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REG ONS AND METHODS FOR USE THEW“&‘M@M@ the Invention The present
i nvent i onwicRhabag general ly to hnment regi ons (PRI to 5
met hods for use of MARs. In particuta?*the invention relates to the uses
of such met hodgysf CRi: es.
Background of ﬁ{[nventl on bﬂg%gﬂﬁg g?%ﬁgﬁ?g:ﬁ(ﬁ?%gs cal}]]h%ln
genetically nDdlfled to express one or nore desired 10 proteins. Current
sel ection and screening procedurﬁskt th nt| a clonal cell line with the
requi site expression characteri st 187 &Yt ed- expressi on or production
ar FI t edi ﬁus andhe bf?mﬁﬁﬂ&xﬁfﬁnﬁﬂatef@d’nﬁﬁhﬁmhanx latfachimie e sgionb VA Ry) am/tal’ y E} CHO
cells, S|ca oach to achjeve naxi ression i nv s the
ise of S8 aprce pR R i b Gt e s f oS R RO sur e
over severm&da@mbﬂﬁnmﬁgmge@gmhk@a§&ﬁ§&ﬂd sel ection marker such as 15
di hydrofol ate reductase. (Kaufman and Sharp, 1982; Schlnmmmmmmﬂwmmw 982)

[

Wi | e new approaches to the probleminclude the i dent | f

sites on a chronbsome W th hi ghckfngof iellaviatioact i vity) combissred mnth
targeted integration and the inprovenent of selection and of screening
procedur es ( Fudsikwagiifeell iinesan be ggmygallymedified expaesy ene orapers desired

| abor | 1 e RABEESSRSioriRa SHEHRAY pileabidCiol IR} 4 OBd BeIPRR FHRPRCT, the

pr esent n@en_?’is'on&lfenvo vté(?sn?aa?ll met agyl‘?rore tr ar(l)s}?é{1 g ng %AUE%I‘ yot‘?ic cells using
transf ect i IgAuigife etxmssmn chrenaetetintics fok expulated|espressioniod pradactipngye tedieustandst vect or
havi ng a j L in, and
the secondienrarmRlirdcRBhil ik PRRLS wihe: ARH) RO Rps tSRLIATBRALE 1
enbodi nentte aclnlh@ mmmmﬁakprnssmnemmhtes ithe vae mﬁlt@itenlbhnes(aad g gradeal aivraakeein

| ysozyme N@‘B s§ec?gr‘1:" gxte%sure over se}/eergln nthsefo 095 ectte saect e? ?u%[]ta ' nvent i on,
t he nucl ei ¢~ aci are i ncorpora ad it € eu ary i eocer

chromati n mhydrﬁfnmerremmtasea mhufmhmatai"ﬁl’taherl%éZs Peldinke ¢thad, 10825 Bhhile newent ion

Ot o A e R e e et A

pr omoéI er aMS&ﬁJﬁGﬁaﬂ aalvrg, lcmmbgea emaﬁgagd in@grafiol @) thednﬁigﬁr@nfbf salﬂdmhhﬁ
second vect avi ng at | east one chronmati enent, co ting the
transf ect eﬂ‘%é’éﬁcfrge“\’lﬂ pﬁo%ﬁl{rﬁéfpgeneggwoéﬁg‘)h elgffﬁel" }%%Q}S‘lgb Th yet

anot her aspgative frogesfpesent invention provides a nethod for transform ng
eukaryotlc cells using transfection of two or nore unlinked nucleic acid
vector% the first vector having a pronoter, a heterol ogous gene coding for
a desi red protein and a first cunafiRly o te!mERion ari d the second vector
havi ng a second chromatin el enent. In alternative 5 enbodi nents, the first
chromatin el erraﬁbnmysedaehé pre@heivention HﬁSIvéﬁzﬁﬂlth@d foB traf SRS skaghicof the
pr onot er é#the heterqﬁﬁ&ous gene . I n other enbodi nents, the second

vect or conteHs Hung Gansisrtiongyt dwe At mesermHnked anelsie acid yeciors, the fiyst yeqtor hayipgia,

fifth or Sbﬂﬁmﬁﬁf OB Hefer&lb g&ﬂe cohﬂ r%fd%&feﬁ‘i')r(ﬁémocﬁilﬁm&rﬁfveét&%a%gsent
invention, at |east one o first, second. third, fourth and

sixth &hr o#d%qstrpnmcbwmqtnselmyntb@ Puaered eérﬁa@ﬁanSethg chroala@wleu@@ﬁ 151 Wéfyne MAR

10 el ement diemb (200} BeR RS ARTRRMTERlchiIR cRiERRMS Of B plesdr?

co-transfected w hird vector. This'third vector é I nclude at | east

one genes inEernjion, the ﬁi%lﬁ%ﬁeﬂ vectopie Hcopgraisd ie fhe epkasyotigel shromad) or  at | east

(mecmommhhgﬁ%ﬁt(eg, a MAR elenment). In certain preferred

embodi ments of " the present invention, the nolar ratios of the first,

second, and posgi,plferbiicbd (35 SR eafa%thok%oﬂ o oidﬁlhg Qﬁ{ar,%aeect

the present invention provid s a method of sel ecting a eu aryotic cel

expr es89 ngeedls gsngtramf;o@nrx@ tgo peworehrinkalred npeleir a¢id yedigrs thefiest ector hayizg 4 i r st

" eukaryotic & C Vi R rst
gene, and 2 g‘é’(‘? (r:)ndit J\}lggﬁr@?éﬁg\ggﬁg&g{%ﬁ% ({égkm% Eétglﬁ nfa rtans{:(g@tv?ér}gr lgavf;n cond

eukar yot i catdedst onsichtontahie eleinest andecohtactinigaha tregsfetted ¢dlls swithpugmae.er and t he

first gene, neasuring and conparing the expression of the gene in the first

20 and second eukaryotic cell, and selecting the first eukaryotic cell if
the expression of the first gene is gredter in the first eukaryotic cel
than in the second eukaryotic cell. In another aspect, the present

i nvention provides conpositions of one or nore nucleic acid vectors. In one
enbodi nment, the invention provides a conposition of two nucleic acid
vectors, the first vector having a pronoter and a heterol ogous gene codi ng
for a desired 25 protein, and the second vector having a MAR elenent. In

ot her enbodi nents, the conposition further conprises butyrate. |In another
aspect, the present invention provides one or nore eukaryotic cells
contalnlng two or nmore nuclelc aC|d vectors, the flrst vector havi ng a

e T . .



pertains. Although nethods and materials simlar or equivalent to those
descri bed herein can be used in the practice or testing of the present

i nvent i onwosgalyahbe nmethods and materials are described bglcgWgoHdzks7
publications, patent applications, patents, and other references nentioned
herei n are i ncolrpyet adotittr Bypestethe bR idventiod@kdvidee b infeetoy forl tnsfaSEn S f

conflict, the 15 present specification, including-definitions, wll

control . |fP<aaghe ?%]ﬁ PSIP%E‘“‘E&P%‘?’} %ﬂt‘é’? OﬁB]PWdEPE‘,’keQ cleie a6id vegtorsy the W‘TSF ustrative
only and ay&tdd@hvihdh BroREr,latheRfolbddih pbiRGodial ARl db8RH BiRen afla Aadvant ages of
the invention will be apparent fromthe follow ng detail ed description and

from the cfupmatin demnetiaad thpsecond yeqterhaping aisecops eipmegin frpert. Inaligspaiive at es
the ef fect effodtfEmdBlel st h@MRRh SleMBnShAMeodated s BS NG A5 B §S@bObesRy OMaLi N
el ements were cloned on one or both sides of the l'uciferase expression unit
(bl ack | i nef thqpromoresad thé heterelog@isBemn ninrodier pinbgsliments, THesegoad wedtorrpgntains
constructs | 5.1 3 , | gest ed
with Pvul %"3&%@% ?%E@%&%l%@ém&%’({e.ﬁ,gé@%@%r [Ih%ﬁéh (f}%m g(?rgldgég eélec |\S/i '?d y of pools
of CHO cl opreferred onhedimensgiofithe presegbipention ot pagsiton of thofitst necoaddhiak freths ed
relative t = ] i ' and, . ars
corres pondﬁgﬂg t Sé)gg'? lyr;]) gvrmdé%}@gérngé;%hgﬁédé% %gétg QP%?%S&?O%%%&A&%)M

t r ansf Ett i dersentChn anviter prefekredrembadimednthe edkaryodt cadles throssfetedoritita thirdél enent s
potenti al | apabl e. of overcanm n sition 30 effects,.including boundary
ol ement o ( Bt s et meckerana SHeiyes & 15t enSh < - GROREL (SRS G (e boxes)
and | ocus efitiowgeneOGhdrosat (da6iRae chaimbieclehonds)., a VAR demeow). de@ir@ini Ng | ys
MAR ori ent at |.on Eo'bncf.s frotrrbBanHI to Xbal vvhi'lal e .t he rérow for.the LAP LCR
poi nt's i n PRETE PREYJIGENC,P! theRreicRpnyentan dheymplagratios of g st s3cond A cri pti on.
WO 112/ 11784s8ibh@Hird B tbrslakd hiddulkde@. 2 IS a di agram that indicates stable
reporter expression using the chicken |ysozynme MAR. Constructs with one or
two MARS cl onediniarfufiiick 3specihé plesdnp iKahtion peoviddd 2 deftod RE Sdldcips ¥ pukadmtivel | as
the pGE.3-Control and pUC- B-1- X1 gl asmds in the 5 indicated nolar ratios
were co-t r SHsTBEPURE PR SRISUR &A°GOMDEAR RraiFing by transterting 3 Hrsk by olideel]

luci feras ewaﬁaifﬂdtwct&fham?h&s@broﬁ{o@é}aﬁd a AR ?a,b,i 84 sWiohh vERSIIRGhg hMAROt ei N
content, and expressed relative to pG.3-Conftrol. Error bars correspond to

the st andaflgmert2sd ransiesiing Hiscend qukaryetiaqeH sdthithafipornaenbavinedhefistt i ons. 10
Fig. 3 denpRgfotfh®bihd BREEX PhER R addRoRbAtHethd iRl ecdiGiShe £dnd in REIRPOWS

|l uci ferase expression for clones obtained wth either pE.3-Control, pMS50,
or pMZAD, wnstseeandsnkaryriicieell, pnd selscting Bedicst gkanyptic gelbif therexpigesierif dheelirst

| ysozyme MARS is gl fif tRShs 6ikdrydeic%en RRh TRk ¢ROnduklybESAACt to protein
content, is srllso% for 15 %:tl _one§sl For each co_nst?uélt ?ryr anked from | owest to
hi ghest expr essinQhoth& \e8pect, feGresSR AN ﬁ@@iﬁés%ﬁ?bb‘iticgs b96he @O eic
expression for 15 clones obtained by co-transfecting the |ight and heavy
chai n expr 284 Vesters: de prsragnbodivgent theridvenkipBEroridegyecomipeatign offivomuelpie afiddi cat ed
mol ar rati Qs usd 88 ettt 2! 2 o I AR j I Bl | asmi d.
Super nat ant ztint’i bodly g(c)tncentn%éatpi?on t}{garlgﬁovxlr] ?%@aié%%gs?&%ﬁﬁéég%regm | onest

t o hi ghiest presehr endihe sechrd/edctor Bygng 3W AR etementr latodsr ethkodiménss thear anal ysi s of

i agr am of THE oK RIS BAEL "0 T e hhthed box Cor T esponding to
the MAR sequencg.anGhaagmal g%;é}%éntqmeﬂ{ié}ﬁéoﬂﬁ&rﬁng bPRBle! Aardlift ki) cat ed

above the map. ott tel shows resul'ts o ern bl ot
anal ysi s oforftaiuing twaadrireore piidleie haith ectans, tthe firseveoirhavingra nyemeter B8d@l abel ed #1

#4). Genomj I gest ' I r L0t he tire MAR
sequence. %%%?%%Pgéﬁﬁsfgp%&#&aéﬁgm %r?d:}ge Eg)eicg@ﬁ%f:# balnl[“g;aal\s@ﬁpai rs on the
| eft. 26 Felgmert. Blunwmbbdiments the aeptomaoddesop nessdubaryotic cllabdmeiGROMD cl ones.
Fig. 4A degi cts the scr. ee‘%{nq oé gango ‘y@)i cked stgbl%glczcu cl ones W th
the represSoPORSREFICqER Yockprs Y HSH LRI B2ving 4 DORGten, A PIRq P800 BY0° £ PR s pect
. to (3-gal atdrasiesirderacih kv 4 YIAR derabraydnd fiey sedohd vbasamvinglat least 66 MARS
correspond to ex ressig}g i.n the absence of ’dox%cc(éﬁl i ne é{no dox). 30 bl ack
col urms  cofeREYoFoMs e WEWS. 4he el MotF BFA o o) s tline
(dox), with the fold induction indicate@ above the black colum. Fig. 4B
shows the expression in clones selected by FAGS with the stably integrated
regul at ed expression system The (3gal actosi dase activity, normalized with
respect to protein content, is shown for 10 clones. 4 WD 02/1179&
PCT/ 1 B02/ 02137 White colums correspond to expression in the absence of
doxycycline (no dox); black colums correspond to expression induced by the
addi ti on of doxycycline (dox), with the fold induction indicated above the
bl ack col um.




