MATRI X ATTACHMVENT REG ONS AND METHODS FOR USE THEREOF Field of the

I nvention The present invention relates generally to matrix attachnment
regions (MARs) and to 5 nethods for use of MARs. In particular, the
invention relates to the uses of such nethods for the devel opnent of stable
eukaryotic cell lines. Background of the Invention Eukaryotic cell |ines can
be genetically nodified to express one or nore desired 10 proteins. Current
sel ection and FRATREDATTAPHAGHALRESIONS ANIEMETHODS FOOUSE TemiRkoFi Nne with the
requi site expression characteristics for regul ated expressi on or production
are tedious and tine-consum ng. For exanple, in Chinese hanster ovary (CHO
cells, the classical approach gR@ERRAYGntBxi M| expression involves the
use of mutant cell lines and a gradual increase in the selection pressure

over several nofe R@WUP“’&“@@‘L"W&&@F@EX tednagix) aftachmspf regene §MARS)@Rd 9 15
di hydr ofsol af@od:@sl4sd FMARS HRPEHBIr ARinvan At elatt 9B e vSEH U SR nethod for 1982)

Wi |l e new approaches to the probl em include the identification of rare
sites on atheHevslepaenial sablerukarytiic cell i¥scri pti onal activity, conbined with
targeted integration and the inprovenent of selection and of screening
procedures (Fussenegger et al_., 1999 t hese are nevertheless all |abor-
I ntensive processes. 20 Sumrall*iﬁk&““{‘ of theip¥ertioBn | n one aspect, the present

invention i nvolaﬁﬁﬁy@ceamﬁglc&a% g&xfeﬁ&ﬁfeﬁlbﬂiﬁaﬁo%kﬂfébwﬁdr%or&ﬁé&e% usi ng
transfection of two or nore unlinked nucleic acid vectors, the first vector

havi ng 18  prosis@rrenseecion mdsrssingamecediasido dentifnigclpral coll imewith 88 protein, and
t he secondreygiGite@kpriiavh AthrabRristics t&&gﬁm@&l@ﬁégﬁmm@oﬁ%%@é fapr ef erred

enbodi nents, the chrorratl n element is a el enent (e.g., a chicken

| ysozyme MEReEPISHEAS For gxample.in Chinese hansierigyaty (RHDCels the ﬁ’ésstfﬁle”g@‘ﬁilm i nventi on,

the nucl ei & kbW nhRElaDEDreddich ihfk BR M o thutahi 11 liR@ BYK oAl ih&eSln! Cchronatin
or remain _episaonal | n anot her as ect the present inventiaogn involves a

met hod f or HESElerEPHRESSHE Ot RYFF LS %‘GCE‘éWaFﬁecﬁ?leﬂﬁa‘P?ﬁlﬁ‘g‘F’e“E‘fhiaén of two or
rmL e ur1I5: nlﬂﬁ?drﬁl‘dﬁic@édﬁctﬁsél(ﬁatmﬁﬁﬂi?haiph@@IScﬁiinkh’em orgsbl)axhh RGeR gr onoter and
a et er ol ogous ene. codl.n I eS teln the secon vect or

havi ng %'i% S tiike E‘Ph]%‘gﬁ‘f' e tg? amﬁﬁémf?éﬁ?sé’&al mosomerpiiighe ot ed cel | s
Wi t E 3u]'5 yr &ﬁ:ﬁmpﬁ?ﬂanacyﬁty , Sdtabiked Wit SReRdd, intbdifiop aﬁsmahnprmmembm&le?ﬂdﬂw des a

net ho or t nNnsTormn otic ¢C tra ect n o two or nore
Tl 1 oked natd B aceRl rokauten [ Bost g ef 1 1999} Betbche TGP ES 1 ot o1 o

het er ol ogoitsengjesywoceseld. ng for a desired protein and a first chromatin
el emanép and the second vector having a second chromatin elenent. In
alternativ

Sumnmary of the Invention

In one aspect, the present invention involves a method for transforming eukaryotic
cells using transfection of two or more unlinked nucleic acid vectors, the first vector having a
promoter and a heterologous gene coding for a desired protein, and the second vector having
25  at least one chromatin element. In preferred embodiments, the chromatin element is a MAR
element (e.g., a chicken lysozyme MAR element). In alternative embodiments of the present
invention, the nucleic acid vectors are incorporated into the eukaryotic cell chromatin or

remain episomal,

In another aspect, the present invention involves a method for transforming eukaryotic
30  cells using transfection of two or more unlinked nuclejc 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 chromatin element, and contacting the transfected cells with butyrate.



5 enbodi nents, the first chromatin el enment nmay be |located 5 (upstrean) or
3" (downstream) of the pronoter and the heterol ogous gene . In other
enbodi nents, the second vector contains two or nore chromatin el enents
(eg., athird, fourth, fifth or six chromatin elenment). In preferred
enbodi ments of the present invention, at |east one of the first, second,
third, fourth, fifth and sixth chromatin elenments may be MAR el enents

(e.g., a chi ckdnystypaqsheyapequthe presentiimrption provides amethadder tngpaRired enbodi nent ,

the eukar yQihGotle@tils ukifig Fnfebtfn of Sfclde thold unfini@d hkbleicheidWRabR the il S third
vector may include at ‘?east one genes (e.g., sStructural, regul atory or

sel ect i on YselaEhaying A groBpteh e hetgralogospanccRiingior  Aesisdamalpip apda st 4 MAR

el enent). thbn&Eﬁ El%Eht, and Bt SLchRfle83PRYing 8 Mcdndthronldfn BERSR K akdmaR | On, the
nmolar ratios of the first, second, and" possibly third vectors are

modul atd. embgdiments, the firstlrpmatinslement ltlwéae&?ce@éﬁt(uwﬁmﬁorérﬁdawwaas a met hod

of sel eCt'&%e%r&ﬁU@Wﬁz&Eeter&Sﬁdus Bl BSHe Gt °m<,tﬁék%%ﬁf%9cté}c5x%ﬂsfm' nant
proteins by transfecting a first eukaryotlc ce th a first vector having

a first prtéyﬁ@t@pmahremwnrqlmts@femam%@u&héﬁ@@naxmwmwagha MAR el emrent

and tramfﬁ&&*ré&%nﬁocﬁﬁ@ﬂkifﬂ%ﬂf&é&%vh&oﬁ%‘t1ea§f\’m§e|bfttla?ir§t'sE&hd\{ﬁﬁit,Ryﬁrﬂ*i‘aV' ng the
first pronoter and the first gene, nmeasurin nparing the expression

of the gen@ﬁ%dﬁ@cwwn@@%ﬁwéémmﬁgm1@%?‘}1}'S°éﬁﬂe¥élkect| ng the

first f(blkaéléﬁ%t)%&?dtﬁer febrBfenfoBinRaS ihe Bukdfyofidien fs'cﬁfutansfél:%‘%vll‘lﬁ telfeater in the
first eukaryotic cell Than in the second éukaryotic cell. In another aspect,

t he presentecton Fhin thigNeqir Spy ielde Hisneiome Banseqs SBRRIrb Tty Pfucl ei ¢ aci d

vectors. |gicaR genshdl/ord teast bhchtdR¥:aR bbbt B 0\WIMER eRmeRPP&khihnon of two
nucleic acid vect ors, the first vector having. a gﬁormt er and a heterol ogous

gene codi Ry bw%“‘fﬁ%mwmé?ﬁfﬂ?lﬁéa@ée eifis oo i ng a MAR
el enent . |ﬁbsﬁﬂlﬁ&kd6émﬁ§’dré’fﬁ6&u%tedt he conposition further conprises butyrate.
I n anot her aspect, the present invention provides one or nore eukaryotic
cell's 1zontai nmwmmwanmm&h@hwonwvmeymémmm&ﬁnéimﬂchrymt or having

a pronoter gnd-a . heterol ogous gene codin f de5| ot ei and the
second vec‘ie@FxW%?;geﬁemP{g% ‘EIF}E‘WPFPI‘? h‘f“ “%Ffé ntion
provi des OdfntHﬁ)ﬂilﬁ vestbeehaving 4 firsORbhctercadh ﬂisﬂg'eﬂg aﬁdwsecdmﬂ veRdrchavitges BIAR aci d

vect ors, e fir vect or havi het er ol.ogpu ene coding for
a desi red ﬁ gl\?ﬁﬁ“@f’&‘ﬁ%ﬂf’g H%‘F%ﬁgsé&f GE’?/vé‘lgtg‘g‘?gIﬁlgvi ng at | east
one MAR qiranmrtand thl fiﬂnge amdaadingrmritcompdring the epressionof the- gankmrtye)ﬁ:hu: cells are
butyr treated c further e t resent ntion:

provi ?étg kl? %do a§¥° Fﬁegnzandnlsgﬁcun %rtg& 8 ‘fale}lrllifelﬁs‘up moF \ﬁ?sé nucl ei ¢
acid vect ogesgzsgtmteﬁmﬂstﬁrswdnarynummﬂuguah@semmmmndcﬂl het er ol ogous gene
coding for a desired protein, and the second vector having a MAR el enent,
and di r ect i onsIf aspthersiepetthige prssent invention montided corepositionstoé oieror enerd mynleior ovi des
Kits, S COplAoidta bl AHBGiRbntE fivaRBH AbNELS coltftfindh of WoGudbaty Ot 1 ¢ cell's

cont ai ni ng two or
vectors, the first vector having a promoter and a heterologous gene coding for a desired

25  protein, and the second vector having a MAR element. In other embodiments, the
composition further comprises butyrate.

In another aspect, the present invention provides one or more eukaryotic cells
containing 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 a MAR
30 element. In an embodiment, the invention provides 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 at least one MAR

element. In some embodiments, the one or more enkaryotic cells are butyrate-treated cells.
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nucleic acid vectors, the first vector having a pronoter, a heterol ogous
gene coding for a desired protein and a MAR el enent, and the second vector
having at | east one MAR elenent. |In an enbodinent, the kit additionally
conprises butyrate. Unless otherwi se defined, all technical and scientific
terms used herein have the same 10 neaning as commonly understood by one of
ordinary skill in the art to which this invention  pertains. Al though

met hods and matlep fusther agpest, the pregsnt igyapHomprayideskils. copiatingia 98¢ 9TARME herei n can

be used i NcdnineR! Boldr GRreHuclbi@ 88id Wons thk et Péc&)?ﬁmng'arb\‘&ﬁﬂtérgﬁha suitabl e
met hods and materials are described bel ow. publications, patent

appl i cat i o Prterolpanug pgne codippfony fraired PEten. aptibe S“"’ﬂ%‘n‘t"i“é‘?‘i@d‘n&é% are

i ncor por at gem&y, ah®iscB8RE Soriube th&¥&f ' eRNEhERInbnt, hﬁlﬁ@mn%vﬁarmdsl ct, the 15
present spe0| fi.cation, including definitigons, will control. In add| tion, the

mat er i als, CORAIIEIR one Of fRPTe.CoRtamerS one prmore prkapyoli ?eu‘%coamn;ngéwaorarﬁ@e not i ntended

to be I'im tickss ac@veabmfts@ﬁ;%@amma%g@yﬁﬁb@g%ctaaogm biR\eBHAd foPa W | | be
apparent fromthe foll owﬁﬁg detai | ed descriptiaon ang fromthe clainms. 20

Bri ef Descp¢sped m5oieinand yMAR; elament andthesepond xpriprdeying 4 leagt gee MAR@lqmegs  chr onat i n
el enents O, leABbBmbdt ARSHLIMRitiONARY BSifREL butykdd. OMat i n el ements were cl oned on
one or both sides of the luciferase expression unit (black Iine and arrow)
<2)f t he pG_|3 SOIUSIeQJoﬂ%ﬁﬁfﬁéﬁneﬂﬁﬁ&ﬂﬁ&ﬂaﬁﬂﬁ@erﬁﬁ@&fﬂs}lﬁéﬁxg&ﬁhﬁ%&%&&mt ijcal IK
5in the |l eft ban e e i t.h. Pvul an g-transfected wt

o avaned S TREmIETE FBRIEUHERON 1Lt FOBHY B AL OGS CHiBTR ped w b
respect t opgiaik. emmgmmemédsamdmatamrseﬁ&edr dativatiitethbsa daa;&d Gaginlcgd , IS shown
in the right han anel ars corre ond 0o th standard Lorror, based
on at Ieaspe‘fsﬁ‘?'é‘gh Wf)ee?{g‘aéﬁ? ?fglfr?éef%’gﬁv %r’fﬁettl? Mexam ned

i ncl ude t hoseitetbdomt Aﬂpﬁlﬁﬁ&ﬂi@atﬂmhmﬂltétﬂhd pammpabﬂoﬁzeﬂfefemnaa‘scom ng position
30 effects |nc din boundar | e nts trix

att achment P& %ﬁ% ?le“mrpowﬁ rﬁg? ghe“dﬁtl%t&a@ 3538%( d%licf'ré%l ons (LCRs;
hat c hedSbopmht spddificatior, mdudmgdeﬁmuogs, Iw;llsconWRImerddmnn aliei noateriaby] rdtisodt,r om BarH

to Xbal, e arrow LAP L ints i.n the direction of the LAP
gene and i fnéedmﬁ"g%stalmon L sag??rf’) PR ndgg{‘—)i%a. ¥s a di agram t hat

i ndi cates st abI@hwémrressmd eckzpntwsoﬁme gwintion Villde eppaccfiom thy Slizyie  MAR.
Constructs oned in pG&3-Control (pMZ50 and pMZ52
respecti vel y&eﬁd%%%a%aép?%@ﬁlﬁ Control and pUC-B-1-X1 plasmds in the 5
i ndicated nolar ratios were co-transfected with pSv2neo in CHO cells. The
figureghows the 1uci feraswﬁg&h Nordt i ¢l ones, normalized with

respect to protein content, and resse reI attve to pGL3 Control. Error
bars correspond to the st andar d error based on at |east three independent

Lransfect i ons. g ki oS 4 HERAYB: b AU BB B0 RfhndethtBlsfon CHO CI Omes.

Fig. 3A shows | uciferase
Chromatin elements were cloned on one or both sides of the luciferase expression unit (black

line and arrow) of the pGL3-Control plasmid. The resulting constructs, shown schematically

25  in the left hand panel, were digested with Pvul and co-transfected with pSV2neo. The
luciferase activity of pools of CHO clones, normalized with respect to protein content and
expressed relative to pGL3-Control, is shown in the right hand panel. Error bars correspond
to the standard error, based on at least three independent transfections. Chromatin elements
examined include those chromatin elements potentially capable of overcoming position

30 effects, including boundary elements (BEs; black boxes), matrix attachment regions (MARs;
white boxes), and locus conirol regions (LCRs; hatched boxes). The arrow depicting lys
MAR orientation points from BamHI to Xbal, while the arrow for the LAP LCR points in the
direction of the LAP gene and its direction of transcription.
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expression for clones obtained with either pG3-Control, pMZ50, or pMZ52,
corresponding to plasm ds bearing no, one, or two chicken | ysozyne MARs.
Luci ferase activity, nornalized wth respect to protein content, is shown
for 15 clones for each construct, ranked from|lowest to highest expression
| evel . Fig. 3B shows anti-Rhesus D IgGl anti body expression for 15 cl ones
obt ai ned by co-transfecting the |ight and heavy chai n expression vectors,
pMZ57 and pMZ36 respectively, with the indicated nolar ratios of either

control pUClBF{grzm&a@amthﬂ@mqaﬂd&tﬁle]mﬁﬂnmme&umﬁymbm&eﬁnt ant i body

Covel . F o faRoReb e Re S A on ot P Rppor e biafo B °°° "

ant i body- pMps2asspedtigelg), Masiﬂa@(%wp:omﬂmﬁd;ﬁ]mﬂﬂ-)m P asdhedyd the  di agr am of the

ggguczeg E-l e %r?éi E\ggrt h%&f?'gffe?%% H%B%‘p%?‘b%gﬁcgﬁﬂﬁr}g ?E'ﬁfg’ﬁ above t he

map. The hafmmcﬁﬁqeifpsélmmldnmndrmlwe&mmfesﬁctts tehﬁu"oﬁteiixlmi anal ysis of four

L0 oL PR b et B BRRSI Pl 3R e e ST © D

mol ecul ar lefsathfee dldefendegtmedntfdctioss. gi ven in kil obase pairs on the left. 25 Fig.
4 shows the regul ated gene expression in stable C2Cl12 clones. Fig. 4A
depicts the screening of randomy picked stable C2C12 clones with the

r epr e$8or con¥ig hidgdmongitaees génacek;fmmm saableiCHQ glonesn FigrBA iskied hwifedaser espect to

galact05|dase Qun e _columms correspond
o oxpr oo SPR Sdaads dbiney 3l PRUE oY ot BUARS gt BofeocliRg 011
corr esponﬁiplasmﬁs@nanmooma mdwcdﬂckbylytdzgmaﬁﬂn&:lmnﬁaascdmmymhhaheed( dox), with
eQ;e)r]:agls:joln%?uce?t rr:%'gtggl 5 %Q%Foﬁi%éoms mfc Ons ct:t)’l ;Ifl 1 n?egrg‘f \é\srtegﬁl at ed
1(_'axpr essi ow highest enprmsTdnde\(cBnyaB simWssntdElmsté):lgm\)m\i;]qbfdmmmedmnzfed wth rez p;act
0 protei one ite colu espon o]
% Hone§ tt#d’bgsetrgype\é?ng )Fiip al:lﬁI cavy ?ham ea;grcjsmnv (%orﬁ %‘&gzéﬁ%

expr ession | n nce acC S cor respond
to expressVMol6 bspettigelyl With thenipdicatiainidlay mtiof ofebishey cyntrol pIECKBcho MAR-béatitg t he f ol d

i nducti on * . [ es the effect
of MARs o%ﬂl(?gé @gsuc‘?'%é tya@%h&g@geﬁkﬁm ol?s Olwlgrflc(’jr%%:otql on o k 40- pr onot er
(panel A)IowmltomeqbpmsienIe(mﬁcwmmmmmcebsmmi@ﬁfaﬂﬁeconbi nant |gG

wWith diff t . ans of
specific %[E LIDC%IB% %% {?%0{3 o¥ stadbaﬁy trans ecM e %ﬂ?ergpéjn?tvm

exper E0renB-3-¥loisetor, Fﬂﬂl thmhm:heé&t»é@mp@hmtp the DAY sranengs. Fpgoentsizesgl e cel |
clones wi $ﬂ?auefl}\4§daﬁ§hw to‘ﬁ'a& ﬁméw%ﬁgemetéﬁv%n&e%&dﬁpaa%m &&eﬁlﬁsm{ cel I/ day

and 40 pg/ce h the SV40 r onot er respectively.
Tr ansf ect $Q¥ﬂl§fﬂé’l€éa@§?5¥j@ﬁ@ﬂhﬁ@b}e gl glenes ith meMAlﬁémamnel Bdakeled #4 -~ Zahn- Zabal

et at, 2p§ jGeﬂom@UNﬁ?ﬁ&Q@éeste@\Z:ﬂ?@ooRﬁﬁﬂ prdbbd Rikh S bitle M‘A@(%ﬁdéﬁcepfﬂ%% pMZ37,
pMZ57 and pMZ59
molecular mass of fragments is given in kilobase pairs on the left.

