Matri x attachnment regions (MARs) for increasing transcription and
uses thereof CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application
clainms the benefit of U S. provisional application nos. 60/823, 319,
filed August 23, 2006 and 60/953,910, filed August 3, 2007, which are
i ncorporated herein by reference in their entirety. FIELD OF THE

| NVENTI ON The present invention relates to nucleic acids conprising
nucl eoti de sequences corresponding to or based on isolated and
purified MAR sequences of human and nonhurman ani mal origin. These
nucl eic acids generally have transcription and/or protein production
enhanci ndMatrix attacsmeriteragioast (MAF&e)stniﬂmeasm% thptltbnrand

i dentifying such sequences and systens enploying them e.g., for high
yi el d production of proteins. BASSERIORIEDhe publications and ot her
materials, including patents, used herein to illustrate the invention
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BHlOlQOlagemw&d|na$aﬁhﬁhxﬁcce55|on nos. (synonyns). 126658, 23119391,
22981746 are al so incorporated herein by reference in their entirety.
Nowadays, the nodel of the organization of eukaryotic chronosones
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Wil e certain functional and structural properties of MARsS have been
described, their identification is difficult, since they share little
internms of primary structure. Wile MAR el enents may be functionally
conserved in eukaryotic genonmes, an assunption which is supported by
the fact that aninmal MARs can bind to plant nuclear scaffolds and
vice versa [Breyne P, Van Montagu M Depi cker A and Gheysen G M el ke
C, Kohw Y, Kohw -Shigematsu T and Bode J] little can be said about
what feature renders a MAR sequence a potent protein producing
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Fig. 5 shows that stable polyclonal popul ations could be generated
froma population of CHO cells transfected with vectors driving
expression of 1gG heavy and |ight chains wthout MAR (no MAR), or
with the MAR S4 added in cis. Fig. 6 (A) and (B) show that stable
i ndi vi dual clones could be generated by limting dilution froma
popul ation of CHO cells transfected wth vectors driving expression
of 1gG heavy and |ight chains without MAR (no MAR) in (B), or with
the MAR S4 and MAR 1_68 added in cis. Fig. 7 (A and (B) shows the
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Avg Gre ential transcri factor
E)I ngl ng g??%@g ﬁiﬁﬁg&%fgggwmﬁ%gseﬁs&gg “88‘3%(}35[ ?F@nl\ﬂﬂdﬁéﬁla%?%?
sof t war e (1998}, vitdchi malsesrihp pesidictibreofMABsrdm gesamicsetestces diffictihe
activity of synthetic MARs constructed fromthe assenbly of AT-rich

core (erméggﬁéﬁﬁﬂlt[cﬁﬁﬁarﬁ‘fimcﬁﬁé!w Spéma& Bﬁﬁl{\ﬁ%a ab%ﬂ%ds hg‘?s for

the transcription factors placed £ream 0 rono
f 1 uor escéisptifisaiandp H'ff(oeiipamcqihgy 3*1?49 fitde trienms| Qi@timam shniciofe. thfle MAR

transcri Bkh@ﬂ@'m@ﬁ@ﬂﬁ&lﬁ%ﬂﬁy éb\‘\séy&i H%k&y%‘?nﬁﬁ’i%tiﬁ%ts&qp% which is

descri bed in Fi is an illuStrdtion

transcri pRAHSH g\éﬂﬁéﬁ@é’?ﬁg ﬁf"”ﬂ%} Méd\Rstoaabing tapirgt rusingr Beafialystend vice
DNA- bi ndiétga Eirbgfe Rielaalr\h@(dagd”lMTa@dl&e5A a%@M%?s\én@ Nidhke lANWBNE N The
pr esent nve on is irected at an expression
system f Ph‘ﬁ’r%]‘ﬂ AR Téﬂ%%@&%ﬁgﬁt?%Fana'?e ‘T’E’ég%*?"”éWEa’déﬁ@rec’@H?ﬁf? 3iMAR
sequence, e.g., a potent protein producing sequence. Also, varying resulis can be
obtained depending on the assay employed [Razin SV, Boulikas T (1995), Kay V and
Bode J]. Considering the huge number of expected MARs in an eukaryotic organism and
the amount of sequences issued by genome projects, tools/programs were developed to
detect the structural features of the MAR DNA sequences (SMAR Scan I), or functional
sequences such as the binding sites for specific proteins that act as regulatory proteins
or transcription factors (SMAR Scan [l) [U..S. provisional patent application 60/953,910,
filed August 3, 2007, U.S. Patent Publication 20070178469 to Mermod et al.]. Such
programs were designed to identify novel potential MAR sequences by detecting
clusters of DNA sequence features corresponding to DNA bending, major groove depth
and minor groove width potentials, as well as binding sites for specific transcription
regulatory proteins. These programs have been used to scan the human genome to
identify putative MAR DNA sequences, several of which were shown 1o increase
transgene expression when introduced into an expression plasmid that was transfected



a pronoter for operably liking a nucl eotide sequence encodi ng a gene
of interest, and at |east one non-human manmmal i an MAR nucl eoti de
sequence for enhancing expression of a said gene in a cel
transfornmed with said expression system wherein said non-hunman
manmal i an MAR nucl eoti de sequence increases expression of said gene
about 2, about 3, about 4, about 5, about 6, about 7, about 8, about
9, about 10 fold or nore upon transformation of said cell wth said
construct. Said non-human mamral i an MAR nucl eoti de sequence nay

conpri se, i LAl st Of : L) SEO | D No. 3,
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conpri si gt the SMAR Braroregreatst daglefficiantly identfip henan gengtioklemepts)thathie

nucl eot i gen $RAVENEE RfincFESRel drolr syRtnebis SR Fanmnﬁﬂ&r%ns%e{f&ﬁfeh'sﬂana'
at has "at | east

fragment thereof, or (b) a nucleotide sequence t 3\ _
about 80% wWaBbliRitegdoghedniman apnomgy indayaerscaB g uRigan Rrotaireeftintesestist h

t he sequegfiéifexpfessad inaiti-HiafandmAgkidndeliy. The invention is _
furthernore directed at a nethod for identifying non-human mammal i an

MAR sequences conprising: - providing at |east one non-human
mamal i apbou@lxeicd hast@d AR KEVe beBh RieafifRlliy tHa HIRAR YERGMEBIBRARRN
genone or[? a g{g{st. t erfeQI1f - sgéb ecting said nucleic acid nolecule to
a scanni RE¥pFBCRALYE PP {RR (ElRteSiodueasr Pahanged exiessianRi 9875 ndow
si ze for (suoic ket grendiuorekeamck @eotéin (BEPE watitadiee dnd receptors) irf@HOGRING at
| east 1 | east . 2 r.ef er abl re_prefera 4 or nore MAR
associ at glher? élgﬁf :fream%f fhe en%ané’er)%fom%?er. Tlg)e Eeng% oP IBKIA shown to have

ectopic MAR activity ranges from 2.5 kb 1o 6 kb. However, the fack of struciural

characterisation of MARs has, as of now, limited the production of “designer” MARs.

Thus, there is a need for the characterization of MARSs, in particular functional and/or

structural regions of MARs, to allow for MAR engineering and design.

The functional screens petformed so far were limited {o the human genome. Since in
large-scale production, a protein of interest is often expressed in mammalian cells, there
is also a need for identifying more potent naturally occurring MARS that enhance
transcription and/or gene-expression and/or potent protein producer cells in human
and/or non-human mammalian cells.

Overall, a need exists to identify and/or produce MARs having advantageous properties,
€.g., by identifying further natural occurring MARs, by engineering identified MARs
and/or by producing synthetic MARs. Advantageous properties manifest themselves,
but are not limited to enhanced transcription and/or protein production/gene-expression
propetties; reduced length relative to naturally occurring MARs, thus allowing, e.g., for
more versatile use in genetic engineering; tissue, cell or organ specificity and/or
inducability upon addition of an external stimulant, such as a drug.



- setting threshold values for sequences displaying this/these
feature(s), and - selecting MAR candi date nucl eoti de sequences
exceedi ng these threshol d val ues, - ascertaining that said
non- human marmal i an MAR nucl eoti de sequence i ncreases expression of a
gene about 2, about 3, about 4, about 5, about 6, about 7, about 8,
about 9, about 10 fold or nore upon transformation of a human and/ or
nonhuman manmmal i an cell via an expression system conprising said

non- human mamal i an MAR nucl eoti de sequences. The feature may hereby
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Fig. 3 shows the effect of various human 1_68 and mouse $S4 MAR elements on the
expression of recombinant green fluorescent protein (GFP).

Fig. 4 shows the effect of mouse MAR elements on the production of recombinant
monoclonal antibodies.

Fig. 5 shows that stable polyclonal populations could be generated from a population of
CHO cells transfected with vectors driving expression of IgG heavy and light chains
without MAR (no MAR), or with the MAR $4 added in cis.

Fig. 6 (A) and (B) show that stable individual clones could be generated by limiting
dilution from a population of CHO cells transfected with ;rectors driving expression of IgG
heavy and light chains without MAR (no MAR) in (B), or with the MAR S4 and MAR 1_68



(b) an nucl eoti de sequence conpri sing at | east one DNA
protein binding site adjacent to said nucl eotide sequence of (a),
wherein said binding site is (i) a DNA protein binding site of a
further identified MAR sequence, (ii) a DNA protein binding site of
the identified MAR sequence of (a), wherein said DNA protein binding
siteis, inthe identified MAR sequence, situated outside the core
nucl eoti de sequence of (a), or (H)a first DNA protein binding site
present in the core of (a), but adjacent to at |east one further DNA
protein Riddiingissite, wherein the first and at |east one of said
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bel ow. A%ugggge«ﬁ ljo%t’h ette according to the present invention is a
nucl ei ¢ A6 d & TT%I’I Si t least one gene as well as elenents

required Fig)t14tlshe1 liuanasm ofghe tansgfipidnakerganeameNt py syrihetic Mé&Ror di ng to
t he pr es%@@sﬂu@t\éa%'dQQ:n‘o?%fnef%”%tOry region of DNA, that, when | ocated

upstream o ersTtranscription of the gene.
Fig. 15 is an iilustration of the transcriptional enhancement by synthetic MARs

comprising the DNA-binding sites detailed in Table 5.

SUMMARY OF THE INVENTION

The present invention is, in one embodiment, directed at an expression system for high-
level expression of at least one gene comprising:

a promoter for operably liking a nucleotide sequence encoeding a gene of interest, and



Expression in a cell, e.g., expression in a non-human mamual i an cel |,
refers, in the context of the present invention, to expression in
vitro and in vivo. In vitro expression includes, e.g., expression in
a cell line such as a HeLa cell line or a CHOcell line and in cells
used for in vitro gene therapy. In vivo expression conprises
expression in a transgeni ¢ non- human ani mal and expression in human
cells used in vivo gene therapy or in vitro gene therapy after
reintroduction of the cells into a hunan gene therapy recipient. A
mamel i & 1ezel dne ridaCiunts MaMeRLINAR rBEERd 2ausel for @ﬁuﬁﬁéiﬁtjf ng to the
present inventiop is capable of b%jg?cfaintained under cell culture
condi t i cﬁ’fgqesﬂo?ﬁﬂ@ PRGNS aselisnafogred Wihssald BPreFsiatysieMar e chi nese
hamst er wheagiy s¢i€roahumahinsammalMARIAR ASdIEdIkE sedliRce irefeiRbs eabrdddidn of

sequence, . a S/ MAR Lust. a MAR accordin o, the present inyention is
Ml ooPIEheRE AR 8DR RReHdn B SrioR! ¢ SEH Ta B0 Ge: ABH Seatopt
four) chdrfaidtoenicsd ups warisformatiat efrsaid ogll eitie saidicbgstruBAR’ or "MAR' and
having at | east one property that facilitates protein expression of
any gene influenced by said MAR A MAR construct has also the feature
of bei nachnérsbrazrechammilien MAR hidientide serjuence mey dompride, ddNRisact i vity,
in part ié\sg%rﬂ{ailyw&rt}o%iﬁ%ﬁmi ption nodul ation, preferably enhancenent
activity, but al'so wth, e.g., expression stabilization activity

and/ or di B&Q Ble.\3, SEESIDNG.CIP aiadundtional fagmentdbetedinder " enhanced MAR
const r ugks; nudédaid ; fl S S ' bf i ed
MAR t he;c/(hzar ?au pri é??@gngggéﬂﬁ%%bﬁiaﬁé%ﬁg%%sg g%@? 5#2& afgg(ﬁ:‘t?ra cﬁ' ngly,
a MAR ccﬁ@gveq;@tldquMWiizwmeofﬁfiﬂ saapencesf ucl eot i de (50% plus) are
based on MAR S4. Naturally occurring SARs or MARs, according to a

wel | -accepted nodel, nediate the anchorage of specific DNA sequences
to the nti@iegntiomisdise digstvdahen inglatastandaiified Wd%'@%m?w‘ﬁat ext end

out war dscobipPising "@nbielify &ERRRMMbLI & BAsiSMg ohi | e SARs or MARs do not
cont ai ne(gin%?obw ous consensuys_Qr . recaogni zabl e sequence, their nost

consi st S4FIRPIdeR59EeNE A SERLIDANC: SREsAY (TN 0T &runctiopd fieement and
C bases tpgredost nati ng on one strand. MARs have generally the

pr opensi to formbent secondary structure hat nmy be prone to

St rand sbbaPdeP e sSaiRoR el g e gho i Ao HO P RO 3R SR
cont ent dgay sequichedideatity with thdsagudderof GARRd Aad MR AddRey. but for the
nost part, their functional inportance and potential node of action
has been unresol ved. These include the A-box, the T-box, DNA

unwi ndi ntheniotentien isSAMidimiorendirettedsat hesetiidd fboidentlyilg A2vhurasdmaonstias us

t opoi so I I . Qr vertebrates or Drosophila. A MAR candi date
or MAR (@hgfsga%%a”c%ééﬁ@ﬁ@sgﬁgaccordi ng to the present invention is a
sequence whéddinggt least coe nopthemah araavh@ian suiclels asidoholesuld, \woeferahly @mnoor
four wt j %ﬁﬁ MARs. An identified MAR or

i denti fi@éﬁ%&@gr@@?ﬁ%{ﬁg%%céc}% In ?%Bft‘ he present invention is and

i sol at ed gubigictitn $aidnueejo anid encdgrdledo arsespuinaisroceduse feaMATh$daqpentesur ri ng
MAR seq ising: that it conprises all regions ("nodules" or

"el ement s ;i that allow for the full enhancement of protein/gene
expressi on of SEHigy Axdinfon sieiahhudiqianeid mplesulsp tipeevaluated referred to
herein as "regbighfhg at i bSO 2, pre@fdolyd) $nore DHASTEBIPS oF nfdte MAR
identified MAR are all required to all ow enhancenent of protein/gene
expr essi doeiBtefRaEBaci ty of the naturally occurring MAR None of

L he [mdﬂ essi- %elﬁﬁ?ﬁ’{r@éﬂo)ﬁ vles 16rseaodticey Gisplaging tHié/th_é\f@é fedtdrs(sphind he MAR
y Itse . one, o er | ONS ar.e sequence specit11C, SUC

R meuch eot FAESINRE SRS R RrEo R o aes Prern tese IREaRhdi ng
site (THBf)es egi ons descri bed below. OQthers "regions" are

characterized by their location, e.g., the 5 and 3' term nal regions
of an identified MAR sequence. An AT/ TA-di nucl eotide rich bent DNA

7



A terminal region of an identified MAR MAR sequence according to the
present invention conprises at |east about 5% about 6% about 7%
about 8% about 9% or about 10% of an identified MAR A binding site
or DNA protein binding site is any nucl eoti de sequence that can bind
a DNA binding protein. Binding sites for DNA binding proteins are
typically TFBSs. A TFBS is any sequence that can bind a transcription
factor. The TFBS can be of any origin such as, but not limted to,
human or nouse. TFBSs nay al so be engi neered or synthetic. However,