Fig. 5 denonstrates the effect of MARS on 1 gG productivity in CHO cells.
Fol d i nduction of SV40-pronoter (panel A) and CW-pronoter (parcel J3)
driven exgoapmr@ge of reconbinant 1gG with different conbi gt @nseqs; VARS.
Results are expressed as neans of specific productivity of pools of stably
transfected ceIIhsﬁfrttmnastpw tﬁe(pxeﬁdnﬂﬁmmiodpﬂﬁidemkitsl; tqitdigiag Msone Spmotef | C
producti vit tof sjngl e cel ) vm'th]_&lf.MARS incis +4 MAR.in trans 10
ranged up 858" c‘%}'lrf’9r85§/c %{ﬁﬁm becff’&’é IPESOUR Y e AR RIF A S Ad ow
pronot er, Hewecmegmmgexlxeycodml;g&m&fce@;tdd@ﬂaeiar@dalse gesidnattbyhatiigeNARd in the

art, (See n-Zabal et al., 2001 Bi ot echnol , 87:2 and infra)
usi ng pl as tﬁﬂég’GCCt’ﬁﬂfZ@? R@W 38 © @entﬁ?‘ﬁﬂﬁ‘ieﬁfl%s?éﬂ” esKithhe

expressj o ncoﬁfaldu%q'n 51 bﬂinﬂfe%nt@iﬂ@rs MR of B Rk ark BticCdeBs €ontaidt¥wiobr@losd Wer e
constructed as described in arrpl e 1. 15 Fig. 6 denonstrates the effect of

- MAR el emerfusleiggidswsatonmihsdirs vaster oring  eraseaioret heserologousieanssoding fgr a

transfect e&sﬁ@r&% 'aﬁdQBMAR@l %%Ed R thd Secbid RechP HiviR :ﬁ%k{r&lkﬂ& I@Qlelfﬁf:nt! 9G
(p,g) per 1. cul ture medi Um super nat ant In a single a
24-wel | pllatae e(rlbﬁferrevfeﬂvage additipnally comprises briyiate. i s shown) . In the left
panel , cells were transfected with 1.69 p,g of control 20 (first two rows
of col ums) or Uneshotheriisersietinedaphbigefiniqubanpigicieniifjc termsyard hesein haverthygms| asni ds
(rows g anlqea‘mn &k oxrnh{oﬁl%l u\f‘ﬁérhtgod eo?Bf‘d@nawe k\fﬁ?ﬁl%ég}? B Rehddht chain
encodi ng plasmds was 2: e tal anmount pl asm was adjusted to
2.5 1Cg wi mehtama_altl(l@gbmgmds hbiateriRdymaran dquivalens ¢ tthoa‘erdomnbei her¢in eart ed by

the additi right
panel cel I%mv?/gér len][{? @Xk c%% l’égt} r%%%fﬁﬁ{egﬁ%?ﬁtq%{fggﬁ% ane Jﬁ?%%{ RS rl{l&\;\%eroms of
col ums) odesenitieth belgwi ] p.nbheamnmpat@ﬂaﬁ[ﬂxcpu@)s matenMAEhdamhﬁr aﬂfcremugs pl asm ds
(rows 3 and ee wel ect | ve t he heavy
and |ight A Iﬁ)ongfheéela rr?dn%ﬂr%ﬁné §e"f¢T é&%ﬂé[“fgy cfaﬁf f\t’fﬁ‘ ﬁh?om cel l
treateth byprbsmat peldfitdtion, iafludifg dd¥initinds, will bortyol.alneaddition, hise mathrﬁa]sr enefidds,um 30
Figure 7. nmonst.r at e e.effect of ni.s.on a reporter |uciferase
gene in st Ieifarfll?lﬁsf‘%r? i@?& yapel 1 ng@fi%?%q%\ @W&% a map for the MAR
fragment-1i nkertlhthﬂeﬁt&feaﬁﬁi gRatagee 65the ivERion WiR bp Mpatdtisém tetfokdhens t he

nat ur al (Bweggence altra ily. segnented in parts A, B, C, D, E F, G
and K, t hedo&UE8 dgssppionAng i ec’ﬁ’?‘sl ndi cated by the SV40-1abel |l ed box, and
the luciferase reporter transgene. Construct pLM has the luciferase 5 WO
112/ U7, 969 PCT/I 802/ U2137 transgene placed between the S VA0 pronoter and
nat ur afd MAR sequence. Other B5ik F%E'PBO%ﬁﬂkﬁqrﬁngénpl e 7 pM. contain

mul tinmerized portions of the MAR el errent as |nd| cated. The DNA sequence of
the MAR segnments is provided in Exanp : gure 7B shows the results of

| uci f er ase neadiig-&denerstgies theefed owltrwn@t;& qlee% Q¥ stabls) tragsgen XNGIiIAY a

reporter ScrRpafif Heinchd Gl onibh SRAHSBHSideP 682 l&ffcﬁé%réxﬂx%ﬁdﬁ%lt(iﬂ%l@' ni ng
in cis one copy of the natural MAR sequences (pM., pLM, or containing

nul ti mer i zbep avARErew e pkthe BGh3-Conlaol plasaid. The feaulting MSMﬁaEFWﬁ/és?CWGCqHér f or med
wth G418;56] l%ﬁth%jd ,?eﬁhQP Wtel & eé Réth ¥9£%§'co-@xgﬂ§f§ctéafm&t @i}%eé psfected CHO
cells), as in the ar The re ts repr esent ta from pendent sets
of experi ngderasepotivist oipbeld ot@IsI@rqlqm, oprmesflizedhwith regreqt o protefip ceiwent and he

devel opneng t | ffects
of " sur Tt ounding- el GReL 2 i, 1o e Al AL RE b bl MR o
sequences. t01tBe @ndenmrrom, hebedirmrit Bast Qmmnéﬁpehﬂmhmgecmne rimomsatinrrig¢menss
attachnent ' us an effect
on gene ex%’{aggl!éel(ag?fﬂ%&lqgose %ﬁrr? mag'?e ra s ek %&ﬁﬁpi “P%félﬁo nme. I?gep °)§?8 h use of
chromasdn effempintiding bbhmiaqeel&mgmeﬁa,tblnh boftesgemm)t heclapgnt vegiohe (MARS;

currently bein nsi dered to | D |on f thera eutic transgenes
(et et ar e g8 ElEh S Conh kRS B i The iy SeReire iy
pot enti al MAEuﬁdntseioﬁlpemtssfrd;@BmiﬁHI foyxmal, uaﬂelttmfrtwefot fmeleram‘epmmmm&w gene
_constructs.,. In oaggr t I0|t t he, fayorabl e, Bropertles of chromatin
el enents i AIFFRED 8F3‘% a“&fltsgfrﬁ%lloéo EfnscrRtQ their useful ness nust be
est abl i shed. The elenents used to this end should inprove the frequency of
obt ai ni ng hi ghl evel expression clones, Brrespective of the chronosonal
integration site and the nunber of copies integrated. This effect shoul d
not be specific to a particular cell type, but rather should 25 be observed
inall cell lines conmmonly used in biotechnol ogy and gene or cell therapy.
Furthernore, the elenent should act independently of the pronoter, enabling
it to be used with diverse constructs. The conpositions and net hods
according to the present invention possess new capacities and abilities in
the transfection of eukaryotic cells. The present invention enables 30 the
transfectlon of nuclelc aC|ds such as genes encodlng reconmbi nant proteins,

o, - . . o



WO 112/ (17.19C9 PCT/1B()2/ (12137 The conpositions and nethods according to
the present invention are particularly suited for generating cell lines
that expr@gseRPaed’ nore genes encoding for reconbi nant pret@ighHe2is
Variability 1n expression |evels of a heterol ogous gene transfected into a
eukaryotic 5 cell is thought to reflect the influence of the chromatin
structure and/qr the presence of requlatory elenents at the site of

i ntegration of %{‘%81?1% iaggaba drdigpsdtably renqEenfERIesHIMSHAS, thechigkem onenon

referred tQsaymé VAR [@nkthdc@wial R two RARsHRINEd RPEINAQbHroR MG t 0
overcone paosition effects is to make use of chromatin el enents that prevent

. the nei ghbMEeigresnsediehni 33 YellamtherR e Fomyrol sndipdifeRel -k plagiaigh gnhe Thi s

appr oach i jmRica¥emokP Aty K88 R ahfe@d WiOAhBYindHE cQlsoMk: £ Dol iR t he
desired regul ated expression. This approach is useful, e.g., for ex vivo

. gene ther a‘{%?l,fef@ﬁﬁ agtyyiity |of poply eficdney norrealizedviitl wppest lodERiein 6pntert, aadr econbi nant
proteln, tOsrERY At POLEROnEOIEr SRR oREhERIoML SidRA%mo BikHSH BT €.
posi tion-i ndependent transgene expression has significant potential in the
const r uct i lesst keerindppéniienidragefiaeticogpr essi on syst ens, because the expression
of a therapeutic gene (along with its controlling conponents) would 15 be
i ndependent of the chromatin structure at the integration site. Chromatin
el enent& that diig 3plemendtiates zgnecapakdian ioktable EHEbeibmy. FigsiA stows dfcifemtes, and

hence are Qf inte t for,the develo t~0 t ce i nes, include
boundary e‘%@%sﬁ{’%foféggfjs,orb%qe?i‘% a‘a’t‘lett1 %%%h‘%"“ﬁ%‘é?ggé (W&%é)z TR BB 1 of
regi ons ( LRddsmidabearingineporeadr telorchickdn IpsoapenMAR seLetiferiss adtivibOmeimalidaiindar y

20" many ca¥BEeRsst 1 P Eoitum e Sh 10 LI g CoR08) ke D PRy
role in defoihidheg eRprtdsidhS&iel. Fig. 9BahowlOAE Rhebus® WOAQntiBdy ekpeksidnTor | Nsi ¢

pr onot /erihancgr, activi té’ﬁ but rather are thought to protect_ genes from
the tr&hscPYEPBAEPD Pheq-tiansiasting the Ughtiand bsayy ehaihenpressipm veoras. S0 i ng

chromat i n. pNizes REieaMeS/, withAkinaR &8y mbfr FABIEktHeréd bl o1 PMARbdaRgY| at or
el ements. In this assay, the chromatin elenment is placed between an

enhancer aPdCA-brd mbseid. Spperagiant anFbeAl eqncentiahomns sBow fon slorespenkeh e
measured. RBouadehivhst SpRRLSH RIMCFRERN SNl dRoRRIS ARyRE imE! stably
transfected reporter genes agalns osition effects in Drosoplzila, yeast
and i n manRgspeR ap@iody-cxpessingdlames ddp top pausd shaws\j sehergatic djagramafalge pWA| t er s
et _al .50 198%)x1 J0y, Vil o BhiSRedBR Bod g0 AN RRSEachE:. PREORGY IR Of
transgenic mce wth I nduci bl'e transgene expression %V\ang et al., 1997). 30
Mat ri x At t elitinesdiipoRdigestion afeimiireied abgve e kiapyiFhebo g ahad slepwattheeste af 2

Regi ons or £ i AR ) _sequences
that bi nd is"s’?g at @gg{ﬁ%%g?fﬁ%@?gf}%@%‘?? %@ﬁggA%trl ae%@%@% with high
af finity (¥hrGenamic DNAnwdsidiges®d 8)th EaeRand iprobedh wyth theyentiesf MAR sepgnetafhces of

i ndependen olpe: 1l ' . - WO (12/07.19(i9

PCT/ 1 BO2/ Og‘f%?ﬁenco%rgfas nggéi)' §1§%§1ﬁ1§%o? gmé?égt&%ﬁ‘?% control the expression
of the2jenes within the domain. However, their ability to fully shield a
chronmosomal | ocus from nearby chromatin el enents) and thus confer

posi ti on- i ndepefigehthogethe regubneabgene axprdsaion inotablre@2C Qandones. (Fig dAklepicts
transfected cells (PRolj.ak, et al. On the other hand, MAR, sequences
have been TRGHRTTE TP EbPiefshe A0 elope 1 B PieabE sl By ot 1
accessi bi | idciferés]:@tﬂﬁh&?l forfialidd. withhi85hédt.to Prpakitbdigak bativitVARsIIwaIted4s can
enhance expressjon of heterol ogous genes in cell culture |ines (Kalos and
Four ni er, 419985 Wiitegnlurpps coFrespopd tpjexprsgsion,ig thegabsepee of dogyeyclipnp dRx)et  al . |
1994) , 3 I aBRAEHI Y cERespbRBiol hb@ssiin ifdluced BPAS hddiich dHldBRY Tl A, vith al -
1996). The utility of MAR sequences for developing inproved vectors for

" gene t her apy fold indnetipniediented abeve thagleekegluran. Fig. 4B Sﬁ@@g&’ eXession ifsclenshit r ol
regions (" y . %gﬁﬂ | I e initial
chromatin g%%l?e\(}gy %ﬁtﬁ%a{hﬁg%h@t]ﬁa}%%a%{ij eq{fgﬁ%ﬁ géélr?ye]% rtéalﬁs’l;:htre:’ﬁgti on in their

" native | ocgilaasiafe ativismedrmaliz&d wiilv ekpbct h98BYin chentds shiowatfont) damst i on of
LCRs also allows the expression of a coupled transgene in the appropriate
tissue in transgenic mce, irrespectived4of the site of integration in the
host genone. Wiile LCRs generally confer tissue-specific |evels of 15
expression on |inked genes, efficient expression in nearly all tissues in
transgenic mce has been reported for a truncated human T-cell receptor LCR
(Ortiz et al., 1997) and a rat LAP LCR (Tal bot et al., 1994), The nost
extensively characterized LCRis that of the globin locus. Its use in
vectors for the gene therapy of sickle cell disease and (3-thalassemas is
currently being evaluated (Pawiuk et al., 1998). 20 Ubi quitous chromatin
opening el ements ("UCOEs", also known as "ubiquitously acting chromatin
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protein gene in transgenic mce (MKnight et al., 1992). 30 Inpor tantly,
co-transfection of a plasm d bearing the chicken |ysozyne 5° MAR el enent

with one @ gIRrHcEXPressi on vectors results in increased Jicgakedtignsgene
expression. This sinple approach obviates the necessity of cloning MAR

el enents i WhBXE@EEd @irespons to difleSsion it i BEIHRE 65 dos(y@cﬁﬁ@(ao abx)t higckVAR el enent
is no longer alimtation Co transfection with the MAR el enent. is shown to

i ncrease t99EMIPSPHERONGIPSKPTISTIOR Ifusekhipthe additgon Of\‘i@‘ﬁi?lﬁ‘ﬁ éda).pty thstpdd 02137

st abl e cl gh@ztioRmdigich aBsvetiR Hife6RER. t he probability of obtaining clones
expressing at higher levels than those obtained upon transfection of the

- expression plasmds alone. Wthout wi shing to be bound by theory, it is

possi blse that tre stk BRLSRIFRNGE HLHRRRLERG MABHE) St oy and the

expression unit Ts an I nportant consi Rs has
been det ecnduttibopf SV4-pringtt (pgedd,) aah@Mibproimoter parelr B ddiven edpregsibwofait ed one

( Bode et qJBCdll %I?ﬂ?lgée(} \&Hﬁdﬁ%%&%g&tom%f a(fi l% IOg%&ﬁ? GL a.% GX% ?ﬁa%@an%m Ot f .Ound

to be saturate P Thm tatr on gque is
t he quant ispycifi¢ piolictiviip df pomis dﬁetablyauassffmdde:céllpﬁommb bxpefiments Kodelierd i n t he

art would det er he m quant,i transfect for
a given cefP I%Peses eg]tﬁﬁpr H?anvg %%%Fl c%[étgl%otﬂq éﬁw“ﬁ% 31\{1@1?’&“ 5t he

f ol | owiOng rdegeldrmptto ﬁ&gg/eeﬂmasumpm mcelllmagmdmrthdswzf(mndlal\u‘aq)mmdm under st andi ng
of this case.

cireul ati Ag® Rﬁﬂ‘ﬁfyn f%ég ;[éﬂeotrﬁg artf’ﬁgé?i‘tg’f Mg?&‘lfci‘)lﬁgdtlB b V etgo%n%h”?a?’@} i,

" Chr omat i r#00il 9. Bibeciiet. 18820, adiighdyaties plabnﬁaapMzgé tﬂwzyhpmzss anEsMeso. a
eukaryotl ﬁpcel F@r}d refers to RNA, and assocjated proteins, 15 A
"chromat i frasrc-forthe pepressinn ef lgbconiaininang HEAR elepyintin B b MRS O 57

refers to \bé}@c@{sﬁfﬁ@éﬂi‘ﬁtdeg{frmgmB};ﬁmmal‘le el ements (such as chromatin
el enment s} on the sane nucleic acid nol ecule (such as the sane vector or

chro one). "Trans" refers to the placenment of two or nore el enents (such

as chromatin elmggeiesibn@ftcs MR cBitct B VAR LESBHtE Md daaﬁhﬁ;u@yrae'oﬂ ISR REHbES
(such as on two vectors or two 20 chronpsones). "Gs activation” refers to

activati orin@ﬂn%elgléﬁ@nﬁw@ﬂé@tcellﬁabryondlq%me thedneagoursa ldequowitarioh otlglGe@ebn t he

”Doanat r cay | aperahEE B bc i Wi AL Rl BEL A Bl o GRS

nucl eot i darlshqtﬁewdts.is gowAn Ihehetiefih pasl, celk were alsfeoted dethd ey dfeotttdt acts to

pot entj At €. transcri.ptiqn of genes. inde t.o identity of the

ene) e iR} iASR Corktah s fun BGRRR et BRSO e BHMATE b5, e

opt  onal | ??ﬁ%ﬁ“ﬂ? anfanc ‘T"f;‘“w"'e“iﬁ‘é“m%fe‘w?ggﬁ?ﬁé‘ﬁll”gmg‘ﬁ°g@DNA)

sequence cBGPHEE PaT™L 8?% F%&‘B‘P arsepnf, ppl 15 , ”‘E Bt erm
‘gene"  shapGLN@rormepal lade Ruwsrnaing Uassan fxfohmlqlmagecu B@ihe A8diSeICHF msm&NA

E); anscri pt{ gﬂm{ g‘dt}lrlataetlrll the culltugg ranle 1ump191 tKe Iig t){)!clﬁ% ceglr; waegedtlre;[nlsf%cteg ith 3 47pr onpters

25  of control (first two rows of columns) or with equimolar amount (3.27 pg) of MAR-
containing plasmids (rows 3 and 4) per three wells, respectively. The ratio between the
heavy and light chain-encoding plasmids was 2:1. Rows 2 and 4 result from cell treated by

the addition of 10 mM sodium butyrate in the culture medium.