25

Fig. 4 shows the regulated gene expression in stable C2C12 clones. Fig, 4A depicts
the screening of randomly picked stable C2C12 clones with the repressor construct. The
Iuciferase activity, normalized with respect to §-galactosidase activity, is shown for 24
clones. White columns correspond to expression in the absence of doxycycline (no dox);

30  black columns correspond to expression induced by the addition of doxycycline (dox), with
the fold induction indicated above the black column, Fig. 4B shows the expression in clones
selected by FACS with the stably integrated regulated expression system. The p-

galactosidase activity, normalized with respect to protein content, is shown for 10 clones.
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Pl asm d used for the expression of 1gG containing one MAR elenent in cis (1
MAR in cis) were constructed as described in Exanple 1. IS Fig. 6
denonstrates the effect of MAR el enents and sodi um butyrate on | gG secretion
intransiently transfected CHO cells by indicating the time-course

accurul ation of 1gG (g) per 1.3 m of culture nedium supernatant in a
single well of a 24-well plate (the average of triplicate wells is shown).
I n the | ef Whitapatupnsgetréspondes exptessionsih eetabminasiof doxgcy6inegnodoxdlbk ol . 20 (first
two rows o a[&? l%“ t ai ni ng
pl asm ds (?%‘&%S%%&éon%toyg}ep i ?}(gdélgg\jée %ﬁ?f(éitgp%? %éggé)ﬁ eeﬁceigvy and

| i ght chai mduction odicatgd gHowsthe bleckwwalyma. 1 The total anount of plasm d DNA was
adjusted to 2.5 gg with pG.3 (Pronega, Inc). Rows 2 and 4 result fromcell
treated by the addition of 10 nM sodiumbutyrate in the culture nmedium In
the ri ght paneIFigéIdbmom‘mt@therdﬁoethéMPéuomﬂgﬁlprﬁdmﬁvigimeﬂﬁfceﬂﬁol’ﬂldol (first two

rows of co ' § o - t ai ni ng

pl asm ds (En%%éo%\gm perwf'ﬁpl W@éﬁpi’zﬂ{"@% %Fg |g bet ween t he
heavy and kacghhmmhmﬁwmmﬂ‘mimng)mhmwnsdiﬁm Results aﬁ@mpre@emmednsrcésult from
(r:rgltl: utnr egg Wh‘g:%v%d#:g {Hﬂgmﬂ ;ﬂmn%%mj%“d&?hg ggl ;uigporter
| uci ferase@@sthwﬁcmbdmutwﬁsﬁgcmlmxﬁeﬂMQRSHO@UW@MARmm a map for
t he I\/AROfr t“u%zcgm E;“?ﬁ?ﬁ{‘ﬁ?%ﬁ@m‘; mg&g}s%m construct shows

t he natura segnent e A B, C D E, F,
G and K, t eepeShvely. §an$f9cumsmg¢neraasd¢smeéatthdarbgseche,Zﬁd@balatﬂL| ed box

and the | ugidar i i ferase 5

Fransgene. o LacRarEERT A md i HEE Brer AL S OMET GBS, O S e

const ruct sPhsﬁéwfwmmswnﬁfkﬂ_compwMﬁRtﬂlememiilz@d(lﬂdARimm of the MAR

el enment as %I(;S &%%&%cpﬁm gignce of the MAR segnents is provided in
! r

Exanple 7. gure shows t he esults of luciferase neasurenents perforned
with edfracts of cells containing a reporter 5 construct |acking MAR

sequence ( pG—3)F1§/rL6 d@x%ﬁs&ék&d M@e?fe&%@bﬁdli‘él&ﬂents%&éa&n&rb%&&@é’n 1?(3 sbdiGionNAL Ur al

MAR sequences (p , _or contai ning tinerized ements as
i ndi cat ed mtrapamtlymsfwmpspé%s bmen@cap\eg @QW@W@W‘I@MM}I of (@ ted d

POPUl &t | NPl oA medRphperfart AR NP SEREHIEERERELBor 25, 11 he

art. The résults represent da rom-t sets o experlrrents
10 Detai | e@lﬂbe%@wﬂbtlﬂbhwﬁf Irtth@lettnwhwlbnverrdramtc@d“@thé S8egef eptreint of stable

cel | 1 hnpes (Raswharn JPETRERRS Witk chlifoRSERhbE 28 BHLERAR- Binuiihd OUNdi ng
chromatin on the expression of randomy integrated vector sequences.
plasmids (rows 3 and 4) per three wells. The ratio between the heavy and light chain-

encoding plasmids was 2:1. The total amount of plasmid DNA was adjusted to 2.5 pg with
pGL3 (Promega, Inc). Rows 2 and 4 result from cell treated by the addition of 10 mM
sodium butyrate in the culinre medium. In the right panel cells were transfected with 2.47 pg

25  of control (first two rows of columus) or with equimolar amount (3.27 ug) 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 Inciferase
p }



15 Chromatin el enments, such as boundary el ements, matrix attachnent regions,
and | ocus control regions, are known to exert an effect on gene expression
only when integrated in the genonme. While the use of chromatin elenents in
t he next generation of gene therapy vectors is currently being considered
to i nprove expression of therapeutic transgenes (Neff et al., 1997), few
studi es have systenntically addressed the potential of _such elenents to

nodi fy or W@W@%}’%ng‘fﬁ%g%@ﬂt%@dﬁ 1}43%&99“&&%39@&0%% to expl oit

the favor ahbves iRERERIE 7 FMLRbntaif MuliERLiied porticitRN the MAR bidgedlaViadiosegent of stable
cell lines, their usefulness_ must be es}uﬂ shed, The el enents used to this

bl [
end shoul @FW@?‘W@@PMF&SW@?“B@F‘& mhamply f. Figus, 23 sha¥pihessi on cl ones,

I rrespect i Maddf nciferadeMeasieRnR perfdihQOWiRt dx@hctSdflcBllsA0RtaihiAe a Rigber of  copi es
integrated. This effect should not be specific , to.a particular cell type,

but r at-hercoR¥iilagkisg MAR wsarsace eELY) qr derivatvet qontajningdn eip ARAFAPY L tRSed | n

bi ot echnol fagiv) BAR GQREcES (pMIE Ipl. MY REERRIning M OSLIPIAR elddhiis@l enent shoul d act
i ndependent|y of the grom)t er, enabling 1t to be w th diverse

be used

const r uct dhdipied inRarh{B iAmalyics Wets derfREnebleh G icdctsd Perylatipes (pAl¥edadak i nvent i on
POSSEsS N§ibls GRRBE thahGectaATHGRIIL) 4slifhe bl ThE Rsdlis3eRdsaf dhtd RoRtwukar yoti ¢
cells. The present invention enables 30 the transfection of nucleic acids,
such as-géﬁggm@ﬁﬁﬂﬁﬂﬁﬁmFﬁ@ﬁﬁbinant proteins, into eukaryotic cells,
particuparly mammalian cells. 6 The conpositions and net hods according to
the present invention are particularly suited for generating cell lines
t hat express one or nore d@ﬁ@?ﬂ P%@”ﬁQquﬂgéﬁﬁbinant prot ei ns.
Variability in expression | evels of a heterol ogous gene transfected into a
eukaryotic 5 T@bde, i dbveRipgbit of Qabledell 8hds hb e RirkpdROGR tiRedatie Chromatin
structuredﬁpd/or t he _presence of re ulaiﬁég elements_at the site of
i nt egr at i GHEGTOISHEPRERS IPRATE QR thy EFREESFIAR dapbt g @RS Rectos seapigsto e non
referresl tCurdsatih BRmeRS Sichia®boutdaheddmentsAmatiiRtaGhiddhtireg @AY, endd@pk 0ach to
overcone position effects is to ke use of chronmatjn el ene tﬁlthat pr event
the. nei ghiSROHESEIORT B0 1 FReoh iR SRTL L §RE PRSI tegzadec the T
Sppr oa<c:I h igﬁiﬂjl’mb\/%ﬂé ihEu@roﬁ&&blhitintﬁLémeits insied ki g&gcmioﬁ?f Igdne nﬁraﬁxhiciafst ing the

esired regul at expression.. This approa is usefu e ., for ex vivo
gene theré%??mﬁﬁquﬁg S§ﬁ9$£V8P33%3P§§cPéﬁE?%PﬂﬁFgﬁﬁ@??%ﬂggft%?reconbinant
protein, t19gneby studiedhage sygteinhiizally addregpdtht patetiabofising elnente &.mddify bher nor e,
posi tign-i.nde dent transgene .e ession si.gni ficant .potential in the
constrlct intr)lﬂmgefelg? cexé’ﬁsé e ggeer?gmen)l(%slr[')esogff%go %‘g@?éhﬁsf, om%k, ?@gggﬁ?{e expressi on
of a t her ahewhiircel¢aeme i te devglopinér of dtablecolh lineg) theingefdbrsamsres) woul d 15 be
i ndependeng_..qf. t chro in,str [ he ratd on. site. Chromatin
el enent s t&h%tfqmécrd' zﬂw 5’%’ éaﬁn?li'sée? Itoyﬁué g’%{a%?'gd %# oV gh?ec%hlge%&? Ef)ijoog ﬂﬁngtrlflggf fects, and
hence ar e lokl expessicasionéspirrespeetive dbthe thopnenial ditegatib Isite amélte nhinbgef | ncl ude
boundary %ﬁ&eﬁﬁﬁa@ %ﬁ%s ’effgg?glfolﬂ)& ngttbtegfelgﬁﬁ % a ﬁa?tgéuﬁp Zell type, but rather should

25 beobserved in all cell lines commonly used in biotechnology and gene or cell therapy.

Furthermore, the element should act independently of the promoter, enabling it to be used

with diverse constructs.

The compositions and methods according to the present invention possess new
capacities and abilities in the transfection of eukaryotic cells. The present invention enables
30 the transfection of nucleic acids, such as genes encoding recombinant proteins, into
eukaryotic cells, particularly mammalian cells.



(MARs), locus control regions (LCRs), and universal chromatin opening

el enents (UCOEs). Boundary elenents ( BEs'D, or insulator elenments, define
boundaries in chromatin in 20 nany cases (Bell and Fel senfeld, 1999;
Udvardy, 1999) and may play a role in defining a transcriptional domain in
vivo. BEs lack intrinsic pronoter/enhancer activity, but rather are thought
to protect genes fromthe transcriptional influence of regulatory el enents
in the surrourtiecgmpisitionsind methibéeacenrdiagiodhe poisent knversa yreipsrticdadyon| y used to
identify i Q)?ftgn#]%} tneratin E@ﬁﬁﬁc%thal: %kg}em %)g%xsl%%%gerep cﬁ{ }el:on eI grent 1s pl aced
bet ween anen i promnoter, an ARAncer et | Var ranscription
i s measur eprotefdoundary el enents have been shown to be able to protect stably
transfected reporter genes agai nst position effects in Drosophila, yeast

and i n mamal | Mgty & gxBiessindevBls ohe heterdlo@s ge@e trinsfected ingd a sukar@@i8; Wal ters et
al ., 1999), Ltjon of
transgeﬁl C %qg%ml\lﬁn?ﬁ%ﬂ%%fu @ﬁ%ﬂ%cﬁg%gﬁ%ﬁ%%@%%ﬁﬁﬁ%g& %’f al., 1997). 30
Mat ri x Attmﬂm&emmﬁwmmﬁw@@emmgwg%@ﬂlelhdst&tnpac,hnent Regi ons

or Scaff ol Qg&{g ?ﬁ% nces that
bi nd i sol aEM g&}'nucf ear sca ?g’%?ﬂ%lﬂc ea rrafi%%’f:e |n Vitro %th hi gh
affinity (mmonamtSL@emﬂ(Wsem@@@gmmlemmﬂ}atpmwthWIgU@imme‘HMndar| es of
i ndependen.,che0nE .

o TR o B RS i H aitn Sftoked W BERIRBREMY, | ¢ e

ci s- regulatory ele Xpression o
domai n10 Hdmmlrﬂblt'{lmféﬁ flesixps ﬂetltlt}tect erpiessiany Thisvippioachds esafub s 6mek vibocus from

near by chr { Rosk gene

expr essi on g?ﬁ%?ﬁgﬁéeggwn stg%?&ﬁ%(%g%sfec%%&ah@%%: Poi Pak et al.
1994) . On reﬁwthremanam scrogning §lonereFithermiorey osisiomindeneadont rsgent eract 5 wit h
enhancers t a&{e@agnmﬁﬁlmﬁ@ams EdhsR Bt kdphlatel gene%%%ﬁ sfefns, 2 -, 1997).

Speci fi cal | enment's can enhance expression of hetero ogous genes in
cel | cul t ubsaus Hhe exprasgipef adhpgapeitis gept @long wittoits coptralling cempelents)amlt:  Phi - Van et

al ., 1980; pFRhdralteRlor AL chmlﬁ&&%uc&e aﬂﬁegﬁiégﬁudﬂsﬁg Chionih bleinéhtétha 3e- -+ 1999)
and plants (Al l'en et al 19 . The uti MAR sequences for

devel opi ngp@wp@«ﬁ@enbl@épwwpogeﬁeeffeﬁefaaégenpeﬂapfgeteﬁe&té@rghﬁ zed (Agarwal et
al ., 1998) devéﬁﬂ&&@me%ﬁmesﬁﬁaﬁmemﬁa@%eau@E@) fh@i RIS Riglone! ement s

required for the initial chromatin activation a |l ocus and subsequent

gene t r ans YRR Jaeps pontlrepipns{ht-Re)eand grixersad pigomgtinopeningeienicats Y GRKa d, 1999) .

The activating Efddﬁlﬁai—y éiinedis (tHERS), 6t iSlattk IeMEnts, Aetine K@ b ﬁlrehﬁfnau@mcoum ed
transgene |nthea &rlatetlssue |ntransgen|c m ce rrespectlve of the

site of0 apdh Felieatello L2 gdisr: 1A ap mapiey ?g@?‘?e‘?ﬁ‘f IRE@onf er
tissue-s pe&h&s b @drfairdh vive. BBSAR SRR pecnndtdrﬁaiﬂeﬁceg wmeﬁy befrith@lagnt
expression_in nearl | tissues in tr enic m been reported for a
truncated HoREH “"P“E%Weniﬁeéc"@b § Fragsesgptio enge oL1pe at%%? r'}¥§ rat LAP LCR
(Tal bot et s@toundidgXBebinatid IThe BdghcetblotnBEayad (}bnﬁibﬁryaﬁédﬂﬁ idéﬁﬁfy nlRatbrs t hat of the

globin | oGe, | LSutise ] B VLl oL Sl Ol LR 430G oS oSS!

25 -and enhancer-activated transcription is measured. Boundary elements have been shown to be

able to protect stably transfected reporter genes against position effects in Drosophila, yeast
and in mammalian cells (Bi and Broach, 1999; Cuvier et al., 1998; Walters et al., 1999). They
have also been shown to increase the proportion of transgenic mice with inducible transgene
expression (Wang et al., 1997).

30 Matrix Attachment Regions (“MARs”; aiso known as Scaffold Attachment Regions
or Scaffold/Matrix Attachment Regions (“S/MARs™)) are DNA sequences that bind isolated
nuclear scaffolds or nuclear matrices in vitro with high affinity (Hart and Laemmli, 1998). As
such, they may define boundaries of independent chromatin domains, such that only the

7



currently being evaluated (Pawliuk et al., 1998). 20 Ubi quitous chromatin
openi ng el enents ("UCCEs", also known as "ubi quitously- acting chromatin
openi ng el ements") have recently been reported (See WO00105393). The

chi cken | ysozyne 5° MAR elenent is able to significantly inprove stable
transgene expression in CHO cells, a cell line commonly used in reconbi nant
protein production, The chicken |ys me 5', el ement . i | sp able to

si gni fi carfPfFPRIFIESTES f%?%i??&?éﬂ‘?“ﬁ%ﬁ%&‘?‘? e,geﬁeér“["ithﬁfﬁ ‘fﬂ“?’%men t he

t ransf ect etbweedr) deipdbilite @FilBGhield a\whiothotdtay ToadsdromMearby cHibraktmriciMeits,el ement has
previ ousl;zliB(S@en shown.fo.enhance transcripiion froma us pronoter

het er ol.o
O Lt oy o G coB oy Paitop ORI aon, Brestiesh s POLIRER ot 1B SO RSt o
i ndependentnspsiyReed., 99d). e e bhprmnid, MAR e@jidndésihave teén shben eifte@asi on of the

whey aci di ¢ rotein_gene in transgenic.nc McKni gh t.al,, 1992). 30
| mpor t ant IW?legQPPF?‘%Wé‘?CE&EWQFﬁI °’”§°’g?°&§‘ﬁibg}%§ﬂ’$‘?”ﬂ§e’ﬁ%e{93ﬁ} eRstclsozyme 5
MAR el enavmAR dlenBntO 68 eftianddRkRestisi bEtefrdogovS eh it cdllRallré Ends (Kdmangased stabl e

transgene _expressi.o Thi s_sippl.e appr h_obviate he necessity of

cl oni ng I\/K@“&eéﬁré#ﬁ&*ﬁ“@i’cﬁ?i‘séﬁﬂﬂfﬁnegﬁﬂgﬁﬁﬁga r@%’ér%ﬁﬁf""f‘?\@ si ze of the
MAR ﬁl enentastifia aal. Ieﬂﬂﬁﬁdﬂadtsj (mﬂlweftmn?mf emﬁmpsfmkisec]p:ewea iau-L Ihe IV:AR el ement
is shown to |ncrease the average | eve expr.essj on e clones, as
wel | as t @€Y F’éé%‘Bmf’We"eﬁ?rﬁﬁ’éﬁ‘%‘pr&fs%BF?PM?‘J&WE?"SX%? ssing at hi gher
| evel g0t han t hpsRs edatralirgishs (DORs™Y) b {regildtdy elehentd 1equirs@fop &8 il Pl asm ds

al one. Wthout w shing {)@Pbe ound by theory,, i.t | g‘eﬁossi | e. that the

di st ance SAPARPAUEFEN OHLPNE &1 SEREIIRECRS uonip (e ARRVE XSRS i on unit i s
an i npor t gRtiewalmiciewvet, 1099). The ectivhting@inction SLOKRSD liRws BreKpreleioret ed for a
pr oxi mal ene, and not. for a nore distally .|ocated one é‘gl(])de ef al., 1995).
The ef f ect* BPIFITaReERFIP BIE APRIOPUAIP UpyiE ImyRASERale mics, impsperhie pighe e o yrated  (See
Fig. 2), antg@dtiont thk hdst gendmd, While DCRE fonsrallpadifer fdgee-dpscifidievelignt i ty of DNA

t hat an be transf.ec gdwpeﬁ. .ceil | . me'SkL:blajﬂ'gi n the art. would be able to
det er mine THESRARA BEFST I SRR 54T HHETELR SARECHE PG 8% cel | type
W t h m ni rvedn repoped fore nt@htedinmai T-cAB redepeat LOR (Oxtiz, et 41h) €9%7phddawatrIigaRdef i ni ti ons
are suppl i I r der cilitate t.h under di,.n f LS case. To the
ext ent th&%ﬁ(’ﬁ@b@gﬁﬁﬁ%@%&@e#gﬁ%ﬂ Hslgﬁyr%%agﬁ n'érsitéﬁ}éﬁf%f;ﬂlr?&%%ﬁthi n the at,
t he def i nildcusfis viech osvtons for thogeaotherapy of sicklercelhditease and B-tHalagsemizg isei ¢ aci d

mat eri al havi t.ne chroms s, qf ukaryotic cell, and refers to DNA,
RNA and a§%@ﬂg{’%‘¥3’|a@?t§$&§v.%@§t%"I%qf:omati n el ement” neans a nucl eic acid
sequerd@e on a Ubineitvds chitmnatii Gpening elements (“UCOELT algd lmpenesitubighitdusly- or nor e

el ements (such,as chromatin e nts on the ' cid nol ecul e
(such as CREESTRRaReapE %-rmeg%f)or%egg#g)l? Qﬂﬁgﬂ%ﬂ%r&%&g@é&éﬁgﬁhe pl acement of
two or nore el Bwmhicken(lgweymesds MAR elenani is able ensinife)ntly improve stable

transgene expression in CHO cells, a cell line commonly used in recombinant protein

production. The chicken lysozyme 5° MAR element is also able to significantly improve

25  transient transfections, particularly when the transfected cells are contacted with butyrate.
This chicken MAR element has previously been shown to enhance transcription from a
heterologous promoter in heterologous cells (Phi-Van et al., 1990), and to confer position-
independent ﬁormona] and developmental regulation of the expression of the whey acidic
protein gene in transgenic mice (McKnight et al., 1992).

