22 June 2006 WD 03/068819 PCT/ EPO1/ 15303 Method for the generation of
genetically nodified vertebrate precursor |ynphocytes and use theueafoof or

t he production of heterol ogous binding proteins Field of the invention 5 The
present invention generally relates to the fields of genetic engineering and
anti body production. In particular, it relates to the generation of
genetically nodified vertebrate precursor |ynphocytes that have the
potential twodshéserventi ate into nore mature | ynphoid llj'(,ol‘?ifi’gﬁlsg Ils, and to
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This enables monoclonal antibodies to specifically identify unique antigens in complex

mixtures of macromolecules and to direct effector functions to these targets.

20
Antibodies (or immunoglobulins) consist of two identical heavy (H) chain and light (L)

chain glycoproteins that are linked via disulphide bonds (Fig. 1). Each H and L chain
comprises an N-terminal variable domain that varies between different antibodies and a
C-terminal constant region, that is identical in different antibodies belonging to-the
25 same immunoglobulin isotype (Fig. 1). The combination of H and L chain variable
domains generates the antigen binding pocket of the antibody and determines its
specificity (or idiotype), whereas the constant regions determine its isotype (Frazer and
Capra, s.a.). The variability of immunoglobulins results from the fact that V4 and VL
domains are encoded by a multitude of gene segments, that are designated V
30 (variable), D (diversity; only present in the H chain locus), and J (joining) gene
.segments (Tonegawa, Néture, 302, p. 575-581, 1983) (Fig. 1). During the differentiation
of B lymphocytes one V, D and J gene segment is randomly selected in each cell for
the site-specific recombination process of V(D)J recombination, that assembles the
gene segments, such that new coding regions for Vy or V| domains are generated

35  (Grawunder et al., Curr. Opin. Immunol., 10, p. 172-180, 1998). Due to the multitude of
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35 (G awunder et al., Curr. Opin. |mmunol., 10, p. 172-180, 1998). Due to
the nultitude of -1 22 June 2006 5 10 WO 03/ 068819 PCTI EPOI / 15383Jupe 2006 and
J gene segnents, and inprecision in gene segnment joining, an enornous
repertoire of different V region specificities can be generated by the
mllions of B |ynphocytes produced by the i nmune system every day (Ml chers
et al., Curr. Qpin. Imunol., 7, p. 214-227, 1995). During evol ution,
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to devel op procedures for the devel opnent of therapeutic human or humani zed

ant i boddkseipntioned COARIGHMH of the human i nmune system The sinpl est
approach uses standard genetic engi neering techniques for cloning of

Human antisera or human polyclonal antibodies have occasionally been isolated from
20 the blood of individual patients for the treatment or prevention of rare and usually highly
lethal diseases, like Ebola virus infections, or e.g. for the treatment of individuals after
exposure to snake venoms. However, this approach, for many reasons, is impractical
for the treatment of diseases affecting larger populations. Furthermore, for ethical
reasons, it is impossible to immunize humans with a given antigen for the purpose of
25 monoclonal antibody production, because the B-lineage cells in humans producing the
desired antibodies develop and reside in secondary lymphoid organs and cannot easily
be obtained. Furthermore, many potential target antigens for therapeutic antibodies, in
particular for cancer therapy, are human proteins (Glennie and Johnson, s.a.). Under
normal circumstances, humans will not develop antibodies against these targets.
30 Therefore, substantial efforts have been made in the recent past to develop procedures
for the development of therapeutic human or humanized antibodies without the need of

the human immune system.

The simplest approach uses standard genetic engineering techniques for cloning of
35 cDNAs encoding the variable domains of H and L chains (V}; and V| domains) from a
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35 cDNAs encoding the variable domains of Hand L chains (VH and VL ?onains)
froma -2 22 June 2006 WO 03/008819 PCT/ EPA /15303 hybri dona a
xenogenei ¢ anti body of desired specificity. The cloned variable region
cDNAs are then cloned into appropriate E.coli, yeast, insect or mamual i an
cell expression vectors containing human constant region genes. This w |
all ow the production of nonocl onal antibodies with the xenogeneic VH and VL
domai ns fuswoy/@sB9t he hunan CH and CL const ant regionPdUE&hﬂ&msthereby
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for a given antigen can often not be isolated. Therefore, substanti al
efforts have been invested in constructing very large 35 primary libraries
by &bt h&he ffirshtneethar isebasedonribe expressian &lisplayf dicsingle ehbinnariakie regiotsedur es.

(scFv) consisting of one Vy and V. domain on the surface of filamentous
bacteriophages of E.coli (Hoogenboom and Chames, /mmunol. Today, 21, p. 371-
3818, 2000) (cf. also EP 0 585 287 B1, EP 0 605 522 B1). Phage display libraries
containing a diverse repertoire of Vy and V| chain can be constructed, and individual

25  scFv specificities can be isolated from such libraries by binding of recombinant phages
to immobilized antigen (McCafferty et al., Nature, 348, p. 552-554, 1990).

Phage display libraries for scFv binding proteins derived from a natural human
repertoire have the drawback of being restricted to specificities contained in that
30 repertoire, and specificities for many human antigens are therefore most often not
represented in these libraries. Although combinatorial or synthetic phage display
libraries may be used to circumvent this problem, a general drawback of this
technology is that high affinity binding proteins for a given antigen can often not be
isolated. Therefore, substantial efforts have been invested in constructing very large
35 primary libraries by either brute force cloning or site specific recombination procedures.
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-3 22 June 2006 The best conbinatorial or synthetic libraries are estinmated
to contain 109-1011 potentially different binding sites and carf2yrg 306

bi ndi ng specificities in the 1-200 nM range (Hoogenboom and Chanes, s.a.).
However, higher affinities in the piconolar range (10-12 M, that can bé
reached during affinity maturation of imunoglobulins in 5 germnal center B
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majority of the vari abI e region gene segnents cloned into yeast artificial
chrormso s are used. In a third var.i atlf?Lﬂfqul eces of human chrormsorres
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human i namdothdinlgemer lepe(Jakiobevits,nOumi Opiin. aBiotéciniads 6, tpr H&Ig888,c1985). The
trans-chronosgmc mce results in a hunoral . 35 i mMmune response resulti
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20 these mice, development of B-lineage cells depends on the expression of
- immunoglobulin H and L chains from the human transgenic constructs, and B lineage
cells of these mice are only capable of producing human antibodies. There are three
variations of this technique. In one, human immunoglobulin miniloci are used as
‘transgenes, from which only a limited repertoire of human antibodies can be generated

25 (Fishwild et al., Nat. Biotechnol., 14, p. 845-851, 1996) (also cf. to, EP 0 546 073 B1,
US 5,874,299, WO 92/03918). In a second variation, large regions of the human IgH

and IgkL chain gene loci encompassing the majority of the variable region gene
segments cloned into yeast artificial chromosomes are used. In a third variation, pieces

of human chromosomes containing the entire human immunoglobulin H and L chain

30 gene loci are integrated into the germline of mice generating so-called trans-
chromosomic animals. Mice with such complex transgenes develop a practically.

normal human immunoglobulin repertoire.

Immunization of these transgenic or trans-chromosomic mice results in a humoral

35 immune response resulting in the generation of fully human antibodies. This approach



of generating human anti bodi es has one inportant advantage over the phage
*display library technology: High affinity antibodies for a gi veéRd Jam30§6n
can be generated, because the human i mmunogl obulins can undergo affinity
maturation in germinal center B cells, Wwhich is a normal process in the
course of an inmune reaction. 5 However, there is one inportant drawback of
t hi s t echGoivaoger, Mekcest , t he generation of transgenic or trans-chronpbsomic
mce is very tedious, difficult, time-consumng, and therefore relatively
expensive. For exanple, W) 92/03918 discloses B cells of a transgenic nouse °
expr essi n§f EE’FF&#"\Q%B‘H"O%‘W Bt MBS ANe dMPetand 2dvAntags auehitha, shage disalay :
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transgénes or trans-chronosones for part or all of the 15 human IgH and IgL
chain geng loci..In addition, all these_faur pnouse strains have . to pe bred
t oget her, ﬁP\é@!ﬁ% tht 'Fr?“ﬁi"@@%'&l‘i*%"@&ﬁ&( Jpe teelpp 99%?‘@@5&%966@5”% 8t upti ons
of both hesgenid eaarmyshlofidsanit mite i§hahntedfs, Higluit aite-abndurtingaamy ti ne
carrying the human transgenes encodi ng both the heterol ogous I'gH and | gL

chai ns. ~chgeaferei fglatiegly exprnsiyer For cxamrieo NO0BR/03NS diselnsefe® eelifowéa strains,
thel r scresobic ks Gpludhy AimShIRGRIRREY Hisbdied. MefBeM% RURGRIME that
east t years, I'T each step is conp y

will require”at even etel’y optim zed.
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one anti Wb’as Wb %tréiﬁ§rt@ﬁ&i@?!rahggénlégrcﬁftﬁﬁng-dhﬂ)?rhd‘s%h'le! fof Bak rdrcatlleé* {ne the de
novo generation of human anti bodi es. Based on the aforementi oned facts,

t her el§ s hureatrighi anddglnehain gene lacic BadHEPBGY! thesedarnmgousecsteains havedadei on of
fully h bodi ; t p | : : e phage
d:Js p?/ayugejg? Zﬁetf{%ﬂée?@%@@ g‘rﬁ%%‘ﬂ‘eé%ﬁ? f/k?ﬁy'gg\r@ﬁ‘tg?ﬁﬁgs%s&gﬁbgﬁt?bogi eg,
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step is completely optimized. ‘The extensive time-frames required for the development

of a xenomouse strain therefore leaves little flexibility for designing different mouse

strains containing modified transgenic constructs. Therefore, this technology is not
suitable for the modification and improvement of existing antibodies (e.g. of their

25 affinity), because this would require the lengthy procedure of generating a novel
transgenic mouse strain for this one antibody. This technology is therefore basically
restricted to the de novo generation of human antibodies.

Based on the aforementioned facts, there is clearly the need for a technology allowing
30" the production of fully human antibodies that would combine the advantages of both the
phage display system (i.e. speed and flexibility in generating human antibodies, and the
ability to modify and improve the properties of existing antibodies), and of the human
immunoglobulin transgenic mouse technology (i.e. the ability to obtain high affinity
antibodies due to affinity maturation occurring in the immune system, and production of

33 antibodies with physiologic and natural structural features).
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Summary of the invention The present invention provides neans and nethods to
“generate vertebrate precursor |ynphocytes that can be used for 42ngne 2006
production of any. binding protein or functional fragnent(s) thereof with
the ability to selectively bind to an antigen or ligand, 5 including any

het er ol ogous anti body, antigen receptor conposed of variable domains and
const ant Suemmansofdhepnvesitiom T cel |l receptors and nenbrane bound

i mmunogl gbul ins, any artificial binding protein displaying either wild-type
i mune  dPedEesRNtiinyRAt AShRIoyidEsIHEANE @Ngrmathadsi tei ggnerptekedebrate precursonot
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i nventi Oﬂa?mw't(dsé&héwsmhdthmﬂﬂ figista gettefiotlycaird/ todhf ¥ntigsr by Hh8nd, '
precursor [ynphocytes and to effect their differentiation into noré mature .

| ynphbi dincluiging any detesolagomsrantipody: astigen recepterocompneediof vgdakleadomgins

| ynphocyt | produci ng. saj. d -bi ndi t ej f uncti onal
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I nvention provides genetically nodifTed vertebrate precursor cytes
and mat ueffedtynpfunctibns rerageodified | or astifieiall effeciomfurictionsedot ederivatde | frem

therefromsujtable for carrying out the t hods accqrding to the invention.
20 Thus, S8 HAINGeEREASER1 NelkESIEBYRHMMHRGIPPBHIS I AN tOH dRCeBisss. gind any
F1exighi | #h%ei614) ?rBQmeQﬁ{/%Zr 88k % 'gé?ﬂﬂﬂﬂlér‘? the"SARMER [FoVbEl fReHoLGRt al
to express sinply any type 01‘r anti body or ' bi ndi ng pl’Oth n, wthin short

peri ods mietliddseto 4eneticallyamedify ertetbihate presardor! liytnp Hoeytesaasetand fiédtetheir

cells intg conpatible vertebrate t]ost F‘ - wWhere the cells participate in
speci fi cATRFRMBLPDNALG dRares MAHVER IWNPPRId: Ynerasclisorithen imwitre rer 2% vivo,

expl oi t af.i f | f ' n : t :

onbi bod, Defeby; adrlaid Afhiadciied, eI Bral I L4l BEREG bRflein or
hi gh bi nidnagiomd! ffragntérstés) thereofy as welleas amhéigedi for toerpesduttion sfagidvitding.
Description of the drawings 30 Figure 1 is a schematic rﬁ;gresent ation o '
i nmlidog| Retein @r dunctional Fagmeniendieres!. Futtharmede cheopresent itygntealnravides g)

are glyc 1 efn in ' ri e fi .
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coval entdalis| aokpsl By itHraohaligel kenslYerivag theefromad itaMeTor TFryMEE out the
N-term nal variable domain (VH) and 3-4 constant region donmains (CHL-3, or
4), depengthegisarccerding Jathe yeptiohe anti body i sotype. In addition,

anti bodi es contain a hinge region between the first and the second CH
domain, lending flexibility to the two antigen binding arns of the

20 Thus, the methods of the present invention allow a great deal of flexibility for the

generation of lymphoid lineage cells with the potential to express simply any type of
antibody or binding protein, within short periods of time. At the same time, the
possibility to transplant these cells into compatible vertebrate hosts, where the cells
participate in specific immune functions such as affinity maturation, allows the
exploitation of the selectivity of the immune system for generating antibodies and

[\
th

immunoglobulin-like or even artificial binding proteins of high binding affinities for any

given antigenic compound or composition.

Description of the drawings

30 Figure 1 is a schematic representation of immunoglobulin structure and genetics.
Antibodies or immunoglobulins (Ig) are glycoproteins that in their monomeric form are
composed of two identical heavy chains (IgH) and two identical light chains (lgL) that
are covalently linked by disulfide bonds. Each IgH chain comprises one N-terminal

variable domain (V) and 3-4 constant region domains (Cu1-3, or 4), depending on



heterotetraneric glycoprotein. Light chains consist of only one N-term nal
“variable (VL) and one C-terminal constant domain (CO The arraR§éinerRP0tbf
the two IgH and 5 I gL chains results in a Y shaped nononeric antibody with
two highly variable binding sites for antigen, which are fornmed by the
association of the IgH and IgL chain variable domains. Variable domains
differ t ; i el ihabl {i ' - irQNS
are comparod g eI I A A R A h o (1100 erhbef e et
the 6a 22anduhe sz@0Ad\@) d3MmgdeadingTidediliy1s3ha thacantidern birdiegiaons of thenot
encoded by single genegkgbut,_iﬂfthe case of VH regions, a nunber, of
di f fer enfietgrolStramene ghicapilgife ddght ehajns iansit Rfcorlcane N-termipal yariable

chai s ( (80 ertd Bhe CRHHhACbrisPaBdMaRGCIE TS Rk IEhe SOBTNY 1195
recordi ndli enains desiglinsa ¥ shapedgnenomerit ambbc\i)zlww NuTRRfhly Vagabelbiabiaign

gene |oci_contain only a nunber of different V and J gg;e segnments, from
whi ch codites) feegntigen.f wihichapreaieemed iy the associgtinar o e dgHaardnigbnthaino J

Gommi ns BFae BERHS" Voun®Rortdh HarePR 8rB e R BB et 8"

ef f ect or rddifgd | BN9-refiohBeartncohfsiited abstwéenngifiedbhf emtibedisrenHls f i/grn@cﬂlntyB

antibodi es. 10 However, in the course of an immune response, individua

| ynmphocytassiltsfrombéhe i nduced to change the isotype of the antibody that is
expressed. In this case, a somatic DNA reconbi nati on event occurs between
swtch regions (indicated by a dot in the graphic representation of the
constant region genes in the |ower part of the drawing) |ocated 5 of the
di fferent constant regi on genes. For instance, reconbination between 15 the
p- and e-switch regions can result in the deletion of all constant region
genes from Cto Cy4, as indicated in the drawing. As a result fromthis, a
VDJ variable coding region is brought into proximty to a C6 constant
region, leading to the expression of an antibody of IgE isotype. 20 Figure
2 illustrates B cell developnent in the nouse. The differentiation of B

| ynphocytes in the nouse can be subdivided into distinct stages that can
phenotypi cally and genotypically be subdivided. The earliest comrtted
precursor B (preB) cells that can be found in the bone marrow of w | dtype
mce are derived froma pluripotent hematopoietic stemcell (HSC, left),

t hat does not express |lineage specific 25 markers (which is designated as
Lin-), but is characterized by the surface expression of stemcell antigen
1 (Sca-1). Fromthis, preB cells are generated that usually carry DJH

ba



rearrangenents on both IgH chain alleles and that are characterized by
surface expression of B220 (a pan-B cell nmarker) and c-kit. t23~hi”§2§Q6age
all other Ig gene loci are usually still in germiine (G) configuration.
DJH rearranged preB cells are 30 designated preB-I cells and can be expanded
in tissue culture under specific conditions. The next rearrangenent event
in these cells involves one of the VH gene segnents that rearranges to a
pre-existi n‘gODﬂ(HSfHPenent If this leads to a productivecteearnsangement on
any al l e H chaj e expressed, these cells receive a
o o1 1 f er e R Lreglia are Bl RN S eI ioe] Bile iR G Moradio, PES These
cell's 35nuntes &f eXffara’ sV 0D ahfd 1 yené skehinehtd! fragewhRA koitle, edtil isd@hforRkPr €ssi on
of CD25. }?g{ﬁdrther -7 22 June POG WD 03 4&68819 PCT/ EPQ /15303 prfoductive

r ear r angi K B8y resonplred tp fopn e, vaniable eading sgiansof |gH ehaing tseer enti ati on
Wéﬁleﬁ paft! df%ﬁea@m?'m PREDISAS LaRAPM)) Wdombiestien! a'ﬁH%gLIlrS O”a' ve B

ceI |'s can | eave the bone marrow, mgrate into peri B%eral ynph rgans,
wher & t HisWingriegry B é&lbd@\(ﬁéﬂmnénﬂmbﬂ-@haﬁhgmﬁbm r:entalneortboarrwnbﬁr afn i mune

[ eSponseiiditit\Eafl 3%khs scafloms! fE witdh' GURRLEAAs 1\ BralE BRdnsRET o L

pl asma ce durin anot I'natl on process ss switch
r econbi rgenerated bmrandowv tonJ relagramggirhand keeeaipper nightpem of theudsawiaguTheng in t he

Sha00e ondahe B8y dbAaInYRR shfithicl SroRPRESHER Mhbchle Bl herdidetne 1D T O ®

S a sC errat OovVerv accor for the
gener at ieffactof functioms DédhanaenbﬂWmanB doy nph diffet éastv(ddnpdné‘a‘es) .anbbodiese DIH

rear r eB- I sol ated fr.om fet | iver m c 14- 19 days
post{cm OW?]VQ i fﬂh rchgil ﬁg o(%a%hgﬁﬂﬁ tp8’r‘sead[}ﬁ"i"dm'a% lxrg)?t;eorg %s € ong-term
cul It u(rj_e lmfucédmsﬁatngé tree ls@tgpe d)fEtBe astmedy tat isi spressedi I wgcmndlsbmns,