30 Figure 7. demonstrates the effect of MAR fragments on a reporter luciferase gene in
stably transfected CHO cells, Figure 7A shows a map for the MAR fragment-linked
luciferase gene constructs. The pML construct shows the natural MAR sequence, arbitrarily
segmented in parts A, B, C, D, E, F, G and K, the SV40 early promoter, as indicated by the

SV40-labelled box, and the luciferase reporter transgene. Construct pLM has the luciferase
s .



enhancers. A "selection gene" is a gene that confers a phenotype on cells
whi ch express the gene as a detectable protein. Exanples of selection genes
include, QufoRPehot limted to, antibiotic 9 WO 02/ 07-d 96 R02/02137
PCT/ 1 B112/ 02137 resi stance genes and genes encodi ng enzynes that produce or
nmodi fy i ntiemsgedé placedienpeen eSS V0 eahdied aad naetabMAR swpatce.cdthreomstiscts

cona t 1 on, Sagi et Svlronabyiay o sa oot BN Gimf B sdr osei on

of a sel ecfheQINQ@étﬁlcn& of HtVIaRYsp@ment ik pfosldb@umean@hhserm@bém foapetet i es of a
cell as ex F %%lr t he cel | ul areatgenot%r? gé uct gene" is a gene that
. encodes a fﬁ MOl Be RS HERFHEP lbc"élﬁ%f? oS FRRIAIRIRE & (RPAT s
di agnosg i ccoagmfchreaagg:mwseqaédcb (AGL3 oPdepiditles BN & 68 cofy & the
structural genes an gul atory genes. 10 A "structural gene” refers to a
gene t hat @%E@MRéC%{CP‘EFéL(EM&i Plé‘ﬁb?é?%tm%‘ﬁﬂf“%“éff d MAR sdamanig|as genes
i ncl ude bufqiRfie APare (Af”&rﬁﬂrsés%er@%f LRRIE! RRG-ABALRLBFPoRIibATRl b MRL I X
proteins, enzynes, nuclear "pore protelns and nuclear s proteins, ion
channel s aivglstof atnblmdravsfre@cd @Hﬂtcpléﬁdras lirethe pht Biepiesultsregireseng getn p@swo Pr ef err ed
structur al; @@gg&pp&&q}q%xgeﬂmeﬂ&tr bodi es or antibody fragments. 15 A
"regul atory ene fers to a gene that encodes a regul atory protein.
Exanpl & of regul atory proteins include, but are not linmted to,
transcription factors, hor nB@E:ﬁedﬂEé%\‘\%poxfn gﬂthg'in?ven%ﬁ()k' nes, signal
transducti on nol ecul es, oncogenes, pr oncogenes, transnenbrane
receptors, and protein kinases. "Genotype" refers to the genetic
i nformation comoaiareedme\devdid)mnemt ofdtdblearsl] tipgpome becndiainpere@ By ehepegrsisé on, whi ch

i s observed.as he cel eno i n" t he cess

or o pe! CtidR oF BreiGing cBRRRE A b Birresnian B iy i Redrlig BooRF SER e
str ﬁndass T(t]ﬁr&mﬁiﬁycalbﬁerﬁﬁg@émislbﬁﬁﬂﬂrwen(‘gdﬁmemaﬂgﬁx\&&bdhnkgﬂw@mﬁﬂZydﬁaff)dsc
tec nlques I ncl ydl ng ut not limte to unt . en |gat|on

li gase. " CYOMBPLTEEIPR arerk@%r {0 §x5Tt AR eftf%fr PR RES CXPIETSIR P cwtien; lweeataﬁl vléhe

sequence. 6m3 SVERARMNE LS of 2RrdnAvE leRSntOn tBOAEKE k&HRrddibn of FINAIRAGYOEk&s 1 S one
in which t 5 to 3' order of the sequence in relationto another sequence

is reversef cwrélﬁy@swga?e@efeé 19 PRSP YR SXBIesH it rtharRRe Uit rqmigerp A b Ak whi ch t he

sequence Wes)79 bdvabrigies hﬁugﬁt&@{t@mme ref@ll HeSofeatlalion SicH @R el hnb @Bt dron of
transcription of other specified sequences .in the source DNA and/or the

origin 20f  impppviedh $XEFPSHER %@n? E%F‘éc‘%/léb?féﬁ’fsm exeiathafavgrablsrenstiseate. 30

" Transcri piir@fatinBaihid i %e%é%m@ﬁen% opsftablfﬂ\é%uflrn@gmel%um@mﬁem
"Transl atr on" refers to the s hesis of a pol ypeptide from messenger RNA

The term "establighed. Ehe clpmeatshsediorhis eddsheuld improyr @ dicgueney of abisinirg high-capabl e
of transpoj, hy Mgt 4ol WO
02/ 07: 1919 %‘%?‘??‘%gf%/ 8‘%‘%@3&# &(ﬁg‘?%ﬁ? %ﬁgﬂqﬁoﬁﬁ}fg F's t%%? rféwyrfr'rm rr%fﬂ or
non- manmal ¢apies degrated. diniscelfsotchoyld notde spagifin to mpamyulwagﬂlldf'penb\rtrathwhqu&rg :
exanpl a ¥ Qi I d under
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NI H3T3, Heﬁ'}tﬁm(‘fﬁ%iﬁgnsggﬁcer cells, and primary differentiated or

undi fferenti at Qx her SH e I hose
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tr ansf ude, transfecti.n th 10 nucl eic
hert: " ah o Bl o Rartigan S de ALSds Gitn b PR ek DRy proffia o 07 DUR 1
cacid into eukapotiptel! pastidailyahintmatiah kells.




such as by el ectroporation or by chem cal nmeans. Transfection may be
detected in sone cases by an alteration in cell phenotype. In sone cases,
transf ect @@ prRhlsgeoare called transfectants and pre-transf ggtiam/eRk1 s are
referred to as parental cells. 15 "Pronoter” as used herein refers to a
nucl eic acid s eﬂié%@ﬁlﬁoétlftﬁ‘l% ahERhBILR AR BSHE PRs@t indedRNQre particularly _
"Co-transfection"” neans the process of transfecting a eukaryotic cell wth
nore than WYied @ké@’éﬁéﬁ&ce@elﬁ’és that expEpss ens of erecgenes engpdingyfor faepmbingaty confer a

sel ect abl e, phgnot ype on the cell. 20 Eukaryotic transfection of nucleic
acid vectors 1s, in general a well-.known process, and may be acconpli shed

- by a variety Ofv F ?@s%@ﬁ’ﬁ’e%e Qf'&’hété’r@ﬁg&lfs g\éﬁé&él{sfebt%d%toghﬁé%ﬂ whi ch
refers to a circu ran I nto Tt) onal

segrments cH lsa@oughg@tre%bct thn mﬂmencemfrﬁe chfomagn stercturs ang/qri theypreseaest A | wher ein
addi ti onal iy in
vectors aregggmg%%ﬂﬁﬂgig@?%ﬁgﬁgﬁg @ﬁggdﬁﬁgg%?o 3&1%%&?%% eﬁﬁﬁigo whi ch
they are |piten®d@oecbf(r@dgo as thatpasition leffoat’t thosimpleand rﬂylcbappmclewoioaercmn¢ gi n of
Lgﬁl L;?tslogpgnisﬁmg eﬁgc:ts 13?1&1/&6@0 Ah?omz}ﬁln eﬁ ?1?5 tth (;&Jé@%m Yl}%ci;[ei)gg]ngor %é:gro];matm
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with t hgst g@ggne. EP ver (frtaln Ve gtors are caF bIe f di.recting
the expresSPWFABPIRE fedesitrd fprolaied Ratrsdoms T51 a5asds Vs ‘i:f Y™uch

vect ors argené @empy,ed fdrqmgmelewl ex;&essmﬁxwpe&mbm of agt@itinani psro@ﬁnmmby
expreSS|on Ctoh%s of util nant es are often in
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However , the invention is _intended to include such other forns_of
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repli ced i ok ihdependdfd P QLhrokMif skbckire Bl the irfdeptadibn 9. €hbdnYRin Rl it @S .
adenovi ruses and adeno-associ ated viruses), which serve equival ent

funct i ons. Pofensialleeapahle ef-0vercesainedwsition eifests; andhenge areef infetashior B cont ain a
nucl ei ¢ ac f e
el of o acy PGt RE LDIEHN Ae i1 B iR T ER) nE ! i Rhich

r econbi nantMARpr lesusicontral exgians SLERD) adampyersalphronstia operdng %i@lmrys SKQEshces,

sel ected on (NGAATIS oiBhedlBoRS! offlu forRulfisURflle hAInIBIRIFERHA hhaL 1

operativel y-1inked i't acid sequence to be expresse hin a
r econmb2hanmamyxgases éBclband\F@lstmfcl,d 1999; Udvardy, 1909 redoingy playn k eale ini dsfining ended t o
mean t hat | atory
Soquences) &J}Em ‘t'l‘c"sha‘i‘ 9&59? éf%‘ﬁ%%‘?acﬁ% %elﬂéég%r?%ét&f/gn#ah% ?ﬂw&tﬁu&ﬂ? l{e?%lé
seguence 1(1)0@11 g> proteet gewes ifromvht transtrigtivaarinfhicncrfregatedrgeleorns ysthem or in a
host cel |l he ,vect or rodyc dinto th

Fogul at or y LSE ST T MAEEMEE R SabllBli3ha 6 Ricabes i

EXPRESSI O\bIEIEéHfNﬂ_msa&/Bﬁbm&nhM Wd b@@eenmc’ﬁdhmcer dad e psamdsan

Di : lif. (1990 t th that, di t
conati 7t 1 9 ehpruakiue oS Rl BIAR-C o Aot P riERG  Po Bt st cel
and those #iHiato pdtec stably fransf@teziasparter génes h@xmqﬁsmoh effectsmqiermpiilgykast i n

appr ool at etha) TeRESL R CRRARTRE 00 Criet ko) SELNRTE tin s ek on

vect or canhfeRRO HeedRhSHCH ih@edso e padpottita of h@dsgﬁn@fmdehﬂthhﬁ&tcﬁﬁ@dra{ns gepe be
transfected, the | evel ofégggre55|on of protern desired) etc. The

reconblnaanE%ﬂP%9¥W8H“9% s) used herein can be designed for expression
of 20 ggsired W%Q'N&%cﬂdibn@ﬂ@éﬂ&f(i MARE® als® knSWi hsP8UaffoldQGitackRdn Re@b®

di scussed further in Goedde GENE EXPRESSI ON' TECHNOLOGY: METHODS | N

* ENZYMOLOGYorr33f 01%%%W8athr@§% eginy ((3MgRs")cageiN AG%‘%PFS thptRindisplated si on

vectors) UggfkaP§afbids BBMicRREr Bath8RTh vESRIBISHORMBCERE anfX 30RLE S1998). Xect Or S
for expression In yeast Saceha~~omyces ceriVvisae include pYep Secl (Baldan

et al., 25suchgitey maBBfige bgindarg.of fWippendet shrometin %ﬂmwsqqéﬂyakm the  1982.

Cel | 30: 933- 943), pJRY88 (Schultz et al., 1987. Genie 54: 113-123), pYES2
(I'nvitrogen Corporation, San Diego, Callif.), and picZ (InVitrogen Corp, San
Diego, Calif.). Alternatively, the expression vectors) used herein may be a
bacul ovi rus expression vector. Bacul ovirus vectors avail able for expression
of proteins in cultured insect cells (e.g., 30 SF9 cells) include the pAc
series (Smth, et al., 1983. Mdl. Cell. Biol. 3: 2i56-2165) and the pVL
series (Lucllow and Sununers, 1989. Virology 170: 31-39). A nucleic acid of
the invention rnay al so be expressed in mammalian cells using a mammal i an
expression vector. Exanples of mammalian expression vectors include pCDVB
(Seed 1987. Nat ure 329: 840) and pMI2PC (Kaufnan et aI., 1987 ENBO J. 6:
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A reconbi nant manmmal i an expressi on vector is capable of directing
expression of the nucleic acid preferentially in a particular cell type
(e.g., tigoupnspgsi fic regulatory elements are used to exqf(qﬁﬁoi,m3ﬁucl eic
acid). Tissue-specific regulatory elenents are known in the 10 art
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expr essi on, vect nd tran fection tech sed, only fraction of
cells my ﬁ?Pgﬁ‘?e&f@ rf"r‘?BalfaB a5 f?PBRI):{aI rﬁ%‘ﬁat&qéﬁf ttd"egfé“lr(? (Ifﬂ‘ O‘VWIH% IS i dent i fy
and sel ectprbféﬁ,st@nsup@@gggnwmb@mgoagﬁstaw1g@z)e t hat encodes a sel ectable
mar ker ., resistance to antibiotics) %énerﬁlgl%l i nt rodyé\?ggl nto the
host ¢ I S aI o rFgDRITRIIY rstrapatsatiogrof aﬂaémélsl?earl SYS9EY S rkers 1 S
i ncl ude t hQg@ert Rt 050 BF Rbre/cRfressioAN@tofsQesiity BSincreatedstatsle fknkBenc RYBHERMMCI N and
"methotrexate. Nucleic acid encoding a sel ectabl e narker, can be 1 ntroduced

into a hosthig giMmpleaprrageh ehyiatesiscRegrssissof gloningeMARSFRes 18 E¥RIESIORal  or