30 Importantly, co-transfection of a plasmid bearing the chicken lysozyme 5° MAR
element with one or more expression vectors results in increased stable transgene expression.
This simple approach obviates the necessity of cloning MAR elements in expression
constructs, Furthermore, the size of the MAR element is no longer a limitation, Co-

transfection with the MAR element is shown to increase the average level of expression of
8



on two or nore different nucleic acid nolecules (such as on two vectors or
two 20 chronpsones). "Cis activation" refers to activation of a gene by an
activator (such as an enhancer) |ocated on the sanme nucleic acid nol ecul e
(such as the same vector or chronosone). "~Downstream’ refers to the
direction going towards the 3' end of a nucleotide sequence. 25 An
"enhancer"” is a nucleotide sequence that acts to potentiate the

transcri pt is@ble olonescpe el ad to drepesedbeprotabilitylof obteieing cloyesekpredsing gichigher t he
position Oﬁvkﬂﬂm&&ﬂ &@e&ﬁpoﬁ:‘%!aﬁ’éfécﬁsh&fﬂm essﬂﬁgﬁfm‘ahlfnf}:e orientation of the
sequence. e vectors o resent 1 nvention I ona i ncl ude
enhancers. A " gWitkout iwishiag mmndmmenysw mchaib(emmﬁlemgﬂrwésmwbmg for a

gi ven mat urgi ?%} i WY i ncl ude
untransl ate | ng c%glgelﬁgns s%?: f‘e@&dn%@fﬁ Ser p %%ﬁa“?ﬂﬂl on si gnal s,
pol yaderfy| a:tflvb\disa@kchetn dstecied far 8 proginmhgene asd mt for @ mvendisially. loo&teﬂsml ection gene"
is a gene t n ?ng th ne as a

det ect abl e %?%tceﬁgh{ﬁgm ?%gﬂﬁsﬂ%oﬁgﬁihgg&%ﬁg@n q&g‘g'%ﬁggeustat%‘éagg not limted
to, antibi dbdedig.®), a putntinldingtatioreofalys wehdiqyei e qeantioef N tatoaebe t hat pr oduce

or modify 'u@ﬂ%&é@ﬂ&%&?oﬁ%ﬁ%‘ﬂg%@ﬁho@&ké%ﬁ#%g&&m&% &5‘5}8{5 9351}?19“”0'5

exogenously a to the ce selection ag is a

condi ti on, Oégﬂﬁttowswﬁgtmmcclhape‘éﬁmh@@lmemd@lt@l@tu on of the expressi on
of as ction gen "'ﬁ{% Bie0s I roperties of a
cel | agﬂd;xpr essed Edy thé cellul eélr% s\gﬁk&;ﬁﬁ Pc%tﬁg)tf?{dg%gkﬁgwgl S a gene that

encodes a pedrdndinpeiobisease. WQR}IOG atﬂmﬂr: ln@ham@p@mmmmnmg as
di agnosti € (Gl g 1okt heidv *etﬁoﬁfo@duct gene includes, e.g.,

structural genes and regulatory genes. 10 A "structural gene" refers to a

gene that encod&dremaie’is e mpelric prdmaterial having sl chrepmepomestof yenkemyetic cglbnes

i ncl ude buty, @l IODNA, Rh&Hd bocifidi kiR et al proteins, extracellular matrix
proteins, enzymes, nucl ear pore proteins and nucl ear scaffol d proteins, ion

channel ¥ and tAa‘ﬂ%?i@ﬁ“Fé]le@m C oaans 4 avqlaieacissequenqe on aghwmespaser ones. Preferred
structur al gene@Ci?QEfQqu) thOplaceteht PRAY & shoRVeletidhis ERQYas SRR idnenttp A

"regul atory %}e refers to a gene that encodes regul atory protein.
Exanpl es ofon heagypg welsicyreid molesple Suphas thgdune ysgior %rrcérwomq)m ted to,

transcri pt ion fegif r%fcrsh@ﬂi@'@ﬁ@énen%f@% & mdr@Qb:Rdnts (s&)i%?&ir&ﬁ‘a‘ﬁn el%in&ﬁs?
t ransducti on nol ecul es, oncogenes, proto-oncogenes, t ransmenbr ane receptors,
and protei ®® Iy L2 Jpeee different nucléic acid molecules (such as on two vectors or two

20 - chromosomes).

“Cis activation” refers to activation of a gene by an activator (such as an enhancer)
located on the same nucleic acid molecule (such as the same vector or chromosome).

*“Downstream” refers to the direction going towards the 3' end of a nucleotide
sequence.

25 An “enhancer” is a nucleotide sequence that acts to potentiate the transcription of
genes independent of the identity of the gene, the position of the sequence in relation to the
gene, or the orientation of the sequence. The vectors of the present invention optionally
include eshancers.

A “gene” is a deoxyribonucleotide (DNA) sequence coding for a given mature

30  protein, As used herein, the term *“gene” shall not include untranslated flanking regions such
as RNA transcription initiation signals, polyadenylation addition sites, promoters or
enhancers.

A “selection gene” is a gene that confers a phenotype on cells which express the gene

as a detectable protein. Examples of selection genes include, but are not limited to, antibiotic
9



"Genotype" refers to the genetic information contained within a cell as
opposed to its 20 expression, which is observed as the cellul ar phenotype.
"Ligation" is the process for form ng a phosphodi ester bond between the 5
and 3" ends of two DNA strands. This nmay be acconplished by several well
known enzymatic techniques, including, but not limted to, blunt end
ligation by T4 DNA |igase. "Oientation" refers to the order of nucleotides
in a gi veﬁewc%&ﬁaﬁéﬁgéﬂﬂcW@%eé%ﬂ’étpf%ﬁﬂcqfﬁmdtﬁéﬂlwm ation of a DNA
sequence 'csmgaﬁdmcm thelabiism or &&lp%mfaeﬂ%rmq& y bd¥Bd toSRAME (CE, dniksy €] ation to
anot her sequence 1s reversed when conpare point of reference in the
DNA from whi chAt brlectenpagemcis a\ﬁﬂ'@@ﬂt%?ﬂiétﬁ“bwéhﬂlﬂf@p@@H@é‘%@ﬁoﬁp‘émean i ncl ude

the diregh :Qé},mﬁfoféf?i’cﬂécﬁrgbﬁ' on of other specified DNA sequences in the
source DNA [or t origin of replication of replicable vectors

contai M ng the“@@nﬂmc@fermﬂlevbmblpmptrrmsbfmﬂrasemse§>bmﬂﬁ@§luéarof RNA from
a DNA terr?e&;tﬁ,e ""Transl ation" refers to the synthesis of a pol ypeptide
from messenger RNA. The term"vector"” as used herein refers to a nucleic
acid nol ecul e Adp@Brczane” is g gengshsbencodega protsinmeeduptibeying desisabled t o which it has

been | i nkeflaradhhisti é‘éﬁ(ﬂ:ﬂl’&%rﬁstﬁ:%hiér E&fusﬁm A oMl RATRELAS £ Non- mamal i an
cell froma eukaryotic anism By way of ‘non-ITmting earrple any
eukar yot i @WWW?@W&W% of being nmaintained under cell culture
condi tjens a”dAS‘kkHﬁ g&g%fe}srtégﬁéu%?ﬁa?&c%%gm@ﬁral leﬂxdﬁﬂuipfés ghis

i nvention. Especi al ferabl e cel sges I nclud stem cel | s,

enbr yoni c sgv@mlcgenqssnclusc@*imeg@mﬁ&ﬁm eytosseletahproteins, sxn(a@l@prm% BHK21,

NI H3T3,  Hel@einedzdmes E&I&Gx%rﬁ%thﬁsm@'ﬁgclea%daﬁaﬁ %‘rog‘:ingf:@ﬁ SiabdeRtRd OF
undifferentiated cells. O her suitable host cells are known to those

skilled i rrapspertes.contragtlopratriss, #ad Fhaprronss Predeared peiclirab gonet @eadedd nodi fyi ng a

eukar yot i Gn@Rldles ByantihtRy hdntson  of a nucleic acid. For exanple,
transformng a cell could _ include transfecting the cell with a 10 nucleic

aci d, Such as 4 "R e refory jo pepeBiticrsedesiageoiory PrEtBdbRIPR Ot a nucl ei ¢
acid into rggul oRik irekie btQld ot Eitdd. to, ﬁh&?@ﬁf@%@ﬁ&ﬁbﬁe@%ﬁﬁ' on or by
chem cal rreans ansfectl on ma b detected in sone cases by an alteration

incell p é‘i’i‘&ﬁﬂt@ reighgl fen mofecuips, PReQgeaes: PRIOTANCOgERPS: 5| | ed tr ansf ect ant s
and  pr e- ttfaadiacnd®ednt RGeptond, hﬁi;ﬁﬁtﬁnkﬁﬁ@ﬁl‘Ed to as parental cells. 15 "pronoter"

SRR G CEENER IOl K ¥ R TR T Sk
cell vagh eﬁt}%ﬁxohj‘mﬂch @aﬁereemm&amﬂ@@moﬁypg eign to the cell, one of which
ey confer a sg).ect ARt & PRCACkY PRl a phdiShodftter bond between the 5' and 3
ends of two DNA strands. This may be accomplished by several well known enzymatic
techniques, including, but not limited to, blunt end ligation by T4 DNA Iigase.
“Orientation” refers to the order of nucleotides in a given DNA sequence. For
25 example, an inverted orientation of a DNA sequence is one in which the 5' to 3' order of the
sequence in relation to another sequence is reversed when compared to a point of reference in
the DNA from which the sequence was obtained. Such reference points can include the
direction of transcription of other specified DNA sequences in the source DNA and/or the
origin of replication of replicable vectors 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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20 Eukaryotic transfection of nucleic acid vectors is, in general, a

wel | - known process, and may be acconplished by a variety of standard

nmet hods. One type of vector is a "plasmd", which refers to a circular
doubl e stranded DNA | oop into which additional DNA segnents can be |igated.
Anot her type of vector is a viral vector, wherein additional DNA segnents
can be ligated into the viral genone. Certain vectors are capabl e of

aut ononous 25 r‘Epkarydic icdlY refars do dny stamprlidn ar noremevhinglian céibfroma s enkanybticoduced
(e.g., bacteri.al 1AV I 2l OrhQl | i j on and

epi somal rré’ﬁr"ﬁ"aﬁé'e‘?/aé%? gcrnl;; ) %ﬁ}gfm} @%@%géﬂﬁf e&ée!lgjhﬁg%frﬁag%’?esog)?r%ﬁé manmal i an
vect ors) amminiaired gndet sl dultre candisionsemd snbsagfiendy hrarsfected wbuld pomcludedin oduct i on
into the hgsj. cel. | 4 d i t genone.
Mor eover , %E%I g"‘?'ﬁ‘L"\yEﬁggﬁﬁé@%‘ggﬂﬁ?ﬁ&%@ﬁ%gﬁ‘%gaﬁhég‘ Qaicg%sniag%’ of genes
to whichh t Kdipeshem3€ cypy celisi(CEDY QOSnREN21, BlidiT3vEeltaoC2C 1% eanceefadlsraed t 0 herein

econbl nant kK PEkREea or A BERRLA o TR ERBLERON Pk Aekafin Wbl 'V o

herei n, "plskeBedidtheartd "vector" are used interchangeably, as the plasmd is

t he nost corrrmm]%”l . f P ' [ I.Sqd:at ended to

i ncl ude such ot eﬁ%PW%%%%%%gggggﬁ@f%kg?u%aﬁ'\éﬁgéﬁuﬁgF{c%%dtlmr?ot limted

to, viral wéenusles atid. Fpr exampls, iransforming 4 delldodid includetmefertipgitregelbwith adenovi r uses

and adeppo- %ﬁé&&i@iﬁﬁhﬂﬁﬂﬁﬁ%ﬁo}(‘hi ch serve equivalent functions. The

reconbi nant expression vectors of the invention contain a nucleic acid of

the invention ‘{Trensfegtiontrissheiintidnetion ofa nugleic@cid intha wtipietieukanstietetl, acid in a

host cell. i el : t hEGR ' si on

vectors iné@&ggb%%%@éé&wrrg%g}?ye‘gu at g%?}ns's’g%%éﬁg@s, selrzigeg%%ﬁ}’(s)n ta%§basi s of

t he host célksaltentipringslkphepoypeclyspne cAsesntransfieied dells aypenlled ransfegpanksianied to t he

nucl ei ¢ aci ~§a§%ﬂﬁ&$9ﬁ@&%ﬁ§s§ﬁﬁﬂm¥m hin a reconbi nant expression
ably-T1nked" 1s

vector, the term "oper intended to nmean that the nucleotide
sequencE of i nt'@raeater] as yspdieein etsrsity e nuceiqpagidsequence shagearateseapressiina  manner
that all owgefgheexpression of the nucleotide sequence 10 (e.g., in an in
vitro transcription/translation systemor in a host cell when the vector is
i ntroduced i nt o GorfEnsfersion’ciasany the pgeass pfdgnsfestiog 3 cukuyeticrelb withmereg8acr i bed, for
exanpl e, i e GARIIR pendIENENTXRRESSHNE Rr o MEEHERShdbyFNGYMOLOGY 185,
Academ c Press San Diego, Calif. (1990). Regul atory sequences include

t hose that t‘EﬁcP%ct constitutive expression of a nucleotide sequence in many
types ofp host Cceikbryaittirankrasion bhaicleidiati@ Oéctolbis, 9 BinBSE b Gl RfiovinPRockysC| eot i de

sequence only in certai, ost cell e.g., tissue-specific regulatory
sequences) .anﬁl?awqafma@ P%EW%QC&B‘%‘”P‘%J%%‘“’Q% FE’BEPW“’Ftﬂ‘e‘S%lrt that the

desi gn of t"Pligsmi@Fhiek fef@dtoWRFD4r el stejiedDNANosUAD whatt hédigondDNAe choi ce of
the host cell to be transfected, he | evel of expression. of otein
desifod. ortEustR g ElBHET ABBedias LY R AuRsrrs phastadtert A an be
desi gned f GegnxcasRiligitedinto the viral genome. Certain vectors are capable of autonomous

25 replication in a host cell into which they are introduced (e.g., bacterial vectors having a

bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g.,
non-episomal mammalian vectors) are integrated into the genome of a host cell npon
introduction into the host cell, and thereby are replicated along with the host genome.
Moreover, certain vectors are capable of directing the expression of genes to which they are
30 operatively-linked. Such vectors are referred to herein as "expression vectors”. In general,
expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. As used herein, "plasmid” and "vector" are used interchangeably, as the plasmid is
the most commonly used vector form. However, the invention is intended to include such

other forms of expression vectors, including, but not limited to, viral vectors (e.g., replication
11



20 desired proteins in eukaryotic cells. Suitable host cells are discussed
further in Goeddel, CENE EXPRESSI ON TECHNOLOGY: METHODS | N ENZYMOLOGY 185,
Academic Press, San Diego, Calif. (1990). The expression vector(s) used
herein may be a yeast expression vector. Exanples of vectors for expression
i n yeast Saccharonyces cerivisae include pYepSecl (Baldari, et at., 25
1987. EMBO J. 6: 229-234), pMra (Kuijan and Herskow tz, 1982. Cell -30:

933- 943) , defeRW@SctoSitysed, adeneuiruseh and afle@assoCieied vibuses), Migchisely equinedEs2 (| nvi t r ogen
Corporatlﬁpn san Diego, Calif.), and picZ (InVitrogen Corp, San Diego,
Calif.). ternatively, the expression vector(s) used herein may be a

bacul ovi rus ex[Phaseimbmantergression vagtars oftheiinvgationsontain 9 nosleit kaddfehef or expressi on

CerFos. ( spichfond ki Sl Efory Sl B ol aid il B8 el ED 7 P

series X Lmdahmntalm‘e@mhmsxmgagvccwrsrimhwgynelﬁ‘mor@tglﬂ@ry swqumcs eic acid of

t he invent R {r&y ﬁl %Q I manmal i an
expr essi ongvec or Hﬁes o Esstg%gu%e?an p%‘térggfagﬁ b s |nc?ude pCDivB
(Seed, 198if nuklgiciarid S@E@l‘ce ®40 pxpaesstdp WithRG r(:mbfmmﬁpreasmalvactor,lt%@m EMBO J. 6:

187-195). aée%ab ket SE 8 chdba e?ﬁ%ﬂltﬁa@{ﬁe Ehdofia s%h%n(%)&? 1m1¥c§?&t9£ s control

functi ons ften provi Vi ra regu erren or exarrpl e,
commonl y us@ihiquy sequanes(s ina reardlelrthax eubwsﬁmmxprp@ioy ofr&e nepikotide/sequenee?

t I . i I t
R L

ters 16 and 17 of
Sanbr ook, lﬁmétlceétmto MCEBEQHAQU@LWW S@qﬂ@ﬁ@@%@?@%mmmnplﬂmd ed. Col d
Spring Har@%&deig%gﬁ ﬁ@f-'ﬂﬁnfiﬁsﬁ?%zﬁﬁ%&@ﬁﬁ )&cﬁ'ﬁﬁm@' d Spring

Har bor, eco i'nant manmal i an expression’vector i s capabl e of
di recti ng F@)tpmg,ﬁabﬁ (18P0}t Regulgtary beshencesdncindg thosethas dirpct Fongtitutivea parti cul ar

cel | tYPe digroflion of 4 EHEIRREREL f G YR Giher SUPARMSe mi oitSed Lo expr ess

the nucleic acid). Tissue-specific regulatory elenments are known in the 10
art. Non- IquFﬁSIOHQf@REIWEP@?SWE%PM@I@“FPQ%%&&Nﬁ%- piciieot er s |ncI ude the

al bum n

<

egﬁénbéé)a dis ﬁﬂ% lappr&oiatddiby isd skilRd infthe arf 85 fhe c@ﬁgﬂa&f L
268-277) , Iyrrph0| speci f pronoters (Cal ane and Eat on, 88 Adv

| runol . £3presog vmfan deaenﬂapﬁqceéaca)rs 35 ihsieheieerof therhostelbtojbe tpstegisd.or s (W not o
and Bal ti nps ©ye] 43 fressfel tein@esiréd 2tc/ 33) and i nununogl obulins (Banerji, et

al ., 1983. OeII 330 729-740; Queen and Baltinore, 1983. Cell 33: 741- 748) ,
15 neur on- spec Tk rEcogiimapesnTessiop vestor(s} used ez oo b deviged JoF owisesianof Byr ne and

Ruddl €20 1938red BroRfins in MiiryoticAGIROSERGhle hddDRNSSe dinchéstd Pehhéd in CRadael, €as- speci fic
pr onot erscq('EdI und et al., 1985. Science 230: 912-9]6),_ and nammry

gl and- spe XPRESHOY THCENGLOGY: METHOPR INFRNZYMOY, 0G4 8% AcadepicPrepian No. 4, 873, 316
and Eur opes mﬂ(wgoy on Publication No. 264, 166).

Devel opnent a I -requl at ed rs are, al so enconpassed._. Ex
pr onot grs e e ?onve gr(s?use&ﬁ g‘mmay be a yeast expresggn vector. Exam&

_ vectors for expression in yeast Saccharomyces cerivisae include pYepSec (Baldari, et al.,
25  1987. EMBO J. 6: 229.234), pMFa (Kurjan and Herskowitz, 1982, Cell 30: 933-943),
pIRY88 (Schultz er al., 1987. Gene 54: 113-123), pYES2 (Invitrogen Corporation, San
Diego, Calif.}, and picZ (InVitrogen Corp, San Diego, Calif.).

Alternatively, the expression vector(s) used herein may be a baculovirus expression

ng)l es of such

vector. Baculovirus vectors available for expression of proteins in cultured insect cells (e.g.,
30  SF9 cells) include the pAc series (Smith, ef al., 1983. Mol. Cell. Biol. 3: 2156-2165) and the
pVL series (Lucklow and Summers, 1989. Virology 170: 31-39).
A nucleic acid of the invention may also be expressed in mammalian cells using a
mammalian expression vector. Examples of mammalian expression vectors include pCDM8

(Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et al., 1987. EMBO J. 6: 187-195).
12



20 include, e.g., the murine box pronoters (Kessel and G oss, 1990. Science
249: 374-379) and the a-fetoprotein pronoter (Canpes and Til ghman, 1989.
Genes Dev. 3: 537-546). Regul atabl e gene expression pronoters are wel |l
known in the art, and include, by way of non-limting exanple, any pronoter
t hat nodul at es expression of a gene encoding a desired protein by binding
an exogenous nol ecul e, such as the CRE/LOX system the TET 25 system the
NFkappaB/ UWhen esd inggasereatian eclls tle@aspssms sestass ponig] fyngtionsase efien prprvided he

GLVPe/ GAL 4y syl REUSS icoetls, FoSRRlple, &R ELIAIR0IA LA B Rg82  Levandoski
2001, Rev. "CGenét 2(10):743-55; Legrand-Poels et al J.

