MATRI X ATTACHVENT REG ONS AND METHODS FOR USE THERECF 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

i nvention rel ?Rho Cﬂiﬁﬁ.r t t ment of stable
enkaryotic ceial*lﬁ me%ﬁ%ac gr oﬁl‘ﬁgﬁgﬁﬁghﬁﬁg@%{ﬁﬁ“ u a’?%ﬁ"gpcell | i nes can
be genetically nodified to express one or nore desired 10 proteins. Current
sel ection and screening proced%.eﬁo}& i v%ﬁ‘tticinfy a clonal cell line with the
requi site expression characteri stres for regul at ed- expressi on or production
are tedi ous anihe gresams invention nelates. gehaallyao matok ettachmenCregives AR Bidao ovary ( CHO)
cells, the ssi cal oach .. chi ev i ressi on, i nyol ves the
use of gwtﬁ%i%?”lofﬂ@@&agncp?cé@% ﬁérfve‘lmﬁ%@%%sgg %hﬁ%a? gsughe g?:#goﬁ pressure
over severthé davelopnest ¢f sabla edaryotiacedlfliset ed sel ection narker such as 15

di hydrof ol ate reductase. (Kaufman and Sharp, 1982; Schinke et al., 1982)
Wil e new approaches to the probleminclude the identification of rare
sites on a chronosone with hiBgbkgrowwhof theilpremtiom| activity, conbined with
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I ntensi@e poteipe St seRotcd amaargenigg probestuten toadentifyra clonalonl lisespithiohe  t he pr esent

nvent | on itk iResod EhAOMisH fol AR Mn SRR e toiBislala 1'S! N9
transfectioh o wo or nore unlinked nuclerc ac vectors, the first vector

havi ng a tpwerensuanngafg exaniple, by Glinsgohamsigeevaryd GHON cells.ahe dassiend appedcipr ot ei n, and

t he secon \4&&% E”,Egg[ieg?ﬁg-ém j I inchelseRt €f erred
enbodi man'?‘s), t g chromati n Zcfvgiﬁegﬁtﬁé'fsgggmm%@dgpnaénﬁta%e%ﬁ a chi cken

| ysozyme NiRelsttompresspre aver saterad menths foea embdiestechieleolishn marker pickeent i nventi on,
the nugd ei gAY REIAES (Rdufmid Yol SR2h, A8 UL & N 1648 Wiiohdw Cell chromatin

or remain episomal. In another aspect, the present invention involves a
met hod f orapproaghesite theprobles inchidp dhejidentifiptiongfirage siteh a2 dremespe Withhiglhf two or
nor e unl i nleadrptimbiaL iR Cofbi8F i Rrgeled Rtckiafis and AfeliRbrolé@Ndal &I sdlectif OOt er  and
a beterol ogous gene coding for a desired protein, and_the second vector

havi ng atanfiWWWW@@&M%}%&%W&W@@W pblabaranst ect ed cell's
Wi th but yriak@ive prokfdse¥€t anot her aspect, the present invention provides a
met hod_for transform ng eukaryotic cells using transfection of two or nore
unl i nk®Y nucl eic acid vect ors, the first . vector having a pronoter, a
het er ol ogous gene codi ng for Smimaiyddth¢laedntion and a first chromatin

el enent; and the second vector having a second chromatin elenent. In
alternati ve  Inoneaspect, 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  atleast one chromatin element. In preferred embodiments, the chromatin element is 2 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 nucleic acid vectors, the first vector having a

promoter and a heterologous gene coding for a desired protein, and the second vector having

at least one 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 ments, the second vector contains two or nore chromatin el enents

(e.g., a third,nfyetanbther afficét; the preseni inventiongmeiiden a mietbodfor yransfommingr ef er r ed
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| . measuring and comparing the expression
of the gentecion Thisdhird veejor may inpingde adeashene gereafago siructurd] regulaterd os el ect i ng t he

first eukagyefdnGef And}oiat&éa_aoﬁéaﬁm%me&(é.gamk%ieme;aﬁnﬁc&émgreat er in the

first eukaryotic cell than in the second eukaryotic ce I'n anot her aspect,

the presenerefmykambodimenss ofthejrescrt dausearin; theymalagyntioseb the firssecenchad ei ¢ aci d

vectors. |ghahe tdediiBlnoadits i Nvention provides a conposition of two
nucleic acid vectors, the first vector having a pronoter and a heterol ogous

gene cgsli ng f otn #futBéiapeél, BEpradent iBveitioniévidel £ mEMEMETRclvaimE @ buklaryolirg a MAR

el ement. In_otRer. enbodi nents, the . conr}ﬁtosig(/on gu_rth r_conprises butyrate.
I n anot her “CHSHRAESING # gEe 67 # recorphipAnt RRtels g & it ekgiyeticsslar yot i ¢
cells Conﬁmigﬁﬁgm : %lgﬁﬁi‘seprﬂv ii6tering aﬁﬁﬁﬁen?,&ﬁ&ﬂ&édond_t\b&glfﬂamﬁam Ordha\r/]i ng
a pronoter _and a , heter.ol ogou ene .codin or a desire otein, and the
second vecWﬁWiwmamm H"‘gﬁheé{m&‘i‘?fé‘ﬁwg?lﬁéﬁ} nventi on

provi des Oprombtecana dicdirsy Péne ameagiring andddmpariighies ekpression fof (e penelixiithé fiisc aci d

vect or the first_ vector. hayving.a pr ter. .a _heterol ogaus ge coding for
a desi ?%d ?5’55?‘8?‘??%&5 cﬁ’ﬁﬁ‘%ﬁe%%%“ﬁtﬁe f%ﬁr{%mfaﬁy@h%‘éegﬁﬁgc 5?5%8?" ?@?ﬁqﬁﬂ at | east
one MAR egeparrteateningiofost eniagaiicretlthan id the seoonad egkarymiic eeleukar yotic cells are

butyrate-treated cells. 2 Ina further aspect, the present invention
provi des kits, leanethel appasy the presambinyentinmprevides soroprsitiopsof opsver msre ppgled nucl ei ¢
aci d vect 0L g veblR. thiohSimboGindeRt, th Shibdidn gm%&'%ﬁbos%q o@twom%hae%ggous gene
coding for a desired protein, and the Second vector having a MAR el enent,
and di r ect YesWs, the firstetor hxing g promojer and adieiserinsaesaene qode fonadesitedn provi des
Kits, 55 COgb@inNindthelsbboRdFecOF hdViiz@ MAR LRMER 1] othEnbBdimeRE, SheeUkar yotic cells
containing two or nore -

composition further comprises butyrate.

In another aspect, the present invention provides one or more eukaryotic cells
containing two or more pucleic 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 eclement. 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 2 MAR element, and the second vector baving at least one MAR

element. In some embodiments, the one or more enkaryotic cells are butyrate-treated celis.
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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
conpri ses but yhafarthegaipeet shepresentunvertion pfavideskkits sdoptaiming irene &t mowed scientific

ter s usedohanal RbaEor HESAIR vehbls Tl Woid S A VBRI B ST ST 000 by one of

ordinary skill Int I 1 this invention pertains. Although
met hods  arbgterelaeess sgnescogdingifor 4 desired prgiginy aniddhe seeond yertes bavinged¥ABed herein can

be used | Mudiafy, Biadfibdfos BF ush B embBmBiARERLenliBHER BB Ris, Ul t aD! &

met hods_and. materials are described bel ow ubl i’cations, patent

appl i cat | GABAINIEE Mane o mess FORRAIRTES: oReOr EYoE REkAYoli SPfisiconttiRingIBIosK Mot e
'ncorporatrﬁ&iei@_){ci&%c&ﬁfﬁﬁ‘ﬁrdt@e&o?ﬁévhg%%rﬁcﬁérYahe&?qlﬁ%ﬁ@geﬁéctﬁﬂ:@ffcln'a(:t’ the 15

present specification, including definitions, w control. In addition, the
nat eri al s,deHEd FEtn and 2 MAR glsment.ud the secpnd Yestor having at least ape MAR elementiot | nt ended
to be I'i Mg hGnbointat, tHe & bt o s of the invention will be
apparent fromthe following detailed description and fromthe clains. 20

Brief Descri ptisés eihetwi® dolirdi Al @khudtéaland! scid@ifie Mriok Bde@ Berbih 8ave ifeQihe OF
ChI’OITB.}I n el enents on stagl e transgene, expression. Chromatin el enments were

cl oned!®n BFAROS S PEERnL; @FWH@?&M&Q‘@D&%&P&WW&H@N{ON ack line
anﬁ arrovv)pemmII i stzbmafghmh | fﬁﬂhha&hdasﬁﬁlﬂ?rofb@ifaﬁﬁubmowdmhﬂct&ﬂ&n sgovvn
schematic 5.in the left anel , were.digeste | t ul an

ot 1 anst S Tt R Enine SFE PR ipiep e st GRS sl sl o o

cl ones, naesEbedbelbwi Al publicapens patent applirheing, pawiits,and othérdeferencps essed rel ati ve
to pA.3- Cont i s shown in, the

.0l r.ight. hand papel. Erraor rs correspond to
t he standé?eaa%nf?ho?c,mﬁtaese Fied BY pefere ce%"hreéree"ﬁrﬁﬁ'egécnaaeeo tcoﬁ%htg? ections.
Chr omati n pedsengrtificationandlwig defiglionsovill hadmel. dh ndditivn) the mhtennbstosthpdst enti al |y
capabl e of SEE 1 0 41] f ' il ng boundary el enents (BEs;
bl ack boxemsn?%/ ri x%g%gk%%@%éogﬁéﬁ%m%%ﬁte boxes), and | ocus
control regi on©thet feRures dmmladvrntizds ok ths jnvenfior will benppatenp fromthegollopdng MAR
orientati 'dggcﬁg- ﬁ@m Suebal, while the arrow for the LAP LCR

%ﬁg&l dir %:‘%n%%}rl] 0 tecs

points int he LAP gene and its direction of transcription.
3 Fig. 2is adiagramthat indicates stable reporter expression using the

chi ckegy 1ysozyne MAR ConstgiginRsctplibn ofifie Prawiify MARS cloned in pG.3-Control
(pMz50 and pMZ52 respectively), as well as the pA3-Control and pUC B-1-X1
plasmds in the 5 indicated nolar ratios were co-transfected with pSvV2neo in

CHO cel | s. Thepifii GfoSnsirlied e &fiter of bitEhitRefiin@ 6h bitild ¥anfendOBteSsif Cl Ones,

normal i zed with respect to protein content, and_  expressed relative to

PGL3- Cont riAromagip plsmenss pere clgpedon gps bp sidpeofdhedpafsrase epression upihGlagk on  at
| east t hr afe biicheRGN SRS pGIIAOSBIGds RIS Theldesulting condtritey YAV h kb AR B €
eXPressd on, i 1%&25 Sancl! e Gipesiod with Pl aud coOthaRictod with pSV 3nco. The

lucifexase 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 evercoming position

30 effects, including boundary elements (BEs; black boxes), matrix attachment regions (MARs;

white boxes}, and locus control 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 pd 3-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

llevel . Fig. 35@%’%&%tﬁ?%&%&&dbﬁ%poﬂ&%kﬁ@s@%n%&éﬁéém&@nfOr 15 clones

obt ai ned by co-transfecting the |light and heavy chain expression vectors,

pMZS7 and Y§ommmeMAR Seppsiryctseyith ongpr thyo WFWH?%‘HP@H}EJBPW EM£5038d of e t her
control pYMB2QéspddiRIPERWeN Gs the pSEBChatedl andlpBEB.4. X1 IRRIARM @t ant i body

concentration i s shown for clones ranked from | owest to highest expression

| evel . Fi gndiested molas rlips Weve co-frafistertpt with pSi2neqn CHQ celly, The Heyre shopsptbes D

ant i body- emcareﬂse%ﬁﬁtycdfgmmﬂ;b& hRRalRaWith SHRMSo Frofeeneit #ddi agr am of the
pUC 20 B-1-XI vector, with the_hatched box corresponding to the MAR

sequence. P‘&ﬁ?ﬂe‘ﬁl‘m tg pGL3-Gpptent. Sorgr Raparreipendlde the sangagd enog based gRatapove t he
map. The hedst taee RadpendenttanSedibm. results of a Southern bl ot analysis of four

stable cell clones with the MAR from panel B (labeled #l - #4). Genom c DNA
was digested with EcoRl and probed with the entire MAR sequence. The

nol ecul@ar massFi@f3 demagitiaes genk Sxpdésvioinistabll CHOMNEs. Pijl B4 sivwshitferhsef t 25 Fig. 4
shows the requl a}ed expr sh]on & Cl2 nes. Fi 4A depicts
the screerf® ﬂ?ﬂ?w?fﬁéa pc%#e %g@téﬂgo MW‘&%YESSOI’
conistruct t?hmddmﬁgmbam,mmomdcmlymynmm¢uw&vﬁ;ammmbmhm g

- gal act osi dase_acti vit S ite.col unps correspon

(o expr o sTBTepRt i po sontchy TR o0 e for PR Sans e e RV e
correspondoh:gheequpwmwei Hﬂlﬁmﬁobyammeadmlgﬁbmﬁbbdmmmlane (dox), with
the fo | duc on n '?ﬁéa bl col umm. Fi Wsthe
expresissldon?(?n C onets’ selec eél&ﬁ\@p@ y’??‘n f& restsmﬂl‘"f/m?snpgdg%a ed regul at ed
expr essi orpmmnﬁnewﬁtbthegmmmﬂwladmses dcithevcdn;rpl pWIBatMABebewmgh respect
to protei QQWE' %85 ' espond to
expr essi OH’ I the senc 0X %Q% meﬁﬁmﬁﬁéﬁgﬁﬁgl %rm%gfﬁ‘%s correspond
to expresﬁowmm@mﬂwieve&ﬁﬂ 3¢é¢m@$mﬂy@}0¢ﬂcmn@n@ds&9fmw th the fold

i nducti on gyadl eAhftbaRRIH&sihd Blokl 3Gk Iaﬂéi@m Pa bdnfimarre HigARIbTiHedUeS Lhe effect
of MARS on G product Vi typl n CHO cdg$ o ?j I nduct i on of %V40 pr onot er

(panel 208) Pa 1esmterpyighibe %mﬂwom%ﬁe%@w@%%mwm nant |gG

WI th di ffedbﬁﬂiedﬁ%ﬂ'ﬁi h 88 Sndfthatel/Biidve thE@Rp! IThe betoth RXA SESWINRE réstd@Fans of
speci fic producti vi ool s of stabl y transfected ceI I s.fromtwo

exper i ment3ovdiernblof prfg?rc,s?f’ legell doney pith the MARirem panel B (gheledfihg) e cel |

cl ones w tya), M&%Dﬂ%&g&st&i%ﬁ@ﬂﬁﬂwmem&Qp&&cwce' | / day
and 40 pg/ce éd'@z‘a\é\% t he, SV4OE‘3‘E\OI‘? rorm&g;, respectively.

Tr ansf ect BN jsietvep inilphay ﬂ“'ﬂ‘ﬁ rt, (See e.g., Zahn-Zabal
et al.25 200l I. Biotechnol. 8729, and infra) using plasm ds pMz36, pMz37,

pMZ57 and pMZ59.
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
luciferase 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 -
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 I. 15 Fig. 6
denonstrates the effect of MAR el enents and sodi um butyrate on | gG secretion
i n transi eWhitecolumps séreespond toCr@ession isthe gbseneed pldexyopieling ke doxhybladour se

accunul at i ﬂm@ht’mﬂ%&uﬁ ,{;;gﬂhwdg m in a
singl e vvelél?) PQ I at elﬁﬁ%@bﬁ%ﬁ%{"w ripli caitde {’s I S shown).
In the | efindystiensindicated abeveherblack eelBt.ected with 1.69 pg of control .20 (fast

two rows of columms) or with equinolar anmount (2.28 g) of MAR- cont ai ni ng
plasmds (rows 3 and 4) per three wells. The ratio between the heavy and

| i ght chai n- elﬁgoﬂmnﬁmﬁheé eahaEMARS on IgGepradyetiyity By cellsiFold asni d DNA was

adj usted t;p 4548;0@0%&;)?;& It fromcell
treated by the adgﬁg’tl n o va r?trdbutyrpgt;ig\b?ﬁgteﬁg cu E’ﬁ?‘fé medium 1In
the right memmtmmédmﬁ@mmgewsw%wm (first two

rows of CObuRShrodditi Mﬁ%@p&ﬁ%m&&mﬁmédﬁ Rors twdexp@imelifdoneGRNT @i Ni Ng

pl asm ds (rows 3 and er three wells, respectively. The ratio between the
heavy and ‘Fipliates. et geneadth 3 MARTIB s +# MAR imtrang syl ¢ f r om
cel | tfegat e@ wtjs@,g@&daaym@g/cmw\&;mMolMawﬁow he culture

medi um 30 ure denonstrates the effect of MAR fragnents on a reporter
| uci feras ransfegiy are psgenerally deseribegn thejapt(Seqe -fabaketdls a nap for

tﬂe MAR frimgﬂarmmmngjgﬂgb%ﬁ;mpgamgma lpyémss p]\,ilzysam\f,MzsmstCr uct shows
the natura ence, .arhplt A nted 1 n par B D E F,
G and K e wdREBEe prissiopelief co %ﬂ%@?‘%‘s(l%w%a | ed box,
and the Imwwmﬁaﬁﬁgene Construct pLM has the Inciferase 5
transggne pl aced between the SV40 pronoter and natural MAR sequence. O her

constrticts shown in Exanple 7 pM. contain ml tinerized portions of the MAR
el enment as i ndFigaé éanonstihies thokifecs efMARcleneiits ddsoditiiRbatggtemnlgs sesrefiorOVi ded i n

Exanple 7.. Figure 7B results of. luciferase as ts perforned
et 48 ey SRl B Y ERIERG 88 one s B AR oLt

sequence (maShlmcudaemmn\smmﬂtmasmglgwelnofcatzs-qummeavﬁragem natural
MARsequecs t ai,ni timerized ts as

i ndi cat ed %%ﬁ%%wﬁ}talﬁg}??&p el e ?r?) ’6 §8’§%’2t ed

popul a2d odﬁ:ﬁp&lméﬁ‘mahm@oohﬂ:@nmﬂabhyuﬂ@%%ﬂft%@dﬁmﬂgl s), as in the

art. The resul at Ld ndent B of experinments.
10 Detail epgas&dtsirl p | onsg%”%ﬁeé}? A ent rlagﬁ ﬁ{%‘ﬁ %vzllmgprrent of stable
cel | | i nesnbmiingpleemids wap:i. e'mcbgtaltah!eumegplasnuébNAfvtaeedjmtadfto3ﬁmgmthd| ng

chromatin of sl BenSsP s Hos 2 %ha § RAGARIY M8 1 dachatiR6h 6f 1038GuUENCes.
sodium butyrate in the culture medium. In the right panel cells were transfected with 2.47 pg
25  of control (first two rows of columns) 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
Iuciferase 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 Inciferase reporter transgene. Construct pLM has the luciferase
s .