_ regul at or yc k@i, Burtim6RNhO §izd HthOMAGEe:Rfht & RABRIRL Bm¥tBSdOCe- Cel | s stably
transfected with the introduced nucleic acid can be identified by drug

sel ecti on fransfpetionpwith fetMAR clepgrt if shogmgie ingraase e avesage &vekaficapauions gene
will survive, while the 20 other cells 8ie). The present invention involves
conposi tions and nethods that can nodul ate the efficiency of eukaryotic
cell transfection using chromatin elenents (e.g., MAR elenents, BEs and
LCRs). In accordance with the invention, MAR el enents may be used in
eukaryotic cell transfection nmethods. Fox exanple, a MAR el enment suitable
for use in the present invention 2S includes chicken |ysozyne MAR el enent,
which is shown in SEQID NO 1 (See Table | A) or a fragnent thereof. Al so
useful are the nucl eoti de sequences recited in GenBank Accession nunbers
XS2989 (SEQ | D NO 2) X84223 (SEQ ID NG 3), X98408 (SEQ I D NO 4) and

M Y. Y. YS NI~ 1 7 o~ -— o1 A r 1 r——\ - e " o I |




14 WO 02/ 07-t9(9 agaaat aat aacagcat caaaaccgcagct gt aact ccact gagct cacg
ttaagttttgat gt gt gaat atct gacagaact gacat aat gagcact gc

aaggat at CQgARARYsaaaat gaagacagacaaaagtattttttaata PCT/IB02/02137
taaaaatggtctttatttcttcaat acaaggt aaactactattgcagttt

aagaccaac agape aighdsISAFANE IS Hcted sl thOpe BBy 6CARAMAS clones expressing at higher
ct gaaaaaaaggaacccat gaaagct aaaagttatgcagtatttcaagta

t aacat ct aaXelf fah ranetianedunon Fapdieciongiihe apeessigy plasmids alone.

acttct gct gaaaat Wi 3raats6 6 3 UREBA T ACERLG Rt the distance and sequence
ccttgttgagaaat acaggt ct ccggcaacgcaacatt cagcagact ctt o

t ggcct get ghetweadheMadt elogwentaandtheexpreseion enitiaae separtant consideration. The effect
t ggagt t g996ALIE: AR FALGEA L b Bﬁ)txgﬁa(f ?&H 1963094 Fhore distally located one

act ct gcatt ccaact cagacaagct cccat gct gt attt taaagccat t

. tcttgaat agtBadactad ad2RSat Betetigttaf aatransiryticraeigaeifadalias not found to be saturated

gcaat ggt ac 3 t .agaaagt cageags

2t ogt aat ot Lear ta2h ApsCaR it e R LSRR ACRE ARy of DNA that canbe

act t gt aaaacassfdcgd pecdellt Ohadkiltddae tHetatttwonldt Hetablett@ d€fgrmine the maximum quantity
Cteattit ot PRONAPGRRERL kg BB s BT BIP PAPaHr gt ytontation.

t aat catiat gcacagAs hsaaaaeif the felloatingdefiamioheagippiaria order to facilitate the
agagggt gaggccaaaqi ct attactt tat att ccaaagt gt cagca . . . .
ot 90990t ot Aonearitiog el Ik dRdirerst HECRSORTHERT Yoty from meanings circulating
caact gaaat gehinged drt, Gt deg figiohCiiag gt aa@haelt gt t t act a

t ctt caagagactt caat caag%cgtgt tattt Q&aaag aéllgc_t t gaaag )

at t gaagcacagacacagyedic at 88‘:&‘@‘36?‘3 Hae a y8& fieghtpmosomes of a eukaryotic cell,
t ggt gct at agapRESAb DNMIAL hARSRGSIErRb@ALL t acaaat a
gagatgctttatcatactttgcccaacat ’gggaaéalglgag.acat cccat ga

gaat at déaact gaghagiuematircelement cmeznyaneeie a¢id seauergeton a chromosome.

gct aagat ggt t t gaqgaglACGG QIR WA SHrhGO 98AIRE Buch as chromatin elements)
gct gt gt ggcagcegt gt cccaacacgacacaaagcaccccacccct at ct

gcaat gct caeh feaamgnegigaid makada (urhysdbergyoattonertchromosome).

tctgcat aaat gct glgaeh cglL M@Bg%rgeq@giftwto?ﬁlﬁe%% (such as chromatin elements)
t at gcact ccgtt aacaaaat aat tt aagt cccaaat aaat ccat gcagc

tt gct t cct avybeaerontratifferentynecdait adid maleculest(euchtas any tveo vectors or two

t at gcasgt gg%@%gog%gi t cct gggat ct gaagcgatttat acct cag

tt gcagaagcagtttagt gt cct ggat ct gggaaggcagcagcaaacgt g

ccecgttttacattt gddicattianigin) acfaace agiveticnat k gargdatangetivator (such as an enhancer)
ctaggaaattta atccttacaacaca acgacagact

goata: anaatt AL BB bl A0 RIAR R IRC ARR Sretor or chromosome).
acacacagagcat agdDawvaaeanad edas gohe diradgggsdng @ogtdatie 3' end of a nucleotide
tctataaatgccatatatttttactagaaacacagat gacaagt at at ac

aacat gt aaatTlHH4gt t at caacat gt t aact aggaaaacat t t acaa

gcat t t @gggt at gcaant'‘agandaelic agatlenniasaane dat aga@atentiate the transcription of

t ct aagcct cgccagtttcgaa aaaaaac agaacqct cact . .

{ Canaggans EA T AR UR AL 08 JEP L Libeate M PHTY e sequence in eltion to the
ct cat gt aac garaeChabiaeRion bf the IapSRRC T8 RicarasfaRe@@sent invention optionally
cctcaagttcggat caacgttttccat aat gcaat cagaaccaaaggcat

t ggcacagaadfiids sagedSat gaaagaaaagggct gt acagt t t cca

aaaggttcttctttt gaggradd HddokFritdnealédilde ARAL a8 t&ding for a given mature
cagt agaaattttact aagaaaaaagaacaccttactt daadaaaaaaaaa

caacaadfaa@sieindrsdinehbaeindhe tean ‘gingathel agidng pdeaérgnslated flanking regions such
cccaaccaccae RNACGHALIGH6h {iHibh §i§ﬁﬁ§?@i§§tﬁﬁﬁg§&%@ﬁﬁn sites, promoters or

‘ gccttatccaatattcaacattacttat aaaaacgct gat cagaagaaat _

accaagt at t teakanesagjagact gt t at at cct t t cat cggcaacaagaga

~ tgaaat acaacagaghgaglabh %mw&g %@&ﬂ?&&&ﬁtﬁéﬁ%?&l&n cells which express the gene

accat caccgggcagt gcagt gcccaact gccgttttct gagcacgcat a

ggaagccgt cagh deteciatie pratein Haeaplanefstigeion gorss deplude: pt exggiat lbmitdat,/antibiotic

B02/ (12137 TABLE 1B. MAR El enent (Acces®ion NO X52989; SEQ ID NO 2)

gcgctgcectga ctttctaaac ataaggectgt attgtcttcc tgtaccattg catttcctca

ttcccaattt gcacaaggat gtctgggtaa actattcaag aaatggcttt gaaatacagc

at gggagctt gtctgagttg gaatgcagag ttgcactgca aaat gt cagg aaat ggat gt

ctctcagaat gcccaactcc aaaggattta tatgtgtata tagtaagcag tttcctgatt

ccagcaggcc aaagagtctg ctgaatgttg cgttgccgga gacctgtatt tctcaacaag

gt aagat ggt atcctagcaa ctgcggattt taatacattt tcagcagaag tacttagtta 15

02/ U7-41i9 PCT/1B112/ U2137 atctctacct ttagggatcg tttcatcatt tttagatgtt

atacttgaaa tactgcataa cttttagctt tcatgggttc ctttttttca gcctttagga

T . a oa . aa o - e M T T e .
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10 transfection can be used in accordance with the nethods di scl osed
herein. In sonme enbodi nents, the first vector contains a single chromatin

el ement (Rod7ded/PR el enent). In sonme other enbodi ments, gcdi@giyRE i on
provi des a nethod of transform ng one or nore eukaryotic cells by

co- t r ansf egittAtteeBh@An®EeneDERoMHE Ex@dyﬁleﬁﬂia@brﬁ&féé of Sodiftiatethatige! | .
Additionally transfected vectors may i ncl ude, g( y genes encodi ng for
rf

st ruct ur al COBPOpRAS O selkiay metbpliser @ GREPORIS §5026BYS wﬁeéhe el (asynrigs).

embodi Ment s, enaRgeHordgie Rl acofiifoR RbbBRk:Yal At BRI, heQRRoin oL Of
the vectors of the invention. The ratiro of first and second vectors may
. be adapt edexagesm@:qqﬁqrsgh:cmqygepme use of speci f| c cell types, and is routine
experi nent at ' On‘PL% %@” &?eré)troqhéﬂ'@dfs rv§lﬁé bl#o élﬂestct}% el Es exAre@&H bﬁg’l 'éeﬂ?uEu' ng
exenpl ary range o I ratios o e T rrst vector second vector is

. bet ween abgauotype.2 and about 1:10. However, other rat| os are al so envi si oned
by this inventi I 1: 1000 or
nore. The prese‘%?p |£rill{\}g#*g [ ré%mzétg]e\?lcésqe(s)%g%%nﬂr 059&1]%/ %?esgﬁ%e to nodul ate
(e.qg.) i nccrlmmte)lsttdsam@edfagmspc exstherapeu(ls elity eA gro;ludbgarrqahrﬂuc&,s dagfra).
Butyrate e cel|l prior to, 2S conconmitant with, or

ng%l %)e added c{o tlh[
fol | owi ng WG 8RS A HRUINPRY 8P aci d vectors. One skilled in the art
woul d &msily de& edtfiicfieal k1R radst to&dgballlﬁg&&déﬁestalsﬁ‘&ctﬁiﬁtbrﬁt@mCerﬁ;ﬁési0(15n of

butyrate for the cell For exanpl e, butyrate nmay be
added in a5 ﬁ?‘ieéf‘}"hﬂ Evt aaﬂol&fﬂélﬂete%tolsytoekvbtabw@ww% BT BOBR02137 MM
to about 1 Meerr&lfzﬁh@sbh%leai' pbrapro@dmuﬂa n@éleealaéuﬂfoldlpr&@ﬂs T4 ctihm?a'i@aﬂﬁ[M 1-100
n1\/l175nl1)\/|150 1- 25 mv] 1-15 m\ 14 'mv] 1-13 oM 1-12 v

1-11 M ortrTS&QIteﬁ%\/Fonﬂ%%l%P@Fﬁ‘qsl @tﬁlqhmws arefersgd %ﬁu?te@b@%%@cwfafprt he

speci fic efip6diss ordhtibydy Yfaghentslepend upon the cell type used in the
co-transfection, and that the addition of butyrate may or nay 5 not affect

the prbifer at idnreslaigirgeas aafersde p ganchatienendes arrerlaloneriolsy Fxammenafr at e nmay

be added i piia@r @Bi&n@ﬁncﬁﬁ@'ﬂﬁ%%wﬁft&i 0/ traASYipRENBELRONRABAG. LBeWN to
t hose skill ed inthe art. The invention furthef enconpasses the

co- t r ansf efeeformcyspkindsesignakiaangdnctien meleculgs, phcogares.airotawneogandsi nked nucl ei ¢
acid vect of.g iBm %ﬁ%}e'c orEQmﬁExS)t ﬁfuﬁ eyector contai ning a gene encoding a

desired protern to x ress cell, the expression of this gene is
10 control | ed bigeaoypey rmfleerto tlargdnqtlhenfgenaﬂnnl consginegrwithima edlldsrogpased todtsst one

chroma% n g’l ?{E?erl, vghqchgns obs%g%@%;ﬂﬁ@geli ?) Q/AR el enent). The additi onal
nay encode tor se I'on

vector“or Vv enes or product genes or both.
I n such enbodi rfingasionthis the prévesdoufolming ad;hmmcbesser bowl eowdendlesY ent £d, t he

rati o of f|r an h|r vect as re wredfor t he
e of s poRlBPErRtpRRRARE. Tl R Oh BB o R BEAPHARORR R ST (00 |
a matter ofechrsquks, mﬂuﬂmgabumophnmtmamt bitmtcundhgatmnbyaﬂ DNAlligasey skill in the

art. For exanplg,.a non:ljimtin | ar rat.i.o.ran the fir second and
Third vector 5 CrERRR el HEbE oPhudbhad ih 35y A Fudsbd Tor 3 oy
rati os2j ncéxadlprfg ad inder?dd, oriéntatidnlof a DNA b€tfhenve idord id QAh e 3oy 3?:ordaf @f thd SO

envi si oned Qé this lnventl ll"l Al so provi deéj re methgds tQ s % a.,
t r ansf ect etPABEAEE M 1aHEN oAnpthersgauenceys eversed ‘i"o“&&’éﬁe Qg pRDEt rgerencedane

encodi ng fﬂl’é]ﬁ\lﬁ%hﬁﬂdcmefsdﬁhéhce I\M'zls 6bthindd. Suthefeidhe€ points baPRACIER the Nay
produce larger quantities of the desired protein (such{ngz)é\gor t herapeutic

protein prBERFEER %ﬂ%{‘ﬁﬁlpﬂﬂ? Pﬁ“?t’(’:eélsP"(?Ff)edd?N‘% RedupRees s gon fpdierdhei n (such
as for fungfiiinplepREabl &f Splicabld véctors containing the sequence.