Phot oc hem pablsRapasiersvirug, cygmagalogirscpng siangyirus 49, oitng OﬂlFlEB@bLe@E(PTCSS%( 2):191-5;
vang et at syueRNASLME Aok ISR and ichdcic BB 3ee, B, c§£bté}4)f6%¥gf of SaflSrobf M8 " host

cell" and ' recorrbl nant host cell" are used I nterchangea herein to
i ndi cat & act@lHMAPRESTIAR (JONING AWQMT@WW@ 2n¢kpde Cold Spongstashort he i nventi on

have been 1Rl Rlesetbond 1ol ARGHIAd, CORspBHERNbG Ry MoRer nOL OnlY 0

the particular subject cell but al$o to the progeny or potential progeny of
such a cel|. Beestarbiragtmampalizp eRPFosHQR YeptaLis reppble ptdivgeting gxmessiovelthng

gener at i Onﬁcmcqu:r&é&MﬁymétpﬂEﬁbﬂﬂ'cme'gr qmeﬁeedﬁckégm BRMARntsSuch 13
progeny may not, in fact, be identical to the parent Cell, but are still

i ncl uded wite Bser t graressgymncleisracidh clissus-sppaiic raddom sleaknis apkuaywsinthe t he term
"transfigct j0 Non(1hifhSexhmipis &%ﬁﬁaﬁfcﬁss@é sﬁéﬁxg\lkﬁa%&?é iR@she WRGRMaHes for

introducing foreign nucleic acid ? nto a host ce i ncl udi ng
cal ci um phPfepaist @"%’rsPecﬁi"eg‘Pyé‘iﬂu?‘ﬁ“&hllg‘é |Qﬂéﬂs&‘f1’ o 868 F 7 Afnbpid-specific

DEAE- dext r giambeRi(@hi86e inidamh0ks. Ay, rhhpel, ag tmmsy% patiGfd F)f?:@:[&fe?stdfo n.
Suitabl e methods for _transformng or transfecti n%a host ce can be found in

Sambr ook, erelheceptoryiiapatp 2R Faltmafad?8S sAEMRB A TERB N mdumpunceiduling. . Col d

Spring Ha(mﬂém LAk nag0 eyl 3@&&7@;}@6@9&&6&%@@@ atipsy 7HURsS Col d Spring
Har bor , 1989), and Eet her | ab ator% al s. 0 For st abl e

transféét.mwaf PIROIFFS (et -|tae neprphilament fre JpdRuidle HEUE8h t he
expr essi onyme Ak Sﬁ%ﬁ&ﬁ&%?ﬁ%@ﬁ)@indr@@bﬁﬁcﬂid@rdﬁo&@s (Ealhy, efulsTRE] fraction of

cells may nte E ei |nt their enorn In order to identify
and sel ect %@céel %f”fﬂo mﬁ“ﬂ"ﬂé%ﬁpg" capr@IB?{Em? mfk FRSHBOMG L 0| ect abl e
mar ker (e.y.s. Partmd. 4878 dnd Eabpdab iAppiicatton RuBh@&ﬂﬂ‘ﬂcﬁlZM{]Gﬁ) ntroduced into the
host cell s_al it h %’-g ene of i nterest. Various s(gfl tabl markers 15
i ncl ude t hg’%é’%"%ﬁ%&ﬁ ?ﬁed U3 R &9 %“%f?%?@%“ﬁ %ﬁﬂ%‘ﬁlﬁ Efi' RYromyci n and
nmet hot r28x ainelude, Nycﬂxemﬁa@haipmmmh (Egssel aned Gacs, ABI0e StiackBI9: mm’fb)emdnt r oduced
into a hos gfl vect S tgl% ncolca] uctural or
regul at or y&‘&“ ParR ‘%ﬁ@@“ﬂeﬁ?@g@ﬁ@%@’ Xe ?337 S/%Sé“t or. Cells stably
transfectied V\AHebulhxblﬂe Eedk expitssiOtiprt 6tbi® e v&ﬂikdov@:ﬁ:ﬂ theaurt] e iiclubié, ®d why drug
\?\/Ie: IeCtsIu:‘)\r)l éfgdogmlfnglelfis tltl;l%;[l}' phrg'n\éc?tcrlt\!;la(f %E)Quqartg'stc%jreés%?lo age%g:[snaég 1§g marker gene

desired protein by binding an exogenous molecule, such as the CRE/LOX system, the TET

25  system, the NFkappaB/AJV light system, the Leu3p/isopropyimalate system, and the

GLVPc/GALA system (See e.g., Sauer, 1998, Methods 14(4): 381-92; Lewandoski, 2001,

Nat. Rev. Genet 2(10):743-55; Legrand-Poels et al., 1998, J. Photochem. Photobiol. B. 45:1-

8; Guo et al., 1996, FEBS Lett. 390(2):191-5; Wang et al., PNAS USA, 1999, 96(15):8483-

8).

30 Moreover, the terms "host cell” and "recombinant host cell” are used interchangeably

herein to indicate a eukaryotic cell into which one or more vectors of the invention have been
introduced. It is understood that such terrns refer not only to the particular subject cell but
also to the progeny or potential progeny of such a cell. Because certain modifications may

occur in succeeding generations due to either mutation or environmental influences, such
13



20 other cells die). The present invention involves conpositions and net hods
that can nodul ate the efficiency of eukaryotic cell transfection using
chromatin elenments (e.g., MAR elenents, BEs and LCRs). In accordance with
the invention, MAR elenents nay be used in eukaryotic cell transfection

met hods. For exanple, a MAR el enent suitable for use in the present
invention 25 includes chicken |ysozyme MAR el enment, which is shown in SEQ ID
NO 1 (Seeprazghy waylps). in fet, be identieavtarthe parpat eelf but axe sigll igeluded withindhetshepenucl eot i de
sequences 80 hidd G gg_ank Accession nunbers X52989 (SEQ ID NO 2),
X84223 (SE% I Drﬁ%.s 3), X98408 (SEQ ID NGO 4), and AJ277960 (SEQ ID NO 5)
(See Tabl es 1BAsRytedythetarmGmansfestionhrefessdp a vaxigh of agmeeogissR techtigneefors t o be used
i n_accor dapeshd Bl i, i 838 Q0 BFY i6a haER fitene dfRlliStna@Re cl oned 30
using a vggtlgety %éamt%?ﬁn?queste%ll rllovviaw to those o% %ﬁﬂa%ﬂ?askfll in the
art. TABLelcjum chignfe @-prerimiatiqns PEAB-dextran-mediated transfection, lipofection, or

t ct agaaaacaalalodhibd, ChARA SARGRIGIAM SR bR ARRREHe Rost bells can be found in

act t t aaaaaagt dat caat aaat gt at gcattt ct cact agcctt aaact _ ct gcat gaagtgttt atgagc
at gaagac aambrakitef ¢t &IQLECEAR FLONING: A LABORATORY MANUAL. 2nd ed., Cold Spring

agaaat aat GaLHH T MeARAIIERLE HHbEACHG RS IHAE CofPing Harbor, N.Y., 1989),
ttaagttttgat gt gt gaatatctgacagaact gacat aat gagcact gc

aaggat at c jdeterdtrermicnamgiaacagacaaaagt atttttt aat a

t aaaaaj@gt ct t t gl defabie haRplArAR WhRRARE R AiE6@IhbE depending upon the

aagaccaacacaaaagt t ggacagcaaatt gcttaacaqgtct cct aaagg. )
ct gaaaaaafFHEHIoR as&tfga%wfmagqcmawwga onist & wnl dregtion of cells may integrate

t aacat Ct a3RARISMA TG RIRICLA5AE AH Bidad8 Gkt addl s8R& khese successful
actt ct gct gaaaat gt at t aaaat ccgcagt t gct aggat accatctta

cct t gt t gagBlagRws agepedhab engericaa @ﬂafgfé’é@@a&&'@%‘tetw antibiotics) is generally
t ggcct get gppsihéea Miaia GdsD et Rehgh i Be gaabaheRa! Tatdus selectable markers

t ggagt t gggcatt ct gagagacat ccatttcct gacattttgcagtgca .
act ct gbat tiedulsdhose e confeireetanss '@é{‘tgf,awta&‘ég@ggwnycm and methotrexate.

t ct t gaat adinfcleftCeRRpdamE & sdldctHbRGaaak b6 ®e anbiiRedmaathost cell on the same
gcaat ggt acaggaagglgaat acagccttat gttt agaaagt.cagca

9 cg
ct ggt aat ct'CEGt A Goprak gr zeguly Ll gﬁgqedntroduced on a separate
act t gt aaaaeacf (R0E dably tdnkfadtad withd Inkrddutddinhéléit kAPE@ be identified by drug

ot cat t 11 ot AP ALIEE A AN L CE R b vill srvive, whil the

t aat cazmt gnine adis tepaaat atttt ct at t acaaaat acagt acaca

The present invention involves compositions and methods that can modulate the
efficiency of eukaryotic cell transfection using chromatin elements (e.g., MAR elements, BEs ’
and LCl:\'.s). In accordance with the invention, MAR elements may be used in enkaryotic cell
transfection methods. For example, a MAR element suitable for use in the present invention

25  includes chicken lysozyme MAR element, which is shown in SEQ ID NO: 1 (See Table 1A)
or a fragment thereof. Also useful are the nucleotide sequences recited in GenBank Accession
numbers X52989 (SEQ ID NO: 2), X84223 (SEQ ID NO: 3), X98408 (SEQ ID NO: 4), and
AJ277960 (SEQ ID NO: 5) (See Tables 1B-1E) or fragments thereof. Additional MAR
elements to be used in accordance with the invention may be identified, isolated, and cloned

30 using a variety of techniques well known to those of ordinary skill in the art.

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

tctagaaaacaatatatttccaaatgaaanaaaaaatctgataaaaagttg
actttaasaaagtatcaataaatgtacgeatttectcactageecttaaact
ctgcatgaagtgtttgatgagcagatgaagacaacatcatitectagttite
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agagggt gaggccaaagt ct at t act t gaat at at t ccaaagt gt cagca
ct gggggt gt aaaat t acat t acat ggt at gaat aggcggaattctttta
caact gaaat gct cgat tt catt gggat caaaggt aagt actgtttacta
t ctt caagagact t caat caagt cggt gt at t t ccaaagaagct t aaaag
at t gaagcacagacacaggccacaccagagact acacct gct gcaat aag

t ggt gct at ag

gaaaqqatt caqqaact aacaaaqt nca'r aatttaca

ta

gagatgcttt
gaat at ccag
gct aagat gg
gct gt gt ggj
gcaat gctc

t ct gcat aagt

t at gcact cd
ttgcttccta
t at gcacgt @
t t gcagaagg
ccecgttttad
ct aggaaat t
gcat at aaadt
acacacagag
t ct at aaat @
aacat gt aag
gcat tt gggt
t ct aagcct o
t caaaggaaad
ct cat gt aad
cct caagt t g¢g
t ggcacagadageasa
aaaggttctt
cagt agaaat
caacaaaaad
cccaaccaco
gccttatccd
accaagt att
t gaaat acaa

ﬁﬁ&t@ﬁiﬁéﬁﬁ%@ﬁﬁ@a @@t@ig@ccat

G @%@W&Eé&i@&aﬁ&aﬁiﬁaﬁgia&aﬁ

t':Ha anggﬁ %ﬁ%

ah gﬁam SFOAGH:

gag(
ct at]

SRy ﬁ?i%mggéégééiéf it gos

@ég&m&a ehyeeebatat eag ot T erazradce Tt trtaggaag

ﬁﬁiﬁm@éﬁéﬁéﬁéﬁéﬁéﬁéﬁéﬁact q

aﬂ&g&atﬁ&agﬁ&ag@eﬁbaa@ei&aﬁtgaaggt

alaga%gt-aat acc bpéﬁggzﬂg e 'ifgf"afc’aﬁat aad

agg(

detth aaangH6dgaiheganagad

a:i:aﬁaﬁ

aacatgtaaatccgaagttatcaacatgttaaataggaaaacatttacaa
gcatttgggtatgcaactagatcatcaggtaaaaaatcocattagaaaaa
tctaagoekogecagtttcasagygaaaaaaaccagagaacgetcactact
teasaggaaaaaaaataaagcatcaagetggectaaacttaatasggtat
cteatgtaacaacagetatecaagettteangocacactataaataaaaa
cotraagtteocgatcaacgttticcataatycaatcagaaccaaaggeat
tggcacagaaagcaaaaagggaatgaasagaaaagggetgtacagttteea
aaaggkttettettttgaagaaatgtttetgacctgtcaaaacatacagte
cagtagaaattttactaagaaaaaagaacaccttacttaaaaaaaaaaaa
caacaaaaaaaacaggcaaaaanacctotcoetgteactgagetgocacea
cecaaccaccacctgetgtgggetttgtecteccaagacaaaggacacaca
gecttatccaatattcaacattacttatasanacgctgatcagaagaaat
accaagtatttcctecagagactgttatatecttteatcggraacaagaga
tgaaatacaacagagtgaatatcaaagaaggeggcaggagecacegtgge
accatcacegyggeagtgeagtgoccaactgecgttttoctgageacgeata
ggaagccgtcagtcacatgtaataaaccaaaacctggtacagttatatta
tggatce

@@i@@?ﬁa tgttﬂ@z:gﬁéﬁﬁ?ém@ Racadic

ga

abakact act

)t g
ct

saa&asaa@eiggm&aaggﬁat cact
‘aa%gg%ﬂ‘%aaaac c

hgC

ttm&miﬁﬁﬁida@&&&gttaitbﬂﬂttﬂ:itkiﬁidat aag@aa
T o 2
atdstgadatctalgitgasagtoc e:taiga@iggaag@ at cgct
285G agact
zi::a Egg@mgtgcaatcaﬁ@ﬁgggg &%Eg acct g t
Cattagatet A tasaaaty aaaaaea@ ctacgt at t
ctgyg '?._ ﬁmtag(ztﬁg@% g@@aat atac
(S aggaaaaﬁakttacaa

Laal
act
at
paa
at
ca

{tkcdtl-BRgRaRAAGABtanG i kaGitdiantagdaaaqaa
dawarpgEEa s e tagyet € HYa @agcca( ca
a&@&;@@t@mﬁmxg@ﬁmﬁ? e acdoa

aat

i mtﬁwi*@at%ggﬁa%aagdga

gl aaaaaaaaaagﬁaaa c%&an@ %C gt q g c

TABLE 1IB. MAR Element (Accession NO: X52989; SEQ ID NO: 2)

gcgctgetaa
ttecoaattt
atgggagett
ctctecagaat
ccageaggec

gtaagatggt

ctttctaaac
geacaaggat
gtctgagttg
geccaactec
aaagagtctg
atcctageaa

ataaggctgt
gtectgggtaa
gaatgcagay
aaaggattta
ctgaatgttg
ctgeggattt

attgtettec
actattcaag
tkgeactgea
tatgtgtata
cgbtgecygga
taatacattt

tgtaccattyg
aaatggcttt
aaatgtcagyg
tagtaagcag
gacctgtatt
toageagaag

catttcctea
gaaatacage
aaatggatgt
tttectgatt
tctcaacaag
tacttagtta
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accat caccgggcagt gcagt gcccaact gccgttttct gagcacgcat a
ggaagccgt cagt cacat gt aat aaaccaaaacct ggt acagttatatta
El ement (Accession NO X52989; SEQ ID NO 2)
ataaggctgt attgtcttcc tgtaccattg catttcctca ttcccaattt gcacaaggat
gt ct gggt aa act attcaag aaat ggcttt gaaat acagc atgggagctt gtctgagttg

gaat gcaga 3 -aact cc
& Ek 5 t""“é'éﬁ@g%é@%i@ﬁ agagt ct g

aaaggat t t g
t agcaa

ctgaatgtt
ctgcgogat t agggat cg
tttcatcat : . ) ] atigggtt c
ctttttttca gcctttagga gactgttaag caatttgctg tccacctttt gtgttggtct
ﬂ%E@N@I?;Lﬂ atatt aaaaa
_gc

t aaact gcam
atacttttgt_ct ?(;?'tcat t gtg Ltqa a agf dctc attatgtcag
ag%ﬁtf@ac%veaatﬁea&aweﬂgatta Ett gaagFR@LEE a&@gtMR El enent

ttct gt cagerseeit e %
(recessr oot A e P i el sonct e
gaagt ct ctfter @tta@gctagéta%;&tt 3G @at@@@a atgageatttc
agtt gt aa Egagﬁﬁf:.icecgﬁﬁgabajat g Bweac BdagétakL)kEytaidabi aeﬁg;ﬁaﬁgcqigt gct g
acactttgg SBI'EE UL DAt @OHIGRITEC: FUYGIOET AC-OCOIEGE bgtgamat gt at t 1t
S%tha ﬁ?t‘%’%é‘éﬁtﬁf%ﬁbéé%ﬁj‘aavaccit tctgc
tgatctt calt attgca
aatt agt gca ggtttcctta aaaaaaaaaa aaagt aat at aaaaaggacc aggt gtttta

caagt gaaa TABEE 1D.OVIAR Rl&xg@n faaassion ol X98408; TSEQHI Noagatt accagcgct TABLE | D.

tggatcc TABLE Il1. MAR

gcgctgctga ctttctaaac

Ok ceghe &@C@ﬁ&gga@tc&g,taa&gﬁat @atgfa@g%@e@gcttgta&agawg.st@ cd
tgatmtmaathttaheageagaaggti a;cgtcaagstt atﬁb’éctabctceﬁa&atdctt t

MAR El enept-—(-Acecession—Ne—xX98408+—SEQ+DB-NS: ggateeatadq tataactgta
ccaggttttg gidtath %Q@aabggtqa&kgﬁgttgg&u&%&t tgtg&g;tg&ct;&&%&a@dcggcag
ttgggcact g seaetaas @@gacbg&bg@bmec@cg@tﬂgﬁgchgaem@wEé:dgtgg?atct bgatatt

cactct gttg%@mctceatc@ttgem tattgaa‘Egg&t cttat-talaesa ts@taam gaggaaat
acttggtatf 2 gigeog t:g t ah%gt caaa & teaf aaéi?‘édggct gt
gtgtcctttlg gigg i’ﬁ t ool itg, tJagotagct ca
gt gacagg g tag;g tat_:; a@@@tt tittt&tﬁagiaagiﬁtt tcth ttgtgict tddadgrgd aaggt gt
tettttttc cia:aaaahacaitcﬁcacﬁcgyagaa@giaa@gttqm acagataggbomgt@aadgat t t ct
t caaaaga :a%PéEQCFF t% tg&h‘&étgﬁ@aﬁ CREEEREPE Y :g;gzgggg gg,gggiilagg fgctttc
tgtgccaat aégggggggtc t:@;%ﬁt a tﬁgﬁéﬁzgtatttttttt cctttgaggt

agtgagegtt
attttkttace
atgttgataa
tatatggeat
tgtogtgtaca
ctgtegttgg
aaggcgggtt
atccaggaca
gtagatccac
gaagcaagcet
tttaaacaca
geagebgbtt

tttcaaacca
gatattctea
ttgtaaatta
gtgtaggetc

tcgtgtiggg

ctctggtttt
tgatgatcta
cttceggattt
ttatagaaat
ggtcaaacag
ttettgtgtt
gteacatggg
ctaaactgct
gtgcatatte
gecatggattt
gttgcageat
acggcactgce
acacgctgce
tettageagt
tgggatgtet
tgcacttgtt
tggtgtggecec

tttectttga
gttgcatacc
acatgttgta
acgtaattce
actteactee
gtaaggatac
ttcaaatgta
tectgeaactyg
ttaaagaaga
atttgggact
gctaacgagt
cttgecagtga
acacagccac
agtagatyag
tttttcecat
agttecctgaa
tgtagtctatg

aactggcgag gettagattt
caaatgettg taaatgtttt
tatacttgte atcetgtgttt
tgatttectt ttttttttat
tatttttatt tatagaattt
agccttaaat ttcectagage
aaacgggcac gtttgetget
aggtataaat cgcttcagat
atgaatactt tctaaaatat
taaattattt tggtaacgga
cacagcattt atgcagaagt
gcattgcaga taggggtggy
ctecegaaca tatectecaccet
ttactatgaa acagagaagt
gttgggcaaa gtatgataaa
tectttetat agcaccactt
cttecaatctt ttaagectt

ttetaatgag
cctagttaac
ctagtaaaaa
ctctatgete
tatatgcagt
gatgcteagt
gectteecag
cccaggaagt
gttggcatag
gtgcataggt
gatgectgte
gtagctttgtg
gectgggtact
Ecctecagttg
gcatctctat
attgcageag

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

aggtcactgt
gtatcgataa
cacgecagatg
tgtggeceteg
gecagateteg

gaagacgeca

gacctagatce
gcttegacceg
cagteggage
aacaccgage
agagatcteg
aaaacataaa

cgeaggtcac
atccggeeec
ggcgeggtec
gaccctgcag
aggcatgcaa
gaaaggcocg

tgtgacctac atctgatatc
gececagegte ttgtcattagg
gaggtccact tcgeatatta
cgaccegett aacagegtea
gecttggcatt ccgatactgt
gegecattet atectetaga

atcgtcgacy
cgaattegaa
aggtgacgeg
acagcghtgec
tggtaaaatyg

ggatggaacc

16



tt gat cggaa
acat gagat a
agt gagcgt t
attttttacc
atgttgataa
t at at ggca
tgtgtgtaca
ctgtcgttgg
aaggcgggt 4
at ccaggacg
gt agat ccaq
gaagcaagct

tttaaacacq gakt

gcagct gt t f
tcgtgttgggy o]
tttcaaacca
gatmtctw
ttgtaaatt
gt gt aggct g
(Accessi on Rk
t gt gaccta

—)
=t

gcccagegt ¢ g

gaggt ccact
cgacccgct
gctt ggcat
gcgccatt ct
agat acgccg
acgt acgcgg
ctgaatacag &
gtgttgggca
cgt gaat t gq
gggt t gcaag
atggattcta &
ctacctcccg

cttgaggttt ttatttatag
ccttattaag tttaggccag
ctctggtttt tttcctttga
tgat gatcta gttgcatacc
cttcggattt acatgttgta

t gt ggctt ga aagctt ggat
cttgatgctt tatttttttt
aactggcgag gcttagattt
caaatgcttg taaatgtttt

tatacttgtc atctgtgttt

S L %é t"’lg?af ot aiégc%gétiiﬁaﬁé
égtg@,%zg;iqasgcg;t H Ceedg Celia B E o
@t@%aﬁig g’g: tt&a@ﬂlﬂaftg:h&jcaﬁ ag&@gg«jgaﬁ cgt:tfah: gﬁlt gfgbat_;gﬁﬁéat
W&MG@EQGQE’-BF@F &aﬁ:@ 989 maam tcgree CEU;GC

SIS ohe Eigtg‘fté%‘ggﬁﬁ *’i@"‘t gt a@?‘*téa %‘C
S eitﬂitgggcaag cta@ac%ii E Lo : égg
AP adt Gk AP GG aaca GAzaddy tﬁ&@ﬁ@@ﬁ&ﬂkmﬂﬁ&@ﬁ
SCYGTAT! GouCIAgCaglgRey IHLGRKTA LALYTILOYY-GEOT!
e\a etata'abaeea E%%ﬁ,ta RO E A AT ELFETY

R e

aag:emaggatttagmsa: etigRacdas Girtdcetadl RERRcRacidttiighgC
hfg’gtcgmg;gewcmmtgq et gctc-tz tc@acattgetau c.:tgetaagwt agTARIEEodl

a&gﬁg@%@ﬁ éEZE s e t@éﬁﬁ?%%‘é%ﬁﬁ

saatd Ogbaktd ESEQ:@Q:tt&aﬁ%a% Gt §b 8 0 Er BBE0
b@gmaﬁ; bargagpgbg acgagacat gitggeetae qtmm@ggtcga&c

%é"? ewﬂég 3@%@“}% %GE'EE Lot s %3%%‘*:%8:2"?

