
with Xbal agghosite bdven evuﬁ) Ihafndfé RuE Oofhén lighed kty Bid SVHER]

containing the nmurine pr onot er downstream of the human RNP and
Wi th the tsible nut wheh ATGwasdonsamplifiesen t hvdthact i priprassot er14806, t he S5al |

ot AR e b O Ry o

with pri mréc%é%&%AﬁTééA%@éﬁ@X&HAéM@&N wed@ ByP_NO
21) and 14476, COGATCTGACGGT TCACTAAA CT(SE IDNO 22)

fol | owetld b)dlgasgels wr(thlvuItalnd Bésiftto give pldsmdd pORTAuroﬁdaTﬁh@Hybndm}G%de@{)r
anneal ed ol igos 14466, 5' - TCGAGTCGTTTAAACTCTAE (SEQ | D.NO % and 14465,
5' - TCGACT/ACABMmH&draing SMY prometer domnsiigam of ghe yrasy RNY WEOERad g4th

it 20 di NG,
o omoter ¢ 1 TEGTRASA 00, F?@g?ﬁvﬁn&%&i AP DR AP U SATP o e
GAAT TCGACCTHSRAAAET BERBTEET FIHAT th SERbvhbiGiurite) CMWprbAbas, then ligated to

5' - ATTTGTCGACT CTAGACCCGGGCTGCAGCGAGGAGCTCT (SEQ I D NO. 26)  fol | owed by
di gesti on vihe hhwaan CMe mpmeter dthal ¢ sy beer nampfifiedi trButprinege Hé2bned'cw

15  CCCAAGCTTATTAATAGTAATCAATTACGGGGTCAT (SEQ ID NO: 21) and
14426, 5'-CAAGGATCCGATCTGACGGTTCACTAAACCAGCTCT (SEQ ID NO:

22) followed by digestion with BamHI and HindIIl. An adapter comprised of annealed
oligos 14466, 5’-TCGAGTCGTTTAAACTCTAG (SEQ ID NO: 23) and 14465, 5’-
TCGACTAGAGTTTAAACGAC (SEQ ID NO: 24) was then inserted at the Sall site,
20 digested with Pmel and Sall, and ligated to the murine CMV promoter that had been
amplified with primers 14435, 5’-
GAATTCGAGCTCGCCCAACTCCGCCCGTTTTAT (SEQ ID NO: 25) and 14436,
5’-ATTTGTCGACTCTAGACCCGGGCTGCAGCGAGGAGCTCT (SEQ ID NO: 26)
followed by digestion with Sall. The plasmid either with, or without, the murine CMV
25 promoter was then digested with BamHI and Sall, and ligated to BamHI and Sall
digested pORTneoF to give plasmids pPBDUneo500 and pBDUneo600; or was ligated to
BamHI and Sall digested plasmid pORTpuroF2 to give plasmids pBDUpuro700 and
pBDUpuro800, respectively.
G418 or puromycin-resistant bi-directional UCOE vectors expressing
30 antibody heavy and light chains were transfected into CHO-K1 or CHO-S cells using
Lipofectamine or DMRIE-C (Invitrogen), respectively, following the manufacturer’s



25 pronoter was then digested with BanH and Sall, and ligated to BanH and
Sall digested pORTneoF to give plasm ds pBDUneo500 and pBDUneo600; or was

| i gat ed twoO oBasdaR9 and Sal | di gested plasm d pORTpur oF2 t oP@GIrsSoplzEsIn ds
pBDUpur 0700 and pBDUpur 0800, respect48vely. (418 or puronyci n-resistant

bi -directional UCCE vectors expressing 30 antibody heavy and |ight chains
were transfected into CHO-KI or CHO S cells using Lipofectamne or DVRIE-C

(I'nvitrogen), respectively, .fqllow ng t he manufacturer's WO 02/ 099089
PCT/ US02/ 1 7peinuctigns,iand selgéted gvith S00g/mb(Gdd 8 deponyeciorsion 13y we/mbpuspnyyisin

ant i Doy pr AT RS P84S SR klect U BBl Ryt e Enfal MR 57

anti body pr I on es conpare erent caons

det ermi ne tihe diffedefBlcopstantt & defmie! St aftlrtal Mprokter SRITREIBEABIO MMAREr
anti body expression in CHO cells. 5 The results of expression studies in
CHO S suspetestonptiondpr antibody extupisiondd CGHOTellt e 2. These data denonstrated

t hat tai ni the.|li t hai the. i Ccw
bromot o gave ¢ he- boseithb ol Seiveidh sfaREEE EHQS ShineSsift 95, Aty ci n
or GA18-r esdepiddiCh THIK € STHRE QlathS @norREaied it alebidrs Eoiaifing (R Tigkt dHanal

vectors, one containing a puronycin-resistance marker and one containing a
10 (418-r esixpressaefromithe murine (VY promates gavst thel befeaotibodyerxpressibeciVediorand

anti body production rates determ ned. Separately, the or .

U onyc - PSS PUTRHER 0 G S BOSRLc BRSOy AOh gu: P69 bt es,
but the pr auchibil veabs, Bfe {difaififip 'l HASH G AList R0 natis Bl 98¢ b Y,

hi gher. This sulggests thate{;t anlnygb posgﬁbl elsto I ncrease pro u%’?ilﬂ narate
by havi h@ tG#lEepistacofmarker, awtre badiraesfqmteis s i Rnolsy ectrorseleoted ntad readbadyt h 15
different sel gct,abl e markers. Selecting ﬁ)ool s with higher |evels of

puronyci n (Zeduggiongates dgtsraingd. Separgiehy yiheiO41$ 6t PrrppEmstesisignt Hanshesashsed

ducti on. ' . i o . |
arrying FEOEEEba SR REOASR RS, bR TREIRUBETHE of & ErilibudtP®
expressed nwas$uvabkignifieamiinthichef. aNkis bAgyestsl that iiBlmagr Bel pobdible-toainerease

determ nations indicated that the cell lines 20 had antibody secretion
rates of upPreductign seie bghpyiagiwe vepipeoiihe agihody exmession vegionl ainkined géth i f i ed

at | east.on | one ;hawvi.ng_a, prodyction rate.of .13 pa/cel)/day and

appr o e SR B SHE bR R B il REeEEol pIPBIORER o

this pool emevérsed B8 dghl Bidriod doredlhe withdh&sasell podhBtidid/ cel | / day. C ones

expressi ng approx. 5 :

Clonal lines were isolated from the puromycin-resistant pool carrying
pBDUpuro421. Fifteen out of twenty-two clonal cell lines expressed measurable
amounts of antibody. Initial production-rate determinations indicated that the cell lines

20 had antibody secretion rates of up to 16 pg/cell/day (Table 3). Southern blot analysis
identified at least one clone having a production rate of 13 pg/cell/day and has
approximately a single copy of the vector DNA (clone S421.7). Clones from this pool
were isolated with production rates of 3-18 pg/cell/day. Clones expressing approx. 5

pg/cell/day were used for initial fermentation experiments.