30 “Transcription” means the synthesis of RNA from a DNA template.
“Translation” refers to the synthesis of a polypeptide from messenger RNA.
The term "vector" as used herein refers to a nucleic acid molecule capable of

transporting another nucleic acid to which it has been linked.
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preferred enbodi nent, the expression of a gene in a first cell
co-transfected with a first vector containing a gene encoding a desired

protein t@dpexdabessed by the cell, and a second vector ZG@psgith Ng at
| east one chromatin el ement such as a MAR el enent, is conpared with the

expression of t4ERkgPOR: del)” Rf&e oUn¢l naginalibh anohesiredalidntcBll 86my ehkydticr St
vector, and the first cell is selected if the | evel of expression of the

first geneCiedudmieranel narimitre rReple; nyeukmyetirell sbidiveapals & bengi s et hod

is useful LQinf@ledGhddr OB SultukAdRbREASMd S®sbuehtly tHsfebied RRURATESRNAEI Bf t he

second vector containing the MAR el ement is advantageous (e.g., causes an

. increase oftys im(entien. tseeceally pecferpllp calktypas dnciids; 4 &pieya AALS, opphry pnesian eells,

i nventien g} S [ it i be

used 1o ne B B e 2P L SR O 1

. a cell. | npimeay diffeoentiated or undififerentisiet] cellsa@thbesithlp hew aglbssira known tnibbsedes a
vect or Con%lﬁﬁéaiiﬁ' ¢ | east one MAR elenent (e.g.) a chicken |ysozyme MAR

el enent). ['n another enbodi nent, the cell 19 WO (1211)7-19(i 9

PCT/ 1 B02/ 02137 ‘{Trawfimatianns ssedposintrifors tormpdifying a eekagyofic cell bytheaddition

cont ai ni ng ' desi . pr ' i Fon t .10 be

expr ossed B TRAT SR 6L el B3GRt EheRaP AL ELAial

chromafdn edokieatd, suchtasadNA Mefrel enrent . The cel | transfection conposition

may al so additi.gnal .cqnt ai n byt yr at for_ ex le i.n, a concentration of

oot 10 md - abdsesiadin 8 uodielof o pils FIEEE SeBicR SERIER Khent on

al so enconprhaeby de@tdsatapot drbychthichlidand) TsansREionGhay ealdkbRe irmdmeeavat ai ni ng

a first ve&t{)or havi ng}a first erlcl)’lm)ter and a first _gene encoding a desired
a

gene or a Poft#lHUeR L eYphe SO FFeY; tapsireted srily are FW@Q FansReRtanisdiing . As

an enbodi npRtraaifedtda cbivROtf@RRd 1d Reafehiabtei®nd/ or the second vectors are
integrated into the chronosonal of the 10 eukaryotic cell. The

co-trandfected auRERiEHRP Bsed dereinyglersia a gueleie o¢id secuencs shag speplafes expresgion
invention gfsgnenconpasses a eukaryotic cell that has been co-transfected,
containing two or nore vectors, a first vector having a first pronoter, a
first gene encodionigrusfeeéns” megnyideproesss af tmsierting a akagetic B avith maaRhen enent |
and a secopgh &86d8hs FRABPELish RPthatel, Wfﬁﬁ&%‘%oﬁ%&%&&aaﬂé}ﬁwh& &l ON
further enconpasSses a eukaryotic cell that has been co-transfected, 15
cont ai ni ngthelstlbe or nore vectors) a first vector having a first pronoter

and a bpr st genﬁul&%ﬂ?lr%f&ti&?éﬁ Ju%l@ic%iﬁ%&[)rs@s, %&%ﬁ? raén}%ﬁ-rk%%n plac&gcond

vect or conpri sing east one MAR elenent, an vector conprising a
second pronawtmway kartcemglisbehy yemietyed stoelandgmethodss Dnetypgefiesctor isa porti on
thereof. | ::p1§s9xﬁ9', SRR LR Eci‘i’éuclja& H@uﬂlé‘%&ﬁ&éd%ﬁ&g iR G, da%%ﬂs fbrodes for
a selectionm gene’or a gene encodi ng a detectabl e gene product ?e.g., a

f | uor escentega®ntycat ks ligasadc Ancthergyreaf véctaras & gica mectqry wheein addifioral DN nescent
protein su | uci ferase). .The present.lnvention provide its for

Cr anet ect | S RisiEby feRati o EaP LSRR cLM IR OB RR afblint o0 hore
cont ai 2@r s replivadionin arbasecalinfoavdichatbeychry mrbducsd (4 fichatierisitvestesthavinhavi ng a

Cecond veot bttt St EMRUReP Rk i ohraRiinl R B Gileaar use

t hereof . | nomepisiminbd dian\nilian Yertdrd)ard iftegiated dnto e @endiresofia Host, celt apdnai ni ng i n
ol 61 o acTHouPD g0 Bpgsteel and Bebh reneioHe: gk B IERo g M8 er of ogous
gene codi NydréveR cetes VeRtbrdr® tfable aN@reatildRe exressioh of gdids fohehiG@aES e Vect or
havi ng .one or nor e_nl}éAR e\llfgrrent s. In an enbodingnt, the kit additionally
conpri s€s BRHElEinkehSUB e asireteped foihereingse CHIEHIORNECO - (1B 8F58t hat one
skil'l ed i nekhgssiantventtid beluilfy dPleContfindPDNAGeMiReL /b bitdr il SnekB@esf St udy Wi th
“mnimal experinentation. 200 WO U2/07. 1169 \AMPLES PCT/ | B02/U2137 The

i nventi on WappidpeAs yiedherein crlasibeand; et w et ghaddnerchanegapip e de PAHREHS do not
limt the $EoRR Mmh&ifty LRASRELOBA CHEWERE dhd iGvdnhitn Klifkild (XM QcH -

General Materials and K/bt hods Plasm d construction. The |uciferase

expr essi on otheriorpsof pXprEsHN testors, e ding, Rt REY B doraialevegiors (gg ) repleaEian on
pGL3- Conri~ol (Promega). This plasmid cbhtains an SV40 pronoter in front of
a nodified firefly luciferase cDNA, followed by the Sv40 | ate pol y(A)

signal and the SV40 enhancer. The Drosopl ziI'a nael ai i ogaster el enents cone
fromthe p7, p83 and pl314 10 plasm ds (Poljak et al., 1994). The 1.8 kb
Sall scs (special chromatin structure) BE fragnment cones from p83) as wel |
as the 960 by BanHl - Xhol heat shock 87A | ocus SAR (hsp SAR). The S00 by
BanH scs' BE fragnent is derived fromp7, whereas the 657 by EcoRl -Hi nfl

hi stone SAR (his SAR) conmes from pl314. Conbi nati ons of these elenents were
first cloned into the BanH Sall sites of pG3 15 Control. The scs' BE and

- ~ A~ o T 1] p— g e =] M .



respectively, giving pM6l. Simlarly, the BanH - EcoRl scs' BE fragnent and
EcoRI-Sal T his SAR fragnent were inserted to give pMZ62, and the

BanHl - Ecofly BjoSsopf\R and EcoRI Sal | scs' BE were introduced plcqymh8éd30M63.
Chromatin el ements were then cloned in sites upstream of the |uciferase

_expr essi ondezestise teuvirised) adednbGituspVEE AdénoNBSoc@iRIdainaesd), Pihichlseve Bghivdert he

Kpnl - BanH hsp SAR and BamHl scs BE fragments into the Kpnl Bglll sites of
pMz6l , vvhef“@&‘?nﬁI\/Z?O 1 resulted fromcloning the sanme fragnents into pMZ62.
Vect or pMZ71 WaheGEUbSbIndft R freor J&f&@éﬁhd’lﬂvén’ﬂ@n Eidin Fa@iRic Rdigo QAR and
EcoRI - BanH scs' BE fragnments in the I sites of pMZ6l, whereas

. pMZ68 1 esuinyveion ipfosnsiifakly fonexpressian Pfir)tagmr.rgﬁleaqmn;@wezcell L%@@lflﬁllymgeg was
obt ai n b I 5%{13 i s SAR

frag rre?[js ?ﬁﬁﬁ{fﬁlﬂé&tﬁ%r@é&ﬁbfﬂgﬁ exﬁﬁnoﬁggwg%u&%gggﬂé% rk Sy Equ%ﬁc'é'

. chickerL. $ojesteg\prgha\iasts ()f the hoviRyllsfte heynsed for(eRpriessiganthatisl oBrativelyrlinged t088) i s

Si tes of pEratesk Rtpatticsd il i W kS EBRAeR Relnugiy >

i nserting éppslabkyrid:khwis msanaeddpmneaﬁ(ﬂaltﬂrﬁma@mde sqqncrmepﬁmtdl(qzmis Iinkezl toshet es of

pMZ50. The u tor a. L gl on tiz et al.
1 997) ori g]fena o5 roerlﬁc%? lil_%ﬁpa’?%er([ ﬁv% xlpoe)SSI \Ae/aréuctlﬁgpf’% e HAtD t he Sal |
and fil0 edtdg, iBantn ﬂzrr@lraremmibnm&s'iatﬁmrsystﬂh oEis adoSatll waadtheivkdteds i n EcoRl

fragnent, Vi, n )Y/ 4 Th kb Nh I ment fromS 1_LIP Schi bl er)
or adurabl y el e besl B SuéR oty bORT L HE BRSSO B | LoR
(Tal bot et Gaéddel, G2RBEXPRESSIONRTECHNONOGY: iMEmrbhmcHNzﬂnmabwm asadentipPiess{ i | | ed

in Not| Snal_sit GL3-Control 't MZ44 and
oNZ4S, | TheSPTBHSRD AP SEHBET wavoker onuo e e prpduivey o

i dentical &xpréskios ef dagtbtiie@dqednseihfing t{pé eskdcdellaihd &lose thar&mapt that the
ifrus ME pronoter/enhancer drives |i ht and tJ;Ieavy chain

human gtomegal _ovréléd

expr esst onSXPIgsEopP ?rP‘t‘féeof‘g? sqanence g ik e Indieptcedsiedn ’§§P§t88?ﬁ1

PEFI - Tet RNLSnERAPQWentRES: Fat BRARAN th RS Vrillad iR eSKOX Wi O Eh the Luc +,
pSxGTTI - GVP andﬁgSQWGeT - nEpoi res Er%eGeo a\}e previ olusl be erE d%éggrr beg (1 nhof
et al., 20@xprespion veﬂtwm depenbpnesueh ﬁ@t%@t%%@p ﬁ@thgrlamelm bediapsiecigdes .

CHO cell c CHO D4 cell line (Ul aub et aI
1983) was glﬁltlﬂes%ft%g egs{&%l\?/%ﬁ%lhg&r&a-%gco BRL) supplenented with HT

(G bco-BRL) andThsi re¢oapbimniaxpesion F@@rﬁsﬁlﬂgébermyﬂ begesiggedsfor expadskien OHO cel | s
expr essg ng f I | enei m ne
(P Chondagiph it WigRoROty il abi SR SEEH ARG kiR P AEAIN. e 00- 750
000 cel | sl WeENE EXRRESHON EB@@IIOL@G‘atMMD@WeENﬁYQI@LOGEq%ﬁ, ﬁna@meﬁw&mS@ of Pvul
15 lineari zg ﬁ% {f@gﬁﬁtructs, corresponding to 2 - 3 p,g pG.3-Control,
were co-trail°sfecte th pSV2neo (CLONTECH Laboratories, Inc.) in a 10:1
mol ar ratio, w The daxpassdnactions) usb&b@eibmw@ha yeast expressiah vestor IE@mpteswi t h

ei t her pUC 1 pBl uescr. i Wa
an oqual v aPREERiin Ran o R ise Bl A SebesB BRulbEios
( Fl ukaRs wag9svd #2480 F6l 229vi34Yy pMFS Kinijm aridrifeuskatvitn 1982, creadm 933rg48),at ure, the

o suppl enbii o QB CRORE gt A P PR el CHBORBN % el | s vir e

washed wit IID@BSCaliﬂ)mapi&ZZBdhadsginmni dueDidgo, Catidh.um suppl enented with 700

~tg/ M geneticin at e Subse uent medi um changes were
carried out witflt é’@ﬁi"]ﬁ%é‘ %Ir'ésrsr’é’ tvgﬁO%SP%ﬁln m@)’/&ﬁ RASHIOY NS PR pool s
of clones aiea@ryMaa&\hﬁ& vé@or@ﬁﬁhﬂiﬁe(ﬂ@’}eif pleimcﬁleifgﬁitelm:l chlnﬂed/ilnéﬁéaéellgﬁe £) gnes
expressing luciferase wer after el e an

mai nt aPfed SFH cdls) Belud be Hgﬂﬁwgg it ef - é?]%ﬁ %’ é:d ﬂﬁlggﬁ’ é‘hé‘ﬁ%g‘
expressingp W%&%s%ﬂﬁdldﬂ‘ﬁﬂ@n@ﬂdrg@8@%1’0%&’70‘\@[-@9Pbt ai ned by
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stabl e transgengs gatnf ﬁé%érﬁf‘ tlaPsf&t Cﬁ%e'& oli*l@nél? o &i- re%&éerg&hldé&hx Eé%rf gmatin
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.with a het ellectmpgmuan PSuitablt @rethiods frettm;lmmg(gm teedfécing kbs welistcan bihfonhd in
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in pools 1Haftor Bitmhiiery oCald Springtiaber Laberawif PretssCold Sprifif Bladot, N.YIL @989t | on
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el ements of"t9 A Bh LB % hr omati n el enents were cloned on either, or
bot h sil0les, of FdigtabldGiahsfedtion ofmpmamBarDdells) Ny it kmwxptﬁu;Sde@eﬁdmgmhpoaShdiepl cted
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el ement s wetRICSIQR Veqiorzpd frpusfactipgy techpiayedisest: pRiy agtopll factiop ot cellsquyipteedifese

el ements hafé foley DNIS lnto el ?erﬁJMEWIn bRiesolidvalifi fd Sélad hiRsé fRedsERI gene
expression_in HelLa and L Poljak et al.) 1994). The chicken |ysozyne
5 MAR el efiearants:  enghiy env@fles %@eéq Aparkep . clegiiiare o aibiatig)ingsnpally f er ase
eXpr essi on a5k iffo tkhodt CCRNMILAL A hOBerkloPHhOUS! VathiowtleliibicARkES ©l evat ed
expression in chicken promacrophage and rat fibroblast cells (Phi-Van et
al ., 1980; irslydethosq thatzsopfer resisggep)to dugs, spgfuasdi4i8 duigromysinegnd avethotrexaR ( TCRoc
LR and t RaofoRlactdlek il dele eI nfih EhTbelifR bl TRbs 121 8n BRmeen shown
to direct g -Tevel "expression in multiple tissues in transgenic mce
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the two L t '
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expressi on sd:leqleh $e. pheetl e th3Chay b inonmpbratedshe seletiable mides gemstwit onwivewlalephay .
Pool s % st Ié/ Lna sfected CHO cells were anal yzed for transgene
ofher dell Eep

expression " A nodest 2- to 4-fold increase in expression |evels
was seen for alThe:,pwdehmadeomsmlveblbsatbnqbsmmamiﬂsduphsi that cSA\Rwodulate Bie el enent s,

as well as este The el enent tes showi .n n
i npor t ant i %{gc}eé’%%f e’u%\é)rg‘lf-t bCIP’11 E)Sl'égz%gxﬁ éﬁ nﬁéﬁs /(f'éﬁyﬁg% lﬁl?er (Sa’(rf)i?'(%érle ter
expr essi on awdECRE)eIncléaréamne bvycB mbylmnﬁon MR elehientl rrga\beusedzﬁ)edhai}dtw cn:tlr ease

in luciferase ex ressi on as co - Control construc
accor dance SRPS¢FURP %‘ gss ﬁ’fj%%aﬁrf\’%‘ﬁ ‘5‘8“5 cgor(“asfi“ét#‘ © Besgf mve‘iggg) t he
ori ent @si ofncdidet ﬁeckbﬂ\@swﬁae@mmrﬁent lwehiidhi i1ghotvién SEQADING: 1e(Sp¢ Bttd TA)

cassette had no eff transgene expression. Foll o nitial
screeni ng &f a%ﬁ ﬁ’ﬁfﬁ?? Soe‘fséﬁ‘gﬁféhq e eé&‘ﬂqegcesé‘icfté ‘L"lg%‘i?g\ﬂé%‘k?cﬁésé@’ed on
the use of nhﬁ@e@MS%QSEQSDM@)M@@?ﬁ@(SEC%H)N@EB)JM%ARB seQsIDavbencaldl | ine

devel opnent nsfection the MAR i n~ roves stable trans

ene expres 3‘59371796%5]5&1 2 NGaP) (Pee Labley HyiEXes feppenthtierent AdMiweMaR: into the
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el ement -containing plasmd with the transgene
using a variety of techniques well known to those of ordinary skill in the art.