[ certain etodiminal iy ASPRATnEAON AARY Lk B sequence,
such as a MAR sequence O e sane organi's anme species or the
sane ge nlﬂ1§reaﬁﬁﬁ/@@é&‘35'0ﬂ 19t 2 JEmSapRLy 2b%b0|Ut %mbautMARb@é @uelmm Bodboat 7,

di ff er enppsip@ChRH @rabaumd#ow&mﬁorgﬁg MPtrardtoPRationiors r{uhﬁaﬁn AAAE B
currently known counter in a sequence are W thin the scope of
the pr eséﬁ‘fﬂaﬁ meEtaiaghcelsir An $XmesEsioresysieRctompdsing seidfoa-hiawn| i ni t ed
to, bi ndimaghnsdiib®MAFuctdtide betRehéam stimul atory factor 1) or the

zi nkfinger protein CTCF. TFBSs m ght be nodified by 1, 2, 3, 4, 5 or
nore substitutions, additions and/or del etions and may be in full or
E_aré_ Synﬂ‘?f&iaﬁﬁéima@bﬂeﬁ?b@@heTBBE%endﬂd@h e’ﬂvﬁos—Bﬁﬁﬁﬁe 1§Wﬂdllp%ﬁw1éﬁ tﬁﬁd .

i nding affinit e respecti otein_an ic
of t en nadleRE RHE ImORaR AR R bYAE o Delyeen 3bad 43D Bl 1 efiodpe. of
present &voeALd and awmms;mo:mbomnszedna’ EB(SH it 2 labbet 620 @al ebdolay oEdﬂe above

parti cul 2oBy28 rafe i VG RIGHE Y nees hehe St BN Benb vehe
i nvent i owhich htembitlmftéd rvgthﬂlhe o(slpworlugkB&(tsi) acoulfigicatidnsalue kepeminfdbout y

to the N@@O Qr¥d atfou ?]O nguép'gasb#b pﬁf@() a'ﬁ'd%%'@ a%BEtCI' E)h 8 %B#Lﬂ%gpo about

engi neered” or Syn rc regula proterns or o
engi neer éﬁDQﬁndsqhwh%‘thOcatpmkbﬁéﬁ)mg]d atout2800angd/or thedyatuesrpmnhbreim/ be

specific &g Foo@@ eHRYVEEH Whkh .Qﬁﬂﬁ‘Pm.%h&@,Hdev%ﬁrﬂgme%fa 'Ca'

cases bene romtissue-speci rom t ility

of the NAR'T!P@%'B@E@’W betvegn ﬁb@ﬁ@ﬁ@l aﬂféatszé 85@%5@?%&3.@0% [t aﬂdsabODE
I nduci bl exdy as&ﬁ 1868/9nd 4but P0G, AbGR1250 561 17408, gene of
interest would only be expresse in specific organs or tissues, in
the latter case, the expression could, e.g., only be turned on in

r eSPONS e The e RN iPh180 Bfdtied BWARE MR cbrisLts e&n@a@cggﬂ es of
transcrlk)n_)l on factors for which TFBSs % be i ncluded are,

SATBL, N4l afpseiatedamicleplide sequppoepMRERKG at lepstRattota terming! re@rqngqﬁtan
MBX, APlidepfifdMaRRBPL, FOX, Freac7, HFH1, HNF3al pha Nkx25, PQJ3F2

oot 1 polb{iTggsollis apRIES SeRBace G s D P w5 ho02h8s M2

HP1, Myc20RBabouPas?, atdok,30VBE, motelB saiBideiificG@MH or Svither ideDRa MEATAS,
HFN1, Lh 3 NKX3A, POULF1 , Pax6 and/or TFIIT A A binding site, such
as a TFBS, is said to be adj acent to a core nucleotide sequence if

t he core (tv)ur} hentiedieesequanedasing abbig HPa dbog 9594 abog 98%pabatt 8d%by not
nore than L ref |, I i des,
even noré %Be & ég@ng%gt& Gélgctét %eﬁwa‘%t{m[\ gg%&%glg? éﬁec'féggf hgtgf]tore

pr ef er abli) arm:plenhﬁeesenhawearmwa apeyt 7984, ahout80vh areferbiolyaba®, QOmaer e

t han abouyke Al d A e bi ndi ng
site, i n%ér £ ?%uapga/'#@@gﬁ % Htsde /\/,Zagggt?ﬁgﬁe?gesﬁregﬁt{ﬂfﬂ he{rh@or

adapt ersﬂéﬂe@@etséqwcﬁﬁé(%tl des on each side of the TFBS. In an even
nore preferred enbodi nent the TFBS is part of an oligomer of up to
about 50 nucleotides, up to about 40 nucl eotides or up to about 30
nucl eot i Gker W%é?qsé’gc’léﬁc?ﬂrﬁ'ﬂg Hythe investionGeRRIS® TFBSs i n accor dance
with the present invention, are a row of TFBSs are arranged in
sequence next to each ot her. A series of TFBSs is said to be adj acent
to a core nucleotide sequence if the TFBS of this series which is

8



A MAR construct/ MAR sequence may be inserted preferably upstream of a
pronoter region to which a gene of interest is or can be operably

| i nked. However, in certain enbodinents, it is advantageous that a
MAR construct is |ocated upstreamas well as downstream or just
downstream of a gene/ nucl eotide acid sequence of interest. O her
mul ti pl e MAR arrangenents both in cis and/or in trans are also within
the scope of the present invention. A MAR construct or a region of a
MAR is said to be based on, e.g., an identified MAR or a region of a

|C ﬁg P; |C I L :ré@;g}erl&-\gfs ar\flvlldlteﬁtlf%ha\{ljﬁ F?Ql%n@é of®pat fhekehindsniettivd é}Fae@e:%ntf our)
respecti Wé P@g?”d?{d%rrf’é‘gg’éﬁﬂ é’Hﬁ'Ytﬁ ‘ﬁ{’e’f’ gg@ﬂ“ﬁ%”ﬂ)@@ﬁ@@@ﬂ@% a@queﬂce

facilitates protein expression of any gene i nfluenced by said MAR.

These cQns ts or re eneral |y have "substanti al
i dentity”® %Eﬁrwﬁt@rﬁs&@ﬁtﬁiaﬁ?@ ‘"ﬂ/ﬁ@?@e tHEPH cg}“é’"ﬁ’ﬁ%d on in accordance
wi t h t he(ajlafcors riucteotidd sédmnteacamnﬂrsmgl ded herein. Despite these and/or

oast one functi olA ) SRaPREEay s SR T i B 5o RBPTAENAR] el

MAR.  Theeqeass ot |nvent| on |s al so directed to uses of a MAR

constructs, inclu

construct nay al 3@5 e ;%%Ia 'cw&h one r{guaqnef)arsteétrll%aﬁp%%% %ng)e?e)r{ac gene
regul at i 99P6t Y3k 0s¥h wuemmmuy withhihe d-rich, regios bioak(dnodi f i ers such
as hi stone d g@@gr, el enents such as | ocus
control regi gngﬁ{d@jﬁdé g‘%gérr@&su as cHS4 or antirepressor

el enents (e.g., s@fd@ﬁl‘-‘ltPE%DWO@M{WC@W%@s@facehteﬁéwds!u@mm Sef|UICOE

el ement syt @y, Nﬁg;elﬁggagmeil\ﬁﬁgﬁélgl—u and te AP). Synthetic, when used
in the context of R construct refers to a MAR whose desi gn

i nvol ved nore thald si fpPRAPEisinPindinggite el furbat identifiad §A6t sappess on of

sequences/ r egi onsjipr @DNA&Qtélﬁ%&@ﬁﬁ; sit® bf the dtintifid A YRBSue MRS
based thereon. In particul ar ic _MARs/ MAR construct sy% ner ally

conpri se one or nore, W&'@F%‘SI%%W@‘G'W@@‘i"%s‘ﬁﬁ'sdﬁthed@?ﬁ“i“?‘i‘
whi ch, however, m ght sleﬂuéﬁbétﬁ!u@te@m@ﬁheﬁﬁé\borb%uél%‘ﬂdé%‘éh@@fbe@f (a or

nodi fi ed, as vveI I al | wel | character.
el enents, such as( SI f@'ﬁ‘eﬁ%& ?té%giﬂag'géiie fiepay in &ﬁcﬁ'[? 4@, é't‘ b a
preferred enbodi nent, gfseduicedt @ystidneturtal D}A pfftemoidRy glackhabnment s

o T b0 e e S50 SR PR B R0 o

about 100, about 50, abeuttatpceabintite @be ofaapet 20 or about 10 bps

| ong. These el enept,s [ o be nmultinerized. A
non- human manmal i g\h I\/ﬁéﬁgé gortgllﬁngn% n% St‘ﬁﬁegfgar sen?‘ﬂlsﬁ‘%‘?ﬂl “on is a MAR/
MAR sequence that is, at least in part, ascertained-via the genone or

parts of - gL j

i ncl udesﬁ'gg]rV g@)@gr@?@{, ﬁﬁ%}twgre%gieﬂg%s I d gﬁp%@&l n@ﬁth-agn@gﬁgg?ds of a
r odent gmmreuuﬁs,a&ﬂ caRrisingtany ichihesgetiied exprasaion sg@ﬂm;eandﬁtheelee of
accordin abl e
ot anogn e B et R o slferty 2y BafgiflchofPh el dBn il

i nke s or

| i nked. mamrmﬁteodsae&"aém bBerels in (1) pprelusing pedeing suca asantiendiesy

I enti Vi r WsedgizRg Abieh ptamegeroﬁmﬁet@rhuma%ameir%& bf&ﬂeﬁ@&ﬂf &bféﬁwsts‘&cﬁ he
present invention is he introduction of a nucleic acid |noa

reci pi en®s @[MUHP%%T%"E"éTeI'O”Ss‘H@FPeég‘e’%ﬂ?y"%%'td@%%‘f%%eﬁ‘s gpglor (2)

el ect r opaftay Indio denB ®icrapdyl, 08Il theiapy ar tidsii@ kegéR6iafién Biera ?bya chem cal
means. Transfornation as used herein, refers to nodifying an
eukaryotic cell by the addition of a nucleic acid. For exanple,
transform ng a cell could include transfecting the cell with nucleic
acid, such as by introducing an DNA vector via electroporation.
However, in many enbodi nents of the invention, the way of introducing
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A nucl eoti de sequence or fragment thereof has substantial identity
with another if, when optimally aligned (with appropriate nucl eotide
insertions or deletions) with the other nucl eotide sequence (or its
conpl ementary strand), there is nucleotide sequence identity in at

| east about 60% of the nucl eotide bases, usually at |east about 70%
nore usual ly at | east about 80% preferably at | east about 90% and
nore preferably at |east about 95-98% of the nucl eoti de bases.
Identity nmeans the degree of sequence rel atedness between two

nucl eot i EHEPESE

bet ween tg\E/\gﬁg't rin Rﬁéﬁ@ﬂ%ﬁgﬂ'ﬁgh‘b}ﬁ: %%Ewgqélnﬁr@%égnpl ete
sequenceTHF VENT! r‘{:an be readily cal cul at ed V\hl le there exists a
number o’rhmbeﬁﬁwbmdmaeté@qo is@@ifdd édﬂ HAPRARRYS lﬁ(éﬂ‘é?é fi6in r@ﬁ -human

sequences Q term"identity" is wel nown to I'sans
( Conput a¥1'BA%I @ Msthoe of deniyign ippe semceseandm systamn empleyiog thoseai ver sity
Press, ¥Adds, forkRS Bigh BieRreoBubtbABE prbfral ts,
Smth, ’[\)Bé?\L/JV O: Aclg gm c Pr esls I\gw O;mmﬁ%ﬁg%g%ﬂ%gﬁoﬁﬁgﬁnggl S
of Seque?ﬁ!@sii'ﬂ‘[%ﬁ oﬂ%'?ttcell Giffin, A M, and Giffin, H a, eds.

Humana Prmlsresmwvdmrmeyazsda%ctecﬁenmm@@nsﬁﬂé\ﬂsyﬁIparticala}\/@rl.k%%é@me
Bi ol ogy, G ., Acade 1987; and Sequence Anal ysis

Pri ner, ﬁg(ﬂ%\fxbrﬁpsgmgy%e@&ts ejnp?oyg}gghese,\wg@ SensteRtspEnddheir ygew
Yor k, 19!91I)e prividtionlsn paniowlal yrgersphle pestiutionds besigth1iend deRdrhpy, bet ween

two sequ t ose disclosed in

Gui de to%ﬁ&rﬂ r‘rp%ﬂ g\ren%'rﬁ/hac{lreﬁtgg at @e@ﬁgi)%rhﬁh‘gmﬁﬂ%!ﬂé’mdé’cwrb‘gs, San
Di ego, mtemsarmtlurwv cells@s wall asawd-humanaramrizalian Skilid MASRINER Mat h.

48: 1073, c{?; ?g Preferred nmethods to determne identity are designed
to give t argest match between the two sequences tested. Such

net hods are codified in conputer prograns. Preferred conputer program
met hods Q) are
Midiinend teg&%tﬁérms@%(ehﬁ@dﬂahi%h%él‘%@@cé@?m?@rﬁgﬁﬁc@i&ﬁel‘e%e‘@g?ﬁe ot % am
package TERVRS ax50mMmonly yedegstood Rb@mfe@f@fmfm%lkelsfeaﬁdho which Yhis 387
(1984)) , infeiSd edﬁ%ﬁﬁﬁbudﬁﬁﬁo&ﬁéﬁoﬁﬁﬂb‘ ial€harfhg b IANe adtblisHllei?!

al . (19%?'_31tée Wﬁ | - known Sm t terman algorithmmy al so

to deter Usgd it thepraciige ghine prageptinuention. exgmplassingy siiteblggnethods

corrprl mmgj,aataugh@mdggen@e@cume having at |east, for exanple, 95%
“identity" with a reference nucleotide sequence nmeans that the

nucl eoti ge sequence of .t he ucI acid is identical to the reference

sequence’ eXCEpTS'PRSEST q‘?ﬁﬁrd Pﬁ? RIBRRIERvNtioRyS ¢ AkY'eia acidsomarising e
poi nt  nmuatdedsbose gare aael dsGflemnerts suireteer Bk tlahscripgbesneReicl eot i de

sequence. In other words, to obtain a nucleotide having a nucleotide

sequence at | east 95% i dentical to a reference nucleotide sequence,

up to 5% pfombier aceoirding fodbs prasenttirventdreis esytinterg aeparcef DA, tha, Wrdret ed

or subst; r mber of nucl eoti des up

to 5% of IO{:CJ#’&? a%lplnuclcb%h? ’HHH&%ﬁgi‘ﬁ?ﬂ&“’é‘f"éF*‘ eé Sequence may be
inserted into the reference sequence. These nutations of the

ref er enceysRE4BRGPa BBIY, OF Calprédsioh¥¢a Ron-Al §n wﬁﬁ{nﬁghgﬁ eIF?éfe}s' ?ﬂlﬁ

t he reference nucl eoti sequence or any tweer those’ Lerhi nal
posi t i oneentgxhpidthe s@seiedm@intf%rto wmeasmuav#ry aaﬂﬁh'gvmmweotexrdesstom t he
ref er encipciB@ss) 8REC Bxresdith Q@Céﬂrlang%& SODHLHAMS QrOPH?z-Id"belmn@ A%

reference sequence. Functional fragments of nuc (8ot | sequences are
al so par gelig psedyir i viEaganei therany: "d?rY’VO&XPfle&ﬁ%?RmFPfﬁieé GHIPeRIPNER a

functi OnﬁénSQSmb Aoghasan Hﬁibhal@id'é@kétsi@n Giﬂ&lrﬁeﬂfpée@s usae i v §dndth&rapy
nat ur al I%rnl urrl ng coun i.n particular 1ncreasing

art S
expr essi Y17 Ao ReE RETIEAGE WSSO ALiE RIS Riogumangens AP a MAR
regi on iecptent.] considered a functional fragnent if it's deletion
decreases the transcription enhancing activity of a MAR/regi on, but
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such as reconbi nant proteins having pharmaceutical uses, in a variety
of cells, in particular nmouse and human cells. The nouse S/ MAR 54 was
shown to be the nost potent of the newy isol ated nouse MARs and of
the previously cloned human MARs. The invention is thus directed at
non- human MARs havi ng enhanced protein production and/or at MARs
enhancing the stability of protein expression over tinme. SMAR Scan |
is a software tool that identifies MAR candi date sequences based on
the structural and physicochem cal features of these sequences. A

t hor ough di scussi on of the method has been provided el sewhere (U. S
Patent Publication 20070178469 to Mernod et al?. Essentially, "SMAR
Scan" deAaranyeslia eglhfeghnai 3 BoR-B¥nan Bamptdlian pefl, acageding iertBe piggent
recogni ZivdHiigh id @pablb s BEnG Mathtdined @flet 881 d’e&‘ﬁhr@%nﬁﬁ&rfs‘ eson- ﬁrﬂtiﬁd)”pu'f e
the theoretical values for conformational and EF%SIOC em cal

proper t i & WS yper EplisTy chisRaerhamsier avor (GROBECHIRA sequence

features corresponding to DNA bending, major groove depth and m nor
roove w otentia eratures _jn_a wde variety of
Soo e arh Yk Rebsiid 2l HEmern gl Brnans. Sia/lReros st & i acioling

f eat ure, toa?]@pﬁes@itfin\.@htldrhé ﬁ&ﬂ@ledtrd@ﬁé%ﬁerﬁ@%hhﬁ?d)@nmtmoryo&cﬁra@%@m o
returns it .ea ti ne. t.he conpufed, score.o Lven gion. is above