25



pg/cell/day were used for initial fermentation experinents. 25 WO 02/099089
PCT/ US02/ 17763 49 Table 2 Expression of hAbl (1gG4) from bi-directional
UCCE vectwoazNemsdr H3 Pronoter K1 Pronoter Production RateT/usp2/cwbi / day)
pBDUneo 112 murine CW human CW 0. 3 49pBDUneo | 21 human CW nurine CW 1.5
pBDUneo2l 2 muri ne CW human beta-actin 0.06 pBDUneo221 hunman beta-actin
murine CW 1.3 pBDUpuro3l 2 nurine CW human CW 0.5 pBDUpur o032l human CW
murine CW 1.4 pBDUpuro4l 2 murine CW_hunman beta-actin 0.05 pBDUpuro421
human beta-actin murine CW 2.3 Cotra tion* * human CW human CW 0.7
pBDUneo221 human bet a; a , 4 beta-actin
murine CW 1 pBDUnes: ' 1 ' ' %@puro421 5
**Cotransfection was carri ed out preV| ously using the same anti body genes

each drivenfrommakb OCOE CWy veTtOrs (T Cl I dnu MEOMy Tl 1 Fecti on
Tabl e 3 Expr¥84®n of hAbl n—é&é%%—lkoﬂk] P'{ Hes tr @@ﬁ% h :
pBDUpur 0421] Puronyci nR Cel I Line Production Rate ( pg/ cel LEZEMQLZSd_YBQl 2 5.4
$421.3 0.5 | fERWndo1d25 SAdirine T3V S42 hufhab OMV

pBDUneo121 human CMV murine CMV 1.5

pBDUneo212 murine CMV human beta-actin 0.06

pBDUneo221 human beta-actin =~ murine CMV 1.3

pBDUpuro312 murine CMV human CMV 0.5

pBDUpuro321 human CMV murine CMV 14

pBDUpuro412 murine CMV human beta-actin 0.05

pBDUpuro421 human beta-actin  murine CMV 2.3

Cotransfection**  human CMV human CMV 0.7

pBDUneo221 human beta-actin ~ murine CMV 1.3

pBDUpuro421 human beta-actin ~ murine CMV 1

pBDUneo221+ human beta-actin ~ murine CMV

pBDUpuro421

5 **Cotransfection was carried out previously using the same antibody genes each driven

from 4kb UCOE CMYV vectors (hygromycin and neomycin selection)

Table 3
Expression of hAbl in clonal CHO-S cell lines transfected with pPBDUpuro421

Puromycin® Cell Line Production Rate
(pg/cell/day)
S421.2 54
S421.3 0.5
S421.4 0.5
S421.7 13.4
S421.8 54
S421.9 0.04
S421.12 1.4
S421.14 6.7
S421.15 0.3
S421.16 7.2
S421.17 5
S421.18 0.8
S421.20 1.2
S421.21 0.3
S421.22 16




$421.9 0.04 $S421.12 1.4 S421.14 6.7 S421.15 0.3 S421.16 7.2 $S421.17 5
$421.18 0.8 $421.20 1.2 S421.21 0.3 $S421.22 16 WO 02/ 099089

PCT/ US02/ WD 06899080 EXAMPLE 5 DELETI ON ANALYSI S OF THE RNPPOCM@ES0YNi763 Exanpl e
di scl oses pol ynucl eoti de del eti ons wiithin an RNP UCOE plasm d vector for

I mproved expression of reconbinant proteins. Briefly, a series of 5
deletions within the 8 kb RNP UCOE were prepared to identify both inportant
functional elenments and regions that _may be renmoved wi t hout affecting UCOE
function. A green fluorescent prote GFP) was cloned into plasm d

CET720 (Cobra Therapeutics | et d quently introduced
into the UCCE region (Fi gung%%%ﬁgﬂlgggTﬁ%%ﬁPy@@ﬁese del eti ons was
transfected into CHO S, cells, .and 10 exam ned for the abjlity to express
GFP. In a transient ai&“&% ° ’é?lé’seﬁd%(’ﬁlyn"?ﬁaﬂéq @@Fﬁl%ﬁ)wﬂéplaﬂﬁﬁ? M&)E

pl asm ds we & ; ' O gScence | -

i ot oscopy. Parah| Cect Pl MBS e e @A bABRRY prolcittl) BRERPSF ories of
sel ected5 adeletd#i3 exthiresisd GnkbleRNP MICOE Imerd-Atspasstalky ddentifOtetimimpbrtanst -
transfection, all of the deletions displayed both a hi gher percentage of

posi tive celinstipnalslements adregions thruny be mavRd dilonatiestng HOPR hucimoe
(~00% ver sus, MRIQRHEn RSB (AR s O, Py R EAT P
(Table 4). Thespeutietya @df delegbnIOwerepigbgiRhily titRodiRed AftoOthd ORI BEIoRNP
UCOCE required for full activit%[ and identified a shorter (approximtely
7kb) UCCE ellEgwrt14)20The firsttsat pl thesé deletionsThias transfedted i Ot wells, ands
def i ned 1%y g}?elur%tnieg r-%o'ra‘ We aa%?lity to express GFP. In a transient assay (two days post
transfection), all of the plasmids were able to express GFP as determined by
fluorescence microscopy. Stable pools carrying the different constructs were then
selected, and GFP expression determined by FACS analysis. One month post-
transfection, all of the deletions displayed both a higher percentage of positive cells than
15 a control plasmid which did not contain the UCOE (>50% versus 10% without the
UCOE), and a higher mean fluorescence for the positive population than the control
vector that did not contain the UCOE (Table 4).
These data defined more precisely the region of the human RNP UCOE
required for full activity and identified a shorter (approximately 7kb) UCOE element
20  with full activity. This new 7kb UCOE element was defined by deletion ARV and

extends from nucleotide 2225 — 9254 in Figure 14.

