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assigt- tr Bﬁ' top nsfe ﬁma malian F eotP gg eﬁtré

The . eegorm,gfghg&i “Bel fgg,onl &p E?@a ol ncons e magpmaln Posheah Eﬂﬁggt?g'qﬂ i

conpr i si NGrhg u r&ma.g*bgas dolf Bt & ivirCAMBRSF 2 f Ea ptﬁé‘ EeusH t”[: %ene :

eXPr essi Onrafiigéric Blimal RGchDAY s §S5ERICRousS ﬁ@tho c& fdy 88 a% % -

subst ant i ahanbiNie ETHY EHDBESll MEELY ToHVEE FEm vﬁfcﬂtlﬁ‘m&mmva QX{&V

provi ded \rictionhlj suiiedsSerftiirbid lcilg #i th@tasé BLtkb ,aglumioafs or replication IOur DOSGS

or may foe prTheiptebteninial be @oyIpOBGS: Ababb e fuMttiohiag I RSt & aAd My be foNb@MpRl ON -~

into a gemmmmaliahher virelcrirgnotete Optioadlly,athé plombtet meyi 88 huhidiajousCwith 8 gbiitt IBEUs 2F @R

i'nto a nardeRined eclysiot seswdrice (fahevampletthd §-giobip gindneotenfl andeoaynisd pressint MOtahdemewdth. i N~

a host cel@nathey pemptex farisxample, the frolekje oronoter and aeriral. tice S¥ttieonoterLagynayinthesone

dependent °ﬁﬁﬂfﬁéPha"%°'°m9ntsrhe invention also provides a transfer vector, .

sui tably in '69°H‘|"l§f‘t°<§ |inyenfor; to Resleparipad iwg:athaewnﬂmetlmusm@p is derived - L

sequence. frg'ﬂé e g t‘j‘é@FﬁHssﬂdr?b?"ﬁeth%éﬁ iR RSYS ¢ontains 2 puphon pf BNese | super
o S e " El VAo TRgPNS (Bse Tyarpdel fe'?fefefablv the

i ntegrati (ﬁﬁpera éﬂ:tlvétor ) o
pref er abl y éfa %EML ﬁqjg 8': ‘;(?slzrﬁa’ge"g :pmt@;og ?sPdé“p H‘(‘f"gﬁ y‘?sdée be o
1Ol wutE
g o%a

a CoMre,Cly élﬁ‘\lato élS%ﬂ i fra

667 Bl nmag iﬂQmﬁQ&Iétél? upst §'rt1 bn lo
gened-may @ﬂlﬁé’éd%up%r Hﬁﬂebé%ﬁi@é %s WEH lﬁlgrvé g legﬂ%s (fi A&t

host cel | close together). PreferdB SIMBTERLN §8 iféHwdning FlitiedtiEeé reﬁBVed% .
cell suscemhiabbigesiion wipteaticiedset he vector of the invention. The vector SRR
may be 2 r-ansA muuced ik of e sgRbMTcLSdoaR achalol sdaivenbd 8 BESHrodabad vihith %QﬂqB.tQQ S
mi croi nj eslgigantlyCiadréaséclibiad of exprossiti0DPIIAGH  Johts bXpRossidSystams trhis Hlab pRBYCeRBya

n o "j:v‘frhe

cel’] -of aligating theyfoliawingrioun fragmenisal . - | n particular, the host cell may be a-

cel'l' of a trahB, alani mal such as a transgenlc nmouse. The host cell may
be “a human gt¥pHiegiHingllch as bone narrow cell. The host cell nay be deri ved-i--i--
from ti*%sue 130 KpaBalt he domi nant actlvator sequence is functional, such as:.---
erythroid, ce’l |§P?W'F'§£Eéffiga§et of the [err]-globin locus. 10 - The promoter . . -
may be anx é ”é"°8vr'°fﬂﬁﬁ’c‘9|"em'ﬂﬁga|W'C@Hecuao'gﬁ 65ty fragment whish misg bef or
exanple a- em 0| ?"é’Pe"Fﬁ?F'P'b?Y t he pronoter may be -
hotrol. ogg)u o) «%’cus o ﬁﬁ‘?tbe t%&?‘&"@é i‘jﬁ?fcséql(ef"l?r's

exanpl e ‘Oi

t JWLE %éou ﬁ?p’j&t ﬁ:os Yﬂnjt c \Rmﬁthes
anot her IOBM%Fe tZ‘tf%rDl\?a§§ res tf?ﬁ ocu gw;;?era vﬁw orp arB

SVAD pr OBt el ol ”%
embodi menbptiedally eh iall e 8t gaR bof taky h&nﬁﬁﬁ& sddfd s«i e W Trg"é‘o ¥ ndar e b .9 r
seq I{Fé&e tantamed widfta §.510BainABto X84 irhgninPP itd the) @B@g ngCUS. S C u S e

the ¥€rr]ingd tithen dspeetisf B Mvaitite thereis pRRIdedh & f broadéme la ;Elilrya%ﬁ@ @&hﬁris%&
si tes whi cliuing adibsticelt teantibraedi oith anadoor i el im@itioh. I €gi ons (see an et al

cit ) " Pr ef eMapmgthechwaydieenappliadtin vitd fo\paddoce & dgineinDypeptad. & 4UGiti6N) the PhetHd® Ry 65
t he DNas e@nplieglip evivo Hy jpeoruneres palypersids ihevd itedlibertpeliiicehiuai tb fifienaniniee Juen & ]ngdti@bion -
| ocus. “Pr @PEciag p Polynoptide isyobtofhe sarsidared 8¢ a ethertid tryatiog the hemanae edmal opdyi onal | y
with the 3 In> Ut iagpert of Sedrvention dhe vipter roRytieraert inaonetivtod ireatreent efribe himen or

within a Y0, Ry &P 'ﬁlg R’t?um’%?ﬂ"ﬂ@ adstoctva mamgatian gpe. Bgl | | | mredi at el y

upst ream. of Wed'?-: qsl 'Bffﬂ ul quh resikfrqr. figficiencies ) e produstion of igpriainraspe on
cont ai 9’15 m i ﬁé’P?t?’??é" iy imenipry makethem \RERlvRyited to the
pol ynuc eoet 'ACZ% °° °'° whi ch two are very close together).
Pref er abl yis0 Wi ste ﬁ a' ' f' 'P%V j*RELCods o BRBRAY ST & BYrPR oK Aown
technl qUESyeSkR ﬁt °'e>§§ raé‘ Ny °2'i§m°ved sf@""r‘é‘a wilh2 yegio dﬁe t he
[err]-gl Otmné?orl'ngg Qt%m 6r\é&f'rflrbo ' E o an be u ed P&e d’eR}ﬁ»ﬂ"g :
exhi bi g5 gns uaiaieﬁthﬁam%% ér%ﬁ.ﬁfiﬁﬁ& fhbivi

f.-r agment sdsilciéhk p-hadaidglobiR.AliterhatRéiP a braady lirr tb Midund s l{'p e

‘sequence, vettof g mdhéd)cobﬁfbelu&d&& tréat détciericibs liPsddSosinb aea?mrﬁsé A s&’rﬁ%%r s
rrﬁy be USEd as a "cassette" to act ivate a SpECI f I C gene expr essl on SySt em o
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' a second enbodi nent of the invention to be descrl bed bel ow, the dor'n"nan't “

i ns 't hree super hypersensitive ER083266781 at ‘the 5 boundary of the
Iocus and two at the 3' boundary of the locus. Preferably the doninant
activator cont al ns one or nore of the DNase | super hypersensitive S|tes
wi'thin the npq, [mpaune ggficien rsé'?dé‘?"??dfs D synceomebri nant acti vat or sequence
contains bojly ° & f"@s’s P‘f"ﬁﬂﬁgﬁ?f@ irsthatyif sopielas ¢ EIPCUISIQ@ of

Focus. ot ol LM"“iEﬁmi il §:§t§ Eé LT ST e
it

do.m ant
dont T nfichle érmfg?s%;f:ﬁ °ﬁ°wgaqvmannn%

Xbal fragnent 3" to gene.

there is- prm&dgg@r“ﬁo,{r&tﬂ!gmaﬂ,t produm ng a pol ypeptide conmprising culturing..
a hest cel |l transtorned V\ntnga

applied in ViFigD t OshpivedhCRasbingestiDNash PAlpkPRBbissiBitve &e@@dtotthelapsntm ol

may be applied in vPamistiotoD ad vpsentdionsydd ARbieilosb Mdrs st Ring IR EBEIHY bipe n’tje'
t:o the ani mal. Sucham Pepbidshows & Bestription Giap|on the 38-glsbinyIBEIP lub&k@arh 9t 118 Topdiish Sbm
consi dered as “a. met bevd fayfthet three teistrigtion lagzymesvesed or thasa iexpHim&rds Probd dealionstbind

aspect. of the i nvenbyretsensifee stecaromarredy be used in a net hod of treatnent of
t he human or Figf mal Showsijeispreseanring pxegrimant o ineffige rltdonryctad thaapcthe suer hypersen-
mammal i aff gerl]__e Man$fivgistes s efdhect-glehiregsmerman or ani nal body result from

defi ci enci es

rat.or’sequence is 35 derived from CD2 gene | ocus. The CD2 gene.l ocus: L f--:

vector of the invention. The nethod may be _:

9P  het P’%@EG‘EWW“M“é@t"t‘%ﬂlﬁ‘tg'@?@h@"pr'G‘MCt s. The characterising. =

f eat ures of tiesfvecf P32 giruciura) analysis, o the hymanygRlabin fansgennffii4 eampriens 46088, #@. 50

treatment of i CI LAY sﬂ‘é’h@"atyﬁﬁf’fatfl? hyrpan\4-giopin fransgant dumesse (g8 comrisespy
i bt EET PR ié.?ge&,ai"f s it 9'?%5‘883]\/%9@? 3}%&%&3%%@'2?%@0% BNEd
stenreel |'s Wrgh a Vakidhe orrhi:lrB fon Berge jﬁtv@lsﬁgsrog 13 tlgﬁs ﬁm def nég! lg?ﬁsr _

absent ;. in tIrg hUMBghoRd tha BendRctidAQA Mas stor

cel s in theFgeman Sbwomb BenstneRMNbf pidsMids é@ﬁt@ 14@@%@%&'%@# to replace or . -
suppl emest  a Figdo genshowkelunah @Rlobin AxplessivAlBN OF ani mal . For exanple, an -

i ndi vidual s#ofier i ngoks hermapdirgeron? pipbleRiBidtessuch as [err]-thal assen a

coul'd. be treflodd t oshowsaThy-1aCD2mbstue. hi ghly expressed [err] gl obin gene

i-eeus-t-0--rakEgP t hehowethe distdbution] o Thy-hnamotynais iand brﬁhbﬂran@tahwemtcy a deficiency.

i-n-the i mmunEigddst ethpesthe epnpiictionshe edlobin CR2.eon@BRt. | ocus vector.- This met hod

coul.d.. ,be"’useﬁ'gt t rbaws Hesanenie MMA@E trinagenid enieesamengdsactnstarstaf (—'né.DA syndr orre)

oF:'severe ¢ EP 0.332 667.B1 conbi ned i nmune defi ci ency syndrone (SCI D
syndrome) . ® barrow i s. a suitabl e source of stemcells and is ' o
advantageous nent has“;et cont ns the precursorgﬂtgg gprtag?%ynppocy%‘egmggg@gz',_...-'-.--_"5
crytirolg eﬁgﬁﬂ igv’f% g S L5 b payuilicns
_' erl alnt ed R Qcﬂ'e & opy b r| 932{91 W é lPYebngP of @ ;’%%pggp

exanpl e W Gbhe! @b GRS Sanlelin {% ? Whe Sane IS ?"g@ﬁ i vel'

t he Dr awi n@émdataio ko that ot HeVHRoub Eeng?m%r tgtegt Gnd 33 ﬁg% 1?3&FS éj retully

n

Si'tes 5'4t @ iélLthe pssitfof HeHYbdsdd G -sitebLince their exact posutl aIIA’ t
repr%éent abeenipebiishedrin Getmiqelah ot Astwek) | ters i1l ustrat

experinment and Panel D shows a restriction map of the [err] gI ob| n Iocus
upst ream oMaping RiYass byperserisitivsi sttesfianiingf thy g-ibiin obusee restriction enzymes used
I n-these experinents. Probe |ocations and super hypersensitive sites are
rarkéd. ‘i g Mery linyleg) Rilageh digesien efspdpidif reythoidpmils mesats dites éxtrarely Berlsitigh to1DNasel
conduct ed PR’?“P?A’M’( the epsiiprgloliy gene aad dovirBtream of the g-globin gobe (Tearsettabs1985). o finbie
[err]globi 2 8‘9 Qia 'vaefse'ssrtmteﬁ Felstivegp sastriglion isitas mebped imeumaesniids (Tdraphetitst .,

nas not

~

mini" 1 ocy gpulfi_h et I ﬂh’é‘iebf"a?s“%{heﬂ Quslel of JEL; (Wertih @nch Raaganndrgliahi n
tr anSg.e@(? | 26 wntg a nu f 1 d?cm vglous SERRIOR onzimes, Soutkosn blpited and
anal ysis o % p gf’ﬁ;)’f‘ %% WPW?[HS%&E%W"@W?%%S@A
5B, 5C, 5Dy ,obm nd § foo 1 G < ﬁ?mng_ tw . Nerd ‘E _th%PhthDNA
i N vari ous,ieiiaR ours apngiivy pites d Y Sheifregrlyy) |
Fig 7 . sh d,bj;go qrq é& E‘?s :]éa ;& s% FIIOF (9, YeatqrSiies 5| appgar later
transgeeg c m ni [errj- ob| nfocus: {0V%s the construction of

plasmi ds GSE1364 1365 and 1366. Fig. 9 shovvs the construction of
‘plasm ds GSE1359, 1400, 1401 and 1357. 25 Fig.10 shows human .
[err]-dgl ob| n expre55| on. Fig.11 shows the mappi ng of CD2 hypersen5|t|ve
SI tes.
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Fig.I2 . -shows a Thy-1 CD2 construct. Fig.13 shows the distribution of -. . .
Thy-1 in the thymus and brain of transgenic nmice. Fig.14 shows the -
construction of a [err]globin CD2 EP0s362868ZB1Fi g. 15 shows the genonic

DNA-of transgenic mce carrying the construct of Fig. 14. Exanple 1°

Experl ments were conducted to establish whether dom nant control regi ons..

ar.¢ preserfta_ﬂ'_ﬁ the flanking 35 ' regl ons of the[err]globin |ocus by

|ncIud|ng such regi ns on a construct f such seguences”' -':.:J
i nsensiti veljf lo at ihe( )
rea e | c ucl

that \thg é‘jmu el Of " al 8%’ P?c é gl

nb a resencL um f) l Ior E § lfbr
COpy nu % 3 l\[A Wéeq LHeP rote st rh ti on g
gene copy aﬁosuaat.%ﬁa@reatt . ot mw@a hiEhd ﬂ?gf
genhe is expressed at a l-evel corrpara e to hat o puse genes. or

to-testingahdtg 5° and 3' sequences, it was |rrportant carefuIIy 40 to mp- . o
t he posiot ions of the hypersensitive sites since their exact position,

especi al | y athetOiNaseB digsstediesamplessof Parkiel Aa@r redubivithsiyRichnil Probkt vt la S(SINE&REﬁ'agﬁknt, N
1985) . Nappicmip @dtisre tchigmearsion kb thands. aisb tdetctt laaundsi gpridizing foaridr ¢f Lot etter mashing 46
Very |im tieis fidztrinpgendy of SISO, whichl ienot oliseved/¢rhwisingcat 1011859052 @t Stowms .
extremel y sensitive to DNasel upstream of the epsilon-globin gene and
downst rléafe® Ct he [err] gl obin gene (Tuan et al., 1985). W fine napped the = -
DNasel hypersensrtlve sites re ative to restriction sites mapped in our

cosni ds (Ta T ¢f; PUJ] 0 Ils Woy sted p\ptﬁDNiseé Mml&attvng ae%aqr@o@sdqm%ggp the o

di gestionZt OHL?E ey 2nce 0)—% {‘2@ ahq“ f%ﬁ ’?‘ %ac!?{: qrasws%eddﬂcg'ﬁw

l(o:qote![ 2 cfgt D%& fi l%? 'lZd W|t nbg r% L robe anz *vars %(‘1”'(10 Sffl}r?%l?g mgencyﬁ _
epsr*tven gl oﬁr n gene (Fig ld) Four hypersensrtlve srtes are present at 18kb.,'
(No. 1), badgbp(No. 2), 12.0 and 11.5kb (No. 3a, b} and 5.4kb (No. 4)
upstream of_the epsilon-globin gene. Nos. 1, 3a and 4 sites are strong

hyper segsi t i shows atrégtricin hridfl B8 theb¥-globi ildcus Bbdiran BP §dT pBifoR-gidbih i dalle P Gnel inFde

course of radirigatdnsyinesNBSd in2thésaCexpdlinmfehts.CocatioRs YEgHbRE ahd lBSucad BosRBIRES DNBSIST .
during di ggstseusiive sites i HEL allg PUTHD @opaiin arémiakéd. det ai | s were as fol lows: 55 7