TABLE 1A. MAR Element (SEQ ID NO: 1)

tctagaaaacaatatatttccaaatgaaaaaaaaatctgataaaaagttg
actttaaaaaagtatcaataaatgtatgecatttctcactagecttaaact
ctgcatgaagtgtttgatgagcagatgaagacaacatcatttctagtttc
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TABLE 1E. MAR Element (Accession No: AJ277960; SEQ ID NO: 5)

aggtcactgt
gtatcgataa
cacgcagatg
tgtggccteg
gcagatctceg

gaagacgcca

gacctagatce
gcttegaccg
cagtecgggge
aacaccgagc
agagatctcg
aaaacataaa

cgcaggteac
atcecggecece
ggcgeggtec
gaccctgeag
aggcatgcaa
gaaaggcecy

tgtgacctac
gcccagegte
gaggtccact
cgacccgett
gcttggeatt
gcgececattct

atctgatate
ttgtcattgg
tecgecatatta
aacagcgteca
ccggtactgt
atcctctaga

atcgtcgacg
cgaattcgaa
aggtgacgcg
acagcgtgec
tggtaaaatg
ggatggaacc
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fragnents are prefered in order to nodul ate transgene expression, depending
on whether a small size or' nmaxinmal expression is desired. 25 Materials and
met hods: @ Rlwiehi on of pLuc-based plasm ds (SV40 pronot gichaseehiz7

| uci ferase e~ ne construct) The various MAR fragnents (i.e. B, K, F and Q
wer e anpl | f cegtadugcpaloyrerase tghatdnah eatidadnodl Scagtptdc- Biocdctas |t enpl at e

wi t h spec| f $@9pydcagraasettsazh gcticatagca st erbobaiBghdticonrid asaBasddeg dite in 5' -
and 3'- en.LJ,aBth%;G@E’EiC\?éF gcalf fRICLFRACE AREAHP T hECtECERR PSP %Filon sites,

the 30 fradiAle uerd s cﬁg‘é’ﬁ FoAf e o @ﬁiﬁié%?@i@?ﬁi?@;‘ E%ﬂﬁcg mH . The
di mer- an{l {fRtsRIBE dreBRAbG: bhyalibs lqrbdanl AL ON VBl L  bdo0heg: Het neen t he
. Bgl I | - BanHl tgbt &% g0ftgpédcdednRidcatadafraaaedateg hac4raBsdcr skedegéddgg QLuc- based

pl asm ds, |t fretVidcrousciettanmergagiere @rgitseth asaddghdds Bankkctks ggnment s and
subcl oned i?ﬁ"—éggﬂaé% rﬁtdagéﬂéﬁ CEAFCFOIEC dicat He 9By ICReadspEae, tRGEcPFA (AL, pKAGAL

. and pB4G4L, P %(;I'—Eﬂa 3kha ?‘: g??%g%ﬁg ARGEFEE PRt T teHE Bl I | site of
pl asm d pmgf_c,ag tg VO 19 b7 S99 I%%CC fﬁaz%?ﬁggaégﬁe%ii vely. |The pl asm ds

pK4F4L and_pB4F4L were constructed by cloning K4 and B4 in pF4lL and pB4K4L

was generated by cloning B4 into the Bglll site of pK4L. Cell culture and

stabl e gene trapsf.er: .5 CHQ DXA4 cell e .grown as descri hed ee
saipra). The agﬂ?f’énﬁ’_’ﬂeg Foyidest W?fﬁ%‘i %fsﬁff\s%r@i_@g%?ﬁqrd?or%‘ﬁ‘éwpﬁ?@g g}if‘é"d in
paral | el i ga3fed@fig fw®d Gmeaé BuddiCacdidcRinio BEddll, ThBRIwb OFf mekpeassi on st udi es
of MAR fraglgfsuaxt_es vectors and control vectors, For transfection, cells were

seeded in p firsh v eprLonipining 4 sene epdingpfigsigdprotein e gxaressed wyAbecqlhr  16H.
Af ter wWashhdih pibinBtePEsatrolRk life cABe&idnoR s £ob oM vidl ok hisfloh® dckor Bbidehinitz Xes in
a final volune of 81 ~, 1 Opti 10 (G bco, Life Sciences). Typically, the
m xes cont Hi'FELPS.BPmSHGIemSRt spresdeY B elameat {5 sarihipkembiepzye BlA®dnt r ol and
23,4 frol  @EmBRYNEe nudiéic aciaeéqg&kxsr&%@d WROs (55 Re hsehd MAM MEh& AR ned
wth 4 ~ 1 of Lipofect AM N2000 (G bco, Life Sciences) per triplicate and

i ncubat ed P@fensinyeIHion JnysEensembpdimenth,heiigat anddeqong yeeiers aigiipiemated imfodds wer e
combi ned i e g 01 . t he m xes
were s :’J\Epl %@%ﬁ%@%&?ﬁﬂgﬂﬁnﬂ&ﬁ ?lﬁx{%?\%j’gé@ a?tr‘?ﬁpllr!é% 'Lﬁéé glﬁqgﬁgg%wéﬁ%fof t hese
m xes Wer etraisfegtion eag beysas! i aederdapde] withGhe methady disatospdbaeintln some t r ansf ecti on

m xes for { . i th 1,09 hhkco, Life
Sci ences) \}\%Odgﬂ%{etg%%eoﬁégg %‘g&%ﬂq‘ia%mgge%ﬁﬂ%%@%ae 'gltglh?‘ggs%{g t p?&-?ﬁ ection
and t he tr bquhd ethdrembpdinicatd, theingerifio provikes aimeihod of damsforming meelbrunore

suppl enent j £ o] G418, .The nmedi um was. repl ace very 4 days.

Cell s wer eg%‘égé’ggéeéég %b%eaﬁ(f%&l%thﬁeoes%- T “g?}e %?ﬁlc{)ﬁ%log@fl oF ?“E)lr eparation and
enzymat i ¢ Addisiomadlyennhsfectdd veptorsoadyandodd, pgl, garsphoeding foreahdturalis peutitan wer e
harvesg;d b%tcnesntrrife%ati on, washed wth PBS, and incubated with 100 pl

l ysis uf f B 10t 26 1go(f’fmsl’oomterrperature. 20 p,| of extracts 25 were
transfered to alnfsomt embbditent®@nhdkdr efedtens uhsatiosnly ihdledell & akor MasHT ement .

5 p,I of extracts re used for protein determ nation by Bradford. Relative
li ght unit e\X@?t%rseﬁﬁlfd‘iwﬁf‘téﬂ" by nornalizing |uciferase for Bradford

measur enent . DaTle pgd of the fisparseddhd bEtora Ry 8@ edpfedtah eqhirédtot tate @f two

i ndependent tr ansflecti on _experinments. X e
specific cell types, and is routine experimentation to one of ordinary skill in the art. A non-

20  limiting exemplary range of molar ratios of the first vector to second vector is between about
1:2 and about 1:10. However, other ratios are also envisioned by this invention, including 2:1,
1:1, 1:20, 1:50, 1:100 and 1:1000 or more.
The present invention also envisions the use of butyrate to modulate (e.g., increase)
transgene expression (see, e.g., Example 6, infra). Butyrate may be added to the cell prior to,
25  concomitant with, or following addition of the nucleic acid vectors. One skilled in the art
would easily determine the most advantageous time and concentration of butyrate for the cell

line being transfected. For example, butyrate may be added in a concentration of about 0,1
18




30 Sequences of MAR fragnents 1. Fragnment B (MAR region : by 374-765) 31
WO U2/ (17-19( PCT/ 1B02/ U2137

Bal | | GATGl g BARWkgCt t aacagt ct cct aaaggct gaaaaaaaggaacccat gapadghAngsdt t atgca
gtatttcaag

t at aacat Ctaagabual Yo Pasraabls Galan ameait dgaal 1-36CmdAILB0INIM | Deiaraatygt at t aaa
at ccgcagt t

gct aggat acte Lo 808t 3t i § 2040 e id§ M dle Hyedh d gddaMat e sdddgblonM art ggect ge

tggaatca 3-10 mM. Those skilled in the art will recognize that the specific effect(s) of butgrate depend
ggaaactgcttact at at acacat at aaaat ccttt ggagt t ggr%c tt ct gagagacat ccat t Pect gacat t
 tt gcagt gcawon the cell type used in the co-transfection, and that the addition of butyrate may or may

Cht 208 LSRRk BEARGE G AR RANRSALY ) Sk BTG (50 10
. 11GATCTaagdt tedemyefgodigut tasirate bratyadlzaatrgpanad kit tocirae stilighadtegtat t t cact t gt
aaaacacct . . : . .

ggtccttttt at at taghy PP {15 TRE e ot anstecton of e ik ls S8 Pt aaaagce
acacgcact cotwad trtlinked nucleic acid vectors in addition to the first vector containing a gene

Fottacatt | JanAnl CAURANRSLANS he LR RALARIAL AR ARLERALASRARTE Racat at i otat

cacaadalgggbaadidbpaaginaital indahd gaaidatcabi anaaigy gllesghmch@gaggtighanaat t acat t
acat ggt at gaat cggaatt ct aact atgctcgattt cGGATC (SEQ TD NO 7)
“Bar 1 3. (Pag LRI ORF VAT Samentp g G oA E5tong vee gy pncode 1o

GATCTac aacerain@gaprasadd p@acagsnds9e béta! AaadidnboainrativirRAbid dgalttgoamiet gt tt ga
cctgt . , . .
acacacagad€atebensistah dheratia abiigh sceoedigyiddhird wekpramey be adeptgd pyeeuired it t t t t act
agaaacaca the use of specific cell types. Determination of the ratio of these vectors is a matter of is

gat gacaagt at at acaacat gt aaat ccgaagt t at caacat gt t aact aggaaaacattt acaagcattt ggg
t at gcal@ct routine experimentation to one of ordinary skill in the art. For example, a non-limiting molar

agat cat caggPARAARIRGEA LRGRPARAIR ARERSE 6AGEANINLCARASY3ARRARAC CagagaacyCt

cactact 25
t caaaggaaaahdahl- Alkeg satios ehdinggct2Aid 2610 4311889yl 3t100Q@ et morgarcadlemget at ccaagce
tttcaagc GRAGRRLAE AqGct caagt t ccgat caacgt t ggat cccgGGATC (SEQ I D NO  8)
-BanaH 4. Fragnernt MAR region : by 2485-2906) 30 Bgll|
GATCTgggct gt ac ddsotprevdidaizaguethods toseledt g dragsdertadgukarpotiyaet thgt expeeases at acagt ccag
tagaa desired level of a C%a{x? encoding for a desired protein. In certain instances, these cells ma
tttact aagaaaaaagaaca actta aaaaaaaaéhcaacaaaaaaaacaggcaaaaaaacgtctcctgtc
act gag produce larger quantities of the desired protein (such as for therapeutic protein production
O 9C e acCacha ARG oF bl HIAAGE! Sl AR AR PARIAAAGARAY i 4 &t coaatattc
ct t at aaaaguefetreghdntimdnsena alat expreasig)t éftd gea€ ncfiraigall corhadfatiwiorith Lfasoggonacaaga
gatgaaataCBSa. ine a codi . otein ta b .
caacagagt ¢RAPHIIELAE05 HYG 48 & A5t ProlEn i by sametsst by e gt A €8y Yt aact gcc
gttt t25t gampammigeai kggaattkdtatbaslattnt 6sdh@s b MAR eBmehtofseompaes witkdtheAgar wal ,
M, Austin, T.. rel, F., Chen, J., Bohnlein, E , .and Plavec, |. 998) .
Scaf f ol d a%"?%?é%??e%&tther@’éa? it Sr?ﬁ?ﬂ%éfi Ha‘é‘?‘f?&*ﬂc“@%‘my P Tpst yecih ?"glthifléfé&cg&
g:x pr ﬁA Ss iho Iris iseliqwdi ifsmé w@ df@k;br&svs\i/oi o‘gtt_regik&%enseaz aﬂvg?eﬁgﬂetwéﬁn| tﬂﬂﬁrsﬁnd éﬂdZISI , G

Cy chal owski, S.. . , .. . Spi ker, S., i ssinger, A, an
Thonpson, Wor@fg%)lfhlwémﬁl RByeafilto selech i tmippfeaed pedls 1y whish dispresence of
effects ofm@se%bﬁdmmﬁ@calftafiﬂhgtmtmnfamm ik 8@aRAgdoud (.4, aaESE an inbledddlonCel | 8,

899-913. 32 WO 02/ 1179& PCT/I B02/02137
30 to the expression of the desired gene.

The present invention also encompasses cell transfection compositions, which can be
used to increase the expression of a gene that encodes a desired protein in a cell. In one
embodiment, this cell transfection composition includes a vector containing at least one MAR

element (e.g., a chicken lysozyme MAR element). In another embodiment, the cell
19



Bell, A) and Felsenfeld, G (1999). Stopped at the border: boundaries and
I nsulators. Curr Opin CGenet Dev 9, 191-198. 5 Bi, X., and Broach, J.

(1999). Wommrsay function as a heterochronmatin boundary ggignbizn yeast.
Genes Dev 13, 1089-1101. Bode, J., Benham C., Knopp, A, and Mel ke, C

{2000) . Trieumsfectiodtdogipabition SR HeRte 9 Hist mlcaﬁtammgafgeg@mmxgoa e8gEdN by
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Gene Expr Profeinpsagertiqajhereofjo be exprpssed by the cellpgngda spean vestor cpptainfedy k’éSt
Stengert, (Ma1chl|6?déxm\’flerneﬂﬂﬁlcﬁhse:{MAWJl&ﬂent Brhe el 83R¥ection composition may also

Scaf f ol d/ mat ri x-attached regions: structural properties Creati ng
. transcri ptadgitignally epatain butyigie; for expmple i @rconegntraiion of abryt 1GmM. abyuy A0k M i on of

t he Nugj e%rayg&trlimbu§,rat§erezney and 15 K. Jeon, eds. (San Di ego: Acadenuc
Press, Inc.), %p 454. Boussif, O, Lezoualc'h, F., Zanta, M, Mergny,
.M, Scher man) he pIRseRtiByeRtionERlso eopemMPBshas aegkarlmtlc(c&l@g@) has hespeqogeensfeetediect or

For dene, Bt S0 e L L ARRhRing £5H Bub MV SyARleldnd v,
Pi nt ado, Epo,rti@dhaeoﬂ, ancBamtm]zveM)r caniwising.a, MARcIdamgnu #ses embodifnd @8 fhe
Eng| neerin tra

ssive n eni.c. m .secretin
v Puss meur PR ol Firledefopt yRARY SR el B Fihicliboomy D of g
Cuvi er30 O eukkdgotic cell. Tha&duh:&&m&t eykatyoti€ cdPR8Y be 4 Baplaiefticartiican Tae a cl ass of
chromatin boundar el enen | Cell Bjol 18, 7478-748 Fussene eqger,
Bailey, J.7 °e’h°°mP£FF€|S W%}/g?TYBP? oqy tl“(ti’éia%en e IARYSCLe o‘tﬂ“ﬁ‘ﬁ”%a& 1ol of
r econbi nammxglvyaoﬁr Ofifst Rediir@aviag & Ot b{%nﬂmx’stag@nf)aicb@ing 4 d&nds gdie@i @chnol
17, 35-42. 30 OSV 99 ctivation Qcus control, regions?
Curr Qpin R%‘ﬁ 9‘9@% al%é‘*i%“f““?alﬁ?‘f a seeond fiter £ 1, at as‘@i@&%’)
Facilitat l&é}n@ft T iavERkion fulhBedRt GifipA3des DAMGary JadIcEll Hat ths Gednal-thaadfeded, 519- 525.
33 V\D U2/ 117969 PCT/ 1 BU2/ 02137 | mhof, M, Chatellard, P. % and I\/Erm)d N.