I ncl ual tro

der ers and/or the 15 nce rtain
growt h B?Cé’n%gﬁ’ﬁﬂ” zfé‘e’g cbccursl_b w?grhtsgf he[ﬁgforqundlc%wgy ?h%‘ge'”%g%ndl tions,
pr |e|B ?@ddht&:hﬁé@ré%@gtad?rf Bﬁthe][ttolﬁﬁttbﬁt ifelgrohfyéheé ﬁz ehfbb %Wer bért ?r d@rctiﬁagmg;e t hetseOI
cells or 0 on of heterol ogous. anti bodi es mus e prevente
Lhat f uldGRisd 5 oF STRAITS 58 GRASLIRGE8 Yoy di%e NSLANCF G ERBHRLOTBSMBRN per f or med
in tigesenecg! arid e-dukitch re?n@ﬁs €arOreshiinotB 6 @etetiors bE&l Eonhstamt Fedidichdt@sGiopn act i ng
nmut ation(s) on both alleles of the 20 IgH and It%L chain gene loci (Step 3b),

or, alt&unfatGxdelay indicatechin BguaNgIt /r\&rasreaw& frag ﬁuﬁa\t’m\bMQ@)le RedinGbl at e
furth | the t
e Lo SRR R0 = o RRER ol ing ) el Bl L L1

can t hantiloely of i iyotypeansduced wi th reconbi nant retroviruses capabl e of
medi ati ng expression of xenogeneic, in this case human, I1gH and IgL chains
(Step 4a). These 25 retroviral vectors can also be used for the stable

t r angdu€igusn ofillustretes oBeell devdlepment in the mouse. The differentiation of B

lymphocytes in the mouse can be subdivided into distinct stages that can
phenotypically and genotypically be subdivided. The earliest committed precursor B
(preB) cells that can be found in the bone marrow of wildtype mice are derived from a
pluripotent hematopoietic stem cell (HSC, left), that does not express lineage specific
25 markers (which is designated as Lin’), but is characterized by the surface expression of
stem cell antigen 1 (Sca-1). From this, preB cells are generated that usually carry DJy |
rearrangements on both IgH chain alleles and that are characterized by surface
expression of B220 (a pan-B cell marker) and c-kit. At this stage all other Ig gene loci
are usually still in germline (GL) configuration. DJy rearranged preB cells are
30 designated preB-l cells and can be expanded in tissue culture under specific
conditions. The next rearrangement event in these cells involves one of the Vy gene
segments that rearranges to a pre-existing DJy element. If this leads to a productive
rearrangement on any allele such that a uH chain can be expressed, these cells
receive a proliferative signal, expand and differentiate into preB-ll cells. These cells
35 loose expression of the c-kit surface marker, but gain expression of CD25. A further
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carrying cis-acting nmutations in endogeneous Ig gene loci. In addition, preB
cells <carrying cis-acting nutations are still conpetent for I& d@ﬁézoe
rearrangenents. It is therefore possible to stably transfect these cells

wi th heretol ogous germine Ig gene 1loci, which nay undergo V(D)J
rearrangenents, and from which novel xenogeneic 30 anti bodi es can be
produced (Step 4b). |If the heterol ogous or xenogeneic IgH and IgL chain

genes are {pQBpdigean ori gl n, the preB-| ceI ls will onIgchmvmsg(be pot enti al
for the [ession hu d ar erefore referred to
as Hupr é’éogég Ve dean ﬁr@ﬁmgnﬂon én%"ﬂg‘iﬁ@iﬁﬁ ag (@%ﬁégﬂ‘ﬁ%@ rPﬁ%“l’“Pﬁt? ng the

t ar get i ngmefureB deleaxprasssiigBembBand b@undugMnmhm&himat@renﬁ?ﬂaé BvRIlgegas targeting
vectors. For ttge targeti nnq of end%g ou 22 June 2006 WD 03/ 068819

PCT/ EPO 1928 i3 bo [ | MIQERte) ey E&leééj 'Wﬁ%‘?ld PAEx et fReyimight upst r eam
(short aygtu eh&@lntér%‘ﬂéen %%eacoﬁﬁs@'d?%n%mﬂ%rr@éﬁdﬁ@é ethé!se?B"cQIIsf Egng arm

downstream of that gene 1s cloned into an enp ﬂé positive-negative targeting
fin

vect ér. thes @ﬁeréﬂml'éto pMibogy sgereting PiasMat egils, & whighHgnetbar DiNAyed | gH
chain '%daﬁlb:nguaﬁgr&teey (cl &y §wFFdh”r°eEéMBuhat'lo?1 trﬁ é&ﬁt.ﬁ%én A Qe nt S cells

and integration o he targeting vector | ogous reconbination is

sel ect etegicracusvesiling inthe ehanged aﬂﬂhOdYWQéYHﬁdﬁﬁttlB\SéC@éﬂddmﬁherplama(er al | ows
sel ectiggfor the stable integration of the construct into the genonme of

t he trans%ected cell. The expression of the negative selection marker woul d
be toxic for the cell, and cells will only survive, if the negative

sel egti A |_C C S by t
honﬁﬁogﬁiﬁu%‘ﬁ‘%ﬁé’;m#%ﬁ'& HERR o e el bt o e e Bl e ™ i 1 o

f or hongémemiios dfémmablzaalpre:mrsloeB\AmphachteseéHdpng'rsan\ﬂurg‘serﬂdﬁ earrangsdd t he
targetin truct are.indi cat c ljnes. .| |nterat on of the
onorr uBfen FRE, at b BRBr S Rditudhler A D8 a el Bosy chitl fe BB, O v ug
Sﬁ| ecti begne{mlakew crfequtc?ite (lsm ehdl;o@elﬁogmmegmlmre Iobalaésiedcelle rbqtumin t he
short an ar ns,,0 0 ogy . t he, 15 posjtiv el ectio rker is

fl ankeds%%;lamgsy%)agltprgc83@@?%’%'@[@”3r%malpggl| k%qd%éﬁaﬁrs HEE" tansi ent
exp&@ssbmsem‘é @fr@erraﬁ\:cgmyi/thafaetorsarsuc‘redsaeg ilhe (Mrlehlgmn?)ofudddll?e thegeect i on f
mar ker e, S et uc an be, use or targeting o
The s ghions. i1Eea B Rl Ret Al SR S eI e B e e pSRLEC e

cl oni ngf@tthagﬁ@wcﬁ@m dfhﬁetémt@buslfahtlmxest ifmn sy Hbec Ipaéven@@n that ofatler t ar geti ng
vect or etail ed cIPnln strate r the construction o gge p055|ble

oot | PROHE ERigEnp s At AT aR LA Fan b e e 1 el

depi ct e@lam@geb@bccdnmﬂ;sﬁé@whrﬂro@ﬁcu@ %bbﬁnglnwhtﬂloh@?bhmdlld]@é‘ﬁ ih@cus Q her
DJH rearrangegLI%ﬁr} ga| n gene |loci can be t eted wth the same targeting
r |

vectbr . igbnamsu ene c')‘?P' dPieasShar @ Aie] ”ﬁﬁ‘f%t dinfradyaing EReRIBRINEUS gene
locus (#0RtiERE)thatsiate Anthel VED)) e6oRibinabibn bPR3gehRSE, e.g. by deleting one of

the two recombination activating genes, RAG-1 or RAG-2 (Step 3a). The latter cells can
then be stably transduced with recombinant retroviruses capable of mediating
expression of xenogeneic, in this case human, IgH and IgL chains (Step 4a). These
25  retroviral vectors can also be used for the stable transduction of the former cells
carrying cis-acting mutations in endogeneous Ig gene loci. In addition, preB cells
carrying cis-acting mutations are still competent for Ig gene rearrangements. It is
therefore possible to stably transfect these cells with heretologous germline Ig gene
loci, which may undergo V(D)J rearrangements, and from which novel xenogeneic
30 antibodies can be produced (Step 4b). If the heterologous or xenogenefc lgH and IgL
chain genes are from human origin, the preB-I cells will only have the potential for the
expression of fully hﬁman antibodies, and are therefore referred to as HupreB cells.

Figure 4 is a schematic representation illustrating the targeting of endogenous gene
35 loci using positive-negative gene targeting vectors. For the targeting of endogenous
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3215 bp that are PCR cloned fromgenomc DNA into the enpty June 200
positive-negative targeting vector pBSL-flneo-DT4 are indicat %%j Ltngeg q:i g.
6b, pBSL-fl neo-DT4 was chosen as one exanple of various different enpty
targeting vectors). The PCR priners for the short and the long arns are
designed to contain Not | and Asc | restriction sites 30 for cloning of the
fragnments into the unique and conpatible restriction sites in pBSL-

fl neo- DT4. wﬁh}@/mggani sation of the final targeting cormtIvErer1588 depi cted on

Lhe DGR P ACkABRIC [ O eBRhekal CBShE RO ah LER) AR AL L,

chai n gemda régon of:a;spro:amgmiy Bgb\pog arm) ddvensttesraidf dtht genaiingosdd mtegy for the
3] 819 P P01115303

oot B eBBORorREBERNR T o el ST SOinlE, B MR B e

t ar get edJgBteatrangedolgH etdin @ensﬁs tepicléd. Jeiseconetyunt g trahsfectediinté @ebEEr €. Uni que

rest |Ct|l§%n si.tes re | e endicégenous ne | ocus (to

const r u€els e P%é’l E}}esta{}qe%eggegt% 3B9G0I380yseco @at"?‘t:ﬁ %4l from

genom C afdNevérittdllyt steeeint fiyr. PTIR bbélt@eﬂmlbwQnérﬁérgﬁlldmgséd@&foﬁrfopﬁ@— S
fl neo-DT4 are indjcated (see Fi 9 t{"& pBSL- f | neo- DT4 was chosen_as one
?rﬂ? r

exanpl esighle iplagralien ef fitee canitrug RIEMEg of dhe dragsfecied rell. Hhg 5a, PCR
primer Se ésstﬁeofStHan%gﬁWé se"lé&ﬁoh Wke?rvﬂ’ﬁloaﬁ@ tdjﬁéfog@ﬁéjc%lp #n8Hefd Wlli\bt and

Asc | triction sit for cloning of the shor arms into
conpat i bmhé suesire; iifctheotegstive selgetiqnpBeker ﬂﬁe@sbvnon Ftable mwaﬁl@aw@h of the

fingp tg&&% pg g%%fdgs&s 'récoﬂﬁ)‘?dagﬁﬁ%vgrgsta %éoes&gegn?e@dm;&sgﬁ s of 10

sel ecte res ion si'tes are | ndlcat ure ustr e cloni ng
st r at egyitesofor themolageys rraeamiipation ketwesn @@n@n agensus gangdequacandetior . The

det ai | t
Conet r IR eRLE A Rea o) ACATREL 4G ﬁ@“&‘ PO BASRLePb such® (et T on
of 15 t hemegus rgecrmbm@tuomeqyientsmcwer the pohl&;v gcpetastion maskdrmeplacesnouse i s

| ocat edy il SHLATORAE: R0 COMhEb e it BN FE e P AGIbichL ke genes,

RAG 1 a re each essen rearrdngenents. The
opens r epalitivg delexties n(&ﬂ%&?g; flahkedb by lwg taxBsreaorebipatomdsigndly, ammdiategl e exon,

but a short, untr nsI e

(i ndi caF%rS Ws{eln ?5 %Eﬁ%%@@a og%nn@&{“a 3@398%@@% %g%lg{;ﬁ)lﬂng t he
entire fafket)stich tHdntmL@meemtgeiting constracticas barused futitergeting ofrthé kecondndogenous
gene Ioc?ﬁ é;tﬂ?%) construl%t . Genom c regions of 1078 and of 2950 bp up and
downst r & 1§ fENRAS , respectively, are PCR cloned from genom c DNA
into the enpty p03|t|ve negative targeting vector pBSL-flneo-DT4, as

of 941 bRy rEise Bngb0na SEEay of PR SO S B an B A e R neR or et
for thetasdrting veotdr.t Tree bemglediciomingr strategy for the construction of one possible
targeting construct for DJy rearranged murine IgH chain gene loci is depicted here at
the example of a Druis1-Jud rearranged gene locus. Other DJy rearranged IgH chain
gene loci can be targeted with the same targeting vector. Unique restriction sites are
25 indicated in the endogenous gene locus (top construct) and the regions of 1523 and
3215 bp that are PCR cloned from genomic DNA into the empty positive-negative
targeting vector pBSL-fineo-DT4 are indicated (see Fig. 6b, pBSL-fineo-DT4 was
chosen as one example of various different empty targeting vectors). The PCR primers
for the short and the long arms are designed to contain Not | and Asc | restriction sites
30 for cloning of the fragments into the unique and compatible restriction sites in pBSL-
flneo-DT4. The organisation of the final targeting construct is depicted on the bottom,
and positions of seleeted restriction sites are indicated.

Figure 5b illustrates the cloning strategy for the construction of an lgkL chain gene
35  locus targeting vector. The detailed cloning strategy for the construction of one possible
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short and long arns into conpatible restriction sites of pBSL-2

The organisation of the final targeting construct is depicted on the
bottom and positions of selected restriction sites are indicated. 30
Figure 6a shows the detailed cloning strategy for DT-a and DT-a(tox176)
based positive-negative vectors for gene targeting (preparatory steps). A
prerequi si tveo 6306881he generation of enpty targeti ng veRCDE®IANS02 0 extend the

mul tipl j i (rﬁ{?ﬁé : lak & L:Qnd ) | pBl uescri pt,
such thgta @g% @St?\% ?Ourse u l lzel's rallig%cén‘@és!idg ‘L’e‘gﬁ]%drqgr g{fa%%gecg (Jti%éiﬁ%ol?

pol yl i nkalirgermiiriecik geae sefraentbds depdled here tidguenestriciionsittl e pdRafdaR - 10 22
June 200& WO, 03/ 068819 PCT/ EPQA / 5383 assettes for positive and negative
sel ect i dA® RRFABERQUS geae jpoup (t9R cppstrugl Rpdine rPaigno ALY 3% el 3378 bpitbat aree

tar get i MCREI0AS I QEEsIAId DNIE M ﬂhé%tﬁosh@%b@&%%a(g@ﬁ@’%d@ B&. Depicted
here is the_insertion o addi ti onal ol |_840mer wth additional restriction

f d
Sited  hEGDIREMAYICHted are 5 e A ppESI-MaOdBA Wamehosanes pheisiipIpBEL vi th an
ext endedagoRAdildrémteRipty Q?%he‘iin?@@étbfs?'.%s ih ?iq:'g‘édeﬂ P Wﬁﬁ@ Yordthe BRGELAG Pronoter
ette her wild-type le

driven expression Ccass or _EI e terira toxin a or an
at t enuattkallong egnoaretdesigaed to enatain dat | avafscdxastagtioncites éxrairing &lthe st ep 2) .

Th ) . _ . . des] q
oBSL. DT botToraey Srifh ' RS CoRRPRRe kbR i Py BasTidfolta SRR VST,
The di plergagisationt efthe fisdlgargetigeonstisetas demcted en theobettbnn,rardl grBEiond 6f usi ng Xbal
and 1%gl ls%leEtlgétr%s'rt'r?c ibrggig%s'rér?%dic%fe[d'. ndi cated. A diagnostic Nhel restriction

sitetha Igu he atténuat ed DIt ox176 expression cassette is
indicated as well. Figure 6b illustrates the detailed cloning strategy for

DT-a: DI-a(t, ¢ . LIive- ' t ti
O, .Sl 6 SEGE) RERGhnes Soptd By RSB BrrCh Rohe e b 0ot ™
velct 0{ S targetmgikvdctug Eh@é rdetail?%n@::DﬁMgnzt_rth?L fomtios {can_tnrctiom)wf @mgCpassiie POSI :itve
sel ectigon nmarkers a wi | d- i eria in,a,expressjan cassette
are des A pBBg conuclior hednyiie G opay Botededuned o g ardete aglelibh ot

contidi nitrregR,gan gecrmlr Bs@épmed:?emetrhe RAG gefe aal(cpgm e monsé e@]gmataasarfi ction
enzynes used for .clqning. ragnents.and | i near ion constructs are
e cat oTRepn 3ang ol tins e M b s Bt 085S, 5e%-1.38d RAF2ARA anked by
| oxP si arseddhl gvsebal Wy Ighyemerebeargeneatsi el obyn ceRliing #EPEDIORES) ofhi | e a
fl oxed pe Cci n_expressjon cass?tte C@H b re%’o.nﬁ% fromthe  existing
vect or B@Bgéﬁ%%?rﬁ)eﬂc? NIY19EGR)ITE BXOfx afﬁ?‘@ﬁd’ ensiaed syon AsteBlr omyci n
expr essipprRabRSFShoEr darsird(indicadt®l ibpswbidet)i B spRest@POne Alfget Boh @

synthetic DNA oligoner ntaining two | oxP sites separated by a Mul site
Wﬁs 20 ns &pRtaping nthg gggg_ B%% Oaprs 8nique restriction sites are indicated i%]/ the

endogenous gene locus (top construct). Genomic regions of 1078 and of 2950 bp up

designed to contain Not | and Asc | restriction sites for cloni ?gwgefzohae
i"heo-"DT14.

and downstream of the RAG-1 ORF, respectively, are PCR cloned from genomic DNA
into the empty positive-negative targeting vector pBSL-fineo-DT4, as indicated (see Fig.
6b for pBSL-fineo-DT4, which was chosen as one example of various different empty

25 targeting vectors). As in Fig. 5a, PCR primers for the short and the long arms are
designed to contain Not | and Asc I restriction sites for cloning of the short and long
arms into compatible restriction sites of pBSL-flneo-DT4. The organisation of the final
targeting construct is depicted on the bottom, and positions of selected restriction sites
are indicated.

30
Figure 6a shows the detailed cloning strategy for DT-a and DT-a(tox176) based
positive-negative vectors for gene targeting (preparatory steps). A prerequisite for the
generation of empty targeting vectors is to extend the multiple cloning site (MCS) of a
regular cloning plasmid, like pBluescript, such that additional useful restriction sites are

35 added to the polylinker, which can then be used for the insertion of expression
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25 in order to generate pBSL-DT4-2lcxP, as indicated. In a final step,
expression cassettes for hygronyci nB and puronycin resistance WereneoRs
cloned into the unique Mul site of pBSL-DT4-21oxP. Figure 7a shows the
schemati c organi zation of retroviral expression vectors for human 30 IgH
chains. Reconbi nant retroviral vectors allow ng the expression of human |gH
chain proteins exhibit a nodul ar design containing Ig |locus pronoter and
enhancer el %?%058819 as well as coding regions for the Va¢Etahhess@nd const ant
regi on domaltt ol % Eransqﬁg £t i on | entatjon of the IgH
expr essiom S 8§§°ét3°(§ V§38€|88%?1‘t't"8 IHeMAELS 55i |a55 of SRIYPISIFBYIERS el ement i n

gg ?82} 8:3 cegug%ajr f:ré I%el /ﬁrg;%igg OE peegzﬂogbne?]@g?@sbm Mdn&flépou%ieé’@nbﬁgﬂ%nﬁ()% WO
as on t e ecl ronoter an ennancer
oy oo DRolelel e 1te, oA od diny AclBgah AosBecmi fdon Ay rearison sfoss | cader

(L) Sequencre MtH HUBIRERAS!, qn&esly rg@nérghh \biishil pB SUOFRh N e&:'éﬁ adg'r i me

intron heavy chain enhancer (E , exons encodlng the constant regions of
het ef ol pylinken. gFhig heonstsyct es(oufs@df or insk@ argddctianprosytatndmensexmessiors of
I mmunogl obul.i ns m. t he rrur ne * H 3'a enhancer. Different

s P kate e BE WL P BBielia So%t & Br SgltESial Bl rsial SIpedl dansted n o ¢ he
uni que piRgmRl 78Nk HeRAhdIe 569§tteb'2)t "Fﬂ@sestv@oeéor%f(ruétg% @E&t@%&goe@zﬂt%!é veot or

u5|ng restrlctlon enzynes generati ng |'e over hangs

nmodul ar clogisg gite ﬁ@@ﬁwﬁﬁteﬂd@ﬁ&iﬂDTéXbﬁ@ﬂbrle@namoBSL@Tdm@ﬂﬁé (betgorbe r epl aced
using s ¥l d ure 7b
shows Ill ﬁ%ﬂg"w gthdegérjll ﬂ%tgtglaort]&% Eg;g%@rl‘.oc\ﬂil ré:sls’gﬁ’é:s ?%sglﬁgéoe\%%tg for human
| gKILO ch@ﬁlmngba_uand B erestictiar stedes indieated.rh magnosﬁaNhelereetmbimamte thatt r ovi r al

Lot 0L sl e BREWSETIGH8 Rl Pk B s LA PLOMER NS X B L

simlar arning speci us pronoter and
enhancer elenents, as well as coding regions for the variabl e and const ant
|entat|on of the IgxL

regi on donai s, of ins, The transcrip

expr es SF?SWe @%Q'@Waég? ?%B%B%%dt glopigg tshéte%tf‘?robjf Pa‘?ndSDL‘l‘Fét%ﬂ oobased el enent

in or d%osﬁt@e‘h@@ét% Vedkors gbr g§ri2=,'9t‘elr?dztﬁlg(9(>FiIE’)éle@érﬁlﬁ’gj1 sk, eCani'HQS&derﬁPt ythe Ig

speci fi pronot er and enhancer elenents he expression Cassetté contains a

nur fhe R%@'“Z@“ﬁgﬁ)tﬁ‘ﬁt &rgeting) ¥egiens ceytaigpgueities Rpampyoly BxgRRYERBodIMg | gi cL
vari ab'rfs% rSIRpEH S gfogm@e sélb’éti'oﬂer‘né?kér@tarne% \ﬁlfﬂ‘?ﬂ&@fﬁg{hél'@toxn‘?é%re%{bﬂd' ng the

constant region het er ol ogous Ig cha enent s e mnmurine Ig
K 3 emaaaeita arexigsarbedabhe samiecloniog strategieRican herysed fert vestors edntaigikg chain

o Fow i CrESleide PO Bt BTRBRIP el RETHGIE sREBFE B or ERERE' Eew
r egi onsof fragments and linearization of constructs are indicated. All positive selection markers
20 are designed to be flanked by loxP sites (floxed) which can be recognized by cre
recombinase. While a floxed neomycin expression cassette can be recloned from the
existing vector pGL2-neo(m)+ (DSM 14705), floxed hygromycinB and floxed puromycin
expression cassettes needed to be inserted in two steps. For this, a synthetic DNA
oligomer containing two loxP sites separated by a Miul site was inserted into pBSL-DT4
25 in order to generate pBSL-DT4-2lcxP, as indicated. In a final step, expression
cassettes for hygromycinB and puromycin resistance were PCR cloned into the unique
Miul site of pBSL-DT4-2loxP.