Edag E@gggtg&«a J98@fakann gaga
htgagtgt,aasﬁ gerraaesanbigetegat tgtcaigagaa'a g:csmaﬁaat @:gaatggsgg

ol

a%w@gsc geovarnutyt ceapttotag pgtaty

tgga

e %E?%g@’ Eée::za

e

etaa
ga e

2 aagc

1 ?@ﬂ;aae 1
e

ama:ﬁ:ag& afaggBAsabidteBaagh a@s&heﬁe gatt;&ga@ttt dr@tadt 6L
afala#tttlﬂtﬂg aactetjpgz: aa*ataagtaaaatatgat;@aaaatraatmaagaaataaitt

?géi 9%:53@99 %&i

ttagtaatag
tatacaagaa
atcataacat
atgctcaaaa
tgatgtatag
cttgetttaa
gttgttgtta
aatttcacaa
aatgtatctt
accaggatee
ctatgegtgce
getectgeeg
ggatataaca
atgttgaata
tggtgattag
gttttitttt
ttttgacagg
ttettteatt
aacgttgate
tgttacatga
aagtagtgag
tgggattttt
taacatgttg
aaaatatatg
getetgtgtg
cagtctgteg

aactcttget

aattatggaa

actgtttttt
attgtgtacc
tgeettgact
aaaaccteccee
acttgtttat
ataaagcatt
atcatgtectg
ataatataac
tcagaaaacqg
cettettiga
atctctgagy
ttggataagg
gtgatggcag
tttaagtaag
tcagaaacat
cecttkttge
ggaacttgag
gataccttat
cgttctetgg
tacctgatga
ataacttegg
gecatttatag
tacaggtcaa
ttggttcttyg

aptaagg

tcke
tcag
tgctttgeta
aaatattctg
cttacteccac
tttagetttt
agagatcata
acaccteeee
tgeagctitat
tttttcacty
gatcocgtega
tgtaccaggt
gcagttggge
tattecactct
aaatacttgg
ctgtgtgtee
cteagtgaca
gEgtteotttt
ttcttcaaaa
tttetgtgec
gtttttattt
taagtttagg
ttttttteet
tctagttgeca
atttacatgt
aaatacgtaa
acagacttca
tgttgtaagg

L
RTIRI K
aattgctaag
tttacaccac
taacctteat
acaggcatag
taatttgtaa
atcagccata
ctgaacctga
aatggttaca
cattctagtt
gggggatcca
tttggtttat
ackgcactge
gttgtatttc
tatttcttct
tttgtettgg
ggagagglttt
ttcttagtaa
gaagaacctt
aatgcokttyg
atagtgtagge
ccagecttgat
ttgaaactag
tacccaaatg
tgtatatact
ttectgattt
ctcctatttt
atacagectt

ttttttgagt
aaaggaaaaa
aagtaggcat
agtgtctget
aggggttaat
ccacatttgt
aacataaaat
aataaagcaa
gtugtttgte
ctagttctag
tacatgtgac
ccggbgatgg
atctottgtt
gatcagcgtt
gagacaaagc
ttttgoctgt
aatttctact
ttggaaactyg
gttctgattg
ttgaaagett
getttatitt
cgaggcettag
cttgtaaatg
tgtcatctgt
cetttttbtt
tatttataga
aaatttccta

%@f“ﬁﬁﬁa

aagaagagaa
catgetgtgt
gctgeactage
aacagttata
attaataact
aaggaatattc
agaggtttta
gaatgcaatt
tagcatcaca
caaactcatc
ageggeoegcc
tgacggcettce
tgccacggtyg
geegatgaaa
tttataagta
coacageagy
gttttetgtt
ggactgtatg
tacagccctt
cattatggaa
ggatagctgt
ttttecctttg
atttttctaa
tktttcectagt
gtttctagta
ttatctetat
attttatatg

agctgttgtt
cctttgaagt
ttctaat ggg
cctagttaac
ct agt aaaaa
t gctc

jcagt
cagt
cccag
jaagt
cat ag
aggt
Ct gt t
tgtg
t act
hgt t g
ctat

gcag

MAR El enment
C cgcaggt cac

jgcccce
Cggt cc
ct gcag
At gcaa
jgcccg
Qgct at gaag
hacat ¢
at ggg
ht gccg
hat gaa
haaaag
pttat c
ct cat

gagcgatget
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gt accagagt cctttgatcg tgacaaaaca attgcactga taatgaattc ctctggatet
actgggttac ctaagggtgt ggcccttccg catagaactg cctgcgtcag attctcgcat
gccagagatc ctatttttgg caatcaaatc attccggata ctgcgatttt aagtgttgtt
ccattccatc acggttttgg aatgtttact acactcggat atttgatatg tggatttcga
gtcgtcttaa tgtatagatt t gaagaagag ctgtttttac gatcccttca ggatt acaaa
att caaagt g_cg caaaag cactctgatt

gacaaat acjg S&{ ?3:8 3@?29@12% ?c [ 32§ e E02 a6t Jéﬁcéﬁ 9413 { cgaaa
gaagt cggdn SEAIRaRt AR oL b Ao R Ao el aeD A eatat at 9gg
ct cact gag@a aﬁigaﬁﬁcﬁ%thcaﬁgbCettgﬁﬁtEtﬁC@Gﬂﬁgﬂgga@g@@tgﬁf:@ag@eag ygcgcg
gt cggt aaalg abgtgttaze a:tat:agtttqqangag;@gaaaaa;gtqagagggatatc@ttggmamg@ggg aaacg
ct gggcgt t fa taFEE g t‘tta‘f tﬁtta ccﬁgﬁ‘éﬂg %F@@gg ggt t at
ot fascaat m&% S ne t@g@ %ﬁﬁégmﬁg o 1 g
gacat agct RIEW LT REEE LRy Elangdaag] c

at t aaat acja c&itgg@:ta&ta&aatggic@g@ﬁi‘dﬁ(itcgCﬁg@&&'&:itggct&&igbg&t adtaghbaal aac ac
cccaacat ct sreaybatge @ygctegtoy eagigtotet tatet-gergtatfaegrtyg t gaadttccc
gccgecgttig ttgttttgga gcacggaaag acgat gacgg aaaaagagat cgtggattac
gt ggccagt aaytaacad gcydaada 0 gcygTtguay gaygttgty gtggacgaa
gt accgaaag gtcttaccgg aaaactcgac gcaagaaaaa tcagagagat cctcataaag
gccaagaagg gcg@beiavamtonproides g mathodefitypnseroing ane b1t roerg cukaryoirars Bebyariot
cttagct at ttra?&@d% flodfr i G 948 vRREAHI AR IEN. gf}@ét%to} hofe3@@gc a0t t
attggtgccc ttaaatgcct ggtgctccgc ctgaataagt gataataagc ggat gaatgg
cagaaat t c gndedggdirst wworgorgm@me wo@m&@s@dm@mdne@ma@tbw@gm

aactaccq acan@Q?x%ﬁfoH @d’ﬁu@iﬂﬁ% &t sa%eﬂ@%s it 4stalsBR04 v&@o@&o%&ﬁxﬁg?
ttaaactact gattctaatt gtttgtgtat tttag tcéc aacctatgga act gat ga

gggagcagt ¢t lsash gesahrpmati ?lfﬂaﬁ{t Speh a5 aMAB clemguti(e. g4 yehickambrspzrasMngc c at

ct agt gat gaud,aa8. DRGTef mqa{bt ARARIR
aggt agaaggdccccg%ggg%m?ﬁccttcéaeg aat gcﬁigs%%?ﬁgﬁ%t cat g%?g?lgfg '

t t agt aat agpresew invertigaIn vapions erphodiments.ithefist and sosensygetera arg injesraipd-inte ghe

t at acaagag, gkl abisiacoRATINA. 1habE skifdiGh tte LA wilRREADE fal anf @@l bf at a
atcataacat actgittttt cttactccac ac gcatggd;%tg gtctgct att aat aact

at gct cthadrapsfecion eande vied imageqriange Vigthe efh %9 bergiatIn se@fgaat at t
{ gat O at AGullahehid U ird 08U oikid ARG QGASRI 4 MABARLHY L2

ctt gct ttaa aaaacctccc acacctcccc ct gaacc a aacat aaaat gaat gcaat t
gtt gt t gt t SORe Phgfembadimenfs hedavention REoViget & dof transinyming opeRj @ aca
aat t t cacaguirpid @aRbY cb-trhrstebrdls e od ofd Bkl aBill 9&HdrS BioGhd@Ract cat ¢

Additionally transfected vectors may include, e.g., genes encoding for structural or regulatory

15 ' proteins, or selection genes.
In some embodiments, enhancer elements are optionally included in one or more of
the vectors of the invention.
The ratic of the first and second vectors may be adapted as required for the use of
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
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aatgtatgtt atcatgtctg gatccgtcga gggggatcca ctagttctag agcggccgcc
accgggat cc at aat ataac tgtaccaggt tttggtttat tacatgtgac tgacggcttc
ct at gcgt gc tcagaaaacg gcagttgggc actgcactgc ccggtgatgg tgccacggtg
gctcctgeecg ccttctttga tattcactct gttgtatttc atctcttgtt gccgatgaaa
ggat at aaca gtctctgagg aaatacttgg tatttcttct gatcagcgtt tttataagta
atgttgaata ttggataagg ctgtgtgtcc tttgtcttgg gagacaaagc ccacagcagg
t ggt ggt t ggmiyt iggbaytyt Mg Prefecablyt oo amgus gbahout 500 M, J 250 gt t i 100N gl 15
gttttttttt : t1, t a t a Gt

Dttt gacagg™ i haguhEdibsth 1004, s bl 34 B A2 it B8 mi A A
ttctttcattl-demM tThogakilled it agtowill sesogpize that the spetific effitct(y) of hutyrate ggmad

aacgttgatc t at , t t agct gt
ot taca ga R Racal $8¢hsfl e B b T B0, e ARG Hhbr SR RY
aagt agt §agnat gffecttbe prglifetation ertdifferentiatiog abthe rggiedghepije t Butgrarintay be added

tancat ot o AR auetfeoha PRl P B (A ERGIaopy) BaP ihdd bERL T,

aaaat at at g gcatlhe avergombvsthercytoapasseschet ayetapsfection ofithet qukaryoticatit with aite

gctctgtgtg . AR:) .aftttatatg
cagtctgt cg°"¥1§°3'g‘@” C %%%u‘?%?%g;i géé%gs lg%‘g‘ﬁ%’gté‘%:‘%‘% ﬁ%?éat%{n?%:@%ag%%%t gct 17
cagt aaggc gengodingp desiced profrim othe axmessgitba dracly thegapregion ofjthistgguetigcct t ¢
ccagat ¢gag ; t g
aagt ot Lar RRGREbIRRGmERE b S o AN Rhin g O S E Lo R STRAE0

at aggaagc alesgerchjcken ipgozymeMAR elggenth dhe additional ector omygtiars may gerytgiont

agt t 1 tt 223, 6A6ALACAEE QLA G0l 30 LERE AN AL AALLIALAGS
tgttgcagct gtttacggca ctgctttgca gtgagcattg cagatagggg tggggtgctt

t gt gt cgt gt are gyytrsieeted the giioat fissh gece thard vectersimay bet asiaptediasaeayizedfoy
tact t1t caayaGeak felififceitfied PeADRinhi@AF hafhié of HABICARE 23R LE KL C2
gttggatatt ctcatgggat gtcttttttc ccat t‘tggg caaagt at ga taaagcat ct

ct at t t §¥ aaroutineKpfeimentatiogte engrof edinagyslilldn the art Forexagplacknondimitingtreples
gcaggt gt agrs tahf I ird S ohd bl third @RS Yehted Mobf 1:2845.5hkdbhG | nvention

provi des a net hod of transform ng one or nore eukaryotic cells by co-

transf ect i bid-78:3hb Qtfier rrppsineluding] 220 d 250y e &1 Qros 112:4000 erreore.@rejalsoThese two or
nor e vect OfRisidn@fly RS indedtioh.St vector containing a gene encoding a desired
protein to be expressed by the cell 5 and a pronoter controlling the
expressi on of tHsoPreyided areguethpds fo select a transfepipdienkaryptisicel 819t APISPSAY?  at | east one

chromabpn glseamel AGEneAmoclild st £leaf Rlotei i vertaid ifdRAh&K SRbsé ROENE MAR
produce larger quantities of the desired protein (such as for therapeutic protein production

and purification) or smaller quantities of protein (such as for functional analysis). In a
preferred embodiment, the expression of a gene in a first cell co-transfected with a first vector
containing a gene encoding a desired protein to be expressed by the cell, and a second vector
25  containing at least one chromatin element such as a MAR element, is compared with the
expression of the gene in a second cell transfected with only the first vector, and the first cell
is selected if the level of expression of the first gene is different between the first and the
second cells. This method is useful to select those transfected cells in which the presence of
the second vector containing the MAR element is advantageous (e.g., canses an increase of)
30  to the expression of the desired gene.
The present invention also encompasses cell ransfection 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., 2 chicken lysozyme MAR element). In another embodiment, the cell
19



el enment). The nucleic acid sequences of SEQ ID NOs 1-5 are useful as MAR

el ements of the present invention. In various enbodinents, the first and

second vectors are integrated into the host cell's chronosonal DNA. Those
skilled in the art will recognize that any neans of 10 transfection can be
used in accordance with the nethods disclosed herein. In sonme enbodinents,
the first vector contains a single chromatin elenent (e.g., a MAR el enent).
In sone dahsfectiomésouposidonmay indiusle a fisd meclos nontaiug aigene encpdingodpsiod t r ansf or mi ng

one or nor. ‘-°HKaaﬂothb}1it€e:% I o ans ] el | eic acid
vectors i t%tmtT e cell. g%ﬁ?f%ﬁ%ﬁt@an@’?&%é&co@%(?%rcgﬁt#ayglﬁnlg#ﬁde, e.g.,
genes enccuf phgorhatin elemenicsteiraak MAR ¢lement. dihe el trapgeghion cagipasitiongpayddoect i on

genes. In aﬁgp&gj-"m&? ) . j 1 uded in one
or nore ofaﬁéﬁtgﬁue ectors o e"tfﬁ-gpﬂi‘b\q/%%ta?én. gn%tﬁ?%%wa%&ﬁdrosmg&and second
vect or § neoy almat blawtyeate.as required for the use of specific cell types, and
i's routine exps{] J ﬁmg i i j non- 20
limting exem?@rlggs%%dg%f&gn% ar gﬁelgggﬁ%ﬁroﬁ%%hféa#}é#%&e{}gg%;{f%ts’econd

vect or i s douthinig a figsbyagtor havingardigst plomoter dndlfirstigeneenending odbsined gaations are al so
envi si one ) | Sr i I ﬁlug' A : : 1. : 100 and

1: 1000 or q’ﬁ%&%&%ﬁ%h@r/&gﬁdﬁqﬁﬁgn 1 olﬁgglhé%ﬁglﬁl\?lénsti osnags et E%d%%ngg%ql&but yrate to
nmodul at e (tevegtion, the Grstandiey the secondsigetons awgintegrated inte thesatbemosompl DNBefiiE e 6,

i nf B t i itant with,
i nfra)y g‘é tn*écéiﬁk‘?@c%- dewﬁcgﬂvlﬁﬂgﬁfg'@? %étrea%?r:t[ﬁ.\g LM tant w or

followmng a tron of the nuclelc acl S In the art would
easi | y detieventionalsparcompassesavkarsioticyecdiibat hasrheengocirapsientad ntontainingdiwe br but yr at e
for the c i i I : e added in
L Concent rag tctoRbe B kol ke 6t ibmoleh b ok G bftgallid MdBlpelibtr 00 2TEEC 1 01
about 1- 5@OrtienthereoDmd aMAR clgment.ifng 2 secqrel vepiy compEngavjeast og MAR1- 20 mM 1- 15
"™ 1-14 e 5 i '(Jrffg:%heir&ﬂcmﬁﬁaléc? FMuQfyotid sl thafMs bded @8 framifdeteh€d 10 the art

will recognize that the specific effect(s) - of butyrate depend upon the cell
type ubed opainig thees.of maresreters, adiast Vet beting a firsepremrierandmfisteeptit yrat e may or

Ty 5 N0t caldaRt dbdies Bnel { SicthoRfbofa slohd RoRP Ldrkk AP mIband diEMARRNST Ot €

cells. Butyrate may be added in the formof sodiumbutyrate or any ot her
conpound gk vectorGompEsHng sepqrd Prymoter apia sefppd ARue GPCOfinE R her

enconpass &fsitell gere@r & pASH t8&EdE AR sce dolbBifKB bHAS infenfibd, theWbdold e Or nore

unlinked nuclerc acid, vectors in.addition tQ the first vector containing a
gene encdAPNE T elertiangens B 87 cpding adetprialesene HyducHg se aflroresei expr essi on

of thi s 0§&eih Such@s £edh Tbleb@s! phiteis] oP i RiEMeBsent pR6t6in b8 aSIEIRAMEe)Y €CT OF
containing at | east one chromatin el enment ﬁéﬁe{ ., a chicken | ysozynme MAR
R

el ement). The ANFRTESER}ARHentioa proyidesits for Mapsies glls; Bor exampileafiei on genes

or productkigenRive @f onb 6f Hore bohtsSiefsNtvR? @dtd TRBeR ¥l Oéctord, e @est Wittdrnked vectors
are co-transfected, the ratip of first, §e08nd d’;\nd thir vecté)rs may be
adapted a aylgglﬁpgo@ateﬁﬁlahetem ogous gene coding for a desired protein, and the secon

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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the use of specific cell types. Determ nation of the ratio of these vectors
is a mtter of is 15 routine experinentation to one of ordinary skill in the
art. For exanple, a non-limting nolar ratio range of the first, second and
third vectors is between about 1:1.75:5.5 and about 1:1.75:11.Oher ratios
including 1:2:20, 1:2:50,1:2:100 or 1:2:1000 or nore, are also envisioned
by this invention. Also provided are nethods to select a transfected
eukaryotic cell that expresses a EXAMPIES:d |evel of a gene encoding for a

desired protei l.n cert nc .t he 0 ar ger
quantities of Pﬂlglﬂg tforneghg glt“%er gﬁégﬁ“tggﬁ’ﬁfwm?ﬁ %’g’g%u‘i"g%‘%#%ﬁﬁ‘
pr oduct i on theatape pithe inverivn desprited isthadldime. quantities of protein (such as for
functional analysis). In a preferred enbodi ment, the expression of a gene
inafirst cell co-transfected with a first vector containing a gene
encodi ng a de5|red proteln to be expressed by the cell,- and a second vector
i ie 1 snerg MaterlalsandMetiods| enment such as a MAR el enent, is
conpar ed mnth the expressi on of the gene in a second cell transfected with

only the f'P‘ia%x‘ind‘é@:‘Es&Qéﬂonafh@lﬁMe' e&?{&ssﬁﬁlvéctoré BedBIQEHE thrbhathRembyel  of
ferent between the first and the second

expr essi on O of the first gene is di
cel | s. Thi el @10'1'* EG]U?SE?W 1 (Fsonasgple Fhis plpgsrigeontains ap S¥4Qepromaenis P whi ch t he
presence ofqfy hh&ﬁ&ﬂﬁeﬂrsdm&&%@&mﬁ%@dm Bgiht RT4VBR p%iy?ﬁ?s‘f%?al'aﬁd advant ageous