(2000) 15 A SoBfpining e o5 aRaipietary 2 firt deqsorhaying adirg gramasr 2pd a firshggene

expr essi onepcddifE R Aedied ggne &Q%o&t%ﬁ the?eo% eark\:'c‘!@l'dWer cordf)ﬁglﬁg gt 184st ond/MAR
Fer nandez-Herrero, L., 1) , and Grossc R ( 1997).

Ext ensi on d¢mertirageeatthisd a‘?}‘éfé §Qliﬂ@11ﬂ1fi& g/sebgndrmem@tarr anggtsegord 8@1165111}199@?&3 regi ons.
Nat ur e 385des3§9ge%z dra portion thereof. In some embodiments of the invention, the second gene

encodes for a selection gene or a gene encoding a detectable gene product (e.g., a fluorescent
20  protein such as green fluorescent protein, or a luminescent protein such as luciferase).

The present invention provides kits for transfecting eukaryotic cells. For example, the
kit can have in one or more containers, two or more nucleic acid vectors, the first vector
having a promoter and a heterologous gene coding for a desired protein, and the second
vector having at least one MAR element, and directions for use thereof. In an embodiment,

25 the invention provides kits, containing in one or more containers, one or more eukaryotic
cells containing two or more nucleic acid vectors, the first vector having a promoter, a
heterologous gene coding for a desired protein and a MAR element, and the second vector
having one or more MAR elements. In an embodiment, the kit additionally comprises
butyrate. The vectors of the kits are provided in ratios that one skilled in the art would be able

30 touseon a cell line under study with minimal experimentation.
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Sall scs’ BE were introduced to yield pMZ63. Chromatin elements were then cloned in sites
upstream of the luciferase expression cassette. Construct pMZ67-1 was obtained by cloning

20  the Kpnl-BamHI hsp SAR and BamHI scs BE fragments into the Kpnl BglII sites of pMZ61,
whereas pMZ70-1 resulted from cloning the same fragments into pMZ62. Vector pMZ71 was
constructed by introducing the KpnI-EcoRI his SAR and EcoRI-BamHI scs’ BE fragments in
the Kpnl BgllI sites of pMZ61, whereas pMZ68 resulted from cloning the same fragments in
pMZ62. Lastly, pMZ69 was obtained by cloning the Xbal-EcoRI scs’ BE and EcoRI-BamH]I

25  his SAR fragments in the Nhel Bglll sites of pMZ63. The 2.95 kb BamHI-Xbal chicken__
lysozyme MAR (lys MAR) fragment (Phi-Van and Stritling, 1988) is from pUC-B-I-Xl
(Wolf Stritling). It was first cloned into the BamHI Sall sites of pGL3-Control, giving
pMZ50. Construct pMZ52 was obtained by inserting a second MAR as a KpnI-Xbal
fragment into the KpnI Nhel sites of pMZ50. The mouse T-cell receptor oo LCR 6kb

30 subregion (Ortiz et al., 1997) originated from p3’LCR-72 (Astar Winoto). It was cloned into
the Sall and filled-in BamHI sites of pGL3-Control as a Sall and filled-in EcoRI fragment,
giving pMZ74. The 2 kb Nhel fragment from S1 LIP (Ueli Schibler) presumably
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Li gand- |ndﬂc I|ver-speC| I C target gene fon in transgenic
m ce. Mat uhmaﬁzeadttat borbGyct 8@r@pchdingéb s 3 ug pGIReGanto], were coNtraisfectedkwith Pur sel

V., and V\aI% ¢%§@ %gon apt zat i t| c.Jnsul.at.i on nd an
rt TA repor? Yz‘ie% 1 GH ?Fﬁ'i%‘g k) 2 hé 163@%‘3% lth Sapsfestion xzf%sgenl c
brought to a total of 10 ug with either pUC19 or pBluescript. Plasm1d DNA was diluted in
150 mM NaCl, and an equal volume of 150 mM NaCl solution containing 35 ul 10 mM

PEI25 (Fluka) was added. Following a 15 min. incubation at room temperature, the

20 transfection mix was added to the cells. The medium was either replaced or supplemented
with fresh medium after 4 hours. After 48 hours, cells were washed with PBS, trypsinized
and replated in medium supplemented with 700 pg/ml geneticin (G-418 sulphate, Gibco-
BRL). Subsequent medium changes were carried out with medium supplemented with 500
pg/ml geneticin, with pools of clones assayed after 13 and 15 days of selection. Individual

25  clones expressing luciferase were picked after 12 — 14 days of selection, and maintained in
selective medium prior to analysis.

Stable CHO clones expressing human anti-Rhesus D IgG1 antibody were obtained by
co-transfecting the light chain vector pMZ57, the heavy chain vector pMZ36 and either the
MAR-bearing plasmid pUC-B-1-X1, or pUC18 as a control. A total of 2.5 pug of DNA per

30  well, with either a 1:1.75:5.5 or 1:1.75:11 molar ratio of pMZ57:pMZ36:pUC-B-1-X1 was
used, corresponding to a 2:1 and 4:1 molar ratio of MAR: antibody plasmids respectively.

Cells were seeded in a 12-well plate at 140 000 cells/well, 18 h prior to transfection using an
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wherein said chromatin el enent conprises a MAR el enent. 3. The net hod of
claim 1, vindbedyrrosegntiatitrdsieamingd by ¥t is obtainable fromthe 10 chromatin
domai n of t he chicken |ysozyne gene. 4. The nmethod of claim2, wherein said
MAR el ementod9 il elivr& &Y dhsRZGETIARI @h B ke was culti@d FEDIES Eﬁxbé‘d aiml,
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nmet hod of ¢ erern sal cond vector rther ¢onprises | east
one addi t i expessighpleseitls, pEEL-SERNLS-BR45PNE pREKHBARDLS IRASAWL pS WifletRdi1ld-s ai d

co- transf eﬁ{»&v@ bl ¥ eslslfﬁ{?lgs%zl Eﬁg‘eé ﬁgéﬂgf Ry ﬁl% ar dgﬂ%y { h&%&% RI‘E%F%%?{eOpOV ati on

and chem ca t’rans ec genera claim1.
selection for 9 days with 200 pg/ml hygromycin B (Gibco-BRL). Transient transfection with

15  pVG-GTTI-Luc+, and pCMVpgal (MacGregor and Caskey, 1989) as an internal standard for

transfection efficiency, was performed in triplicate essentially as described previously (Imhof
et al., 2000). The medium, with or without 100 ng/ml doxycycline hydrochloride (Sigma),
was changed every 24 hours, and cells were harvested 48 hours post-transfection. The pool of
clones with the pEF1-TetRNLS-TR450W repressor was co-transfected with the activator

20  expression plasmid p5xGTTI-GVP, the reporter plasmid pSxGTTI-mEpoiresfGeo and the
MAR plasmid pUC-B1-X-1. After selection with 500 pg/ml geneticin, flow cytometric
analysis of the pool of clones using fluorescein di-f-D galactopyranoside (Molecular Probes)
was performed according to the manufacturer. Cells with an intermediate expression of -
galactosidase were sorted, and these clones were expanded in medium without doxycycline.

25  These clones were screened for induction in the presence of 100 ng/ml doxycycline
hydrochloride, and those expressing §-galactosidase were selected. Following culture in
medium without doxycycline hydrochloride, the clones were assayed in the presence and

absence of doxycycline.

Cell lysates and reporter assays. Cell extracts were prepared as follows for luciferase and

30 protein measurements. Cells were washed with PBS and incubated with 100 pl lysis buffer
(25 mM Tris-phosphate, pH 7.8, 2 mM DTT, 2 mM CDTA, 10% glycerol, 0.5% Triton X-
100) for 20 min at room temperature, Luciferase measurements were carried out with 20 ul of
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10. The method of claim1l, wherein said desired gene is selected fromthe
group consisting of a structural gene and a regulatory gene. 11. The net hod

of clai myo pheigdn the desired gene encodes a pol ypepti dgG@pgssAs from 25
the group consisting of an anti body, an antibody fragnment, an anti body

l'i ght chai ékwabdn #mite0d WEIOEMteh eme Lofdtal Blowkdpe at8 Wik bbedmed icdnaia.d, wherein
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secondogand tﬁﬁ%‘hcﬁo sgﬂ%eoaggylﬁg&%req wee nédgéog&retv%%sl?aeis%ngédg&#ﬁ 2 %lu? b@)) 1.75:11. 37
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a first gepgiesMaaAiaSdidshige 4RsHARE a9§)3%n9(8p9&fa§ﬂa9 A4t Aed1EQiar DEVREEY. Alhe
transcriptional control of the first promoter; 5 a second vector conprising
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butyra t sai d
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i ncor por at €2@12ideies ahk yeifirase vajpey wero momﬁwmbﬁltlhysptebnﬁo B@tmtoq:dmse attivity,

co-transfectc”% W th u(ﬁll [ nlied vg’c ors, ,the nethod 10 con‘P

co-transf et th Alactesi§ase Yilpgs.wi ein contegt Hugap mapnpglobu ’i‘?‘%"ieteﬂromter
and a firsind@t aleBlRgRd AR W&%wghEﬂ@sﬂ&athrﬁ@org@a&d%ammhmant her eof
under the transcriptional control of the first pronoter, and one first
chromati n K3n@atight.chaimantibady @deﬂ%l@lmhphm@@sve@m'eﬁateémammhqglaalgé‘é@énd

chr omay i n &1‘ﬁﬂ@ﬁﬁdde?c@tlc;x@anu%tﬁes“f@%#%&ﬂ/eg’f(B&LS%HEE)“ wherein said first
chromatin elerrent Is a MAR el enmre The net hod of claim 18, wherein

said MAR elenment is a chicken Iysoz MAR el emrent. 20. The nethod of claim
17, wher ei fouthgryand plasmid reseuganalyises, %W@mc PNAJen Sostheen apabysis taeisglaisd p

consi sti ngwgh I\ﬁé@ssjtpla NG (Macﬁex@?] &’J‘Ngé{ gﬁﬁﬁ&nys hebRae to 4 rgajnufayﬁ?er"ge'[ hod of

claim 17, wherein the second romatin element is the sane as
instructions. Aliquots (4 ug) were digested to completion with EcoRI, separated by agarose

gel electrophoresis, and blotted onto Hybond N+ membranes (Amersham, England). The fuil-
20  length MAR probe was isolated from pUC-B-1-X1 as a BamHI-Xbal fragment.
Radiolabeling was performed with HighPrime (Roche, Switzerland).

For the plasmid rescue experiments, episomal DNA was isolated from stable cell lines
generated by the transfection of the IgG1 and MAR vectors, from untransfected CHO DG44
cells, and from cells transiently transfected with pUC-B-1-X1 one week before DNA

25  isolation. Cells were counted, lysed in alkaline conditions and plasmids purified with the
Nucleospin kit (Macherey & Nagel, Germany). Competent E. coli cells (Electro ax DH10B,
Gibco) were electroporated with the plasmid-extract from approximately 10° cells with a
BioRad Gene Pulser unit according to the cell supplier’s instructions. Transformants were
selected on LB plates containing 100 pg/ml ampicillin.

30
Construction of cis MAR expression vectors. The cis MAR SV40 IgG-kappa and gamma
vectors were created by cloning the BamH1-Xba I MAR fragment from pUC-B1-X1 in
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first chromatin elenent. 22. The nethod of claim 17, wherein said desired
gene is selected fromthe group consisting of a structural gene and a

regul at orywoapmewee 3. The method of claim 17, wherein the qggigegoagne
encodes a pol ypeptide selected 25 fromthe group consisting of an anti body,
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bet ween about 1:2 to about 1:10. 38 WO 112/07-49fi 9 PCT/ 1 B02/02137 27.
. The net hod®#Scl ai m 17, wherein the nethod further conprises introducing
into said eukaryotic cell a third vector, wherein said first, second and
third vectors are introduced in a nolar ratio of between about 1:1.75:5.5
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further ccHEFEPLe Ematin elements aad sable transgene Skpression iy CHO Is pernits

regul ation of r.es n.of Sir |strat|on of
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claim17, 0 c but yrat e 31. The
rethod of BPRARRYSRAR B AR et aR dndien et RSt 10
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ot hod of tetnReors cBlm B Sich SPirterner i osfi o neleRERER AP B, ewle 5

sa: d pr orminestabmﬁhk S génd eipréﬁioniaeieﬁpwtagomsegwmra@ég&égene eﬁpﬁeﬁ;ﬁnl%i 1ﬂbools

sel ectj ng eukaryotic ce n ene enco ecqnbj nant

o ot o1 15 COBbleGIangs. Whpe P B Ber ARGt FeLEton SRARVORF BUBBRI R o f1 1 st
vect or corm,?icgb&gm@afvb{a% pronoter and a first gene encoding the desired
gene or portion thereof, under the transcrlptlonal control of said first

promoter, and SiaEegREMYElERenESASPIEMAPNS of Phagragtinsiemeanisry e gansdon

either, or both sides, of the luciferase expression unit of pGL3-Control as depicted in Fig. 1.

Various combinations of Drosophila melanogaster SAR and BE elements were tested

20 flanking the reporter expression cassette. These elements had previously been shown to
stimulate stable reporter gene expression in HeLa and L cells (Poljak et al., 1994). The
chicken lysozyme 5’ MAR element (lys MAR), or ‘A-element’ was cloned flanking the
luciferase expression cassette, in a configuration previously shown to confer elevated
expression in chicken promacrophage and rat fibroblast cells (Phi-Van et al., 1990; Stief et

25  al., 1989). The mouse T-cell receptor ot LCR (TCRo LCR) and the rat liver activated protein
LCR (LAP LCR) have both been shown to direct high-level expression in multiple tissues in
transgenic mice (Ortiz et al., 1997; Talbot et al., 1994). The position and orientation of the
two LCRs with respect to the transgene promoter was as in their original locus.