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 |ntegrated in the ‘%e one. While the use of chromatin elenents in

the next demsessRiesad brtwera the S48 Prmptey edimafutal MAR sequenesn PHIgr 9BYES consi der ed

t 0 i NPr ovehewPhExahme 7 gmtda&mmmxﬁeﬁzédrpaﬂﬁwee MARfefenfhe afindicated 997) , few
st udi es have s stematical |y addressed the pqtentjal_of such elenents to

modi fy or Jeguracs 9fdh &esDyepts isgrovifled i kxample/, Figwre 7B shoys ey t o expl oi t

t he favor a:bduﬁsmﬂme&dﬁ&s&émene%ﬂmu Riteb@RRabelld cohRifia§ofeENt of stable
cell lines, the| r useful ness §L®fm established.. The elenents used to this

end sho%l Fopsimctdas grtvaTvss ?Pdtafﬂ%“ cis @ptoPEdithessi on cl ones,
IrreSpectlmm m);&kmﬁgﬂmmbﬁ@dmsmember of copi es

integrated. .This eff t S ould not be.s ifiLc to a rticular type,
but rat herm‘g?‘i’&lf}l‘%l% Y'Pﬂééﬁlh peleted E‘ﬁ?ﬁﬂ’ﬂ
bi ot echnolmmlm&mdmwlshwﬁmymm&eswrai&ésemdaﬁmﬁltea"ent shoul d act

|ndependent f 'é%)(gprom)ter enabling it to be used wth diverse
construct S-and met hods accor di ng to the present invention
possesy) new capacities and abilities in the transfection of eukaryotic
cells. The present inventi |l es .. 30, the transfection of nucleic acids,
such as genes encodi ng recﬁ%ﬁmg%f“ engon eukaryotic cells,
particularly mammalian cells. 6 The conpositions and net hods according to
the present i nvemmchv&opmnﬁdfstaﬂlacenymesﬂw been| hdngpereg by dhieaibgatige cel | | i nes

t hat expresgs Len3Rb 9?&]9 0 t roteins.

Var i abi I|ty |’&‘eaxpress FOn Tevel's of Mﬁe?eroog&)ﬂ%g}é%ﬁe ransrected into a
eukarytf i m&mmmm@mmammmmwacmm ehdlpéwe chromatin
structure g&% %ggﬁg Pk ,&g aLe Sig e of

i ntegration Qf(;he hetero o%gus eg%‘g t%é&?]sots’t %ghgerféhm p e‘%eorrenon
referred togneme. Ymeﬂlpeaﬂqubﬁmem tsmhemmeeermﬁame@waﬂpmm to

OVer CoNe ;DA ehyHing chifderta ioSmpRvEBipfesdicifor Rlerapliie Waishthe S0REROAS  hat prevent
the nei ghbori (r;%ychr omatin fromaffecting trans ene expression. This

appr oach i19PPoewstedisehaye sysiepmtiqatlyaddressed B petertisl %fsi@ clamsats tanedifyiof j ng t he

desi r esh I GaHoA BE eXpreRbiiP ST gk corlstthls. APRAGAE Eplok thb¥RYordble fRopirties 07 €X Vi VO
gene theraﬁy, or for high-|evel expressign for production of a reconbi nant

protein, t clempentn ji g Jetelppment ppstablast! lings, theippsstpinessgpstbe Fur t her nor e,
POsi t i ON- | HEBHRRACTERY eldnieRid DA MEthis@PshERE oV ale fdqfeticy bfsbBkni@aignt i al in the

construction, of regul ated gene ressi on systens, .because he expressi on
DS e I et i e e ote oL B GG mA E HTapn S t6ul 4 15 be
i ndependenrbpied infeprated. MWWM%%&@ttohbmnduuﬁregrtyﬁd Bt rethiet shoutldhr omat i n
el emen ot i all erco i.tion effects, and
hence %ﬁ? tbS {’ﬁcﬁvt"gfne ﬁﬁ?“ﬁ@@%%&?‘&%ﬁ?g cg%ﬁ"gmpc@ﬁlﬂ‘qaphes i ncl ude
boundary ecluetherme, th&tehent snmhldlammiepmddnﬂgnfthaspxgmoﬁs 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"), or insulator elenents, define
boundaries in chromatin in 20 nany cases (Bell and Fel senfeld, 1999;

Udvar dy, 1999) Ta&cbnipasitigils and methals accordinged the pragneinventiamae partipaiacipal domai n i n
vivo. BEs | I ntri.nsi ropot erl enhancer activity, .but rather are thought
to prot ect’“ﬁ%ﬁ‘é‘sgeﬁr%ﬂ?feﬁl seé?’iesﬁtofl%(ﬁgforﬁ5??7558??8%'25?"?88% ory el ements

in the suywsteisndi ng chromatin. The enhancer-bl ock assay is conmonly used to

identify insulator elenents. In this assay, the chromatin elenent is placed
bet ween an enh¥miabilityan expaesgiomleedleef,a h2rologoks gedearasdecteaionto g agkagyotic anscri pti on

S reas ath SR Nl BURBLAADGE BER UM BaRFine Bl PT Ot eCt Stably

transféecte er genes agal nst position e cts In osophil a, yeast
and i n naregelatamneleradnisat hsitezof intdagratign bf thell@@eologOus/gens indhe host gerl@®Za WAl t er s et

aL, 1999) -?hl;@%mmr}&ﬁ&d% %%%gﬁmt JobIE LRAS ' of
transgenic mce wth 1 nduclbl'e trans érfngnggpresé?%‘%%ﬁ%Qg%&%]., 1997). 30
Matrix At mmymw'MwnmetmwMgmnt Regi ons
or Scaffolﬂ%&h% %%Eio 'sQBEroic" %%" -,Elglﬁsa nces t hat
bind isolated nuc |“§§as?@‘§§af ol ?g%r nucltl%r rra%h}'_' f:ogémll Vi t%glg\?vi th high

af fini 10y (caae extidbptipethealoviredl regulomd pxprosgon. This ppreagleds uiall, elefforer viroundar i es of

' ndependerg[m&rhaagwf& hf&ﬂ@d%éw&ﬁ?@éucmwa}e@&nﬁ%ﬁpﬁﬁﬁﬂﬁﬁéw}g

cis-regulatory elements control the expression of the genes w thin the

domai n.  FeAREne the top gept sgispring Sones, Frithermore ppetip-ipdependemtirswsa®e | ocus from
near by chreRpradsioR ! sRAERAn? poten®alin tHa\¢SnsGAHbR b tddi goRl dxpRERA s, gene
expression, has not been seen in stably transtected cells 5 ol j ak et at,
1994) . On befusesharapression gf 2 pmRPeUlic; BR0R (lons it is eRogplliag,ermpponcsts) WPt act 5 with
enhanCey s begdeRasepd thel chfoflatit SR ak the aEGERGEM die) CHirdmALhRIHARS hatdre al ., 1997).
Speci fi cal lé’ . MAR el enent s can enphapce gég‘r essi on, of hfeterol ogous genes in
cel | cul t J® “Wﬁ@‘ﬁk%f{%mgw oS, anglgence amiofigierestfore 1991 Phj - van
e dati 13%31 .a’k?ﬁneﬁhi% Thbowt' | i t hﬁf I\/A%m Hdehﬁ?@maél’ 1I998')
and plants n et at, e utili of . .sequence r evel opi ng
ipr bved. JMARsk Bowoo gy QicRs) Aty lroBrit dRouRE (RBHARICORD ol . 1668)
10 Locus cont r Biundsyg tlemnanty (“BESRY, o) insulator@lesmeiits gefirtboundasdsanehndnsatin é0jui r ed f or
the injtial__chr i ti h-Qf s ,and _subsegu .gene
tranSqut%H%ﬁ%#%%{/%H%%O $k%?raél\9im§ %y?ﬁﬁ@“gégl\t/e ' 1999). The
act i vat i ngrahsgriptionsl dowdin xGRe. BEslackahtrinsispromeleréeniimes sctovity diut rathercnipl ed
traregene 4§ I ' tlasHE ol 3 ' & Rmed ective of the
site of i%&%&gﬁlong%#ﬁ%%ost g&%ﬁr@%?ﬁ%@% genet%{éll e)? conf er
tissue-;pmmmm?ﬁemwbmnmwmmmmm;ﬁwmm e
expressi o drsoSiA Sl orted for a
truncat ed%hélﬁdr%.éﬁ'q?'-cg ’rﬂécept p?ﬁﬁ%ﬂﬁeﬂ?%ﬁﬁégﬂe&tﬁgw 199%anaﬁg‘%g£§§t LAP LCR
(Tal bo¥ etangenhancqrergtiyated Tiguscripsion ismeasted Bewngary glgmanis kave bee sh®R 10 be t hat of t he
gl obin | qglg, m;m&we&%g&&&% 1Rt 960 Con'HBGARDBIophilC g Cel |

di sease and | 5-thal assem as |
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”; also known as Scaffold Attachment Regions
ar 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 (Paw i uk et al. , 1998). 20 Ubi quitous chromatin
opening el ements ("UCCEs", also known as "ubiquitously- acting chromatin
openi ng el ements") have recently been reported %See W000/.05393) .. The

chi cken | yaeommpesing cissgulaory flements contel the expressionq 1he gopRy Wihin the AeRINS t abl e

transgene m&sm&mﬂ g $H5) 4Rhd SchrdndsShdl 1dchiiBork MR th¥mdEEllendts! €CONbI nant
e cni

protein praqductian cken lysozyne 5 MAR el enent .is al so able to
si gni fi carff{hus foi pesitiongndependent gefie eXRrEsHOR.diag 2ab heen seea in stably tepsfectsthen t he

t ransf ect e@ne@oljsk 2415 199N (GRhAkAheYhing, MAR)&&@E&% Have Bect BiowWaesintdifo: el enent  has

previously been shown to enhance transc tion froma_ _h terol ous pronot er
in het I‘?S‘&tﬁﬁ'gw b‘ifg Cenpypgyehalo A3 78S Y>on-

Independemmemeh&m%gaﬁgammeméunﬁmn@mma@‘ﬁdon of the
oo & ant 1Pt 1955 IS giat oo PR g1 e it 06 Bk e R, RRsieais 6% o7 yre 5
MAR el emmhmumpmam%ﬁpﬂﬁte(ﬁﬂmﬂémgm T&Cﬁtﬁih bfy&)fmmléetlﬁenbh dafdrncrease]g stabl e
transgene expression | S Si prqQach ohvi ates the necessity o

cl oni ng I\/Kg Q n«?p&ﬁ“a‘g'd%@for'ﬁ??%‘ “gés*mlr%r@%% he size of the
MAR el gorent i swﬁashamgmg:ansl(mnnsatakm-regaato.tyre&aﬁﬁtefewz&a forithelinitille MAR el enment
I's shown tg increase.th ve e.l evel expr ess) of .8 .stabl e clones, as
wel | as to‘:?'fqm é’? E’S‘B&B‘?ﬂbfeﬁ““&fge8smsﬁ‘rﬂ?§“¥9ﬁ%ﬁé§“WWE‘§'§u ng at hi gher
| evel s t harevicwedin @b&v@ﬁp%)ummﬁmaﬁmmion of LCHs msbanmphmmmnpirasm ds

i ot ance digediineRini et lenle B mte i PRESLBE et on Uni ¢ 1 s
an |_rrportantmmdmhe&gmmmleémwnaﬂyohfme-bmxﬁbmmd‘et ected for a
‘Fl)'[lgxiaf ect Q’?r anst Ie%i%#&&a%&s?%n%aﬂi%ﬁ%&g oneséml%g eCsa 3Ir_a3235)-(8ee
Fig. 2), anemmﬁ&bralmma@éhm%@ﬂmmom@hmeds%enWWy of DNA
Lhat can B frabasd GCosh ARE nbflekiondiNf Blthdd:tith L8R I B dhe fih d DE abl e o

det erm ne max! mum quantity to trans ect tor a given cell type
Wi th mini fedus.dispes inveqrafor thn gene therapy obsicklanell disgese ani §-thadaskepvidsiiyy def i niti ons

are suppl iﬁﬂ%bgﬁ?%ﬂ&&dfﬂ%&ﬂ&% qoédye understanding of this case. To the

extent that Initions vary from meani ngs circulating wthin the art,

t he de?2® ni t i on¥bispiteys chypmatinepeningtclegients (TfQHsntalsp khowntap cutpguatpuslye aci d
nat eri al %Mma&mg%am%ew%wﬁ%ﬂoﬁe@@&womﬁgﬁﬁfers to DNA,

RNA and associated proterns. 15 A "chromatin el ement” neans a nucI eic acid

sequence on a &M %HMMF‘EW@‘P&?WH@%H%@W? mor e

el ements (iiénkplet i TRERO cBilsS&RN 1R conftont e&ﬁ?&oﬂbﬁﬁi&?ﬁmﬁﬁ' d ol ecul e
(such as the same_vector or chronos sone) . rans” refers 1o the placenent of

two or norREodrtigne Freshickerdysozyame ShMARsieRengis alse Ahlstp 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 hormonal 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 nolecule
(such as t #ablesciomes, mwmwmmm@wofmmmmam@mwthe
d| rection E%Isrlgmt &?5 §f}9ho‘3f %@sg&tﬂlg«ﬁn asSfgrence. 25 An

uc

"enhancer" IS a n e sequence h cts to potentiate the
transcription WMOWatnueMéhmem lttlhwsslh!eﬂltai thydls;ﬁncphmisgqm@,e t he

posi ti on Oﬁqh eh 36 e MAEE O x?erﬁ}mﬁ%e%& {Yioh Guif 195n i nﬁgﬂﬁ'{tc&{ﬂd X ﬁgffgcgte' on of the

sequence. e vectors resent | nventli I ona
enhance?s. OfMAmbemM@éwmmeemdindeﬁ(mMMMQMdi ng for a

i ven Mt uadl aDN0h! e ot UOSAILADTor fIMARSEl Rt BRAFIo 1 Bldie10! 1 ! udle

unt r ansl at anking re ons S tl‘anSCI‘IBtIOI’I Initiration signals,

pol yadeny| &e¢ Ba 2wddiotenténh mOfﬁﬁé??b@@%CSSfbM“aeﬁﬂmaﬁ Aghat ganbge| ecti on gene"

i s a gene habatiRf &ISOR RIRHRIHPE WOICR bR i Rine ¥RES Rl Rafiffe as a
detectabl e protein. Exanples of selection genes include, but are not limted

to, antibi WW@E&%@@@%%W%PWW% enzymes that produce

or nmodidy i nt engadidbein, ke Q%eﬁfnoﬁﬁré ed TE6AQ W fagiltaRltheC OMPOUNdS
exogenousl y added to the cel I g{ . A "selection agent" is a

condi t i on, inderataadingof thigrate, fig “’éﬁé‘b “P!‘fé’aﬁ'eff%lﬂ%‘ﬁ‘g&\m’ﬂh@g expr essi on
of a sel ecmﬁ,gaﬂ%&ﬁ&{m@m%wﬁﬁm&&&grs to the observabl e properties of a
cell as expressed by, the ceIIuIar engtype. A "product gene" is_a gene that
encodes a pr ot eFHOBME titke éﬁh@gm&ﬂg?lae@emfﬁee@%%w as

di agnost i Cmﬂ&d&b&rmmlm;cmat&obfawpﬁemﬁ oduct gene includes, e.g.,

structyral genes, and re ul a t,,or genes. %&] "structural ene" refers to a
gene tﬁ%lt encode! %‘ﬁﬁ RRSFE afhromaserlic: yr al  genes

i ncl ude but ar W&dﬁﬂk@d&é&m &ywosﬂﬁﬁdreélaimw(&ioﬁlaﬂ&mﬂﬁ‘nmﬁaid)ul ar matrix
proteins, enzynes uc i ns a ear scaffold proteins, ion
channel s aft}™ ¥/M§ T@'@"%ﬁf@é ‘E‘T g’haperones. Preferred
structural gene'kmnmdemfthu’pmlnbmbMoeSmme ehﬂtntb(sdgh dskmgnmﬁtmneﬁﬁ) A

r egul ator%/ntg,ene Rl s toxtc%aggrltn%lthcsésueﬂ%sa(g] vecor?ul atory protein.

Exanpl es o regua ar pro 8RS 1onct ar e no Ilmtedto
t r ansc 9 pt ¢hommasomeshr s, hor nones, growh factors, cytokines, signal
transduct i on MoQel &8y~ RAEORSRR oY b 89 SPRRVES (ch HMIENRLANe T eceptors,

and protein kinases.
located on the same nucleic acid molecule (such as the same vector or chromosome).

“Downstream”™ refers to the divection 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 enhancers.