EP 0 332 667hBéxaetinetion/of MediNakel bfpetdbrisitieesits $' aitheadinGglbtni gtle wad dlbtdﬁNﬁSﬁismﬁGO B
[err ] / m ) tvept sir@le{ copy PNArRiobas angUssvesal restriotieachniyendigelsie of Dblasel digestatl HEh @udigiime .. . ..
i ndi- cat@d dpte AurpmasieRdsin Figa BéArB) thaw that therelts a #ingle)Dass! ypersgoitivesciterbeteden HeOZBKBIEL. - .
nucl ei 5 -Bodfraoment asihe 4.4k Hingiik fragmenataperoymatpiX 20l 3' Dthe adult) 6-glebimgere diig RER . -
30 .units. éﬁ‘m'l-‘\f [?F“"é wereobtanrq @‘thd?NaFﬁ' AigpstequFUTKS nigleh (datgmotFhovm)) DNA was purifi ed_ﬁ;',

af ter pro 6 W°'i°é‘ELPE'°W h Asp718, fractioned on a 0.6%"
agarose g ﬁ‘l qeﬁ'ls §%°'ea H 6?}'@(19% yifh the indigated Eﬁﬁl" °Bbi 77
gene prssobe"’zﬁ:i %r:’nT 4"& % =l 'me ?ﬁg S
A vere re. %ac%‘&ﬁ? 0 8I Nggl §(K§°a$na snn

addi tion et o el éo@ggsr;%

6:8kb aft Srrob é%lt@‘&l'e handodi 'Tﬂg & n of
observas egn Y&éﬁtmNMaﬁ\BleQwﬂ%I%Spl SRR grdbe (ARnoBLHONH
PUTK& cel | s were digested with DNasel ( O[err]nt) at 37[err] and sanpl es

renoved f Consiriicien ot &@Gi-giebin wfidiebeud, 2, 4 and 8 minutes. An aliquot of
approximately 107 nuclel was |ncubat ed for 8 mnutes at 37[err] in the
absence of m\asbbm("nmrfeloéhse(ﬁiu J) viistoenstru@atrdm KrgeeedibnsBagsHtMatibls and Methods™
el ect r aphbelevsfos thermlecise Jleschiption); @ 226k region bweddiatelyopetrsatning tHei dpsin-glabis gene (-1kb
hybri di ze@laliptdgkta 0. 46kb EcoRI-Bgl 11 probe and washed to a final stringency =
of 0. 3xSSPBolicopajning pll fow tyeqrsensitvg sites (Fighihyvis4- Bor(Ball) fragmanbepntrining dffe 4-giebin gene
[ err] gl obfi 3l defaonnyequisionysagreneasdm %‘g@ ?hhin-apd BpInd thecaqes anda 12kpcregion downstream
restricti ?1“ 5] 98 1zhb Frnét%*‘ Epmii: prntpining dhe-dowpsysary hypsrsensitive silndFig
deduced® p T 23:; '°Bé ét'%'@'ﬁ rrtﬂt %qusu"tﬂes o grepie|a saHep PLynkEY esvigient i n

ram SCO

are markel> &) @5‘@)‘%‘1 9tjal,d 982). e gntirg,38kb 1o
adul t [erf i :9 gx: oagﬂ'g?tn‘ﬂ‘"t' og Ip F‘@“‘%Wmfﬂ\ﬁ('do?’?ﬁ%'sm&nd

sﬁ
sever al rest,:{ete B?% dlugtra%dson % g" ucl ei . Tp 30
dat a- Smﬁbégﬁg(kg)nﬂ‘[g | Qeond lind's %{i 'hlgcgug with aanugtbﬁ Igmque = ncho:v:;elsr:u o
hy per SENSinb IcYfhecting Gind26hoi&Rind lon of the fragments in the g-globin locus. The restriction

~enzyme fragments in the "mini" locus for EcoRl, BamHI and Hindlil are shown in kb. The hybridization
probes for the 5" flanking region (EcoBgl 0.46), the 8-globin gene (BamEco 0. 7 IVS 1I) and- the 3' flanking
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Bgl'l'l- fragment and the 2.4kb Hindl 1|l fragment approxinately 20kb 3' 'c:)f;'t'he"

adult -[err]-globin gene (Fig. 2E). (Simlar results were obtained with:
DNasel di gested PUTKO nuclei (data reross»esnBiIn Fig 2 the experinental
details were as follows: -Panels A to D show DNA from DNasel di gested

nuclei of HEL cells recut with the indicated restriction 35 enzymes and o
probed wi t h'8i°F RSP 145)Pra SRy ®ASAOUM®- a 1. 1kb Hindl | 1-BanH fragment. Both .

DNA"proobés cont ai, n sone hu g regetl
10 err] sheafedH 2Ry !

= .-- d| zat i on and hybr| d| zation.

hatfecs. "t‘m a%nvx%mﬁge LB ou ign 37 Zhgphnt, fha ogge were”
Panel 0\’l\§1s aﬁl}% & frkd tﬂé1 oto or urgglown reﬁ? Bgs Wll'e L
[err]- gI Ob' i %ﬂ@wer nRAMbd I\c ram Hgg o
are. mar.ked. githgL1308/. ¢3'50&y9 rrp I%ﬂut aged S
Bgl |1 recut nyBizeaiavmnl @ﬁurﬁ!nt/hgléﬂ'\'eprgberl-é bz ttl‘an descnb .
Const ructié ORoE ot BE 1588).Ihe FaGbri: DRAS were |s%b@eﬂi‘9@ildi Wﬁh EéHnﬂ ISout &@Ulﬁtte&

3) ‘was cons bybrditedcvith ractiimé B@Rbin @Ebe B 4 MEse TR BFob@sngBRepy) RS dbRsine he number '
bel:ow for t bfedepsscntegratediinach pouse (Fig.420and Makle I € gdeQiage PIYETHesk Rilugs vHASH fr&ﬁ%ﬂéle '
the epsi | oningaridiwovsediSrand §8) Livlle Chearidreti @opiéieh cdBinbush 2€)0nvas thér@btedined Wikher the
hypersensi t {ngasted iDNAswasHpiggratey intagt 41 Whdthef Bglbiony afid/agr@mabgeg®nts diachitaken Pplaes after
[err]-gl dbi {AieelioneTolah ANA wes digestedryityBambiger|Hindtr Southe fdoted end prefied ifexttiel yesomcoaand
afround the 8 8"‘%!?1‘8 %“sfﬁb'"rpé vl %%K%Pﬂ@mbpr@ma)wes [u eghthe) 15/drRamHI. =~
(+12kb Kpnl T39gent é'"pﬁ ugt f‘ﬁgn B) e ado\Rks EqoBherp q‘f

ha

(Fig 50 2). B:gbarg"' rag ?{‘f ‘?ﬁ‘ °e%| 98? ?%P" F’S\/F'ae‘d:)m"t ﬁ'efrﬁnssm@'cvo

d m (not

create a,sef) ﬁ§ p% engg” 5':;? fra et rlo éver a t z
I

and cl PHEd 4l & |9c Ega&r eslstanﬁo c?\z % d

i-nsektd was é‘o}ﬁﬁél%ﬁ h £9&9nff é eat&etr?ou Fual whi

mekiing.- agams&sﬁumgbsiemaeﬁhe 46% th Khdul {1?&?9;

1986) .. Ref emtinag ndtQeththddUy Rl opyldf el BIgI8Hh

[err] gI ob| n lncﬁmsM Feexpegmbntal cibtaliswems yotlews r agnents in the "mni t ocus

ti ve DNA whi ch necessitated the use: Of -5

etﬂgptpw@ Woke

{:h arF arger S

i ¥ @ &an oy pteS ':F' 5 @Lt%h“a"
O_.n t_op aml lbémesaam:SararmcmMMdstPeaﬁfm tHélpL ' ocﬁe Ghtidlgh tWJ‘gigg&% i braont VS T
H e16 hﬂfersUﬁbitﬂélﬁterrG‘g?JnrHaQBéeﬂ Reigted Mnis .~
position of the fragment s tn-the

for EcoRl, BanH and Hindil|l are shown in kb. The hybridization probes for "
t he 5 fPf’ar&_ﬂgﬁ regi on (EcoBgI 0.46), the [err]-globin gene (BanEco 0.7 IVS .-

II) ‘dnd the 3 f | anki ng EP 0 332 667 Bl region (Eco 1.15) are shown -at-*
tfie bott om _ T ?g%ﬂ‘ﬂ He efcrlacenial Q1 welingpct INA yasrdiges '\vﬁq Wi FecoRfiSaithern biptted: aBer: gel
Lnirtial inj. ‘??f’? Ta’l‘?dl‘!g’é"z@ se'fwwe@amm #ejokin,Banyje v
2ferr]ini, 'ikg ?frﬁfﬁr%epmueé The RNAef requse b7 wagy
ver e obt Al Q’f Xﬁ: S35 f ,é g %y idizng, pang | aéd{s?%F?sq%@tF%iet“}'ﬁeni
carried out. \/\lJ ra |0H° " zafip r‘ﬁwﬁme"%i'h Py §8tdfses were

cofl ected g8 elther 12.5 or 13 5 days of gestation. DNA was prepared
forom-i-ndi viduat. pl acentas, Southern blotted and hybridized with a human S
[err] -gl@abi n peche ér oRlRBEDRA Was bijEeaUIR S s ed
L Tl s ToHSRC DN e i Somfl. SRR Sl SESRRIPY
di.gested with EcoRl, Southern blotted and hybridized with a human
[-err].-gl obiRangCobe and a nouse Thy-1 probe (single copy) to deternine the _
nunber of genes integrated in each nouse (Fig.4A and Table | - see page
29). The%e vaPlersatahayplie daciDNMwas digested with Besrd br inady Seutflen Blotthd A8J hybAdited tGa 3'
hundr ed cofPldngpeobe ep(i-15.figude 21). It was then deternined whether the
inserted DNA Re nam'%grrﬂwel of Megket DA was ersdcromd e DA dignstod ath @StEN or Hindlll. The
rearrange f‘@%‘éﬂ“‘?aﬁ@ﬁ‘ flodh @t 189 fopr oMy l4npg eqntainoPNA Famplgs foNAnondrsnsgenire miced

wi-t h- Banth [d{opases; () Ferpe, %#'%Pf'é&aramf 15? axtialy ﬂ's?stqdhelthpwéglemweq)m QNAe

conpl et €° cq Wl °°mP'ht° gceFt ‘hf" %'ﬂ’ﬁk’ﬁs“ *Paf‘dsp‘\"%e‘"‘is, thendfBkhy BargHit o
detect the ¥ Il aomepty T1BK0 b ot ¢k é‘t’ fage atAg) neghnd
a 1.15kb Eco pro 'Po d’gt ect the 14. 6kb BanH or 18kb Hi ndl || o

fir agrent atrhd REnad -
tr-ansgensc _
i:ntegrat ed lnrot.aaua@rmtwacauﬁoémt e Do A orel ARE Ya of
the COr reClabirdnisgod hibe G bifod ;&: ﬁg')%{%nbl §§y£&) 9 ﬁ%@g%d b fh ?r%nsé i

and "Hi.ndl | Ishewsttifsanallsi$ &faived RNANh @f5' hdiean | dfidbi, wiile $5. 56 srﬁwgf’ a@&? fife P
r-esi'stant to cleavage, even though the m xed |n contr ol r‘h een’ feq?y

di gested (see Methods). This results in partial cleavage bands which are:
l'arger than fully digested BamH (.14.6kbj and Hindl || (18kb) fragnents..
Transgenic nouse 38 is the only nouse - that has nhot retained a full. copy
of the [err]-globin "mni" locus. The single copy present in this nouse has
25 . Iost the BanHl and H ndl Il sites upstreamof the [err]-globin gene,

p— g

gt (Flg 4C). Al but one of ‘the

oV 1l prae rpause Tyt Rsebeof . ..