(he-sor Bl e theealietios wiit A Rt aniurrite sSaf: BEhBP 58 parindel o

t o handl leasthee prdperty thae fdcilitaés [;ﬁroﬂairi @gbréseivaiof h:afgbénleeﬁf)uescenﬂwsaicm urns
all hit it on_th ue nce, . and thei.r r

val ues. +BR% AIPAR pBRv i lsd RERARRER e an Sl G ey prgee

" cont i guaaic wiih VAR adtieityy imsartoular, wikietrpasiittioo msodofatise \pegtadablyont | guous

h g : )
M L
be set, agaities which aze slemdédcsbed witen @ihaeced AR gomstiubis." ddARutanstructs

e Ch) LR SELE A oot el QVrhRROSELRE R AL o,
used. | ncqnstrgctvmaccqrdingIemMﬁPeconaurwct HatrerhogenRejo bty wé nieateotitle ¢ % blais)
her prof 1 oeied Bh MiGy SE, RRrAlA ot fing Shite NMACRS 3BediShath o el

cut - of f / e¢peptedanetiel anagéate figi @caqma@@\eﬁﬁpteaiéc Dalptseqgenses ¢aibl ntglaat i on
for everu\aﬁszsgéde@amgfcn@owauam%ms tmeexfynatoh v}jmémw each

criterion was then Conputed accordin hese (see Fig. 1 and 3
U. S. Pat Beferopiomagaceiss: Y00e GATsasHA CFM%@N@'O agy POVIoWFGANEERHYS s e

of SMAR &¢8, niﬁﬂ@ﬂéﬁu@%’e 'tr%trarnﬁt%r@d‘lét@rﬂ féaﬂ&efaabeéré‘% Ibéiﬁ%\kécréni}ﬂ% th gn of
MAR sequences rE)er son skilled in the art will recognize

ot her bi BW%TGPWEE"r 84 Gorges WSFO’B'PPW Cf'b?“etsrﬁré"?’ dMﬁﬁsf’Taﬁ%ﬂ?r&ﬁﬁalﬁf"h@ MAR

not i ves WiohBngity 1 toath Heht @é@ﬁda&p@@mﬁbs traveay 568 befkity bitahdpakBotls ed
in the cgntext of the resené ﬂ |o Pr ef rablri/ uch .t ool s. can be

set so t ﬁ‘fef%‘rﬂ”’i}p'f’ﬁﬁ NRRAROY SAiFE S hY egp P
f eat ur es Shay eRd/oAMAEIS] Rt fortad st ﬁdﬁt&their%rﬁ:ﬁﬁr&ﬂ ingbraakoatt giterstiat - of f

val ue, yleld r .can be set to |e hi t n
b o nf or P 67 pesh Beg Bediirgb et THsr BRI &5 eJak. BYG gned to
i denti fyunw:hdmgmmnfsdsngBabmdwgtsyes (Fhbax, &CT/Cab)tanddonsenisos topeiseseense| y

correl at crease gene expression [Phi-Van, L. &
bl Wil G s2se gene expression |

Stratling, can as been devel oped to identify hunan
MARs. Thus, it was devel oped using structural data collected from

known hu Q@I}E
cont ext gﬁ\ﬂ Aﬁggggg:\ga&ntg %vne%%ﬂateg 'T%%a% ‘:tdﬁé%]{r%? rg@ezﬁ@?rgrq or MAR
sequence$.seqirnse sharingi dneanr erce sharacteriplich sigal &sdwpdbretem;rf@rmﬁthmlawraﬂyuse
and humag, &ﬁﬂﬂ@ﬁﬁ@&@s‘ﬁﬂﬁ&ed the use of SMAR Scan programwi th the

e

settings previously fined to scan the human genone (U.S. Patent
Publ i cati on 20070178469 to Mernod et al ). Therefore distinct w ndow
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The human 1_68 MAR served as a nodel for produci ng MAR constructs by
shuffling and/or duplication of regions. Using nodul es ascertained as
descri bed bel ow or parts thereof, MAR constructs were produced based
on identified MARs, such as human 168 MAR. The MAR constructs were in
particul ar produced by shuffling, and/or duplication of regions
(rmodul es) or parts thereof. The 1_68 MAR exanpl e shows that nodul es
(also referred to herein as regions or elenents) of an identified MAR
were all required to all ow enhancenent of gene expression to the
capacity of the naturally occurring MAR None of the nodul es
identified was able to achieve the full activity of the MAR b

i tsel f. Asuidpptifisd AR orjidertifiekMAR seauencesicgemingrig therteseant inventiopég t i al

dupl i catdr@nsdMted RlidicHtiBe §BGlIENBS dntdirb§Rnbidid ARdially ﬁfﬁ'ﬁ t of
gene expression. Several non-redundant sequence- spec ul es

(r egi onSPIIE it thehlt paRrires o gagdionsddundilesceiopieraerds'y H"ai ﬁ'fol“tféh‘éé fyllocal
chr omat ighhahdentdntibiprotéMigene gk Ziah bOR malurdRBuRarah! el s somewhat the
control of metazoan transcription: a diverse collection of nodul es,

whi ch are dispersed up to several kilobases fromthe initiation site,

col | ect ivelmodiles alis refeeied td heaBcds “Rigiams,” WDINA refioh, qscenonlhe Sequence

- fi, t I h A
A R e N
and T) iexpmasibn cutharcapakity of thb nlae.gallyrmsduramng@B) Ndhgloﬁ)ﬂfé rfiddiiesi i

a1 oot ARS o el g PP log \ATRBY e SesohrgRS e ey ¥

cont ent sereerperspetilioy sicduaiAT-winprleotiieaich begt regisns aMar&nﬂbtibe fadtarat or s
[ Al adj e h|nA nd T
cont ent @'%WF@Q) '%ﬁ%ﬂb Cgégaélf’a%\gd akﬁse%@&%\/\%ﬁ ¢ ac;t%{gy tric"”
ones, t Hheir Qrationeg0e tied® ahd 31 eyninaigedignstofan idendfied MiRIsequencmst |y Ton
the other) were thought to primarily facilitate duplex opening.
However, these regions mght have a wide range of functions. For
exanpl e, A&l ériirsiantighrichmbont B regien theseinaftar nefermd fozsi“ATRCh

repl i cat@piddb nQ 46@% em%@aﬁ %Gr?\ﬂlnéug Qﬁ.gﬁﬂnmbe.xof TS OQ]%H%%MOV&

Danai | ov et al novi c et a can

facil it deen phike p@&@ieeﬁgieé#\"&af@ e ereferreéﬂ qrekpsimenidt eantainmatileast hepeof
dupl ex DRiiruBleWiide A, [a?ﬂe}ér al Iéﬁ‘éi ”!‘2"/@& d?ﬁucte?&f?}%]AT &% gRirdeR btH@ roles

for |ntr|nS|caIIy bent T content have al so been

consi der@NouRye ?@I’pﬁﬁoRfeﬁ@P!b?HI?ﬁ&S rﬁﬁfldl'@mf?ﬁ“dﬁ% i2pF/oy atdedst 8pies
\rllml ch rQﬁ%ﬁ@b@oﬁd@ﬁﬁo?&sﬁr?ﬂhb}WDéSf{ﬂﬂQudds)baQé ﬁanes (Bf_é’ﬁ%%b ¥ :slhb%lﬁg)é]
ave such an arch ural .roje ri [ e :
Br ot e n- e 6 RiTHY A GLOUEr roRb BN PakseaoTs

beng| Ing sthaturd. a!}gmbe\xea,tt% Aﬂ(ﬂ)mregmgnﬁayﬁﬁaﬁhon%@(ébbbmmmb&eé a@nd
stabilization of tr e r pronot ers
" eukar Bt 20t € presdraBs Ay o e Bl i A SRS sBeft Yot “a

regi ons tilviotithes; ebeut hbQ e bAubzng, abmns@,mboomooesmmdsm or dtext 400NA.
However,m}c %ﬁgegme%m% qﬁpent could act as a 'histone magnet' to

attract hi'stonés to form nucl eosomes over the bent DNA, |eaving the
adj acent regions free to act as a | anding pad for

prerepli f Vi | so
contal n %.@W %’é’&écﬁ%‘s%‘a eribwor %ﬁﬁﬁ r?éherb é‘i‘ ﬁfﬁbé’&%ﬁﬁ uEﬂQ? ﬁBﬁ’n n%ug#!%Rﬁnga
"regi onsfegioﬁhstlch apiandingigg site @andw ggsits rabatwauhm@ t@hd@gr&é’@ie@ns (see
(2) aboveme BiAARHE sRELEHE aRioQirRh rﬁavwat.\,aguwgﬂe aRHE ciEnti0Ln b4 et ed to,
DNAunvmnm}geement- i ndin rotein and transcription
factors SHERT bigdipg gitgs (Hrkanmd/T/gypnd CQ@PSU% epoigomemsad! sitgs 10768 MAR.
Mut at | ong@drieBRadsts D%sbﬂﬂlaca-icﬁﬁevéhatbxﬁd]% Qitd rdllbR nSdUISSinGRRKLEPYL € to
the MAR function. Human 1_68 MAR coul d be inproved by reversing its
orientation and by noving away the bent DNA to augnent the size of
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In particular, MAR constructs conprising | ess than about 90%
preferably at |ess than about 80% even nore preferably |less than
about 70% |ess than about 60% or |ess than about 50% of the nunber
of nucleotides of an identified MAR sequence are within the scope of
the present invention. Those constructs preferably conprise the 3
termnal region of the identified MAR, even nore preferably at | east
about 5% about 6% about 7% about 8% about 9% or about 10% of the
3" terminal region of an identified MAR MAR sequence. However,

const r uctrasg J@gtoncﬂﬁ]bﬁlb&nbﬂ%si cldsedr Bk BiRbing SR<CBarPhe %@m@@%m The

are also within the scope of the present -invention

r ear r and&¥e Al 25 Tﬁf@“‘lﬂﬁ?ﬁﬁesl”‘%'gew ENbrietiregions”) fommsng siteg hightin of
t he HoxrA afd Teghtent ﬂy@@érﬁ&ari@én biftRe Bendiiifhd¥err dtend RIGHAL, d FB'raéx%Hﬁfé for

portlon of a 0 tains, in certain enbodi nents,
activi tyu B?a“tr}ﬂéaffugﬁg th%ﬁ&?fhmiggbhqyﬁ anpyprade Gg@j@gpgcqm@wethpgeqmt i on
may, in geutasnrebhedio)whlisa chBsh@gume@nt h&e, anvefige| daPEd @f%ﬂ:akd?e

cooperat,in t he an array potenti al
transcri %%?‘%3?’ rabP‘r‘ltcﬁ @E@f‘){‘éé g‘? adw@e?% cafsalsh Be A iNgg by he
MATI ns peaiteoratig®rieans, uchTas bporsot imtied ©f reidiee FekRE teBdP4turdsAGT L, SATBL,
and HoxF blr}%]d ng_si.tes ar.e

?_G’ les, illustr Iln thelr
onr i chmelieCiird lasiriers help (i, FYWRYG - el VKPS Al SR 188 SRRSe@nd #s may
f i ndi ngsvaof fram spedebiospedenandimayne. be bakevert mmJSAiFrerrleectvaT BINATA

or ompt e s RARE o kBl f7 hRle BRSNS & Binadee WARRs For dpeifn2

AT- ri ch tp @hbdirB. o br RaleB 8. t’aidjwomrﬁs tofraymebaurt 3s@ teeatmiut 8.8 parsicthe pt i on

factor by f

test for We@@%ﬁhae%gmp ﬁ'ﬁ 'Bk’/?i%" consqfﬂﬁgﬁﬁfrom%d%&e&ggg

of a cora7, (e almy 22338’@)0\4'@31@9? |3§| hefowrabpat . Bcin SMYR Snaml, neepdctivaly
TFBS of ibhser difgo ikt einiMaRs AT-rich region and
chem cal f)y syln&?}’tésl%zedi DNA |Ct hg:gggéy?%%t he transcription
factors placed upstreamof a pr ormt er for green fluorescent protein

(GFP). Hi ebmﬂﬁaﬁ@gx% o Bn R ritiried MR/ M sédu'éﬂé& 5&:&%.9 tﬁé}EFysem ndi ng

sites were inserted between the AT-rich domain and ronot er

dri vi ng 'PYREtIEN pPrBRYSeS At @ﬁSttar*PéUtﬁf’h POYHEgeARout ?rﬁn@f?,‘%’i ﬁ°é gbrut §f@rat i on
found i naoluf10°8 of ¥ RERtMARIA®r ti ons contai ning binding sites are

i nter posed between the pronoter and the bent DNA region in the nost
favorabl e settings (construct 6). Table 4 shows the DNA sequence of

t he chera pildig SO bIBNA pe6teir bigaiNgiRAS a@keﬁuddwae ‘é&iu%né@thﬂt carﬁsuﬁuia ng
he C/ EBP, | | ed Gsh)

r oot | A BhcRgT ol WNnG Sl Tos DU BT HERAE 0RaY IR ESEn A

(Fig. 12)FBS ey sbquahca thas carelinda tahsyriptieciattor. "TRARFHES 6h vesfanysed

Y:“a22°?he°§r AR e B o e iR o b e Bl "

(i.e. pesyhtetiy. dogueeet s dedaemiBdinthis, MPIHBS Kas & ecuntepsem fABm Fi g.
14, the LA B ad MO on NP IR Fhllers! hESaRE QYL ARt
al nost all' casé n RN Cas es, CaRt nScri |5 % onal

enhancenmﬁme @@ma#@%‘e&eﬁ e T(E&SGHW ke ae:m;% sequepce sf adiffetest gobciesch

regi on. \?)rft} 1 and
Fast1 , eer%ﬁlﬁgéﬂ%ﬂfﬂgsia ﬁgﬁéa no det e%@% I)Y@n TyJ e({:)'ltu H%nqx fjﬁ;&s{ﬁows
t he sur p?qqslp?@ grad(ithin theragopepé &etnreﬁenbm‘@tl@m SU@EEE@EE:@&Y nelude Nk

1429- 288Q emfthdp, Mﬁanéﬁﬁ& fof D8EY (Lﬁasirbaﬂ%ﬁrﬂu:%qbfaef& ﬁ'gorsthé gakof the
identified MAR the_AT-rich "“éga'ﬁPnls based ri

consi der HISIEEPORH W@ﬁeﬁstﬁ 8 §wdifigd by s 2a'5 Mﬁobﬁﬁ@tmﬁ,ﬂwmﬂst her

conpri si 4HitINE aRB/oNBEIStdAL AHH Rthy Delifil o PaPayrithdsited! OpiieiRed TSESS, Gkt
downstream the AT-rich core, but upstreamof a pronoter resulted in a

consi der abl e enhancenent of protein expression/production by the gene
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As mentioned above, the MAR constructs, expression systens and/or
kits of the invention can be used for protein production. Here a MAR
construct may be included in a vector conprising a gene for a protein
of interest, for exanple insulin, under the control of a pronoter.
The vector is introduced into a cell and the cells are grown. The
process is then scal ed-up for |large scale batch production of

insulin. Hgh insulin production, e.g. 3 to 5 tinmes higher than

wi t hout the MAR construct, can be maintained over three weeks. As
menti one t rokits
of the |%\?gﬁ?}$§r’\{v E%?ﬁ“%%?@%%oﬁ%ﬁ??ﬁﬁgé%@g? Bl)(% %ﬁ} g%feh Ter apy
and in c#fich afigh have Sgknpwp Naktisstepenternat. 55 alsewihin mensowpe pbprgem