Table 4
GFP expression from plasmids containing deletions within the 8§ kb RNP UCOE

Plasmid Region Deleted Percent Mean Fluorescence of
Positive  Positive Population

CET720GFP (8 kb None 68 516

UCOE)

CET700GFP (no nt. 2225-10525 10 136

UCOE)

ABS (4 kb UCOE) nt. 2225-6341 61 370

AEcoNI nt. 3875-6916 65 439

AEX2 nt. 6916-7053 53 384




extends from nucl eotide 2225 - 9254 in Figure 14. Table 4 GFP expression
fromplasmds containing deletions within the 8 kb RNP UCOE Pl asm d Regi on
Del et ed PED®en99oREan Fl uorescence of Positive Positive Pepwlsh/ores
CET720GFP (8. kb None 68 516 UCOE) CBI700GFP (no nt. 2225-10525 10 136
UCCE) ABS (4 kb UCCE) nt. 2225-6341 61 370 AEcoN nt. 3875-6916 65 439
AEX2 nt.6916- 7053 53 384 WD 02/099089 PCT/ US02/17763 51 AEM nt. 6916-7209
66 423 BMX hAEM053-7209 66 464 ¢AMwloont . 7289- 8293 58 448 ARV nf.
9254-10342 7 AEdlﬁ‘%bVect or CET72 05(3[% esent eg by SEQ | D NG 9, whj ch
contains the human RNP ai gested with EcoRV, Mul, oNl, or
BamHl plus S A ,1 the ends wer &bl wi th T4 DNA pol yrre44§se and
religated to duce vectors 5 Me254R034delta TMul . del taB¥SN _and del t aBS,
respectively. CET720 was digested with PfIM and blunted with T4 DNA

ol ynerase, then cut wth I e blunt .to | _fragment was, cl oned
Pntg the EcoRV to Barggf’toél i(&ggagpl%g?e@ﬁ@t%&’yﬁ&g%{@\@‘ ?owmﬁli‘ gentgipgthen.
PB720 was gdli Rpt : that EcoNI
gnd Xhol (ggdrb??%jl), the@ﬁgg%&%gﬁt%gé%%ky H?‘J‘I?'%I’@I@Ng’o ymer as%luggén’lo

reci r cul ar ileeendsTiverePbluaAtedf with iEh DN A oppleaetasofand heligaslitd ipagluceckoos was

cloned intq he hAl sites_of CET720GFP to give illustrative vectaors
del t aEM? déﬁ%ﬂéﬂé fi;i‘ﬁ My qelipheoNloangcdeltal sy rpspectixghyl EFd 7 2bpiay digqated petheT) oN

ANALYSI S ﬂwE%rEi\IBh‘ fEF i T4 SNRUS01GHRIRL EheRANE Wille Maldri®dmy! Bufielet | on
anal ysis that the UCO
BamHI fragment was cloned into the EcoRV to BamHI sites of pBluescript II SK (+) to
give pPB720. pPB720 was digested with EcoNI and Mlul, Mlul and Xhol (partial), or
EcoNI and Xhol (partial), the ends were treated with T4 DNA polymerase and

-

10 recircularized. The PshAI fragment from each of the resulting vectors was cloned into
the PshAI sites of CET720GFP to give illustrative vectors deltaEM, deltaEX and
deltaMX, respectively.

EXAMPLE 6

ADDITIONAL DELETION ANALYSIS OF THE RNP UCOE

15 Previous examples have identified via deletion analysis that the UCOE
regions from nucleotides 2225-6916 and 9254-10342 of vector CET720GFP (SEQ ID
NO:9) can be removed without loss of UCOE activity (see Example 5 above). In this
example, minimal regions of the 8kb RNP UCOE that are important for its activity are
further defined. Importantly, this analysis more precisely defined an illustrative 4.1 kb

20 region of the human RNP UCOE that retains full activity.

Briefly, fragments of the 8kb RNP UCOE were blunted and ligated to
HindIII linkers (New England Biolabs; Catalog Number S1098S), digested with HindIII
and ligated to HindIII digested and calf-intestinal alkaline phosphatase-treated vector
CET700GFP. Vectors were transfected into CHO-S cells using DMRIE-C (Invitrogen),

25 where all constructs were capable of expressing GFP in a transient assay (data not
shown). After 2 weeks in puromycin selection, the geometric mean fluorescence of the

positive population was determined by FACS, and expressed as a percentage of the
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Table 5 Plasm d UCCE Regi on Present Percent

of Control EEF26P 8 kb— —Nactegtdes 222516525100 CEFAO3-P (no
UCCE) None [LO del t 21880l cl eot | pes UBIEReHRN PEstiin, d| o dFTGROT{PaNL 10 25(
700HRV. R Nutleotides 2240-9254 121  700FRV.R Nucl eotlides 5152-9254 12
700BRV. R NucCEAT2QEEP Rl UGSHH Nuglgotides 29234095 allso det edB® ned for|the
t hree UCOE fCE@"ﬁ@@ﬁ:‘rEP conti@Dled | Wobdi n 700HRV. R, 70QFRV. R anld 700BRV. R, but
wi th the UCQHelfargent s i nsert edNuglBotidee 20ppo354 e orlientati a9, to give
pl asm ds 70PHRV. F, 700FRV. F and| Xg0B8584e5:10342-10525

700HRV.R Nucleotides 2240-9254 121

700FRV.R Nucleotides 5152-9254 122

700BRV.R Nucleotides 6341-9254 73

10

15

20

Activity was also determined for the three UCOE fragments contained
within 700HRV.R, 700FRV.R and 700BRV.R, but with the UCOE fragments inserted
in the opposite orientation, to give plasmids 700HRV.F, 700FRV.F and 700BRV.F,
respectively. Again, all plasmids were capable of expressing GFP in a transient assay.

After 3 weeks in puromycin selection, the geometric mean fluorescence of the positive

population was determined by FACS, and expressed as a percentage of the control
(CET720GFP), the results of which are summarized in Table 6 below. While lower
levels of activity were observed for plasmids containing UCOE in the opposite

orientation, all fragments nonetheless retained UCOE activity.