Figure 7a shows the schematic organization of retroviral expression vectors for human
30 IgH chains. Recombinant retroviral vectors allowing the expression of human IgH chain
proteins exhibit a modular design containing lg locus promoter and enhancer elements,
as well as coding regions for the variable and constant region domains of IgH chains.
The transcriptional orientation of the IgH expression cassette is opposite to the
retroviral 5'LTR promoter element in order to confer a B cell specific expression pattern
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25 and even libraries of L-VJ regions may be cloned into the uni que BanH
and Hndill restriction sites of the I gH expression vector usi g June 2006
restriction enzynmes generating conpatible overhangs. Due to the nodul ar
design, nodified constant regi on exons or enhancer elenents may be repl aced
usi ng si npl e nol ecul ar bi ol ogy techniques (as indicated). 30 Figure 8
illustrates the procedure for the retroviral transduction of nurine stronal
cel 1 /11_7 deYeedéssi® preB cells with retroviral vectors eggpshiagehet er ol ogous

| gH and ' -t er [ ] [ L ndent preB
cor1 1 hased o e 1P spachRIprbfiol g dnh At ke, ST effossiangasbefigndent P
r ear r angenteins @ fefine Mygpro@ptee anlebder {Elgsssuencd With VIR @@nd eneodifg 6gH\O

03/068819 . PCTI EPQI / 15303 . transduced wiith retroyiral expression vectors
encodi ndei4E LTS BAdrGR AR VY SENieRATIcE! e IArrale Sveeeadive

t r ansdugbhstdht Wellons | 6S hetBRIcyo0s 0819 UshalrBl exbsk e thel atdnthiane spBRRESsi Ng
retroviral consfructs, the cells have the potential to express heterol ogous

ant i Bodiregiongpdimenuneeleliting,sandeienegnts fiemdee myrieg ighk'ai enhencer Different n vi vo
(see Fig. . 5 FLgur, gS he bLos i cgs, . [ whi ch
Vart abl SR lenictey aister b8 F DTHL oG, B SonetHI BR. w8 LG ng

r egi ons Beahl! lamdi Bloidit eestfictiom siteayof tef okl expressiar vestpr aising méstriatierd in this

figure. The no . |.an..of | o\VAl a t he cl oning of
retrovi PASBgEHr 2Ynd Bl ok P R i e G ol Cher iy IRt e ance
f rom anegofissdi rephasestublementsc nayabe aneplabediyusindpaimple amsiBogiti dotolody t hese
vect8rs aFd tra qulqanttaqt)i on of transduced cells into mce in vivo (see Fig.
10) Usi i@ '@quispéﬁi' '@'8%es may then be subjected to affinity maturation.

Al ternatively, conplete VDJ and VJ libraries may be isolated from

peri pheral bl ood | ynmphocytes (PBLs), fr either healthy, sick or inmunized
Pat i bnt SRR HESTB AL THES POl BHOUFLFIPTPROTORASTE Frh e ess! on
VECL O Sygy| RndiR€Like thewécts&%{)%‘asm Plge74, Qe GRS At PetfRVRIVBERIYalRWHet i ¢ VH
and VL Tegion repertoires, that may be cloned into retroviral | g expression

vect or sthewbxpressianarof shiunsat ugrdt [opaineproteis \exbibihng dsiméar medulbnndgsigmal |y
sel ected in.vi o) i r I tion of
T N L T e
monocl orsglongfdrithodaréble ddnsoaBantaedisn dbinkias b tgkhichains.i The trmeBrigtiehkls, can be
transplanted into nurine hosts, where theé are able to artiéiaﬁ)ate i n
i mrune  PERSERSIAR OF thex 101k EXRBSTON FASSERRIEABPE e to the éEtfoeriﬂﬁTﬁwP qteft o
| munodgibinehe %Idgrotgtc%n{‘e"f‘%‘@ Bl SREATBIAESSIER SehPbadedOnaRs Yo SpHdiRodi es that
can then be produced are heterol ogous (human) antibodies fTomthe
t r anspl prometer Hudr eBhanskt slemEmts: eTher expreasion cassette contains a murine Vk
20  promoter, a leader (L) sequence with VJ exons enceding IgxL variable domains, the
murine x intron enhancer (xiE), exons encoding the constant region of heterologous IgL
chains, and elements from the murine Ig x 3’ enhancer (x3'E), as indicated. In addition,
retroviral IgxL chain expression vectors contain a complete puromycin expression
cassette, allowing the selection of stably transduced preB cells. Different L-VJ regions,
25 and even libraries of L-VJ regions may be cioned into the unigue Bamil and Hinglll
restriction sites of the IgH expression vector using restriction enzymes generating
compatible overhangs. Due to the modular design, modified constant region exons or
enhancer elements may be replaced using simple molecular biology techniques (as
indicated).

30
Figure 8 illustrates the procedure for the retroviral transduction of murine stromal

cell/iL7 dependent preB cells with retroviral vectors encoding heterologous IgH and gL
chains. Long-term proliferating stromal cell/IL7 dependent preB cell lines with mutations
interfering with endogenous Ig gene rearrangements (cf. Fig. 3) can be sequentially
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25 different host strains that nmay be used for the transplantation of HupreB
cells. Strains that are devoid of both B and T | ynphocytes ar e 2@.Jgne 200€
RAG 1- and RAG 2-deficient and said nouse strains. In order to be able to
elicit a T cell dependent inmmune response involving B |Iynphocytes derived
fromtransplanted HupreB cells, T helper |ynphocyte popul ati ons can be

| sol ated and co-transplanted into these mce (left side). 30 AI ternativel Y,
nmouse strai MO 1B346RINg only B | ynphocytes, like e.g. JH gefimi m ce, can

b h I h d
ance. t na2bErE R et AR AT SRR BRIt el 'pﬁﬁé%wss@?dfﬂece%h‘g?ﬁ% sted after
transpl énficatedoAfter $uvesssiva teansdactionevithnfirstriieterologsusnigL camdvthen chigiruni zat i on
protoco

| s ai ns et5|re(1 antll tElasim,céls derlve Iromthese n ce
can t hefiX FHE% rtogr%izcgas rcts, the <8 lsgsa\@u edi)it'?ﬁ OngPreRsanLRI0I080US n or der to
pr Oduceaﬁt'iﬂb@feb%ﬁmilff@@nh@ho@lad?m &ll9kithekdn \2/30 BievigE (dee\Wiy OBROGRR1Y

PCT/ EPOL/ 15303 permanently secreting heterol ogous (human) nbnocl onal
anti Bodi es specific for the injected i munogenic corrpound or conposition.

Fiigur e ERard bl WS4 GghaRald 16, 60RL SN aR, Glor? uhRh PR oS HRRESEIAN Vot of

for constitufive expressi on of the anti-apoptotic gene reparatory
st eps) . reRmevaEn hsf ISDEIGYi Mageble siemain eeding regions | dasr ke iselptast E@noeany cul t ur es

t | , t
a0 | cQHERRL shifotd S dtelecli® e Bl e MbdRer BET of WS, Bl Soani e
by consvédars iallewsthp cleninigad retfovial veators enpoging eige oglyrassingle kpaeceﬂogy, focl - 2. For

h bcl , h
rur 1B Be@he Tt o SRE AR PaIdRal BkoR OROL TAYBRHAE o Pestopen 1
r eadi ngvéotcasrmnd ritaosyaiamtatti)dn gfetnmsdca(txq:cf eddlsiito nmemmwlvpl %FlgTh\D)s singtelt ;)r o

t t ospmal .entr S a i
P on oSkl el She 8 FOBBe P HEuh FRABRESE® b B0 BB L7 G
t he si rmﬂd‘ﬂ&lmuﬂeser;nayeegsooibatctad)frowmskngberelsblmom Ipraphedytes(PBLE) BorhreﬂimroEe flo nngen
t e a
B 950 s cheathl. sk Attt duRfis' AReheh 2BnSd inhd Sard Epa TorsRraif Mol Y 9T O
pPBch2- | Edpfessionrvebtons di fict,iitsis elveld possitdelto g%ngwteacdri:pletely byntiietiat\gsandhe
constr ti on of a r.et rg}éhral xg,r es constitu expr essi on

1
o0 he i reRiba sttt fh iy e Boged ki reliogta e kbiession Nptials. WEishraly o Che

20 CW @nsimbeduetifly bestablg tradsd UsESahy dnotarindeleasds gi vivo (st@ Eigeng). r e - dual
expression cassette fromthe pBcl 2-1 RES-hygroB vector Is recloned as a

Sall-Clal fragnent into the retroviral transfer vector pLIB, as depicted.
Thi's gemgirat €5 illudRates armBplaation roetHL@veBsalntchﬁmUhotféfci@ht B¢ Jot- thRES- hygr oB

tha%o Ca&oclijlﬁ:tlgrsw eo? fltJIR’ ﬁﬁn%grlw mcgnro%l%%a aehbgdles HupreB cells, like normal murine
preB cells, can be transplanted into murine hosts, where they are able to participate in
immune responses of the host. If HupreB cells are transplanted into immunodeficient
hosts lacking endogenous B cells, the only antibodies that can then be produced are
heterologous (human) antibodies from the transplanted HupreB cells. There are many

25 different host strains that may be used for the transplantation of HupreB cells. Strains
that are devoid of both B and T lymphocytes are e.g. the RAG-1- and RAG-2-deficient

and scid mouse strains. In order to be able to elicit a T cell dependent immune
response involving B lymphocytes derived from transplanted HupreB cells, T helper
lymphocyte populations can be isolated and co-transplanted into these mice (left side).

30  Alternatively, mouse strains lacking only B lymphocytes, like e.g. Jy deficient mice, can
be reconstituted by transplantation with HupreB cells alone (right side). Once the
peripheral B and T iymphocyte compartments are reconstituted after transplantation,
these mice can be immunized using convenient immunization protocols against any
desired antigen. Plasma cells derived from these mice can then be immortalized, e.g..

35 by fusion with myeloma cells, in order to produce (hybridoma) cells capable of
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cells and to confer simultaneous expression of bcl-2 and resistance to
hygromyci nB. 25 Figure 12a exanplifies the construction of retr@giJugd 2006
expression vectors for the expression of human I gH chains (preparatory step
). The various IgH pronoter and enhancer elenents, as well as the coding
regions for the different variable and constant region donmains, are
sequentially cloned into a retroviral transfer vector, like e.g. 30 plasmd
pLI B. This pr@ae¥kssizontains all elenents required for r bt il/'iﬁl)s packagi ng
and provirus integration, i.e. a 5 LTR a packaging signal, . and a 3" LTR,
cl oned (PRGN SEHieRTa, Petessiogtus) (RrraTeriopoelbial HBETes) SRRt MidNas ¢ h a

Col E1 onpjgdted PAmiirtgkehicdbh@Burdér cohipdsieat.ed) . Depicted here are the first
cloning steps for inserting a VHpronoter, the nurine heavy chain intron

enhancer (EiH), including flanking matrix attachmant 35 regi ons (MAR) and

the | gHpFGdiRd 113 iiRs@ABSRLErsBuABH - of BeBlrblifel bRite SIHY VR Tor o comstiliipe. 2006 WO
03/ 068819 PCT/ EPOL/ 15303 incorporated at the termni of PCR anplified

f r agientgpressiomef theanticapogiotic 8pmm Atk b(nseparaighyrstens).onemava) of lisvtfes i n t he

pl asm d ' I 9 I : I S are

R ani 1 gse aoORtEprotferdifho i Bel olitfe M viroelle MR, o RRABITNERE

expr essicells, betcatdha sdroe titmecalselrpisetoshe mdottidnnfapoptgsis.cFas agoptpsiepar at ory st ep

[1). The I ' . C ' f ou L,.onal reaqi opns l.ch upon
ac% I vat ﬁSrPg é;\ﬂ‘eﬁpﬁeb%'g%gﬁ@é\fe g{}’}%r?%%t oefraﬁli %rg{'%%toé'ﬂb%”%ﬁ 'ﬁ‘ge?'@n??"g] ?:85 bgcorre
sensi ti ve genebitiasaf alsejecttblemetaavitalaexprassianefectoe forefablr & marie bel-2

contP; bAONA' Y Sed BBl e unan K3breDEY DR igedng SR eto A& aFHg ne
enhancee?(meis'iod VecltzdrSpIIRESf Fhis e/dlctby c(orhﬁins b Intérnakb dhasomal Shthheewlentde HS1, 2
regi on t 'a ne i.s able to drive reporter ene_expr ion to
vt frned Bdvd By BPE Sonif SRsnnl e i GR5!denes Sahbe BEREGIH abi o 1 or
sone r ebncfcwsittﬁalsim@iénegsrtﬁy aq?é@mnc?Ewb rgané§intma:rmaliardeeltshﬁangb@in@wct i ona:c
regions o e 3" aE. erefore, the c]agni 0 e n .regions o
e 5 aBiomOtels TR At facr(Be THESSKA Ot o Do QS andhlb JUREBIILE { ho

ter nsni s@léctBAMAArkEr J&AR inforrIRIES Hdrthe @enavalidn ¢fsa SRUIRREShggroBSietiofls on enzyne
sites in the plasm d backbone, which can be used in the various cloning

steps, HAEakAghl i ghted. Figure 12c shows the construction of retroviral
expression vectors for the expression of 20 human |IgH chains (preparatory
ronot er and enhancer _elenents into

step Il1l). Followng the cloning of |gH . el
a retrobigke 1y Huy Wé(ﬁoﬂﬁitwc@%ﬂpﬁg r&é@’ﬁ%‘r@‘ﬁ%ﬁ'opdﬂc@hﬁr FONEdEde to be
i nsert egprddiichl Stehe AtiRBoRblicCgdre BRI @RS MY S86). ARENdssehsblyBf theaS 'secr et ed
20 CMV promoter driven bcl-2-IRES-hygromycinB cassette, the entire dual expression
cassette from the pBcl2-IRES-hygroB vector is recloned as a Sall-Clal fragment into
the retroviral transfer vector pLIB, as depicted. This generates the recombinant
retroviral construct pLIB-Bcl2-IRES-hygroB that can be used to stably transduce preB
cells and to confer simultaneous expression of bcl-2 and resistance to hygromycinB.
25
Figure 12a examplifies the construction of retroviral expression vectors for the
expression of human IgH chains (preparatory step 1). The various IgH promoter and
enhancer elements, as well as the coding regions for the different variable and constant
region domains, are sequentially cloned into a retroviral transfer vector, like e.g.
30 plasmid pLiB. This plasmid contains all elements required for retroviral packaging and
provirus integration, i.e. a 5 LTR, a packaging signal, and a 3' LTR, cloned into a
bacterial, ampicillin éelectable plasmid backbone with a ColE1 origin of replication (as
indicated). Depicted here are the first cloning steps for inserting a Vupromoter, the
murine heavy chain intron enhancer (EpH), including flanking matrix attachmant

35 regions (MAR) and the IgH chain 3'a enhancer (3'aE). Restriction enzymes
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forns of immnogl obulins, exons for the nmenbrane spanning regions of |IgH
chains need to be included in the retroviral expression vector £2JmgaR006
menbrane spanning 25 regions differ significantly between different isotypes
in length, primary sequence and exon/intron structure. Therefore, different
menbrane spanning regions for 1gM 1gG IgA and |IgE heavy chains need to be
cloned. As an exanple, the PCR cloning and insertion of the four respective
di fferent ndYhe¥EE81Spanni ng regions into plasnm d pAB-3 ;,%T shehi 61 ed. The
sanme cl oni ng r‘ﬁcedur es can b@?perf_gr med with vectors pA /ﬁ anrj‘,BO pAB5,
cont ai ni”'ffﬁrpé’kﬁ% getheiemiio OR aRifiecyipaiments. a%c¥e!l aE Hnigie epmpatinie

i ncor porgdttion &nzyrhe sited TH e NhsrBiaNARKkIONECRnich ABRERY Gsectm B! Jariggs compati bl e
restriction enzyne sites in the plasmd backbone, which can be used in the

var i ous CONGASHPSsirepghlighted. hi ghl i ghted. 22 June 2006 WD 03/ 068819

PCT/ EPO1/ 15303 Figure 12d illustrates the construction of retroviral
expression vectors for the expression of human IgH chains (preparatory step
| V) . SHuMmigreB 12pnpxesaniifies the ecenistructios ofr crltayisal exuressior fvectors forg@e sot ypes,

st bi ¢ S ETLo R e s BllAey Sishub Thedott FaeStheBRR e BinS o
const anfoup fliretbsed regioves whidhouponh hetivetiomesti taé @nﬁ@ﬁde@rduﬂﬁ&é’mﬁnTarl] ? gﬁggéenous

cont ai ni | gG nmenbrane spanni exons, .is depicted here.

exon/ i ng%gﬁ”g?t{j’gﬁ?%%‘ieoﬁ?”ﬁiﬁ&? ERJI ! Sét‘&fs@%ﬁg‘?@ﬁ%&ﬁ’?f@rﬁ W@erﬁdn@és(l—l) regi ons
for thenysidcddfivd EgidnSHYRES, 8 SaridfliFaah ©fthes&prY felgfonk ABnIRIBERERS tHghCOr por at ed
at the termni of genomc p ragnents, as well as unique conpatible

rﬁstlﬁi CEHMC@PQ?iW f ﬂ'@s‘?”ﬂﬁ.cghfé_"}ﬂshgfrﬁhé %@R@%r@iﬁViWniscwn&ifﬁdb@’ e used | nOI
var abi HoIREoRM BRLER e AT 2 AU ¥k 36R0 B4 (Gl B B Corp ove

| gG chapée esressidn & akbdst thé Gante llels sdyowR bitte COAE feydh] ANmEY beet roviral
expression vectors for the expression of H chai ns (preparatory

] f 15 hyman |
step V) desilabledPo$ame reffovialig Hampresaigh Gﬂn"é%’ﬁgstof‘WUQ%g‘er‘é'ﬂﬁdiin‘%@”ﬁ'uman l g
i sotype o | il [ recthid t e cloning
pr ocedu?egbg%/lrOf P%é %%'ngﬁ%ff Pepegdi g‘ﬁ”’g%ﬁg@;e Féﬁéﬁ%&‘@ﬁ@irﬁgﬁﬁ@gl’)ﬂﬁsgﬁx% Ee genomn ¢
r egilbnsdépicted Hese Regtistions eraymasnineorperdteds althe terhieis ok deRDRcf PEBnent s into
uni que estrietlo it the.r [ e spanni ng
exons fggr\&{'%néés‘e‘%zwbll?tsa%t%@é'a%hﬂg&gﬁ%ﬁgéeﬂﬁgug s@)%%r'\ ﬁﬁeﬁgﬁ%@r g%éﬁaéa ' on
i ncl udi which han bxesesl ie treodiriags chaing kiepgearg bighlighigdons for the various Ig
i sotypes is indicated. Restriction enzynmes incorporated at the termni of
genonm c PCR fragnents, as well as unique conpatible restriction enzyme
si t es i Rigtree! 2plshews thelamnklveatieon ofrdtrokirat axpressianseedtars farilee expréssion ofcl oni ng

St b f%lurrr(?ani Pg(ﬂ Eﬁlatir?sd (prg&é?gtoﬁj gtrébqﬁ). cholkﬂNiXHhJ 8@ﬁfn8n§elgva£?5ﬁng@|reangomi n exon,
enhancer elements into a retroviral transfer vector, coding regions for igH chains need
to be inserted. In order to be able to express membrane bound, as well as secreted
forms of immunoglobulins, exons for the membrane spanning regions of IgH chains
need to be included in the retroviral expression vectors. The membrane spanning

25 regions differ significantly between different isotypes in length, primary sequence and
exon/intron structure. Therefore, different membrane spanning regions for IgM, IgG, IgA
and IgE heavy chains need to be cloned. As an example, the PCR cloning and insertion
of the four respective different membrane spanning regions into plasmid pAB-3 is
depicted. The same cloning procedures can be performed with vectors pAB-4 and

30 pABS, containing extended versions of the IgH 3'aE. Restriction enzymes incorporated
at the termini of genomic PCR fragments, as well as compatible restriction enzyme
sites in the plasmid backbone, which can be used in the various cloning steps, are

highlighted.