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' enmsistmcegmsmemwn@isgeﬁiym@sthm?m&eteacm@hﬁvlmméﬂby several well

known enzy%{?!gg%ﬁ&f Em% b end
| i gati on by ase | ent a stei} flg’?@ah& oé“geg hryéyr)]ucl eot i des

in a given DNAPséq]a@ﬁegeml':éﬁra @@%mb@r S'é’lqtaiqu‘ﬁéf enablegibe datpction afitheof a DNA
sequence | §pRA&or dF a\Wilcibn i€ 5 to 3' order of the sequence in relation to
anot her _sequence is reversed when conpared to a point of reference in the

DNA fr ot whi ch Praotyee] cirrete thecabsesyablei prepartiesf @leel asfeapressedbyfen eeltwlarcan i ncl ude

the di recf, f transcription of other specified DNA sequences in the
source DNA and or the origin of repl i cation of replicable vectors
cont ai ni ng t he A‘Prpsastgene” 5@ ey that spqorlesiaippniein produsthaving desipbleiesi s of RNA from

a DNA tefmhﬁlta@wnsncsTsu&@é}%la?Edsﬁéﬂnﬁéﬂ n%utﬂ?tytﬁﬁroéé’cﬂgéﬁgﬁicﬁnd&feé pol ypepti de
from messenger RNA he ferm "vector" as used hefein refers to a nucleic
aci d nol ectueurahgsae ad peulatpry Z88880r t i ng anot her nucleic acid to which it has

been | igked. 1&*‘%&&&&&3@%&9&&%&geﬁaﬁ@e&oa&awcnﬂamﬁ.wlemn mamal i an

cell froma eukaryoti c organl sm of non-limting exanple, any
eukaryotic W W‘%@V%ﬂ‘elemrﬂ?ﬁf (FEIERC pagk| | culture

condi t i onspratakks profaink ead RdleatQubdldPpeotdife lod dRMndldandt i S

I nventi on. Es eci aI referabl cell types i ncI ude, e. stemcells,
enbr yoni ¢ E’t“@g‘l“?@ %Xaﬁ% S ngf @ﬂ%}“’d"(f% BHK21,

NI H3T3, He&ﬁhxﬁaei&nbagﬁﬁgﬁemel l's, and primary d| fferentiated or

undi fferenti at ce QLh wtable host cells are known to those ski in
the ar § ran?f aYEéﬁi }B90E Phat RCodsy areenIq Y oL %f‘ﬂ’b"tl"a“’tukaryotic
cell by thegmﬂ&nytptmsmindabmmémtmﬁednd uﬁahpmn&mnirehommsimwm ng a cell
coul d |ncIT$g %%?%L‘ﬁc 'gafnﬁ& ceII onca(‘) | O n C|%IC acid, such as a DNA
vect or. Aer o elr?troﬁmcefl e 1Tl S aC|d|ntoa

reci pi ent mmmmceccmn‘s,andmhmsday el ectroporatlon or by chem cal neans.

Transfection Ma, Qg gqh%g t eI I
phenot ype. I n sone ases,ttct?@a%é)’fgct eg %gﬁ?stare cai? %?ﬁsfect ants and

pr e-tra%sfmn,m%mw@ﬂ@qeﬂdmmbﬂmppar ent al cel |'s. 15 "Pronoter" as
used herein re ioh@is the PHIb<S it £ &éﬁ&?&&ﬂﬁh géﬁltgetﬁ&dej(presm on of
0

a gene. "Co-transtection nans the transtecting a eukaryotic cell

Wi th nore ¢adsef WQW%%M&%M@PWWRSGVW%WEWWD egrymnai¢ whi ch may
confer a sghpChaldintrBie BRLYPRENAA to, b8 a8 kikation by T4 DNA ligase.

“Orientation” refers to the order of nucleotides in a given DNA sequence. For

25 example, an invested 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 “Tramscription” 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 st r anded"Ekikydtic ogil”irefexs taviny chemadtian dr oorainabiidlian cellfirem 8 enkaryotide | i gat ed.

Anot her t ' Al C segnent s
can be Iiég’?gag&nnto %oé%%%%gr%ﬁ%’. %?%ﬁéég&hgcg?%@%b%e ofg

aut ononous oR¥itaineg iden esligmitirs conditionsang erbseqhently trodsfected whdg bemeludt‘»ﬁm oduced
(e.9g., bacgl féngn B %ﬁn Bell thRE InBhubid! go&k:ﬂl:&lsoefmb?ﬁﬂics&ﬁtchﬂ%” and

epl SOITB.| manma t or's er Vectors non- | somal manmmal i an

vect ors a@mmtherg?tmoem 6CHEY CHSnBHE21e moHGLae@(Fl?umw cellptapdduct i on
into the h?gﬁna&%ﬁerenm&Iﬁ%ﬁg&tﬁ{e@célﬁ%th&%ﬁglcﬁhﬁwls‘ﬂetﬂomtﬂ%QcSt genomne.

Mor eover, rtain vectors are capable of directing the expression of genes
to V\/mch t elledip e 38 operativel y-1inked. Such vectors are referred to herein

as "expression %%&er&mnﬁaueem%almfmwmgeeuﬁ%h@éeﬁwmmmty in

r econbi nant DNA t echni ques are often in _the fo pl asm ds._ As used

herei n, " pich&prelpc agiddFor grampls, wangfopmipg aerll; CH'EIQF"EW%%FW‘E “§§°11Wéhi)l asnid is

t he rmslto C QhAROca, Siief &s YORAQectlsOr M However, the invention is intended to
I ncl ude such other_ forns of expression vectors I ncl udi ng, but not limted

to, viral vect or&msigctign” s theintrodagtion of ampclgic peid it qrecipient sPkaRygieeell, adenovi r uses
and adeno- mw%msmy,mbawrmmnwﬁﬂmdmmmﬁe

r econbi nant exBresm on vectors of the invention l(iont ain nucl ei c_acid of
ingrihphepqtyns,

the inventy ghalierton Hip SO Fases, dpnsfectsd o5 W‘Eaﬂ?mﬁfm&a&%r din a
host cell. pﬁpﬁﬁsf&dusﬁ&ehlym&éf&&dt&astpmmm&nbat t he reconbi nant expression
vectors, d ncl ude,_one o u ator nces e ed on the basis of
the hos? cell SW? ehﬁe éfquf"scegﬁ E‘%'Wéﬁf"slsﬁ"ﬁked to the
nucl ei c acroﬂamquence to be expressed Wthr n a reconbi nant expression
vector, theter ;gPJxI g LS Lk an, that the nucl eotide
sequence of |nt ere [ % regeﬁﬁn%t ecﬁug]ncgf p‘n a nmanner
that all om&ndnngmrprgws’mxgnmtbet@,mofemhdw m&uemtamp(motgpqom nan in
Vitro trangg c%,_lptron/translatron systemor in a host cell when the vector is
0

i ntroduced 1 nto the host cell). Such regul atory sequences are described, for
exanpl €0 in Gnkaptic tapyEtipyeimder aif FEOMIDITEyeral EWHEoR REeEY VO OGY 185,

Acaderri C_Dliay beSBduplifby £hkibd of (RS kneuBRIBLEY B o veaGHSNCES | nCl ude

t hose that di rect consti tut | ve gr essi on of . nucl eot1 de sequence i n nmany

types of ho@ém%rvhmermsmm ¥=ﬁ5e1dequé>wesswmhe¢dmon@ | eoti de

sequence oeég\rmh@cﬁ%mw Rasther &Rk bbvel®r 1 a virdl vetdtowRRAE hddienal DRQUI at ory
sequences). It wll %grecr ated by those ski |Ted in the art that the

desi gn of t"?%mtém igatestjntg dhe viral genomey CSEMR VEstPrsase RPARG PIFPIGIOR08E he choi ce of
the hosts Cedplicaion & host 3EBRRGHHEG theylaRantro@t (4., KBRS S&kdR$hatibg R Ot €i N

desired, 5c The. re&eﬁr}‘gr nant exprmssr on vael%co“r)rg)s)oéjesed or;ser:gr n can be

desrgned f
non-episomal mamamalian vectors) are integrated into the genome of a host cell upon

introduction into the host cell, and théreby 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 inclade 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, GENE ExPttE SIGN TECHNOLOGY: METHODS | N ENZYMOLOGY 185,
Academi c Press, San ego, Calif 1990) . The expression vector(s) used
herein myW%W&éﬁ“@%ﬁs@M Rssociatedrisnees), Which geavsregvivalendr expr essi on
in yeast SggGiasonyces cerivisae include pYepSecl (Baldari, et at. 25
1987. EMBO 16: 229-234), pMPa (Kurjan and Herskow tz, 1982. Cell 30

933-943), pJRYJbe recuphinantexpressign vector giithe imuppiomsepntaimanuelpmyacid s (| nvi t r ogen

Cor por at i Ofyventighlin afrRRitabledbs dxpressichlE the nfcfeid dchiMh b hod €41, §§Uc@ical}§aﬂhs Di ego,

Calif.). Alternatively, the expression vector(s) used herein may be a
bacul oV r u@e@kw@%mmbm&@@mﬁsmsawmwne%wwmw sfieaces.or  expr essi on

of prot ei Ngldefdd 6n'tht AR Gf (hD BAE tells &) BeSsddFordxpres sr%g ot S vely-lidked ade t he pAc
series (Smth, er al., 1983. Ml . Cell BIO| 3: 2156- 5y and the pVL

series (LubkPosipcac seinamee fabe exprgyed \W%PBW’&W‘?F@%‘)“VC thefs®hc acid of

the i nvent*@&W@W&e&m&m&m&a&@mw@xﬁz&euﬁm&eﬁo teammal i an
expressi on vector. | es of %‘% n expr.ession vectors include pCDVS

( Seed, 198WM -In 3 gpmer, EEXPRSTT AL the nuglectide seqyegge,  EVBO J. 6:
187-19%) . (e;hzlﬂ/%ﬁﬂvm&dns&q:ﬁmmlahmkyaahbﬁmamb@cakmda%@aomector s control

functions are, often provi by wvi ral ul at ment s. For exanpl e,
comonl y "ﬁ'?dt lﬂg 5&13%(5‘51? %5‘@?’? ‘%ﬁ%ﬂ‘?@eﬁé" HFEURRIG &

cyt omegal o@beddel, GravaExeiessiaN TeeEROIOGH OMETDS DtENZEMeLocyalh et\mrxﬁmess,on syst ens
for both p 0, otic ceIJ rs 16 and 17 of
Sarbr ook, " Ssninesty Caiy B AR et ook e Beliep PRBREY 1 00" ol o
Spring Harbmmmhmﬁemn@ew@eh@@mﬁgp@afmmthwmﬂ&eass Col d Spring

Har bor ;< \; ; ﬁnggl ress ~ i's capabl e of
di rect| ng pressi on%mli:[&é3 nuc rc ac) g?tg (Sf tillsg el?gl n a particul ar
cell type (eglﬂwm Ep@bﬁm&gt#m@pmm@nmthaaﬂled@mdfmo expr ess

t he nucl ei %;@gg Bvecrdd 250k Bratidd in the 10
art Non-linTting exa &?&g’eof sul t gi g%ssugyospec@{%ﬁé%mt eér%\ém’ ncl ude the
al bumi n pmamlefmmﬂmdewwt eta[, 1987. Genes Dev. 1: 268-277),

| ynphoi d- Speci fng rechiiBi &b H?s)@d%@hgaﬁgﬁxbe%gﬁémd LxprdsGBRGO! . 43

235-275), in particular prom)ters receptors (Wnoto and
Bal t i m3? e, desipgigproteingrimeukarygtic el Syiteble hagt qells are disaesstddpiher gpGoefdghnerji, et at.,
1983. Oel | GB% EXFRAuG PocsROBRSY: BIRTHGHRIN ENFIBL0GKARE, Adalbrhic Bis, Jhl- 748) , 15

neuron-specific pronoters (e.g., the neruofil ament pronoter, Byrne and
Ruddl e, 19§§g°§f"gfc AP9Rat [ Acad Sci. USA 86: 5473-5477), pancreas-specific

pronot ers ( Edl mqaélexpbsichivectors) GSed herSininey &€ a Jedbk exPrésdiod YEotor. mdxpmmmr y
0L o P Rk o et T st Bkl 873,316
Devel opsreniasl| EMB@ g6t Z29e234)) pMFo{(#atjan mdmoﬁkmwmnmsmem3 SEX)’;mpI es of such
ProOMOLers i myss (Schultz e 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
vector. Baculovirus vectors available for expression of proteins in cultured insect cells {e.g.,
30 SPF9 cells) include the pAc series (Smith, et 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 ce]ls 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).
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20 include, eg., the marine box pronoters (Kessel and G ass, 1990. Science
249: 374-379) and the aa-fetoprotein promoter (Canpes and Tilghman, 1989.

Genes Dev. 3: 537 546) e%’é.l atabl e gene expression pronpters are well
known in t “d@@f@@ﬂ@h@?@@s%&%w@“‘%ﬁy pronot er

t hat mduleiﬁ&le)gﬂae@&nmn@fm edprofBeis R Ueie@ 3N Dy bi ndi ng
an exogenous nol ecul €, such as the % %e the T 25 system the
NFkappaB/ URPLY9in PACRYETS 7 CYORES YT, 1T B‘# | S8 CXPEH P he _
GLVPc/ GAL4 b&ﬁwﬁﬁﬁb{nﬁ@ﬁ) guc,amSaneiyochcQEs&ee Wkt ohglsersd Maé)maﬁhm%ﬁmk,Lewandoskl,
I%ggtloch m‘”lﬂﬁo”(1 A égo"li{?z\ R LGW E%S‘éa‘b éB%“&_ %géogé):lgl-&
V\alnlg et gtx.aﬁmyml@m?ﬁﬁgﬁtxm% cga)ds;?agmﬁoueﬁ,lwsmﬁ te_rmst" host
ce and "recopbi ngnt hos are used. in ngea ergin to
i ndi cate a eukd? M ’51‘3‘??@?8;]%%!”5 1};8"?‘ ﬂ€ nvention
Pﬁve been nﬂlclﬂid’ﬂﬂtﬂﬁ'&fnﬂanyh&bpﬂi‘iﬂﬂml&iﬂ)q?e (e{gﬂ,mssau@ﬂmcﬂiewgalaroq{dm:eﬁslt only to f
e particu ubj ect . cel u so to.the 0 en progeny o
such a cel i"af#!’?ssc%?? hi Yiepsrah ﬁ’ﬂé} %@8%? i ng
generatIDona-LcNm:anmgtﬂmplwmm&hmsmelsmnﬁbpmmmrdmﬂudmﬁe:allmmges such 1|3|
pr ogeny maﬁ not . ce ut. are sti
i ncl uded I'n g‘k% copepllaﬁ#'?' 9§?ge'éess usedgﬁgé ?rrm/ksﬂs%etmﬁﬁ the term
"transf ect promibterséCaamse angd ExtouliOB% Uy, dhmanol. 48:5631)zie artienddr prometsss dfor

i ntroduci ng nel udi n
l:al ci ulr:1 Iphosc%}q‘%%r(w ca c%?orl epébg)%@:????‘g’ﬁﬁ’h‘“ﬁ&“m‘d’ Hene

DEAE- dexhafﬁameﬂ,lea@led%i §#§$%€2$W,Qmep@fdeﬂﬁnw 18%3. €6IETX: 74lpW8At i on. Suit abl e

net hod s Eks in
Sanbrog et at Nd?E’E’HCU&“LAEEéCLO\u NG A LKQ’ el Ry 533% Col d
Spring HaMebAced M@547@&4W)SBF¢W§SM%@FOWPMMW gy ¥83. Cold Spring

Har bor, N Yigncd £8589912-018)) Sndthihary ARQL SRRER (Sg., kil WIRY proRkEE
transfectinn of manmalian cell S, |t S knovvn t hat , de end| ng upon the

expr essi onUpeRatd¥o. 48d3.310A0d Faropsan Appicationi Py blisaticadip 60)-a smal|l fraction of
cel I's may mwmy-ma&mm%@mﬁmumﬁﬂmm& to identify

and sel ect_ these successful nts at e sel ectabl e
mar ker ge s é§?§f‘m e oy ﬁﬁﬁg g&‘g@gﬁ%’rg‘l P"i% % into the
host cel | smahmmwmmgeﬂ@wmlmgmﬁ@ﬂgw\@&wm mbﬁmbl e markers 15
I ncl ude those that cqonfer resistance to dru%I such as 6418, hygromycin and

met hot r exat e.  Negpiptable sene pxpressiopIpmefers ate ayell kpoyw) 1 thearty aad inclyde, B WAkt r oduced
into a hosbf:@ﬁlﬁhﬁmdh@leﬁﬁmmmmmwm&ekpﬂmﬁdfﬂ@ae@m@d ural or

T anst ect SRR LY PiRg s Cosat kUL 4o Ok (IR Barems PEATRy arug
sel ect 26N §y@@m, the NFkppiBIHY lightsestént) tierl padpditaptbply nalatsyaah,abd the mar ker gene wi | |
survive, Way LB EREs system (Sec e.z., 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

berein to indicate a eukaryotic cell into which one or more vectors of the invention have been

introduced. It is understood that such terms 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 i nventngﬁnymn@lieﬁwnbsidm;calbetfusedlticmbmmssibﬁncmdgcbwilthinmw ection

met hods. F%meé&% héﬁMA‘R el enent suitable for use in the present

I nvention I NC uggeg chicken |ysozyne MAR el enent, which is shown in SEQ ID
NO 1 (See TablAs npted, thedermy tthpsieghien| referh toragvaficty of astoreepgaized techniguastier nucI eoti de

X84223 (S %%%*%%f*%?%@‘gﬁ%g’f%%m%“ R BRI REY o'1iy )

(See Tabl eenlcige ehiltridg po-precipifation, PH/Atedextyin-molitid tapsfeationlipofedtionreent s t o be used
in accordw@tmxgwmr@.ﬁfm &%&ﬁ&h@ﬁ { 2 @h 8&ouititd Cl Oned 30
using a vari et t echni ques we nown to those of ordinary skill in the

art. TABLBambrpokpstpd. WMGMQW@Q@A&MM@&@ Cold Spring

t t ccaaat gapa8aaaBhtly 06da GHattdr Liboratory Press, Cold Spring Harbor, N.Y., 1989),
actt' “aaaaqgt at caat aaat gtat gcatttctcact agccttaaac

ct gcat gaagtiotherfaboiepy Fgaafaagacaacat catttctagtttc 14
agaaat agt aacag et EARAAEFLEI 61 B diaf RS, tilgﬁﬂﬁ%m depending upon the

ttaagttttgat gt gt gaat at ¢t gacagaact gacat aat gagcac ,
aaggat at ¢ aﬁ%&?@%@%&&g ﬂ'g"é&ﬁg‘ﬁ’dﬁ%‘g‘gﬁ%fﬁ?‘ﬁ?‘gi' g gtion of cells may integrate

t aaaaat ggt @t fdréigd DNA bt@dhbingenoe! handt @Gdentify dodgidci these successful

aagaccaacacaaaa tt agcaaat t gct t aac t cCt aaa

ct gaaaaaaalfiyEa® #%ﬁ’ég’é‘?‘i? ég'ﬁ'%?’g‘ég‘f g"t 'E%%’é‘? to antibiotics) is generally
t aacat ct aaﬁ&edrgatzﬂa&ﬁmgﬁbﬁnatoagmﬂagag&f ineepest. ARgibus selectable markers
acttctgct gag tcc ca a ctta

ccttgt ?gagﬁ'ﬁ B’f" %ﬁ%‘g& a‘%ﬁgﬁts? ?&ggilé’%’f’?‘ycm and methotrexate.