Table 6
Plasmid UCOE Region Present Percent of Control
CET720GFP (8 kb UCOE) | Nucleotides 2225-10525 100
CET700GFP (no UCOE) | None 6
700HRV.F Nucleotides 2240-9254 59
700FRV.F Nucleotides 5152-9254 43
700BRV.F Nucleotides 6341-9254 30




respectively. Again, all plasm ds were capable of expressing GFP in a
transient assay. After 3 weeks in puronycin selection, the geonetric nean
f | uor escewoa2o9908he positive 15 popul ati on was det er m ned Poy/USAEE76and
expressed as a percentage of the cont¥ol (CET720G-P), the results of which
are summari zed in Table 6 below. Wiile lower levels of activity were
observed for plasm ds containing UCOE in the opposite orientation, all
fragnents nonet hel ess retai ned UCCE activity. Table 6 20 Plasm d UCOE

Regi on Present Percent of Control @Mﬁ 8 kb UCCE) Nucl eoti des

59 700FRY. F NRTBBTHRCE ﬁ&f@%ﬂé@%ﬁ&@@ﬁ%@g@oﬁﬁ%ﬁ BIPEEE s 0o

02/ 099089 PCT/ US02/ 17763 53 I\/P E 7 PREPARATI ON OF .ADDI
| LLUSTRATI VE BI - DI RE PYRIAT © SC@PE@“&E@P@%WBI @é‘f ﬁ‘é%}‘éat’d’é‘s%fru bed

the prepar 3ﬁdn‘i’é?o t | On&iv‘é%ﬁ@@ﬁ xFéEtors” um&aﬂé}w%aaﬁbw%é@@ﬁze\eﬁﬁé Qe N

this exanpl e, UCCE vectors were onstructed. For exanple,

vectors @B[ﬂdmuﬂmrfﬂeﬁi) KdBeiahpleNectdty pBBRpupBBUESEQAPINO( SEQnid BN piz8)50ner e
prepared so _as to be eq)gl valent to the previ ously descri bed vectors
pBDUpur 03005k 1 B dPoaors, PipetRd sResdR dspequivplénide thi@rqysruyly despibed

foll t t A
siot eO\(Msgg %%sogylgggﬂu[?% 0 @Sand%}ﬁgg@eo\fl\gﬁnﬁ I t% %g 5 vtg%% ?)}lr%sg‘0 V\:? 1QI B%e%l ace
the 8kb RNFollowinglific QutsiRytin Yésisarchgede Wk rdfifled EﬁﬂﬂﬁefS‘\a@Tpﬁ Al gilenbed | ed

her ei nabove by deletion analysis to retain full UCOE activit To alter
the pol yA s#saFigireshld gngr Bny Severat additongh vectorsswidk teplage theh bpéﬁ@p‘dﬁ@ﬂ/ect or

Sent 2 TS BB TR AR helneh BRI BY MRS
and i nsert egalysisotol RaifiSfull UeORDabtivityl © T aR&RHRBUPSITAL Qter BPHIRC ?uﬁoﬁgfcﬁﬁ BGH
pol yA site. This new vector, pORTpuroF was sequentially digested with
BanH and iSsibtanceasadsaticardlie pRDE putvevaRtortieries gaf V48 ipplyd site wsCwiplifisdor i d
UCCE wi th from pBSneo.23 by polymerase chain reaction and the reaction product was digested
with Nsil and Xbal and inserted into the Nsil to Xbal site of pORTpuroF to replace the
15 BGH polyA site. This new vector, pPORTpuroF’ was sequentially digested with BamHI
and Sall, and cloned into the BamHI to Sall sites of HUCMV (hybrid UCOE with
murine CMV promoter) to give plasmid pBDUpuro350 (SEQ ID NO: 27; see also
Figure 15), or cloned into the BamHI site of pUCOEact3 (hybrid UCOE with site
directed mutagenesis of the ATG codons in the actin promoter) to give pBDUpuro450
20 (SEQ ID NO: 28; see also Figure 16). Addditional UCOE vectors are constructed by
inserting a HindIII site at the position of the Kpnl site at the border between the human
beta-actin and RNP UCOE fragments in plasmids pUCOEact3 and pUCOEact3hCMV.
The 4kb HindIII fragment carrying the RNP UCOE is then removed and replaced with
the 4.1kb RNP UCOE fragment from 700FRV.R. The Sall to BamHI (partial)
25 fragments are then cloned into the Sall to BamHI sites of pPORTneoF and pORTpuroF’
to give pBDUpuro1200 (SEQ ID NO: 29; see also Figure 17), pPBDUpuro1450 (SEQ ID
NO: 30; see also Figure 18), pBDUneo1600 (SEQ ID NO: 31; see also Figure 19) and

pBDUpuro1800 (SEQ ID NO: 32; see also Figure 20).



murine CW pronoter) to give plasm d pBDUpuro350 (SEQ I D NO 27; see also
Figure 15), or cloned into the BanH site of pUCOEact3 (hybrid UCCE with
site di rwoteedogess agenesi s of the ATG codons in the acti nPprarso/er$3to give
pBDUpur 0450 20 (SEQ I D NO 28; see al®o Figure 16). Addditional UCOE
vectors are constructed by inserting a Hindlll site at the position of the
Kpnl site at the border between the human beta-actin and RNP UCCE
fragnments in plasm ds pUCCEact3 and pUCOEact 3hCW. The 4kb Hindl ||
fragment carrying the RNP UCCE is ttéﬁ%%d and replaced with the 4.1kb

RNP UCCE fr i nts
are then cl %ﬁ“ggﬂ%‘ﬁ%%% ggﬁ‘l'ﬁmgmﬂﬁﬁ tégmg% H?@Fﬁg%@%%o%%ﬁ?gﬁ to
gi ve pBDUpur 01200 (SEQ ID NO 29; see also Figure 17), pBDUpurol 450 (SEQ I D
NGO 30; seel.al sEffécguf bi-difctionBDIdED $606r dopkrQuinBelNid ardibpdg pedattism dhiegur e
19) and pBDUpurigd890-4 &HQ | D NO 32; see also Figure 20). WO 02/099089
PCT/ US02/ 17763 54 EXAVPLE 8 EVALUATI ON OF VECTOR FEATURES | MPORTANT FOR

Bl - DI RECTI ONAL UCCE ACTIMVITY 1. Effect of bi-directional UCCOE vector copy
nunber o antibody prdQc? iceth Lingt¥#21iThhavachesn spwa.topopigin & singlg copshaf

S421. 7 hav ' [ y 1af ,
ani oh expr SSSBL PRRS PRy A s HARL Y IR s L aR OB sEcter
coul d i ncr eapres@bhidiaehsaddiibsd epréssionlsvelHHA21.7 wastetraistarsll with @ectot t h
vect or pBDUneo221 that al so expresses hAbl, but carries a different

sel ect abl e PRIPKeeo226Al18 alsoeexprsssen ddibl, Bitnaries gedifferenheadeofphlemptier £o¢B and
anal yzed for .production, rate (Figur ).. ;10 -Many. cel |. 1.i nes ear,40 have
n ghor - pr odguRRa Glogd! etined s et pg PR ot TPRER 20,
addi tiongl was} 0411 GAEY Hpeatfd hAVeBSRS REARUEH r@Bs tHalithé ghreﬁﬁpliné‘ waben,

anal ysis indicated that cell lines S7.16, S7.20 and S7.23 contain 1-2

copi es of \viedicaing thBDuEHGA®R] vectat eopies cahimgrepse proditiome t Indtfal lvpby indmbOOE
orientation and, pronoter. chojce o t Yy Rr ction 15 in S cells
b e poolwaBrisongrge gt Lot 1es 8730, 57 Rl H berdin o coBeer Y6t or <
expressin | yzed to determ ne both the effect of th
s P e R e o e

orientatio UCCE Telative to the anti body genes, and the

effect of Cg.f f erﬁﬁetct of hybrid UCOE orientation and promoter choice on antibody production
15 in CHO-S cells