(e.g., causes an increase of) to the expression desi red gene. The

present i nvefp prbncsr- Ibe QW&W&%@?’«?&WCIW% srascirqrpthe bmBH¥MPEYAs, whi ch can

be usem t Glasitiak FRFA dt HIE 1994/ B2 31808 Sl sc8 (PR chrbRhinheasteseRiaashy ed protein
in a cell In one enbodjinent, this ceéhgtransfectlon cng05|t|on i ncl udes a

vect or contcamesi g Bie: 35l s g 86Q rBamd{lAheheatshock 87A Jocup P AR fsp F48bzyme MAR
el enment) . IThe mmiprmﬁme@oasmgmemisraam@ﬁbmw wHeRRShE647 B EceaNgagi ti on may

include a first ont ai a.gene encoding a desired protein or a
portion th&¥segsSs %ﬁﬁ% %ﬁh?%%%ﬁﬂmg§5€he cell, and a second vector contai ning
at |east one chromatin el ement such as a MAR el enent. The cel | transfection
conposi ti on mayCahtsmationschd kieseotiaelnts ucemftrablnndduntyﬂmtmm}IﬁSaH geaefplGR34 N a
concent fat 'c?”rtnﬁfm%b MhE L0 ﬂg#'pAibwc%clon%&) "W RORE ﬁ%% dXh%“ qate. The

present i nventi on s encompasses. a eu aryotic ce een
co-transf ecrtspebpvely;gwﬁ:prZﬁg &nﬁlnﬂ)stheMHbEcoBéwsh@E &agmemband PraRiBlr and a

first ene ;e L f econd
v;ctorgconpr|5|ng a %ﬁ%&g?enen Bgﬁgeﬁg& |#§ﬁ¥bgﬁﬁ?ﬁSARgﬁgg% ion, the
first and/ cﬂaﬂmseBE@emmjmd@@tiMBelépﬁzﬁhCh@mmdemmsoymemsml DNA of
the 10 eUk férhgf tﬁﬂul:zfer%sggxﬂ}&sﬁ)ﬁ %&&?%&%&&l@%ﬁ% oftihda

but yr at e- t I nvention also enconpasses a eu aryo |c cel
t hat hazd bé@Kw&Bﬂ%@péﬁ?@@d Bewhi b BE fgements inte thedknnbBglHsites 06 pMESY j r st

vector havi MZRt1 &&Q&)ﬁ&ﬁ cloffin ik %m%@ﬁerﬁ%ﬁfagﬂjﬁzav&%? ? Wisne or a
portion thereof 'and a MAR el enent, secon ctor co I'sing at | east
one MAR constructed by introducing the Kpnl- EcoRI his SAR and EcoRI-BamH]I scs’ BE t‘ragments m
the Kpnl Bgill sites of pMZ61, whereas pMZ68 resulted from cloning the same fragments in
pMZ62. Lastly, pMZ69S was obtained by cloning the Xbal-EcoRI scs’ BE and EcoRI-BamHI
25  his SAR fragments in the Nhel Bgll sites of pMZ63. The 2.95 kb BamHI-Xbal chicken
lysozyme MAR (Iys MAR) fragment (Phi-Van and Stritling, 1988) is from pUC—B-l-XI
(Wolf Stritling). It was first cloned into the BamH]1 Sall sites of pGL3-Control, giving
pMZ50. Construct pMZ352 was obtained by inserting a second MAR as a Kpnl-Xbal
fragment into the Kpnl Nhel sites of pMZ50. The mouse T-cell receptor o 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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el ement. The invention further enconpasses a eukaryotic cell that has been
co-transfected, 15 containing three or nore vectors, a first vector having a
first pronoter and a first gene encoding a desired gene or a portion

t hereof, a second vector conprising at | east one MAR elenent, and a third
vector conprising a second pronoter and a second gene encoding a desired
gene or a portion thereof. In.sone enbodi nents of the invention, the second

gene encomeummases the BELARLCR kTalonet abr 1994)gk ias doied i hoth oxiepiaians e/l e gene

product  (egghi-flled ih N e sh@RintcAle ﬁ]lﬁxﬁtsﬁial"‘sléé’&fb(}@@(ﬂﬁ@cﬁ% dildiMBaGRAt protein,
or a lum nescent protein such as 1uciferase The present invention provi des

kits for tBM#Sfecting eukaryotic cells. For exanple, the kit can have in
one or nore coralner aci ct first vector
havi ng a pronot ‘?lmé'h"ag%o@eﬁ?eex%{ g&)o‘ﬁegtla}gé r%\gk% 851912?@?:6%8?1‘%%4{3?1 pr otein, and
t he secinnoﬁesmibcctmewhav[wgscmctaéaskcepnbatMumhlewymmegalanﬂlsMIEect| ons for use

thereof. In eﬂPangerHE hgh -cthntﬂrgsrslm Tﬁ%/'gldes l?o}tﬁtﬁatﬂ%}es\%i glr ng in one

i fdnd
or nore ¢ dlners one nore CUGEN g s mor e
nucl ei ¢ aoeixdressemtsmtm, pEIieTﬂNBS-mmmPGKﬂW -PR45ODA, e8Y-TetRNLSt er ol ogous

gene codi I i.red pr [ n ene and the second vector
havi ng onglg%‘rfv?r?g?;' &mr%“&’r @E@%Td\fﬁmgﬁgﬁmﬁ%%ﬁ?ﬁg?%@vwl?wgﬁ itionally
conpri ses bebndegdrivbde(ImAdfet al. 2000y All plhsriithewdts tomstaed peigpaitaidsd tebhniquks. oS t hat one
skilled in the art would be able 30 to use on a cell line under study with

m ni My, EXBE6 LARY hﬁ&sf%o%@hg% ﬁuigj%(ﬁglﬁdb%?al"“lbé:ag E&s further

descri ed Tntne e scope of the
i nvent i on aliveted indMEMRLP @EO&BRJFQ Sum!l@camWéh HT (GidereBBL) dul either 2bs and

Met hods PIW t Mo used to test
the chro In eF@ents aﬂr,ogﬁgﬁﬁgase %lﬁ %ﬁég{m?ég %r"%&n}é‘%%?y Thi s

pl asmi d coransfeation with BlyetFlepeimme (FD (B@ussrf@ml 1996). @ellmrﬁ seeddd fini G-wéll y

| uci f eras i SV40
enhancer. eﬂ%%@ghwﬁﬁyagna%gg%stﬁ%%emn sgﬁlé%)ﬁﬁe rom go{tgﬁﬂp% and
pl314 19 pirsgirediestcorstrjcskcamespahding 03924 )ug pie-ContolivkerSal-transfested wigheci al

Ba bt~ xndt i CLRNTRSHARAIERL g o | W e ity ° 0 e

fragment ilgowthttoaedal bf Kingpiith eithe pt&19 o pBLESTiph Pladed IHNA-Iwasfdllutedhmst one SAR

(his SAR) 314 nbi i f .these eI .enen t e first cloned
into the B@ﬁwgg{j?m&af'%“ ?'%&%?gdl@@%ﬁ?%‘fmn %EO hsp SAR were
cl oned as mmm&masmdm,;ﬁm :hmf:nagmtat;roommn:eﬁmdiey, gi ving pMZ61.

Siml BanHI Ec SL:lﬁfra nent a E ogé Sal I SAR f ragnment
were i er‘f S%E ?138 t -||waf£%1 g’ﬁﬁpaﬂﬁe oRl - Sall

scs' BE vvewmﬁ-ashmediumeﬂbmdmm feir 48063, cem]waanrMhadeiﬂerltt@pmmd t hen cl oned

in sites and replated in medium supplemented with 700 pig/mil geneticin (G-418 sulphate, Gibco-

BRL). Subsequent medinm 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 pg 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: antibedy plasmids respectively.
Cells were seeded in a 12-well plate at 140 000 cells/well, 18 h prior to transfection using an

22



upstream of the luciferase expression cassette. Construct pMZ67-1 was

obt ai ned by cloning 20 the Kpnl-BanH hsp SAR and BanH scs BE fragnents
into the Kpnl Bglll sites of pMZ6l, whereas pMZ70-1 resulted from cl oning
the sane fragnents into pMZ62. Vector pMZ71 was constructed by introducing
t he Kpnl -EcoRl his SAR and EcoRI-Bami scs' BE fragments in the Kpnl Bgfll
sites of pMZ61l, whereas pMZ68 resulted fromcloning the sane fragnents in
PMZ62. Lasepigpized Migonphespldty predinatatidpymeghiod (lordgn eiwd, D456 ABbis®Pl shesk BE and

EcoRl -Ba";q)ocﬁlﬁaa ioPBs f1 %gdhmoﬁrbﬁmwnﬁlsfea%' And%aﬁs%& aﬁmﬁw The 2. 95

kb Bam | I cken soz fragment (Phi-Van and
Stratl i ng, fonDé&ay updsr #qﬂéf#ﬂfi%c%dlilﬂl)ﬂn m(’mﬁ“memﬂlﬂﬁql Witlg§% FLCP. Sglestiqni r st ¢l oned

into the Eiﬁﬂémd;mweaﬁmq&gﬂ < gag@suiéalmmqw N PR D99 dISd feldft PMZS2 was

obt ai ned by 1 nserti ng secon Kpnl - ragment’ Into the Kpnl

Nhel si ¥ esbagine s (GibquBRIagd bufferedetith 1p@é\éiﬁEBES,ava§m@ﬂmt®@nmbmgu on (Ortiz
et at., 198J)e l?fn' 1@‘5?1?&&93 EB‘%MOSL%Z@ Iﬁmaarﬁ%dy%lfié’&&)es whie tr‘é!@sfenﬁhoned into

the Sall and sites of tr as a Sal filled-in
EcoRl fragtﬁ@ﬂrﬁveﬂplgtem&f@rémmmmwpgnww diftedgyrerand fepdell.and LI P (Uel |
Schi bl er) pEERYTBREMrAdn GR-ATRESAIsANe rat LAP LCR (Tal bot et al., 1994).
It was cloned I'n both ortentations as a Kpnl-filled in Notl fragnent into
the Kpnl S Si of pGL3- Cont ol_to g e pMz44 and VZ45. The

i munogl ob%#4l4-c 'é‘ i‘ﬂﬁlwmwd’&r‘%‘&ﬁéﬁ’tbfxbal to those

5 descnp bemlsammh%dmezems sﬁablatzc)rlz cﬁiﬁ@@&brc&h@théﬂa cdobHREe

xpr 05S: opph biSF%E?FF ”@?ﬁfnéﬁ%h%ﬁ b Ei g %Ehy%ﬂfng?v&ﬁ%%w?ﬁ ’

PEFI - Tet RNLxSreQ' ﬁem&mmppmmmsmmw PﬁSVWctRNIQ GITI - Luc+,

5xGTITI - GV reviou been, descri bed (I mhof
gt al ., Og"(’iﬁ% 535@%1%&18%"%35{@ ](C)%g’t‘? EX'? %éﬁ"ﬁg&g oS W PlFk i ques(
CHO cel | cedlebatnGordndiyd wR020063 nh @hgronkiteh KXEHLENBRLY Blahsidnt idisteddloh et al .,
1983) was cultivated in DVEMF12 (G bco- BRLg lﬁ@gl enmented with HT

(G bcoJBRLBV%ﬁHT&PP?Te?I‘dZ’%’FVBgIUWS@%’f ) aspp ptegnabitandardifore CHO cel | s

expressi ngu%nb!@étfoﬁéﬁﬁﬁnéﬁeﬁﬁs ﬁic@%ﬁ%atetefs&ﬂﬁflﬁﬁstdeﬂzﬁbé@ﬁéhoﬂﬁ%Ylﬁﬁnbﬁ’ | enei m ne
(PEI) (Bou55|f et al l1's were seeded tes at 500-750

000 cel | s/ el2 %d%lfﬂlﬂéwg’dWftBOTaWIEha%tH%%Phﬁk&mychfﬁdwrﬁ*ﬂ}l%de ts of Pvul 15
| i near i zedwis@BingedHVety UGbsrs, :OEIS B REV ARG U hdurs poat-@anaﬁnan GuBbLEdb: Were

co-transfected ECH Labor atori es a 10:1 nol ar
ratio, witH%P 3’%%‘88{5&%{ tﬁﬁﬁ%é-% frgteset Basefot"é’{‘s&‘fcwgfw“g%'ed‘c%a‘ioﬁ ei t her pUCL9
or pBl gescCéipRksionlRmit s5xENN-BHB, (b rbpokeithldsihid gSROTTMnbRdHespGRE GhdRe €qual vol unme
of 150 mM NaCl solution containing 35,1 10 nM PE125 (Fl uka) was added.

Fol | owi ng MARlasmi PUGrBLEGE Al wlectiopathrdpeimheppiein, i cpgmefianst ect | on ni x
was added L1 G0Gr fi&hdoPor cIdnes JHRE AHER%ER dEp-DGTachHRARGEAMiccakiRbRGENT ed

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 B-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 pl of
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with fresh nediumafter 4 hours. After 48 hours, cells were washed wth PBS,
trypsinized and replated in nedium supplenmented with 7001tg/ m geneticin
(G 418 sul phate, G bco- BRL). Subsequent medi um changes were carried out

wi th nmedi um suppl emented with 500 |tg/m geneticin, with pools of clones
assayed after 13 and 15 days of selection. Individual 25 clones expressing

| uci ferase were picked after 12 -14 days of selection, and nmaintained-in

sel ecti ve eretimwhieiP6 el plaign Jbgernstant glogyre agaOwey rerfemned ipd¥s§Gig hunman

anti - Rhesuge ol @froRith b i r, A0 SinP Rl ddds &%gsarM§i§&feia§wAés£sﬁ li ght

chain vector pMZ57,” the heavy g ain vector and el ther the” MAR-bearing
pl asmi d pUksagni prtpcol (Rrompegal Boreschawallp M0 i isubstrate spiusion whs addel by injectipNA per 30
wel |, withyplt 2kecltighPermss; Tiedsur fob S SERhA! C1aih&rileterminati
pMZ57: pwz3%€5ug9@’? Xréﬂv%se 632%‘ ,ascgr chgponé?er%g t((j)& a 2:1 fflt’l i:mlonrml ar ratio
of MAR:5 andfifrgatiyptosidassartivity was ppfarmed el pyeviougy Héserihed (lhefrt ale 30000 a 12- wel |

pl ate at 000.c s/ wel | 8. h prior to transfection usj an 22

Dot i mi sed AP ERoRRRe ot mrem e P oad e EBH T 1596 A
gl yce][ol _Smlﬁndgﬂﬂ%@%uy” ity 6dyGlye tegel?BD naeif&aw\@sof Rziﬂnbisadca'ﬂddﬂﬁaﬁﬁ%fuﬁelﬂr _
transfectign, apd cells re main ne or s, under .non sel ective
cond t | onsP L BEHTAIE RACETRHEH 5o Th Beree MEoMBler s PVt v ( GHT.

gedi um ( Si @Eml)aacels)umai ﬁ&emtﬁdmgil%fhriﬁge Malstaﬁ’d@dh @ &um,estﬁt%sﬁsﬁdanlriﬂﬁm.f et ald 5

ovi ne_serum (G bco-BRL) and. ered with 10 i nM.H . was carried out
opon KB bt et o o B e B g ok CHO e Porche 10° 14 s,
and st abl ecmtioRREesV®BE Riciferan $dless wafd nofnilid-withlrbspth B fegalacRbiifE adivilpys, cul ture
supernatants were diluted two- and ten-fold, and antibody concentration

det er ni neckndjbeiBgalaposidaseizucs with the grofsiy eonispiiTumanimmuBeslobilin sprreted2 C12 cel |
i ne was Gl sl iVt th G Qana bRt BRESA, SHRBLGHR Rl ahfindlan’® FCS. St abl e

C2C12 cl ones expressing the repressor were obtained by co-transfection
usi ng Li pofappalightirip ¢y pbialkalie plrpsphafage-comiigated sqahatireppele6gps expr essi on

pl asmi ¢s, - felion ahioated fes RSy @ dSbhrs) TRASOW  pSV- Tet RNLS- KoxW and
the MAR plasmd pUCB-1-X1, in a 1:1rm| ar ratio. Clones were picked after

selection for 9 days with 200 g/ hygr in B (G bco-BRL).. Transient
t r ansf ect | YHHgHaRd Hlasnid fescue-analyses. (e °ﬁ’?ﬁﬁ%§§%%"e:ﬁ§é’éw 6?Ia‘°a‘{1d Caskey,
1989) as awith Mickiospad C-ST @Mudhdrel & Dlagel [Gennglypatorfifg Rfthd MarRRGHrer'vas performed in
triplicate essentiall s descrj bed previousl | nhof et _al., 2000). The
medi um Wi ipHrigons Al ‘%fébwﬁ@%““&é‘gw&“%gyﬂh PRECHERAAYE 28295 m) ,  was
changed eV%é[ Meq&ﬂpﬂ%&ﬁﬁ,&nd maﬁa o }k}@oﬂmﬁembﬂhrmﬁ t%@hﬁ?s@ &%'m
post -transfection. e po C es wWth t - Tet -
repr esé@r \ﬁ%\%ch%igﬁtpf‘;ﬁ E@@HP%?”E‘H{JET%?‘&??%E "M @Bsi on plasnid
PSXGTTI - C\iRhdidldbeling &9 pérfémdd vt Highpie@ ddhe, /Saxedriatd( 3Geo and the MAR plasmd
pUC-B 1-X-1. After selection with 500 g/nl_geneticin, flow cytonmetric
anal ysi s of th&ogshrnlasgid escan experimintigerisomel N4 sianiselpied Rormstahle eelltliaesy r anosi de
(Mol ecul ar g BeBLEY the transfection of the IgG1 and MAR vectors, from untransfected CHO DG44

cells, and from cells transiently transfected with plJC-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

OnplD
(T

BioRad Gene Pulser unit according to the cell supplier’s instructions. Transformants were
selected on LB plates containing 100 pg/ml ampicilkin.

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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was performed according to the manufacturer. Cells with an internedi ate
expression of (3- gal actosi dase were sorted, and these cl ones were expanded
i n medi um wi t hout doxycycline. 25 These clones were screened for induction
in the presence of 100 ng/m doxycycline hydrochloride, and those

expressi ng P-gal act osi dase were selected. Following culture in medium

wi t hout doxycycline hydrochloride, the clones were assayed in the presence
and absenghksmits pd§e gl IMES7, iGmbdtivély.dintasigedawith EeoBband BamEl Sty XbalGitk| extract s

wer & wnshod o FRubRe i o IR Al BRI ETRT Y 1S

Tri s- phos pRythesize e 7is QIAR CMY 1 kappz apd\gammipaectars opMySy eed pMZ3C0VEe4i®t i t on X-

100) for 2Q;.m J e carried
out wi £ 207 SO T BBt pltdh, ol WA RRENRRERHE SRR BB, O CL Ty pe
assay was pethBemiddlhe XbakfilledRanIBdARKuggenvdesciled abaye 983 clongdimiberiatter | usi ng

t he reagentg,gdescribed in the Luciferase Assay Reagent protocol (Pronega).
For each well, 100l substrate solution was added by injection. After a

delay of 2 sec light em ssion was neasured for 2 seconds. Colorinetric
determ nation 5 of (i-galactosidase activity was performed as previously

descri bed (Eaaé et c&komaﬁﬁgﬂﬁamsm@%mé&m%eﬁ{b&ggejﬁ@mbmmeﬁp of protein
content was perforned by adding a mXx o water and 40 pl protein

assay dye reagehie wepibstntteral chrofuBiirodRaghpnents thoygicome kilenaxg ofatblyi n 96 wel |

pl ates and. ' @%ff 95, EH(E [ | ecul ar
Devi cesr)%. ﬁﬁ%eg%bbgﬁee va %ga&gﬂﬁ%&%at ler:] é%?ﬁ%\éﬁp’%éﬁ%é?% a standard
curve estaly lbieth@giolﬂ'g!-mnmnatdﬂ fillychfretesigest chedmatis elemends in higheleidzeybtasi t h
respect to Qo SBreSR LRI of e 1 o%%H?e%redEﬂlEa{.ﬂ&go%%%.% Gleppes, the

| uci f er ase “Val ues were normal1zed W th respec o Pogal Actos) dase activity,
and the P- detemlogosscdis Elepgitgwhiclydonhteradt ¢hersffoct of neighbering chromiiimsmcture

i mmunogl obul i i EHEH Xl ELI SA,
with uncon}&hgtg?lggﬁésg%nt%%’éprﬁpﬁ#mgﬁ alﬁ]%”gael [ gvf%%hal %%E%F%%Sg@%g%“ﬁgl kal i ne
phosphalSas @f siehlg elopes.cvhetpoba effsets oL difipeuhinteg@yionsites) Sd dhgppmber ohaptivelet ect i on

ant i bodi es &@M&/ﬁwgﬁsi oSource). Southern and plasm d rescue anal yses.
Genomi ¢ DNA Tor Sout hern anal ysis was isolated w th Nucleospin C+T
(Macherey & Nagingle depmainelemshts o @rhatioys phrhromativ elamenty wgre doned 98¢t r uct i ons.
Aliquots ( 4kt oMB5E sidbgESthERlcifeRis CQBRbRI AN oﬂf:éﬂB-@&ﬁE‘l‘a’s a§fR&AERd1 by agarose
gel electrophoresis, and blotted onto bond N+ nenbranes (Anmersham