The chromatin elements had little or no effect on transient expression levels where

30 chromatin structure does not come into play. Pools of stably transfected CHO cells were
analyzed for transgene expression (Fig. 1). A modest 2- to 4-fold increase in expression
levels was seen for all combinations tested of the Drosophila SAR and BE elements, as well
as for the two LCRs tested. The only element tested showing an important increase in stable
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20 b) transfecting a second eukaryotic cell with said first vector
conprising said first pronoter and said first gene encoding the desired
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011MQV2233_3 %ﬁ&@nml reporter was co-transfected with increasing amounts of plasmid

pUC-B-1-X1 bearing the chicken lysozyme MAR. Fig. 2 shows the luciferase activity in
pools of CHO clones, including results for constructs pMZ50 and pMZ52 with one and two

25 MARs adjacent to the luciferase transcription unit respectively. Comparison of stable
expression with pMZ50 and pMZ52 shows that two flanking MARs have a greater effect than
a single MAR, when present on the expression plasmid itself. On the other hand, increasing
the ratio of MAR plasmid to reporter construct from a molar ratio of 1:1 to 4:1 also results in
increased stable expression. Co-transfection of the reporter construct with two MARs yields

30 the same stable expression as the pMZ50 construct with one MAR. Although co-transfection
with MARs does not result in stable luciferase expression levels comparable to those
obtained with the pMZ52 construct with two flanking MARs, it may also provide an

alternative means to enhance stable transgene expression.
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CHO DG44 cell line. Both the light and heavy chain vectors also integrated. A MAR element

has recently been shown to enable episomal replication of SV40 ori-containing transfected

vectors in CHO cells (Piechaiczek et al., 1999). No 3.8 kb band corresponding to pUC-B-1-
10 X1 replicating episomally in CHO cells is detected in the Southern blots. Plasmid rescue

experiments were carried out to determine whether the plasmid is present episomally at low

copy numbers. Control CHO transient transfections with one copy of the MAR-bearing

plasmid pUC-B-1-X1 per cell yielded over 200 colonies. In contrast, the four clones and

DG44 yielded a background of up to 4 colonies containing DNA unrelated to the transfected
15  plasmids. Together, these experiments provide evidence that the transfected MAR is not

replicating episomally but is integrated into the chromosome of the stable clones.

Example 5. Co-transfection of the MAR to establish a stable regulated expression system

Most currently used regulated gene-expression systems are based on multiple
components. In such systems, the stable expression of individual regulatory elements is

20  critical to the control of the expression of the transgene. To date, chromatin elements have
rarely been employed in such systems and their use has essentially been restricted to inserting
such elements so as to flank the transgene construct (Wang et al., 1997; Wells et al., 1999). It
was examined whether a stable regulated expression system can be obtained by co-
transfection of the MAR with the components of a regulated expression system (Imhof et al.,

25  2000). This tetracycline-based switch system involves chimeric repressor and activator
proteins acting to conirol transgene transcription.

In a first step, the repressor protein expression vector is stably transfected. Initially,
transfection of the vector alone yielded clones in which transgene expression could not be
regulated. These clones exhibited unstable repressor protein expression, especially after

30 removal of selective pressure. The three repressor protein expression vectors with the chicken
lysozyme 5’ MAR plasmid were then separately transfected. The results of a screen of 24
clones, obtained by lipofection, for their ability to induce luciferase expression upon addition
of doxycycline is shown in Fig. 4A. A majority of the clones (21 out of 24) show regulated

28



10 1077!{F2z 10947& ()-MF2z 10%& ()-M 1"109%G& ()-Fl. 10%G& ()-F, @
10958’ () - FY+109%G& ()- 66 6799)99a?7 10 1077!(, #10%&' ()-f 109%& ()-,s"10%& () -
I'G, s" 10%&n0) o2/074986 10%& () - 1077 10779;i =6>>] 21 2nPWUG+7  pC1/1B02/02137
10S8s10%&' ()-!6@"10% = =& ()-2!1@" 109%& ()-2! "

, #10% b &' ( ranksgent Q% &sioh; with M&%exﬁ?htﬁi%%?&ﬁﬁmm HO&ort¥r expression
f#lO%BBSB&' ()--1; f #1096B5B&' ()--!Y
f #10%p& (P-DeIres5ge C(f)dexxsg‘vlmo qrg, regplated RSRERIPIEFIN WpRiLEd10B 10B

10B8s 10%B&rfedpetive drthkQRGHR IR tlahstecity’ arfd%’f‘@n@%ﬁ&el( anvnll%re I%QSQ i )--11Y
f #10%CBCB& () --JJJOKKCLLJEMB70 10B 1S@ 10% U& -z 10% U& () -

10% expression.

5 In a second step, the activator and reporter constructs are stably transfected into
clones expressing the repressor. A pool of clones stably expressing the repressor protein, and
from which clones 1 through 8 in Fig. 4A were isolated, was used to this end. The activator
and reporter constructs were stably co-transfected with the chicken lysozyme 5’ MAR
plasmid, and individual cell clones expressing an intermediate level of 3-galactosidase were

10  isolated by FACS sorting. These were screened for induction in the presence of doxycycline,
and the resulting ten clones tested for the regulation of B-galactosidase expression in the
absence and presence of doxycycline after 3 days (Fig. 4B). Five of these clones show
regulated expression of B-galactosidase, with an induction ranging from 17- to 45-fold in the
presence of doxycycline. Regulated expression of the second transgene, mouse

15  erythropoietin, is also observed (Imhof et al., 2000). Hence cell lines showing regulated

~ expression were obtained by co-transfection of the chicken lysozyme MAR with the elements

of the expression system.

Example 6. MAR- and Butyrate-mediated increased level of protein production in transiently
20  transfected CHO cells

A dramatic increase in transgene expression occurs when the chicken 5’-lysozyme
MAR is combined with the addition of sodium butyrate to the cell culture medium. Without
wishing to be bound by theory, this effect may result from an increased efficiency of DNA
25  transfection, alterations in cell proliferation and/or differentiation, and/or other cellular
mechanisms. Butyrate has been used in transient or stable transfections (Gorman et al., 1983
Nucl. Acids Res. 11:7631; Reeves et al., 1985, Nuci. Acids Res. 13:3599).

Vectors: Plasmids encoding anti-RhesusD IgG kappa and gamma chains, pMZ59 and

30 pMZ37, are as previously described for pMZ58 and pMZ36, réspectively, except that they
contain the SV40 early promoter instead of the CMV promoter (see Example 1). pMZ126
and pMZ127 derive from pMZ59 and pMZ37, but contain in addition one MAR element in
cis upstream from the SV40 promoter. pMZ126 and pMZ127 were constructed as follows:
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indicated in the figure legend. Aliquots of 2 pul were taken at 24 h. intervals and transfered in
10 248 pul of blocking solution in a 96-wells plate, IgG titer was determined as described
previously by double sandwich ELISA.

Example 7. MAR element multimerization.

15 The MAR elements of the invention include fragments of MAR elements, such as
fragments of SEQ ID NO:1. Figure 7 demonstrates that four copies of the MAR fragment F
(pF4L) display similar expression as those obtained with the longer, natural MAR sequences.
Other fragments display lower (K, B) or no (G) expression. When two distinct MAR element
fragments are combined, in PK4F4L or in pB4K4L, higher expression than the full length

20 MAR element (SEQ ID NO: 1) is obtained. Thus, particular combinations of MAR element
fragments are prefered in order to modulate transgene expression, depending on whether a

small size or maximal expression is desired.

Materials and methods:
25

Construction of pLuc-based plasmids (SV40 promoter-based luciferase gene construct) :

The various MAR fragments (i.e. B, K, F and G) were amplified by polymerase chain

reaction using pUC-BI-XI as template with specific primer sets that introduced a Bglll and a
BamHI site in 5°- and 3’-end, respectively. After release of the latter restriction sites, the

30 fragments were self-ligated in presence of Bglll and BamHI. The dimer- and tetramer-repeats
in direct orientation were cloned between the BglII-BamHI sites of pGL3-Control (Promega).
To construct the pLuc-based plasmids, the various tetramers were excised as BglII-BamHI
fragments and subcloned into plasmid pGL3-Control at the BglII site. For pF4G4L, pK4G4L
and pB4G4L, the F4, K4 and B4 fragments were cloned into the BgIII site of plasmid pG4L,
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seeded in 24-well plates at 1.3 E5 cell/well and allowed to attach for 16H. After washing with

PBS, cells were transfected in triplicate with mixes in a final volume of 81 pl OptiMEM

10 (Gibco, Life Sciences). Typically, the mixes contained 0.327 pmol of MAR-derivative
plasmids and pGL3-Control and 23,4 fmol of pSVneo. In a polystyrene tube, 77 pl OptiMEM
were combined with 4 pl of LipofectAMIN2000 (Gibco, Life Sciences) per triplicate and
incubated for 5 min. Subsequently, the DNA and Lipofectamin2000 mixes were combined in
a polystyrene tube. After 15 min at room temperature, the mixes were supplemented with 1

15  ml OptiMEM per triplicate and 300 pl of these mixes were aliquoted into each well. Cells
were exposed to the transfection mixes for 3H. Thereafter, iml of DMEM supplemented with
109%FBS (Gibco, Life Sciences) was added to each well. Cells were passaged 48H post-
transfection and the triplicates pooled into T-75 containing 14 m! of medium supplemented
with 750 pg G-418. The medium was replaced every 4 days. Cells were passaged two weeks

20  post-transfection.

Extract preparation and enzymatic measurements:

Triplicate 250 ul samples of cell suspension were harvested by centrifugation, washed with
PBS, and incubated with 100 pl lysis buffer for 20 min at room temperature. 20 ul of extracts

25  were transfered to a flat bottom 96 well for subsequent luciferase measurement. 5 pl of
extracts were used for protein determination by Bradford.

Relative light units were calculated by normalizing luciferase for Bradford
measurement. Data points represent the average of the triplicate of two independent
transfection experiments.

30

Sequences of MAR fragments :
1. Fragment B (MAR region : bp 374-765)
31
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10 2. Fragment K (MAR region : bp 840-1230)
Bgl 1I-
GATCTaagtcagcagcgetggtaatcttcataaaaatgtaactgttttccaaataggaatgtatttcacttgtaaaacacct
ggtectitttatattacttttittitittttaaggacacctgeactaatttgcaatcacttgtatttataaaagcacacgcactcctcattt
tcttacatttgaagatcagcagaatgictctitcataatgtaataatcatatgcacagtttaaaatattttctattacaaaatacagta
15 cacaagagggtgaggccaaagictattacttgaatataticcaaagtgtcageactgggggtgtaaaattacattacatggtat
gaataggcggaatictittacaactgaaatgetcgatttcGGATC (SEQ ID NO: 7)
-BamHI

3. Fragment F (MAR region : bp 1975-2421)

20 Bgl II- '
GATCTacaacacaagaaccaacgacagactgcatataaaattctataaataaaaataggagtgaagtctgtttgacetgt
acacacagagcatagagataaaaaaaaaaggaaatcaggaattacgtatttctataaatgecatatattittactagaaacaca
gatgacaagtatatacaacatgtaaatccgaagttatcaacatgttaactaggaaaacatttacaagcatttgggtatgcaact
agatcatcaggtaaaaaatcccattagaaaaatctaagcetcgecagtiicaaaggaaaaaaaccagagaacgcetcactact

25 tcaaaggaaaaaaaataaagcatcaagcetggectaaacttaataaggtatctcatgtaacaacagctatccaagetitcaage
cacactataaataaaaacctcaagttccgatcaacgttggatcccgGGATC (SEQ ID NO: 8)

-BamHAI

4. Fragment G (MAR region : bp 2485-2906)

30 BglllI-
GATCTgggctgtacagtttccaaaaggttctictittgaagaaatgttictgaccigtcaaaacatacagtccagtagaaat
tttactaagaaaaaagaacaccttacttaaaaaaaaaaaacaacaaaaaaaacaggcaaaaaaacctctectgtcactgag
ctgcecaccacccaaccaccacctgetgtgggetttgtcteccaagacaaaggacacacagecttatccaataticaacatta
cttataaaaacgctgatcagaagaaataccaagtatttcctcagagactgttatatcctitcatcggcaacaagagatgaaata

35 caacagagtgaatatcaaagaaggceggceaggagecaccgiggcaccatcaccgggcagtgeagtgeccaactgecgitt
tctgagcacgcataggaaGGATC-BamHI (SEQ ID NO:9)
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25 Other Embodiments
It is to be understood that, while the invention has been described in conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
30
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20  consisting of electroporation and chemical transfection.
9. The cell generated by the method of claim 1.
10. The method of claim 1, wherein said desired gene is selected from the group
consisting of a structural gene and a regulatory gene.
11. The method of claim 1, wherein the desired gene encodes a polypeptide selected from
25  the group consisting of an antibody, an antibody fragment, an antibody light chain and an
antibody heavy chain.
12. The method of claim 1, wherein said eukaryotic cell is transfected with said first
vector and said second vector in a molar ratio of between about 1:2 to about 1:10.
13. The method of claim 1, wherein the method further comprises co-transfecting into
30  said eukaryotic cell one or more additional vectors.
14. The method of claim 1, wherein the method further comprises introducing into said
eukaryotic cell a third vector, wherein the molar ratio of said first, second and third vectors is

between about 1:1.75:5.5 to about 1:1.75:11.
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15 18. The method of claim 17, wherein said first chromatin element is a MAR element.
19. The method of claim 18, wherein said MAR element is a chicken lysozyme MAR
element.
20. The method of claim 17, wherein said first chromatin element is selected from the
group consisting of SEQ ID NO: 1-5 or a fragment thereof.
20 21. The method of claim 17, wherein the second chromatin element is the same as the
first chromatin element.
22. The method of claim 17, wherein said desired gene is selected from the group
consisting of a structural gene and a regulatory gene.
23. The method of claim 17, wherein the desired gene encodes a polypeptide selected
25 from the group consisting of an antibody, antibody fragment, an antibody light chain
and an antibody heavy chain.
24. The method of claim 17, wherein the desired gene encodes for a human anti-Rhesus D
IgG antibody.
25. The method of claim 17, wherein the method further comprises introducing into said
30 eukaryotic cell a third vector, wherein said third vector optionally comprises a second
promoter and a second heterologous gene.
26. The method of claim 17, wherein the cell is transfected with the first vector and

second vector in a molar ratio of between about 1:2 to about 1:10.
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control of said first promoter, and a second vector comprising at least one MAR element;

20 b) transfecting a second eukaryotic cell with said first vector comprising said first
promoter and said first gene encoding the desired gene or portion thereof, under the
transcriptional control of said first promoter;

c) measuring the expression of said first gene in said first eukaryotic cell and said
second eukaryotic cell;

25 d) comparing the expression of said first gene in said first eukaryotic cell and said
second eukaryotic cell; and

e) selecting said first eukaryotic cell if the expression of said first gene in said first
eukaryotic cell is different from the expression of said first gene in said second eukaryotic
cell.

30 35. A cell transfection composition, said composition comprising a vector comprising at

least one MAR element having a sequence selected from the group consisting of SEQ
ID NO: 1-5.

36. The cell transfection composition of claim 35, further comprising butyrate.
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comprising a first promoter and afirst gene encoding the desired gene or portion
5 thereof, under the transcriptional control of the first promoter; and a second vector
comprising at least one MAR element.
39. The cell transfection composition of claim 38, wherein said one or more MAR
elements comprise SEQ ID NO: 1 or a portion thereof.
40. The cell transfection composition of claim 39, further comprising butyrate.

10 41. A eukaryotic cell containing a first vector comprising a first promoter and a first gene
encoding the desired gene or portion thereof, under the transcriptional control of the
first promoter, and a second vector comprising at least one MAR element,

42. A kit, comprising in one or more containers, two or more nucleic acid vectors, the
first vector having a promoter and a heterologous gene coding for a desired protein,

15 and the second vector comprising at least one MAR element, and directions for use
thereof.

43. The kit of claim 32, further comprising butyrate.
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