Stable pools of CHO-S cells carrying various bi-directional UCOE
vectors expressing hAbl (IgG4) were analyzed to determine both the effect of the
orientation of the hybrid UCOE relative to the antibody genes, and the effect of different
promoters on antibody expression rates. CHO-S cells were transfected with a series of

20 bi-directional UCOE vectors expressing hAbl (IgG4), and stable pools were selected
with either 12.5 pg/ml puromycin or 500 pg/ml G418. The location of the heavy chain
(H) and the light chain (K) relative to the hybrid UCOE element (actin end versus RNP
end) and the promoters used are shown in Table 7 below. Antibody production rates
were measured by ELISA, and western blot analysis was performed to determine the
25 distribution of light chain and heavy chain in the supernatant (supe) versus the cell
lysate (lysate). The orientation of the hybrid UCOE showed only minor effects on
antibody expression levels, however the choice of promoter combination resulted in
some differences in production rates. The highest production rates were obtained in

these experiments using illustrative vectors expressing the heavy chain from the human



pronoters on anti body expression rates. CHO S cells were transfected with a
series of 20 bi-directional UCCE vectors expressing hAb 1 (Ig&*), and

st abl e powb2/e9089 sel ected with either 12.5 (err)g/m puPemuson1os3 500
gg/mM (418. The |l ocation of the heavyschain (H) and the light chain (K)
relative to the hybrid UCOE el enent (actin end versus RNP end) and the
pronoters used are shown in Table 7 below. Antibody production rates were

measured by ELISA, and western bl ot analysis was perforned to determ ne the
25 di st ri buthelrcdn nrogater.candithe Aght ¢hamy fFomratber the mwdne (LY eatamean (Qd¥e)
versus the ysat : F ion of the hybrid UCCE showed
only m nor g)?llfnjg%tf}ss @%”%g%q@%@e%?ﬁ&éﬁssu%‘%8$‘)Z4§/'e| s, however the choice of
pronot er conbi nation resulted in sone differences in production rates. The
hi ghest production rates were obtained in these experinents using
illustrative vectors expressing the hedablechain fromthe human WO 02/ 099089

PCT/ US02/ 17763 55 beta-actin pronoter, and the |ight chain fromeither the
muri ne CW—er—human CM/ prompters (e. g pBDUpuro454 _and pBDUpur 0804)

Tabl e 7 Verk¥esforactin BEm end BREhend HHaapy K Ka r odkappint e Pr¢daBat€hai n
Chain Chaih Chain (paEB&l|/day sue £hainte Shain 1 Ghaine ppEfhapyr oSegeeldan/) K
MCMW-H + ++ + - 0.159 pBDUpur 0354 hEGMREH nyssek +(supe) 4 (ysate)o56

pBDUpur 045prRiipure3R niSVH +/mCMV-H+/ -+ 0. 0056~ pBDUpur 0454- act i nOHSHCMW/- K
++ + +++ +HpEDGar6354p BRUUID 7 QdeCiV- K mCW-H ++ ++ 44+ 0. 391 pBlgdesir of04

hCW- H nﬂwéﬁ%’g@% itk (W%EPBDUP/W 0802 actin-K mCW-H +/ - dddb +/1 -

0. 020 pBDUpuUr act1 n- +++ +++ +++ ++ 0.608 5 3. Transcription

versus pr optRAYPBR ¥at 8o, ceéMV&el | sTO onal *cel | Mthes weite i sol®§F8d 1rom
t he pur onycPBPUpen7@t ahfMB&ol snCN%itr yi ng- pBDUptr 0452, +pBDUput 0454 ansél
pBDUpur 0804pBupaiomd Matxl/y t weeNmikr ds +of cl onal |ings carnying pBtpur 0454
and pBDUpurMug neagyr abl e~apti body, producti on rates froml to%z(}o

pg/cell/day, simlar to previous results obtained with
pBDUpuro804  actin-H mCMV-K - +H+ - ++ 0.608

5 3. Transcription versus production rates in CHO-S cells

Clonal cell lines were isolated from the puromycin resistant pools
carrying pBDUpuro452, pBDUpuro454 and pBDUpuro804. Approximately two thirds
of clonal lines carrying pBDUpuro454 and pBDUpuro804 had measurable antibody
production rates from 1 to 10 pg/cell/day, similar to previous results obtained with

10 vector pBDUpuro421 (data not shown). TagMan assays on genomic DNA samples
suggested that clonal lines S452.3, S454.5 and S804.4 carried single copies of the
bidirectional UCOE vectors pBDUpuro452, pBDUpuro454 and pBDUpuro804,
respectively. Cell line S421.7, previously shown by Southern analysis to have a single
copy of pBDUpuro421 (pBDUpuro400 with the heavy chain expressed from the human

15  actin promoter, and the light chain from the murine CMV promoter) was included as a
control. To study the correlation between production rate and transcription of the
antibody chains, TagMan RT-PCR assays were carried out on these lines, the results of
which are summarized in Table 8 below. Both heavy and light chain RNA levels in line
S452.3 were significantly lower than those observed in the control lines D6 and S421.7,

20 that have been shown to express antibody well. However, lines S454.5 and S804.4 had

RNA levels as well as production levels similar to the positive control lines. Together



10 vector pBDUpuro42l1 (data not shown). TagMan assays on genom c DNA
sanpl es suggested that clonal |ines $S452.3, S$S454.5 and S804.4 carried

si ngl e cowDaeg/0ef8e he bi directional UCOE vectors pBDUpur o262/UspBDUpsr 0454
and pBDUpur 0804, respectively. Cell 36 ne S421.7, previously shown by
Sout hern analysis to have a single copy of pBDUpuro421 (pBDUpuro400 with
the heavy chain expressed fromthe human 15 actin pronoter, and the |ight
chain fromthe marine CW pronoter) was included as a control. To study

the corr eI Wity wepemlehanalysifu@atagiot shewn)a these f%hléﬁtﬁidt?@tedhafdﬁe Bﬁ\ﬁi\ lesiels Pody
hai t t
chai e one YRR SRR LS GREE0T, Bl AR R s OB

| evel s in lireobsehad. 3 Wwere significantly | ower than those observed in the

control lines D6 and S421.7, 20 that have been shown to express anti body
wel | . However, lines S454.5 and S804.4 had RNA |evels as well as
production levels simlar to the posit| ontrol lines. Together WO