Lher apy AvdiBh oss bz eRYFBS ridi b dRAtdd by Any SRRIEMEIIAI G & gene

defective in the patient in need invit ene erapy under the
control HuE %CHWBSJIF BSSGB%WL@HFWW'”W@&'CNMRW: l@&béYnth@'S Ifﬁ(FQD‘@u‘ced

into cel éfbodiHehs asmquenf@f VBRG] Sitel) of PERD@T AP tisdife ecificity t
transfor‘gatqﬁgy% he MAR construct, the bone marrow cells a

i nt rodu beiRg keynd %&'SW%F BHUGH epgiaeged er mtheticer est

may precregelamty sroledsadr other hameal h;r@hneérea Basyrrfﬁetnhgkﬂtelh@ vHARe GO Ry uct .
An effective anpunt 0 m%%mﬁh & EEFresse In.in Vvivo gene
Cher apy. PSP SPEL A E FIAD RE B ACY P FRIbRre R L PSS

intr oducmhehmtgdrdnhﬁssmelsb%lﬂxfliyaas}wﬂlt ia€ Mo the ammql of fheMexR to shedificdlly

i njection si on t ens resent invention
can e | weegitTaterin ol Bl BE Ii0e Bk U R o e Rimot faseBe, < 0.
r egener agénerf orterbstrwould anly beexpressat ircglekific bgaa@yr fisgues, in the latter case,

d t |
B T e
hemat opoliretingexanmgphesca t1ag s ripdas facorafonwkiem T A Bamag be mchuelet arg M@Cs )

bt d i f

Cor e D SSATINIRAE WIB2. &8 B REABECA RN IOXTAR, TRTASBNG f T Blar o™
wi th an eite SHEGT1s§OKenteaet ot 1n gNFaalpha Nixels &QUIRAY Bitt, |T6'ﬁ1aXffJD1
successf gk @,/E@pa;@magaaés %kdae ﬁpmnﬁn#@aétsdmﬂr:z r@&mtﬁ@@%ﬁet@ﬁwt 0 a

patl ent in need e cel hér a t1ssue régenera er‘apy

Sever al W%B%_%P@:Dévﬁﬁq?%p@F’f% &qxai PR, HFBEP bMisd PBK ePaxdel | s
e.g., Nupkeofeciiron( Bon2( §©MP1'—EUI¢ FexPdl GRTAY, HAHMLARD RixaAMBOw 1

Ger ma ny) Tr ansgenl c animals, which can produce & wide variety o

pr ot ei nspi"i@cﬂ’lﬁ'ﬂﬁrﬁﬁ MAnti bodi es that bind to human anti gens, can be

pr oduced by known nmethods (e.g., but not limted to, U S. Pat. Nos.
5,770,428, .5, 569, 825, 5, 806 5,126, 625, 825, 5,633, 425,

5, 661, o1k I O S PR S tegﬁﬂewgeat o3 core nypleolide sequans i
syst ems mectommcmmé ﬁdt@bﬁcdl@m the bmﬂmb@u@d sleparﬁfe@ftt@l ridt PloRiah hedutVi a,

oi %t he bR ST ReRBEtel e, PG o R Rigpufes?Sven iy Fasgolhefore s

Pat . No. than db&yt 58 2wutieotideadeveatmak . pr&eebi reo rridréthaﬁ’ab@ntzsﬁncﬁ hthrdfant o

Lubon et gl . r f n l.s ES The
Mvent | of i 17 sk MBI PRE Ko 8 R sl BRRER o PRI oIS L i ch
do not | bindling sikee IrspaotieafT ABSe, thameslvésorompeise Sloort inkenortdueptelsadfmp to t he
sunmary | r e e I hods,
and exare) LB LUK ofhS PR,  A1EEh Mord PReciR B Raorhle

li mi tingTFE® istpartné ag@ilmer@fppm/ams%ew@eqﬁldes e tpebauh 40 sklbdtises ion
the art uhldaddft S0heidRlss RLbieCai tiRting SRELI duiohas TREA: INlkaERRNt S
all of Ich are wt e scope 0 present i nvention

predi ct i Wih Be pigresbingRNiefeare SN oEEBIRSY aralarrangrikie sealesed 8e¥kdo each
sequencegtheR W REBOHCIFHES! 9 sl %o DR jatBt o DR nadsARB|s¥qsice rqypi | ed
and anal yzed with SMAR Scan |. Low 'and -high stringency screens were
performed using either a threshold for the DNA bending criterion of
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Wi th nouse genoni ¢ sequences when using the nost stringent

paraneters: therefore, the default cutoff values were adjusted for
the high stringency screen (threshold of 4.2 degrees for the DNA
bending criterion) to a mninmmsize of contiguous hits to be

consi dered as MAR, using a wi ndow of 100 bp instead of 300 bp.

Anal ysis by SMAR Scan | of the nouse genone predicted 49 "super" MARS
with a value > 4.2 degrees for the DNA bending criterion. Table 1
Nunber of SIMARs and "super" SIMAC s predicted per nouse chr onobsones.

Chr s PN Al BB Bl 18T S F vl St SR
predi ct e!dn@le@salet iy soifl tg &ank ap EATBickiBgich” [fane Shding 4ife ik abiming s:te
which is part of the core nucleotide sequence and has a counterpart at the identical
location in a naturally occurring MAR.
A binding site may be modified by 1, 2, 3, 4, 5 or more substitutions, additions and/or
deletions. Preferably these substitutions, additions and/or deletions are introduced so
that the binding site matches a consensus sequence of the respective binding site.

A variety of enhanced MAR construct are part of the present invention and have
properties that constitute an enhancement over a naturally occurring and/or identified
MAR on which a MAR construct according to the present invention may be based, in
particular the natural occurring MAR on which the core nucleic acid sequence is based.
Such properties include, but are not limited 1o, reduced length relative to the fuli length
natural occurring and/or identified MAR, gene expression/transcription enhancement,
enhancement of stability of expression, tissue specificity, inducibility or a combination
thereof. Accordingly, a MAR construct that is enhanced may, e.g., comprise less than
about 90%, preferably less than about 80%, even more preferably less than about 70%,
less than about 60%, or less than about 50% of the number of nucleotides of an
identified MAR sequence. A MAR construct may enhance gene expression and/or
transcription of a gene upon transformation of an appropriate cell with said construct. |f,
in the context of the present invention, reference is made to MAR constructs/MAR
{(nucleotide) sequences that “enhance expression,” have a “gene expression
enhancing activity,” “enhance protein expression” or similar, this “enhancement” is
relative to the expression of, e.g., a gene, expressed under otherwise equivalent
conditions but in absence of such a sequence. The enhémcement can, for example, be
about 2, about 3, about 4, about 5, about 8, about 7, about 8, about 9, about 10 fold or
about 15 fold, about 20 fold or about 25 fold or higher.

A MAR construct may also increase the average percentile of very high producing ceils

by about 5 fold, about 10 fold, about 15 fold or more. Thus, apart from an higher average

expression of a gene, an increase in the percentile of very high expressing cells, as well
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as the ocourrence of stable {“resistant”} colonies (about 100%, about 200%, about 300%
or about 400% or higher increase, and/or a lower variability of expression (reduction of
cv (coefficient of variation) of about 30%, about 40%, about 50% or more) are within the
scope of the present invention.

A MAR construct or similar may “enhance stability of expression.” This
“enhancement” is relative to the expression of, e.g., a gene being expressed under
otherwise equivalent conditions, but in absence of such a MAR construct/MAR
sequence. The stability enhancement can, for example, maintain 100% enhancement
after up to about 5,10, 20, 25, 30, 35, 40, 45, or 50 weeks. A MAR construct may by
specific for, e.g., muscle, liver, central nervous system or other tissues and/or may be
inducible upon administration of a substance such as antibiotics, hormones and/or
metabolic intermediates.

A MAR construct/MAR sequence may be inserted preferably upstream of a promoter
region to which a gene of interest is or can be operably linked. However, in certain
embodiments, it is advantageous that a MAR construct is located upstream as well as
downstream or just downstream of a gene/nucleotide acid sequence of interest. Other
multiple MAR arrangemehts both in cis and/or in trans are also within the scope of the
present invention.

A MAR construct or a region of a MAR is said to be based on, e.g., an identified
MAR or a region of a identified MAR if it shares one or more (such as two, three or four}

~ characteristics with naturally occurring “SARs” or “MARSs” or an respective region
thereof and has at least one property that facilitates protein expression of any gene
influenced by said MAR. These MAR constructs or regions of a MAR generally have
“substantial identity” with the identified MARs they are based on in accordance with the
definition of the term provided herein. Despite these and/or modifications of their
nucleotide sequence, they will maintain at least one functionality/characteristic of the
underlying identified MAR.

16



88 12.7 1818 4 1439 155 69 20.9 2246 5 1'423 151 94

The present invention is also directed to uses of a MAR constructs, including enhanced
MAR constructs. In these uses, a MAR construct may also be combined with one or
more non-MAR epigenic gene regulation tool such as, but not limited to, histone
maodifiers such as histone deacetylase (HDAC), other DNA elements such as locus
control regions (LCRS), insulators such as cHS4 or antirepressor elements (e.g.,
stabilizer and antirepressor elements (STAR or UCOE elements) or hot spots (Kwaks
THJ and Ctte AP).

Synthetic, when used in the context of a MAR/MAR construct refers to a MAR whose
design involved more than simple reshuffling, duplication and/or deletion of
sequences/regions or partial regions, of identified MARs or MARs based thereon. In
particular, synthetic MARs/MAR constructs generally comprise one or more, preferably
one, region of an identified MAR, which, however, might in certain embodiment be
synthesized or modified, as well as specifically designed, well characterized elements,
such as a single or a series of TFBSs, which are, in a preferred embodiment, produced
synthetically. These designer elements are in many embodiments relatively short, in
particular, they are ge'nerally not more than about 300 bps long, preferably not more
than about 100, about 50, about 40, about 30, about 20 or about 10 bps long. These
elements may, in certain embodiments, be multimerized.

A non-human mammalian MAR according to the present invention is a MAR/ MAR
sequence that is, at least in part, ascertained via the genome or parts of the genome of
an non-human mammalian organism. This includes, for example MAR/ MAR sequences
identified via analysis of a rodent genome such as, but not limited to, a mouse genome.

A vector according to the present invention is a nucleic acid molecule capable of

transporting another nucleic acid molecule to which it has been linked. For example, a
plasmid is a type of vector, a retrovirus or lentivirus is another type of vector.
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Transfection according to the present invention is the introduction of a nucleic acid into

a recipient eukaryotic cell, such as, but not limited to, by electroporation, lipofection, via
a viral vector or via chemical means.

Transformation as used herein, refers to modifying an eukaryotic ceil by the addition of
a nucleic acid. For example, transforming a cel could include transfecting the cell with
nucleic acid, such as by introducing an DNA vector via electropofation. However, in
many embodiments of the invention, the way of introducing the enhanced MARs of the
present invention into a cell, is not limited fo any particular method.

Transcription means the synthesis of RNA from a DNA template.

Cis refers to the placement of two or more elements (such as chromatin elements) on
the same nucleic acid molecule such as, but not limited to, the same vector or
chromosome.

Trans refers to the placement of two or more elements (such as chromatin elements) on
the two or more nucleic acid molecules such as, but not limited to, two or more vectors
or chromosomes.

A sequence is said to act in cis and/or trans on, e.g., a gene when it exerts its activity
from a cis/trans location.

A window according to the present invention describes a number of base pairs
evaluated for MARs, e.g., during the SMAR Scan procedure. The number is usually
about 50 bps, about 100 bps, about 200 bps, about 300 bps. However, windows of 400,
500, 600 or more bps are also within scope of the present invention.

A nucleotide sequence or fragment thereof has substantial identity with another if,

when optimally aligned (with appropriate nucleotide insertions or deletions) with the
other nucleotide sequence (or its complementary strand), there is nucleotide sequence
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identity in at least about 60% of the nucleotide bases, usually at least about 70%, more

usually at Ieast about 80%, preferably at ieast about 90%, and more preferably at least
about 95-98% of the nucleotide bases.

ldentity means the degree of sequence relatedness between two nucleotide sequences
as determined by the identity of the maich between iwo strings of such sequences, such
as the full and complete sequence. |dentity can be readily calculated. While there exists
a number of methods to measure identity between two nucleotide sequences, the term
"identity” is well known to skilled artisans (Computational Molecular Biology, Lesk, A. M.,
ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome
Projects, Smith, D. W., ed., Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part |, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press,
1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press, New York, 1991). Methods commonly employed to determine identity between
two sequences include, but are not limited to those disclosed in Guide to Huge
Computers, Martin J. Bishop, ed., Academic Press, San Diego, 1994, and Carillo, H.,
and Lipman, D., SIAM J Applied Math. 48: 1073 (1988). Preterred methods to determine
identity are designed to give the largest match between the two sequences tested. Such
methods are codified in computer programs. Preferred computer program methods to
determine identity between two sequences include, but are not limited to, GCG
(Genetics Computer Group, Madison Wis.) program package {Devereux, J., et al,,
Nucleic Acids Research 12(1). 387 {1984)), BLASTP, BLASTN, FASTA (Altschut et al.
(1990); Altschul et al. (1997)). The well-known Smith Waterman algorithm may also be
used to determine identity.

As an illustration, by a nucieic acid comprising a nucleotide sequence having at least, for
example, 95% "identity" with a reference nucleotide sequence means that the nucleotide
sequence of the nucleic acid is identical to the reference sequence except that the
nucleotide sequence may include up to five point mutations per each 100 nucleotides of
the reference nucleotide sequence. in other words, to obtain' a nucleotide having a
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nucleotide sequence at least 95% identical to a reference nucleotide sequence, up to
5% of the nucleotides in the reference sequence may be deleted or substituted with
another nucleotide, or a number of nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference sequence. These mutations of
the reference sequence may occur at the 5' or 3’ terminal positions of the reference
nucleotide sequence or anywhere between those terminal positions, interspersed either
individually among nucleotides in the reference sequence or in one or more contiguous
groups within the reference sequence.

Functional fragments of nucleotide sequences are also part of the present invention.
A fragment is considered functional as long as they maintain a desirable function of the
naturally occurring counterpart sequences, in particular increasing expression of a gene
influenced by them. A fragment of a MAR or a MAR region is still considered a
functional fragment if it's deletion decreases the transcription enhancing activity of a
MAR/region, but does not abolish it. A “fully functional fragment” is a fragment in which
any decrease in activity, if at all observed, cannot be statistically verified when the
fragment is used without other MAR sequences. Also included within the scope of the
present invention are functional fragments having substantial identity in accordance with
the definition provided herein with, e.g., the naturally occurring MAR, identified MAR,
MAR region or a fragment of any of these.

As will be described in detail herein, in certain embodiments, modules or parts thereof
are reshuffled, duplicated and/or subject to deletion. As the person skilled in the art will
recognize, such, shufﬂi-rag and/or duplication of regions, may create, e.g., new
restrictions sites, which in turn can lead to new restriction pattern of the constructs so
created and may lead to adjustments in the length of the sequences. Those adjustments
may affect, but are not limited 10, 1,2, 3, 4, 5, 6,7, 8, 9, 10, 10-15, 15- 20, 20- 25, 25-
30, 30- 35, 35- 40 nucleotides. These adjustments as well as other modifications are
within the scope of the present invention. Sequences of the rearranged MARSs, in
particular reshuffled and/or duplicated MARSs, that have substantial identity in
accordance with the definition provided herein with each of the respective element(s) {(or
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region{s)/module(s)) and/or fragment(s} thereof, are within the scope of the present
invention.

MAR sequences can be transferred from plant to mammalian cells or vice versa, and
will retain nuclear matrix attachment activity in the heterologous host cells [Breyne P,
Van Montagu M, Depicker A and Gheysen G, Mielke C, Kohwi Y, Kohwi-Shigematsu T
and Bode J]. Given this conservation of MAR functions in all higher eukaryotes, one
would expect that a MAR sequence from one genus wouid work as well in the genus it
was derived from as in another genus.

Nonetheless, reasoning that MAR sequences from rodent otigins might be in some way
advantageous for the production of recombinant proteins, the whole mouse genome was
screened to identify MAR candidate sequences using SMAR Scan |, a computer

program that, as described below, detecis structural features of the DNA sequences
{DNA bend, for example}.