"mni" [err]-globin |oci which are



indicates that all the 5 flanking DNA including the whole hypersensi}-ti-ve
site. regl on has been deleted in this nouse. In Figure 4, the experi. nental
det:ai- 1s ' were.as follows: 30 ' Panel Enomplsexsmatel y S[err] of placental-
yolk sac DNA was digested with EcoRl, Southern blotted after gel a

el ect rophore5| S and hybridi zed to ei t her the human [err]globin Bam Eco IVS

_probe dpe giobiniINA ingh %U@s"“‘*’n@ "!9”%%4" 6'° "ﬂa 'F‘?'%i? eyloplp oipbes A% Bemeler
scannl ng . ""813%15% ragul Hé'tﬁt § h” "ﬂ%’s“mg B°'V afr!rtateann “’at
degr aded, A ars ° °'fL° (e

see belb ver n re eve
quanti-t at ‘%x v ﬁeﬁﬁe ﬁﬁ‘o g} Hh gﬁ -glhb $evrf1 blg | s¢
hybr.i di Zatp'a §é||9@ r§|( ). The | :g’\ff o

sac Was, n)ﬂ!l. Qel llﬂaeﬁtﬂn tft’FF'—o@u% rbf |
fl ank' ng Pﬁc@ e 1 e' ﬁvel £ ox r@él% s® mice, AaIG\‘rne’I} lﬁ‘ mi Q'J; Zsac
DNA was dingrs h&d oHé H’d tB&mﬁbt dBpied b Hdl 4- globlrﬁeéﬂs %ferhnms% taRdlthe kb &Mlé Inh&b: '
a 3' flanlehdgp pknomcusé EeDhunan Brgldbintbrobds of dqbal %bécnﬂ@@&ﬁ*ﬁ F@. 50 doWs Bathe E@r\'ak&r
DNA was ustechufna sagiabibiiheds grpaibdattoly Haln thRsdr Bl Imose A<biouH dibloid Thouké SNSAVGiE in

m. ce ar e ‘imodsecte gtiis a¢ cdnﬂmeticmtheemtpélry levéliwhen thenéditells biNoma MRl aaé ah lagematched

non- t r ans gemiccarerised a®| the pratgins rum ok jal Dibasid ufdelgel (Berat abf 1980kt B\Ges amsphies -

ar € part i &pisgenifi peuse g, exerbashv aqial levels ofimauep and lidan Seglobinamateins. (Figa§D). From all
conpl et’8| Jheer %tté'ﬂs cpreludechthelrach ryman 4-glein gene rin Bassomicefis bl activs, Laahertevelhan
t he 14. 6kiBHR 'ﬂ°f6‘R?) muss ﬂz%??"lrgese% N’B’}e e oxpregsiongin Iiqe 4nd P8 {sruppiesieds A

(18kb + 2%‘?{’ 'ﬁ'f 5°" s rU?Pe&cablE;aﬁM leygls a1 yery lqw ig Ee::ﬁ:the.
t andem a[ Ip em 8‘1% i fgsqs' ! ‘:‘a?i?(ﬂ? e

neasur %0 Iﬂ'gﬂs l$n tJa rs s iasgg Lmtagemou - g[ ' &I

al l. thetrh,ap u&f%} zﬂd nlnaa s [ 1a §'“%'

ana' Y’Z(ed l&Mo lssrii §i§erﬁ'§vﬂl‘i ﬁ’ighé @ﬁ‘@fry rerrel cdlis a tant loss

liver ‘RNA Wiy frf@ ah o iRl BacaukdlinbFexplels re e@'%aﬂ&mw th%n 8- of

t-he. 3" engiodih (Fig. SE (QT 1 82 hagblog).ifle BHUBIRA irl Rdusd 38k RYidiheIDY b Fact 1S v S FBNCE -
of..a 3'25 Nohlf rafsgériid mﬂtlas@ bﬁtﬁth&ﬁéj ariRlétich @18 9hdnd 0P EHB6tRs AN AS kL NBhsefURde HeS-

These restirha Sl denats stilexphisssabut @I dosiinQidpehdeHe AnrieBardQE [oR GevblY, justiad fblﬂ!He‘d o

and pol 'y aereemnydngll eseblqudrablhats érh Birbdtived i midh (KWas a2, 1986 Magiamash al, 10a5; TJNites ot

nunber of acoiB®s of the "mini" locus in each nouse, (except 24 and 38, See

bel‘ow) .  Mor ddnues 24 hag ne eprraceatdedast inshef lotymend the nessibility yad inedstigateid sisati this(nmose 'is a

s hown) .30 Tue $XEQRIpN erfwhmther fhis igithes 8 ickimadric molisszor has theeg-globin {phusvitegratechen andaciveof .
t he hunanx["é'PF‘f@mPOD%U%"‘ethT'@PfP isofgied fypm. tRNyATk| sag btaig a(\d' foetabliver (the Cerpihgid” BBYe)i s -

gnpar ed P'Ei’ 'lyﬁ“addzeﬁfhetﬁ%m ngﬁedc 45 on Setharmblote. it lman Stglokin,probe g1 muripl hy-

I at ter. cel p“tb |3 R Ve/BUS AR SBFATSNOP\EiNgle qopy pere; Fige e@bﬁ.ﬂyaqhnwﬂgatt hezf

h Q) ?F“%F a?réﬁ%s Sta'lta"h 'n %l° fignal %s?b‘ﬁé’f V%sa&awf em
qﬁgﬁ? i tat %h: :?jesﬁ gh?(g %né 'g lth%X‘ﬁaf }T J"Fﬂ% % h's ?i‘” e
and 12 Wh é mi 1 U \}a@‘ Ellggﬁr?sen in 'Y"t‘ 3:» élsin I;dliv%i a?(%lal s%@

anal ysed, |aahihe Lo &p o1 o dchiiple it

[ols) { $Si els copy
[err]-gl omrﬁbearé?.h%@ h ' E’ggﬁ .
si.gnal . f déthie wakere fonb é?”ﬁ soﬂ%?en&gesl’neCI ??Vggtt)r‘ta%sg? r]tdate ? tha'?t:g ;(e' "ta"
mouse“[err]-globin diploid in nmouse 33 and equal in nouse 12. ThIS |s

cotnf-‘i-_-r medParel A-he protein | evel when the red cells of nouse 12 and an age
mat ched control are |ysed and the proteins run on a Triton-acid urea gel

(Al ter et alSug ofl BES)rom| ¥2.5| ® 186 aiay litersafront Hitlerbrt aneO(@uMiBIsNENUIBE) wad afxRbE 5 85
equal [|«ev ayclpassf profentioreasadaderivehanevijusly rifolligs etal.n1988)oTie pratedidel feagmbrd)of the50MANGh |

15 - t hese#glebia probe (iBgbrAseldtomarndVe hiscking #egiobingeea) is] 160nt [5' ghlabinput gebeisisownlae s e
mce is f i Thp raagter (ma is RBRE22 BNA diggsted afth Higlipryidhecsies prg incivated ipfnucléntidespuse -
[err]-gl ob| n genes while the expression in mce 24 and 38 is suppressed. A
pecullar tion is found in mce 21 and 17. The nouse [err]-globin RNA

| evel s°® \éerx W in ae presurrahl% y %s a result of the very |
copy nunb%oID Ec% F] e ﬁﬁ esa a°"&§r?§3‘ BE‘HWQ'M

MRNA d Vil f? pr phe (2 Obp
conp e'g ?P i ol Eﬁiﬁ% E l:)égresuri m?ré% é%% x : rl§ a) Th8 BP?‘PV?QRW"PES RNA
an e

_decreaggad mor e nmous err SB) vvh| le the high levels .
of [err]-globin protein defini teI y result in an anaem a (a-thal assaem a).