25 these constructs are capabl e of expressing conplete IgH chains of the
respective isotype (see Fig. 15). Figure 13a shows the constru@RiJore 2006
retroviral expression vectors for the expression of hunman |IgxL chains
(preparatory step I). Simlar to the construction of retroviral 30
expression vectors for IgH chains, expression vectors for | gKL chains
require the xL chain locus specific pronoter and enhancer elenents in

addi tion t o WHB/eSHi ng regions for the icL chain protepigepoydtzh need to be
Starting fromthe

equent I oned into a etror
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with | g®€eERal'W: expressing vectors. For this reason a SV40 pronoter 15
driven puromycin expression cassette is inserted into the two possible IgxL

chai n retrowrﬁ tgﬁnsfer ectg& i nt ir nedi at es &ABJ 1 and pAB-8.1, as
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next step, fusion 25 construct of two nurine At chain enhancer
el ezﬁgntlgotynqseTbe gndp@ﬁguq R¥ONKgtran giggaisation including the exons encoding the

hinge (H) regions for the various Ig isotypes is indicated. Restriction enzymes
incorporated at the termini of genomic PCR fragments, as well as unique compatible
restriction enzyme sites in the plasmid backbone, which can be used in the various
cloning steps, are indicated. Upon cloning of a VDJ rearranged variable domain exon,

25 these constructs are capable of expressing complete IgH chains of the respective
isotype (see Fig. 15).

Figure 13a shows the construction of retroviral expression vectors for the expression of
human IgxL chains (preparatory step ). Similar to the construction of retroviral
30 expression vectors for IgH chains, expression vectors for IgkL chains require the L
chain locus specific promoter and enhancer elements in addition to the coding regions
for the xL chain proteins, which need to be sequentially cloned into a retroviral transfer
vector. Starting from the basic retroviral vector pLIB, first, a Vk promoter is cloned into
pLIB, as indicated. This is followed by the insertion of a PCR product containing the
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are inserted into the construct, as indicated. Finally, the coding region of
the human CXl region is inserted by PCR cloning into this retr@2iJurd 2006
cloning vector using the indicated restriction enzynes. Upon cloning of a
V),J%rearranged variabl e domain exon into these vectors, these retroviral
constructs are capabl e of expressing human g% 30 chains (see Fig. 15).-
Figure 14b illustrates the construction of retroviral expression vectors for
t he expressNGHBm6$whunan | g% chains (preparatory step pdprpofAdigr human 1g%
chain constant region -17 22 June 2006 WD 03/068819 PCT/EPC&/15303 genes may
be usedhumean emtmanmaecanXmEcwdm ity upsigasm mpjris asgoicisted egiong MAR)rapdt he  uni que

vear r anBEAUTSAR-ABFE Sana rTeakbend I SEn B ioeyBaPaRk OBttt i o

constr Uﬁéﬁn@ﬂﬁ)ncﬁp@lﬂis@orpﬁCReﬁﬁrﬁﬁ'o'?ghé %u@é fidite R thBL%Whn' Ql(.%‘ch fai n
i sotypes, as I ndicated gg’lsee ure 15a shows th |nsert| on of

V- r egi ofPnglaniegiongene &ighbsie af t%n@mwing gth'CgMef@mied bgmngimveﬂagxpr essi on

! et nattslon SHEL Pt LB LB PRy B e BB S, tre
vari abl ghnhafeigicHE) nsThﬁeﬂed:amesln&nbﬁcénayrﬂds Meoriarhted QiitRg térimin ofahk OUS sour ces
(see e.g. Fig. 9) 10 and ébée inserted into the retroviral vectors as V

r egi on \@fd@uﬁsge@ﬁm%s feaggents as webhas uﬂ'nve/compat&ie resticton ezyaecdigs ng
d ff H t
I TTeregptne f&?f‘s% Q/'bswbbﬁé EH &R st@dwgn togaéﬁ? drétb ,ﬁr%gll&rafé'age“ﬂ ate

priner pai regions are PCR anpli
characteristic | eader (L) sequences, as i nd| cated. Restriction enzynes that

can pe 4 @ggmg mnstu?& @g%h Jn aﬁéeramgﬁex{pﬁe@mﬂ Fkﬁo?{hg élxg,%'s&, ﬁeg- Thi's

dr aw ng piCts ed frnal rowra
expr esf Qumuedg@raaxmﬁraparatdnﬁ step di)| Retrovilaisixgression tcbestmctsefot bumandi f f erent
codi ng regl ons a d pronoter an nhancer el ene ed, Definition

he.
oD o0 i ol o R B e e e B etk B AB eelo A s IRt h of | e

bi ndi ngyegfezBR BbE UM 16 GRRECFor (RibiPTtradsducea CEmt After ftR firdtSrous®@@Pnat e anti gen
(or its ligand or binding partner), determned by the ratio of association

t o di sdwosdiuction wntat l@xbfchﬁmeexpwémgovectqrgam fhist ezagen i2oRVAATHTPMPIEY

ooy et TR S bBSeh TR HReAE Gt BB Rl B, 2nr gon

stinul agtesird trammélooeféters mterrr@aratésnaABdehtamUSpABm pas)dmcﬁeatecs uporsed by
somatic hypernmutation wthin the codin ions for the variahl e domai ns of
ant i bodoB®I @Yets RAT#Ndedyariable domain exon intd these vectors, these retroviral

constructs are capable of expressing human IgkL chains (see Fig. 15).

20  Figure 14a shows the construction of retroviral expression vectors for the expression of
human IgAL chains (preparatory step 1). Retroviral expression constructs for human
lgAL chains are cloned by first inserting a fusion PCR product of a puromycin cassette
and a VA promoter into pLIB (the PCR fusion is performed by single overlap extension
(SOE) PCR as described in the example section). In the next step, a SOE-PCR fusion

25  construct of two murine AL chain enhancer elements, the A2-4 and the A3-1 enhancer,
are inserted into the construct, as indicated. Finally, the coding region of the human
CA1 region is inserted by PCR cloning into this retroviral cloning vector using the
indicated restriction enzymes. Upon cloning of a VAJA rearranged variable domain exon
into these vectors, these retroviral constructs are capable of expressing human IgalL

30 chains (see Fig. 15)."

Figure 14b illustrates the construction of retroviral expression vectors for the expression

of human IgAl chains (preparatory step II). Other human IgAL chain constant region
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sel ective expansion and survival of B |ynphocytes generating higher affinity
anti bodies. 30 Antibody: A glycosyl ated pol ypeptide produced by2%8June 2006

| ynphocytes and plasnma cells conprising in its nononmeric formtwo identical
heavy (H) chains and two identical |ight chains, each being conposed of one
vari abl e domain and one (L chains) or several (H chains) constant region
domains. The two H and two L chains assenble into a 22 June 2006 WO

03/ 068819 PEU/oEpEEgL 15303 synmetric Y shaped di sul phi de peirakg@dsagt | body

nol ecul e that has two binding domains forned by the conbination of the

vari abl gemasgimeyieotisad tonegplace Hhe id\1 gudirggeegionsby sivipdercloningl esing theheni cal

entity that bound by the vari abl domai ns of i nogl obul i ns (or
ant1 bt Baye VSRl Rl futies o iibelest HpPB e e Yo bBaoedetar | abl <
donai ns yafble B6HRAIAExoNE @b Asse Ydtord, AhERY refrdVird) LohSipucdPiald EapabR bf nd to
antigens, and the latter to nediate effector functions or to transduce

si gnal sexpiessingehe giffepamt heyaan lgak epeioisstypesyasi indicated édee Figd5).ecept ors and
menbgane bound i mrunogl obulins. Artificial binding protein; A binding
prot & n containi ng pol ypepti de sequences (e.g. synthetic spacer sequences)
not der Figakl €54 shomsrthd insaltiogedidsreglonfgengsrind setiovrdiefiimanligHBIghdi 414 pr ot ei n:
The nost general termfor any type of polypeptide with the ability to

sel ect | (géfwham FAPTESSIQM VeGiers hrei{fpv'ral geRiessian ¢anstvctsviarhomandgidiant dnal

o1 f ect Oby Jil\hf RAVS-boeR dadLAbBoRicYPUEhol Bértbif 2ofinh rbdih<Plor e \HridleP Ot €1 NS,
fragments of antibodies, like e.g. a single charn ari abl'e ragment (scFv),
and al sdorhaigs.drhepe canibe éﬁdﬁdﬂﬁbbmi’ga olaingdsine varls soorees 4see e.edrigr®)domai ns  of

. s - Che |
bt il g it SR BEetib iR e f BE6MEPIektort as Y FoyF EEd Slbolith A ShPRL " °
f unct i ospdcifipqot as lifrarashancodiag diffetent specificities vhictomaedrts lbg PCR &rinplifiedg pr ot ei n

can be fusi . Lpdi | r - Jel.ated receptor
W th co%@f adnelgg'?éer%?oﬁ'flmgro%?%'s '\gf@@%ﬁ ééé;l %%Z%rﬁ@{?ig{i gtfgét&gﬁét@t Ih%H . Havi ng an
i nf | uencrearaoiénstioleadem(e) senueheaseas mdizatdd JRewdridtionienzymes thatndanybearsedn t he sane

Il ele. di i - i I . . di f h
can’ be B Bolng X Pari=Rle R Frfs A Thpicalfh) 98, FDE Bplsfrtnfiy 1 agr ons-
( CDiRs) : selduted @igalasoviral tighe anlirige ahaineexpression vestarsic Due do dfie anadatdrabl e

T S A S T G

may be used.

Definition of terms used throughout the specification

20  Affinity: The strength of the binding of an antigen receptor (or of any receptor) for its |
cognate antigen (or its ligand or binding partner), determined by the ratio of association
to dissociation rate of the receptor-ligand interaction.

Affinity maturation: A highly regulated immunological process of antigen driven
25  improvement of the binding specificities of antibodies preduced by antigen stimulated B
lymphocytes in germinal centers. The process is caused by somatic hypermutation
within the coding regions for the variable domains of antibodies coupled with the
selective expansion and survival of B lymphocytes generating higher affinity antibodies.

30  Antibody: A glycosylated polypeptide produced by B lymphocytes and plasma celis
comprising in its monomeric form two identical heavy (H) chains and two identical light
chains, each being composed of one variable domain and one (L chains) or several (H
chains) constant region domains. The two H and two L chains assemble into a
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WO 03/ 068819 PCT/ EPO1/ 15303 Donmi n: A structural noiety of a bignol ecul e
that is characterized by a particular three dinensional struct%ﬁ'%‘”?

vari abl e or constant region donmai ns of imunoglobulins, that are
structurally related, such as Ig-1ike domains that can be found in many
nol ecul es of the i mmune system which belong to the so-called

| g-superfamly). 5 Effector functions: Functions of constant regions of

i mmunogl obuWo AX068M9 t he context of the inmune system ecgrpéiigsoability to
activate conplenent, or to activate certain imune cells by binding to

speci f i YYMEeEpNothapeddisulphide éiﬂ'fedr%‘é'ibéw reteede dipat das)two bindingdigeainfus:  Bei ng
sel f tOfoﬂnéc?f)}ﬂa'e%oﬁx%‘n'an&rfof%eg%ﬂa%@reEﬁH%Pﬁrand'ﬁo%[h%t'C el ement that can

stinulate the activity of pronoter elenments over arge di stances,
i ndependent of orientation or p05| tion. 15 Epitope: A three dinensional

oL Ot Vot Al pRndUb.RbE GREIdIP ol BEF BB Dol By 8T LR BT T N

region o ant unctlona rag n receptor
or bj nddmgam)srdtsmmuhoglébulrhsl[‘mtanbbmdleg)ragrrent derivable froma given

pol ypepti de selected fromthe group 20 consisting of antibodies, antigen
receptors and binding proteins, that shares at | east one of the desired

proper tAﬁﬁgénnﬁé%éElbﬁ' Am:gémrsbepwryamo&drﬁk@sw tohvémlwebmbms tahe constantfic  field
of application ‘ , a.functjonal fragnent may be a pol ypeptide or

ol i gopesgioas tﬁﬁufﬁtr%ﬁrrhawgtth% abiibafn Pinfiyto(ﬁntfs%nsﬁi anel t}ﬁgé@tﬁqrde medigiend t o
cert ai Neffdtor 4fEBonHH Aanbd R gnalsT B §élI§EAﬁ{F§éh'r@éedt@rsfcroﬁﬂﬂ?@tﬁcémd' ating

specific effector functions 25 characteristic for said polypeptide. A

f ur therreegrions|aad mamprene Rynd iagweedlebWBsng able to activate or inhibit
speci fic i mmunogeni ¢ and/ or physiol ogic effector functions of anti bodi es,
antigen receptors and regular receptor-ligand systens. Genetic el enents:
Genes, Aytifigial @mdmgrpr@neugrfehtnﬂmgrm@m contalmegmo pidesseqghegerc e, 30 and

01 N 4 L0 S00cR, Qe flee] Aoy DG YRl Qen 00 FUUNEHORRIOD! nat on.

Germn stin hi's rca perip aral | ynphoi d
organs (e.g. |lynph nodes or spl een) V\/nere cognate interactions between

R E - S G SR e S e
PCT/ EPGsblelhiadh3 bmldtﬂog&nantngantanhgah@mmtinmyﬁvﬂmut additiehal eﬁecmf ffuntibys. mat ur at i on

?S(rj’rpﬁl)i@s Eg\JMpro?ems InCﬁ]gg%ﬂl?%lIa‘ glnd%g prr{tefngo I %?en?s 89% Odl nt I %en reactive B

single chain variable fragment (scFv), and also fusion products combining varlable and
constant region domains of 1mmunoglobul|ns and T cell receptors, or vice versa.

20 Furthermore, a binding protein can be the fusion product of variable domains with
functional parts of other receptor molecules. Conversly, a binding protein can be the
fusion of a binding moiety from a non-Ig or TCR related receptor with constant region
domains of antigen receptors.

25  Cis-acting: Having an influence only on genetic elements and gene loci in vicinity or on
the same allele.

Coding region: A genetic element that has an open reading frame that can be
expressed into a polypeptide.

30
Complementary determining regions (CDRs): The regions in the three dimensional
structure of a variable antigen receptor domain that directly establish contact to
antigens. The CDRs are usually the most diverse parts of antigen receptors. |
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Germ|line configuration: The native configuration of genes and gene |loci, as
they are 5 inherited fromthe parents, and as they wll be pasedumrine
further generations through the germine. DNA reconbi nati on events occuring
in somatic cells, like e.g. V(D)J reconbination in |Iynphocytes, lead to the
reshuffling or | oss of genetic information on certain gene |oci and
therefore to a change of the genes fromthe germine configuration. 10

Het er ol ogou®¥0 BARY di fferent from endogenous. Humani zegcrartol/pedy: An

(i fici . ; : _ : 7 h
ant i boar b A cRRLAGAGET LS eihdeti el RniBbe R/ SRR Plodbrral cel
| i ne t hdimehsisndlestmctyen éa.at eatiable arheonstast cgiart demainsnobimmunoglyiediiosa cel | |ine

arge. altBhaRS Sl ubaREL s B05s aTRE B Rh 3 6 he (iR At o
(speci f moletyigs ofthaimmohé gystern aetdgit lmslond tedhey s callBddg-sigamfaiilypl characteristic

confgrred to by the constant region of an antigen receptor determ ning
theit (effector) functions. 25 I nmunogl obulin (1g): Synonynmous for antibody.

| MMUNOgEREItbY funBtiBhs: FikhBtiordNof @b Adtart ¢éAbnsOFMRHILROGBMIE HEthe CBRTRY & N9 few
(i.e. single digit) V, Dand/or J gene segnents, capable of undergoing

V(D) J ribedmpiungt $¥5iEM, €Betheopbifturieraptivalg e@mulemenid or & iagivate eertainepert oire
of vari i ; } i ; legtd ifhferent genetic
o1 emont e SRS BPDRGHL iSnect rceplofd r oohshitt refion @rebptBle) o F1ci £

determ ned by the unique structure of the variable antigen binding region

of {0e aniddandhic: sty g&frg%dgmc@,,}g\f)o@?éigﬁ§3819 PCT/ EPOI / 15303 Myel oma cel | :

An i mmorta ved froma ce 'asma cell differentiation stage
wi thout the ability to express endogenous imunogl obulin proteins.

Pol ycl opal__antibodi es: , A mixt ur f tibodi.es having different structures
of 1 he ERapRRt AbFaieER et H i G m B RE e OH PRSP S bvart kol y.

di f f er elaige kistahces, indapenddrit of brientatioPoefoditionphocyte: A precursor B | ynphocyte

is characterized by the expression of |ynphoid specific factors involved in
V(D)J reconbination (e.g. RAG 1, RAG 2), usually 10 has initiated V(D)J

r ecosThi Esitdpen AOthréd dinsd8lonaingtructiral pglyodfudri Bntiyef iatCiB aktoghided! 18y a
variable binding region of an antibody.

Functional fragment (of an antibody, antigen receptor or binding protein). A
functional fragment derivable from a given polypeptide selected from the group

20 consisting of antibodies, antigen receptors and binding proteins, that shares at least
one of the desired properties inherent to said polypeptide with respect to the specific
field of application. For example, a functional fragment may be a polypeptide or
oligopeptide maintaining the capability of said polypeptide to bind to certain antigens
and/or ligands. The same applies to fragments mediating specific effector functions

25 characteristic for said polypeptide. A further example relates to fragments being able to
activate or inhibit specific immunogenic and/or physiologic effector functions of
antibodies, antigen receptors and regular receptor-ligand systems.

Genetic elements: Genes, gene loci, or fragments thereof, like promoters, enhancers,
30 and coding regions, alone or in any functional or non-functional combination.

Germinal center: A distinct histological structure in peripheral lymphoid organs (e.g.
lymph nodes or spleen) where cognate interactions between antigen presenting cells

and different lymphocyte populations occur, resulting in the proliferative expansion of
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but still carries the light chain gene loci in germine configuration, and

t herefore does not express conplete antibodies. Prinmary |ynphoiZd Joregdas:
Organs, in which |Iynphocytes devel op from henmatopoietic 15 stemcells, in
m ce and humans e.g. the bone marrow, the thynus, and during fetal life,

the liver. Repertoire: A collection of different (binding) specificities. 20
Somatic hypernutation: A process in somatic cells resulting in the

i ntroducti oY@93/06888H nt nut ati ons into speC| fic regions p&whk;,? g\;noma at a

R N e T e ]

25 capaetcbmbinatishugdpotidodigsqrodueed by antigeh regctife Baymphdoptdshe presence of
additional preB cell growh factor(s). Trans-acting: Having an influence on
genetic elenents and gene loci located on different chronosones. 30

Tr ansf eginiie doHligaratrms Thefnativd E6lidGrlatich ang%lnes @ndgkAe FRYURNRGSaleNt O
eukaryotic cells, " usually associated with E)jggchem cal and ph¥]SI cal
o

met hbdsinherited fiera theopasets W oty villlemassey om hergeapratiorsihreyghThe process
of i hb! B%Jérﬁmﬁw %éonf\mﬁattohee»%msabéduﬁwgoﬁafa i@ ceffONfkene!

prolife ng ce I'i ne. Transgene: An Tici a geneti c eﬁeg&nt i ntroduced
into t hecqsbingtiondn dMmeherytas siead tretheseshuffinggeiriess eof gemetiednderarationeni t ed from

one gengral nd dod e hererord " B1SIUERG: o i HeBE Sorl pdebipAingng DA T nto

mamal i an ce ctlon viruses. his, a
packagicogfigwhlion. i ne, expressing structural proteins for viral particles is
transfected with a reconbinant viral DNA construct conprising the 10

regul atory el enments for packaging of the viral DNA construct into the viral
st ruct WHeterolpgaiseBeing dBferétifem erelogedniusant viruses are produced that can be
used to infect nmamualian target cells leading to the introduction of the
genetic information cloned into the reconbinant viral genone. 15 V(D)J

reconbimahamiBed Antiey: AROATHi dmtanﬁﬂibdqrmer%ﬁedw fusipgwhe GBriabne derhaimeny
V(vari abl e), sonetjnes D édl ver si t%/r?gée and, J %OI ning) gene segnents are

assenblcédoﬂ'@“@a”é@fthoﬁﬁsr‘% HBA" £ORS Ry JoMARS: donmi ns of antigen receptors.
Vectsor: An artificially generated nucleic acid construct which can be used
to shuttle 20 nucleic acid el ements between different organlsms and

speci edlybsigomas Adrimewrtak ¢alltling that has heangangratedbpatigdesionaidn Mmetadl mai nt ai n
genom G idid R Rfi 1iR& (unable to secrete antibody) and a mortal plasma cell (that may

secrete large amounts of antibodies).
20 Idiotype: The binding characteristic (specificity) of an antigen receptor.