As will be discussed below, it was surprisingly found that non-human, in particular rodent
(here mouse) MAR seguences are more potent in terms of expression enhancement,
e.g., in CHO cells as well as human cells such as Hel A ceils. Even more surprisingly, it
was found that certain non-human MAR sequences work substantially better, both in

non-human cells, e.g., CHO cells as well as in human cells, e.g. in Hel.a cells, than
human MAR sequences.

Several of the identified novel S/IMAR DNA sequences of mouse origin were could be
shown to increase transgene expression, thus providing evidence that SMAR Scan |, a
program designed for and tested with human MAR sequences, is an efficient tool for
identifying S/MAR elements from a multitude of genomic origins, e.g., mouse in addition
to human. Importantly, however, it was found that more potent MAR eflemsnts can be
identified by screening rodent {e.g., mouse) genomes than by screening the‘human
genome. In particular, the invention establishes that highly active S/MAR elements from
the mouse genome can be used 1o increase the production of recombinant proteins,
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such as recombinant proteins having pharmaceutical uses, in a variely of cells, in
particular mouse and human cells. The mouse S/MAR S4 was shown to be the most
potent of the newly isolated mouse MARs and of the previously cloned human MARs.
The invention is thus directed at non-human MARs having enhanced protein production
and/or at MARs enhancing the stability of protein expression over time.

SMAR Scan | is a sofiware tool that identifies MAR candidate sequences based on the
structural and physicochemical features of these sequences. A thorough discussion of
the method has been provided elsewhere (U.S. Patent Publication 20070178469 fo
Mermod et al). Essentially, “SMAR Scan” describes bioinformatic tools comprising
algorithms that recognize profites, based on dinucleotide weight-matrices, to compute
the theoretical values for conformational and physiochemical properties of DNA,
Preferably, SMAR Scan evaluates DNA sequence features corresponding to DNA
bending, major groove depth and minor groove width potentials, melting temperatures in
a wide variety of combinations using scanning windows of variable sizes, For each
feature, a cut-off or threshold value has to be set. The program returns a hit each time
the computed score of a given region is above the set cut-offthreshold value.

Two data output modes are available to handle the hits, the first (called "profile-like")
simply returns all hit positions on the query sequence and their corresponding values for
the different criteria chosen. The second mode (called "contiguous hits") retumns only the
positions of several contiguous hits and their corresponding sequence. For this mode,
the minimum number of contiguous hits is another cut-off/threshold value that can be
set, again with a tunable window size. To tune the default cut-off/threshold values for,
e.g., the four theoretical structural criteria, experimentally validated MARs, e.g., from
SMARt DB can be used. In this way, for example, all human MAR sequences from the
database were retrieved and analyzed with SMAR Scar using the"profile-like"mode with
the four criteria and with no set cut-off/threshold value. This allowed the setting of each
funciion for every position of the sequences. The distribution for each criterion was then
computed according to these data (see Fig. 1 and 3 U.S. Patent Publication
20070178469 to Mermod et al).

22



98 69 10.9 1420 17 1103 93 62 17.8 1500 18 576 91

While the use of SMAR Scan technology is a preferred one for the identification of MAR
sequences, the person skilled in the art will recognize that other bioinformatic tools that
allow for the identification of S/MAR motives with similar or even somewhat lower
selectivity can be used in the context of the present invention. Preferably such tools can
be set s0 that only those MAR associated features that display these featurés beyond a
certain value, that is a set threshold or cut-off value, yield or can be set to yield a
positive hit. Many bioinformatic tools used to identify MARs were, however, designed to
identify matrix-binding activity. This activity does not necessarily correlate with the
ability to increase gene expression [Phi-Van, L. & Stratfing, W.H.].

SMAR Scan | has been developed to identify human MARs. Thus, it was developed
using structural data collected from known human MARs. A human “tuned” SMAR Scan
| program was used in context of the present invention to evaluate the mouse genome
for MAR sequences. However, differences in the base compositions of the mouse and
human genomes prevented the use of SMAR Scan program with the settings previously
defined to scan the human genome (U.S. Patent Publication 200701784869 to Mermod et
al ). Therefore distinct window size and structural parameter threshold values had to be
defined by trial and error, until the program would allow the identification of a
manageable collection of candidate mouse MAR sequerices. Several of those, when
tested, turned out to be “super MAR sequences”, that are MAR sequences allowing for
substantial increase of protein production, when, e.g., placed on a vector with the gene
encoding the respective protein and introduced into a rodent cell line.

Mouse MAR S4 and Mouse MAR $46 are examples of rodent MAR sequences that are
within the scope of the present invention. These MAR sequences as isolated are shown
in the appended sequence listing as SEQ ID No. 3 and SEQ ID No. 10. However, as the
person skilled in the art will appreciate, base pair insertions, deletions, substitutions, in
particular fragments of these and other non-human MARs that themselves may contain
base pair insertions, deletions or substitutions are within the scope of the present
invention as long as they maintain a desirable function of the wild type sequences, in

particular increasing expression of a gene influenced by them. For example, an
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iinsertion that decreases the transcription/gene expression enhancing activity of a MAR
sequence, but does not abolish it, is considered to not substantially interfere with the
desirable function, here gene expression enhancement, of the MAR. Similarly, a
fragment of an, e q., identified MAR is still considered a functional fragment if has a
somewhat reduced transcription enhancing activity relative to the identified MAR, but
does not completely lose the transcription enhancing activity. A “fﬁtly functional
fragment” is a fragment in which any decrease in activity, if at all observed, cannot be
statistically verified. As detailed elsewhere herein, also included within the scope of the
present invention are sequences having “substantial identity” with the nucleotide
sequence of the naturally occurring MAR or a fragment thereof.

MODULARITY OF MARs

Identified MARs were analyzed to determine whether they comprise modules (or
regions), in particular sequence-specific modules, which could be used in engineering
identified MARs or in producing synthetic MARs, including MARs comprising
synthesized regions. In fact, several sequence-specific modules of identified MARs
could ascertained. Surprisingly it was found that shuffling and/er full or partial
duplication and even deletion of certain modules or parts thereof resulted in enhanced
MARs as described above.

The human 1_68 MAR and S4 MAR from mouse will serve as a model for producing
MAR constructs by shuffling, deleting and/or duplication of regions. However, as the
person skilled in the art will readily understand, the present invention is directed at
manipulating any identified MAR and at the MAR constructs resulting therefrom.
Appropriate adjustments that may be necessary to accommodate different MARs,
including MARs of different origin, are well within the skill of the artesian. Examples
include, but are not limited to, eukaryotic organisms, preferably mammals, especially
model organisms such as mouse, and species of economic importance such as cattle,
pigs, sheep as well as humans.
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Modularity of Human MARs

The human 1_68 MAR served as a model for producing MAR constructs by shuffling
and/or duplication of regions. Using modules ascertained as described below or parts
thereof, MAR constructs were produced based on identified MARs, such as human 1_68
MAR. The MAR constructs were in particular produced by shuffling, and/or duplication
of regions {(modules) or parts thereof. |

The 1_68 MAR example shows that modules (also referred to herein as regions or
elements) of an identified MAR were all required to allow enhancement of gene
expression to the capacity of the naturally occurring MAR. None of the modules
identified was able to achieve the full activity of the MAR by itself. Surprisingly, it was
found that shuffling and full or partial duplication of certain modules resulted in further
enhancement of gene expression.

Several non-redundant sequence-specific modules (regions) were identified. These
modules cooperate to influence local chromatin structure. This organization of MAR
parallels somewhat the control of metazoan transcription: a diverse coilection of
modules, which are dispersed up to several kilohases from the initiation site, collectively
dictate where transcription will initiate.

The sequence ~specific modules identified were in particular (1) regions highinAand T
content, such as symmetrical A-T rich regions (alternating A and T) in particular “AT rich
regions” and (2) regions rich in binding sites, in particular, but not limited to, TFBSs
separated by A-T rich regions. '

It has been reported that bent DNA high in A and T content are commonly found in
promoter regions, MARs and replicators [Aladjem and Fanning 2004]). Previously,
sequences high in A and T content (“symmetric” ones as described above as well as
“asymmetric” ones, that are sequences having mostly A on one strand and mostly T on
the other) were thought to primarily facilitate duplex opening. However, these regions
might have a wide range of functions. For example, sequences high in A and T content
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in the lamin B2 replicator bind the origin-recognition complex (ORC) [Abdurashidova,
Danailov et al. 2003; Stefanovic, Stanojcic et al. 2003] and can facilitate the loading of
the Mcm4/6/7 helicase and the unwinding of duplex DNA in vitro [You, Ishimi et al.
2003]. Architectural roles for intrinsically bent DNAs high in A and T content have also
been considered. The “AT-hook DNA-binding motifs” of fission yeast ORC4, which
resemble those of the high mobility group protein HMG-I/Y, may have such an
architectural role [Strick and Laemmli 1995; Bell 2002], Protein-mediated bending,
analogous to the HMG-|/Y-mediated DNA bending that facilitates V(D)J recombination,
and the assembly and stabilization of transcription complexes at enhancers and
promoters in eukaryotes, might aiso occur [Levine and Tjian 2003]. Not all regions that
have a high A and T content correspond to bent DNA. However, those DNAs are bent
could act as a ‘histone magnet' to attract histones fo form nucleosomes over the bent
DNA, feaving the adjacent regions free to act as a landing pad for pre-
replication/transcription proteins.

As described above, MARs also contain binding sites for other proteins in particular in
the “regions rich in binding sites” or just “biﬁding site regions” (see (2) above),
Those other proteins may include, but are not limited to, DNA unwinding element-
binding protein {DUE-B) and transcription factors such as Hox proteins, SATBI, CEBP,
etc as found in 1_68 MAR. Mutational analysis indicates that these binding sites
contribute to the MAR function.

Human 1_68 MAR could be improved by reversing its orientation and by moving away
the bent DNA 1o augment the size of the transcription factors binding site region
upstream the promoter region. As can be seen in Fig. 9, a number of these rearranged
MARs (e.g. construct 6) considerably augment transcription relative to a construct
without MAR (10 fold) and even relative to a construct including the natural occurring
MAR (constructs 1 and 16; about 2 fold). The data shown also strongly indicate that a
distal transcriptional control element itself restricis transeription initiation in the
downstream chromatin. A 223 bp fragment located at the 3' end of the region shown as
a forward hatched box in the naturally occurring MAR retains all the activity of this
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Const r uclniMeathgRtEdbhe such derivative, having a truncated 3' end (4658-5054 vs. 4658-5457
of the original MAR S4), displayed, on average, a slightly higher transgene expression
compared to the longer original MAR S4 sequence (104% vs 100%}). This indicates that
more potent as well as shorter derivatives of MAR elements can be obtained.

Thus, the present invention includes high activity MAR constructs that are considerably
shorter in length than their natural' counterparts, thus making them of meore convenient
size for, e.g., vector design and transfer.

In particular, MAR constructs comprising less than about 90%, preferably at less than
about 80%, even more preferably less than about 70%, less than about 60% or less than
about 50% of the number of nucleotides of an identified MAR sequence are within the
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scope of the present invention. Those constructs preferably comprise the 3’ terminal
region of the identified MAR, even more preferably at least about 5%, about 6%, about
7%, about 8%, about 9% or about 10% of the 3’ terminal region of an identified
MAR/MAR sequence. However, MAR constructs that contain the 5' terminal region of
the identified MAR are also within the scope of the present invention

SYNTHETIC MARs

The rearrangement of the human 1_68 MAR showed that a 223bp fragment of the Hox-
rich region located at the 3’ end of the forward hatched portion of an isolated MAR,
retains, in certain embodiments, the activity of the full-length region. This suggests that
this portion may, in certain embodiments of the invention, be of importance in
cooperating with other elements. Fig. 12 shows an array potential transcription factor
binding sites of MAR 1_68, as predicted by the MATInspector software. The position of
the C/EBP, NMP4, FAST1, SATB1, and HoxF binding sites are shown as examples,
illustrating their enrichment in the 5’ (forward hatched) flanking sequence.

The findings of a possible cooperation between the AT-rich bent DNA region and
transcription factor binding sites in human MAR 1_68 prompted the construction of
MARs/ MAR constructs comprising the AT-rich region of MAR 1-68 adjacent to one or
several transcription factor binding sites. Fig. 13 depicts a map of the plasmid used to
test for the activity of synthetic MARs constructed from the assembly of a core (MAR
1429-2880) comprising an AT-rich region as well as TFBS of the identified MAR at each
end of the AT-rich region and chemically synthesized DNA binding sites for the
transcription factors placed upstream of a promoter for green fluorescent protein (GFP).
Fig. 13 shows in particular that transcription factor binding sites were inserted between
the AT-rich domain and the SV40 promoter driving the expression of the GFP transgene,
mimicking the situation found in Fig. 9, where MAR portions containing binding sites are
interposed between the promoter and the bent DNA region in the most favorable A
settings {construct 6). Table 4 shows the DNA sequence of the chemically-synthesized
oligonucleotides that were used.
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Binding sites for the C/EBP, NMP4, FAST1, SATB1, and HoxF (also called Gsh)
transcription factors were identified from the MAR 1-68 sequence (Fig. 12). These
binding sites as they occur in MAR 1-68 were used without change (FAST1, C/EBP,
HOXF/Gsh), or they were corrected in case they had one or twb mismatches as
compared to the consensus (i.e. perfect) sequence (HoxF, SatB1, NMP4).

As can be seen from Fig. 14, the addition of the, here, synthetic bind sites provided in
almost all cases some, in certain cases, significant transcriptionai enhancement
compare to the core MAR sequence comprising the AT-rich region. C/EBP and Hox or
Gsh2 were most active, followed by SatB1 and Fast1, while one NMP4 site had no
detectable effect.

Fig. 14 shows the surprising resuit that insertion of a core sequence, here MAR 1429-
2880 based on MAR 1_68, that is flanked by binding sites of the identified MAR the AT-
rich region is based on, did not bring considerable improvement in expression, but a
MAR construct further comprising one or more binding sites, in particular when inserted
downstream the AT-rich core, but upstream of a promoter resulted in a considerable
enhancement of protein expression/production by the gene under the control of the
promoter (here identified by the % of M3 cells).

While, in preferred embodiments the additional binding sites are downstreamn the AT-rich
core, but upstream of the promoter, other configurations, such as, but not limited to, a
location upstream the AT-rich region, within the AT-rich region, adjacent to the AT-rich
region of the core or downstream of the gene, are alsc within the scope of the present
invention.

In a preferred embodiment, certain combinations of protein binding sites, either synthetic
or isolated, are contemplated, such as combinations of two different protein binding
sites, combinations of three different protein binding sites, combinations of four, five, six,
seven, eight, nine, ten or more protein binding sites. These combinations may be
multimerized, in full or in part. In a preferred embediment, the combination comprises
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Hox/Gsh and SATB1. The insertion of these combinations or multimerized
combinations, e.g., between the core and the appropriate promoter, may increase the
occurrence of high expressor clones about two fold or more, such as, but not limited to,
about three, four, five, six, seven, eight, nine fold or more, preferably about 10 fold or
more, even more preferably, about 11, 12, 13, 14, 15,16, 17, 18, 19 fold or more or
about 20 or' even about 25 or about 30 fold or more, relative to the occurrence of high

- expression clones when vectors not comprising a MAR construct/MAR sequence are
used under otherwise equivalent conditions.

In sum, MAR constructs can be assembled from building blocks. These bﬁilding blocks
may include or be based on regions, such as sequence specific regions, of identified
MARSs or parts thereof, synthetic building blocks {including medifications to optimize their
functionality), such as a series of chemically synthesized transcription factor binding
sites (TFBS), building blocks from or based on non-MAR sequences, or building blocks
of or based on MAR sequences of different species or genera. In a preferred
embodiment, such MARs comprise AT-rich regions coupled to TFBS regions or
specific transcription factor DNA-binding site combinations as those shown in Table 5.
The person skilled in the art will appreciated that these principles are not limited to the
particutar sequences or to the binding sites disclosed herein, and that other derivatives,
homologues or sequence combinations are also within the scope of the present
invention.