Engl and) . oys sombmatiqns plyprgsapife alamgeastin SAR apd BE glgmentowsrpiorted- 1- Xt as a
BarH - XAl fm.ﬁ%rm@ieﬁmé%aﬁbr&gimdeﬂwm&mw@awﬁmgﬂe% ghhidre (Roche,

Swi tzerl and or the plasmd rescue experinments, episonal was i sol ated

. DNA
from st abl ézi’&élﬁqe sfablg gaportes genercapression i Hela apd L pelle Golipleft Alofl 99l g@  and MAR

vectors, frgekdaisosyisd 2 M AR elbhia BXFMARY; 6} {aSclerddd Wk B16R@TIzhignd thansi ent |y

transfected with pUC B-1-XI one week before DNA
Inciferase expression cassette, in a confignration 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 o« LCR (FCRo 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
25



25 isolation. Cells were counted, lysed in al kaline conditions and plasm ds
purified wiwth the Nucleospin kit (Macherey & Nagel, Germany). Conpetent E
coli cells (Electro ax DHIOB, G bco) were el ectroporated with the

pl asm d-extract from approximately 105 cells with a BioRad Gene Pul ser unit
according to the cell supplier's instructions. Transformants were selected
on LB plates containing 100 Itg/m anpicillin. 30 Construction of cis MAR
expr essi onrep@tt axpsssichives dieshiokir 1BvRledCMed) phich gdreg@mfeld ingeegsedr S Wer e

glrgg';negsb%ﬁ%%gag%%gr ps%@o%ﬁiﬂéag%%@p%gﬂ;&% NEAr | zegrp mc@%%&ﬁg‘k 1alng BanHI The

Xbal site prefious nsulisiirctickan calls (Stishal alEA08Y), tbaamnmﬁonm%%ammﬂtswer e first

vectors, oAk Biarbii STt o fork o oot SRR Rt

respects vedh;s jmitid} sun&eenlgmf thé chifdtiDitiA clealentsrinrCHE cdin ditertion was focdsedanttle BanmHl . The
Xbal fllledB I . a esGrib ed ab ed in the latter
vectors. & I}éA H@?E%erd)enen Eng > gﬂ}g%t?\éﬁﬁ? de E@%}mﬁat expre55| on in

CHO cel | s The use of structural chrorratl n corrponents to overcone silencing
of stably &0| nbegrated gen tMAﬁhe - chr:)rmsomal envi r onment

w | prov e bnately, fully
characteri zed ehmhﬁmmasmﬂmmmgnh&mghelemmﬁraoﬁmmwrmmme Mor eover,

Ele)ftergﬁotggﬁegt%f:l ﬁ'fleo % errenm§ W%Imc iy erac%% a%e%g‘f’%?wtngglhgorl ng

chromat i n spressemeaor. The abbarztion thamssj@nm witipmultiple phsmideappraeatotesuit t 0 rai se

of ot s of by PRArRaY o SANERHLA8cdte B Sl Ayl thBILE (PR, MO0 T, L 0°

becone avelﬁ@edgge&mgltmwmenwoareMdmhgrphmaibylnamdmﬂ!@f chromatin

it of - porSiefs @pEfidiasidal B g b kladh e, ol Bpaniibd S CXPr eSSt On
Dr osoph$ | avwmﬁﬁﬁrmmmwmgnmmmmﬂedmwtﬂmu ng the
reporter exph: X reﬁ@ﬁ%%@ﬁg&lﬂﬁ%ﬂé a an L Ceﬁ@ﬁ?n shown to

stinul ate stab gene expressio Pol j ak et
al ., 1994)MARglementh M@@mmgfmnemme@mcaw%smmma A-el ement’
was cl Onedprééxé'al‘deﬁ&tﬁéb%nedclé&nkﬁﬁ SMAR &ﬁﬁé {ddes doflafleCONT | gur at i on

previ ously shown to confer evated expression in I cken promacr ophage and
rat fi brobﬁt@@texnreﬂsma,a(mw%mawem with dS&C%Mbﬁ@S‘ll@ﬂ 1989). The

muse 3o Ceﬁéveﬁ&ﬁ@@%&&&c&%s@e?ﬁ&fﬁ:@@m%tﬁé}ﬂuhﬁéb&h eﬁ 5r!e¥at ed protein

LCR (LAP LCR) have both been shown to direct high-leve ression in
nul tipl e tPEEERon cpssettemmay alsg Epleingihapced stable Eﬂ@genaﬁxprefsgwwa leeiredet  at |

1994) . The posirhé R RO fefdHerlis@B-n@hstdcRE 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

A5

25 MARs adjacent to the luciferase transcription unit respectively. Comparison of stable
expression with pMZ50 and pMZ52 shows that two flanking MARSs 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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two LCRs with respect to the transgene pronoter was as in their original

| ocus. The chromatin elenents had little or no effect on transient
expression |l evels where 30 chromatin structure does not conme into play.
Pool s of stably transfected CHO cells were analyzed for transgene
expression (Fig. 1). A nodest 2- to 4-fold increase in expression |evels
was seen for all conbinations tested of the Drosophila SAR and BE el enents,
as wel |  aExdmple 4.1Tde MAR inGeases thospresalendeiof taprprgducihgdlenss t est ed showi ng an
i nportant incr e in stable 25 reporter expression._was the chicken | ysozyne
5'TVAR, whi ch RDLe TSR SpNSIon it BRBST FPIC e FOMBV g BETon as compar od
to the pGLgositaieffedt ofthctidkeiClysozyshe MARMIAARGEncMxrbssioRi€0eOntd pfoRfdl t S i n
chicken cells (Stief w..1989),. the ori [ of the two MAR el enents

fl anki ng tl'\’lé"rfngﬂ?i’racsé‘?gt%&’g{’@% Frisotaag gl ntf?? I“gﬁl"é'é@“”%ﬁhiﬂs%‘ﬁsgene

expr essponindfvidua oM dhis Wede ioBitel Bhd theleved 6f @pRENMNG the thRgGl WaiRkastreg! €ments in
CHO cel | s, atte&%&on was focused @q the wuse of the cﬁi cken | ysozyne MAR for
i ts useful ness FHROSesHeR tragilectad; il lypiforsesapiETfion veaRrsFARIating NoRs 8% ansf ect i on

of tlhe WRoi‘t;]mlMﬂﬂﬁ aiﬁdﬁt&@mmﬁaﬂ cﬁﬁniﬂﬁw@é(ﬁﬁ&%ﬁ} ﬁélated%ldahilﬁlgdlﬁlrie%ﬁ strat ﬁgy
to cloning the nt._int.o the reporter expression 10 vector is that
of co-trang?némvﬁgeg""%@ iS¢ GRTesTion of grdpy lenifs: F3pked o jose gene

expr essi onotegHent is sidwa i0Big IA, Gohsivtent Willl thé Feauls bBGIntDWiticoR ofthdld pl e pl asni ds
appears.to result in co-integration of nuJtiple plasmd copieg at the sane
chr orm§8rraFI°§‘?st e EWWW%?“.EI?VG?EMO’?E%Jééﬁ“‘ﬁ?%F “?‘Wéhe%ﬁgglo nment does not
need to beMARsSirésahiloy tHeicodsecht \Mldrb inipgoRantly| lanmg BRs@X fHe@SfHreRdn casgatt e at the
time of tréi sie,ction. However theroﬁr ani zati(ﬁ%teof the 15 various i ntegrated

pl asni ds, HBHPPRL RN SL BRBITRRELGEh EPRETh S APEHIOAYE BNA, i s
not Kknown. th@ nidsgprbducivertionesiChigias for cdhslchHein MUBYERS fexpEosSned th evel i s
observed en R el ements fl.an th sides of the rter gene expression
cassette, V@%B’ﬁ%&f‘%@“ﬁﬁ@o entify %E‘ﬁ@gevglrpﬁoél?m{?f’c ﬂee%émm%ﬁ’%%ﬂtrﬂns i's

requi red. ‘WeickpredvidRphsmidnt ati on does not affect stable expression, a
particul ar arrapgenent w t.h defined Ci may be required. 20

Nevert hel ess, V\ﬁ%{ e }(%%flplg?i?fog‘éﬁ%ﬁlp%?sﬁeepwﬁ?o 08 AP ORPEd °bear i ng t he
reporter esujripbssuhotits epsset fromyeparagd amids Sinbtéad ofcleridpathe M Rellanfeineintor ansgene
expressi on s determ ned.. The pGA.3-Caont.rol..reporter was, .co-transfected

o Dt mor ST R RIRITRPS W b AR ot PP of B A R Rk Veomy e
MAR. Fi g. Z2tablhexpsestimelevalcwvdsermsinedaTa dossof sxpressionpeadrs fop the@lighd aodl bazey, 1 ncl udi ng
resul ts,,for, co : Al ! i o, 128 MARs adj acent to
the | uct J%@%’ﬁé‘*&%{@%‘u %sié"esg%?\% y.y@@‘%ﬁ%‘?fﬂs%hg@{ 4t abl e

expr essi on waettseds Mab0and hehvp MBS xpistsion vediers canmining imgros iygrdaRsfetied/e a great er
ef fect t hanionfuith BLalFon 1R IERERN: ARG EYDESIALAR RhaSHH [ toelf
the other hand, Increastng the ratio o pllasmd to reporter construct
from a nol dwdividual sablf CHO golerdesavete pitked andeanalyzed for pntibodycexpressan (Figaiie

expr essi on.wi-rly; BGhER Skl aftbody R te SRRl Hith FOPSHL ikl fopdthibd b ¥iBnibARS i el ds

25  expressing detectable amounts of anti-Rhesus D antibody increases with increasing amounts
of MAR.
As seen with the MAR-bearing luciferase constructs, the level of antibody expression

=
s

of the most productive clones is markedly higher for the MAR colonies than for the controls.
Thus the chicken lysozyme MAR increases both the proportion of top producing clones and

- 30 their expression levels. This is true when the MAR is present on the expression construct, as
well as when the MAR is co-transfected with one or more expression constructs. Practically,
this means that complex cloning strategies can be bypassed by co-transfection with the MAR

element, resulting in the same advantages for stable cell line development. Most importantly,
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30 the same stable expression as the pMZ50 construct with one MAR Al though
co-transfection wth MARs does not result in stable |uciferase expression

| evel s conparable to those obtained with the pMZ52 construct with two
flanking MARs, it may al so provide an alternative means to enhance stable
transgene expression. 26 Exanple 4. The MAR increases the preval ence of too
produci ng clones Wile increased expression in pools of stable clones is

i ndi cat i vdhesd adymtagesara blso sepourion poreansfeftvntof @ MARhaenmhi-blasng plassddyitte MAR on
transgene 6%%&ES§J\”OHV& does not provide information as to the probability
of isolati ng a hig progucer clone. To address this issue, 5 individual

col oni es wer e InandeatoadnZmchit the MAR demaft hestpercissiratad mfo thélmstacAnsgene was
nmeasur ed. S t uci f ssion vectors
contai nin m%égﬁoJ%dO%Y &Dfen%%séx%%ﬂ\éﬂgfﬁﬂes ene %{aﬁ?;lb é’?tgc%l oni es were

r andomsy |bhn¢ﬁngt(ﬁd ﬁhﬂmﬁagmad aﬂcﬁrkberagxmnsaHducftagmaﬂaef wbaawbié sizf st abl e

| uci feras 0 ranked . fro

hi ghest , %ggess m&&%ﬂa&‘@% ‘ﬁ%om ?p @én??nnall émsraélgulfsf %V\ga}r%ned W th
pool s of ﬁI{bDM&HdinQM th¢ light and dieayy ehaix preessilonttgeatal AMAR klemedtones

anal yzed |ncr n truct Mre

I mport ant Ihy %g;ﬁ/fﬁee%w&apﬁgﬁ SZ))F? aﬁfg hsc:;@!r?soéggs ‘r?rllj%ﬁn?m"fgear ycl?cfdncr eases the
pr eval encaeadrs trxiﬂl(bcdhllﬁbcahgczdd ttbales!999FLNCth&kmnépoﬁekwnﬁxgmepﬁﬂ-bm- | evel of

th t b Rs. Thus f
cl gnglsjl% negdr q?%l%cl)é%ﬁﬁ&%ﬁg%atﬁogﬁgﬁe Eteg‘gé mCtRe el Ehg?'tb%ts Eﬁ‘s Q%é\l\/ésl pr odﬂit [ g\r/]ver
cl one wherxpdiiRsniaweregarsisdait togleterniific whwleemppbs;mﬂmprqabmsmmhaﬂﬁatﬂwe conpl ex

51 Ut 1 0N BASHER! 1SS LA B AISLIAR ol by BF ) R S9AROSS of

multiple s expressed Gf cl oni ng the
MAR el eneplasmidipd/C-B-d ekl m@n@@dmﬂwqolmmmtrastsha*fpﬂlre:lomcrrmdansf ection of

MARs can %Gﬁﬂ s gég[ &?fg am ned. To
do so, expres |e§d%ﬂve%%kgrohﬁ$&q ﬁlﬁﬁ%&t @55‘8‘%%@ n o t%?e( medi cal | y
r el evalt mlamdsél‘mgﬂhmgsxp@mmtsupmwp efiNkres tlatthe wansfadted MAR ipmodss)  were
used. Light | hé’%@s I ntrons, were

t ransf ect E%h@%%%?ov\%ya%lﬁg ﬁﬁéé&&ﬁﬁ&‘ﬁ% %éwggigrqoﬁ% plasmd or its pUC
backbone as a cont roI I nd| VI dual st abI e CHO coI on| es were p| cked and

anal yZEd Fxamp| 5 fs R/t -\!- sta] dedrexntession system express

anti body i n t | \ A nies 25

express?/ng de?@é’%&%ﬁgﬁ%n %geé%ﬂptr%%o %ﬁgﬁgantggﬁg%“ﬁah Feases with

i ncr easi ngOIammm dn sugh sysRs, tb@tabbewrwsmh of m@viwmselauommem isf er ase

con tr O ctive clone
StIAPLS ymf]ab@, (B8l Of 18 BlRRMe HERERZHTo g, crifartiRRnohl BEKCL 1 V s

IS mar | gher 3 oni es or t contr Thus the
chi cken | yarely peas emmymﬁ%§w%@¥4ﬁ@m¥§cbmmﬁ%hw;ffesmpdm@wmgng cl ones

and 30 th%ﬁéhe%aa@%&asqaﬂhﬁ\f@éu%nsg;r&ycanguﬁctt(wmgwrlgwwewai Sighgegent on the

expressi on construct,
was examined whethw 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 control fransgene 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
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well as when the MAR is co-transfected with one or nore expression
constructs. Practically, this neans that conplex cloning strategies can be
bypassed by co-transfection with the MAR elenment, resulting in the sane
advant ages for stable cell |ine devel opnment. Mst inportantly, 27 these
advant ages are al so seen upon co-transfection of a MAR el enent -beari ng
plasmd with several expression vectors. In order to confirmthat the MAR
el enent hasaisgen expnessign, aith devieral exhibiting e #0(fold indugtonofagpoftenexpressionlonl y chosen
ant i body-e j . N kng (Fig. 3C).
Two frag mﬁ;&g&@%&ﬁ%&%&@&ﬁm@n@%ﬂgeggatga/@glgi rjrjge%'%mn ?’aé\}lab?"%ﬂgegl e size

cor r espondiirregpeetivetof the pethad nUlemsfedtion hrel of/ARproanoter griesgrepressor @otkincl ones and
absent in t ?r[ent CHO DX44 cell line. Both the |ight and heavy chain
vectors als nteégrated. A MAR el enent has recently been shown to enabl e
epi somab repl i dats@nnddtepIYe Activatprand reperten tongtrictsaresstabiyt teisfeataidtor s i n CHO
ceIIs(Plec espondi to pUC-B-1 10
Xi replicat 1:3%%% pr's S%%‘rglﬁe)?rés%?éﬁsocel ﬁ’sgslsga& g?%%t’*ﬁgwem ?‘fsorgr%%t erdg bl ot s.

Pl asm d r esomevhichxlwees Inbrotgh §vp ez, 44 meicanlapdt wasmsalgo éisxindeThehatviater t he

I d | t i ent
[ anat oct | SACERT Pyc-BRRER R T blien R, BTRALR el MAR D 31 o cel |
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chronosone of the, stable.clone a sfectl on of the MAR to
establ i sh ébsgllcﬁﬁ‘?depr?sgﬁcﬁl"g BIYE raé‘Eé%ﬁ (gbgs?’%)g?‘ ‘?fﬁFlP‘e"ﬁt“f"Q" used regul at ed
gene- expr esgh@aid &bpﬁsﬁdﬁof@l’-g@labﬁﬁﬁe Gith Bkl InfdEberanGRa RO ANt t6 45-Fdld Bagh syst ens,

t he stabl e expressi on i.ndi.vi dual ulatory elenents is 20 critical to
the cont r oPTescs 9 doxyg %éﬂe&Ha‘Bfe"P%mPg’éﬁE@‘é‘rﬂ‘é tgRgePa @S hr omat i n el enent s

havte _ra;segy?m@eme&r{iﬂ@sbedsermﬁwﬁbfam?ummﬂ@&mﬁdssmm%ﬂﬁ&senti all'y been
restricte O 1.nserti cn e ITEI’] to a e.tra ene
const ruct (’%"r‘?ﬂore‘f’erﬁf’&%n"fé@/f"' t'%sl ‘%tlﬁl"hw epdyggyme r}\l&%@ Fltéd whet her

a stabl e r opiit alprgsienqystessi on system can be obtained by co- transfection of
the MAR with the conponents of a regul ated expression system (I nhof et al.
25 2000). This tetracycline-based swtch systen1|nvolves chineric repressor
and activa or In a
first step Zpete SOt pPro eSS : ety onsf ect ed.

I ni tiald0y, tradsfeatad CHO(deltn Of the vect or al one yi eI ded cI ones in which trans
gene expression could not be regulated. These cl ones exhi bited unstable
repressor protein expression, especially after 30 renoval of selective
pressure. The tAiematiciperessnrtrapgaicekpresiopp@ssivian the chidtes Slysdzyhbhie chi cken

| ysozyme Sy MR BhARM Wit £iahDEDr SARATAYAlNo bt BPLSER Sttt V! £ Of @

screen of

Ll

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, re,spectively, 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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cl ones, obtained by |ipofection, for their ability to induce |uciferase
expressi on upon addition of doxycycline is shown in Fig. 4A. A nmgjority of
the clones (21 out of 24) show regul ated 28 transgene expression, with
several exhibiting over 400-fold induction of reporter expression in the
presence of doxycycline. Furthernore, regul ated gene expressi on was obtai ned
irrespective of the nmethod of transfection and of the pronoter driving

repressor AOCHIE( fas diggsied sith Ehal, Buntrended it SADN A gplymenaes, digestedanir  and
reporter %ﬁﬁ%@c#ﬁfgﬁdﬁécﬁ&laﬁy (A0SR Z37'?1tet9%wc®e s R BLf TRk N9 the

repressor. A po ones stabl'y expressing the répressor protein, and
f r om whi clelegyedivath EvoRInblantghded with Bfy BNApplymenase, snsldhentdiagstedwmith Baddl. to thi s
end. The activator and reporter constructs were stably co-transfected with
t he chicken lysozyme 5° MAR plasmd, and individual cell clones expressing
an inter i Cb&%ﬂ%‘@@?ﬁayea&/@ﬁ@ib@nﬁé@nmbﬁoby FACS sorti ng.
These Wer qaL BN el Wfe el etk briifsl) WRA BRIMRingARdtiulit By, and Lhe

resulting ten clones tested e regul ation of 0-dal actosi dase expression

in the abSerndditiennf ot BNEM sipplsmanted witti 198 ZHS @iibeg, Idfeyiscliplogies)4B) . Fi ve of
these cl ongsg viOY u1'oE506 -l RABENBESEPE 8 fh FHS wWhs Q-8 Gl of g GrelidWitlel 2N

i nduction ranging from1/- to 45-fold in the presence of doxycycline.