Isotype: The structural characteristic conferred to by the constant region of an antigen
receptor determining their (effector) functions.

25 Immunoglobulin (Ig): Synonymous for antibody.

Immunoglobulin minilocus: An artificial genetic construct comprising few (i.e. single
digit) V, D and/or J gene segments, capable of undergoing V(D)J recombination,
thereby generating a limited, oligoclonal repertoire of variable coding regions.

30
Library: A collection of different genetic elements.

Monoclonal antibody: Antibody with one defined specificity determined by the unique
structure of the variable antigen binding region of the antibody.
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Xenogenei c: Being derived froma different species (often used synonynous to
het er ol ogous). 25 Al references cited throughout the specificatd2onnazes

i ncorporated herewith. 22 June 2006 Detail ed description of the invention
According to a first aspect, the present invention provides a nmethod for the
generation of vertebrate |ynphocytes that can be used for the production of
any binding protein or functional fragment(s) thereof with the ability to
sel ectivel y WR¥@688® 5 an antigen or ligand, including PRYERSLSEP! 0gous

anti bod n an igen re osed of variabl e domal ns and const ant
r egi onsw%’ﬁ’d%/? gﬁ'"ﬁ@f’ﬁaﬁl 8@9%’[’ SP%B Ceﬁréhﬁlﬁérﬁé Cs@dﬁf&rqnﬁﬁ&ma%m ins, any
artifi cmholhltmamm RS OkRéss edu@gzdnaus Mem e dgisdilin Woltethst ype i mune ef fect or
functions or m)dlfled or artificial effector functions not derivable from
gern i ne encoded het erol ogous i munogl obulins or antigen 10 receptors, and
any. funebiyeltital fdraBERIS! A rikakcef anfnamRs ﬁa\g@ biie e?i Sl (Rkpdienet i cal Iy
nmodi fyi ng "vertebrate precursor |ynphocytes are cferlved from
pri mar yvarg,abimoartﬁlggm gbinding afegions.i andatherefae, pooshtiiealy, thffe]‘elhtf doireditg ate i nto
mat ur e d lineage cells, by introducing at |east one exogenous genetic
Ierrent enco |ng at |l east one 15 binding protein or functional fragnent
thereof; and (b) effecting differentiation of said genetically nodified

precursgr 0ocC i nto re | hoi nea e cells either in vitro or
vt voPraR SPP e Ao I, HOEEL clatP et b MeRA PRSPt bi nd ng
pr ot ei nlyﬁfphﬁld%ﬁbblﬁ@fdct&ri MYOTREs i S)(D) Jr@@drﬁ@ﬁatrdﬂf’(égr RAGE! mm&%%shslﬂl the in
vivo_production in is excluded In order to achieve | arge scale

pr odfict 'i‘%?n'”ﬁ'latetdh\é([)éﬁd?fé’”gﬁ"}?&i’%ﬁnr?rt(ﬁaét ARe #pmpnggdalulin Aeavy ehaialiele, t her eof

it is pr@finicamestaé lighechbRrd8nBabdilin geitipedhiigr@dn! ¥AP GRS Joddr 0duci ng
the pol ypeptides of interest are inmortalized, or, alternatively, that the

genet i cGtexBiERREPBRIeERNRRF9%r t he het er ol ogous anti bodi es or bi ndi ng
proteins are 25 isolated and transferred fromthese cells into different
expressi on systens, where _said genetic information can be maintai ned,
anpl i fi Rdmanalymphoid araass: Orans.gr sdisdtyraphocyies davslorEpmdematonaigtionogl obul i ns

I l; i t 30 The

T o o B ARG R o eore A e (RO ER Arh e e, °
f usi ng thidvesane to i mortal nylonma cells for the generation of hybrl dorra
cells; (b) infecting the same with transform ng viruses, |ike e.g. Abel son
murine | eukem a ~
Repertoire: A collection of different (binding) specificities.

20  Somatic hypermutatioh: A process in somatic cells resulting in the introduction of
point mutations into specific regions of the genome at a high frequency (>10"

mutations per basepair per cell division).

Stromal cells: Proliferating adherent cells derived from the bone marrow with the

o
th

capacity to support proliferation of preB cells in the presence of additional preB cell
growth factor(s).

Trans-acting: Having an influence on genetic elements and gene loci located on
different chromosomes.

30
Transfecting: The process of introducing nucleic acid sequences into eukaryotic cells,

usually associated with using chemical and physical methods.

-22-



virus (A-MILV); or (c) transfecting the same with an appropriate vector
construct ensuring the 35 expression of at |east one transfor hinea¥gene,
like e.g. v-abl, or the Sv40 24 22 June 2006 large T antigen, that upon
overexpression leads to the imortalization of stably transfected cells; 24
a. 22 June 2006 thereby generating vertebrate |ynphocytes capabl e of
permanently producing said binding protein or functional fragnment(s)

t her eof . Inwg"%‘r(éﬂ“%rred enbodi ment, the vertebrate preoegtgpirkiggrphocytes are
abl et orgxRbiting: IR Phﬁ@@é AFRRERARGN &l idiotnby BRERIAm¢Plot o

recomnbi nati on hinery and originate Tromjawed vertebrates conprising
carti | segniimgysly p@rhferajmgy:eﬁ lingh, anphi bi ans, reptilia, birds, mammals

i ncl udi ng pigs, sheep, cattle, horses and rodents including mce, rats,
rabbits and guinea pigs, with nurine precursor (pre) B | ynphocytes from m ce
bei ng 'lparea‘gene:eéln a]iﬁrcl%r gematiz qummnnnrﬁmrdu&d iyrtmﬂhecg;erraﬁne' of aimalsaleel vertebrate
spec % fromh urrr]nn t.% f e evol ut |ton iy, most primtive cartilagi nous
fish ar@nFeRe ?reé‘?fﬁ ig@f' 0 g)gborieyge[nﬁ@ 108 t}ﬁg den of a specific set of cell
surface markers (like the conbination of 6220 and c-kit in mce), but also
by their potential to asseml e the ‘3 ne segnments encoding the 15 vari able

domai nSTTHSARiNgh JAe PEogess OhAe/VRMGNA dXp malad ¢aliEyRothe pPeqstustion ¢
Conpon%rfe%o%.nhﬁrevrrvé@ ror%ora'tyaeraégrr@rbemﬁ@laﬁregsmb slGctir@rbtei 2, and TdT

(term nal deoxynucl eotidyl transferase sone specl es i ke bi rds,
have irelf rarisigs fsr irangfected, with & EF%’I“Q'QH@" Yieal ONA ﬁensir}rcgaorapﬂs:a%rthe;. us) where

e, REGtsry AU mﬁuéwsm&% JifS offrR \%n@r@r eawstraadm%eﬁr@'rr@r &n&ctgart that in

addrtlon to éD J 20 reconbi nat1 on, other species also use different
nechanipsaeing. oy ahisi b@@gmbmarty.wrem frec Hrodused |thate cam s usethypeinfast ati on (e. g

oheeb) mafmRA TGRS Heihg5 R iordRBRi Shne QUBSLIrHnaRo UBREPRY °° {Tor al

vertebra e Speci és are cap ergoin ination and have

t he pottr@nrlecmhbrtrantdiraffganemer ate into nore mature B |ineage cells, such that
anti bodi es generated from VDJ rearranged 25 i nmunogl obulin gene | oci can be
expressed. Therefore, if such vertebrate precursor B |ynphocytes are

i salsat AD)Ir regendyinatamh: t AaDNAr recomiziogiiobl prooésse dyings sihiv) eved of enanys

ool GREbPh ol B0l CSrEh S ER SRR sfomats FRE s Rl ot hey

wi | | gabding region for the variable domains of antigen receptors.

Vector: An artificially generated nucleic acid construct which can be used to shuttle
20 nucleic acid elements between different organisms and species, and which can further
be used to propagate, amplify and maintain genomic information.

Xenogeneic: Being derived from a different species (often used synonymous to
heterologous).

25
All references cited throughout the specification are incorporated herewith.
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» the potential to produce heterol ogous antibodies and are thus encorrpassed by
the 30 present invention. The nethod according to the i nvent i of? fHIRAE0Y,
of vertebrate precursor B (preB) |ynphocytes present in primary |ynphoi d
organs. In the case of nmice, these cells can be isolated fromfetal Iiver
or adult e TR x\ﬁor?bgthe Mygﬁt‘? rative cell sorting using 25 22 June 2006

WO 03/0 2EPRUOn PRHIE MYERTLi ent | y | abel ed anti bodi es, binding for

| nst anceagsbriltgy %l & ﬁ#ﬁf%&ﬁrﬂﬁérére@%ﬁ@ m@@ﬁ‘t;@n k;brbv%srr%usrﬁ mo%B f?ﬁ'thé?

alternatively, they can sel ectively outgrown from nurine et al
bone margeneraton ogusqmtgatmwrdnl@ocmes Hbatr cenrbzmg:spdoforftéeapromxctuoespbas; to

oo 't eriingier £l o ifedre Rfagrae AR ke it andegboﬁh%lfﬁ fyinate °
conpenendrf HtigeReo(iBhAdr Wﬁ&hg%h?r}wé@%q@!@/ antjbb8y, pghgr‘éhﬁdeﬁ C}eﬁeptor

differentiate to mature | ynphoid [iheage cells an t he etic ani sm
for the atinvpossd obwdriable dorzaing gend a:omsmntaegmnstcmmpnsnffg IT oelhgeceptorshanygt es
10 are very simlar toBllne&gnglpg nphocyt i.s therefore to be

es. |t
under st dB8MbraRe thauind{mmyaeg beay 'gg'ﬁ’ fipding cPrgégint displaying ither on
g];u ngg:@éﬁoglpﬁblrﬂmﬁlﬂ%%ﬁ@ of %nct'icﬂ‘% Btrrﬂ83fﬁegforp'éﬂ%?ﬁ 4Nl abe gghgﬁ&'ﬂ?.{:ot

ndi'n e| ns can ew Se ed to pr sor
| ynphocxdewabr@ﬁefreifmrgermlh@ peasedyd nheﬁwdlsgpus nanhmwnogﬂ@mmsbedr Wahtigen
respect to the systemof nurine preB |ynphocytes, can also be applied 15 to

al | 1Qer reeeRioEs, ;ﬁ{‘@c%m{s@rncmﬂﬁlrfbﬁgj’ﬂ@@t )rtbﬁf%ﬂfl coapdgingdhe steps e as set forth -

ymocytl 85RelicBEnSBRANR orP HabSel Mndlods WHIES JFecent “Thvent i on

sol ely depeqifls afe §svdLREMDPAiMBYY thghidorguravant expression of endogenous
anti bodies and to i ntroduce heterologous genetic elenents into these cells

encodi ng het(#r ohathe potentisbiccdifforenbiataiingg npatyreelymphoil lineage celie, br oad
the art. o k¥ BinlianE Breast BofcrlasnabS SRR CLBNEN Rhchilinal fastions 11y

desgsi bed Wbirﬂhrﬁ@éﬂﬂéfn oﬁf@n&f’&w&f’rﬁa erffyheRDFPaRFUr sor B (preB) |ynphocytes. -
In the nouse, the devel opnent from hemat opoi etic stemcells to antibody

secreti i) gﬁepﬂnmg;rmffesﬁnnetnos af rﬁagchlgerr&tgualllm r@dfrast ggecunsadr ﬁymphmy(ces
depends on the or der ar r!an enent IQg‘?ene s rrents i n %e |mTuno |,0bulin

receptor ge omgur% g'd a?%‘lf% r'ng' Tt M B oY SEReR % ns
from pr Oducwn\(&hoety;]@@ar:ﬁtgg%g ItiofasiRg saREDIETdorcléin iuAklignal PagnaRaE TNt <

occur first “on bo H chain gene |oci, JH gene
segnent s r etharaofjiungef thesprovisal ﬂhamte Jﬁrywvmpmdumueln lgémmams lsmdladﬁ;iarrent S
(Fi 90 2). If a productive VHDIH rearrangenents has occured on one
In order to achieve large scale production of the above binding proteins or functional
fragments thereof, it is preferred that the terminally differentiated lymphocytes
producing the polypeptides of interest are immortalized, or, alternatively, that the

genetic information coding for the heterologous antibodies or binding proteins are

[\
wh

isolated and transferred from these cells into different expression systems, where
said genetic information can be maintained, amplified and/or used for the. production.
of the respective immunoglobulins or immunoglobulin-like proteins or functional

fragments thereof.

30 - The immortalization of said lymphocytes can preferably be achieved by:
(a) fusing the same to immortal myloma cells for the generation of hybridoma cells;
(b) infecting the same with transforming viruses, like e.g. Abelson murine leukemia
virus (A-MulLV); or
(c) transfeéting the same with an appropriate vector construct ensuring the

(8]
(4]

expression of at least one transforming oncogene, like e.g. v-abl, or the SV40
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>.allele, .iH chain can be expressed on the cell surface as a preB cell
receptor pairing. with surrogate L chain (encoded by the preB cét *'””§88?§ fic
genes k5 and VpreB) (Karasuyama et al., Adv. Inmunol., 63, 1-41, 1996). The
expression of a preB cell receptor allows the differentiation of preB cells
to a stage, ,at ich VL to,JL -26 22 June. 2006 3/ 068819 .PCTI EPQ / 15303
rearr angerrer#?@e\zg?@r\t'ﬂfef'i fi‘@é&?%ﬁ"@ﬁ%&'&ﬁ?'ﬂ? 8@_@%/1\?% 9'1‘? FQT”%%“FF\QOQ @géﬁéﬁx :

all el es and e XL chain alleles (Melchers et al., Ann, Rev.

| mrunol ., 15‘1&%%%88%5&% 1994). If a productive IgL chain rearrangenent.
has occurred, nenbrane bound 1gM and/or gD antibodi es can be expressed by
so-called immture B cells. Stimulation of peripheral, 5 1gMIgD positive,
mature B cells with appropriate signals can | ead to class switch

reconbi nation on the IgH chain alleles that changes the isotype of the
expressed antibodies to any of the 1gG 1gA |gE subtypes (in mce: |gGl,
lg&Ra, 1g&b, 19gG3, |IgA IgE in humans: 1gGl, Ig&, 1g&, g, [gA,

lgA2, IgE) (Fig. 1). 10 As already outlined before, the murine preB cells
suitable for carrying out the invention are characterized by the expression
of B220 and c-kit surface markers, the expression of at |east one of the

| ynphoid V(D)J reconbi nati on genes RAG 1 and RAG 2, and the ability to
proliferate for |onger periods of tine in responsiveness of stronmal cells-
and/or L7 or IL3 (Rolink et al., EMBO J., 10, p. 327-336, 1991; Wnkler et
at., Blood, 85, p. 15 2045-2051, 1995). If preB cell lines and clones are
established fromw ld-type mce, they usually carry DJH rearrangenents on
both IgH chain alleles (Alt et al., EMBOJ., 3, p. 1209-1219, 1984), or in
some cases non-productive VHDJH rearrangenents (Fig. 2). However,
rearrangenents of their IgH chain alleles are not required to establish
stromal cell, IL7 or IL3 responsive cells frommce with a preB cell
phenotype, as these cells 20 can al so be established from nutant nouse
strains, that are deficient in V(D)J reconbination (G awnder et al.,

I nternational |nmunology, 7, p. 1915-25, 1995). In any circunstance,.
irrespective of the potential for Ig gene rearrangenents preB cells retain
the potential to differentiate into nore nmature B |ineage cells in vitro,
and eventually into isotype-switched plasma cells (Rolink et at., Imunity,
5, p. 319-330, 25 1996). Long termproliferating nmurine preB cell |ines and
cl ones can be established from various |ynphoid organs of mce, including
fetal liver, fetal blood, fetal spleen, and adult bone marrow, but al so
other fetal or adult organs that harbour stromal cell, IL7 or 1L3 30
responsive preB cells, especially early inlife (< 4 weeks of age) (Rolink
et al., Blood, 81, p. 2290-2300, 1993). :



»Mce used for the generation of the above nentioned preB cells can be
wld-type mce, chinmaeric mce, transplanted m ce or nobuse stréd %@ee%yi ng
mut ati ons inpeding V(D)J -27 22 June 2006 WD 03/068819 PCT/ EP01/ 15303
-reconbi nati on on the endogenous nurine I g gene |oci. The above nentioned

mut at i on WeWot ' di ' SV TARRIY I ALY, A .
di ver si t@‘e(%@/ eﬁgés}(la%r?{%?%tﬁefyﬁﬂ)grﬁ%y%ée%gﬁgg%ngﬁtpse%%ﬁlgﬁﬂ%%gbgﬁnlgntsfald
| mmunol, biading pretein @ Gundtasid) fragheent{s¢ kieeneof.const ant regi on, including the

two exons for the H transmenbrane anchor (Kitamura 5 and Raj ewsky, Nature,
356, p. 154-156, 1992), the IgK and Igxv J gene segnents, the KL chain

ChanCollLE irrEt b bARRe . 1% vaR¥PRE prepdsel btadyits ahdble 1h Ketis

i ncl ydi ngt lebBEoRE 8N FdiRint of fié AmBRGIBNED)J rBEBmbIRiok. athRRNEARANGRSinate
(KiE), the 3' K enhancer (3'KE), and the two %nhancers (E%2-4 and 3-1).
10 Accor fiomgjawed: vertebrates icomprisings cegilaginoas fighndpoayyfisif, arhphibians reptilia,

mentioned cis-acting. ations can be ed for the introduction of.

exogen o RATEAE SAHBb SRS f1eR, Catli hosses ANd sparaRaPElugia Bice, rats,
especi al lpp b (WHEAOSIES PWith 'mURAE dre&ilirsbP (HYe) B 1 frdmEmiceebaingne
confi gur g}ﬁi gﬁ%gu%w geg‘g ?’caltry nodi Hregurgpegﬂ%&% Sﬁ@gﬁé‘@g@ggrdunge Io%o?gﬂtnﬁe
de riovo prefateest.i on of anti body specificities, because the novel

specificities are only generated upon V(D)J reconbination on the

het dPol ogous genetic inmunogl obulin gene loci. Alternatively, suitable preB

cells cap. ) ] ; ]
endogenaut Pnp eyl ArRERCEARL Th o jaREBRERSE . shevies FRAPAGNNh doyntg o
in the ltpepiiaticnzeily fhestr pimitiveneartitagireds Vieh iarg getneslyRéarkcteritedd by 2he
(Monbaerts et al., Cell, 68, p, 869-877, 1992; Shinkai et al., Celt, 68, p.
855- 867,8XPI8%8I9N oha sReGifie sabrfael sudece makessdifeha Gauphination af B22kand,

Ku86, X : ' -5 t] 130

dependent S TIrS). LEEED Yot bEErTiaPlo BRteriBiEtE ddne LaUReht L bOdng e
nonibonojapigbles d¥vAakid gfoiantibgdiegndot hahichr ¢hey sexprees uthie diytishoid Dspecific
reconbi nation. For the g/&oduct I on of heterol ogous anti badies and bindin

pr ot ei n<CAMPYats &l the pb&ifﬁgowmtpﬂaﬁ’ﬁ%’mqnglih@t%ﬁﬁ)ﬁs,mp?-egﬁﬁo;ﬁd
(D and UE A8, bRoRAEdy rafithefi¥e) GG, SBrid sle el “IRETEINS, Mo

in the rdifferent biarey pyepRorbbianeqe.d. cheibursaldf yabrisilsy dehdre) thbesnzegoksdr

mut ationé s|) i n the 1 munogl obul i n heavy and the ) »
ymphocytes are generated, and despite the fact that in addition to V(D)J

20 recombination, other species also use different mechanisms for antibody
diversification, like somatic hypermutation (e.g. sheep), or gene conversion (e.g.
rabbits), precursor B lymphocytes from all vertebrate species are capable of
undergoing V(D)J recombination and have the potential to differentiate into more
mature B lineage cells, such that antibodies generated from VDJ rearranged

25 immunoglobulin gene loci can be expressed. Therefore, if such vertebrate precursor B
lymphocytes are isolated or generated that are incapable of expressing endogenous .
antibodies, and if genetic elements encoding all or parts of heterologous
immunoglobulin gene loci are stably introduced into these lymphocytes, they will gain
the potential to produce heterologdus antibodies and are thus encompassed by the