As mentioned above, the MAR constructs, expression systems and/or kits of the
invention can be used for protein production. Here a MAR construct may be included in
a vector comprising a gene for a protein of interest, for example insulin, under the
control-of a promoter. The vector is introduced into a cell and the cells are grown. The
process is then scaled-up for large scale batch production of insulin. High insulin
prodﬁction, e.g. 3 to 5 times higher than without the MAR construct, can be maintained
over three weeks.
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As mentioned above, the MAR constructs, expression systems and/or kits of the
invention can be used for in vitro and/or in vivo gene therapy and in cell and tissue
replacement therapy. E.g., in vitro gene therapy a MAR construct may be included in a
vector comprising a gene defective in the patient in need of in vitro gene therapy under
the control of a promoter. Subsequently the MAR construct is introduced into cells, such
as bone marrow celis of the patient. After transformation with the MAR construct, the
bone marrow cells are introduced into the patient and expression of the gene of interest
may precede at a level 5 times higher than without the MAR construct. An effective
amount of protein may thus be expressed.

In in vivo gene therapy, a vector comprising the MAR construct may be directly
introduced into the cells of a patient in need thereof, e.g. by injection,

Similarly, an expression systems of the present invention can be introduced into a stem
cell for engraftment for tissue regeneration or for, e.g., neuronal cell therapy for
neurodegenerative diseases. Non-limiting examples of stem cells, which can be used in
this embodiment of the invention, are hematopoietic stem cells {(HSCs) and
mesenchymal stem cells (MSCs) obtained from bone marrow tissue of an individual at
any age or from cord blood of a newborn individual. The stem cells are transfected with
an expression system according to the present invention and successful transformants
can be transplanted or reintroduced into a patient in need of the cell therapy or tissue
regeneration therapy. Several methods are available for obtaining transformed stem
cells, e.g., Nucleofection® (Cell Line Solution V (VCA-1003), amaxa GmbH, Germany).

Transgenic animals, which can produce a wide variety of proteins including antibodies
that bind to human antigens, can be produced by known methods (e.g., but not fimited
to, U.S. Pat. Nos. 5,770,428, 5,569,825, 5,545,808, 5,625,126, 5,625,825, 5,633,425,
5,661,016 and 5,789,650 issued to Lonberg et al.). The expression systems and MAR
constructs can be employed in protein production via, e.g., transgenic cattle, sheep,
goats or pigs, typically by secretion of the protein into a biological fluid (e.g., milk). See,
e.g., U.S. Pat. No. 5,750,172 to Meade et al. See also U.S. Patent 6,518,482 to Lubon
et al. for the production of transgenic animals.
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EXAMPLES

The invention will be further described in the following examples, which do not limit the
scope of the invention set forth in the claims, the summary of the invention or elsewhere
herein. The materials, methods, and examples are illustrative only and are not intended
to be limiting.. With the guidance provided herein, the person skilled in the art will be able
make modifications, additions and improvements all of which are within the scope of the
present invention.

S/MARs prediction of mouse genome: SMAR Scan |

Ali mouse chromosome sequences corresponding to the NCBI m34 mouse assembly
were compiled and analyzed with SMAR Scan I. Low and high stringency screens were
performed using either a threshold for the DNA bending criterion of 3.6 degrees and a
minimal window size of 300 bp, or a threshold of 4.2 degrees and a minimal window size
of 100 bp, respectively.

Low stringency analysis via SMAR Scan i of the whole mouse genome yielded a total of
1496 putative S/IMARs (candidate MARSs), representing a iotal of 622,410 bp (0.024% of
the whole mouse genome). Table 1 shows for each chromosome: its size, its number of
genes, its number of predicted MARs (candidate MARs), its MARs density per gene and
the average distance in kb between S/MARSs. This table reveals that there are various
gene densities per predicted S/MAR (candidate MAR) on different chromosomes {with a
standard deviation representing around 50% of the mean of the density of genes per
MARs). The fold difference between the higher and the lower density of genes per MAR
is 6 without considering the chromosome Y, which is extremely rich in predicted MAR
{candidate MARs) relative to its size and its number of gene, indicating a strong and
unexpected bias in the distribution of these MARs. Table 1 also shows that the average
distance between S/MARSs (kb per S/MAR) is variable (standard deviation represents
38% of the mean of kb per S/MAR and the fold difference between the higher and the
lower density of kb per S/MAR is 8.3). The chromosomes 10, 11, X and Y contribute
significantly to the high standard deviation of these densities,

SMAR Scan | has been originally tuned for human sequences and thus yields few MARs
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51.70 3.13 6.21 1.72 0.22 0,07 546 11.30 0.93 88.0 3.8 35.95 2.35
18.44 1.04

with mouse genomic sequences when using the most stringent parameters: therefore,
the default cutoff values were adjusted for the high stringency screen (threshold of 4.2
degrees for the DNA bending criterion) to a minimum size of contiguous hits to be
considered as MAR, using a window of 100 bp instead of 300 bp. Analysis by SMAR
Scan | of the mouse genome predicted 49 "super” MARs with a value > 4.2 degrees for
the DNA bending criterion.

Tabie 1: Number of S/MARs and “super” S/MARs predicted per mouse chromosomes.

Chromosome{ Number of Size of the Number of Number of Density of Kb per
genes per chromosome S/MARs “super” S/MARs genes S/MAR
chromosome | (millions bp) predicted predicted per SIMAR

1 1367 185 9z 4 14.9 2120
2 1'613 183 81 3 18.9 2'259
3 1119 160 88 3 12.7 1818
4 1'439 155 69 2 20.8 2'246
5 1423 154 94 3 158.1 1'606
B 1341 150 70 7 18.2 2143
7 1'994 142 82 3 24.3 1732
8 169 i28 107 3 10.8 1'196
8 1293 124 &7 4 22.7 2175
10 1107 130 167 5 6.6 778
1 1762 122 44 1 40.0 2773
12 824 118 81 3 135 1934
13 978 118 57 1 7.2 2018
14 984 119 80 1 123 1488
i5 877 104 57 4 15.4 1825
16 752 98 B9 H 10.9 1"420
17 1103 93 62 0 17.8 1'500
18 576 91 35 1 16.5 2'600
19 787 61 27 0 28.1 2'259
X 1186 164 47 o] 252 3'488
Y 22 2 50 0 0.4 40
Sum 23716 2'605 1496 43 366 39420
Mean 1129 124 71 2 17 1877
5d 430 43 30 2 8 716

The number of genes per chromosome corresponds to the NGBI m34 mouse assembly (National Center for
Biotechnology Information). Chromosome sizes are the sum of the correspending mouse Reference Sequence config
lengths.

Use of newly identified mouse MARs to increase production of recombinant
proteins

Five MAR elements were selected from the putative MARs (candidate MARs) obtained
with the high stringency screen of the complete mouse genome with SMAR Scan. They
were cloned in plasmid vectors from mouse genomic DNA bacte}ial_ artificial
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0.79 0.11 CHO cells were co-transfected wth an an ibiotic se ection
plasm d and with the pGEGFP reporter construct, or with pGEGFP
derivatives containing either the human MARs 1 68 and X 529 or the

i ndi cated nmouse 54, 88, 515, 832 or 546 MAR The pol ycl onal popul at
on of stably transfected cells was selected for antibiotic resistance
during two weeks and tested for G-FP fluorescence by FAGS anal ysis as
displayed in Fig. 1. The Table displays the nean fl uorescence val ue,
its coefficient of variation, and the percentile of cells show ng
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and specific productivity was assayed by cell counting. Fig. 6 (A
shows results obtained after stable individual clones were generated
by limting dilution froma population of CHO cells transfected with
vectors driving expression of 1gG heavy and |ight chains wthout MAR
(no MMAR), or with the MAR 34 added in cis. After selection, secreted
lgG titers were neasured in the medi umand specific productivity was
assayed by cell counting. Also included are conparative results
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Fig. 9 shows that the inprovenent of human 1_68 MAR by novi ng away
the bent DNA to augnent the size of the transcription factors binding
site region upstreamthe pronoter region. To achieve this
augnentation, the transcription factor binding site (TFBS) region,
here a Hox-rich region (SEQ ID No. 19) (hereinafter, the forward

hat ched region with arrow), adjacent to the AT-rich (SEQ ID. No. 18)
regi on was adjoined to the CEBP-rich region (SEQ ID No. 17)
(hereinafter, also the backward hatched region (Fig.9)). Conparison
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No. 8) Internal deletion of a 795-bp 8g/11 fragnment with the BgAl
site present in the MCS of the vector S4_1-4661-Luc5489 S4_1-4661
construct with 828-bp 8gal -di gested PCR product fromthe /uc gene
S4 4662-5457(SEQ I'D No. 9) 795-bp BgAl fragnment with the BgAl site
present in the MCS of the vector S4 2328-4661(SEQ I D No. 7) 2333-bp
EcoRI - Bgal fragnment of S4 S4 _2328-5457(SEO I D No. 6) 3129-bp
EcoRI - Aval fragnent of 54 Activity of the 3" term nal MAR sequences

augment the production of proteins for pharmaceutical applications, they were inserted
in the pMZ37 and pMZ59 vectors encoding the heavy and light chains of a Rhesus-D-
recognizing immunoglobulin [Miescher S, Zahn-Zabal M, De Jesus, M, Moudry, R,
Fisch, 1, Vogel, M, Kobr, M, Imboden, MA, Kragten, E, Bichler, J, Mermod, N, Stadler,
BC, Amstutz, H., Wurm, F]. These plasmids were transfected in CHO cells, selection
and immunoglobulin assays were performed as described previously [Girod PA, Zahn-
Zabal M and Mermod N]. Fig. 4 shows the effect of S/MAR elements on the production
of recombinant monoclonal antibodies. Here, CHO cells were transfected with the above
—mentioned vectors driving expression of IgG heavy and light chains without MAR (no
MARY), or with the MAR 5S4 added in cis.. IgG titers were measured in the supernatants
after 24, 48 and 72 hours, In addition and as depicted in Fig. 5, stable clones were
generated from a population of CHO cells transfected with the above mentioned vectors
driving expression of 1gG heavy and light chains without MAR (no MAR), or with the
MAR S4 added in c¢is. After selection, secreted igG titers were measured in the medium
and specific productivity was assayed by cell counting. Fig. 6 (A) shows resuits obtained
after stable individual clones were generated by limiting dilution from a population of
CHO cells transfected with vectors driving expression of IgG heavy and light chains
without MAR (no MAR), or with the MAR S4 added in cis. After selection, secreted IgG
titers were measured in the medium and specific productivity was assayed by cell
counting. Also included are comparative results obtained with MAR 1_68 as weli as in
(B) results obtained with clones not comprising a MAR. The results obtained and
depicted in Figures 3 to 6 indicate that the newly identified mouse MARs, in particular
MAR S4, can be used to boost the production of pharmaceutical proteins, such as
monoclonal antibodies, in transient transfectants (Fig. 4) and in stable transfectants (Fig.
5 and 6). Stable clones with specific productivities around or above 5 pg/cell/day (pcd)
can be readily identified from an analysis of a few candidate clones when using MAR S4
{Fig. 6(A)). Indeed the average productivity of the 21 best clones with or without the
MAR S4 was 7.28 + 0.78 pcd (Fig. 6(A)) and 2.61 + 1.09 pcd, respectively. These
results stand in contrast to the titer levels obtained with the known chicken lysozyme
MAR (less than 1.5 mg/L) or without MAR (less than 0.5 mg/L). In particular, these
results indicate that the newly identified mouse MARs can be used to boost the
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To further analyze the activity of the 3 end sequences of MAR 54,
this portion of the MAR was further dissected by renoving or
duplicating portions of it. Fig. 11 shows the effect of various MAR
54 derivatives on the expression of reconbi nant green fl uorescent
protein (GFP) as reveal ed by the analysis of the average fl uorescence
of the whol e popul ation (Avg Grean MO). Popul ations of CHO cells were
generated and assayed as descri bed above. Interestingly, one such
derivative, having a truncated 3' end (4658- 5054 vs. 4658-5457 of
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antibiotic selection, making MAR comprising expression systems useful for the stable

expression of a gene of interest.

Modularity of MARs and Relevance for Gene Expression Enhancement

A structural analysis of MARs revealed DNA sequence regions/modules that each
contribute to enhanced gene expression. Fig. 8 depicts the resuits obtained via a
structural analysis of the 1_88 MAR. In Fig. 8(A) shows that a central AT-rich region
dictates bent DNA in the MAR 1_68 locus. Fig. 8(B) shows that this AT-rich region is
surrounded by regions rich in transcription factors binding sites as identified by
Matinspector (Cartharius, Frech et al. 2005). Precisely 729 potential TFBSs were
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CEBP (SEO ID No. 12) (Perfect) GAT CCA GTA CTG TTT GGG AAA TTC CAT
GGA GT CAT GAC AAA CCC TTT AAG CIA CCT CTAG HOXF (GSH) (SEQ I D No.
13) (Perfect) GAT CCA ClA CTC CCC TAA TTC AGA CAT GCA CT CAT GAG GGG
ATT AAG TCTGTA CGT CTAG HOXF

detected by Matinspector along the MAR sequence. The lower part of Figure 8(B)
shows atiributes a coding to the identified regions.

Fig. 9 (A) shows 1_68 MAR and on the left hand site different MARs that incorporate
regions or parts of 1_68 MAR and change the order and/or orientation of the regions or
parts thereof and/or duplicate such regions or parts thereof. On the right hand side the
degree of transcriptional augmentation achieved by constructs 1 to 16 is shown as well
as the transcriptional augmentation achieved with MAR 1_68 or no MAR. All MAR
sequences shown were inserted upstream of the promoter driving the eGFP gene
marker. The arrows depicts the orientation of the regions or fragments thereof relative to
the wild type MAR sequence depicted in Fig. 8. The sequences surrounding the AT-rich
region are shown as backward hatched box with arrow (on the left) and a forward
hatched box with arrow (not to scale; right). The bent region is shown as a crosshatched
box.

Fig. 9 (B) shows the bending pattern of the MAR that corresponds to construct 6 in Fig.
9.A. These bending pattern were determined via SMARScan [.

Fig. 9 (C) shows the results of a Matlnspector {Cartharius, Frech et al. 2005] analysis.
Potential transcription factors binding sites (TFBSs) were identified by Matinspector
[Cartharius, Frech et al. 2005]. 731 potential sites are detected by Matinspector along
the MAR sequence. On the bottom of Fig. 9(C) construct 6 is shown using the coding
corresponding to Fig. 8(B) and Fig. 9(A). The coding of the botiom portion of this Figure
corresponds to the one shown and discussed in Fig. 9(A).

The experiments depicted in Fig. 9 show that none of the regions display full MAR
activity by themselves. For example, enhancement of DNA transcription resulting from
the naturally occurring human 1_68 MAR to the fuli extent requires three distinct
sequences (Fig.8): a 1183 bp segment that contains binding sites for multiple
transcription factors (i.e. CEBP) (Fig. 9A top, shown as a backward haiched box with an
arrow, an intrinsically bent DNA that is dictated by a 763 bp symmetric AT-rich region
(alternating A and T) (Fig. 9A top, crosshatched box}, and an additional 1648 bp
segment which includes many HoxF and SATBI binding sites (Fig. 9A top, shown.as a
forward hatched box with an arrow).
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SEQ ID No. 14) (1 msmatch) GAT CCA GIA CTA ATA ATA AAA TAC CCG GGA
CT CAT GAT TAT TAT TTT ATG GGC CCT CTAG SATBl1 (SEQ ID No. 15) (2

m smat ches) GAT CCA GTA CIT TAT TAT AA TATG TTA ACA CT CAT GAA ATA
ATA TTA TAC AAT TGTI CTAG

Fig. 9 shows that the improvement of human 1_68 MAR by moving away the bent DNA
to augment the size of the transcription factors binding site region upstream the
promoter region. To achieve this augmentation, the transcription factor binding site
(TFBS) region, here a Hox-rich region (SEQ 1D No. 19) (hereinafter, the forward hatched
region with arrow), adjacent to the AT-rich (SEQ ID. No. 18) region was adjoined to the
CEBP-rich region (SEQ ID No. 17) (hereinafter, also the backward hatched region
(Fig.9)). Comparison of transcriptional enhancement activity of the different resulting
MAR constructs as depicted on the right hand side of Fig. 9A shows that the orientation
of the forward hatched region with arrow was important for the transcriptional
augmentation {(compare constructs 5 and 8). The data shown also strongly indicate that
a distal transcriptional control element itself restricts transcription initiation in the
downstream chromatin. Given that a 223 bp fragment (SEQ 1D No. 20) located at the 3'-
end of the forward hatched region with arrow retains the full activity of the region in
construct 7, suggests that this important portion must, in this case, cooperate with the
bent region and the 5'-end of'the remainder (nucleotides 1-1425) of the element in
construct 6. Two HMG-I/Y sites were found to be located nearby this terminus.