t ggcct gt ggmcwmbwam&acmmmm 4 host cell on the same

t ggagtt ggggat t,ggggg%cat f caat
actctgcatt ccaactcagacaaget ccea ‘%%‘?%"?’EF’%%%&%%&% introduced on a separate
t ett gaat agvmoac%agdﬂﬁuwtcttgd m&aﬁmg@gamughggadaan be identified by drug

gcaatggtac AANemAGGTd Wﬂeas% &REdne will survive, while the

ctggtaatcttcat aaa at gtaactgttttccaaat aggaat gt atttc
actt gt 2Qa-othaecetlsdicbctttttatattacttttttttttttttaagg

acacct gcact aat 14 9683hGafehiidhlidtdied ERARRARGR GRGIGRSE that can modulate the

ctcattttctt aqat tt aagat ca cagaat gt ctctttcat aat gt aa .
t aat cat at gtBeiensy ot arbaatiscet Fansieeton 3BT IRIER PlgRERIY (€ 8. MAR elements, BEs

and LCRs). In accordance with the invention, MAR elements may be used in eukaryotic 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)

tctagaaaacaatatatttccaaatgaaaaaaaaatctgataaaaagttg
actttaaaaaagtatcaataaatgtatgeatttcetecactagecttaaact

ctgcatgaagtgtttgatgagcagatgaagacaacatcatttctagtttc
14




agagggt gaggccaaagt ct att actt gaat at att ccaaagt gt cagca
ct gggggt gt aaaatt acatt acat ggt at gaat aggcggaattctttta
ctt gat ttcattq gaf raaangt aaqt act r1'r ttacta

caact gaaat

t ct t caagapRels A PRt TS ERETAEE  adpag
attgaagca,a@aﬁaﬁ&ggﬁ&&ea&@&g&g&ﬁha&ﬂaﬁhg&hgcaat ag

tggt gct at p ?ﬂ Eeh eggafa batiggeqtttacaadat a

gagat gCt i1 éggz%tctcctaaaﬁg ga

gaat at eca a&hg&m&m&gﬁ@tm&gﬁ@m&@ﬁa@i act act

get aagatg et g?ecfi%mgggggg cxmggmmgggag tg gctgtgtggcagcgtgtcceaaca
gaC ac aaag 3%@&.@ hofybaa ttactatatacacatataaatcctt

gcaat gctc tca g%c!asr@ag at clact

tctgcat aa 1 aaajacc
tatgcactc M@W&J@a&% 6t dghaho o aaegat gclagc
ttgcttcct tertqabgpdabqtetttd t aagaa
tat geacgt %%ﬁmmfgtmwcag
tt gcagaag e@gﬁ@&aaacgt g
ccegtttta 5 'a’étf(gggw gct
ct aggaaat ta cca;thtgﬁa@c cagact
gcat at aaa W@@c& tactegaccit gt
acacacagap il Attt e e TR A U At e ol cgtlat t
t et at aaat gmm&&%&@gﬁaﬁa@e@%me&agtaat atfac
aacat gt aa

gcat tt ggg ‘;‘ﬁ

t ctaagcct

t caaaggaap®

ctcat gt aaf

cctcaagtt

tggcacagaa'gi et ttjcca

aaaggttct} &bﬁ&tt@&&@ﬁ&&é@t&:&a@&@ﬁﬁ&t@h@ﬁﬁﬁﬁﬂi acggtc

cagt agaaa| ¢ %{a@% ?,aaft?e‘tgF aagaaa caeca

tctcct gtcé%}%ﬁggﬁﬁa 3*- aﬁ&iﬁgﬂ gctttgtctcccaagacaaaggacacaca

gccttatcc aatabmmmmtatmgam@ga@%gaag aat
accaagt at Fat 2 draadaga
t gaaat aca agesaccgtigge

tcaaaggaaaaaaaataaagcatcaagctggcctaaacttaataaggtat
ctecatgtaacaacagctatccaagetttecaagecacactataaataaaaa
cctcaagtteogatcaacgtttteccataatgcaatcagaaccaaaggeat
tggcacagaaagcaaaaagggaatgaaagaaaagggctgtacagtttcca
aaaggttcttcttttgaagaaatgtttctgacctgtecaaaacatacagte
cagtagaaattttactaagaaaaaagaacaccttacttaaaaaaaaaaaa
caacaaaaaaaacaggcaaaaaaacctcteetgteactgagetgecacca
cccaaccaccacctgetgtgggetttgt cteccaagacaaaggacacaca
gecttatccaatattceaacattacttataaaaacgectgatcagaagaaat
accaagtattitectcagagactgttatatectttcatcggcaacaagaga
tgaaatacaacagagtgaatatcaaagaaggcggcaggagecaccegtgge
accatcaccgggcagtgeagtgeccaactgeegttttcectgagecacgecata
ggaagccgtcagtcacatgtaataaaccaaaacctggtacagttatatta
tggatce

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

gcgetgectga ctttctaaac
ttceccaattt gcacaaggat
atgggagcett gtctgagttg
ctctcagaat gcccaactce
ccagceaggcce aaagagtctg
gtaagatggt atcctagcaa

ataaggctgt
gtctgggtaa
gaatgcagag
aaaggattta
ctgaatgttg
ctgcggattt

attgtcttce
actattcaag
ttgcactgca
tatgtgtata
cgttgecgga
taatacattt

tgtaccattg
aaatggettt
aaatgtcagg
tagtaagcag
gacctgtatt
tcagcagaag

catttectca
gaaatacagc
aaatggatgt
tttectgatt
tctcaacaag
tacttagtta
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accat caccgggcagt gcagt gcccaact gcegtttt ct gagcacgcat a
ggaagccgt cagt cacat gt aat aaaccaaeacct ggtacagttatatta

Ehnent (A
at at ggct gt

gaat gcagag

aaaggattt &t

ttagg

tca
e ioie ts&ggﬁtacc@@&twcs ageigi’égégsagacigtt
gt ct gggt adtaskatic gagtanat ggadcticad aagiagengcect GitgOMPagRhiatgiact
L On AT bR L bRCE LT agata TR

GCHLAL ghutemmat @

— r&
& C &t

() - - A -

-y St ik 8 2 0
- av -

atac

- aka
o

: Eitgg%ac

tggat cc

TABLE | B. MAR
ct aaac
aaggat
gagttg
aact cc

wala

agtctg

ctgaatgttg cgttgccgga gacctgtatt tctcaacaag gtaagatggt atcctagcaa

ctgcggatt
tttcatcat

TI&BEE@C@MAER Emsﬁamlm MZB@SE@ IBINO:@j acct Tt agggat cg

0.8
ct

ctttttttcas g@
t aaact gcaaa&gaﬁtaa Ettﬁts‘&'&& g’rc

atactttt g
ttctgtcag
(Accessi on
gaagt ct ct {

;

aa

neqigrae 42"2*3”“’""‘
aZiat %E{

a ca c cttatéegi

gqtipttacr fetvraaga gaeatteton

acc gﬁ@égtt;\?t acc

at

ﬁ&éﬁiaa RRT SRR e
ta:taa@a&atgaaaa:me&at fiobiacadat |t anaaa
tigogitead caticttdttgactdtgttte tayedtad-as tatattgcargt gotarasdtt
ggﬂcag@fl tIPABIE ACAIRRR

s

o i

acattcc
C CC

HEAE ¢

aaaca

a.

agtt gt aaaa gaattccgc ‘f'attcat acc

gacttgatt
catttc

at gt aafgta attttacacc cccagt gctg

tatttt

gtttta
gcgct TABLE I D.
tat aactgta
gggcag
gatatt
aggaaat
gggct gt
agctca
aggt gt
atttct
gctttc

acactttgga_atatattcaa gt.aatagact ttggcctcac cetettgtgt act
gt aat agaan TABKEID; MAR Element(AccessionNo: X88408:SEQ DN R ga gacat t ct gc
tgatcttcaa atgtaagaaa atgaggagtg Cgtgtgcttt tataaat aca agtgattgca
aattagtgcsa '(—'ﬁ@t maaaaﬁaamaetttaa PH&FG&Q%&H& gacecaiggt
caagt gaaat ‘f‘-’t‘-‘gﬁa 8%1'?‘“ g ?‘-i ttg"‘t @é?‘{tg q
cct aaa
MAR El ene “ Aﬁ tttﬁgc%ﬁ égg@a
ccaggtttt @hiﬁaﬁﬁdg&iﬁaé@t@ﬁ@i@aﬁtgﬂ eé&tggy‘a&t caagz@g&cge ta@a@ge@aq
tt gggcact E tdogeauC ey caayhatay e@geu: gtg*gr@tc gc@sgwgct@tqttettttt
cactctgttg ”ctéftttg Eﬂgca Eﬁ %a 2§ N tc cangécctg t
acttggtat{ Seidciotes t&m; Gl Attt §é§f:
gtgtccttt g drghtcggBagaqddlad Cetdtatay Eagggad aa@@&é@ggbg@ttggc
gt gacagga tratdtat ctctttmqugtttttagsmceq pgutg@gatettt tatttttt-tttttt: teettergaagt g
tetttttt cﬁ @g %&&a‘fttgtq f%ﬁ:f ca a AEAGHtEag2 O
t caaaagaa Tdat el % GREratdat t
t gt gccaat &eiﬁgbcgsgt iﬂatatgga&tt g&‘gﬁitaatttai g@aaﬁaetg ttttttttat ctctatgete
tgtgtgtaca ggtcaaacag acttcactcc tatttttatt tatagaattt tatatgcagt
ctgtegttgg ttettgtgtt gtaaggatac agecttaaat ttectagage gatgetcagt
aaggcgggtt gtcacatggg ttcaaatgta aaacgggcac gtttgctget gcecttceccag
atccaggaca ctaaactgct tctgcaactg aggtataaat cgcttcagat cccaggaagt
gtagatccac gtgcatattc ttaaagaaga atgaatactt tctaaaatat gttggcatag
gaagcaagct gcatggattt atttgggact taaattattt tggtaacgga gtgcataggt
tttaaacaca gttgcagcat gctaacgagt cacagcattt atgcagaagt gatgectgtt
gcagetgttt acggcactge cttgcagtga gcattgcaga taggggtggg gtgctttgtg
tegtgttggg acacgctgee acacagccac ctcccgaaca tatctcacct gectgggtact
tttcaaacca tcttagcagt agtagatgag ttactatgaa acagagaagt tcctcagttg
gatattctca tgggatgtct tttttcccat gttgggcaaa gtatgataaa gcatctctat
ttgtaaatta tgcacttgtt agttcctgaa tcctttctat agcaccactt attgcagcag
gtgtaggcte tggtgtggcc tgtgtctgtg cttcaatctt ttaagett

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

gaagacgeca

aggtcactgt
gtatcgataa
cacgcagatg
tgtggccteg
gcagatctcg

gacctagatc
gecttcgaceg
cagtcggggc
aacaccgagce
agagatctcg
aaaacataaa

tgtgacctac
gcccagegte
gaggtccact

cgcaggtcac
atececggecece
ggegeggtece
gaccctgecag cgacccgett
aggcatgcaa gcttggcatt
gaaaggccceg gegecattet

atctgatatc
ttgtcattgg
tcgcatatta
aacagcgtca
ccggtactgt
atcctctaga

atcgtcgacg
cgaattcgaa
aggtgacgcg
acagcgtgce
tggtaaaatg
ggatggaacce
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ttgatcggaa cttgaggttt ttatttatag tgtggcttga aagcttggat agctgttgtt
acatgagata ccttattaag tttaggccag cttgatgctt tatttttttt cctttgaagt

agtgagcgtt rernnffff titcctttga—aactaac wigznpffnnnfff ttc atggg
attttttacg cfgagggég 3% gaggagﬁﬁgg GefRRet R G IRt t aac
at gt t gat ag Lhitgega! daberd Si-AgAL Baliagia 2 thbiddh b icgaragt|aaaaa

t at at gga
tgtgtgtac
ctgtcgttg
aaggcgggt
at ccaggac
gt agat cca
gaagat agt
tttaaacac
gcagct gtt
tcgtgttgg
tttcaaacc
gatattctc
ttgtaaatt
gt g-t aggc
(Accessio
t gt gacct a
gcccagcegt
gaggt ccac
cgacccgct
gct t ggcat
gcgccattc
agat acgcc
acgt acgcg
ct gaat ac

atggattct
ctacctccc

dotahagaaatt@egtacittaocdgatottauotd catratttat cadagttact 3
%? gﬁ@é‘f‘#c‘é@f%g?a&?ﬁtﬁfﬁt&%t t‘faaf‘%atalgfﬁcaf%at
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In some embodiments, enhancer elements are optionally included in one or more of
the vectors of the invention.
The ratio 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 I;J;y be added in a concentration of about 0.1
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thignyggien: gt gt ¢ tgtgcttcaa tcttttaage tt The invention

provi des a nmet RRF pRbidtd SOREREIY 01 BraatfeddeBkaBdia EoPhitexm&bdsa by co-

transfecting two or nore nucleic acid vectors into the cell. These two or
mor e V&bt (lesred leyel of g geng excogting foy a desipd prptEinJn TP mstancee thessCelmAY a desi red
protein t QriRelpEBaGHedS tHeldesiee plotein (ARH as¥oPthedRhBs pro@ipidutiiong t he

vect or co ta at

f |, |
Chr omat i n @ mﬁ%ﬁgﬂwgﬁ%ﬁw B SER a5 o foapchal SRV} oy e AR

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

clement (e.g., 2 chicken lysozyme MAR element). In another embodiment, the cell
19
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el enent). The nucleic acid sequences of SEQ ID NGs 1-5 are useful as MAR
el enents of the present invention. In various enbodinents, the first and

second vectors are integrated into the host cell's chronbsonal DNA. Those
ski | | ed i ntrambfectign corgosition maypigelidea firsi Aecteneontaiping 8 gk encpding adesirett i on can be

used in acé&éﬂ"&‘& Jtﬁa&&?%&%&ﬁ@ﬂéﬂ@'tﬁ&&ﬁsﬁﬁa@@cBﬁdeo}&néﬁﬂE at fofpodi mentss,

the first vector contailns e chromatin elenent ( .g., a MAR el enent).

In some mméhoen@mhmwghastawgﬁnbemﬁﬁcﬂ%m@e@naommmwﬂw ansfornm ng
one or IO LiyBMIR HiRih urfitk! for dR¥m QthJ&HéBE&fohﬂﬂabbﬁrlﬁmraM{Pﬁﬁ)Mle'C acid
vectors into the cell. Addltlona |y transfected vectors may include, e.g.,
genes e?mo@l%“ib#b‘%xmectural or regulatory 15 proteins, or selection

genes. |'n SoneThoheghTeRhon B0 BaRBEsE TR otic B4AnA Rl tebPlolthnifgiauded i n one
or nore of the vectors of the invention. eratio of the first and second

vect ors neSpPn@ing a4 Xertes bavingp frst geprectyr apdhafingigentyncodingadesired genglorat ypes, and

is routi nwwmwe&dtv&t&@m@rmmre&mﬁmAéanleaxbaél&.cﬁwmeA non- 20
limting exenplary range of nolar ratios of the first vector to second

vector is 8 W@%W%@W%@Gta’qm@m%? ompspradl DN o3k ar e al so
envi si mledeuhﬁyéﬂ&icsn.hny&pﬂn&emdmry&k@el.’ﬁaylbeab%tyil-m-&ea&@,cexhﬁa 1:100 and

1: 10000r npre. The present |nvent|on | so envisions the use of butyrate to

modul at e (1BYEgHion 3lspepeompasses  enkaryaii fell that hasheen epyranstegted, gonfpiningiyQ OF | o 6
infra). Btm&eaécﬁ:mmbeecedﬂ@d;gtambﬁn@ekIafﬁstlgereeh@mngzae&wg@erbﬁ@nt with, or
foll ow ng addltlon of tgg §§C|6IC acid vectors. killed,in the art woul d
easily det®Fife %%ééﬁf@%‘@ﬁ’@f%ﬂﬁﬂ&‘w} FHteat of butyrate
for the cedlément. mmb@nagfmnaaﬁbmpﬁseaaaeﬂaryoaxadmhﬂhasbuénwbaﬁmfm, be added in
a conc tratlon f about 9.bou M tPrefe a %é I n an anount
of abo gﬁ"rﬁ@fm‘fﬁ "?%a rorqe ?@“W’TF m 1-20

mr\]/l 1-15 m\éncd;hnfg&datedtenbiéranmtnaeqﬁds&sohdvmdrmmpribmg@tlamonimd ski ljl ed in
the art wi ggﬂmie [ epen upon
t he cell type ased 1 n ﬁ%&’? &pp Pé%x{dlpg%f&&%%&{%l?ﬂtgﬁ% %/fgﬂ%l on of butyrate
may or nawmm&wmmeqﬁhlwmmdmnupf tie inventiem tthezse¢ondigexk t he
transfecte E@m f utyrate or
any ot her conpouna ol to t g%e%ﬁc%gﬁgg&&l%%gegﬁﬂaé%ﬁ'é§|%ﬂven Iilon further
enconpa@ s epoteieuahas gresnfiomsienigrotein, Orhémenﬁseﬂnymofﬁommlwifwebne or nore
unt i nked nuc! Cirfe Gt i fabdApiontdds LG dalltedifl LikEybid Bhs ¥k hp £ ORI a1 NI NG 2

gene encoding a sired protein to be expre sed"by t e ce t’he expression
of this geltcap bavedn ensor meNeiceaisys, BVQs graR wicleicanid vedias, shedmaeasct or

cont ai Ni NGadng b GsSoteP R AU RIBRbis be GBBE For a GBsir8d proRinCiHITHRBeohY SOZY T MAR

el enent). The addi tional vector or vectors may encode for sel ection genes

or product Ve§enkaYing at lgast gpe MAR elerpent, apd dieretions for uigfhsreot+Ip prembpdimesked vect or s
are coz4 r s ineGkienproVilld kitd toraihg thioh&ér mdr€EAREheA6he bhinb™ cWiBEloBE S MBY be
adapted as re:clw red for

g 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 to use on 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 matter 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 1EX€§BB’1§Sand about 1:1.75:11. Qther ratios

including 1:2 }m%\]'m'é» 0 will befori? nvi si oned
by this mvent?‘gwﬁ sowpl)]%ow ded are rrettﬂucolggo% s les %{ah?c%lr%gﬁg ected

eukar yot i ¢ thestape ofttbe mesabpredeseribediin teplaiessi r ed | evel of a gene encoding for a
desired protein. In certain instances, these cells nmay produce |arger
gquantities of the desired protein (such as for therapeutlc protein
producti_on , IIer quantities of ‘protein (such as for
functi onal Exsmplel; (General Materipls $2%E enbodi nent, the expression of a gene
inafirst cell co- transfected W|th a first vector cont ai ning a gene
encodi ng a_@m_m&halmﬁdmemsmmﬂmbyedtthm&mmd&memmnd vect or