02/ 099089 PCT/ US02/ 17763 56 with west | ot anal ysis (data not shown),
these results indicate that the RNA | evels of antl body heavy and |ight

chai ns obsefved jn-these{ines—corretates wih-theproduction—rates
observed. Tabl eCallldngs | | | jRrodnetion Rafe,, |RaLight Chain onai HeapaGhaimn 5iin
(pg/cell/day) CHOS 0 40 40 Gmeleeldan) 39 22. 86(Ct¥421. 1 4. 57(@) 91 23. 90
S454.5 3.52| 22. 1283 96 >804 4 3062 22.40Q 24. 1) SA452. 3 0. 07429. 62 26. 47
Ct, cycl e nprper—threshotgi—€EHO-S—parentgl—eced—tine—bB6—etlonal—eehl |ine

carrying twb piec®® of a Vector expressing the20i3ht chain a¥a®-8 cdpies
of the heavy chagapiexpressed from5t7he hCW prorj@tgqr for hAbzl3,_908421 1,

clonal cell +Hne—cars VA ||g a—st ||g| € CopYy of ul 0421+ —S454-—5—¢ct-onal

cell line carryi™P% single copy-28f pBDUdur 04@ 25804./4 cl ¥ cel | |Ii ne
carrying a pi nglgg(pppy of pBDUpug@804; and 10 §Q5@ 3, ¢lonalyggl! line
carrying a llgl §4§2u Y of pDL}UpUIO‘L())"-}-JL. 2962 26.47

Ct, cycle number threshold; CHO-S, parental cell line; D6, clonal cell line carrying two pieces of a vector
expressing the light chain and 4-8 copies of the heavy chain expressed from the hCMV promoter for
bAb1; S421.7, clonal cell line carrying a single copy of pBDupuro421; S454.5, clonal cell line carrying a
single copy of pBDUpuro454; S804.4 clonal cell line carrying a single copy of pBDUpuro804; and

10 S452.3, clonal cell line catrying a single copy of pBDUpuro452.

U.S. patents, U.S. patent application publications, U.S. patent

applications, foreign patents, foreign patent applications and non-patent publications

15 referred to in this specification and/or listed in the Application Data Sheet are
incorporated herein by reference in their entirety.

From the foregoing it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of illustration,

various modifications may be made without deviating from the spirit and scope of the

20 invention. Accordingly, the invention is not limited except as by the appended claims.



U S. patents, U S. patent application publications, U S. patent
applications, foreign patents, foreign patent applications and non-patent
publ i cat iwe92/0998r eferred to in this specification and/ or PCiraisez1i7es t he
Application Data Sheet are incorporai’ed herein by reference in their
entirety. Fromthe foregoing it will be appreciated that, although specific
enbodi nents of the invention have been described herein for purposes of
illustration, various nodifications may be nade wi thout deviating fromthe
spirit and scope of the 20 invention. AAMingly, the invention is not
limted except as by the appended cl ainms. WO 02/ 099089 PCT/ US02/ 17763 57
CLAIMS What is Clained: 1. A conposition for achieving high-level, |arge
scal e prot ewwhanCRimed0! ypepti de expression, said composition conprising:
(a) an imortalized host cell-line, capable of continuous growh in

culture wherein said host cell-line is capable of growmh in serumfree

suspension culture, and (h) a vector. for. sustai.ned over expressi on a
reconbi nant protein ind/ o%??gfgpﬁﬁlﬁpif%eéc Eﬂgg?gp"ﬁeé{Fldyaﬁ%f’s Cg%é’f“?t-ellniaﬁ Ts
transf ect edpiiypbptiRie Pﬂégsqérgrsaid%omﬁgﬁﬁ&pg@ﬁﬁﬁstih@n of claim1 wherein said
immortalized host cell- line has a doubling time of no nore than 16 hours.

3. The conposition of (@ ai em 2mwivetebiad lswmi delbting|dapgplé iofeontsnuens groovtk inhan

12 hours. 4. The co .osité n of ﬂ,aiml havi ng an efficiency of .
transfecti offlT8F Weerpig s cefl-lifg, ds RSOl FAWET 1 SSIUH-HequTUsRSNFOR 5 d

efficiency gﬁl %rﬂﬁsfection is at least 75% 6. The conposition of claim4
wher ei n sai g%r iciency of transfection is at |east 85% 7. The
conmposi tion of clai m gp)wheneicotos dodsiestdina eveesxpddssiohrafns teeombiiant proadinl east
95%

’ and/or polypeptide,

wherein said host cell-line is transfected with said vector.

2. The composition of claim 1 wherein said immortalized host cell-

~ line has a doubling time of no more than 16 hours.

3. The composition of claim 2 wherein said doubling time is no

more than 12 hours.

4. The composition of claim 1 having an efficiency of transfection

of at least 70%.

5. The composition of claim 4 wherein said efficiency of

transfection is at least 75%.

6. The composition of claim 4 wherein said efficiency of

transfection is at least 85%.

7. The composition of claim 4 wherein said efficiency of

transfection is at least 95%.



WO 02/ 099089 PCT/ US02/17763 58 8. The conposition of claim1l wherein said
host cell-line is susceptible to selection agents selected fromthe group
consi st i nyoab9degyr onyci n, (418, and puromycin. 9. The cecpamsn/1wes of
claiml1 wherein said host cell-line i characterized by the absence of

gal -gal gl ycosylation of said reconbinant protein and/or polypeptide. 10.
The conposition of claim1 wherein said host cell-line is selected from
the group consisting of CHO- S, 293-F, 293-H, COS-7L, .D. Mg -2, Sf21, and
Sf9.  11. The conposi fi on ghec?oﬂﬁﬂsﬁlo%hégéilﬂmséi Cf’h‘?@é‘i‘oﬁa"i J’Pf"théPl%‘i‘& i ses

8 EroBen, PP SPEAUE LR AR S O o SRR, R,

i mort al i zedG4h8sdndgRkdmydin.ne and (b) resistance to repression of the
reconbi nant protein and/ or pol ypeptide. 12. The conposition of claim1l
wherein said vector further conprises one or nore universal chromatin

openi ng el enents ( S). Jﬂ% ngg %Rr(r)ﬁog}tilo cif vﬁlliai.mslaim%rtei nu_?ai d.
. (i‘«On %0 1 C, %F’le of aec 111 St celi-111e Olﬁ

conposition is characCteri Ze elrng capa i eVing expressi

level s of athdre@érizedbytHe alhs@REYdT gARBA] dWREEhorPORHaRT reBOthRER Pre@inPRid/dri t er
of culture. 14. The conposition of claim 13 wherein said conposition is

char act er i zedlybeptisei ng capabl e of achi eving expression levels of at |east
100 ng reconbinant protein and/or pol ypeptide per liter of culture. 15.
The conposition of claim 13 wherein said conposition is characterized in

bei ng capabl e of achi ¢yi ngTRXBSRFSI IR b8NAhS] FheRin dafPBEst ARIADIs selected
reconbi nant protein and/or polypeptide per liter of culture. W 02/099089