Modularity of Mouse MARs and Reduction of Size

Based on the findings with human 1_68 MAR, the S4 MAR was also analyzed for
modules, in particular those responsible for its transcriptional activity. This analysis was
also performed with the goal of reducing the size of the S4 MAR, which is relatively long.
Thus, several MARs were constructed from the 54 MAR (Table 3) and characterized
(Fig. 10). Fig. 10 shows on the left hand side the specific MAR S4 construct, and on'the
right hand side, the effect of various MAR S4 constructs on the expression of
recombinant green fluorescent protein (GFP) as revealed by the analysis of the average
fluorescence of the whole population (Avg Gmean MO). Populations of GHO cells
transfected with a GFP expression vector comprising or not comprising a MAR consiruct
as indicated, were analyzed by flow cytometry with a FACScalibur cytometer (Becton
Dickinson}. The average fluorescence of the whole population was normalized to the
one obtained with the human MAR 1_68, whose value was set to 100, while GFP
indicates expression in the absence of MAR. Other MAR constructs are named
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NMP4 (SEQ ID No. 16) (1 msmatch) GAT CCA Cl A CTG GGA AAA AAA TCG f CG
ACA CT CAT GAC CCT TTT TTT AGC ACC TGI CTAG Pai red 30- ner
oligoners with cohesive ends that were cloned into a vector
containing the AT-rich core region of MAR 1 68. The italizied base
pairs are sequences of the transcription factor binding sites (nost
conserved bases underlined) and flanking sequences that originate
fromthe MAR 1 _68. Sequences in regular font are |linker or adapter
sequences that do not correspond to MAR 168 sequences. On these
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wer e nosproaotarpexinia [786Wwe dragmneBabBEplaveméra st ihis, se\qberioe bynaefrd‘gjhﬂ%m shite
had no d e n r i ndi ng sites
ner e a1 SHeFEABAE oS §Sitar RhsaCl 4B 54! Paodk  REHR Rl BE 0

obser vedeonetd dosg of thigr datiuity. dbistindiratdsanas ceftaio varjpmtrues] tee todssS4 MAR

cont ai n g el S w6 oL of okl EMind AAEHLARS RBy bRt o7 o vere
arrangen@qwe'@ﬁmtﬂ@dpfng Usiveelsr m@ @@tt@ﬂﬁf?hed by DNA sequencing. The

obt ai nedr#EhMaRtsh eoamsradieinpdedelvdefar Tabl e 5: Cl one No. Transcri ption

factor 584 esmbatuel no. QiDestrim®n
§4 (SEQ ID No. 3) 5457 bp Aval insert from bacmid RP23-444A8
84_1-703_2328-5457 | Internal deletion of a 1624-bp EcoRl fragment
(SEQID No. 4)
84_1-2395_4121-5457 | Internal deletion of a 1724-bp Hindlli fragment
{SEQ ID No. 5)
§4_1-4661 (SEQ 1D | Internal deletion of a 795-bp Bgill fragment with the Bgill site present in
No. 8) the MCS of the vector
S4_1-4661-Luc5489 54_1-4661 construct with 828-bp Bgfli-digested PCR product from the
luc gene
S4_4662-5457 (SEQ | 795-bp Bgil fragment with the Bgll site present in the MCS of the vector
ID No. 9)
S4 2328-4661 (SEQ | 2333-bp EcoRI1-Bgil fragment of S4
ID No. 7)
S4_2328-5457 (SEQ | 3129-bp EcoRI-Aval fragment of S4
ID No. 6)

Activity of the 3’ terminal MAR sequences

To further analyze the activity of the 3’ end sequences of MAR S4, this portion of the
MAR was further dissected by removing or duplicating portions of it. Fig. 11 shows the
effect of various MAR S4 derivatives on the expression of recombinant green fluorescent
protein (GFP) as revealed by the analysis of the average fluorescence of the whole
population {Avg Gmean MO). Populations of CHO cells were generated and assayed as
described above. Interestingly, one such derivative, having a truncated 3" end (4658-
5054 vs. 4658-5457 of the original MAR S4), displayed, on average, a slightly higher
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1 Gsh, 2(SATBl) 3 2 SATBI1, Hox 2 3 SATBI1, Fastl 2 4 2(Hox ), SATBL, Hox 4
6 Gsh, 2( SATBl), CEBP, Hox 5

transgene expression compared to the longer original MAR S4 sequence (104% vs

100%). This indicates that more potent as well as shorter derivatives of MAR elements
can be obtained.

SYNTHETIC MARs

Fig. 12 shows a map of potential transcription factor binding sites [of 1_68 MAR], as
predicted by the MATInspector software. The position of the C/EBP, NMP4, FASTI,
SATB1, and HoxF (also called Gsh) binding sites are shown as examples, illustrating
their enrichment in the 5’ forward hatched flanking sequence. These binding sites as
they occur in MAR 1-68 were used without change (FAST1, C/EBP, HOXF/Gsh), or they
were corrected in case they had one or two mismatches as compared to the consensus
(i.e. perfect) sequence (HoxF, SatB1, NMP4),

The findings of a possible cooperation between the AT-rich bent DNA region and
transcription factor binding sites in human MAR 1_68 prompted the construction of
synthetic MARs comprising the AT-rich portion of MAR 1-68 adjacent to one or several
transcription factor binding sites. Fig. 13 depicts a map of the plasmid used to test for
the activity of synthetic MARs constructed from the assembly of a core comprising an
AT-rich region (MAR 1429-2880) and chemically synthesized DNA binding sites for the
transcription factors placed upstream of a promoter and green fluorescent protein (GFP).
Fig. 13 shows that transcription factor binding sites were inserted between the AT-rich
éore and the SV40 promoter driving the expression of the GFP transgene, mimicking the
situation found in Fig. 9, where MAR portions containing binding sites are interposed
between the promoter and the bent DNA region in the most favorable settings. Table 4
shows the DNA sequence of the chemically-synthesized oligonucleotides that were
used.
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7 2(Fastl), 2(Gsh), SATB1 5 8 Hox , SATB1, Hox , Gsh, SATB1, Hox 6 9 Gsh,
2(Fastl1l) 3 10 3(CEBP), SATB1, Hox ,Fastl 6 11 Hox , Fast, Hox , Fast 4

Table 4. Putative transcription factor binging sites from human MAR 1_68

FAST1 GAT CCAGTACTC ATGTTC ATT TTCTCT AGA W
SEQID No. 11) GT CAT GAG TAC AAG TAA AAG AGATCT CTAG
{Perfect}

CEBP GAT CCA GTACTG TTT GGG AAA TTCCAT GGA

{SEQ ID No. 12} GT CAT GAC AAA CCC TTT AAGGTACCT CTAG
(Perfect)

HOXF (GSH) GAT CCAGTACTC CCC TAA TTC AGA CAT GCA

{SEQ 1D No. 13) GT CAT GAG GGG ATTAAG TCTGTACGT CTAG
{Perfect)

HOXF GAT CCA GTACTA ATA ATA AAA TAC CCG GGA

SEQ D No. 14) GT CAT GAT TAT TAT 7IT ATG GGC CCT CTAG
(1 mismatchy}

SATB1 GAT CCA GTACTT TATTATAATATG TTA ACA

{SEQ ID No. 15) GT CAT GAA ATA ATA TTA TAC AAT TGT CTAG
(2 mismatches}

NMP4 GAT CCA GTACTG GGA AAA AAA TOG TCG ACA

(SEQ ID No. 16) GT CAT GAC CCT_T7TT TIT AGC AGC TGT CTAG

{1t mismatch)

Paired 30-mer oligomers with cohesive ends that were cloned into a vector containing the AT-rich core
region of MAR 1_68. The italizied base pairs are sequences of the transcription factor binding sites {most
conserved bases underlined) and flanking sequences that originate from the MAR 1_68. Sequences in
reguiar font are linker or adapter sequences that do not correspond to MAR 1_868 sequences. On these
linker sequences, oligomers with 1 or 2 mismatches from MAR 1_68 were maodified to match the
CONsensus.

Fig. 14 shows the transcriptional enhancement by synthetic MARs constructed as
described in Fig. 13. The inserted elements contain 1 or several protein DNA-binding
sites in addition to the core, as indicated. Transfection of plasmids coniaining one or
several binding sites in addition to the core sequence comprising an AT-rich region (AT-
rich core) indicated that inclusion of binding sites increased transcriptional enhancement
in comparison to the AT-rich core alone, and that G/EBP and Hox or Gsh2 were most
active, followed by SatB1 and Fast1, while one NMP4 site had no detectable effect.
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12 Hox , SATB1l, Hox , Gsh,Hox , Hox 6 13 2(Hox ), 3(SATB1), Fast, CEBP, Hox
, CEBP 9 14 Gsh, Gsh 2 15 CEBP, Hox , Hox 3 Table 5. Synthetic MAR
constructs containing various heteronultiners of transcription factor
bi nding sites The resulting plasm ds were tested by transfection as
before. Fig. 15 shows the transcriptional enhancenent by synthetic
MARs constructed with the DNA binding site conbinations shown in
Table 5. The nost active conbinations are indicated by a star sign,
and the occurrence of HoxF/ Gsh2 or SatBl sites is indicated. The
results t thetic
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repress gene” expression. nstru ts wth er activitres conprised

in this gap@epRENeNAELAR a%n@@%éu%h@inﬁﬁ@su%we Bé@?rﬁih@& by aRd the

nost active caonstruct i s exclusivel OSG hese el enents.

| nser t i offOHENEING-J hgyhiainad o ”W“P'h%"l“@ég%"&edt 'HJ"’B@&M rence of high
expr esse

| O-fold dto th EGFP
cont r ol E’gFg'B?Ze %"?')(é’""éh?l%ﬁ %eguenggtai: ofstes "0 11 P

1 Gsh, 2(SATB1) 3
2 SATB1,Hox 2
3 SATB1,Fast1 2
4 2(Hox ),SATB1,Hox 4
B Gsh,2(SATB1), CEBP,Hox 5
7 2(Fastt), 2(Gsh),SATB1 5
8 Hox ,SATB1, Hox ,Gsh,SATB1,Hox 6
g Gsh, 2(Fast1) 3
10 3(CEBP},SATB1,Hox ,Fasti 6
11 Hox ,Fast, Hox ,Fast 4
12 Hox ,SATB1, Hox ,Gsh,Hox , Hox 6
13 2{Hox ),3(SATB1),Fast,CEBP,Hox ,CEBP 9
14 Gsh, Gsh 2
15 CEBP, Hox , Hox 3

Table 5. Synthetic MAR constructs containing various heteromultimers of franseription factor binding sites

The resulting plasmids were tested by transfection as before. Fig. 15 shows the
transcriptional enhancement by synthetic MARs constructed with the DNA binding site
combinations shown in Table 5. The most active combinations are indicated by a star
sign, and the occurrence of HoxF/Gsh2 or SatB1 sites is indicated. The results shown in
Fig. 15 indicate that the activity of the synthetic MARs does in this instance not depend
on the number of inserted binding sites, but that particular combinations of binding sites
show high enhancement activities, while others lack activity or even repress gene
expression. Constructs with higher activities comprised in this case combinations of
Hox/Gsh2 and SATB1 proteins, and the most active construct is exclusively composed
of these elements. Insertion of this synthetic MAR increased the occurrence of high
expressor clones approximately 10-fold as compared to the pEGFP control vector
devoid of any MAR sequence.
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;regggpgfg) § 'asiﬁ bamg?iﬁe o OE" En diszzo@%% @':a‘:%g e
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nucl eot i
1'an MAR nucleotlde

t he abov@%ﬂ’% hm%ﬁé‘?%?

sequence conpr i ses:
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(1) SEQID No. 3, SEQID No. 10 or a functional fragnment thereof; or
(H) a nucl eotide sequence having about 80% about 90% about 95% or
about 98% sequence identity with any of the sequences of (i). 5. The
expression system of any of the above clains, wherein said gene is

expressed in a non-human manmal i an cell such as a rodent cell, in
particul ar a nmouse or hanmster cell, or in a human cell, such as a
HeLa cell. 6. The expression system of any of the above cl ains,

wherein said at | east one nonhuman nanmal i an MAR nucl eoti de sequence
acts in cis or trans on said gene. 7. A nethod for enhanced protein
production in a cell conprising - providing a human or non-hunan

manmmal i agy, cil I H i e!i . - Introducing the expression system of any of
t he abov * said cell so that gene expression is increased
about 2, 1.akverpr&ssicalspstemdor ragielevelfexpmbsim oftat iemlsbarte geneabowtisiBg: about
9, about n i fi nucl ei ¢ aci d
nol ecul e %;gor@po?érqorodéae%z k"@h mr%:lljéc ?éog:gn%e%\ g#‘é aggﬂggéﬁ{%ﬁibanﬁ?, or
SEQ | D Nt leasdone nen-human mmwnﬁm &’g’fﬁ’ermcletoh@mﬁlenmfor érifanaingucl eot i de

scduencelbaludha sakid &hsln 40 BRI ARRY L 0o BAIL figp0 o abou

98% sequerce 1dentit e sequence o activity.
9. A met Whereingaid rwéirhumam atoplalizly ﬁamumaﬁﬂﬁﬂaeauﬁmmosmeﬁmgsszon

conpri si Hﬁbald?é?fe%‘ﬁbﬁll' NGbat 3, 8Bt 4%&@9%%%%8&%%6@@ Mk gic acid

nol ecul e, preferab a nonhuman manmal i an genome of a pafrt thereof, -
subj ect i AP AP @'%E@F@ﬁdlpaﬂi“é“%m?é‘el‘ &f said ¢e ‘é’ﬂfﬁrﬁﬁ‘fc‘f@“ﬁ“&éedur e for MAR
sequences conprising: - setting a w ndow size for nucleic acid

nol ecul es 10 be eval uat ed,
2. The expression system of claim 1, wherein an expression cassette comprising said

promoter and said nucleotide sequence encoding a gene of interest is operably linked to
the promoter. :

3. The expression system of any of the above claims, wherein said at least one non-
human mammalian MAR nucleotide sequence is a rodent MAR nucleotide sequence,
such as a mouse or hamster MAR nucleotide sequence.

4, The expression system according to any of the above claims, wherein said non-
human mammalian MAR nucleotide sequence comprises:

(i} SEQ ID No. 3, SEQ ID No. 10 or a functional fragment thereof; or

(i) a nucleotide sequence having about 80%, about 90%, about 95% or about 98%
sequence identity with any of the sequences of (j).

5. The expression system of any of the above claims, wherein said gene is expressed in
a non-human mammalian cell such as a rodent cell, in particular a mouse or hamster

cell, or in a human cell, such as a Hel.a cell.