25 containin St 3988 8{'&,&@ t such eI e t, iIs
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only the f ofshodifiedtfwefly henifdrabd eDNA, lfdlowecewtheS‘#Kﬁahpdy@d sighal miighd evel of

expr essi onsggo%nﬁgﬁy ﬁ&h%'g?%ﬁﬁ'ﬁe’%ﬁ&% %e&egowzﬁg% g&s&??ﬁq“t he second

cells. This to selrect ose in which the
presend@ oplasmif(Poliskctal., %ﬁ@hﬁ&&hb&@l}ﬂm@whbchkmheIMMnt ageous

(€. 9., CaAUghSesHomipd ra?@&?as%é%ég?gsfa@gﬂﬁolwr B?Rlo@f;s@ﬂ?(h%ﬁhied gene. The

present 1 nvention also enco trans ection COH‘E@SI t1ons, which can

be used t &4 $06ppBamH] wa @M@s@%%ﬂfmg%ehm@@ﬁ&bﬂ REHIGE | r ed prot ei n

in a cell. pkBnOik GRYARY OB front g¥384.Cel | transfection conposition includes a
vector containing at Ieast one R el ement (e g., a chicken lysozyme MAR

elenment). In anpther . e me t co tion may
i nclude a first ‘gﬁﬁﬁf"ﬁ‘@f’ ﬁﬁb%ﬁ*‘r@ 'ﬁ@%é‘“ﬁ%‘gﬁ] rtTg&;‘*eln or
porti onst hebﬁ&i.Thoscb’@Iea&ﬂﬂﬁﬁSAngedoh&l dﬁBbinm—EEtﬂ{Ian@E@RMaWﬁgimits cont ai n| ng

Comosi ti ofPIREy e SUnE BYAPT o Dyb A BeoR ey P ey ancheampoa | 1o o

concent r at his SARffragihent tverk: Gasamiidd ta piveipMZEN) andivhe Ean&ﬂ-lﬁ:bhlﬁxs SAR/h:hchtht e. The

present in
co- transfeé@fﬁ*%%al ni ng a%ﬁf pi{ vwa#&ﬁ%‘gg |rst pr orm er and a

first geneupstreamiefniey tocifdmss exprbsgmrrassette. Gonstpwst PME67-1 ey abtrfiged bynclorings econd

:‘/?(r:;t(:)rand/or W(%veWWatwl an tl%%mcﬁix %@glrlrgln Dmeof

the 10 euk¥hereaspMZZ@l resulfddrogucloning thef same lmtsantpr%Z festtor pMigTT119eas a
but yr at e- tE&@&&Qﬂtﬁfw&hj@ﬁ?ﬁdﬂ%%ﬁ%@ﬂmﬁs%ﬁﬂmﬂ c cell

t hat has been co-tTansfec contalning two or nore vectors, a first

vect or havihedpal Ball sics gf BVg6 e Phergas pPMZES reglind fram cloging g samreisiemenss Bene or a
portion t hgxess. 1.2y, MAORR LBEREI by Ry teIQRLAGRY SG! BE af BRI Bir@ at | east

one NAR his SAR fragments in the Nhel Bgll sites of pMZ63. The 2.95 kb BamHI-Xbal chicken_
lysozyme MAR (lys MAR) fragment (Phi-Van and Stritling, 1988) is from pUC-B-1-X1
(Wolf Stritling). It was first cloned into the BamH1 Sall sites of pGL3-Control, giving
pMZ50. Construct pMZ52 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 firs encodi ng a desired gt;hne or a portion-

t her eof , acnEeBERARYS the it bAP é@%ﬁTﬂ%qtﬁ'gﬂaiwﬁ)eH@taséﬁ@dm wieatgtigps asmnd a third

vect or Conﬁﬁﬂfﬂn&ﬂm%oﬁ%gﬂ&tﬂﬁ@ﬂpksﬁl Sflsis SERABLEHEN G SREMIAGmA desired
geese or a portion thereof. In sone enbodi nents of the invention, the second

gene encokM&x or a sel ectlon gene or a gene encodi ng a detect abl e gene

product (e.g., LASEA L] SRS w56 SR LS BIRRRT Drotel n

or a |lum nescen pro n suc present 1 nvention provi des
kits fo¥ tdeseribbddicwhge Qicechgrot 20, exedpt that thedumen eytgrhegalovitne MIEi t can have in

one or r rst vector
i ng o o SRar/AbEs S By BB B E BB GEee el 51 /T T

the secon WWMWEH@TMSWM@WW@R%O% @S\dmems@ ns for use

t her eof . Zérh%vi {‘ rRé %ﬁ yal ning in one
or nore con?al r?ers one orp nore eukar Ic eF Sreont al nor e

nucl ei ¢ acbedndsqwgmh@ﬂvealimAHebsmﬂs hmmepnenmdwdmhmmar oI ogous
gene coding for a desired protein and a MAR el enent, and the second vector

havi ng1®Neci kAR EhabHBh Fhe CHOBGATERR th@Rkub d e 1bich wacldi tonal | y

conprises butyrate. The vectors of the kits are provid in ratios that one

skilled |WMHDWWHZH@W@JHMQ%%HE(@@F?Bﬂ}@dlﬂ\%?%tudy with
ni ni mal exmmm@m Pooft JEXANEERD cell R predding Mcif&ise\Wekd obfhel by t her

described in the foll ovmn exanpl es, which do not limt the scope of the

i nvent i on tRnEEgtiopwh er%ﬁ'l)@oe&%f e 1995). Gellovess sepfed & ¢-EX and

Met hods PImdmmoJ&nWmanmﬂowmﬁ:%m@n@ghpmﬁﬁioaﬂmﬁaﬁmfwed to test
the chromatin _elenents are all based _on pG.3-Control (Promega). This

pl asm ¥ ¢ oiearizd tesh fonsireis, comrespepiing 10,2y IHeRL3-Control, Wseipr Frangfeqted with
| uci f er asepgi2hidy (CLONTEOR Aaliitatbrits, IRVYHR al16: enol@ kayib, AithtHa8dedionmked he SV40

enhancer. The Drosoph| | a nel anogaster elements _cone fromthe p7, p83 and

p1314 10 pireieht 8 quabef jCHe vath siter PULYH an pBIuescriph Plastpig DA asdilate #peci al

chromatin foiig NCE dnd3h eddaPEbIRA of 1S@RBENACI QTuRA Bont#ASinY'84 b1 189S he 960 bp
Bani I | - Xhol beat shock 87A locus SAR (lisp .SAR). The 500 by Baml|If scs' BE

fragment i BEIRR-Fiakaxpas pdded. Followipg:s bhming Meubglipp aprgorsemerrapinfhe hi st one SAR

(his SAR) ERNBich AW hdied to 1608k A nRBEmMas bitheSepladed eéiied first cloned
into the BapH Sall sites_ of pG3- 15 Control. The scs!' and Iisp SAR were

cl oned as WW%&%M@W“W%FBWWP?“%%BW RIPSIZEd; i ng pMZ6| .

Si nilarly, ankifagainedie® RppBatntediFu! 700 WERM berdfich (9T sulpdtt, Giltos SAR f ragnent
wer e inserted to give pM62, and the BanHl - EcoRl his SAR and EcoRI- Sall

scs' BE wePRL: fpbhseravget changeseIf psred ouhyighmedive sppisaehted Wigh 390t hen ¢l oned

in sites pg/mlgeneticin, with pools of clones assayed after 13 and 15 days of selection. Individual
25  clones expressing uciferase were picked after 12 — 14 days of selection, and maintained in
selective medinm 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 ug of DNA per
30  well, with either 2 1:1.75:5.5 or 1:1.75:11 molar ratio of pMZ57:pMZ36:pUC-B-1-X1 was
used, corresponding to a 2:1 and 4:1 molar ratio of MAR: antibody plasmids respectively.
Cells were seeded in a 12-well plate at 140 000 cells/well, 18 h prior to transfection using an
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upstream of the luciferase expression cassette. Construct pMZ67-1 was
obt ai ned by cloning 20 the Kpnl-BanH |isp SAR and BanH ses BE fragnents

into the Kpnl Bglll sites of pMZ6l, whereas pMZ70-1 resul ted from cl-oning
the sane f galcipmnphosghatpprecinjationgpethodiiprdan sial.. 199k Arelreeralsbegk i nt r oduci ng
the Kpnl - o@lfl,laasx 15@384%%&5&15%%& hfte® E:8nsfeBon] AALBRWete xhzﬁntaih&ﬁ Kpnl Bgll |
sites of p wher eas

68 resulted from Ion| n% t he fragnents in

pMZ62.  Lasior §9ays Rpdsonense Fﬁ?%%?me‘ihmls edyith % & Se?(fg"" BE and

E(t:) ORI - BarrF%INll@ﬁ r(](bﬂ's-) Sﬁﬁiufnr(a@ﬂﬁm@plbxﬁen}tdaanmfwb uml Prblifid, 5%&1##&@%&53d The 2.95
BanH al chic 0z a rrer]t Phi an

Stratl| ho, bors e COProIE el B it g% REPES O A S R EBRiPE ¢l oned

into the awtémsﬁaﬂolcn:sdxmoafonﬁ&&e%nmhdamudEt@aleﬂ%@zmﬁam&knct pMZS2

was obt ai ne ser a se"ond MAR as a Kpnl-Xbaf . fragnent into the

Kpnl Nhel 'qu"é'éu P"ﬁl\‘ﬁ%g M Q‘Eé?gttgf”agd alg’l{"BdSO subr egi on

(Ortiz et akibodylesbenuation diteimivedbyf EIASAD3' LCR- 72 (Astar Wnoto). It was cloned

into the Sall and filled-in Bam sites of pGLS Control as a Sall and

filled-in & .~_:,“H“,” fromS | LIP
(Ueli SchitBte S e “@‘8%@%&‘@ Jaﬁ‘t*‘“EﬁﬁDL%l@?‘?’EF‘%m et al .
1994) . 10t B&k)mteﬂmtbdﬂl%fﬁﬁ Smlaﬂﬂﬁmlmsmthéwm@wm Nod fragrrent

into the 2% glpgfeggm YK ggg . The
|nnunoglobull ressi on vec? g NEBG Identfcal to those
5 descr i bem@sssm%@m@s(ww@wamaw)pm g, e SH LS

cyt omegal WbMWMﬂ%@bﬁé@ﬁﬁ@%a@ﬁ'rﬂb@ﬁr&nb%%ne@@@m*ﬁi%ﬁé@’afﬁpa' n
expression. The plasm ds for the regul at ed ression system

pEFI - Tet Rm@cqnmmyw@@%@mlhwmw&b@w Taapsiegt mmnws GFTT- Luc+,

pPSxGITi5 GV §@,eh-? W Y 4oed (I mhof
et al. 1> 0@1 pl asm ds wer e cons%o?grxf%agﬁﬁs}gr?gﬁ%&n ard technl ques. 10
CHO cel | curnsfeqtion gifidiensyaWas perfosmedin mmawmmmmmumo{w (oot et al .

1983) was I 312 GnelaimDVENV b With g%nﬁfglx i T
(G bco- BRL%t ar%gwglther 2 or 10 %FBS ( cRL Pool S o% Stabl e CHO cel I's
expr essi ngw?sﬁm&"zﬁ@'%P@Sﬂb‘iﬁlﬁ‘éﬁewesieﬁéﬁéqqubﬁnm -F8¢ pel /| enei ni ne

(PEl') ( Bougéief with the pEF1-TERNLS-TREIOWS repRéstr WA Aendfdtied Witk ktle activaf €S at 500- 750

000 cells/well and all owed to attach over n| ht. Equi mol ar. anounts of Pvul 15
| i near 9 ede*pEtonplasatd RIECTTHG YR, thedpRom GTI'%‘“E@’“&@S"W ol, were

co- transfemmcbmbu@ﬁv&mw&qeﬁﬁﬁ%lsa@@g Rk, AR Eydmda 2 10: 1 ol ar

ratio, with transfection mxes brought to a total of 10g with either pucl9
or pBl uescaalysis ofithepnel oftlompsnsing Buatescem dicP-Digalaciegyrapnside(MoleciarPrebes)equal

I f FI nt
dded. . Fol el drptit 8 b RaRahAC LDt ol hlendopriibépr 701 @ 0

t r ansf ect [ MlW&MM@W&S expdinied impoedinm wisloubdoxyryrlineepl aced or
suppl e Fent 'ﬁgse 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 ul of
23



with fresh nediumafter 4 hours. After 48 hours, cells were washed wth PBS,
trypsinized and replaced in medium supplemented with 700 gg/nt geneticin
(G 418 sulphate, G bco- BRL). Subsequent nedium changes were carried out

wi th medi uﬂ@ﬂ%ﬁ@%ﬂﬁ@%@%@@m@?mw fenassayoras perigrmed i @0ES&SF c| ones
assayed af-igghn Iaé@@%n&ﬁet&eﬁsﬁ@ttﬂeq&ged@&&éﬂbg&ﬁ|the2}§1cﬁ‘ér&@ @A3sa§XPr essing

| uci ferase_were picked after_12 - days of selection, and naintained in

sel ective ReseRtproepldPromssalFior gach é"en ép%l subsepie st s é‘ﬂ‘}i’ ByigjeriiPnh unan

ant i - Rhesuasi 4 difdy ofhiet RO ¥mWB6E wiThAbREIkoPY secsi@s. (CoRREk S ldbtBehidalien | 1 ght
chain vector pIVIZ t he heavy chain vector pMZ36 and.either the MAR-bearing

pl asmi d3puetfBe WM&Y@WW@%W&W“M@%P@GQWQ% 2090f DNA per 30
wel |, wthmmwm&s daiting QB of 15
pl\/ZS? pMZ36: pUC-B- 1- XI' was. used, corres#ﬂdﬁng to a 2: 1(and55[l 1 nolar ratio

of MAR anM%MmMe@mmmD@beeﬂs%mmmWW@ wel |

plate at 1 . Lor | 22

optim zed %%%ﬁg%%ﬁg&(%&nﬁ%&%&cﬁﬁ ‘%1 1996). A

gl ycerol smmmmmmmgex;amappwwbmmmnam er

transfggti wTalo M &?—Eﬁhi@ : aﬂisﬁ,ﬁpt | ective

condi t?gnsﬁpﬁf nedi um%%%p enent gcl}hvm g&%&%&ngﬁ‘] ec%ﬁgg{on&%@& (GHT-)

medi um ( Si §R€32 cmmmmmmmmm:mt toPgalradsidaaictivatyal 5 bovi ne

serum (G bco L _buf f.er Wih 19 in PES was ied aut upon
SRR b PRSI Bl g A el i B0 65

replatlng 4 days, and
stabl e cl omsﬂmmeMwmewammWSA vgxthatnemjugﬁthdgcrat&udmm culture

super nat an di |l uted t nd_.ten-fo od ncentration
ot o m ned Ry BF e R o sl el bt B R o010 el |
i ne was cui;tmaﬂdetmﬂ/ﬁfﬂbé&shmem&élym&uﬁ:ﬂppl enmented with 10% FCS. Stable

C2C12 cl ones expressing the repressor were obtained by cotransfection using

Li pof ecti nm&gm 16k kesOfe J@VQ}en&B DRIA o oulhER aRARE wasB6RIAS S ON
pl asm ds, K- Tet RNLS- TRAS0ON  pSV- Tet RNLS- KoxW and

the MAR pl afsthﬁeclmﬁﬂmfherﬁh&é“a@ﬁm)a‘?ca{dirtsw@aa}@sfa%vé pi cked after
sel ection {imcHo rﬂ%gp gpé%nggemmmﬁmmm c@ﬂy)a arb§eANSi ent

transfection with Luc+, and or and Caskey,

1989) as af ﬂmms@ahm%ﬁmwmmdwmaﬁ d).he fl¥ler f or med in
triplicogt elass W@%ﬁ&a%ﬂﬂﬁzmwaumm &dt. al ., 2000). The
medi um vmth or. without 100 _n doxyc%cl I ne hédroch oride (Sigm), was
changed ev§P‘§‘° H!ﬁ%?"e hours post-transfection.
The pool of clgp ‘%“ l: %S
co-transfected Wlﬁgp e act | vat ngpresm onay\{ﬁr()ﬁ%%gﬁﬁéb%?@ &P t he
reporter p@Mbpmmmmeém@demfwmumsfmten@wx-1 After
sel ection iyl gpmeexg/u%skm Mwnﬁﬂ,@dvlaclykpmtweefbefa@ml s of the pool
of cl ones usi ng uorescei n di - al act opyranosi de (Mol ecul ar Probes)
25 lsolatxon.Ccllswerecmmted,Iysedm ine conditions and plasmids purified with the

Nucleospin kit (Macherey & Nagel, Germany). Competent E. coli cells (Electro ax DH10B,

Gibco) were electroporated with the plasmid-extract from approximately 10° cells with a

BioRad Gene Pulser unit according to the cell supplier’s instructions. Transformants were

selected on LB plates containing 100 pg/ml ampicillin.