M-ce 21 and 17 had snmall colourless livers consistent with the destruction B

of mature red cells and a concomtant |loss of mMRNA. Two mice (38 and 24)
form an exception because they express relatively | ower anounts. of human :
[err]- globin (Fig. 5A B,C Table 1 see page 29): The situation in nouse 38
is explained by the fact that this is- the 25 onl y transgeni c nouse which
has a deletion of the 5° end of the locus (Fig.4). As a consequence, the



hurmari [err]-globin gene is still expressed, but in a position dependent |

menner- and at |ow | evels, just as found when small [err]-globin fragnents

are‘introduced in nice (Kollias et &P.033%#®BiIMagramet al., 1985; "Townes
et.al., 1985). Myuse 24 has no apparent defect in the locus and the -
possibility was investigated that this nouse is a 30 true exception or

whet her it F®el&G ther a chi naerlc m)use or has the [err]-globin locus - -

|ntegrated on_an i t|v vvas t erefore |soI ated, from

ne Yol sag, ALY S R e i
hybridized ] % (ﬂfw 5% q % yon ik W
[err]-gl Ob' i re aTtd Qﬁe?ﬁt or Eaglgrg i% t SIS gtltown agt%ﬁ :

transgene Vﬁ‘o%ﬁ%sc&\{?ol%‘ 99 ﬁl@ E& &ty

10[err] of gagfemt molisdGetaNEr ; ns even lPe han of t

signal that 5[err] of yol k sac , 1.e. 35 rruch | ess than 25%of the liver: -

cel | s. cont apaneittie [err]-gl obin gene. This therefore is a chinmaeric nouse; - -

I'n which the [err]-globin nmini locus is under-represented in the erythroid -
ti ssue- (foet abamilaseof Jiostsh iiveh (apprpkimatolg 200y3 of Buedn ro@ vells vefdf Iyded nmaoLl o Flo-gaky-n.. « .

MRNA f ound glabint pretsies serlatated astdesmiyedoAlte 0N Gl.LTBN). Teogel Was Stainbihito yisuenzb dadgisdie
| ocus has rrieteit ckainsaMpeset &g, ant 4pe rmeatéhed goreimnpdeait diitted matel eftrhaiise H2t The @ositions of
expressi 8n mmysﬂmahmwmww@ and that each gene is fully .
expressed in ever trans en| C m)use In Figure 5, the experimental 40
det ai | s werePRig Pliaselh) S{pig|siteg. in the irp °W5M'9q“ﬁm12 5 or . 13.5 day o
livers fromdiff t. mc zed b S1 45 nucl ease .
protectign . Jrh SNasE}ﬂ%ﬁe% 6),9 sHb ﬁ{f' ']?otf‘? Pﬁé’b' '°°éﬁ aref E’°;B t'@ uge ftudied -

rass $[$¥ it S
f ragnent ofre hd) E’W} IKlotChu o W'Z% |es are _
le

l'ackig [e

The narker rﬁ_.m,erlo?thg @' of camer fo ..
i ndi cat ed |hﬂerr6k|611aiﬁ@\ﬁéléﬂq;%nﬂeﬁ’%&%ar BNEQ &.rt a%ﬁeda tt@(?a @Q\ S
A, but Ui ngarnieg tHRIWABI8 Tons@ucs werlaru@&ﬁas%fybrfdﬂﬁhoh%%& ey 145 R d?obg%féh dzg

as he |E}Iestc py..".

ECORI - Mspl )detoetah8 3 ini@rsensitive 260 HED St FRITKO Golls!dBGEE Bl 7.545 HamHPtaghlst whichRUBS .~
a-globi n prpetta dig26dbpt BarBamHs span theesk oyl §rtaliabcted Rgtibhti T 1718kt Bdrfl Hagment is -

protected feompeateintinspridtiad phinited Titesed aigbdtion/ i Ivarutiail of inbusNA {FigOE)! I &hyrar ek o
MEL cel | . | iroreobleih with a R@ObR écel Ghijumias ArgioBIB Dibbu shdwea fthat 56 20kb BamHERadneRBehchifiplsdhiy .

Panel  C B[ diar §' el (R\Ad6ibe) qmm Yighlyl transcibad ramai SBlobib gend Is slightli tsbrstiiye: 2o DMassle

[ err] - maj - (i988ion rpyeafive aDhaset subpandefanerodmaely piodbig) 7DheonsistbdbathracNaselibpgprsom a
100rit - pr ot Slvetiemitaip fhe fralqby z'qutPre( Heinpeat alyepad). Geprebjgthe samadiitr withdhe 046 - :w
activity. '5@9'.% '%f1 tﬂ‘@‘" ?afae'éege%ewmaﬁam hypasensitivesies 938 .
gel ‘el ectr gycee | °°tah'é'°f| mtew"dtfat -basdly pareesneading o ©
and afte¥ i X é:] °t"ﬂ’19§° it logus is H
control is HJ ' 'tﬁ t'f: ?'rp%e'frln i stfl“\?la G‘é’lq‘ shoua} dpp W'ib pRihfraomsnh

I "f : V er w v3ry se_mntlveF;& Fsebjtgestlon

gullI (hu) f (ﬁ.]["v t‘ m ]t J,
anpl es of tog V{ﬁés ﬁé?.nﬁ ¥ tzﬁl Sbdshive’lo BNYIE idoGifn G §
_| yze{efl %4(3[|&Wy]>er§éf1 6 e G § 5 Qsh%ﬁ Oétﬁsdrérﬁg(; GhAs G I;J gn gi a5 e:@gd g
(At et @Nasel LiySidn aﬂ-dWQle%beerﬁﬁeré‘a?télﬁvﬂ%ﬂe ttsondﬂr&!aiﬁéd' Fhe hétRalOhyp Jhanth if 'tlﬂ
chai ns. M pasofdr is pre3sht EleudmBbEdLCTbBg)ON- t ransgenic (litter) mate of nouse 12.

The posi ti onsin Bigurd 3, theraypeendnr defailawéte Bemdmws] err ] - gl obi n are indicated.

Mappi ng DNNgdéi ohgpese 2¢ fissési wepe ipcubated with Suly@Naseoges Gefor 6,1,2,8 aid 8 Gin0les & 370C (Ser .
The DNase| nhrjaderrdelsh and\ie mirutes ordin auvlel).rAdiqdokseot henial fverg inoliiatad ffod 6 06 10ErhidutbsOi B
in all erygbiepiecrt ONgsl danes P oe-le Buritied DNA gyay towetth Gamithirastionpd o § l6bekagagbeodsil. n
i s expr essdansiored ocniteoesliuigee nd prahed wHGIRNA fragpsets Seaning the dransgenisshusar Sroibio i d
in the m n|'°°Tse(P 5ARus of t ransgenl c mce expressing hi evel s of human-
[err]- gI ob Okb% tagm Elediby nrake D ibrrenl Fdve ignction g«wment of thefindenp trray he
liver a GI "l‘ ol “32Ehe 1\K)ﬂ'|‘bc‘??"‘i'1§§h°t'1’ﬁ¥"ﬁﬁ g}?@g'ﬁe@@ "?ﬁﬁﬂ?@f of the -
[err]gene 23 o8 min, fopys dandeym @rrayin guse 21

- which prsfive senot qck in dopta fiver auclel (Feape! Ry,
i o e fz é’"én”t%fsﬁ Pveq?b T
93 " 1®bBbe

the wholsg g ﬁ Wahta nbt3h
whi'ch was usez to dae’t ect the é‘ hypersen5|t|ve site in HEL and PUTKO cells

detects a 17.8kb BanH fragnent which is due to partial digestion of the
BanH site at the 3' end of the injected fragment. The 17.8kb BanHl - '
f r agnment is _
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conpletely insensitive to limted DNasel digestion in liver nuclei of nouse.
21' Fi.g. /E). The sane filter reprobed with a 600bp Accl 5 human- = e
1= gl obin probe shows that the BPOK32BeTHll fragnent enconpassing. 30 the "~
end (to -1460bp) of the highly transcribed human [err]-globin gene is - -
sllghtly sensitive to DNasel digestion, revealing a DNasel sub-band of: i
approximately 1kb (Fig. 7D), consistent with a DNasel hypersen- sitive S|te;}T]
within the [err]-globin gene pronoter (GEABEEnd et al., 1983). "Reprobing
the-same filter with the 0.46 EcoRl Bglll probe (Fig. 1C) shows that the

15kb: %anHl fragnment enco ing hypersensitive sites 2, 3a, .and 4 is . S
exceedi hgly sensitive toﬂgﬁézﬁlgﬁiéﬁ@??oﬁ'?h°?&@t§NAlP@érnﬁﬁélel and:
sub- bands" corresponding to 35 cutting at sites 3 and 4 are cIearIy E o
vi si bl e. The sane @Q%%QH st of Ly ne | ocus is- =
insensitive to DNase |gestg%%‘g§§braln %%% €] Qhe g?%@4% | (not -
shown) .4 The 3. 3kb BanHl fragnment (containing hypersensitive site no. ‘1) of
the.transgeni.c mni |lbxus isiaéso very sensitbve to DNasegl odi gestion in

l-iver, but not brain nuclei of nouse 21 (Fig. 7AB). In summary, the 5 -
fIanklng region is extrenely sensitive to DNasel digestion and has retained =
t'he '40 - superhypersensitive st2e%¢in a tiss¢g.gpecific fashion. L
Surprlsﬁngly, the 3' flanking region is insensitive to DNasel digestion and_ '
the super hypersensitjve site is not retained. The nor mal- hypersensitivity:

in the promoter is présent (HeoBdtne et al.>10083). In FiNgdr.e 7, the
experlnental details were as follows: Nuclei of nouse 21 tlssues wer e

|ncubaI§d with 5[err] Embse § m for 0,1,2,4 and 8 minutes at 37[err]