6. The expression system of any of the above claims, wherein said at least one non-
human mammalian MAR nuclectide sequence acts in cis or trans on said gene.
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- selecting at least 1 or at least 2, preferably 3, nore preferably 4
or More MAR associ ated features, - setting threshold val ues for
sequences di splaying this/these feature(s), and - selecting MAR

candi dat e nucl eoti de sequences exceedi ng these threshold val ues,

- ascertaining that said non-human manmal i an MAR nucl eoti de sequence
i ncreases expression of a gene about 2, about 3, about 4, about 5,
about 6, about 7, about 8, about 9, about 10 fold or nore upon
transformati on of a human and/or nonhuman mammalian cell via an
expressi on system conpri sing said non-hurman manmal i an MAR nucl eoti de
sequences. 10. A method according to claim9, wherein said at | east
one feat TASpotRYd {%ﬁea«&%bu R Bﬂd@&ﬂh%a@@l Qmg@spgve depth, minor
groove W tin erature or conbinations thereof. 11. The
net hod of cIaP@MQ@Qaahﬁﬁ@ﬂﬁ”BNNUWéhdﬁﬁﬁnﬁﬁﬁpémvalues i ncl ude bet ween
about 3 and ahﬁbuucﬁ,g(thaek&aés;d#a@eagw ampaf @.e-abb\xe aatn\éaaa sad%emmm

4.4, including abou out

43 130a\ oRES RERSRPTIP MoraneR Sopt alout deatoil h RAF 2890 EVE bRt h

val ues ghgulretanea, absiiti 0%l of @orbout 9.3 A and minor groove width
val ues are between about 5.2 to about 5.8 A, preferably, the major

groove depth values are between about 9.0 to about 9.2 A, including
about 9.8l AR istlaled hed piirified ngtleioweidwidkidule/edmesingny be bet vveen about

> thod JA BE stikoles %eﬁﬁér%e'wﬁsﬁﬁﬁ% Ro? sEBNG 10 aTutitne! rddhnetieen

about 55hemdi, about 75 '0, in particul ar between about 55 and about

620inc| |n out 56, a o fara9, t,

Sbout "orf s NGB e e B ha fric 0 AHAu her SRR GG3D BN, GarBIF
val ues aaaey sdpuehcelidentity with et sefuérice of faglandihag Mitboadtivity. 1, about 4. 2,
about 4.3, about 4.4, about 4.5, about 4.6, about 4.7, about 4.8 and

about 4.9" 15. The nmethod of claim 14, wherein said DNA bendi ng
angl e véad dersethod farddetifying wﬂwmmmmnmelwnmﬂrsmm@e gampss@bBout 50

bps to agqgwtd.a&g%bbaﬁnb Aeh dhad paﬁrazanagget ZEhRsec D BhererdB) Btnand

about 12 od o erein the DNA bendi ng
angl e vatunmnmmmaaawmmwamtmreofbet ween about 320 and 1320 such

as, about %]%Qbr?da%@‘gg&l'é é&a%o[é%g%% a28EnAforbitte fhi RAAR fRAkce820 and

about 1025(5J about 920, the mmjor groove depth val ue
ti mes theomwrisdgw val ue are between about 900 and about 4000, such as

about 1200 angel%ﬁé)gwn%%ze]a‘ép%c?é"@a@@%lecﬁ!@%b bedmlatsk300 and about
3100, about 2100 and about 2800 and/or nor ro%egly th vaI gﬁ‘ol nmes

the wi ndow si-Selegling 3 daarkbar aeast 2gvefemby hinule P FEAORS
750 and g@gg@e@zégwegbout 1000 and about 2000, about 1250 and 1750.
axner o o 00 PR S 0t oGBS Py a0
- selecting MAR candidate nucleotide sequences exceeding these threshold
values,
- ascertaining that said non-human mammalian MAR nucleotide sequence
increases expression of a gene about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10 fold or more upon transformation of a human and/or non-
human mammalian cell via an expression system comprising said non-human

mammalian MAR nuclectide sequences.
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- determning said threshold val ues using said experinentally

val i dated MARs of human or non-human origin. 18 A MAR construct
conprising: (a) (i) an isolated nucleotide sequence conprising at

| east part of a terminal region of an identified MAR, and (ii) a
further isolated nucleotide sequence conprising about 10% about 15%
about 20% about 25% about 30% or nore of said identified MAR or
another identified MAR, or (b) (i) a nucleotide sequence having
about 90% about 95% about 96% about 97% about 98% about 99%
sequence identity with the nucl eotide sequence of (a)(i), and (ii) a
nucl eoti de sequence havi ng about 70% about 80% preferably about
90% abo t % nce
oty i RevIoa g b oBRRY IR SRl e T R PR

const r ucPerdinoagia ajy Eowerepts, mines gwiore wigih mealtingdemperatusequence i n
(a)(i1) eoBhAERS e l-rich region. 20. A MAR construct according to
claim18 or 19, wherein said MAR construct conprises |ess than about
90% preferably at |ess than about 80% even nore preferably |ess

t han aboyi, TH%meth6s &t dlélﬁrﬂoab.lﬁb'rteirﬁ@%%nd Iﬁ%@@?&u&hﬁ&&d%@@én Mﬁ\bRout

nunmber o eot |, de denti uence

constr uc{3 aﬁ&@ki?‘&l ng $8§§ﬁ9r98} &qf%f?%%%"e?ﬂ 3EREOORH & A e iNGlus g RbmAR.9,
const r uchb@O Y, bbaS 4ahavbuttdeampaioUPs 3at | east about 110% of a nunber
of nucleotides of an identified MAR sequence. 22. A MAR construct
conprising regions of an identified MAR sequence in consecutive

arr angermatThevnhethed of claimoyocker 1awhiérein !ﬁd}or&_fw(ﬁ:@tc@btwmﬁsfafr@b&wfeé@m t hat

of anid ue R construct qf im22
wher oi n_ S0 & S AR SEREAGEron eI Nabas iR b ot B atou

| east oné. 8b4\ m:defa@blsﬂ the majgri groove d2gth vEhes NAR awest atbtﬁﬁ g@fto@b@!t@Bz R2 to
23, V\/ner I onprises at. |l east

| east one Udﬁ]g a%"MAng gqir@ttﬁé% gt gfongee%éjﬁhv Ugsdmay g l%%{ng:erbg °t“t gfﬁgal d
at | east abous 55i &dmiky:lrlsg aleou’t &4i oand shoubpsidonal |y, from said identified
MAR sequence. 25. The MAR construct of clains 22 to 24, wherein said

identified MAR sequence is a human or a nouse MAR  26. The MAR
const r ucfl3ofhegnethes ofchaims 1950 13hdressin theaneltingigimpastwe i beweeteatiouf | ed

MAR sequesged asomsté it Bg&%&a& M&@Qﬁms&%ml %e%nau&ﬁﬁbtg%r@m z@bout

80% sequence i denti g/ 0% sequence |
sequence PR /Y| ABPULD ﬁ?@ﬁt5998%té§a@éﬁébout§éﬁl ty vmth regi ons of the

naturally occurring human 1_68 MAR or nouse MAR 34 or parts thereof.

14. The method of claim 10, wherein DNA bending angle values are about 4.0 to about
5.0%, including about 4.1, about 4.2, about 4.3, about 4.4, about 4.5, about 4.6, about
4.7, about 4.8 and about 49"

15. The method of claim 14, wherein said BNA bending angle values are combined with
window values ranging from about 50 bps to about 150 bps, including, e.g., about
80bps, about 100bps and about 120bps.

16. The method of claims 10, wherein the DNA bending angle value times a window
value are between about 320 and 1320 such as, about 420 and about 1220, about 520
and about 1120, about 620 and about 1020, about 720 and about 820, the major
groove depth value times the window value are between about 900 and about 4000,



27. The MAR construct of clains 22 to 26, wherein said regions
correspond to bps 1 to 1189, 1190 to 1952 and 1953 to 3600,
respectively of a naturally occurring human 1_68 MAR  28. The MAR
construct of clainms 22 to 27, wherein the regions are
sequence-specific regions. 29. A MAR construct conprising: (a) a

core nucl eoti de sequence conpri sing (i) at |east one
i solated or synthetic AT--rich region of an identified MAR sequence;
or (ii) at least one AT rich region having at |east at

| east 80% 85% 90% 95% 98% or 99% sequence identity with the
AT-rich region of (a) (i), (b) a nucleotide sequence conpri si ng

2 1235t 80Po LN PE AL Hlondke Sk BiEon! So3e|hubipl-Be d°

sequence o whérei n sail e 1S protel n
bi ndi ng $ilé® adputR 0drenH @bolut$8h andi/emmrgev:ﬁmwevawe inesthBMindomot ei n

bi i N9 Sl &rbehBen bOSRSH LT aMARLSAAUGNES, Bloul o o HIBEE BeblishPNA

protein bin sequence, situa

out si de t1A8O é@?@bm{hép%tﬁbﬂé 1289 88hi &b (a), or (| ii) a first DNA
protein binding site present in the core of (a), but adjacent to at
| east one_further DNA protein binding site, wherein the first and at
| east oné7oTh%‘aP@°f‘9F@'ﬁ'é\5 RAEpiughei PMETiBAgng sites are not adj acent

in the co ﬁbvm‘ #%ernrﬂéntﬁll;}/\)alléatmm&f%ﬂahbf‘ﬁbd?ﬁl_urﬁéﬁ@rﬁ;lrpf a non- MAR
sequence. R construct of claim29, wherein said construct

enhances " Qﬁﬁf‘ﬁ@@oﬁ?”&f" eghojd MalUesesing,$3jd prrerignielly validrisrMARs ofhymeny,
about 3, oab@,uhu;ﬂan@bgmt 5, about 6, about 7, about 8, about 9, about
10 fold or nore upon introduction of said MAR construct into a cell.
31. The MAR construct of claim29 or 30, wherein said MAR construct
is |less t1Bamwﬁm}0cmanbh@asmg preferably | ess than about 250

ggglu? Otllogg)sn @S\égo?ziﬂ gucfiegcﬁge %gc?u%n e c&%éms‘in@ar} leas pan o antérmma régz%nS gf e%r

identified MAR, and

(i} a further isolated nucleotide sequence comprising about 10%, about 15%, about
20%, about 25%, about 30% or more of said identified MAR or another identified MAR;
or

(b} (i) a nucleotide sequence having about 80%, about 95%, about 96%, about 97%
about 98%, about 99% sequence identity with the nucleotide sequence of (a)(i), and

(ii} a nuclectide sequence having about 70%, about 80%, preferably about 80%, about
95%, about 96%, about 97% about 98%, about 99% sequence identity with the
nucleotide sequence of (b)(i).

19. The MAR construct according to claim 18, wherein said nuclectide sequence in
(a)(ii) comprises an AT-rich region.

20. A MAR construct according to claim 18 or 19, wherein said MAR construct
comprises less than about 80%, preferably at less than about 80%, even more
preferably less than about 70%, less than about 60% or less than about 50% of a
number of nucleotides of an identified MAR sequence.



32. The MAR construct of clainms 29 to 31, wherein said core nucleic
acid sequence of (a) conprises at |east one TFBS of said identified
MAR, wherein said at | east one TFBS fl anks said AT-rich region in the
identified MAR unilaterally or bilaterally. 33. The MAR construct of
claims 29 to 32, wherein said at | east one DNA protein binding sites
in(b) is a TFBS and is nodified by 1, 2, 3, 4, 5 or nore
substitutions, additions and/or deletions and/or has, in full or

part, been synthesized. 34. The MAR construct of clainms 29 to 33,
wherein said TFBS that flank said AT-rich region is nodified by 1, 2,
3, 4, 5 or nore substitutions, additions and/or deletions. 35. The

R MR €,

TFBS with no known natural count
cl ai ns 29°Merisgs aboyidhapame A of Ieashapauy 169% o6 a apmbercdf euclectides oham gr oup

consi sti iegnffedMABLeqldMRd4, HOX, HOXF, Gsh, CEBP, Fastl andSATBl or a
conbi nation of two or nore of these transcription factors. 37. The
MAR construct of clainms 29 to 36, wherein a series of said DNA
protein bpMIMAR @&ink@Sctebmphdingr € adj acent to said nucleic acid
sequence_of %%} .d38_.T:ﬁ %/AR construct of claims 29 to 37, wherein
said MARGHNSOF B {dentfied MAR seanange pgensemidive aicangemeot, whewipireardeion
syst em cangyot &i orignadtioh Qifets feare tielk of IEddMRE WA dddgbsce0f any of the
above clains, and, optionally, a pronoter and at |east one
restriction enzyne binding site for introducing a nucl eotide sequence
of i nter @8tTherddAR cotstrucoeitalaih 23f whareth $HidRYIoRE comPrisefat teddst orOAPFiEST NQ

an expressj V. ny_of. t he. above cl ai ns. 41. A transgenic
non-humafle%iao(r?lllrEarr”?ﬂjI"’ﬂ:e(;ea é)'{es 'P\%n%ﬁ’teerfg'rog‘ssi on system of any of the above

claims. 42. A kit conprising:
24, The MAR construct of claims 22 to 23, wherein said MAR construct further
comprises at least part of at least one binding site region and wherein said at least part
of said at least one binding site region is, optionally, from said identified MAR sequence.

23. The MAR construct of claims 22 to 24, wherein said identified MAR sequence is a
human or a mouse MAR.

26. The MAR construct of claims 22 to 25, wherein said regions of the identified MAR
sequence or parts thereof have about 70% sequence identity, about 80% sequence
identity, about 90% sequence identity, about 95% sequence identity or about 98%
sequence identity with regions of the naturally occurring human 1_68 MAR or mouse
MAR 54 or parts thereof.

27. The MAR construct of claims 22 to 26, wherein said regions correspond to bps 1 to
1189, 1180 to 1952 and 1953 to 3600, respectively of a naturally occurring human 1_68
MAR.

28. The MAR construct of claims 22 to 27, wherein the regions are sequence-specific
regions.



t he expression system of any of the above clains, and instructions
how t o use said expression system 43. A nethod for enhancing
expression of a gene conprising providing a expression system
conprising said gene under the control of a pronoter and of a MAR
construct of any of the above clains; transfecting a cell with said
expression systemso that the expression of said gene is enhanced.
44, A nethod of claim43, wherein said expression systemfurther
enhances stability of expression of said gene. 45. Use of the MAR
constructs, expression systens, transgenic non-human animals, kits
and/ or met hods of any of the above clains in producing proteins such

as anti bedi £MAresRdRid icB@phdiiRn pat hogen proteins or human cel |
surface proteins é’i\%(i!idgrotei ns such_ as erythropoietin, interferons or

ot her t h&&RAR Ny PEYHFOSE FE B Y% ns.

(i) at least one isolated or synthetic AT- rich region of an identified MAR
sequence; or
(i) at least one AT rich region having at least at least 80%, 85%, 90%,
95%, 98% or 99% sequence identity with the AT-rich region of (a) (i),
{b) a nuclectide sequence comprising
at least one DNA protein binding site adjacent to said nucleotide sequence
of (a), wherein said binding site is
(i) a DNA protein binding site of a further identified MAR sequence,
(it  a DNA protein binding site of the identified MAR sequence of (a),
wherein said DNA protein binding site is, in the identified MAR
sequence, situated outside the core nucleotide sequence of (a}, or
(iiy  afirst DNA protein binding site present in the core of (a), but
adjacent to at least one further DNA protein binding site, wherein
the first and at least one of said further DNA protein binding sites
are not adjacent in the core of (a), or
(iv)  a DNA protein binding sites of a non-MAR sequence.

30. The MAR construct of claim 29, wherein said construct enhances expression of a
gene operably linked to a promoter about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10 fold or more upon introduction of said MAR construct into a
cell.

31. The MAR construct of claim 29 or 30, wherein said MAR construct is less than 500

nucleotides, preferably less than about 250 nucleotides, even more preferably less than
about 200, about 150 or about 100 nucleotides long.
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32. The MAR construct of claims 29 to 31, wherein said core nucleic acid sequence of
(a) comprises at least one TFBS of said identified MAR, wherein said at least one TFBS
flanks said AT-rich region in the identified MAR unilaterally or bilaterally.

33. The MAR construct of claims 29 to 32, wherein said at least one DNA protein
binding sites in (b) is a TFBS and is modified by 1, 2, 3, 4, 5 or more substitutions,
additions and/or deletions and/or has, in full or part, been synthesized.

34. The MAR construct of claims 28 to 33, wherein said TFBS that flank said AT-rich
region is modified by 1, 2, 3, 4, 5 or more substitutions, additions and/or deletions.

35. The MAR construct of claim 33 or 34, wherein said TFBS is an optimized TFBS with
no known natural counterpart.

36. The MAR construct of claims 28 to 35, wherein said binding sites are selected from
a group consisting of SATB1, NMP4, HOX, HOXF, Gsh, CEBP, Fastt andSATB1 ora
combination of two or more of these transcription factors.

37. The MAR construct of claims 29 to 36, wherein a series of said DNA protein binding
sites of (b) are adjacent to said nucleic acid sequence of (a).

38. The MAR construct of claims 29 to 37, wherein said MAR construct is an enhanced
MAR construct.

39. A expression system comprising

at least one of the MAR constructs of any of the above claims, and, optionally,

a promoter and at least one restriction enzyme binding site for introducing a nucleotide
sequence of interest under the control of said promoter.

40. A cell comprising an expression system of any of the above claims.



41. A transgenic non-human animal comprising an expression system of any of the
above claims.

42. A kit comprising:
the expression system of any of the above claims, and
instructions how to use said expression system.

43. A method for enhancing expression of a gene comprising

providing a expression system comprising said gene under the contro! of a promoter
and of a MAR construct of any of the above claims;

transfecting a cell with said expression system so that the expression of said gene is
enhanced.

44. A method of claim 43, wherein said expression system further enhances stability of
expression of said gene. '

45. Use of the MAR constructs, expression systems, transgenic non-human animals,
kits and/or methods of any of the above claims in producing proteins such as antibodies
recognizing human pathogen proteins or human cell surface proteins and proteins such
as erythropoietin, interferons or other therapeutic or diagnostic proteins.
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