30
Construction of cis MAR expression vectors. The cis MAR SV40 IgG-kappa and gamma
vectors were created by cloning the BamH1-Xba I MAR fragment from pUC-B1-X1 in
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was performed according to the manufacturer. Cells with an internedi ate
expression of ~- galactosidase were sorted, and these clones were expanded
i n medi um wi t hout doxycycline. 25 These clones were screened for induction

in the preawumids PHZ5e0d PMZH, reerssiyely clineprized with Eenti et Bagedll. BiedKhahgitse

expr essi NouQhMMAR Hadbd ARFEORT e SEAMZIoRE ph12bT Qv Bt Bllktbd ith PO, Tdredi UM
w t hout doxycycline; hédrochl oride, the clones were assaégg I n the presence

and abse AR{GMY Ig6:appa apd ganarea veqigrshpYIG5and BMAIE Weredist ext r act s
WRT € DI eDafigthed fith AhIS Kbl edpt 19 A3 TIBNAYoBinlle SRARHEGITENT S, Cel | S

wer e washed w t h_PBS and _| ncubat e W|th 100 S buffer
Tri s- phbs p¥ith Bambll Fhe Xbal HlledHapit] %%lf'b?’@ Ye,ptas Figped “@)&‘J‘gﬁ“ﬁlton X-

100) for 2Rectgdsnt at room tenperature. Lu0|ferase measurenents were carried
out with 20 pl of 23 extract in white 96 well plates. The constant glow type
assay was perfornmed in an EG&G Berthold Mcroplate 96V | um noneter, using

t he reagents descri bed I n the Lumferase Assay Reagent protocol (Pronega).
For each viixa [romatinele aumsgoesxaehdion intCHO pglisct i on.  After a
del ay of 2 sec Ilght em ssiQn was rreasured for 2 seconds Calorinetric

det er mi nati on @F%%P?H‘%‘WW“}%FW&%F@Q’ previ ousl y

descri lpgd xategae&getas s&e&ﬁingcmeab@mﬂm:ﬁnede&ﬁ@favap&mam%fnsmot ein

content was erfo addi mx of 155 pl ~water and 40 pl protein
assay dye ‘P@gﬁm“ Mr}g@ﬁ (in &lements in higher qukargotes o |
pl at es anohrémmgmxb@t&bwmﬁeb&h t R0 with & hétEpRasus promoted ), Ml ecul ar

Devi ces) . absorb ce yalues vere In.the.line of a standard

curve est a@ﬂ ?ﬁﬁ‘? ﬁ‘t?&efa&tr segg"tqfﬂggl %Wﬁaﬁﬁ%"fwﬁe w th

respect t mnptabhmamgem‘dxm(rﬁ ae eﬁd@ed:iooﬂsrsthe #voragé Msge@ﬁb&ssﬁdmpeqls t he

| uci feff‘seofsﬁiﬂ vere ner I W4 cﬁ?‘ ges&%m n{ (Hacuq,ase activity,
al ac el

and the -9 PUASE ValUes e|n con
i mmunogl obwbransmateaged.l nto the nedl um vvas measur ed by a sandwi ch ELI SA,

wi th unconj ugagg: Q%%f IRl nd al kal i ne
phosphat ase- conj gleate goat ant| uman Ey ﬁ%Eﬁcap ure 9%‘ get ection
anti bodi escl!hersfpé’eﬁllsm yfmme@)‘esslmtﬁpﬁ%ﬁdﬂhpl adapiced 0digid- anal yses.
Genom ¢ D%Mcoﬁ%ﬁ&k 'of BRASpR ﬁe%aﬁe?@ﬂta‘ﬁ&'m‘éde{n@n@@&%%é@' n C+T

(Macherey & Nagel, Germany) according to the manufacturer i nstructions.

Al i quo?d (ngwmmmfkwwemwmwa@ ed by agarose

gel el ect r GRkRAb! r%an kﬁgloamm!almb@nd JIRE &P 1084)(fiEer Sham
Engl and). The fall 20 | ength Rprobe was |§1%llJ(gtedfromEUC-B-l-Xl as a

BarH - Xbal Shickepfygogyme 5° HYARR O fepleBrnietes flopsd £me (Roche,
Swi t zer | angiferds®éx a arcmuﬁnax;ﬂ@mmrshm emﬁamlvatw was isol at ed

fromstable cell ['ines generat ed by the transfection of th tgGI and MAR

vectors, fFBESIRER dicer powacrentesersed ft fibrablpst cells (p-p/an,chal, 9P Sf'? dhsiently
transfest egl, st TR feolBe T-céi retdplr WRER (PEREILERPRNY 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, CGermany). Conpetent E.

cols cells (Electro ax DHIOB, G bco) were el ectroporated with the

pl asm d- extapemfetpwmimapwtbe@merellygozslmW’MSNhidhtgava 2(BoliRaaieagéene Pul ser unit

accordi ng {a.the %&’5‘&}8ﬂ&e}%&y&?ﬁ#&@éﬂsg’g&g@%&{dmmmre sel ected

on LB pI ates contdi ni ng nstruction of cis MAR
expr essi onmmmmm@em@m 1989, e pricatationiofghaive MAR cleents Wer e

Sf Sgﬁn'egsb% WW Qﬁ%s %#\% Jf{e?%’ggrrg'?s%%%%"%l‘é?éﬁgm%d BanFH The

Xbal si fe ﬂnﬁfmmﬂmhgwagmgmmnmemCHDthlscﬂtteM%smmma were first

bl unted wi. “2 Eﬁgw%ﬂhmﬂ? ' . nd gama
vectors, k?%gg)&%n I'rs SSE%F“S%E%E?%PW%%F’%&'QWM
respectivel Y, bI unt ed w th T4DNA poI ynerase and then cut 5 with BanHI The
Xbal fill eg,}a AR LD MAR g%@ %Fégggxﬁ&gg,edlnthelatter
vect ors. Exanp matl n el ene s and sta ranszene expression in
CHO cells The W@W@ mwmm@m@wweone si | enci ng

of stalby I ud Rl bELHAGERES 2 MAR diEnatEonAMRRH pRAmEd Wi RS en€NVi ronnent
wi Il prove particularly useful in biotechnolo g . Unfortunately, fully

char act er i PEEFSEH ST The ehsamition et trangfectina ith leplagids aprsars toresult \or eover

nost of thgse- oﬂ@fmhﬁﬁﬁpia&&h%wdtheﬁnﬁ%ﬁfn%&&wémfaﬂ in
het erol ogous cells. Elements which counteract the effect of neighboring

chromatin é?ﬂzm%mbﬁe%‘fm%%ﬁﬁd&?ﬁ'@&?ﬂgﬁhﬁ?@“@kﬁﬁct ed to raise

t he aver ag@ards§ond SxpessGooskc @S it iniedf RABIetiohd HoWevet, Mel oBgaalz@d8 5f thwvher e t he

effects of deferent |nte ratjon sites and.the number. of actjy copi es
becone 1y ey Eigutimespt PRy, AARCr {5t BRERTAMLIE o BRETRIdt BREE DYAr ormt | 1

el ement s mrmmbmw&gmcmmammblbﬁWgaedgﬁesslafletémdbtwveﬂ@hase expressi on
unit of p ntr I n ar i ous combi.nations of

b osophi | & A8 BaBE ool Bhcs o skt e Pprenpo -Patls SHEESSRE BaRC, ng ¢ he
reporter emammufmmmhmeihmw&bmmmqmﬁmmhoyaﬂ&een shown to
stinul ate xr HeLaachIIs(PoIJaket at ,
1994). Thegtébq%x%?ss‘ zymem?n 1\7%&? ﬁleér)fcgmfdll??m§w t%'A-el enent’' was

cl oned 201 amat@l@h@mmﬁmmomw@m thaslamxﬂbc;anngnhampatdrl guration

previ ously %g & (J(=Ts) | rophage and
r at fibrob[wgypefQ ce c%ﬁe g%ﬁté'?j at , c%%&ﬁ%%ﬁsg%egﬁgigg % The nouse
T-cell recept oﬂhpﬁmmmwwﬁ@mmmlmmmamw@dmét ein LCR

(LAP LCR) Bea% t}styﬂ:k | RS REESSV; in multiple
tissues i npﬁg(rﬁaﬁmem C %"%@%t |1 Z etwg% leg%}’f’l“é%| bot at ath'%L994) The

posi ti on apeplsof clgnes, ipclpding prsults for constructs pMZSO and pMZ52 with one and two
25 MARs adjacent to the luciferase transcription unit respectively. Comparison of stable

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

30 the same stable expression as the pMZ50 construct with one MAR. Although co-transfection
with MARS does pot 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 die transgene pronoter was as in their original

| ocus. The chromatin elenents had little or no effect on transient

expressi on IeveI S vvhere. 30 chromatin structure does not come into play.

Pool s of - sExample 4. The\MAR inceeasasitie pravalercegbiop producingclones f or transgene

expression (F| dest. 2- t Q1 35 k ncrease. |n regsion |evels

was seen for al n%eaﬁ%%“%“?o a% ?M%ehdonf)srl(%lsnop ‘%e%ﬁd BE el enents,

as wel | gmostive eﬁdw@ﬁmhmmdysam@dARBhemgény e:qiresmnut dpesgtobprowitiow ng an

| nportant J I ;f;}g‘}’ AN [ | O cken | ysozyne
mﬂﬁ%gave 0 xgty 1851'13{@11 %}p?ﬁg&?ﬁnc Q‘o \zlt\aéesgﬁl?s E&

5 MAR, wh inerease erase expressiof as conpared
to the @Gﬁd@ﬂm@mmﬂ@dmﬁ@d&bﬁmwiomtﬂmmmewmmm in

chi cken cells %! ssfecthd R el enents
flanking the repor%fn? expressi o%@:é’ssg%g;dﬁ&ﬂsno erfe ?mgn%n‘ggene

expr essi oner tW#o MARs, ag fBte¢nindividual ¢alauies seregsmionly islatedhaad adalysedfor eaclel enents i n
CHO cel | s ZY e MAR f or
its usef ul%oggs&s&{]wg es‘%%lfi#% I ne E‘E%/}g)flgy%glm%drcﬂx&gs *a%eg%@)ﬁ?ransf ection
of the NAROlth\m@wwwﬁe%rﬁ%sg@meM@mre@m omameAmtalpp@wfamblpe strategy to
cl oni ngg t hgo R She Qlévgl%f[h@aﬁﬁés%alfég R8O Afnkftet of 1S that of

co-transfecting a ef ement - contai ni n e transgene
expr essi omwmemmmmﬂywww wothewmsxwwe pl asmi ds

appear s 1 Ok tckensds the pRs hl&fc@gf@;& iy ciBHest FRtnEmidte2 P bAbr&s QDA feVerdf L he sane

chronosomal site (V\ﬂrmet al 92) sSuggests that the MAR el ement does not
need to béhbwelmmeﬂmmwmfnrwmg%ngws&w@ygtme&%é@tte at the
tine of trgahesiddsa d ?,amsda&ewhetmnﬁmw@ue i nt egr at ed
pl asm ds, and how these nmay F'feyco 0 generate the integrated DNA, is

not knbin. DRACXPFSHIT PiaSEEL. | ncr ease |n stabl e transgene expression level is

observed when m%ﬁﬁﬂmmm%&wﬁwﬁﬁbﬁiﬁ%ﬁmﬂm expression
cassette, WMWU seh(?)}{rygser of the genetic elenments is
required. Spsteadqf cloning the flementingy o
partiCEl ?rmaimgem hm wnembmb%ﬁpf laaduamaf ioﬂ%fmy{sbﬂldldéqéﬁlhﬁﬁmpﬁﬁgdb ]
Nevert hel e et her c ansf e on of the MAR m earing the
reporter %%ber ?"émﬂﬁétﬂgl 88°’F’é‘§ifﬁ‘?”?‘f‘°gﬁdra‘h%§@? "é’ transgene
expr esgo ommfdremﬂimnyedevam'ﬂnmwﬂﬁauﬁmsnﬁnwdymm aak, i pressj ected with

I ncr easi ng_anount Ias Uc- B- 1- r.i he ch| sozynme MAR
Fig. 2 sho ‘?ﬁ@f‘?‘ﬂt‘% F VT ?/n‘llcrctorscé;'gf“gmgtn %ﬁ"sg“l ncl udi ng
results foﬁongcwﬂtaﬁheﬁlmg&%ﬂ-ﬁ%%ﬁg@a&ﬂndmﬁsﬂ]ﬁb&kbm%m adj acent to

extpr ossi ori P D8 CHORblaRRy W bck GARF Rl o e i B Bk S o 30”2 cat e

ef f ect thaWhﬂtafewwn@h@sMﬁﬁssamﬁmymtbemtmlmnthlpﬁé?l&ﬂpmmnommgsd itself. On

the ot he Q?ggg” hﬂﬂm o &[.Egégqi, Q-sﬁﬁ%%f construct
froma rml ratél 0 o% 1:1 ttgtoﬁ&fﬂ{ehgﬁr)%g%?s I N |ﬁl(]:%nease stgﬁ‘f

expressi oref MBR: r ansfection of the reporter construct with two MARS yi el ds
As seen with the MAR-bearing Iuciferase constructs, the level of antibody expression

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 t hough
co-transfection wth MARS does not result in stable |uciferase expression
| evel s conparable to those obtained with the pMZ52 construct with two

f I anki ng Mg advantagen gre alse scep ppopicertransfection of @ Myblt elomentrbepning Plsmidiwithce st abl e
transgene Lyl 5ptdsdbn vetforExanpl e 4. The MAR increases the preval ence of top
producing clones Wile increased expression in pools of stable clones is

i ndi cative of HPréssdq eonfirm thaidhaNAR eleperthas been infegrateimiq thp hosyeedzyne MAR on

t r ansgene s2xXdhe fout fAldonkly mmy-mpﬁekﬁcmﬂe@mmﬁ%ﬁ&u&%t he probability
|solat|n _a high producer clone. dress this issue, 5 individual

c o | oni e% g (Eigl D fvafitpments 4 184 Mé? f’éﬁ'ﬁ?’é aad afFpgpentofwriebla fisyene was

neasur ed. co{;k&mgltsmeeén&xdd&f&%mw& dsetiif A ASRs HARLRASH AR pYefit Or S
cont ai ni ng_none, .one, or two fifteen individual colonies were

random y i GHP ROAYcelljipe mwwtmrh’ewehmxeﬁm#w grated. PVAR elsment; ap) e
| uci f er as eaerepinas béefl BhdWn tb Bithblé 'eﬁlbtﬂﬂal fePhABGIES SV40 8K 6htfikifgidnOtdgsd toO

hi ghest, is sho n _Fi | th the results obtained with
pool s of SEHpPE V\@éb ﬁg?ha?zﬁ'éa Pi%ﬁ%%ﬁ”#%&@ﬂaﬂﬂqw&ﬂgm%é Iz ones

anal yzeyl iXicreflaiig episbiallyi CHORRER s ditectel/RBe Sou@RaiBlots Plabiid réseest ruct More

I nportantl haV| MARS on t e _expr onstruct clearly increases the
preval enc “%F’ Eﬁﬁ?ﬂ}g 'F"é“sl?rf"?émé?‘ﬁ‘?’%@&ablﬂwl evel of

t he nost Wm&@hormomdan@mmhmsvﬁmumbsmbm Rs. Thus fewer

cl ones need to ntif h- Ie producti on
done Wnen‘%ﬁﬁéd z}ﬁgB%r'gt%cﬁfe el&ri] %ﬁg&j@[}(weéggcw 1‘3%&??%” ?Pgre conpl ex
situation mm;ﬁeidednatbhcmgi‘w:xcsmfaxb kost qmlontéslcdntaiuﬂng)DNA upfehteendthemmaaﬂ of
rrultip subuni t r ssedfromse rate dof cloning the
MAR el errer#mn'df fog Eg %htgsepapre‘élt? \/Pect ee“ g{pega“gf ﬁ‘ﬁ‘f%ﬁ\? P ansfection of
MARs can atplicating pikdmally bitripinegaed nmthbtlmomospmeeﬁthmblleeakmbs was exam ned. To
do so, expression vectors for the |light and heavy 20 chain of the nmedically

rel evant hgaRple 3Ntd-erifiRshbh oPhe MARBEMaHIiM £aefenfitePdxpressidl sPhi@sS) Were

used. Light and heavy chaln expression vectors containing introns, were
transfected aMostguatatly uesdirdpulated benegkpiEsiBn bysiins hitRasod am mnlgple| asni dorits

DUC, baCKDA 380 190 ks b P58 POl ER T 1 cked and

anal yzed for~antibo preSS|on ( oni es express
anti body mhcah@tbmmtr@nof the exprostioy of thettmsgpmﬂgrlm,@hromﬁmmhn@nisésve25 expr essi ng

det ect abl délxteﬁa Q)?e&ﬂ%hqh@ﬂﬁé:ﬂ%nﬂh&%&e@x%sénﬁﬁ% GSstithdaio infrirfpAS| NG

anounts o een Wt he MAR-bearin erase constructs, the

| evel of émhimwé&gwtewmwew@n%sﬂ“ﬁﬂw@étmb Wl picad 1989 r kedl y
hi gher forw&%mmmmmle&&mwﬁeiprésmn @eﬁhrc%ﬁeobwﬂwsy the chicken

| ysozyme MAR increases both the proportion of p producl ng cI ones and 30

their expriedegm pfdheMAR withy ﬂge qompenepts °mﬁ“1?%“mﬁ‘qn§y%¢rﬂé@ fepdl- t he
expr esg Orpo0®)|THlis tdedcycimb-based switch system involves chimeric repressor and activator

proteins acting to control transgene transcription.