30  present invention.
The method according to the invention makes use of vertebrate precursor B (preB)

lymphocytes present in primary lymphoid organs. In the case of mice, these cells can

be isolated from fetal liver or adult bone marrow, e.g. by preparative cell sorting using

25



I mmunogl obulin KL chain gene loci. In the case of trans-acting nutations,

one of the above nentioned honbzygous nutations in a given préBJenel200§ i ne
is sufficient to -28 22 June 2006 WO 03/068819 PCT/ EP01/ 15303 preclude the
expressi on of endogenous i mmunogl obul ins being a fundanental requirenent of
the nethod according to the invention, Precursor B |ynphocytes carrying cis-
or trans-actin 8 %eneti c nodifications interfering 5 with the expression of
endogenous%P é’)l obulins can be isolated fromm ce caTEpIIMG308i t her

nat ur Y d; A% h e

A or nat TSy ek B RN o At I IR T EBR20 e o

mut at i asc-kih on hECDLI’SG P ¢ﬂﬂgl emmatrvelau tf@NeQanpbeeéeladweg' oligrosrpirarssi on of
endog ivbod u f genents on
bot n- g e B OEOT Bond nibrond BETHERE MR e to W B L BRA R0 T s genous
mur i nerespmse)unbc&b booamdmw derived fesddr (stromal) melimtampcgrwhdacﬂoremucbl s or into
ear | m whi ch suitable long-term proliferating preB
ceI agsdﬁt%ﬁéhk@ n%’f":'f‘t,-eﬁ'eg“' er upon differentiation in vitro or in vivo.
Alternatlvely, t he genetlc effects referred to hereinbefore can al so be
directly introd Q.at | eas e of .the precursor

| ynphdBR®S 0{8"95%55%? X’PB'&O?GO'BB‘H@P# ot iy QM gé Goginatiqe MacAleMat i on of one

al I el Qh@%bté?ﬁalswfdnﬁér@ﬁﬂaté Otb erRtury | IDBpRaId mrié@g@r@emgnand it/ edtinkfi®, since
certain nutations on

mut at ed cl ones c g Lfg whi ch al readilﬂma
t he otrﬂ%qha%{‘ﬁmé%t ﬂFJéY%?' %%VQB antigeR; eeprlyr Pre fl'hlmeage aHhLgeRis| y nut at ed

gefe dr@%@ sumnér&ba@Inlnéé'gaéilymﬁhfabﬁeé h?lspﬂhé%ré% Hey (RIER&y6£ tHe@lthe to be used
accor i nvention. At 05%2 is to be understood that the

i nventf‘i‘%g‘)dédi?sﬁr@epé@r?'ﬁéﬁf thetgengliq @odi fon f RFQFUESF B ympherlaseer it i s
pr ef enkepurbsse &%rmwh%mg@uggnﬁwk@%rlm b@¥singd B likehedpeer t ebrate

precursor F%/mrrp ocytes_are deprived of their potential to express 25
endog@RBIES HhtRreBES Vs aM‘?RﬂOC‘éﬁﬁl JasrefasR e fiorriesant f AL RIMariagrent ( s)

ther eQifescnb%@éi1 W?tﬁ' rés'be@?t%' tBY (st dr$RlriRk bR Pﬁfﬁipﬁs &Y cUF %Ysg%aag)gl &Lecur sor

| ynphocytes being deficient in eXpI 8551 NG enous | mmun ulins or
f ridg m%vm@m@pr ecuisdy Wmpbocytesitand alliisweg Vleﬁﬁbfatgélaé setfortbbetore Ipr ecur sor

I ynph t S |
r oot 1o e uPbrloBErinaP e (KKl ahy PRERIEURLor (AR AR SR MPEHAE Y which is
sel ectogtither winciples afrtbapresantiinventian edlely (d@pemdSeorwm fapsakilljy dodolit t he
I mun UL Y | Ng b QLS L f the VvV, D,
and ) PAn SlelbsgRef cleRbEARIpRET and B itk AeteraouB¥ehBE o egi on
exons efeorents, in®, thgse eellsa&fttodmgé'@w]olqgwsm 1bwleshorobmdmg pwteing.Ifhee nmenbr ane
SB@nn'tﬂegbrgﬁ(d) Qﬁphcabnhty of these principles will be appreciated by those skilled in the art,

the general concept underlying the present invention is primarily described with respect

to the use of murine precursor B (preB) lymphocytes.

In the mouse, the development from hematopoietic stem cells to antibody secreting
25 plasma cells is a highly regulated process and, in vivo, depends on the ordered
rearrangement of gene segments in the immunogiobuiin receptor gene loci and the
regulated expression of immunoglobulin proteins from productively rearranged g gene
loci (Fig. 2). Usually, rearrangements occur first on both alleles of the IgH chain gene
loci, with D to Jq gene segments rearranging first, followed by Vy to DJy, gene

30 rearrangements (Fig. 2). If a productive V4DJH rearrangements has occured on one
allele, uH chain can be expressed on the cell surface as a preB cell receptor pairing
with surrogate L chain (encoded by the preB cell specific genes is and VpreB)

(Karasuyama et al., Adv. Immunol., 63, 1-41, 1996). The expression of a preB cell

receptor allows the differentiation of preB cells to a stage, at which V| to JL
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-29 22 June 2006 WO 03/068819 PCT/ EP01/ 15303 (b) the coding regions of the

i mmunogl obulin K and/or A light chain gene loci, including any 28fun200§ and
J gene segnent coding regions, as well as any of the constant region exons;
(c) the coding regions of the T cell receptor a, p, y, and 8 gene | oci,
including all or 5 parts of the V, D and J gene segnents, and any of the
coding regions for the a, p, Yy, and 6 constant region exons; (d) t he

ci s-acting Nﬁﬁﬁﬁﬂﬁﬁbbulln heavy chai n gene | ocus enhanCﬁﬁﬂghg

| udi h h
cl s act [oerenBeEy i, MEPlo Bl ﬁ%ﬁ#ﬁ‘%ﬂa?%ﬁ%sﬁcaﬁ'?’%@@ﬁéﬁ?f( ) Lpe
i ncl udi og themeL t‘hdm gt&tesc(Maichensrdt ahAmen Rencemunil. B2, pt beg-224 1eplparFeer , and the

A2-4 and A3-1 enh ncers n%f the cis- actln% T Cell receptor gene | oci
enhanceP’%’P@WEHE%C AIRJEEA Rk hagcrequrred gmemprang bpusdclg aﬁf&éﬁ?fslgD( g) the

trans- a@ﬁﬁﬂb@;e&%ﬁ'ﬂ@'é&ﬁk‘sé’éﬁ W%b XaiddithnRie s cé%%@tm@fb%x%ﬁf@n Hepgg! uding 15
their pronoter and ancer elenents, as well as their cod gp regi ons; and

(h) {helaWlgRs pesitiven gabia $@@ﬁ$ witheprpsopsiatec Bignals qadr leey op Xlasscemwitshnat i on,
I ncl udi | tein klnase
( DNA- PKF%S"”KM%RW FH%’ 5] 3*’9%%&{1&5 9‘3%”%*2’35 tﬂéu £Et¥b@%??ﬂ§td§gﬁre9%‘raomt er and
enhanceéntibetiesdniasy oamewgm Igs lgResubtyges {n mige: da610tgG2ai thGRnMdsG3,20
Preferaly ﬁpé? I pahu targetlng vectors
conpri si ﬁg Et %eh ons\‘é’o ?)I\'h sé uehé‘dﬁjﬂ%l’ %}‘7" g%) gﬁgﬁ at | east one genetic
elenent preferably flanklng a positive selection marker enabling selection
Si ' LW0g, vectars contain
RPN MR ARLES bR R SREs LI £ ABB LN, VERAT o, comtal D
t ar get earepharctenizetsby mle@(prreablby of Bazk amdyc-&it pmﬁdei merkesethecexpessivar ker (such
as an antibiotic r t anc bl ver event in
each of %%&%é&%ﬂ@ﬁeﬁ @g\{r@ fge%??g’”?@ etngs F%CTdi Qm? Qadgtggt i on of
thg poséatility & §r@hferate fon lomgekedriods df tnha$n reep@risareh@ssg@ftst»@n@u eéusmridwg of aﬂ
endogen e i ers ed in these
targeti 'ﬁg OVé& oé'g‘ ealsgﬁﬂﬁbl‘ﬁd@s 8%29350@%&8@3‘3%% ﬁ?og’gr%gc’ resi stance
to EEHL IZU4@IZOS$ h%%@ IP Bre®YEll g:es Muocionascans d@tabﬂﬁmwf febm Wl Eé,gﬁé midy, Zt i di nol ,
nmycophe | ci ocin and t referr aid gene
tar getl H U%@ﬂl‘)F%”ya F?Hﬂ%ﬂﬂ'@e'ﬁ%%bégég%cw glPe 56‘@!&? éh "il%n sequences
for si t&w%@@%ig,%w\oﬁﬁ%m@ GRb4 AGh-BRAYSRE ViDL NEARhgEREts (Fig. 2).
However, rearrangements of their IgH chain alleles are not required to establish stromal
cell, IL7 or IL3 responsive cells from mice with a preB cell phenotype, as these cells
20 can also be established from mutant mouse strains, that are deficient in V(D)J
recombination (Grawunder et al., International Immunology, 7, p. 1915-25, 1995). In
any circumstance, irrespective of the potential for Ig gene rearrangements preB cells
retain the potential to differentiate into more mature B lineage cells in vitro, and
eventually into isotype-switched plasma cells (Rolink et al., /mmunity, 5, p. 319-330,
1996).

13)
s

Long term proliferating murine preB cell lines and clones can be established: from
various lymphoid organs of mice, including fetal liver, fetal blood, fetal spleen, and aduit
bone marrow, but also other fetal or adult organs that harbour stromal cell, IL7 or IL3

30 responsive préB cells, especially early in life (< 4 weeks of agg) (Rolink et al., Blood,
81, p. 2290-2300, 1993).

Mice used for the generation of the above mentioned preB cells can be wild-type mice,
chimaeric mice, transplanted mice or mouse strains carrying mutations impeding V(D)J
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-30 22 June 2006 WO 03/068819 PCT/EPO /15303 positive selection marker,
enabling deletion of said positive selection marker upon trans?%éﬂ?@ﬁm%nd
transi ent expression of nucleic acid sequences encoding at | east one of the
cognat e reconbi nase enzynes. For exanple, the positive selection marker may
be flanked by IoxP or FLP sequences recogni zed by the cre-reconbi nase or FLP
5 reconbi nase enzynes, respectively (Kuhn and Schwenk, Curr. Opin. Inmunol.,
9, p. 183-Y¥WFHY7)  allowing the site-specific rempveduerytshes sel ection

mar ker qXgRiesisdtien on‘iﬁéérﬂiobénéds%'ﬁﬁn'&efg GERORE, Phe G661 héHtRREE FhupliRs cel | s by

transi ent transfection cre- or -I'ECOIT{)I nase expression vectors (FI

6a, b). nTEh’ ke tﬂr%mgaQQ'Qims pher Wé'ﬁi@é't%lﬂ*“ dieassityf (D) gepesegneniadher s usi ng

h k d d
Lar gt 1 00 A ook BT RRRCER SRRl (B hingl o 627 258 1 AROL TELPuaif Yo e ker

enabl i n@oﬁﬂéﬁtcﬁag@ﬁ inglating tthe tvanslons tiemtha ut—ntrdWHnt?émbwedar&ﬂBﬁletfaﬁﬂﬁé?t' ng
vectors are randonly int egrat ed into the genone by non-honol ogous

r ecorbbi read iRAIEWSKr Natig; p-<&#+115861 @%g}h@ lGreansbldact gene segments; thel ect i ng

epr o5t e S TRl HoU O ENER £ I8 i 2T B9 Theise. gene
( HSV- TKkhaih Qfonétbﬁt r@b@h& g@;gﬂ—@ dnaxthe varaRs (gHENd K WR&A ehhéicedd, n"?éludlng-';r ansgeni ¢

Res., 2, p. 0, or for its attenuated version DTtoxI76 (Maxwel
et aI , trm)lheav@@ham uBrch enhamerﬁEuﬂ)sm R 5t@n ehb8mder (diEkdke 3negahancer sel ecti on

mar kers ar 0Sj tion n t he onstructs such that a 20 targeted
i nt egraﬂ?’ﬁﬁ’g? {“ﬁéw?)gﬂ‘ ?%i%@ggf‘ etl ng construct results in the
remggal of the negative selection rrar ker (Fig. 6a,b). Thus, only
integration of the tarI%etl n ve tor 513% honpl ogous reconbination wll allow

sur vi vaicearding o ¢k inyentigpgpeBLe %\CE'@H gliepe-aboue mantigned eif-actiiget i ng and
di st upt iQMtRhs BaA be %e@ﬂﬂ%’@fﬁﬁ@émﬁ@ﬁ‘%f EgenBl6 HEHERE @@PAENts E&ﬁ@;ﬂﬂ;ﬁp ation.

It is to be understood, that the use of vertebrate precursor ocytes
depri ve@abfor alhdlf rheieroloaeusal espaciallp Muman el waibylingens dariel @8R or  ant i gen

recept OFe%erﬁ?éd”l‘ét '(c);@ﬂﬂlne dnRgurEtn. Sukh tdﬁﬁét% 'n?odﬂfe@fﬁéé%ﬂs daneer .

vertebrate fp ecurs ocyt es wth ent| al to exXpr ess anti bodi es
and/16r asrd igetherdedwye arosiugtronfcuﬁetuhoamapeﬁflca@ﬁebﬁ%gge the nowvelispetifieitias | i kew se

be used, f%ccé?{l)ﬂtgﬂ%emeé hﬁ’pdn”"ye( J ORcoriatidh &S AL p@@h@@oﬁé' gge gapet i c

background © precursor hocytes, these cel ave to subj ected to
genet i cimmuandgiabatin gene lnCior der to al I ow productl on of heterol ogous anti bodi es
or binding proteins. It is to be understood, that said nodification wll

preferably be performed after
Alternatively, suitable preB cells can also be generated from mice incapable of

20 rearranging endogenous immunoglobulin gene loci due to trans-acting mutations, like
e.g. in the lymphoid specific recombination activating genes RAG-1 and RAG-2
(Mombaerts et al., Cell, 68, p. 869-877, 1992; Shinkai et al., Cell, 68, p. 855-867,
1992), or in the ubiquitously expressed DNA repair factors Ku70, Ku86, XRCC4, DNA
ligase IV, Artemis or the catalytic subunit of the DNA dependent protein kinase (DNA-

25 PKcs), which are involved in the non-homelegous DNA end joining, and that are also
required for V(D)J recombination. For the production of heterologous antibodies and
binding proteins in preB cells carrying such trans-acting mutations, expression
constructs are to be used that do not require the DNA rearrangements of V, (D) and J
gene segments (see below).

30
In the case of cis-acting mutations in the mouse, these preferably need to minimally

include (@) homozygous mutation(s) in the immunoglobulin heavy and the
immunoglobulin kL chain gene loci. In the case of trans-acting mutations, one of the
~ above mentioned homozygous mutations in a given preB cell line is sufficient to
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appropriate target cells or clones have been identified by selection and/or
generation as 35 described before. However, it is al so possi bl e22 éune 2006
genetically nodify the cells before they -31 22 June 2006 are rendered

i ncapabl e of expressing endogenous i munogl obulins or parts thereof.
Furthernore, it may even appear appropriate to sinmultaneously effect both
steps. Accordingly,' it is preferred in a further enbodi nent that the at

| east one ewo@snwesys 5 genetic el ement encoding a bindu@gégqotgln or (a)
functi onal fraﬁgynté % .t hereof , used for effectln t he P enetlc

modi fi cR§IFe EXPRPReN off ANdRafBPYT IWBKEPS BE‘E““§eP%'89ea fundamedtat gr oup

consi st irgfhir@fent(the REBHH abcviding & the¥HveslonDNA constructs conpri sing
pronoter, enhancer and coding nucleic acid sequences operably |inked to

ensure expression of at |least 10 one binding protein or functional fragnent

t her of prdatdds BAYmbRIC Ws'é%’rr?hﬁ?%/élror%){é a&mgaqefn@ﬁéhﬁﬁﬁgg SahteRBiRy 10 the

pl’l mary am no ac uence bei ng I Cla reco t
pl as#hi thﬁhérmewsn@@ﬁfs@rrdme@ou@ommunggle@hm oambe jsolatathiners ericeacatryingodi ng

Tucl Bl ¢ gt haREANREE SORNRLEPbY oA el Or:RP L S BHO! RRAAANCG! ot ¢ P31

one bi ndi ng protein~or tunctional g el w | d- type
or havi lyphatytee sirgmeavildiypat imicg sfan nbe hecreenedarfgr amutedioasi dn sdgirence(s) or

bei ificial: ' | obul T
ol 1 BbSSBl. A1Gk: RGN SpRSTa Q7 SRoahbls IR M < oper abl y
| i nked tanmaially)mt’»t(fm)ame POy rrearcamigemants con Boitt mavgecmaenblleieqormmanm of at

t hor ot SR g eoPIRGE Pl ehgenars Mufihg Bas 8ok Redriivieef dies) | n the
pri W]?f yharrﬂatlopmettu stermiecplie o difts )early @)ogbmwrmeilalfrorw@aﬁdh smtablerlbﬁgalteame el
artificia I ono sco L. ohul i n or ce
ecept oPRUBTAITG BREE HeIE Gt i Pher e Piist e eRetsplitionif MBS ied to al | ow
V(D) J reconbi nation and subsequent expression of at |east one heterol ogous
R i v T W T e X e N
sequencpis)at 1éR) opaciirld @f the/@aeedurs@r IwesHoRPlestt® Bé tdubjeetedl toc hemRSONES
conpri si ngmparts or. al| of a??]@eash?one het er ol ogous i mmunogl obulin or T

cel | reb@ptiggtiogeHe 'P%@Ugt"?”n rPﬁal §an 8¢ suifiganeht Cﬁi@éqgg%&het Weé‘FWtow V(D) J

reconbi maéhtRRA ﬁﬁbé @u@m&r&s daN[Veassiated wiéh arfredd%akry@eﬂanh%&éﬁun@gous
anti body or eceptor or functional fr%%mnt t hereof, being either

Wi | d- tyB’éﬂ'@rOth%[\ﬁ”ﬂlﬁ (patproauaqug fevatinnsh sHeihg) aNemoryoqus|yartated gene

locus is established within the precursor lymphocyte cells to be used according to the
20  invention,

Although it is to be understood that the invention can be realized with wild-type
precursor lymphocytes, it is preferred in the method according to the invention, that
said vertebrate precursor lymphocytes are deprived of their potential to express
25 endogenous antibodies and/or antigen receptors or functional fragment(s) thereof,
which is achieved by isolating/selecting vertebrate precursor iymphocytes being
deficient in expressing endogenous immunoglobulins or fragments thereof, and/or by
introducing into said vertebrate precursor lymphocytes at least one vector construct
designed to functionally inactivate at least one allele of at least one genetic element,
30  which is selected from the group consisting of:

(a) the coding reglons of the immunoglobulin heavy chain gene locus, mcludmg all or
parts of the V, D, and J gene segments, and any of the coding regions for the
constant region exons for y, &, v, € and a heavy chains, with or without their
membrane spanning exons;

-29-



am no aci d sequence(s); 32 22 June 2006 WD 03/968819 PCT/ EPOL/ 15303 g %
trans-chronosonme el ements which are fragments of heterol ogous Hrlno

har bouring parts or all of imunoglobulin or T cell receptor gene | oci
germine configuration allowing V(D)J reconbi nati on and subsequent
expression of at |east one heterologous antibody or T cell receptor, being
wld-type with respect to the 5 primary am no acid sequence(s); wherein the
at | east oneO@&XBHanous genetic el ement nost preferablypemmodﬁ&oa native or

modi f i edphufeNcadwg b@gim of hwmﬂmlahdsg%mmmf qatnerdﬂ A @ h%ﬁéinagédegfda receptor,

or (a) functjagnal nt thereof. 10 Furth er S pre erred that
the at | east”ctya@géi%gg%@mié é‘irl&elné segrBRREodEgIeaiens. s Welt as anpeidhe or
artificial peaemtfgiohaem.e of undergoing affinity maturation of the
bi ndi ng regi on. For carrying out the step of genetic nodification, several
di f f er erfe) pt’n@cﬁ@dlmgdsgle@moftibe T1eelenependgred Boyec endidrggne dodi hlecludmgrallloon whi ch

is based on the stable

R L SR T R AR S R

het er ol ogous ZAR%IcERAakPESMN Slongene | oci in non- rearranged, gerniine
configuration, simlar to what has been achieved earlier in the 20 context

of trandgenihe @s-@etingTiramenegiebaiol beayy schain iggea ioe@sapﬂrthanwnelehmots my
Lace" e - inEludRd it RENPCRAOFRON SnhlMed ENOBhARLE R M XL and X shain

gene |OCI, ene segnen romany o receptor (TCR) a, p,
y, or S(gentbel o:siactlmg smowndglalpmmodagm chiiat genet docduse enhartdee elatnegrsatl on of

| I |
pard of ¢ HOCPANEHEER SR am A D PhAeRER R0 CH  BRsel g DRgehs "Ger i ne
confi i gur at i and }1 betranerst r ans- chronosome  fragnents, or cloned into
Precer Dbl 1°0 FRBR R Shbua kLS oRel) Ml RS ™S
per f or ned im Ytgn,ﬂj SenHaaxdrsof transgenic m ce (Geen et al., Nat. Genet., 7,

p. 13- 30 21, 1994; Tomi zuka et al., Proc. Natl. Acad. Sci. USA 97, p.
722- 727(9)20b®)trarsiastings rRepMEInalimaRkivating 9sBesh %@ﬁoé@%é%%vénqlwﬂlﬂe stabl y

I nt qgrat ed thBit BroRotd? an§ ehSancEREIEMERS, é‘é\ﬁel%stt'hgﬁc Fév%qmﬁ érﬂi their
ere e

endogenous nurine Ig gene loci, that only inter rearr angenment
of the énddherwas-aringgBNe repil gerss esseatialJoi V(D)dI rreambinaticds inglysingat i on of

g"uxgr 28 Og”tkmgkuééﬁﬁé ERLEES sIBURT of DINA-Geh s HoteRdiMse IBNA-PREs), - 33 22
DNA ligase IV, XRCC4 and Artemis, including their promoter and enhancer
elements, as well as the coding regions of said genes.