PCT/ US02/ 17 7168 the grobip. consistingoofid$0+S, @83-d% 223-&l, KOS-Whdp Mal-25 8FA, emhPdsi t i on
is capable of scale-up to at least 100 |liter scale and wherein said
conposition is capable of yields of at least 1 gramof protein and/or

pol ypeptide. 17. The nmpogh.Li Q @i dP LRinher &l i d:g0 jtflingllik is

capable of yields of?g't Ig‘gét %S%S}tgdr?s of %%} ot gi ?]Hé%ﬁ%?orgmgo%g%ptl e
comprises a property selected from the group consisting of (a) containing one or more
elements that facilitate high-level, large-scale expression in the immortalized host cell-

line and (b) resistance to repression of the recombinant protein and/or polypeptide.

12.  The composition of claim 1 wherein said vector further

comprises one or more universal chromatin opening elements (UCOEs).

13.  The composition of claim 1 wherein said composition is
characterized in being capable of achieving expression levels of at least 50 mg

recombinant protein and/or polypeptide per liter of culture.

14.  The composition of claim 13 wherein said composition is
characterized in being capable of achieving expression levels of at least 100 mg

recombinant protein and/or polypeptide per liter of culture.

15.  The composition of claim 13 wherein said composition is
characterized in being capable of achieving expression levels of at least 200 mg

recombinant protein and/or polypeptide per liter of culture.



18. The conposition of claim 16 wherein said conposition is capable of
yields of at |east 20 grans of protein and/or polypeptide. 19. A nethod for
t he hi gh-wewel99oBar ge-scal e production of a protein and/ ecTashypepti de,
said nethod conprising the steps of (¥) obtaining an imortilized host

cell-line capable of growmh in suspension; (b) adapting said imortilized
host cell-line for growh in serumfree nedi um (c) transfecting sai d
serumfree growth adag%ed i rtali. ﬁg gﬁllal ne with a vec sui t

for high-level expression of *&£°FReY, l%rlo‘fdéqrﬁma?ﬁ /Ct?fmpoﬁ%‘f)ﬁ}ﬁ%ﬁzma . 20.

The nethod of sédi@upid 8t WRRNS0 rht@raécgle'am&?éuﬁ %ﬁ@ 069%531‘&@1]1 ks dal gﬁ’(ﬁe oPIRIR

doubling time of no nore than 16 hours. od of i'm20°wherein
sai d doubl i m@atkmI@am@fpmt@namﬂfanmmpdpudcs. 22. The net hod of claim 19
havi ng an efficiency of transfection of at |east 70% 23. The nethod of
claim 22 wherein said efficiency of transfection is at |east 75% WO

02/ 099089 PCT/ US02/ 17%63 '

ef ficiency of transf eZI?l on is e%émpg%lggg?fg% pégﬁgéhe ne%cwsgffoﬂ ?g%p%]b

wher ei n sai efefeldsafanizgstd0 gramnsf goteinmd/ar politpeptidsst 95% 26. The net hod of
claim19 wherein said host cell-line is susceptible to selection agents
sel ected fromthe group consisting of. hygromycin, (418, and puronycin.

27. The nmethod of clai % 19 m&f’&kgmﬁ&l‘&agﬁhé%‘gﬁ%‘ ‘EO%OQOS% é?c}fare?rblged by

t he absence of gal - gal gl ycos 'on of sard reco nd/ or

DO: ypepgl de.of gldsUTet IeaitR0drahs 6f froinléhddigoBipeptad. d host cell-line is
sel ecte

19. A method for the high-level, large-scale production of a protein
and/or polypeptide, said method comprising the steps of

(@ obtaining an immortilized host cell-line capable of growth in
suspension;

(b) adapting said immortilized host cell-line for growth in serum-free
medium;

(©) transfecting said serum-free growth adapted immortalized cell-
line with a vector suitable for high-level expression of a recombinant protein and/or

polypeptide.

20. The method of claim 19 wherein said immortalized host cell-line

has a doubling time of no more than 16 hours.

21.  The method of claim 20 wherein said doubling time is no more

than 12 hours.

22.  The method of claim 19 having an efficiency of transfection of at

least 70%.

23.  The method of claim 22 wherein said efficiency of transfection is

at least 75%.



fromthe group consisting of CHOS, 293-F, 293-H COS-7L, D. Mel-2, Sf21,
and Sf9. 29. The nethod of claim 19 wherein said vector further conprises
a propertwoselemsed fromthe group consisting of (a) cont CRiusg2/o11€3 or nor e
elements that facilitate high-Ievel 60l arge-scal e expression in the
immortalized host cell-line and (b) resistance to repression of the
reconbi nant protein and/ or pol ypeptide. 30. The nethod of claim 19 wherein

sai d vector further c ri.ses n r, 1o ni versal .chromatj n nin
ohenents (UCoES) . 31 Zhhe T ReRos e YRR ot ITaIbras RECRRGY Rbtstcon |
char act eri zgdedshgsohei ng capabl e of achieving expression | evels of at |east

50 ng reconbi nant protein and/or polypeptide per liter of culture. WO
02/ 099089 PCT/ US02/ 17763 61 32. The nmet hod of claim 31 wherein said nethod

is characterized in i ng_capabl f achjeving expression |evels of at

| east 100 ngy reconbi ngsﬁt %@t@?@ogaﬁ@m 2%&%&8%?@@8%&“1’Pk@?nsgfcn%ll% ure.
33. The net{qd phseg! @i m 31 wherein said nethod is characterized in being
capabl e of achieving expression |evels of at |east 200 ng reconbi nant
protein and/or polypeptide per liter of culture. 34. The nethod of claim
19 wherein said nethod is capable of scale- up . to at |least 100 liter scale
and wherein said nmet W i slkeapeathpd obelaipp 4P géhersin said hagielldine ds susetibly ot ei n

and o o R iy, RGBT A90 BL G10) MRS ISOE PRI LATE b oo

The net hod @ifro@kéhm 34 wherein said nethod is capable of yields of at
| east 20 grans of protein and/or polypeptide. 37. A bi-directional vector
for high-level, large-scale expression, of a nultisubunit protein and/or

pol ypepti de, said co si tj.0on ¢ ising:. ( at, | east gn | ement ;
and  (b) a first tranScrip ‘?%ﬁ&%ﬁi of t%?'lfn Z]Z?d W](‘%S)m_a S cglﬁg Ce:llﬁl_ne 15
transcri pti aglctcpizA By ahe aBRRAEL P caRbd JiddyI18lGTBN kaill SreQRRBIAM Yot frbeRA T O
said first and said §Second transcriptional” pronoter and wherein said first

transcri pt i andalr polypaptider i s

28. The method of claim 19 wherein said host cell-line is selected

from the group consisting of CHO-S, 293-F, 293-H, COS-7L, D.Mel-2, Sf21, and S{9.