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

30 removal of selective pressure. The three repressor protein expression vectors with the chicken
lysozyme 5° MAR plasmid were then separately transfected. The results of a screen of 24
clones, obtained by lipofection, for their ability to induce luciferase expression upon addition
of doxycycline is shown in Fig. 4A. A majority of the clones (21 out of 24) show regulated
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wel |l as when the MAR is co-transfected with one or nore expression
constructs. Practically, this neans that conplex cloning strategies can be
bypassed b o-transfection with the MAR elenent, resulting in the sane
advant ages XF'BS“'S exprsEon @ith seversbexhibisiag Bﬁﬁéqprf°lq%‘§tcu?‘tﬁfﬁppﬁﬁt°{‘8f“s‘°? 7 these

advant ages iniRe pitsehve DL 8dkybhRRAL. Pthefniors; fe@aihtbdgknd bxpreshbiRw e JbidRiel - bear i ng
plasmd with several expresslon vectors In order. to confirmthat the MAR

el enent ha?%‘fel%%&eﬁ‘%ﬂﬂfaﬁi BFtionEn H’BQ‘PP{E’EP?“d‘b‘@?ﬂ)‘ﬁ%‘“sﬁﬂﬁ?‘e‘?andom y chosen
ant i body- eng@g&i ng cI ones were anal ysed by Southern 5 blotting (Fig. 30C).
Two fragnents, Rfra%frre%tt and a fra rreéai) of varla,.ble si ze
cor r espdndi ng tIBaf‘i‘f%”q'se‘Wa hfdyat T?Bmf%??,n“&tc@g"ﬁrs bffansfeptedipto o | ones and

absent in tibses a:qmﬁhg met-d@:elsgoaMp@BdeclohésrsablyBﬁ;tr&sihgﬂ:elmpgésﬁor@mlxhamvy chain

ectors al R rece to enabl e
oo s ome Bk R tiaaatd B Fie: TR RER st PR (P arere il DRARRE | G
cells (Pi eaﬂaﬂqm&cehmbts wert S@Bly co-msfect8d with thaadckemtyrsezslmeﬁdMAg to pUC-B-1 10
X | t i l.y in CHO N d th bl ot
N asmrd + obesa B4 ATl don Srteine iR ESRE ek B REo SR HEF "1 pe
pl asmf doi fosﬁl&ed;_BﬁFA@)m' gﬁlﬂe}t’? \&trt;,] koﬁbehmcd(f@'ﬁt)du_aﬁbﬁbﬁﬂllﬁ preﬁblgé dSﬁngy@!y@nB g( rlan5| ent .
transfections. with. one copy of. .the n asmi - B- er ce
yi el ded ov e &Ric g’s'gytfﬁ‘f"déﬁrﬂt‘cr atiop %red $“g*lﬁ°g'€?§§ﬁ@§°sg‘ﬂ’am t5644 y:OeI ded a

backgr oundaméncua]dt;@es&xcsefduay@smﬁaﬂéraldaysr@gum Fi0e attﬁetsedoﬂe@sﬂobe transfected
15 plasm ds. Toget her, t ese experinments provide evidence t t he

transf ect elf expressign of Boealaptosidase, with g wdiction anging from 1-ie %H‘el nto the
chrog})sone hwl;ilfd&iyaﬁillﬁe Rh%ﬂ%expr@éﬁﬁ'ﬁftﬁe@con@%aﬁd’g@ﬁbsfnﬁﬁsﬁl oln of tge NAR| to |
est abl i tabl e requl ate res tem t current used regul ate
gene- ex S é‘??ﬁ E Efcbﬁ 2‘8’@ %P‘i?cel’t\:@ﬁél??é”ﬂﬂgsw a}{Fdsuch syst ens,

t he stabl eewmemmﬁedlbpdomﬂfeaﬁonroegw khitieh YyselyRiEVAR with the2RBmets t i cal to
the control . of the.expression of the transgene. To date, chronmatin el enents
have rar el yﬂgee g in such systenms and their use has essentially been
restricted to |nsert|ng such el ements so as to flank the transgene
construct (Wang et aI , 1997 V‘ells et aI , 1999) I t was exam ned whet her
a st abl e r Exaniplt6eMAd bButyiate-aediated increased kew ateiregody i iemhf ecti on of
t he MAR,W 0064 mggments of a regul at ed expreSS| on system (I mhof et al.

25 2000). #ﬁrre@‘atyﬁ i ne-based switch systeminvol ves chineric repr essor
and activator proteins acting to control transgene transcription. In a

first step, th%&rﬁn&n%%&%seqmeg&ewsﬁéﬂc%sm&tﬂé c]t&eésatptoyyrteransfect ed.
Initially, transfection of the vector alone cloneS 1n which

transgene MaKriscombined withthe addjtionf sodivagbityrete tp el'?Fé‘sJBl“EF padivmithost t ed

unst abl e r GRAES BYe LB ko XBisRESH By refifiIRm & ihdteRéd dficidly sty al  of
sel ective pressure. The thrée repressor protein expression vectors with the
| ostgice. senaippringel oo

chi cke® R gnd{o differcatiationapd/gr athes pRlplBEt ed.  The
resul ts of machami&REBufatedfds 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, resPecﬁvely, 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 eyUCBiXiwg dpeasd mmcsamudwﬁhecwmnfqum p@gﬁéresre dgaeesahon in the

presence y.C I ne, Furt ted r essi was obt ai ned
i rrespect g@’@ﬂg f%ﬁ{ onredt Jirseriog %‘Pgﬁ{gg% W%GSP ?‘?ﬁﬁ&? g“Hri vi ng

I epr essor cipaved aithEcoRI piluns-sided with Pl DNA pelpitdishe Hiné hen ﬂllgéstﬁﬂﬁlillh\mﬁ@ﬂ. and

reporter constructs are stably transfected into clones expressing the
repressor. A pool of clones stably expressing the repressor protein, and
from whi cgelt tudtieand tranisfectionCBO icellsFwetr: grelwh aseleseribesid Btadmple MBer used to this
end. The act vat or and orter nstructs re.stabl fect ed with
the chi ckgﬁ"s* i g”"ﬁi% dfsgﬂbegamlgﬂsgyw‘ V\?ﬁefoclllu‘é{]lnggéoflﬁio%q °Br€s" expr essi ng
an i nt er meftkr addition®f £inl d‘DMBg’adupmﬂemnedasth 10%1%8101bms<Mfaﬂ‘eﬂndﬂygxﬁ}\ﬁs sorting.
These were_scr | ;I'!g .n cycline, and the
resul ti ngeﬁceﬁe@’?(e)ﬁg%&taégwegkﬁo [?Hiél%r‘gtelﬁg gcvlgsoa(r?lﬁo gﬁﬁé’ é(gl(szl 3ase expressi on
in the abseaectinghedigpredegent dliqiotciaf 2yl yeteitaken amhrmtewdlaymlt(aﬁsfg-cdﬁB) Fi ve of
t hese @l 0 {. i with an

| nductPon Popar e 37 SEXBIAARE o ler ik ARATKORN ARG T 0, T

Regul at ed prexipustyshyidovblosandwich EBISand transgene mouse 15 erythropoietin, is

al so observed (I nmhof et at, 2000). Hence cell l|ines show ng regul ated

expr essi on werle obt allned by co-transfection of the chicken | ysozyne MAR with
t he el enehXample i g jlimerization;t em Exanpl e 6. MAR- and

But yrat e- nedi ated i ncreased | evel  of protein production in transiently 20

transfected CEO cells A dramatic increase in transgene expression occurs
when tlfie chi cKidaMAR ¢lemenisofhe inyeptiondncudefpgmegts wf Haneatdueh ¥n of sodi um

butyrate mgﬁéaﬁoﬁgﬁémxbhumumﬂmsummwmcmébmgwgzbfgﬂaﬂmd by theory,

this effect rra resul froman increased efficiency of DNA25 transfection,

al ter ati offF4k Pmb‘ﬁﬁ@!ﬂéﬁ‘%ﬁ&?seﬁ?%?wﬂ?w&“éﬁﬂ%w SH9BF0ESS: ot her
cel lul ar ﬁzmm@ splgubw&qkeaftﬁ%o mprus%ﬁﬂ Whenlth8 BRHROIMAR elétiead! €
rna
ae °Pl@

transfections ids Res. 11:7631: Reeves et at,
"‘flg‘apég‘g 0“9853%‘}131’%’&@?‘?36‘?" By e fwiensh i - RhesusD | gG

1985, Nucfraemeg
kappa 28nd MyREEneahSEQID NIVIY 8 obfathed ThipMEadiculanécbattifis@y MARSdigmedesCr i bed f or
pMZ58 and_ pMZ36, res ively, except that they .contain t SV40 early
Promot or - PRERER A arTRHOn A B RFE Ferseds e S R ber g pivp127
derive fr eoailsiE oPmanidalpkffSssion idesizdnt ai n in additi on one MAR elenment in cis
upstream fromthe SvV40 pronoter. pMZ126 and pMZ127 were constructed as

follows: 29 pUCBI X1 was di gested with Xbal, blunt-ended with Pfu DNA
pol ynmer as Matedalg P
25

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

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

reaction using pUC-BI-XT 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 BamIHI. The dimer- and tetramer-repeats
in direct orientation were cloned between the Bglll-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 BgIII site. For pF4G4L, pK4G4L
and pBAGA4L, the F4, K4 and B4 fragments were cloned into the BgIII 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 ynerase; and
then digested with BanHl . 5 Cell culture and transfection: CHO cells were
grown as depetivdly The plashidsygK4E41L andpBFAL wern sdnetoicied by cloeing K4aed B4 tor eat ed as

descri bed | | ] i} I Qw24 h. after addition

of I n oPp%%giéﬁlr%%P%%&vé’%%}o Egg Eé%ﬁc%i%eoﬁppéﬂmchnol ogies) to

each well, 26 Al of 500 mM NaButyrate pH 6,9 in PBS was added to half of the

wel | s wher, ?P j g F . é;!' gure legend. Aliquots of 2 gl were taken at

24 h. int o1 iy 3Ll &E?&f in 10 248 pl of blocking solution in a

96- wel 155 [$THQ BG44 ¢elis were growpas desenibied (Sep eupralsThd @bave ipbecideriyativgs ands| y by doubl e

sandw ch Yy I SARE L4 ] e d - pe MAR el enents
?bﬁent Roniof tlpan&?cr 4 f‘ﬁ;& efwlcfe%)tgﬁlre r@éﬂ?@e]ﬂﬂnésfg

of the in ion Include nts of MAR el enen such as fragnments of
SEQ | D NOexpressipp gjudies of Mk ispeements iveators andicorteglivectony Ferdragsfeqtiop, cilisvere agnent F

(pFAL) di SDlseYin9hWelt flate® %A £S5l dnd MBRE B REARL AR 61 AflerWAShideAR@ET » nat ural

MAR sequences. Other fragnents display |ower (K, B) or no (G  expression.
When two GBSt deBvernmsiFiediaiplioste e8 incrfmalcvotitmernd 81 W GotIN@MAL or in

pB4K4Lyg hi gﬁ&? : }\195.1@- SRE (SEQ 1D NO 1)
i's obt}zgi négi.%%rkgés(,g&par .ﬁgﬁ@:}?%%ﬁ!&%}%&ﬁ@g?mﬁ%% emelriu fragnents are
pref ered iplasmdsiand pGb3ksnuel and:23,4 famed ofn$d neoq br apolystyrene thbpiidi RgiMEMwhet her a
smal | siz r X | } j } - erial ods: 25
Const r uct (i oBbt L S R R el S Bl e AP AR P2ce Rene
const r uct )ncubateddonSemin cubseiRtLy rthegPhiA and ipofectanin20K) mikea were@pmbisedgn anpl i f i ed
by pol yner, "glggeg i | e, gé}% Bl . ! pecific

pri nmer seta?f?ﬁ t |%ﬁ%§%§ggﬁ€m§g&f€9 n a’&l%élgﬁwér?t p?e%{%g&&gbng 3'-end,

r especSi v eil PptiMEMeyer iriplieatesand 300 ulhoé thegetniizgs weeesAliquatediiom egdhtveed, Cdllae 30
fragnents r ol in. . .di mer- and
tetraner- rv')élgﬁF;eeea’tx’sSsgAtlortll1 ed’lqrgéefgc o%%%ﬁg |'gl§]er\j\!£eﬁre§q%:}+ éfne e{%m_]%mnmt]-%gﬂﬁgl Il -BanH
sites of pPeEEBEriboooLife Seiepcaspwids.addefido caomwell. Gells wérepgsbaged 4#8bput- pl asmi ds, the

various t i ﬁkﬁ%g - f | oned into
pl asm d 'p%‘?}t roI eg? t he gﬁ?sﬁll“fg% f:‘gr%%? éfﬁ%g%ﬁg}‘@f%g"rﬁ%mL t he
F4, K4 anvitBA50 ppgiddThe wediomway replcadrevany ¢ Bays.Biplls Wersipassagsfl tyd weshs d pGAL, 30
respeciy v asm ds pK4F4L and pB4F4L were constructed by cloning K4

and i n%p an‘gJ pB4K4L was generated by cloning B4 into the Bglll site
of pK4L. Cell culture and stable gene transfer. 5 CHO DA4 cells were grown

as descri hgflact pefaratio it enzylific BRAURMBAIC- derivatives and pGE.3-Control were
transfectéd 1n parallel 1Tn order to create the recipient cell lines for

Triplicate 250 pl samples of cell suspension were harvested by centrifugation, washed with

PBS, and incubated with 100 pl lysis buffer for 20 min at room temperature. 20 ul of extracts
25  were transfered to a flat bottom 96 well for subsequent luciferase measurement. 5 pl of
extracts were used for protein determination by Bradford.

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

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 #Wth nmixes in a final volune of 81 p.1 Opti MEM 10 (G bco, Life
Sci ences). Typ.Ceﬁéiqfﬁmméﬂw%cws%%@aaaegaseﬁatmcwgmeawwm i ve

pl asni ds and &t@cwa@aﬁﬁg%"%ﬁ?ﬂag@ﬁacwﬁﬁ%tgag%a%{gtﬁm%a%e tube, 77
pl Opti MEM mﬁ@“&g&%aﬁgﬁ’c%ﬂﬁfgaﬁﬁmﬁgtﬁcmém?ﬁtﬂﬁmt f@&?etsctgae?% Sci ences)
per triplicat e SEHACETAAMIReApIqaptcelltersai ggﬂﬁggé%“ﬁ%‘i"ﬁc &gﬁ

Li pof ect ami n20 gﬁ?‘S?@Ctﬁ@@?‘@a%?&ﬁfﬁtg‘f&meﬁaag%?a‘ﬁmgﬁ * 15 nin at
roomtenperatu Ihe m xes were supplenented wt h 1 15 m Optl MVEM per
triplicate and™ | of these m xes were aliquoted into each well. Cells

were e osedzt
suppl errent ed“w
Cells were pas

T-75 containin

pesepoh PR et o B FRokc] eﬁ?esfhﬁéiaiéﬁéd to each wel |

4H ost - tr nsfection "ndt e trip es pooled into
;n%ﬁ% at:fézg"f 'mc icc @J” ég%i’éwpc[:pe medi um
was repl aced e AGRETS

cac g g k] cicctea
l ataal aical 32@ caca f‘%’”'
post - tjansf ect | S LAl toath §9¢ R %ﬁf t
Triplicate 250 g 1%13 Tcﬁg%&% LI%Q ﬁ%hﬁg{iﬁﬁ? SHu0n
centrifugation, rela%'n g I'ncu § )100 pl IyS| s buffer for
20 m n at room?errperature 20 pl of extracts 25 were transferal to a flat

bottom 96 wekl £o Hb&mié . yG i &AY measurenent. 5 | of extracts were
used fgp. prote&% erm naﬁ%’ﬁl glﬁﬁ?grd Rel ative light units were

cal cul ated by W G fab A Re bt tg acclggl @ points
represent the g ﬁganmﬁ& %g& &%g&gf% ection
experinents. 3%3 &é Ll on : bp
374-765) 31 B éatcaggtaaaaaatcccattagaaaaatctaagcctcgccagtttcaaaggaaaaaaaccaga aacgctcactact

GATCTgggaat t gChlaRipeatiarlableReiptiManednaaiyartaeAldRasdRiAARAGLEAt gcagt at tt
caag cacactataaataaaaacctcaagticcgatcaacgtiggatcccgGGATC (SEQ ID NO: 8)
t at aacat ct aaaaagg@gaaacgat ccct aaaggt agagat t aact aagt actt ct gct gaaaat gt at t aaaa
tccgcagtt
get aggat accauct kragitent G (MARGeEGH :dp2GLP-THO6C JgCaacgcaacat t cagcagact cttt ggcct get
ggaat c305 BgllI-
ggaaact gct t act [ANCTRgR iRl AR@adacgittitcyURgihagaagictigicgagagaitataidat cCt gacat tt
t gcagt gcaa tttactaagaaaaaagaacaccttacttaaaaaaaaaaaacaacaaaaaaaacaggcaaaaaaacctctectgtcactgag
ct ct gcat t ccaac icipagamergetaccepggtpgicatztcticcasgagnagphtabchgogaatcaniticaalcdTC ( SEQ | D
NO  6) -BanH ctifhaddcgcigaegueganatkccdgiaRicetenghgantstiatiirtB40g o2 gagatgaaata

35 caacagagtgaatatcaaagaaggcggcaggagccaccgtggeaccatcaccgggeagtgeagtgcccaactgeegtit

tctgagcacgcataggaaGGATC-BamHI (SEQ ID NO:9)
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Bgl7I

GATCTaagt cagcagcgct ggt aat ctt cat aaaaat gt aactgttttccaaat aggaatgtatttcacttgtaaa
acacct
ggtcctttttatattactttttittttttttaaggacacctgcactaatttgcaatcacttgtatttataaaagca
cacgcact CCRMaAL hnd Felsenfeld, G. (1999). Stopped at the border: boundaries and insulators. Curr

tcttacatt ta& at cagcaqaatgo&t ctctttcat aat gt aat aat cat at gcacagt ttaaaatattttctatt
acaaaat ac

cacaagagggt gaggccaaagt ct att actt gaat at at t ccaaagt gt cagcact gggggt gt aaaattacatta

f:g; ?n%} ast 1%,6:2; aﬁg 8"‘%&% Qﬁé?st aact aat gct3 %%attt (():II%%CEC (SE%eImEmNQ 7)