20
Preferably, the above vector constructs include gene targeting vectors comprising
regions of DNA sequence homology to said at least one genetic element, preferably
flanking a positive selection marker enahling selection of positive transfectants. For
example, suitable targeting vectors contain two regions of high sequence homology

25  (>99%), or sequence identity to the targeted gene locus, preferably flanking a positive
selection marker (such as an antibiotic resistance marker), such that a double cross-
over event in each of the sequence homology regions results in targeted integration of
the positive selection marker and thus in the targeted disruption of an endogenous
gene (Fig. 4a-c). Positive selection markers employed in these targeting vectors may

30 include expression cassettes conferring resistance to antibiotics like puromycin,

hygromycin B, neomycin (G418), histidinol, mycophenolic acid, zeocin and the like.

It is preferred, that said gene targeting vectors additionally comprise a pair of DNA
recognition sequences for site-specific DNA recombination enzymes, flanking the
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het er ol ogous antigen receptor gene loci. The construction of DNA constructs
encodi ng the human I g gene loci relies on the know edge of the %%\b‘ﬁﬂ?%qﬁion
of all human I g gene loci and their al nost conpletely published DNA
sequence as a result of the human genone project. For exanple, the human

I gH chain gene locus is 5 |ocated on chronosone 14932.33 within a stretch of
1.25 Mop. It contains 123-129 (depending on allelic variation) VH gene
segnents (4woA7n@sist hese functional ), 27 D, and 6 JH gRRRpsEIMENL S upstream

of the a i n - T o 1O cha| : ocus i
ocat ed o Feced AALRENEREINT LERton! BF st RSS et et b ot ior o %6 °
( dependiragsfestionldnd|tesnsientcexpeessionenj mucleic gcif seguientesdehcoding4t lebdt omspect i vel y,

f ti , f . i ngl.e Cx ion. Th
hanan | GRneREHe et SR rar Bhahi a0k R Bt 1Bn Bk %8 hvop - and
congahn&eﬁ@mmd B% 5P (08 FLE s@ehcascteicogrized Eyerme EHreeomdindpstorerip of 7 to 11
t an repeated JA- CA gene, s Nt S. The constructs carryin

part €s) ¥Q;pn§ﬁ1|as%1engmesgégﬁep“\@?)ﬁgﬁgp @I”Sﬁﬁ‘&enk’mﬁoép’@b[@?m‘ﬂ’%r Q:TPZeI ?

recept ongyess 199¢v), diewing the eBesiectio remaa-df e sBIBER mhkaosRitssior?r that may

be cloned into BAC, YAC, or VAC vector constructs, can be  stably
t r ansf eFPeSEE %96’ tﬁ%rgﬁn?@?rﬂfﬁﬁ'&ﬁ fof %?‘(Prﬁé Geus g)éttrabﬁ"‘%’ﬁ tragptestiansefgest andar d

gene t pafisfeRbmBhaSEExression etdisliFigl 63, 8). TRICHOEaNRS Blldvthe Sty phosphat e
or DEAE Z%tﬁdextran trjgr{lsfection, FFin%osorrza nediﬁgt ed transfe?,@dsphégno- or

pr ot opl H&& offtergpiing veckss Vsiag the semerRositive selpetionimgrket i on, or specific
protjgi n-adduct formation, or a conbination thereof. Stable transfectants
can be selected by virtue of appropriate (drug) selection markers included

in the naCprelses ambodiment seiddenp Ay einglassidyectorsmydiienaly cospiserr i ng

ot _ ' =G & 9% st dinol . 25
rycophe Bk s BeGionHaRE Ehdbing kB RY Holinsh ARIENENS i Gt kaid bstiel £f O0 0
appr oactegeting Vestars edref eandormiyr duedratad it dheo| grome byenathamaeldgausnt s
encodi ”%cﬁﬁbﬁgﬁérggg#fexa 4, eL by r’ibg,gﬁ\&e@&&tf&dh%ﬁ(e%%ef%bﬂ@ ?gain&r oteins.

According to ernati've netho terol ogous genetic “elenents are 30
st aliby tandorsfintegeation of dargetingneonplredss, ceay includeiaxgreseion wassedtes tfomtheduct i on,

t hat ha : A bt 0, X . i rited
di Seaseﬁerﬁ%ﬁﬁl&ﬂ pp uﬁdﬁo@gmdh%@ﬁ%sgéo%%n%eﬁsgf'g?)g%&C@Pﬁg&gger{agoélg% ?‘eal ls (cf. An
Dong Su(iy)eMc@hrrick et aVi, rToénsgemi¢ Hes., B4 7183598, (1298).1p) for Fist attenuatadd t r ansf er

{aci 111 uae TS MEET 4. 2 aP sk ofc PP apradssh saR bas - <Y
het er ol ngatice spleefi@r atdrers e positionedoii the targbting nubinsigugts, ctuehnthat @her ef or e,
:lnljzp g;?agqee;t,etdoigfeg?gtion %% ﬁ%oplo%ﬁi%/ﬁegaarﬁ\t/é %?éjétiﬁa cgrrlls rutc):{ rrt]aghlps% reorte(l?rllor\]/gl ocfan easily
the negative selection marker (Fig. 6a,b). Thus, only integration of the targeting vector
by homologous recombination will allow survival of the cells, and - as a consequence -
- selection for targeting and disruption of part of endogenous gene loci by homologous
recombination.
25
It is to be understood, that the use of vertebrate precursor iymphocytes deprived of
their potential to express endogenous antibodies and/or antigen receptors or functional
fragment (s) thereof is preferred. However, vertebrate precursor lymphocytes with the
potential to express antibodies andfor antigen receptors or functional fragment(s)
30 thereof can likewise be used according to the invention. Regardless of the actual
genetic background of the precursor lymphocytes, these cells have to be subjected to
genetic modification in order to allow production of heterologous antibodies or binding
proteins. It is to be understood, that said modification will preferably be performed after
appropriate target cells or clones have been identified by selection and/or generation as

35 described before. However, it is also possible to genetically modify the cells before they
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smodi fi ed by standard nol ecul ar biol ogy 34a 22 June 2006 WD 03/ 068819

PCTI EPOI / 15303 techniques using retroviral transfer vectors. | f2dym 2088t ,

i ntroduci ng nodifications in the context of a transgenic nouse system for
het er ol ogous anti body expression is a very tedious and tinme consum ng

Chang no TasPReE BFspRR AR ratenERARRScPys bl od bBITE BL Pafisclielett
requi re Figthaemeralii Mayventiedlr apRY&dridte 20 SBRMtandBUshLeFédtdih stépd udi ng
its breeding onto an | mrunodefi ci ent geneti c background. Reconbi nant

retroviral transfer vectors encodi ng heterol ogous anti bodi es or binding
roteins can |ther oduced a | ones, expressin onal bindin

Epem ti cferawingly, gr's { Fe&e %@r@f@'& .W?@R\eﬁﬁb% the ﬁfg‘?'qsésor@n%ﬁg

po' yc:t]ongbn@t:E@lé}ﬁeﬁtp@ﬁéd‘dnqu & SAdin Bﬁr%?élﬁebrr a§ FihetioRkl ﬁﬁﬁt e @Vtﬁer'é%‘f u@écge

I ncor porate signiticant e i ons of germine a recept'or gene
Iom théorr&ﬁartmlgdgemscred|gegetxegmmxﬂ1§catm i oariedt i a gealetieaabnsiud) delected ™~
rearranggd gene segnents encqdi ng variabl e donmains in conbination wth
coding r POUP GRRSiYAg%dnt regi ons of heterol ogous antibodi es and

bi nding. ) Proahant eyBHREICTINRD cBhefbaRCBoBiorbindr AbADIE! ERRARKY Und

expr essi vectors er ol ogous an odi es

therefore doeedmgtnmcﬂeﬁulacﬁd setiuentéoopkraliglinkédrto rmtstmlréleermréss’or\/(df’)al least
reconbi nation, and can therefore be used in conjunction wth preB
| ynphbeyt es @Ber hindipgcipsotemar ofunctianal- fragmegt eé@qforbglmg\amtfml wild-type or

20 Rotrovi r aloERgres aesiens BTG R oRaPiag AR eliore dfeaTe ol BRREC

anti bodi es ogtifRigrdi ng proteins to nmurine preB cells are fi rst transfected
into retroviral packagl ng cell lines, of which a wde variety is
commer ci @) yresombingnieplaamidrgased w&@mnﬁyum ¢RMORIZIBg precwiel, renitancer and

o o 9%C5 U] A0 S S84 08 o ARORHY SRS 9RO SBLSTIER T8 20

exprgssi on cgpsthiHging pfdeint Bf fAES @Hélrﬁ*hgﬁﬂ:ﬁt tﬁ@feoﬁ”%eﬁf@l PP Swild-t ype or
Transfection of retrovi raI packaging cel S with recombi nant retrovi ra

pl asm d vect bawngr(abde&ngnhétmutamog(s)smathemmwyoambmacrdgpeqme@ce(s)sombemg
then result for mati on of reconbinant retroviruses able to infect preB
cells and to 'y transduce the heterol ogous genetic information into preB

cell i 3&%&%.%&;@%&% -Basél m.ﬁpﬁqrﬁsﬁégtsbu o?’rpcfeﬁlst@cﬁﬁto‘ef trfy%cmﬁ in

t hese net hods are tructed froma comer ci al avai |
retroviral tusmesfrangedcVorDcandailnigege segments rmpelrgbtyehnkedadtor elioaw i V(&) J

el g%nt S, | n%c%?r{brfr?at?on Ia'l:lrc|iQ s%bspgqugn Cekxa Iesn on'o a? Ieasq neaheterclil gofjs a%tnb%%y
-~ or T cell receptor, or functional fragment thereof, being either wild- type or having
(a) designed mutation(s) in the primary amino acid sequence(s); |

(d) bacterial, yeast or vertebrate artificial chromosomes comprising parts or ail of
immunoglobulin or T cell receptor gene loci in germline configuration operably

25 linked to aliow V(D)J recombination and subsequent expression of at least one
heterologous antibody or T cell receptor, or functional fragment thereof, being

either wild-type or having (a) designed mutation(s) in the primary amino acid

sequence(s);

(e) bacterial, yeast or vertebrate artificial chromosomes comprising parts or all of at

30 least one heterologous immunoglobulin or T cell receptor gene locus in modified
arrangement designed to allow V(D)J recombination and subsequent expression

of at least one heterologous antibedy or T cell receptor, or functional fragment

thereof, being either wild-type or having (a) designed mutation(s) in the primary

amino acid sequence(s);
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22 June 2006 WO 03/068819 PCT/EPA /15303 The final retroviral vectors for
het er ol ogous anti body or binding protein expression may cont ai f2 47§ 2646 t he
foll owi ng genetic el enents, operably linked in a way to ensure expression
of heterol ogous anti bodies and binding proteins in B lineage cells, selected
from 5 (a) pronoter elenents, including constitutive pronoters, |like e.qg.
CW (cytonegal o- virus), SV40 (siman virus 40), p-actin or P&

(phosphogl y#er#e881Ri nase) pronoters, or B |ineage spewchirpoipssgoters, |ike

e.g. t hE(f)CDﬂrgndQEﬂ?i%%me @lerenld wiiBK a egiradhh@dté"oﬂﬁeflgrowg%?tcﬁrro C?sgmesva“ abl e

(V) region exons fromany antigen receptor gene |ocu nclu
i nmuno- gl obharbnurmopar@wr@élr@élmm@noglthm@nﬁawdjeece@toemsnegomin gwmlgehl gh | evel

ot o no. 1 nBEEA RV EREEABInaRTLAS QRS SRNreR6H BPatEad ant O
regi on exonsne haterqmgoug aetitmay oerchm!h negepttdre beieg mélteypeawith respbetatoethe 15 bound

for of antibodies a ndi proteins (Fig. 7a,b); and (e) any of the 3
i mruriogl obuPF"'H"’”éfea n% aﬂﬁ%"é‘ﬁﬁg%? 't he heavy and |ight chain gene loci (i.e

the 3' a,whebsn BekatdgasKdnd exop@nd(®- deretib @leans MOsMﬂ)‘reféi’abW @ndo@@é“arr%‘ﬁvé or
somatic h ation of the variable re odi ng exons of

het er ol (%ﬁﬁgmmd i“ﬁB(?i”ﬁ%Odéfr a B{rmaq ﬁ@d‘ﬂpﬁf‘g?' EW@” FPtEQeB)reCWrFQ"r(taherrmre
expr essifgitiems fraghent(s) ter@dpr opri ate (drug) sel ection markers, like e.g.
puromycin, hygronycin B, neonycin (&418), histidinol, rrycophenol ic acid,

zeocin, or for suitable reporter genes, |ike EG-P (enhanced green

f1 uomes FaRherRiond, & i§ breléred that therdt @aét&anxlélioéémhé gU¥ndtic W rReft ¥bodis0d €1 ), CFP
n fluorescent protein), and 5 (bl ue fluorescent protel née or RFP

(Cyan

(red fl lieteslegons ir 6?'@?'?\‘) feC%@r Bép% tof gindergaing eaffirity; mﬁuramtobrt al | owi ng
sel ecti @pdin re?,g,«p_l ation of stably transduced cells, respectively (Fig 7b).
The arrange and the presence of all these coding regions and control

el enent s needs to be carefully designed in order to allow differenti al

EXPr esSign catyi rtgé‘%t rof Sfceﬁf%glg%&foﬁssélferﬁ%ﬁf@ tﬁ%&éﬁu‘ nYEoPr ot ei ns,

as well as atlgen riv |n| mat uration o het er ol ogous

ant ilbodesployad amqndinmgatbe mvemtm wmcig@'erexaraphﬂ@émféeéoliowmgw vo. |f desired,
constant region donmai n exons can be exchanged between isotypes, or designed
mutati ons can be introduced affecting the effector functions of the

expr ess édfirsh@pproatio go besethon Bhelistablg tductiontyf. reTorebisantoplasinid DNAg exanpl es

are nmen [ hat i em al | oot rapid
it Cg rfégrﬁlggf 'én&ﬂ:‘ﬁf%/ ptaﬂs J)#eg?fg:@%@u%hgﬁtlgte}ﬂ eyt egRrd! ausint RGn
rearranged, germline conf iguration, similar to what has been achieved earlier in the
20  context of transgenic mice. These heterologous antigen receptor gene loci may include
V, D and J gene segments of the immunoglobulin H, xL and AL chain gene loci, as weli

as gene segments from any of T cell receptor (TCR) a, B, v, or 8 gene loci.

A second approach relates to the stable integration of megabase-sized heterologous
25 antigen receptor gene loci, including all or parts of the immunoglobulin and/or TCR

gene loci in non-rearranged, germline configuration either as trans-chromosome

fragments, or cloned into bacterial artificial chromosomes (BACs), yeast artificial

chromosomes (YACs), or vertebrate artificial chromosomes (VACs), which has also

been performed ‘in the context of transgenic mice (Green et al., Nat. Genet., 7, p. 13-
30 21, 1994; Tomizuka et al., Proc. Natl. Acad. Sci. U S A, 97, p. 722-727, 2000).

The genetic elements of both approaches have to be stably integrated into preB cells
carrying cis-acting mutations in their endogenous murine lg gene loci, that only
interfere with the rearrangement of the endogenous Ig gene loci, but that still allow the
35 generation of diverse antibody repertoires from non-rearranged and/or germline
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»35 retrovirally encoded heterol ogous anti bodi es or binding proteins. -36 22
June 2006 The exon encodi ng the variable domains within these rétdmprbdnt
retroviral vectors nmay be nonocl onal for the expression of one given
specificity, e.g. of an. existing antibody whose anti gen binding

P anspl diatidiGosus Ben TepEnBhobee ot Thbi Bohdirudin| &t A cbimas
SUbsequeéHcddiﬂBJEHdeé%h%h ggf'geneqib_ci feliedWH tHeORnowSY Qﬂtr%“ﬁf;qjérﬁﬂaﬂ@f bakje

domai ns may be rived ma library of diverse V(D)J reartangenents.
These V humawoig gebe docieandtheir dlondst coapietely publisites DNégsesyenmecte aaielsylt
human B | ynmphocytes by PCR using . degener at rinmer pairs,anplifying a, .
mul (1t uc BF BHFEE: SRROME BEIRET GiAT S BlRd 10 NERR 19k RBATLOBRE JOCUS S The
oot BRndeeded dknRindihy thdaom Wity auiftien . 25 WBET I mdliy A 2L 158V
not been 1T nmuni zed (prined versus naive repertolire), or frompatients

suf f eri ridepemdingWnoaleticneariitioeqadsyy gene cegmends (4p&7t of these functisishl),i2ZmD,
completely synthetic libraries of V region donmains can be constructed using
the in .\andr6 Jasgenwspgmients/ upstraam shihel constgehediongenat Justeat The spinagn

random nucl eot | de sequences in regions corresponding to the conplenentarity
det erm rlg'ﬁlg chall erBe (Ippys ipyocated UhBNRARPRMEe AP 14t FBVPHSES ddtd MRt andan

si mul t aneousl S tially be transduced into preB cells. allow ng,the
oxpr esetontan 4 ofr i Tdrphaitiartn ABRIYET Seng e min orBichi pReonRe.
di I ¢ bidi I ' u [ td At r AN __\itro or

o1 T80, SRRSO 51 SERE s Updk Bk % SIS Gl ool

modi i edhayhamanOfgaL henARa¥eus T8 M6¢A88 briTehiegs orcInd 118, 5hgNs hrysvieal ned
the potential to éxpress heterol ogous antibodies or binding proteins, need
to be diahHecambingtZdor TIoVNHBdrer B lfinctiagel)agdres saguhenesy epstradiny oV de mx
cells, such that the heterol ogous anti bodi es or binding proteins can 25 be
expr esséaneamlygepaeied Iy Cacgena 889MeAtSs can either be achieved by

differentiation in tissue culture in vitro, or upon transplantation of the -
genetically nodified preB cells into appropriate vertebrate hosts in vivo,

undes t ITpePrONAS OcddtuctdIe chftyivigv dodrf@yluet i an iol  the Myesmilifie ©HEtEEREG0 R0 -
Accordingly, it is preferred to effect the differentiation of vertebrate
pr ecur sénm@nogiatptiocet ds celh receporbgenyg dcideiegtpregept oni tranachsamesos d

e SRS e AT B0 B, ARV AR e VAETT S0 BhRSALT, el e
precur sgfatly RRSfarte) HOWbRgtérdh YrolifdRsling target preB cells using standard gene
_transfer procedures, including e.g. electroporation, calcium phosphate or DEAE-
20 dextran transfection, liposome mediated transfer, sphero- or protoplast fusion,
ballistic transfer, microinjection, or specific prétein-adduct formation, or a combination
thereof. Stable transfectants can be selected by virtue of appropriate (drug) selection
markers included in the YAC, BAC and VAC vector backbone, comprising genes
conferring resistance to e.g..puromycin, hygromycin B, neomycin (G418), histidinol,
25 mycophenolic acid, zeocin and the like.