Regul at ed iedigsred dnthofgues legind. Alipotn af 2 playeryalice at Iduintervels apd fratsfeeedant etin, i s

al so ofser. ok B i a 95RO ; i 1 regul at ed

expr esfsblsonﬁ\g/\glr&eflbobta %ieugat?ac%-traﬁ??gmﬁ%ﬁdé he cﬁiﬁgﬁe\é\@r@%sozym MAR wi th
t he el enerpreyiongy by dpublesmdeichEb#iSAyst em Exanple 6. MAR- and

But yr at e- nedi ated i ncreased | evel of protein production in transiently 20
transfected CHO cells A dranatic increase in transgene expression occurs
when t he dxamples. MAR clemsptynpihimengamo

butyrate to the cell culture nmedium Wthout w shing to be bound by theory,
this effect may result froman increased efficiency of DNA 25 transfection,
al t er at¥ ons in@‘éﬁ%ﬁk@m@frthwmu%wlwefaw%?@m{%@mmt&aﬁh%r ot her

cel lular fREBANFSED IDBIG:Y. T80 N@SndAffaRs HaGEur Bpiks AR MAR £3fment RD! €
transfections é_Gorm,an, et al., 1983 Nucl. Acids Res. 11:7631, Reeves et al.,
1985, Nuci{PF4he figalayrsirailar expressionyss thage ehtajped: with| thedppggs natwabMARde@pyeRhesusD | gG

kappa and cigdiRghds! diplay IWEPEK, 3) @ MeLsiod WheRSolliité MISR MeglgR Cr i bed for
pMZ58 and pMZ36, resc%gg i‘velgggxgggt(;pt hatm? heye contain the §V40 early

pronot er iTFréRetRreFontbined AR Q5 inpBAKdb highgraipretssiopthan thypfylb longth g pVz127
der It vead r?FIJ\Rb%ﬁ&t@ﬂ%ﬂﬁ/ﬁ@?l)tibé&aiﬁ@wn?g%@mﬁﬁﬂﬁ%ﬁ%%ihﬁi&n%ﬂd%ﬁieﬁé@ {Te gt in cis
upstreamitrom e pronoter. an were constructe as

fol | ows: IEAgmEALERE BEpferpd O ‘Hf‘ﬁé%’fl%‘i‘j‘?ﬂlﬁ FARSERREAXPTeRS IO {EPEATHRE A2 WHEHRETBf U DNA

pol ymer as emalll kigesn@imal éxpression is desired.

Materials and methods:

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-BY-X1 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 BgllI-BamHI sites of pGL3-Control (Promega).
To construct the pLuc-based plasmids, the various tetramers were excised as BgllI-BamHI
fragments and subcloned into plasmid pGL3-Control at the Bglll site. For pF4G4L, pK4G4L
and pB4GA4L, the F4, K4 and B4 fragments were cloned into the Bglll site of plasmid pG4L,
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BanH and subcl oned directionally in pMZ59 and pMZ37, respectively, that had
been first cleaved with EcoRl, blunt-ended with Pfu DNA pol ynerise; and
then digested with Bair. 5 Cell culture and transfection: CHO cells were
grown as described in Exanple 1. For transfection, cells were treated as
described previously with the follow ng nodification: 24 It after addition
of 1 m of DMEM supplenented with 10% FBS (G bco; Life Technol ogies) to

each wel |, re@feclivetyf Thasniids\gEBE4Ly areltp84 A, WerOcanstrieB®byelsniagl{édnd B4 fhal f of t he

wel | s wher e, ndi d in_th iqure | qnﬁ. i gua f 21 were taken at
24 h. int epgﬁ?ggﬁ?%%ﬁﬁéﬁréﬁéﬁy%&l%gﬁgn eggﬂo%Sgtﬁlﬁg"sol ution in a
96-wells plate. IgGtiter was determ ned as descri bed previously by double
sandw ch ELJ.SA. aml.e. 7. el ement nultinerization. 15 The MAR el enents
of the invgﬁi%rmur%r%ﬂér' o el s of MAR el enments, such as fragments of
SEQ | D BIO CHOR G eellsrwdete prows tis disaibed (Sat supaiiThe alpive pLaf derilnaividddf r agnent F
(pF4L) dis imlar ex rgasion those ohtained.with.the |onger, natural
MAR sequen@é@dﬁ ‘ev‘r?éftr?'“asgnent‘nspaaalng%flg?eﬁ o%&%ﬁf“ﬁ}c%?cmlgeefg expressi on.
When two diestression stidid? of MAReindgmehis sigptoesidnd cantio] wotols Ferdransfectibi 46l lwear 1 N
pB4KA4L, hi gher,.expr ion t | engi h. 2 NAEiIe rrent.%SE ID NO 1)
i s obtai nege.“ﬁ ‘ﬁ?"’%‘z Ft:gscﬁltlg?%ccgﬁn@eﬁlgﬁ a(ljlﬂ‘ged%% "R fc'(5I1en’en erwf‘?’zlf n‘%?(iet s are
prefered i BBy wdrotransictbdinariglican wijk néxeeinpimsisioime of 8pphOptidMEMN Whet her a

smal | si.ze Q i pal _expression is desjire teri and net hods: 25
Const rf} ti S(R‘B%‘{’Tﬁgﬁﬁ%“ﬁﬁggﬁﬁlf%nﬁ%ﬁFmﬂﬁmﬁg%ﬂ%@ql 8@@‘5" TEr ase gene
const ruct) plasalil€and pGLIContdehd 2300RRN6pSHheceIn Fholystyrdne aibel, 7] opiMeERnp! i fi ed
by pol ynerase chain reaction usin UC-Bl- Xl .as tenplate with specific
ot i ror s ot FEERREORALYEHUOELROREAMING (Gibokifrpeiences perfogicate a3 - end,
respect i velntabaMi¥@'s thig! 8, éﬂﬁy,&ﬁ!ﬁ)ﬁﬁhﬁﬂi¥df%%&ﬁ2®bb Rikes bR Sombihd iB0

g

fragnents were self-ligated in presence o | U and BanHl . The di ner- and

t et r amer - r & pRNigens;tppe df i MEPRTepFTatey the Rixghkere prpplreed with Bg] 1 1 - BanHI
sites gk p&GhOpfaRk Rt tripRE-QRA800 1 o}_@le&%ﬁsﬁ)&é&ta}i?\i&dﬁﬁﬁ%ﬁ@%ﬁ%dﬂk asmds, the

various tetraners were excised as Bgll | -BanH ragnents and subcl oned into
pl asni d pG¥stecspRsedip therrapsiectippymixes fof $1& Thergafter #@@ﬁ.‘%"fﬁw@ﬂﬁm@ﬁd WBAGAL, the

F4, K4 and 154rbg agpRlife %&sf@%&ﬁ&dﬁ@éa@h WhE CBO WerSpdskagtd 490 @301 d pGAL, 30
respectively. The pllasm_ds pK4AF4L and pB4F4L were constructed by cloning K4

and B4 i n -tprirtiopmad Beirplicatiipoolsd et B eepntsping 1Ml efmpdivinserplenisatedg| | | site
of pKAL. GCgli 75048 41483 ABE nliBRvias BpREdI@PS bHE Colls WO piddiskd BRd b&xyer e grown
as described (See supra). The abové pLuc-derivatives and ~ pG&.3-Control were
transf &0t e@ostHasEE@™ el in order to create the recipient cell lines for

Extract preparation and enzymatic measurements:

Triplicate 250 i samples of cell suspension were harvested by centrifugation, washed with
PBS, and incubated with 100 pul 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 yl 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

Seauences of MAR fragments :
1. Fragment B (MAR region : bp 374-765)
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expression studies of MAR fragnents vectors and control vectors. For
transfection, cells were seeded in 24-well plates at 1.3 E5 cell/well and
allowed to attach for 16H After washing with PBS, cells were transfected
intriplicate with mxes in a final volune of 81 pl Opti MEM 10 (G bco, Life
Sci ences). Typically, the m xes contai ned 0.327 pnol of MAR-derivative

pl asm ds and pA.3-Control and 23,4 fnol of pSVneo. In a pol ystyrene tube, 77
| Opti MEM wer 8llonbi ned with 4 | of Lipofect AM N2000 (G bco, Life Sciences)
per triplicat e GaTETedapattatitancagictoeinaageciriappanagy fosnocpirangicipaaagtptecRitittcang

Li pof ect am n2006acnictaasaaigalgmacmairiiiaegtiagpgatizacipagiagticigatzanaatgtaltospateggeegr 15 min at
room t enper at ugeiaggathasatntiaceltgtigagpaatacapgisiceggosicgrdacafiaapcagacidtiiggbctgotggrdvEEM per
triplicate andg@8oStgsiactfatacatapagsickitigeagiigegoatitigapagacaidealtistigacatditeagieskd . Cel | s
wer e exposed t owigbatictancitagicaagcicenatzatistatiicaahigreatiidgadagiiGE T r (SEOnID §D: DVEM
suppl emented wbth 10%BS (G bco, Life Sciences) was added to each well.
Cells were passiagdtl 48H post- transfection and the triplicates pooled into
T-75 containing 14 nil of nmedium supplenented wth 750 g G 418. The nedi um
was r ef aced?.efssgynent KIGYAR regisinl: bp 8- E3Passaged two weeks 20

post -t ransf ect Bgldl- Extract preparation and enzymatic measurenents:

Tri pl i cat e 250GHTCEeagishgsegogéiggientdticatapgiatasctatiticprantagdaatgiatiicacttgtadmacacct

centri f ugat i onggtestititaetaciiftttitttitipcacsipdaciagitipdratcatisinfitninaad@Rcdcgdagteqtaattbuf f er f or
20 min at roomnicttenaitgragatcageagaftgctititciaatgraatagicatatgcacaBtttaanptattitatzitacshaataorta 0 a f | at
bott oni®6 wel | cicensagsgigageqerargtctytigelishatataiicenapgizicageacipagaststagithicathcatggtar act s wer e
used for pr ot eestageeeganstitaangigraptgeieRaitdGGATC (SRQ M NOET) i ght units were

cal cul ated by r#m#Hl i zi ng |uciferase for Bradford neasurenent. Data points
represent the average of the triplicate of two i ndependent transfection
experig’?nts.iSG‘rﬁ&;mfé:r@’é‘bRWOmWﬁﬂ&@%hts : 1. Fragment B (MAR region : bp
374-76%)" 31 Bggiid--

GATCTgcaaat t gc BAd&dergecesaegaacapcgerestsieazizizpaeiisintradienacniagaaeigpagteiaitisageistat gcagt at t t
caag acacacagagcatagagataasaaaaaaaggaaatcaggaattacgtatiictataaatgccatatattitiactagaaacaca

t at aacat ct aaaa&¥gpargliatecaataiasaicagaagiicatsalginactagrescacaitapasgeatiizgeiaigesatiat gt at t aaaa
tccgcagtt agatcatcaggtaaaaaatcccattagaaaaatctaagectcgecagtitcaaaggaaaaaaaccagagaacgetcactact

cta accat cr9E8P1a919p1g g eRiaREetes gtatate a@@a&@g@a%g@a BMEY t t ggect get

gg aatg g as cacactataaataaaaacctcaagticegatcaacgttggatcccgGGATC (SEQ ID NO: 8 o 99 J

ggaaact gct t act % cacat at aaaat cct t t ggagt t gggcat t ct gagagacat ccatttcct gacat tt

t gcagt gcaa )

ctct gcattcca‘“a"c'ﬁg'él%ﬁi E%@W%%g@?&%t%gf)@aaagccatttcttgaat agttt GGATC (SEQ I D
4

NC. G?D-BarrHi 2. Fragment K (MAR re%i on : bp 840-1230
GATCTgggctgtacagtitccaaaaggticitctittgaagaaatptitctgacctgtcaaaacatacagtccagtagaaat

tttactaagaaaaaagaacaccitactiaaanaaaaaaaacaacasaaaaaacaggcaanaaaaccictectgteactgag
clgecaccacceaaccaccacctgeigtgggetitgtcteccaagacaaaggacacacagecttatceaatattcaacaita
cltatazaaacgctgatcagaagaaataccaagtatitccicagagactgtatatcctitcatcggcaacaagagatgaaata
35 caacagagtgaatatcaaagaaggeggcaggagecaccegtggeaccatcaccgggeagtgcagtececaactgeegttt
tctgageacgcataggaaGGATC-BamHI (SEQ ID NO:9)

References:

40  Agarwal, M., Austin, T., Morel, F., Chen, J., Bohnlein, E., and Plavec, 1, (1998). Scaffold
attachment region-mediated enhancement of retroviral vector expression in primary T cells. J
Virol 72, 3720-3728.

Allen, G., Hall, G. I, Michalowski, S., Newman, W., Spiker, S., Weissinger, A., and
45 Thompson, W. (1996). High-level transgene expression in plant cells: effects of a strong

scaffold attachment region from tobacco. Plant Celi 8, 899-913.
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Bgl |1

GATCTaagt cagcagcgct ggt aat ctt cat aaaaat gt aact gttttccaaat aggaatgtatttcacttgtaaa
acacct
ggtcctttttatattacttttttttttttttaaggacacctgcactaatttgcaatcacttgtatttataaaagca
cacgcactcctcattt

tcttacatttgaagat cagcagaatgtctctttcat aat gt aat aat cat atgcacagtttaaaatattttctatt
acaaaat acagta 15

cacaagagyopgpadGhfRARhEdE  (36del 3Rpbal Ak $GAA S nBlAt: ] gbg} aaaattacatta
cat ggt at gaétéggcggaattctt(tta?:ago?[)gaaatgctcgatttc%@%ﬁsgg%% #%‘NO 7)
-BamH 3. Opin&ignes Mev & 10MARB.r egi on : bp 1975-2421) 20* Bgl 11
GATCTacaacacaagaaccaacgacagact gcat at aaaat t ct at aaat aaaaat aggagt gaagt ct gttt gac
ct gt

acacacayagBa¥agedBradab {894 §na srciueparnestadelyroghrometinhogadaydoednbt at tt t t act a
gaaacaca i yeast. Genes Dev 13, 1089-1101.

gat gacaagt at'at acaacat gt aaat ccgaagtt at caacat gt t aact aggaaaacattt acaagcattt gggt
at gcaact

agat cat caggbReRARALES ¢2KBHAAAAR MIARTE LARE SAULLLEARPAJARRRRGAC CagagaacgCt ©

actact 25

t caaaggaaamadidaioa sbgsoee sy ygeatfolddmutix-aitacked gepicas (YMARglemeptsh €atyct at ecaagct

tt caaggy Cﬁg,aﬁhﬁ@@%g 3pChGpagt t ccgat caacgt t ggat cccgGGATC (SEQ ID NO 8)
-BanH 4. Fragnent ?V%%R ?%ggiaon . bp 2485-2906) 30 Bglll

GATCTgggct gt acagt tt ccaaaaggttcttctttt gaagaaat gttt ct gacct gt caaaacat acagt ccagt

agaaat Bode, I., Schlake, T., Rios-Ramirez, M., Mielke, C., Stengert, M., Kay, V., and Klehr-Wirth,
tttact aagaaaaaa aacaccttacttaaaaaaaaaaaacaacaaaaaaa paggcaaaaaaacctctcctgtca
ct gag D. (1995). Scaffold/matrix-attached regions: structural properties creating transcriptionally

Ct gooaceacEReREARIGALARLAFORAGH DRLARH BARCNANASIAEACRORAGAL/A) cCoaat at t ca
acatta

ct t at addaakolety sic BgaRirseNeadaniates nt-b €0 A4%4¢hct gt t at at cct t t cat cggcaacaagag

at gaaata 35
caacagagt gaat at caaagaag accat caccgggcagt gcagt gcccaact gccg

,gﬁ%gg agccacc tg%g:

ttt tctgafeushOxlsdyas niaghMerssiA; Briviean) D RReayisifc Bsand Bely, Agar wal |

I\S/l » fAU|SEI i nJ.-pT(ls?liybA Sbrsatife. vectb o gend an((ji oBgdhatiedtide uE;sfe]{ R ﬁl)éﬂﬁnire dnd (1998).

caf fo attac t region- i at ed enhancenent retroviral vector

expr essi on’L“i"h""’ﬁ)P‘;113 yynﬁ%%ogﬁdégﬁcﬂﬂ*bﬂ%g%%&ﬁ?gé Allen, G, Hall, G J.,
M chal gaski, S., Newman, W, Spiker, S., Wissinger, A, and 45 Thonpson, W
(1996). High-level.transqge ession_ i l.ant cells: effects. of a strong
Soalt ol d abtlh e PEtnE g ot SR Seewato. By G B 15 U8B BG TSy gor | | A
and Fel senpgbitk infonitl B¥Ahsgerit pp edradihg vifg-nbarabfing antibotidat mils Nand i nsul at ors.

Curt Opin net 191-198. 5 Bi, X, and Broach, J. (1999). UASrpg can
function agl%gmﬁrﬁ E?eéﬁ? 56‘f‘rati n boundary el enment

25  Cuvier, O., Hart, C., and Laemmli, U. (1998). Identification of a class of chromatin boundary
elements. Mol Cell Biol 18, 7478-7486,

Fussenegger, M., Bailey, J., Hauser, H., and Mueller, P, (1999). Genetic optimization of

recombinant glycoprotein production by mammalian cells. Trends Biotechnol 17, 35-42,
30
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Hart, C., and Laemmli, U. (1998). Facilitation of chromatin dynamics by SARs. Curr Opin

Genet Dev 8, 519-525.
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| nt egrat i Oy @egga t sequences.
Dev Biol Stan g QEJQIM%%X ngl %jher En%ég ﬂ%ﬁ%ﬂ%&%@nger st ood t hat,
whi | e t he hlopkeerhamsar- mahat@émr@@%ﬁfsﬂwmgd\d@&c}lmw GAl4w728. the detail ed

description thereof, the foregoing description is intended to illustrate and
not limt the scope of the invention; which is defined by the scope of the
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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 invcntion; which is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the scope of the following claims.
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said unlinked vectors conprising: a first vector conprising a first pronoter
and a first heterol ogous gene encoding the desired gene or portion thereof
under the transcriptional control of the first pronoter, and on first
chromatin el enent, a second unlinked vector conprising a second chromatin

el enment; and a third vector conprising a third vector conprising a second
pronoter and a second heterologous gene, wherein the chromatin elenents are
selected fromthe group consisting of boundary elenents, nmatrix attachnent
regions, |locus control regions and universal chromatin opening el enents. 2.
The met hogdlaghscl aim 1, wherein said first, second and third vectors are
introduced Th a nolar ratio of between about 1:1. 75 5.5 to about 1:1.75:11.

3. The net hod PfA%@:hJSH For mfsﬁf&hﬂgtah& 9@@! m; d?atelae@a%i}te %né ?ﬁ@éﬁ

as the fig @ﬁh H@cki
gefleéﬁ? a'? gﬁ%g v 8 1 d’:lﬁ { \9 'ﬂporggrESnS?i {;" ﬁrst {oh otg agH fu st }E qogou% nd
encodes a %‘é P& %ﬁ“g i—’éae 1°F (S’H{tlof’h e eE l?f's TasH t“?ﬂﬂ (Gf gy first

anti body PP d O:Erf‘réh‘i'}f%ﬁﬂ}‘ PIPERT 2 36P VeHtics S‘“ﬁéé@fi}méﬁ OH‘ahB
The met ho@ie@fmtc pag #hird Wf&qréioﬁlpf'ﬁlég adhirg é%Pt‘@fé-‘r‘i’élPéﬁ@éd’e‘%eC? pramQterand a second
ant i - RhesbeterplogpysGeenst ivhsesin the chrpmatinesiemsnto frecseddctads fromnte cgroug Rensisting tof
vect or fub@h@mycdmpﬂnsemaamr@@uha@mbhguqenbmaxpomsﬂn@gme$@nénmnmhatcpwnmhns
regul at i oopeningestgmessi on of the desired gene product by admnistration of
an exogenous nol ecule. 8. The nethod of claim 7, wherein the regul atable
gene expressi op Hleafi®hbd o clalift 1T @here@0stidiiab ! secidemanhird ve&torf Rt Mabhadd of a

claiml, fiafdhaio FOBMceRPELAoM REEkAghrand Belll with butyrate. 10. The
nmet hod of claim9, wherein the concentration of said butyrate is about 10

mi 11. The n?t’ﬁ%dm%og lo‘?'cmlrill %‘%F ﬂlesﬁl:(ﬂ'ldfél{r&f:atﬁpélg&gﬁt 9 tfed %glﬁn h the first

| ocated 5' pronot er sa| |rs t er ol ogous ‘gene. 1 t
met hod of ]Er 1 wher ei n sald flrst chromatin elenment is | ocated 3 elngn
sai d ronoter and sajd fir rojo e. -.37

P 4. The met}lod of ¢ alm ereln %OJJ 3{351 ed gene is selected from the group consisting

of a structural gene and a regu]atory gene.
5. The method of claim 1, wherein the desired gene encodes a polypeptide selected from
the group consisting of an antibody, antibody fragment, an antibody light chain and an antibody

heavy chain.

6. The method of claim 1, wherein the desired gene encodes for a human anti-Rhesus D
IgG antibody.

7. The method of claim 1, wherein the first vector further comprises a regulatable gene
expression element that permits regulation of expression of the desired gene product by

administration of an eX0genous molecule.

8. The method of claim 7, wherein the regulatable gene expression element is the Tet-
regulatable clement.

9. The method of clatm I, further comprising contacting said cell with butyrate.
10. The method of claim 9, wherein the concentration of said butyrate is about 10 mM.

11. The method of claim 1, wherein said first chromatin element is located 5’ to said
promoter and said first heterologous gene.

12. The method of claim 1, wherein said first chromatin element is located 3’ to said
promoter and said first heterologous gene.
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