29.  The method of claim 19 wherein said vector further comprises a
property selected from the group consisting of (a) containing one or more elements that
facilitate high-level, large-scale expression in the immortalized host cell-line and (b)

resistance to repression of the recombinant protein and/or polypeptide.

30.  The method of claim 19 wherein said vector further comprises

one or more universal chromatin opening elements (UCOEs).

31.  The method of claim 19 wherein said method is characterized in
being capable of achieving expression levels of at least 50 mg recombinant protein

and/or polypeptide per liter of culture.



oriented in the opposite direction as said second transcriptional pronoter
38. The bi-directional vector of claim37 wherein said UCCE elenent is an
RNP  UCCE. wo020290899089 PCT/ US02/ 17763 62 39. The bi -di r eeCirarsat/1vext or of
claim37 wherein said first transcriqtional pronoter is selected fromthe
group consisting of a human CW pronoter, a nurine CW pronoter and a
human beta-actin pronoter. 40. A conposition for achieving high-level,

| arge scal e protein and/ or _ pol ypeptl de ex ression, said congﬁm tion

conprising: (a) an i nmAdrt alibe athpgset Cé@m wherent%@meéhqdflscz actatiendsin

0100, 2, SRSk R TR i O B

37, wherei naﬁ@/bf:l &1 tide bbrlkite6F dultuder ansf ect ed with said vector. 41. A
met hod for the h| gh-leve | ar ge- scal e production of a protein and/or
pol ypepti de, said nethod corrpri sing the steps of (a) obtaining a host

cell-1ine capabl e of nti guYous ( ting said .ho t cel.l -1.ine
for growth in serumfﬁge tﬁ@ovﬁggﬁl Q 3‘%8’??1} S*&H@%l‘%p‘ﬁ agfprized in
continuous geR) gtéapame DE LAk {ihS @xPRUI S evel) of! £tABS: ©0bI MY r&@nthitmt g)rétbﬂﬂe
capabl e of continuous growh I'n serum free mediumw th a vector claim
37. 42. The andohpalypdptidé aemhitddofinlbnei n sai d host cell-1ine capabl e of
continuous growh is also capable of growh in suspension. 43. The net hod
of claim42 wherein said host cell-line capable of continuous growmh in

suspension is a CHO Ssgel | -iL g Hor i ﬁ% Orertef?)]rsam ﬁ?&é&‘fseéagal%}@cggca&é:al e

expression, of a nultlsubunlt protein a ypept onposi tion

conpri si ng: upap ableakteldStlitonealdGald vehepein phid maﬂod (9gapablerofysalds eff stdeak 1

pronoter; WO 02/099089 PCT/ US02/17763 63
gram of protein and/or polypeptide.

35.  The method of claim 34 wherein said method is capable of yields
of at least 10 grams of protein and/or polypeptide.

36.  The method of claim 34 wherein said method is capable of yields
of at least 20 grams of protein and/or polypeptide.

37.  Abi-directional vector for high-level, large-scale expression, of a
multisubunit protein and/or polypeptide, said composition comprising:

(a) at least one UCOE element; and

(b)  afirst transcriptional promoter; and

(©) a second transcriptional promoter;

wherein said UCOE element is operably linked to said first and said
second transcriptional promoter and wherein said first transcriptional promoter is

oriented in the opposite direction as said second transcriptional promoter

38. The bi-directional vector of claim 37 wherein said UCOE
element is an RNP UCOE.



said vector further conprising one or nore deletion within regions of the
RNP UCCE sel ected fromthe group consisting of (err)BS, (err)EcoN, AEM
(err) M ulwoan@9o8RV as depicted in Table 4 and Figure 14. P¢3/UuSohier76ect or of
claim44 wherein said deletion is witéin the region of the RNP UCCE
depicted by ABS in Table 4 and Figure 14. 46. The vector of claim44
wherein said deletion is at |east 100 bp. 47. The vector of claim44
wherein said deletion is at |least 1,000 bp. 48. The vector of claim44
wherein said del eti oS s akthe é)aglgreqt}q;@b mgtor of claim 37 wherein said first

transcriptional promoter is selected from the group consisting of a human CMV

promoter, a murine CMV promoter and a human beta-actin promoter.

40. A composition for achieving high-level, large scale protein and/or
polypeptide expression, said composition comprising:

(a) an immortalized host cell-line, capable of continuous growth in
culture wherein said host cell-line is capable of growth in serum-free suspension
culture, and

(b)  the bi-directional vector of claim 37,

wherein said host cell-line is transfected with said vector.

41. A method for the high-level, large-scale production of a protein
and/or polypeptide, said method comprising the steps of

() obtaining a host cell-line capable of continuous growth;

(b) adapting said host cell-line for growth in serum-free medium to
create a cell-line capable of continuous growth in serum-free medium,;

() transfecting said cell-line capable of continuous growth in serum-

free medium with a vector of claim 37.

42.  The method of claim 41 wherein said host cell-line capable of

continuous growth is also capable of growth in suspension.

43.  The method of claim 42 wherein said host cell-line capable of

continuous growth in suspension is a CHO-S cell-line.

44. A vector for high-level, large scale expression, of a multisubunit
protein and/or polypeptide, said composition comprising:
(a) at least one UCOE element; and

(b) a transcriptional promoter;
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said vector further comprising one or more deletion within regions of the
RNP UCOE selected from the group consisting of ABS, AEcoNI, AEM, AMlul, and
ARYV as depicted in Table 4 and Figure 14.

45.  The vector of claim 44 wherein said deletion is within the region

of the RNP UCOE depicted by ABS in Table 4 and Figure 14.

46.  The vector of claim 44 wherein said deletion is at least 100 bp.

47.  The vector of claim 44 wherein said deletion is at least 1,000 bp.

48.  The vector of claim 44 wherein said deletion is at least 4,000 bp.