(I'iver &5 nuclei), ,2,%-3nd 10 thﬁFégr?Braln nucMNeD).. Aliquots of .
nucl e were |ncubated for 8 or 10 nminutes in the absence of DNasel (lanés 0
enz.?). Purified DNA wa T recut &néh BanmH| fr?ﬁt oned on. a 0. %@6agarose gel, -
transferred to nitroce Iulose and probed w fragneﬁt§ 'spanni ng the.= TR
transgegi ¢ human [err]-globin mni |ocus (Panels A-E). The 14.0kb BanHi
fragment’ detected by ¥3obe E)on5panel Eis g_gunction fr;ggent of the
tandém array 50 of the mini [err]-globin |locus. The 17.8Kb band is the
result of |nconplete BanH di gestion. Panel F shows a schenat|c SR
representatlon of a r¥peat unld.df ‘the niniglopcus tandenuaqgay in nouse 21'5T‘ﬂ
on .whi.elr DNasel hypersensitive sites are marked. Site 5 is not reforned in = -
foetal liver nuclei (Panel F). DNasel sub bands corresponding to'.HSS 1. and . .
2.are not-seen in DNa®®l fade®@tlexperiment8,4but the Bawrfl. 26ragnents in - ..
Miich they reside are sensitive to DNasel dlgestlon in liver (Panels A and

C'but ' not 55 . brain ({Enel B nd data not shown)). EP 0 332 667 Bl TABLE: .
1 Level® of human ] glob n? RNA and DNAfe?r] 5 MouselNd [err] /& =~ 7
[érr]Thy-1-DNA[err] -- RNA/DNA 10 12 1.0 1.0 C
1.0 17 42 04 7.2[err] 0.9 21. " N.D.[err]

>100- "~ Y%l 0.8 24 0'6.3  Ochi maeraferr]

N.D. Zad" 10. 2 11.8 0.85 25 33 - 0.5

OﬂSEFg' 1.0 36 10.1 8.7 1.15 30 38
<0.1 -~ 0.4 | <0.25 35 40

7.9 - 7.2 Hul | 0.3 0.5 0.6 40 45 50

'”Q'w
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EP‘-‘-O '3.32 667 Bl [err] AI I~ values were nornmalized to nouse 12 . as.: -
1 ‘6g..'see.. Figs: 4D ‘and 5C) . after densitometer - scanning “of:'5 - & 7
aut;.oradr ographs exposed for diff&Pen832667iBts of several experinents. . . . .
2The:™ " ratios were obt ained by dividing the human [err]-glohin
RNA- and “ DNA signals -t.hose obtained for the nouse a-globin. RNA
and” Thy 1 DNA, ect \ as neasured ‘in_only ‘one - T
experinent and ﬁ?rret {i%f'l‘lgs weFﬁcPBH@aﬁ? eto mousgalZomspdude (g7 vas - -
partially degr&XR&I. Fi(%%e 4Fi gnd26C) aftes) dens!‘éomelﬁeﬁ:ekehﬂnﬁﬁﬁ%f Clow o
MW . “~€rqss hydiit o] untrtat t he: copy

nunber-’ (?‘at her thﬁrﬁﬁ%m’égﬁ gﬁ%@rgegkg% k?‘-‘e%%ﬁ %&E‘ﬁ&) 2B E¥RTEL

rati o of hunarPfRS ij%fl‘ tn to nouse globin RNA was not. determ ned

(N.D.) - accurately |n this m)use due to t he very heavy high hurran S
to nmouse RNA si u’ﬁéﬁl [err] Mu 24 is T
chinmaerige for the h ?%ryfrﬁlﬁBFﬁlnﬁ‘@nE 3§1V1dln9( thg. hugan and could
therefore not ﬁ‘tﬂaloh]uarﬁmbaandl DMATERbrNa.SsAb@ NEEH@SMQlE@%nmnltqlé\/l ce . -

The 38kb Sal | fnr@\gg@ r e ps vect or nces by gel.
el ect r ophor esi s, and ge?g\g?% f%&irg ec agkgesﬁﬁfsﬁg %Sﬁpﬁ as Mousg

1986; Brinster 8‘5?35%%@35@npnlYoenesexpaemmeni andemidtf i ed by o
Sout hern®l ot amadlywdgd(Sout hern, 1975) of placental DNA. RNA anal ysis RNA" .
extractiion of different tissues and S1 nucl ease protection anal ysi's were §
carried out as described so previously (Kollias et al. 1986). DNasel . . P
sensitivity DNaSehe serlAiof izjocussay? wes epSﬁtiaEﬂyoangBdba()'(%%‘aed lei =
as descriped by Fnveje 6t 55 , exc that 1 GIA was included
i'n-all buor?f ers u’r?trl T hﬁ%eﬁééggﬁl e ?n]'%ﬁfﬁg% AcﬁPﬁ§n¥|¥gFEL@P-FPMS S
perforied. In tti*?é‘dcﬁe ‘he tThysh bl et | toequamti batenthéouopli vabeand = .
brains from agd methded s Mehe 2&éd 6k car to.provide .o
sufficient material to carry outa)@%e anal ysrﬁsﬁ@qg9 ﬁﬁ% = E%gﬁ%? Bl ., ..
Construckd on of the [err]-globin mni locus (1) A 12kb Bgll| fragment . .

(10-22kb 5' of 4Te] - giaa&nm)oﬂ\ﬂmrﬁé@rwdglélﬁmtﬂ@ weuEk | énbglﬂf Sra;ag pTCF

(G osveld et al site -> cosHG Bl e

B12 was cl eaved W t Asp%’gé’?lé“g%q SaC%‘Fr%fﬁ}YonngFBbFnB‘mHﬁ&radﬁﬁl G@e XhoI e
linker was insdf®dery dRAVG IBIPX hyigyn cos Hibude 2R 88RANE ¢Eedl ., 1986)
cont ai ni #y the w3y y.e epsil on-globin upstreamregion was also cl'eaved with
Dpnl "and Xhol '|inker inserted and packaged -> cos HG 14.2X. (4) A dal 7
linker was inserted in the Xbal site of pUCL8 ->pUC18C. 10 (5) The 4.7kb "

Bgl't'l -fragnment S¢teontss ni rzp tiw[cqr;[;iag}péarfb]geﬂeevmm ﬂs’?{}éf?bﬁg&gﬁﬁ%m

sit€‘of pUCI8C 1 12kb, tpal - banti b 3" of
[ERR] gI %br n) vS/aT; ggluo% ed I nto ‘%%\AC OL% RIL P gtr@tltated _ ‘

) ‘MATERIALS AND METHODS
. '
“'"4 Transgenic Mice .
The 38kb Sall fragment was purified from cosmid vector sequences by gel electrophoresis and B
prepared for injection as described (Kollias et al., 1986; Brinster et al., 1985). Transgenic foetuses were
45 identified by Southern blot analysis (Southern, 1975) of placental DNA. o
- RNA analysis

: - RNA extraction of different tissues and St nuclease protection analysis were carried out as descnbed_
- 60 previously (Kollias et al., 1986). .

o ‘DNasel sensitivity

DNasel sensitivity assays were carried out on isolated nuclei as described by Enver et al. (1984).
~ 55 except that 1imM EGTA was included in all buffers until DNasel digestion in buffer A plus 1mM C: CaCl; ‘'was
S performed. In the case of transgenic liver and brain, four. livers and brains from age matched normal

- foetuses were added as carriers to. provide sufficient material to carry out the analysis.

13



|l acking a Ca site -> cos HG HB12. (7) The final cosm d construct was. 'put
together as a four fragnment |igation and packagi ng, ‘a 16. 5kb" Pvul - 15

Xhol fragrrent from cos HG b12X conERior@3ager B¢ cosni d and part of the-
upstream sequences, an 11lkb Xhol -d al fragnment from cos HG 14.2X cont ai n_i ng: -+ -
the remai nder of the. upstream sequences, a 4.7kb dal -Kpnl fragnent from . ...
pUC18C-BG c Iob| n gene and a 19kb Kpnl - Hpal fragrrent

from cos HG | ni n f anki n | on and the second cosnid .'
for p*agkagr %ffr“g) ’%33 w?t % & 4 cogto : E}gg padgintoshe BaypHi (5fta of ,casmisiPTSF
EX 1P t of i

e'h ,f”% e LRI (EORTS SE S a e b egrens

the hurran T

N transgents i eer4! araraarrlet ad éis @ht tﬁ§ r'm?J'e mtnt B dphiftbim | Soidd st 4"
i ndependent cnaawdderrr frnumsr"ﬁlzﬁ éa&raﬁ\r@ & %‘5 JBF& ?

human[ err] - @b Rlgtani MSerfalt B hms&ebewdwwpg ¥y rTRNA Thi s IS different
fromthat olspeweveTkb \Hghiragh&i cohttinirigItReS-GIEM genmvra@mbwemmms&mrsisa gbwt: gene: ..
al one (Magrpwciec-Bal ., 1985; Chada et al., 1985; Townes et al é) !
Kollias et ®A 12@%]-5&19—3%}:gment (122her3’ gmgw:mmhcla&dnmﬁpmmmgif thshhid $YCF

genes 30 (BrkingacGlesile -etosG HB1R984) , al bumi n genes (Pinkert et al., 1987) -