GATCT acaaqagaagemmmgmamogcat at aaaatt ct at aaat aaaaat aggagt gaagt ct gttt gac
ct gt

acacacagagcat agagat aaaaaaaaaaggaaat caggaattacgtatttctat aaatgccatatatttttacta
gaaacaca Bode,J., Benham, C., Knopp, A., and Mielke, C. (2000). Transcriptional augmentation:
gta;ggggtagt&éﬁi B ogS Al aaat S eoat LAl .EAAGN Laa5! RATRARARSAN,  Agaagcat ttagat
agat cal@ agRpvEabaea Geachxpt tgyazaa@at ct aagcct cgccagt tt caaaggaaaaaaaccagagaacgctc
actact 25

t caaaggaaaaaaaat aaagcat caagct ggcct aaact t aat aaggt at ct cat gt aacaacagct at ccaagct
ttcaagc dBwladt, SthisaBRiccBaticaddt, MidaCc dmagptt) Mg Ky, O gOGKE-WHlQ | D NO  8)

GATCTgggo e Pl i Phiony B Nrpeniereutfly Sfbiotonatly . 2t coagt

agaaat active loci. In Structural and Functional Organization of the Nuc]ear Matrix, R. Berezney and

tttact @gaﬁqﬁa&ﬁ%gpﬁgé@g%mﬁégmaﬁpg@c&,@aaaaaacaggcaaaaaaacct ctcct gt ca
ct gag

ct gccaccacccaaccaccacct gct gt gggettt gt ct cccaagacaaaggacacacagcectt at ccaatattca

acatta  poyssif, O., Lezoualch, F., Zanta, M., Mergny, M., Scherman, D., Demeneix, B., and Behr,
cttat aaaaac Ct at cagaa aaat accaagt attt CCt caga t gttatat CCt ttcat cggcaacaagag
at gaaat a JIsP. 5). A versatile vector for gene and ohgonucleoud sfer into cells in culture and

caacagagt qaa&atﬁa@emeaﬂﬂfég&smmagmgs ggggangatzgtﬁccgggcagt gcagt gcccaactgccg
ttt tctgagcacgcat aggaaGGATC- BamrH (SEQ I D NO 9) References: 40 Agarwal,

M, Avdl i n T., Mrel, F., Chen, J., Bohnlein, E., and Plavec, 1. (1998).
Scaf f ol d @isﬁmch rl&ﬁtido[BQScﬂi]-I umbwz%r@a&ansﬂman@tu(wgs@mgﬁw ctor
expression in prlma, T cells Vi r S 20- 372 G, Hall, G
J., M chalRBHge %Wﬁ%ﬁ‘?l‘”%\? °§Bﬁ“1$é’f‘“’s'“§ %?Wg‘@?m‘% And 45
Thonpson, Méte&hi:&&%)%955gh | evel transgene expression in pl ant cells: effects
of a strong scaffold attachnment region fromtobacco. Plant Cell 8, 899-913.
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(1999). U,%?érnggtspﬁ&&Hggglilg),o,ﬁss_m%&het erochromatin boundary el enent
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in yeast. Cenes Dev 13, 1089-1101. Bode, J., Benham C., Knopp, A, and

M el ke, C. (2000). Transcriptional augnentation: nodulation of gene
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Mel ke, Cyyuhof S IHaletiadP., abi@Nerntbd; N AB6b0KASREM hltworkRor thet @i @em

Scaf fol d/ matri x-attached regions: structural properties creating
transcri ptgosteiof jansgeae expeession: § GeneMesk 3, 4@k Libal and Functional Organi zati on of
the Nuclear Matrix, R Berezney and 15 K. Jeon, eds. (San D ego: Academc

Press, Inc.), pp. 389-454. Boussif, 0., Lezoualc'h, F., Zanta, M, Mergny,
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Engi neering passive immnity in transgenic mce secreting

virus-neutralizing. antibodies_in m Nat _Bj otechngl 16, 349-354. 25

Cuvi er, 0.{“4@%54'; .,°ﬁ‘ng"ﬁ%9ewm"f’,¥l°h&?’f@g’gf‘.’mﬁ&@ﬁ’ﬂaﬁ?‘bﬁm:on of a class of
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for th?5 efficient control of transgene expression. | Gene Med 2, 107-116. 5
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T Bt G0 RS ol 283 B2 oS e BABHI T A

critical paraneters affecting cal ci umphosphate precipitate formation.

Nucl ei ¢ Ackyis iReRtasd, 1 Ha 8de, 1. (R0 Sca'.l“ﬂold-aﬂ&%ed:ﬁ%k&&i mmghmﬁ 995) .
Posi tion-i ndependent transgene expression nediale y oundary el enents
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descri pt i aargétigewesmpression én fansgenio nig. NaseBigéch a6, 238-241t ended to il lustrate and
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appended cl ains. OQther aspects, advantages, and nodifications are within
t he scope Wéllst KeFéstir|JoMong, Kl Bursa,. V. 30d 3GIUR A1 998). CodonAptimizhti, feaetic

X £ ecti. , . . ' ‘ ' .
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Wurm, F., Pallavicini, M., and Arathoon, R. (1992). Integration and stability of CHO
amplicons containing plasmid sequences. Dev Biol Stand 76, 69-82.

25 Other Embodiments
It is to be understood that, while the invention has been described in conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the scope of the following claims.
30
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conprising co-transfecting the cell with: a first vector conprising a first
pronmoter and a first heterol ogous gene encoding the desired gene or portion
t hereof under the transcriptional control of the first pronoter, and one
first chromatin el enment, wherein said first chromatin el ement conprises the
nucl eic acid seMiBice sel ected fromthe group of SEQIDNO 1to 5 or a
fragment thereof, wherein a preferred fragnent is selected fromthe group
consi st i nglo'f&nmhmbﬁxritmesfesﬁu'gaM&rycﬁmeﬂzaﬁ)}comstemiramgamom@ﬁ of SEQ

| D NO 1; d asec vect 0 i,sing.a s tin

el enent . oS T SRR B a0t o PR et h R R Ko R SRS
t he sane agoﬁlmslﬁg Eghrmlgﬂggﬁqgaﬂlb@egmﬂpnt 3. The method of claim1, wherein
said desired gene is selected fromthe group consisting of a structural

gene and a r @gﬁmstavmtgr Cg?@mnsmg a ﬁrsépmmot@darxdfa ﬁﬂsahmmlommlgenmemdwémgehq: red

des ol ti.d t
ant body, - S enBayY PrRHER et HET bR B PO A& A PO R e avy
chain. 5. Eﬁlfteﬁﬁe&m&la% eSdrRéri) \&her%esraﬁl f'rsf Hﬁoﬂﬁﬁh leReh R BEmPASRARS nhQéica
human anti-Rhesus D 1gG anti bod . A nethod for transfecting a eukaryotic

cel | to inavdperugnee ael@técsd frenh tgegemmrof;ﬁﬁQ [NOt hier eor 2 fragmestathereok! | by t he

techni que of co tra e vectors t he si ng
cortranst eoPrRe ¢ RETaErd Bopaat it fotkded BORdnd BBl Sr e SRR PR e
and a firs?y63)a4eri@309ms- m@lmmdlmaomsmdmwd gedle or portion thereof
under the transcriptional control of the“first pronoter, and one first
chromatin el éfepend wnlinked vactoneemriuing @ seond cbrammatys flgmanisecond chronatin

et or ol ogarisr anaol of R, SATREh Flelle o RANMPERRRE L BEfpfe SPHPRY o0 e

w th the filirematieelemienrand second vector in a nolar ratio of between about
1:2 to about _1:10, ﬁ Gl%rret hod.of .¢claim 6 wherein sajd first, second and
third vectorSegpethodof Glaimde Wharein saif desiredgen Iotelesiad fem the 8Fpup £oRsisimes 5
to about 1.4, Ztﬁlcjfﬂralg d-Eh%Fﬂ% g&f claiml1l, wherein the first vector
further conprises a atabTe gen expression el enent that permts
regul ati on4 oTheempnhedsxf o}mmfl Wheraﬂteﬁiercbdlrghgmemmooﬁﬂsta ;tq}ypeab(ddﬁ nelsttedfroon of
an exogenous nol ecul e. e.requl,at abl e

e oot o R RS HPERL oF AGIBRID: Srtitpiy draiicat ap G Rooy g enbi i 3h

antibody heavy chain.

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

6. A method for transfecting a eukaryotic cell to incorporate a desired gene or portion
thereof into said cell by the technique of co-transfecting with unlinked vectors, the method
comprising co-transfecting the cell with:

a first vector comprising a first promoter and a first heterologous gene encoding the
desired gene or portion thereof under the transcriptional control of the first promoter, and
one first chromatin element,

a second unlinked vector comprising a second chromatin element; and

a third vector comprising a second promoter and a second heterologous gene.
7. The method of claim 1, wherein the cell is transfected with the first vector and second
vector in a molar ratio of between about 1:2 to about 1:10.
8. The method of claim 6 wherein said first, second and third vectors are introduced in a

molar ratio of between about 1:1.75:5.5 to about 1:1.75:11.
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11. The net hod of. c 1 rther.c isin ontacti.ng sai d c | with
but yrat e. % 35 g anbl Kharin b DT RNERE o OReCCOREUA AEV B Lﬁge_gsi d
butyrate icg Pﬁ:@ﬁ% e]jegléIMhatﬂy n&h% ﬂ%ﬁ&?&'f r&kRhBf e m%reg g?}]??f{&hucfzt'tfys'[

chromatin elenment 1s [ocate sald pronoter and sai
het er ol ogcaldengennamnldlfaanxegﬂB:tdsanblecfulcl aim1l, wherein said first chromatin

Lot e PhE e of T S B TR S B B bl S e

conpri si N@e@llatabrRadméiie MAR el enent sel ected fromthe group of SEQ 1D NO 1
to 5. 16. e cell transfection conposition of claim15, further conprising
but yr at e. 117Thdhethos df cﬂmmnbffenhd:rcnorrrmnsplg&iontaoﬁngn%aidIca]l miﬂtﬁbutmw ein the

concentr at.i o of aid ut ate i s about A cel l tra ti.an
Commoni 11 o Tadmetihtes st TR e Rl thgceptation! sediomveisibabar il o i ¢ ot
promnot er 61'3‘3|Tﬁe Hefrsdd HTENET) %ﬁ@r&ﬁ siddRsd dh?&ngt%ﬂéleﬁfenpi%%éa‘?éh shgreef . under

the transcriptional control’ of a first pronoter, and a first chromatin
el ement ; emo.knatesend)said ﬁmstlhetek@dgvmgem conprising at | east one MAR el enent,
wher ei n sg ri ses fo 5 .or

fragnent t Fgﬁfn aSte éil nsl\t‘ﬁ’eg?lggeﬁ’gtrﬂrs OrHRiLR @FH‘%PVSQB‘F%%‘{% 0fsr?“gmthe

group congjr&hbﬁga@a s Fr&Pletet@S g SidgerfS, 840-1230, 1975- 2421 and 2485- 2906
of SEQ I D'NO . A net hod for transform ng a eukaryotic cell to

i ncor por atlé. a Qtélstrameftcgemeompoq@mn,usaud contpesitiof compo sigi adv estdricompoigpeiasi ng

and o 11 v Sroshai VER B Sfecten B el SR BONO R Sor . Uncter the

transcri ptlieomat celPfthsFéctivh dohfpokitioslof BIa@HAB SfurtheNebrapSsiagBatyyaet or
conprising at |least two chromatin elenents. 20. A nethod for transformng a

eukar yot i d 7e&he celbtraprdentioncapwositiga $ff clagm dénwherempdetconeentiatiep @682id nt o sai d

cell, co ecting into said cell: a first vector conprising a
first pr(r)rﬁjot)zrl?n%qs glg)oé}tlfllﬁm gene encodi ng the desired gene or portion

t her eof , urgdarcellneansfections cornpsdsinnglsaidaohipokitioh com@riking fifet oeadrefompaivihga
second vect or conprisi-ng at least two chromatin el enents, wher |n at | east

one of saiddfIElRFORIMGRRAIAITSl gameeneoqing 3 deitFrEsR or RpRdieB thereaf, upderdhe ont r ol
region, ory A t%%ﬁlst%ntx%mpgﬁfét rSR&EE, BAd &R Rtomafh gllmegp‘%n&%lsgcond

transfection ¢ nposition of claim18, ‘further conprising butyrate The
cell tr anafrxhnkccbmeommrqmmrtsurgratdwéastd)m MARL;:leudaﬁr mlnreninealdcammm orEtMAR of sai d

DUy aLe |5 Shout AT 23 A O LSEg, D ope or e contal ners, Lhe
preferably selected from the group consisting of nucleotides 374-765, 840-1230, 1975-
2421 and 2485-2906 of SEQ ID NO: 1.

19. A method for transforming a eukaryotic cell to incorporate a desired gene or portion
thereof into said cell, comprising co-transfecting into said cell: a first vector comprising a
first promoter and a first gene encoding the desired gene or portion thereof, under the
transcriptional control of the first promoter; and a second vector comprising at least two
chromatin elements.

20. A method for transforming a eukaryotic cell to incorporate a desired gene or portion
thereof into said cell, comprising co-transfecting into said cell: a first vector comprising a
first promoter and a first gene encoding the desired gene or portion thereof, under the -
transcriptional control of the first promoter; and a second vector comprising at least two
chromatin elements, wherein at least one of said two chromatin elements is a boundary

element, a locus control region, or a universal chromatin opening element.
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24. A kit conprising, in one or nore containers, the cell transfection
conposition of claim 18, and directions for use thereof. 25. The nethod of
claim 6, ' LA 16 j he first
chromat i n\ygie'gﬁéeﬁlf@%gf&'%ﬁgg%%?ﬁggg%wgﬂﬁ%%ﬁl\}\%ecﬁ)gﬁrﬁgggﬁjﬁgg red gene is
sel ect ed 220Thhd ¢adl tgansigstion oommpesitiogoHElaian 31, rmitdreinahe gewrentaatobnaofiseigul at ory
gene. 27. Th@ net hod, of, ¢l aim 6, wherein the desired gene encodes a

pol ypept i de SEYELE 1840yt he group consisting of an antibody, antibody
fragment, sanaai ddagihkilg, Hon o Breddbtadiers, A dMAHhsRRAYY cERBdSHiorPSF clHRE

met hod of claim6, wherein the desired gene encodes for a human anti-Rhesus
D 19gG anti bbyynd dfectitme foretsedbleredf. cl ai m 6, wherein the first vector further

conpri ses ul at abl e gene expressjon el enent that .permts.regul at.i on of
xpress: oftoh Hfetumaiee i oo P RRlETy SRR S et DL HOBP oS et s
ol ecul e. 3018 kA& diredtRd & uelthérgdR29, wherein the regul atabl e gene
expression elenent is the Tet- regulatable elenent. 31. The nethod of claim
6, furthelScBipmetiodf clarm e wherpis thedeonsid chvamatirhelementt ie the3sameTssharBtshod of
claim 31, %Ej nlthetconcentrati on of said butyrate is about 10 M  33.
The net ho§ 'SP S B wherein said first chromatin element is located 5 to
said prongt the Mmethod dif dlalrh 65 whdRi€ERH QekPea g8ROR. seftdted Htin BRI dyedh of cl ai m 6,

wherein said first chromatin elenment is |ocated 3' to said pronoter and
sai d firstcorgstmgaifagbustugd gene 38d a regulatdrydend. sel ecting a eukaryotic cell

expressin ene,encodi n reconpi nant rotein, conprisi.ng: ,a

Cr anet ect PrgTEE PEpeH SEelalf o e Rl e hte BnPicplites dBEDPRUATIIBatgram, 1 1 51
pronot er @grodp ténskdting®an @AEHSH ) BntittdydRghieat a8 anfbedy it ch&in ahdieh eof ,
under the transcriptional control of said first pronoter, and a second
vect or co@ptibaiyrhgasy chamst one MAR el enent; 39 b) transfecting a second
eukaryoti | .6l fd - LS| ' ' ) and
cai d 1ir g Eumelid oF Blstnd, Wereh B Yoo e ShRGS Rt Alrh angRROERL B
transcri pig@aatibedynt rol of said first pronoter; c) measuring the expression

of said first gene in said first eukaryotic cell and said second eukaryotic
cel |; d) @8mbhasmadod RE Clakip e ¥diersin tie Ty vgctor fwthey epmprisesagieguipiaplg gene

eukaryot i %xﬁl%géioﬁglgmg'ﬁﬂ. #lat permits regulation of expression of the desired gene product by

administration of an exogenous molecule.

30. The method of claim 29, wherein the regulatable gene expression element is the Tet-

regulatable element.

31. The method of claim 6, further comprising contacting said cell with butyrate.

32. The method of claim 31, wherein the concentration of said butyrate is about 10 mM.

33. The method of claim 6, wherein said first chromatin element is located 5’ to said

promoter and said first heterologous gene.

34. The method of claim 6, wherein said first chromatin element is located 3’ to said

promoter and said first heterologous gene.

35. A method of selecting a eukaryotic cell expressing a gene encoding a recombinant
protein, comprising:
a) transfecting a first eukaryotic cell with a first vector comprising a first promoter and
a first gene encoding the desired gene or portion thereof, under the transcriptional
control of said first promoter, and a second vector comprising at least one MAR

element;
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second eukaryotic cell; and e) selecting said first eukaryotic cell if the
expression of said first gene in said first eukaryotic cell is different

fromthe eXprbS"‘?r%jmﬁgctﬁIg aS?écgnJ Lvlﬁfa&ycgl%rb%lliwr]thss%.ﬁéjﬁ%?%)&gr co%ggoéaii(? ﬁ?s‘lal I 40

promoter and said first gene encoding the desired gene or portion thereof under the
transcriptional control of said first promoter;

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

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

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

eukaryotic cell.
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