Thy-1 gene {7K&hel fingigosmid gonstruct w8 pyut togermeyasacfoyr tagmemt ligstionahd pack#Bd,)a ‘airsdb Pety -
ot hers. ’5As éh"r' agment fgm pRsHG P‘t?PF °e'r't¢'ecq the jcopmigd 4ndtpari ok the mbtreanh ewuencps rI Hdht s
to date, Ff-Elalfraggent; frogy, pAntaiping dhe temaindor ofthe ypeiigem eduoenesl adizkb |

vari ed bet 8 pﬂL‘%% PR femA ésc"?G é°“tat"}'ﬂﬂr‘@ frglebim gerg apha 49kbj Kppl-Hpgk fragment ifrem -

bet ween the i, ining ey, flanking, tegion and, 1y spqead Fostpidl forpackaging sugeses > cos
Therefope, s Bt gvry difficult to quantitate any experinents _

accuratel b,sgd;gong}%xg“?eepult it has been 35 inpossible, for exarrpl e; to

exarr?*ﬁ between regul atory el enments in any gene. The - L
resul ts drpg@trohggé}t indbpbriest ofpréedigh € i ndicate that this problemcan be = "7
over come t“o‘r“t‘h@[‘éﬁ]%fﬁb‘l"h‘g‘é‘h‘é. It is clear that the expression levels -~ =
found .iz8 i Cthe GrdbdlticH BiGthé MEmanE-g6bin okt fihRRUSY e LBt tah dBWRRRA ToGBRY int 0.
t-he ' nunbe tramsgenipenies hishvasultbthineantrprassion peteROhatie fosttidm Pbsbehdent dnd dREH ki 1o N e
expr €5 Si-Oboplyemmberpeith lnefsadn hiredn' 3-gighiro HRNA @6 Righ imdusdl 4-giétin tRRA EThiZli€ iffdrnt 6 Y -
si.m-Far. tthat dbaervedlsibpresidus tensgehie mizedisiag: the LesglobLLREe &leHe! (Magthrd Bi 41, BBBECHadd & S
5). It i sal409a5h‘éqméa)¢tel 1886 Koltbe @t 41138861 1967)] @ thpr- ggheskiuch dsaﬁuj&TrEh@mkurmenes -
sequerr@es(Ci!@ﬁerta i 188D ralkiumitegsaesd@inkerest pi- €1987) Ghy-bgoreh(Eplitasre} algheds) AFRygene - - .
whi-ch i tsétar""reset 19BN @ndimanyeatiiers; &s a fepultcn desition Affects in all tansgeticiohizd oxdedrerad  of . .
t he r egul S¥%rt GEVﬁE‘é@"‘F IRrRIpSFion hPsan*’E rsPHO bt\%hage'ﬂ@dé@epreers diferent awies, ie. -~
i ncl uded 'et E°° c5‘ﬂ§t"F‘Lﬁ9f"°'at'e%H fheensonre. snd dhe lovet of expsespiony -
appl'i‘cgf i Srr’ﬁ‘e"tsﬁﬁ?f‘t'%?'y F‘é’gi“%ﬁ {esytt. f‘i‘a"t begp

they . m gh géj Y}(T.e emé? ra B? ovro frt rESéE' o
possi bl y 911 resgig E§ #onrﬂ'ld ll'? in 61 m| rlo?gséiq? ? P ortrg %
8XPr eSS OBeanthﬁLiﬁ ( b‘f‘esl 'r&. ditidh ’L 6 §inl qlc
0 parti col Mése hied rsD\VerQI ..arqsttet oﬁ %E

ef fi, Cl ANt théibret ndiiR Habthe FIUBM 16408 fan @é@s%&% dsﬁi __
cell §‘,J ar the \BaglobinSGuNs iwhick @sdifOis teh@lrdrd]'&&@iﬁ@-tlﬂl Qiuith lit€is @bnclu @d {hﬁt Jll%f'tﬁea egMﬁ&{or

( Cone- et - sdquencdsAfidved ih Bajidbmigeiis eXbressivn ag iRdNidSd # @K dagfuctcont rol regions nay

solve this problemand allow the efficient transfer of a fully active, _
single coﬁ_m gl obi n gene to haenmatopoietic stemcells. This would form -
the basss for gene therapy by gene addition in the case of thal assaem as.
56:: Exanpl e Perhagsdie mosy intsiistingapplication ffay thewtoperties of tresiominarit @chtriokvegionts) isghaa kiley

four of  t Rightalign campl tgylated pyprensjqueaf hendsgletingendsbassibly EHBIJenesT maetrmeirah oattor

descri bedJ@MRRtSY ern%ﬁare HRGssiondn ycl Pustoms és psesprtiy aosition dertendest and inefficient. In

advant a e%"é"”'a' 4°t’°"" '?3?9'6%7”“31 afenprpeeatlye the rpniyxefiiciests waih tq ignsler; gerpp dnto

met hod ® egfl? X 8[9 8 "‘t°ﬁ'e$r @Pd?’é srre“'éﬁagrthee'ate@rewr e < dhesetrayieal vester (ffone

ot her ot gl :l Iy a‘E‘t' PHPay PB\'PSP"EH‘e"b‘EWﬁ'é'F°"b'éﬁEf§°'3"t

Met hods fIS’ans !i%f' 8“”%?(2 fon aFI as\;gf"gtﬁ’ PReRPIOPRISTF Stemoeiso THis e fogt the DA
mani pul at1ons eqU| it °f o VAL hypersensitive sites and =
:t he hugﬁng,{aﬁ{pr,gz gl obi n gene |n a vector containing the tk neo gene, a
seri es of ~pol yI'inker vectors were constructed by inserting oli gonucl eot i des

bet ween t he AAagiotid e 108 wes cShstrBRedOhcildhg o kdas bi ﬁe R BluaddHS
gener at e %m;nh&ﬁ&h&d%émb%bi:ﬁ@%ne% g‘fﬁﬁ%&éé@u &%cﬁaéabw smve

required. DNA fragments were cloned i nto the unique restrrctron srtes
'_created in the different pol yI | nker veﬁors In partrcul ar:




1.°A.2.1 kb Xbal - Xbal fragnent enconpassing DNase HSI was ¢l oned into the N

Xbal. site of GSE 1364, 2. A.1.9kb Hind Ill1-Hnd I11 fragrrent was cl oned:.
into the Hind 111 site of the plasniee a3eesr|Bf HSI to give a plasmd -
carry1 ng HSS 1 and 2 in the sane orientation as that found in the. nornal
human [err]-globin | ocus, 3. A 1.5kb Asp718-Sall frafgrrent enconpassi ng.
DNasel HSS ‘acrgpse in-gprassion lpyels-chhe aethad desciibsd Below may thprefp

of . DNA pol yﬂ@f&@@"’l’crar'?&”ﬂ’@bmﬁtlaﬁtﬂ ’cf@g'?'}sl%mﬁﬁﬁ}ifes and cloned into the
H| ndII site, ¢ Sacl fragnment enconpassing

: ¥¥% and cloned into the Smal site

of * ‘the pI asni 4 fa@ﬁltgt\é' rk?%ﬁilat‘ Rs gh r%d?o ;94(:@% EwaéMDh g" Qu eliﬁ anh%ergﬁ S
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o] gl obi e G5 1 o VP8 1R Bl oy g W i

f 1 anki ng 6 el @RGAIGUSSstadioNS@s braktst ih iR dieHl pofylidke veétor&3MpahR@a: 6. A 2. Okb
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wer e -conbi necf't??f%Eﬂﬁ?fee fra mant Ilgatlon u3| n a Pvul - BstEl | fragment of -
HSS 1 ‘and 2 Hasy sigiigy nadp.gfplu d and
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I'n Exanpl'e 2 jigaoy Gsinged Pvub BREIEFhgMOnt S HES 1Ghd 2 with & BBHEID Cmdgmbﬁ&* HESBiaA4 anda =

fragrrent ThiCtal-Bhi\irigh@atae the plasrid coraerd thens-Blotimandrtkned paes.ons i Nt o a uni que

Nott--si-t:ei-n Theofirdl édnetruentaspdhamioddirecidiighaévali expressive: df irecomge Belobis ‘ganein fhduse -

part i al - Ec ofRythrblpuigmisneelis WEL) Hadependant f cthe Jposition bif rintegeatien @06 the BNA ki Ry host cell

f ragrrent 30a schepeoeqmien Eep leusbef é-globinexpronsion karelafed torthe gpne bopw npkes.ri ds- differed - -

in:the orientation of the [err]-globin gene and cloning of the 40 6. 5kb-

Not I fragn@ﬁﬂﬂﬁﬁ bot h ori'entations generated the four plasnids. GSE 1359

GSE 1400 GSE, 1401 and GSE 1357 shovvn in Fiqure 9. The DNA of the f

pt-asmi ds S the of “ﬂﬂ%%g? Dg;gPr' 9@89 ! @%%’P'P'Hﬁ Rk HQPH'é QP'?sf“P Pe'fﬁeb
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recover ed iBuffer Q@Y HEPES MEETIOAHE@MMONGO!. SeVhKCI anidfresusnendedtin BT of ESB coniginin4100ug
hoturs and (A fipadsep elasmid PNfe Aftes insyhation amyicactntfighinges: hells wetssilpsed: inl a walleof madivelm
for [err] MERfURi Quiture @lter Giwach pnc & 19ms ghoghvamepiigmg yeing @aHB e GPIceeniti] plegireshopl |
After .11 da%PEa’?ti‘F & a|velepe Ql'ﬁd'@M@sp é@tﬁ’g’f‘é@ﬂm"l‘,’éﬂ_ EM Ve 985h < HErhar vest ed
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: W
15% f or mal deruRie 5% tormalbdnyse i 4 X oPIRRb td’sn dhbESn w&&Hdlltla@di

on- |ce and | oaded 15 - EP 0332 667 Bl on to a 1 % agarose gel. The gel was

Fun‘at 70 volts/cmfor 8 hours in.1 x S buffer (20mMM MOPS pH7, 5mm-

sodi-um acet at e 20nM .EDTA). The gel was aked in 20 x SSC (3 M NaC 0:.15M-
trisodiumcitrate) for 30 minutes then bI otted directly to a nitrocellul ose_'
filter (Schleicher and Schuller-0. 1[err] over ni ght. The filter



was. baked for 2 hours at 80 C then hybridised to DNA probes |abelled: to :
high specific activities by nick 5 translation (Rigby et al, J. Ml Bi ol -

(-1977) 113 237-251). Hybridi sati oneEpes3pes? Bimed in buffer’ cont ai ni ng 50% ’
f.ormami de, 6 x SSC, 10 x Denhardts 1% SDS and 200[err] sal non sperm DNA per ... ..

m- (Lang et al EMBO J -(1988), 7(6). 1675-1682). After overnight

hybr i di satOP(Bha L aggose gek Ther gof was it & 7Qaiieq for § haurs nriat MQRS byl (@AM MOP pi7.x R

SSC 0. 1;%) 3H "g" “‘9 §|°g
i nt ensi I
10 ofq:.é egqhsabbeie hmeaﬁce?tza ik

It ni
\é_méfgb: ﬁd ﬁga%::% sa'%% ’é%}m f_a ergngbl Bk 0 leﬁenlrar f‘\% SDS

dop)! j%iag%'?fwfa AHSt dYSmight
sequences hyBridisk %Iﬁ ﬂ,}g@we, ??00 ndy Fllters
enconpassiwad diRed 16 DEPHRWRA m?dﬂgfyﬁ': echQ amsc RN Gbes Ml %ﬁh&% A

OmLEPTA)Y Lhewe'rves éﬁé@f’s'w X 85 <3r'§ga¢'l°ﬂ \Xﬁ'sewum cirate) for.
E' 07114M} gy 'g}eﬁﬁgnts....l-.
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gene 25,0A08ﬁ9,r o yretf |- fragment of “a nouse histone H4 gene. The experi ment
descri bed above shows that: 1. Human [err]-gl obin RNA expression in i'nduced .. ...

MEL cel | s Humag-glbigh or hi gher than the expression of endogenous nouse

a- gl obin genes, 30 2. [err]-globin expression using [err] mcro |ocus
constructs i/A800ibplreoRlt Meph fragnmnt viich dricludes thei 3rdhexap ef thg humanis-glabipigens. n - IVEL
cell's, 8. The dom nant activator sequences increase transcription fromt he

t kneo gendosaaalstinmt el y 100 fol d corrpar ed to plasnmids that do not contain

t he dom nant activator sequences and 4. The donmi nant activator sequence
vior ks on' t he #igPrPambbiraomerfiob¥p movse seglobin 08 ipFlusing ppusncpyim the 2vd @@ or 35
downst r ea f the [err]gene. Exanple 4 Experi ments were conducted to -

|den%ﬂ/ ® domi nant activator sequences in the human CD2 gene and 40 to
test eir t NS RS pressi on. Two-

DNasel hype(rajxs)ée!r)#sID |pt\éfh\£/|g‘ag“f§%m eﬁ'co‘r?l? &%%%ggmdr#"?%t%ggfu%g% éﬁame 2 “whi ch i s
expressed pliseHiflbrdalggie! in the thynus of transgenic nmice. A 5. 5kb BanHl =~
Xbal - frggment of CDZ 3 sequence including the DNasel HSS was cl one next- to-'-«:--_-j--
a 4.8 kb BglA 300y tagrhént ol Md¥snigaaeufgeageNt (Exanpl e 5 bel ow) or ‘a |
9..5kb mous e/t aRgerimyny desdribhl wbole @we tiet agnent . DNA fragments prepared from.

[err] CD2 and Himan J-gibih RION etpreseibrs inviiuced MEL ctls! el Hight o highértthani tﬁ@é«p%s.oﬁmusef‘:? o

eggs. Tr anserengenousinpese-lbbimganenge of copy numbers were obtained and

anal ysis’ shuieglobin gxbressionaking & s Stwrcoustrudisiistighéranan fihablodiied witke x @phidocky mand"f'" S

nouse/ hurranMﬁymﬂis,d Thy-1 gene nRNA in thynus (this exanple) which was:

related to BJP9 deinmsEAtaer pauaRqe ingwere shscripfien &pm dhedknep genscappoimately, 10oldhe

nouse genorr?;"mp?'ﬁ@ @fdPH@H%"°H@§@F‘|“E?e49"¥'ﬁ“ttaﬁl@°'|§?w?p¢°éaefhd in Exanple 5 . -
denonst r at e*hegem (55' Eﬂt'Y rt"’Pﬂé”'}?ﬁ"é’é?@‘ﬁ@%"’SG’“’"ﬂT"S'°‘H'bﬁ?“ﬁé{h'?°t’a?!l°1‘t9t5’t‘%ﬁ‘ ®nce
in the. 5ka“’8§ the efragment 3' of the human CD2. gene. Mappi ng DNaseé -

HSS in th%xaCDgegene Tr ansgenl c mce carryi ng the 2.8kb Kpnl fragnent of thes

human - —gef%—were sacrificed and nuclei 55 prepared fromthynmus and

| f | 988) . 7(6 o

_1_|6 \7/er (]19 S%Dwsji@%ékfﬁfaf;gnﬁct@cpﬂl % Eé&oﬁqﬁnt‘% |vgtor L':\éﬁ%s in t dérﬁa‘% ?22 g ?::é lso- .
G osVel d @undibr ,of% umal §B§§§ne 1393)5799335 at a:ia@h Ievel e. A .
sanpl es WB5R) BARHIL Xhit fhaginbi® of 662 37 deGilen&d inGhting TRS DR lm\ﬁa@ dide Ewwsu%lkban

probed. wi BBIIGiumad s3lobidUgERs federonp (EXBASIe 5SbdIcM) Gr RNASKE | houkbARmAR ebrdl BEINEenD’

of the gemagnentl DNAGragierss pregarel feors BEMR &d Thy-11CT2 doRBruge WereGittodluded) irtd BAKAENI C . -

t hynmus <s0moise eggs/ Fransgedd mice with g vange dfi2omtrambera waie\obthindd &nd2nay3RShéwea high-lelae
sti-ppl ed bearesgiemoit wmat BrgiahinTixample S5 @odk mowss/hemanh tyheid Bhy-1 geme anRNANB tisyaey (this e

posi tion efamplepwiipinwad roja®e monyhngm@ﬁnaddnm}gmdent of the site of integration into the mouse
o genome.

The experlments described in this Example and in Example 5 demonstrate unequivocally the presence
50 -of a dominant activator sequence in the 5.5kb BamHI - Xbal fragment 3' of the human CD2 gene.

Mapping DNase HSS in the CD2 gene

Transgenic mice carrying the 2.8kb Kpn! fragment of the human CD2 gene were sacrificed and nuelel

85 prepared from thymus and liver of mouse lines CD2-4 and CD2-1 (Lang et al, EMBO J, (1988), 7(6), 1675-

1682). DNasel digestions were performed as described herein (see also Grosveld et al, Cell, (1988), 51,
975-985).
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A 5.5kb BanHl - Xbal fragnent 3' of the human CD2 gene shown to.contain the. -
two 3' DNase | HSS was cloned between the BanmH and Xbal sites of -the. o
Bl.uescri pt vector. KS + (Pronega). AEP.(b332 d8z@l fragnent containi. ng a '

nmouse- human hybrid gene (Kollias et al, cell, (1987), 51, 21-23), R
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5. A vector according to claim 3 wherein the dominant activator sequence comprises one or more of the
55 following sub-fragments of said 21kb fragment from -1kb Clal to -22kg Bglli immediately upstream of
the epsilon-globin.gene in the g-globin locus: )
2.1kb Xbal-Xbal
1.5kb Kpnl-Bglll, and
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7. Ein Verfahren zur Herstellung eines Polypeptids, das die ZUchtuhg einer mit sinem Vektor nach einem

o der AnsprUche 1 bis 5 transformierten Sdugetier-Wirtszelle umfaBt

igp .
~ .8, Ein Verfahren zur - Modrﬂzrerung von S#ugetier-Stammzellen, das die Transformatron von Sﬁugetrer-
) Stammzellen mit einem Vektor nach einem der Anspriiche 1 bis 5 umfast.

. " Sﬁugetier-Stammzéllen, die mit einem Vektor nach einem der Anspriiche 1 bis 5 transformiert sind, zur
- 85" - Verwendung bei der Behandlung eines Krankheitszustands im menschlichen.oder tierischen KSrper.

-10. Verwendung: eines Vektors nach einem der. Ansprliche 1 bis 5 oder von S&ugetier-Stammzellen nach -
Anspruch 9 zur Herstellung eines Arznsimittels zur Behandlung von Krankheitszustédnden des menschli-
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