A third, conceptionally different approach, can be used for introducing heterologous
genetic elements encoding heterologous, preferably human antibodies and binding
proteins. According to this alternative method, heterologous genetic elements are
30 stably transferred into murine preB cells, using retroviral transduction, that has been
described in the context of gene therapy for inherited diseases using piuripotent
hematopoietic stem cells as target cells (¢f. An Dong Sung et al., J. Virol. 75(8),
3547-3555 (2001)). Retroviral transfer vectors can only accommodate 7-10 kb of
foreign DNA, which significantly facilitates the cloning of expression vectors for
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- 37 22 June 2006 (b) inducing termnal |ynphocyte differentiation by further
cultivating said cells in the presence of at |east one of the $0lUinedfdsy
conponent s-selected from 37 a 22 June 2006 (|) soluble T ceII related
stinulating factors, conprising interleukin-2, interleukin- 4,

e b daab i LMy nyhBh S oo ShAREE Y TR

conpri si ﬁr@g@ﬁ% ot h;éter@agb@@@hgﬁo&ésaéﬁd Mi?ldlrfgeﬁﬁbfﬁ@ihgaﬁn ééﬂ?“é‘ﬁd ?ra?i@w bé

f or CD40, CD86), conpl ement receptors

2(CD21), mloﬂtﬁe}it(mamdﬁrd reedilgrdms®gy CD19, CD20, CD30, CD32, CD37, CD38,
CDhr0, CD71, lga (CDr9a), lgo (CD790), TAPA-1(CD81), Fas (CD95)

TNF-receptorl (p55, CD120a), TNF-receptor2(p75, CD120b), Ox-40 (CD134), and
| ynphot oxin-b receptor;.and 10 (iii) B cell mtogenic factors, T cel

i ndependent antigens of type 1, and other polyclonal activators, including
| i popl ysaccharide (LPS), |ipoproteins from gram negative bacteria, . :
pol yani ons, poly-dl dC, pokeweed mtogen (PW), and anti-immunogl obulin
reagents; and conbinations thereof. 15 The in vitro differentiation in
tissue culture can be achieved by a two step process, including (a) the
renmoval of preB cell growh factors, like e.g. IL7, or IL3, fromthe tissue
culture nmedium which will arrest proliferation of preB cells and at the
same time will induce differentiation into cells of a mature B cell :
phenotype, and including (b) 20 stinmulation of the differentiated B cells by
said T cell related and/or mitogenic, T cell independent stinuli, such that
termnal plasma cell differentiation will be induced. The initial
differentiation of preB cells into cells with a B cell phenotype by renoving
preB cell growth factors is acconpani ed by the induction of apoptosis. It
is thus a preferred enbodinent to use preB cells overexpressing
anti-apoptotic genes, like e.g. bcl-2 or 25 bcl-xL. These anti-apoptotic
genes can be introduced into preB cells either by using preB cells that
have been isolated frombcl-2, or bcl-xL transgenic animals, or by
transfecting or transducing preB cells with overexpression vectors for any
of the anti- apoptotic genes. 30 As an alternative to the in vitro
differentiation of genetically nodified precursor |ynphocytes, these cells
can also be differentiated in vivo upon transplantation into a
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sui tabl e vertebrate non-human host, resulting in mgration of these cells to
secondary |ynphoid organs and differentiation into nore mat urezzl‘&‘r'ﬂ‘i)?ﬂs)ﬁd

| i neage cells. Preferably, said |ynphocytes are co-transplanted into said
host with naive or antigen primed T 35 helper 38 22 June 2006 |ynphocytes,
wherein the term'co-transplanted’ is to be understood not to be limted to
the sinmul taneous transplantation at exactly the sane tinme. According to

anot her prvedeymesd enbodi nent, the differentiation in yeyepdigsshol | owed by

| muni ZgdohRiRUES uSIA Fitrovikdd andtel %c‘?&rs.'|ﬁ%§ﬁtré§9¢nt%§%iﬁ§%doﬁﬂ5ﬁﬁ&%eiﬁ'tﬁ;e conpound
or conposition. In contrast to the nethod described herein, the

transpl aptexti frd Bansgerie Masisp|systarnion heterdpdeusrantibodpexpreseioativpoiest i ¢ st em

i g af TRy oo goEETl RIGRE. FRE Tndtple Blacheal iR Ry IR +°"cel 1 o)
e 10 B ool b AL p e ot ar e Tt hat e vortsbrat o host 13
t hes . . . |

a coﬁpawgﬁlﬁer%ﬁ{ﬂlget thgeéjerpérb%ag?qrfcqegélr | hﬁ?\felg trSéigS&?t mpys§ ﬁ@?mg@ﬁg‘rdﬁ’@i' of

endogenbresdiBg oato &, imMmunetéfjenhperatic bbtkgrgumdt ural killer) cells, or a
conbi nation thereof. 15 As already set forth hereinbefore with respect to
the selection of appropriate sources for vertebrate precursor |ynphocytes,

it is pRetsisinghttroedvirahBansfert vsvtors @nbediig heteroiatjoas tatibbdigsMor dRshgver t ebr at es
conpri si n%&cartl I,% i hous fis 3 aon%/ fish,, a@hl bj ar]s,_ reptilia, birds, and
mamal SPRRIS EATRINET BE PosHeRipas Bapds RPTeTsig SlnaRans GRIAE Spas ichepuci ng m ce,
ratsg rabeir Be YaAerdiedNR I Fad, ofiibtdtieSiehEodi®y Pélyél&%lib'ir%ﬁrfgr §Raifepies. Species.

The appropriate hosts serving as recipients for the transplantation of

genet i cBegayse fpaevrakyectars are prkaE06 PRIUIP I8 iNGoRRSRIS g rilicann yedirnswpf d- t ype

Wi th reshefihe ftigen rerémbrogatietiodiewe! rfa%rs|a§ou50¢odmaeaé8nsax nee&t&talhin har bour
any of Vvarious cis acting nutations inhibiting endogenous nurine |g gene

r ear r angesent\WPMITIaFangARy e Nec seamentsBRceding éariplbie clomamsein eqrabieatios of g gene
w i T B I o el R I8 B o B i et o and
t held gprotefisoridiei expresgiongot Rlenes wedibragae of Jelfivviral exxeasion 3ecter fafer nor e,
e e HOLERy it GohanG K Eins AR B oY rR S R ge or
| ynphocsalielar siasineiydor VEhd decambirationaaidoean therefare brased imsdnjmaation genes
gﬁ?ﬁL;ﬁg’é’{ O;ngiB’hﬁfgp'g%)&ééat&aQ&ian c¥l Rnliydre ¢anRhdnl Mutdabart tsoigh at-. s-a..
endogenous immunoglobulin gene expression, as already outlined hereinabove.
20
Retroviral expression vectors for conferring expression of heterologous antibodies or
binding proteins to murine preB cells are first transfected into retroviral packaging cell
lines, of which a wide variety is commercially available having the capacity to produce
recombinant retroviruses with either ecotropic, amphotropic, or pantropic spectrum of
25  infectability. Such packaging cell lines are stably transfected with expression constructs
for the retroviral gag, poi and env genes. Transfection of retroviral packaging cells with
recombinant retroviral plasmid vectors encoding heterologous antibody or binding
proteins will then result in the formation of recombinant retroviruses able to infect preB
cells and to stably transduce the heterologous genetic information into preB cell lines
30 and clones (Fig. 8). The retroviral expression vectors used in these methods are
constructed from a commercially available empty retroviral transfer vector containing

the minimally requiréd retroviral elements, including 5-LTR a Psi packaging signal and
a 3-LTR (Fig. 11a).

-35-



39 22 June 2006 Furthernore, trans-acting nmutations |eading £ 045 June 2006
I mmunodefi ci ent hosts conprise mnutations in the ubiquitously expresg%d
repair genes also required for V(D)J reconbination |Iike, Ku70, Ku86, the
catal ytic subunit of the DNA-dependent protein kinase (DNA-PKcs), XRC4,
DNA ligase IV and Artem s. Vertebrate hosts with any of the aforenmentioned
mut ati ons | acking either B | ynphocyte popul ations alone, of both Band T

| ynphocyt eso (mw;stghen be transplanted with the geneti cadtigrornseosf i ed preB

nd.in nt m

cells, se of B and T cell defici

co-trang?)q E\Wé b Vﬁ“ﬁf%@&@@ﬁﬁ?«?&golﬂ? é”tﬁb°ﬂ&Pb@f‘g'ee|Pf°tﬁ'8§efpr§@§'en§nayme T

hel per estdin mptdfathedaﬁowim tl@béluméﬁtsaopé’rablg?um&ee?G}O@ WEYTR6 iengurdai ve T

hel per cell, ntlb%) (ﬁg&)rlme fector %’ cell&ﬁ) Lbratlons or nmenory T cells,
or any PHMSSIPIA HRtErPegausan qsa?fsdpt?'%l PG PioBRINSI Bringaop eells selectsdpul at i ons
may occiigmsi mul t aneaously, before or after the actual tinmepoint of the
transplantation of genetically nodified preB cells. 5 Murine or vertebrate

host & wi#s@restealemantsy WH@@W@StB@WIF&@m@tﬁ& ke 8.9 &AMV (Q)’éﬂmdéﬁlc} y or fully

opt 1 onal | cortVor el GERRERIET R B3l Bl TehdpRRe iR AP b used

for the i prammoteraf boB linetde specifidgsomeidrsaike ean thé GDA9esmoter,tdrilgger an
ntigen and to stinulate such | ynphocytes

| mmune res 10 t
expr essi ng%ﬁ(ﬁiﬁ %SP‘ eg)lr%n&ﬁr& erol ogous receptor specificty, which lead to
the prof) f earebies €Vexpgiosi exonoffrdh calyl antigenneseptoheeat flooud, yingmeigat i on of

t he_ pi ndi ng_donai ncoded heterol ogous antibodies or binding
prOIIQI ns, @”?%8@%’%’1‘?2‘%@9?@3?@m iation into plasma cells secreting the

het er ol @pogshantti lewhherts allowihqdiighy lgvebland IS .lindageAspatifid ekgreagipargent from the
foregoing, a further aspect of the present invention is to ovi de a net hod
for the prBetGEARIPHS @f‘t'wsb(?rrh‘.ﬂdﬂ@ WPE?EQ&SI» Hkeo-of Eh'dtqrdﬁfa!ntfpﬂzﬁ@géfﬂﬁe(s) t her eof
with the aQFeHeTnVs to selectively bind to an antigen or |igand, including any

het er ol ogous anti body, any antigen receptor conposed of variable domins and
20 cons(tdhnporrsé@tdasloccaxpns sineigding exons erwdmgdhs sgawtecband amembraned

d§‘°9' DY b fiStorm ta n%&du%é éHdadmdnlSPd it (Pig? %gﬁ affySpl aying either

type i'nmune e ctor function or artificial effector
funct i das Aot oﬁ@eua/abmgntbglomh@eem en@r@ﬁﬁsocdébe heavyeandll lighb alsain geo@ogl obul i ns

or anti genlocefemﬂ'?eria, ‘We 3R {.J:'J?Ctn'doﬁh efnﬁg‘rgcg?sr}t gvﬁ?ch are required for
somatic hypermutation of the variable region coding exons of the heterologous
antibodies or binding proteins (Fig. 7a,b).
20
Furthermore, expression cassettes for appropriate (drug) selection markers, like e.g.
puromycin, hygromycin B, neomycin (G418), histidinol, mycophenolic acid, zeocin, or
for suitable reporter genes, like EGFP (enhanced green fluorescent protein) and its
mutants YFP (yellow fluorescent protein), CFP (Cyan fluorescent protein), and BFP
25  (blue fluorescent protein), or RFP (red fluorescent protein), may be part of the retroviral
vectors allowing selection, or isolation of stably transduced cells, respectively (Fig 7b).
The arrangement and the presence of all these coding regions and control elements
needs to be carefully designed in order to allow differential expression of membrane or
secreted forms of heterologous Ig glycoproteins, as well as antigen driven affinity
30 maturation of the heterologous antibodies and binding proteins in germinal centers in
vivo. If desired, constant region domain exons can be exchanged between isotypes, or
designed mutations can be introduced affecting the effector functions of the expressed
heterologous antibodies (Fig. 7a,b). These non-limiting examples are mentioned in oder
to illustrate that this system allows the rapid modification of simply any region of the
35 retrovirally encoded heterologous antibodies or binding proteins.
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thereof, in a manner known per se, involving the steps of: 25 (a%
genetically nodi fying vertebrate precursor |ynphocytes, which % ﬂ“”&@@os
derived fromprimary |ynphoid organs, and (ii) have the potential to

T i B Sl e P i A
a1 o e SRS 0 theObxpr@ssRITBl IfE, Hiver specmenftas: | & apYexisting
oy st st ot o e 7
genetic "'g{BFﬁﬁﬂn éh%bggﬂﬁf)'aﬂtqﬁ@&s‘?fd%ﬁgky H)?Hﬁ‘i?‘ﬁ'?/dppfﬁ iq%ﬁarinﬁouwmg%msts and
oo bG8 e BRSO 490 enp oy

cel I's ebthigrived fvomrapliorary of divesse MiB).EsargmyenséntsgThesa &t fegadn Yibranibisf ¢
and differentiated vertebrate | ynphocytes capabl e of producing said binding
pr ot ei nber isalatedi diean hetagpieaeus horeferablyr humanethalymphogytes i MiCRaiusing
eneti cgl | ] nd. di fferentiat r I hocyt e b f
gene | AR BBAL e B et 3OS S Bt VR TR o
The. pr odens Segninty (£ 39, PhS B mytoc Ao tR, e ARG rkiliaeaghat offEE"
cont®xt havé orshavechet bedntimahuniagd oprintesd absue maElvbodpertoire), vomfrongatients

generatiop .of the genetically nodified and differentiated vertebrate

| ynphoc§¥iaring fram | aienpyne fisease (3ulimmune repgrieiielg 0 rafdiden g completely
di fferepgl ; (o) . : : o d
15 (o) prEeaS PR FeqibBofalht Boh L CorRREN USinolfil th Vird sEEERblY 6F
said aV deraain sypexifid gehefraprments thatrdiéplay rasderh fuchestiie $ejuervaseinf regidns
order to achieve |arge scal e production of .the desired i nmunogl obulin or

i munogfeBesPeNding & Fest@nplesnentaritt dIBENINIRGERAIORS (Figr 8bf , the genetic

i nfarmati on 20 whi ch codes for the pol ypeptides of interest can be isol ated
fromthese cells and transferred into different expression systens, where

t he gengbhfbihafierisTef iedroviran cbestruts tiaai sieditaneplsly icrdegnehtialybedtra®sdidae
production of the desired protein or part thereof. 40 a 22 June 2006
into preB cells allowing the expression and sectretion of complete heterologous
immunoglobulins and dimeric binding proteins upon differentiation of the preB cells in
vitro or in vivo (Fig. 8).
20
Vertebrate preB .cells -that have been genetically modified by any of the above
mentioned methods, such that they have gained the potential to express heterologous
antibodies or binding proteins, need to be differentiated into mature B iineage cells and
eventually piasma cells, such that the heterologous antibodies or binding proteins can
25 be expressed and eventually secreted. This can either be achieved by differentiation in
tissue culture in vitro, or upon transplantation of the genetically modified preB cells into
appropriate vertebrate hosts in vivo, under the proviso that the in vivo production in

humans is excluded.

30 Accordingly, it is preferred to effect the differentiation of vertebrate precursor B
lymphocytes in vitro by: ‘
(a) arresting proliferation of said vertebrate precursor !ymphocytes and inducing
differentiation into mature lymphocyte lineage cells by cultivating the same in the

absence of any precursor tymphocyte growth factor; and
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»--n-pore detail, the open reading franmes representing the coding_regions for
"the heterologous antibodies or binding proteins can be isolate@zﬁve§9%%dard
nol ecul ar bi ol ogy met hods, including PCR anplification with specific priner
pairs, and transferred into the context of different expression systens,
al | owi ngb} hindeieing termuigalpyawhecyiendiderentiaiionny éudhergeutivaling seigl eelioin the
bi ndi ng proteins. The expressi . onprise. .l Vifro.
transcriptiBﬁﬁfpgﬁégéﬁﬁ%ﬁégvsfiﬁggﬂ%&@hﬁ&?@ﬁﬁgﬁg§%§8%@?8%1QQg}ens, li ke e.g.
E. coli, or eukaryotic expression systens, |ike expression in yeast cells,
insect cells using baculovirus infection, or mammalian cells. 10 The
above-nentioned binding protein or functional fragnent(s) thereof can either
di spl ay one uni que specificity and can therefore be nonoclonal, or can be
encoded by nore than one unique specificity and can therefore be
pol ycl onal . According to a preferred enbodi nent, said binding protein or
functional fragnent(s) 15 thereof conpletely or partially shares structural
and/or functional features of a human anti body, antigen receptor, or binding
protein, as can be assenbled on the basis of the human genetic repertoire
or parts thereof. Furthernore, it is preferred that the binding protein or
~ functional fragnent(s) thereof to 20 be produced is selected fromthe group
.consi sting of: (a) antibodies being either nenbrane bound or secreted, and
consi sting of both heterol ogous heavy and |ight chain polypeptides in the
stochiometric conposition found in natural antibodies and consisting of any
of the known heavy (p, 'S, y, a, e) and/or light (K and A) chain isotypes;
25 (b) antibodies with conbinations of heavy and |ight chain pol ypeptides .
being conpletely human with respect to the primary am no aci d sequence; (c)
hybrid anti bodi es contai ni ng heterol ogous heavy or |ight chain polypeptides
from different vertebrate species; (d) secreted Fab, scFv and F(ab')2
anti body fragnments being either conpletely or 30 partially heterol ogous;
(e) fragnents of antibodies covalently coupled via |inker peptides,
resulting in bispecific or multispecific antibody fragnents; 41 22 June
2006 (f) T cell receptors of the a, p, y, and 3 isotype, antigen receptors,
and other binding proteins with structural resenblance to proteins of the
i mmunogl obulin superfamly; and functional fragnents thereof. According to
anot her aspect, the present inventon provides genetically nodified
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‘vertebrate precursor |ynphocytes, which (a) are derived from pri_nar ,
|'ynphoi d organs ahd have the potential to differentiate into n&@dF%ﬁmgs

| ynphoi d |ineage cells, 10 (b) carry at |east one exogenous genetic el enent
encodi ng at

encec 0, 5 Ll 54 ABLPRERPS AL Ll AR
' ncl udi ng any hej QRM§5,3§Hfér%‘U§}’n-6 AR 8! Rﬂé’ﬂi@uﬁﬁl1!393r@;[[f-§g‘r§ﬁ89FN-y;

. ﬁflt%lrlg
conposed of varidbl'e donmai nN's and constant ~regi ohs conprisin
recept ors angi) mefabions eadtivating | sovstimglatbryl reteptensy ofl B uslier dopgsrisin@rdgdnistical
bi ndi ng protein displaying either wild-type imune effector. functions or
modi fied or artigntBogIesedr achives recorepinant ligendaspecifsiferGPédh Bérin(¢R80), B7-

Funetd onal 17 adnnPE). ERBPIOREhL Reetinhls, 95 RRBLAGRATL &R, (GDHAker

bei ng operably i ai hene nt
ing op y qqmgg((g%@, %g%tt% %0, EP3SXTSIPUEIEY L HF0! fliga

According to sti present 1 nventon provides mtur

| ynphoi d | i neaq€D78d)s IgphiCD74R) TAPAY (6D813aasoiCDOs)ITNFUIre @G (p55,
el ement encodi n% at | east one 25 heterol o%ous bi ndi naDﬁr otein or functional

fragnent ther eofCRAZ0R) HNFaFRGERra(p75.sePd@PbyeDy-46} (dDr134hnanthdyrgehotexin-b -

| i gand, i ncl udi .het erol ogous antibody, any heterol ogous antigen
receptor. conposggcﬁm(lgﬁeqogbl e dommi ns and constant regions, conprising T -

cel l1grecept ofiiy B¢elforhogesicasistsi MusipWddpdndest AigenBedEiype0aotid other
artificial binding protern displaying either wild-type i mune effector 30
functions or nogiofycianalr aetivatensei iaciuging dipoplysaachaies (“h&S)ddinopanteins rfiam
gernm ine encoded_heterol ogous, i mm | obul i ns, 0 tigen receptors, any
furictional fra§h&nt ?ggatﬂ\‘r‘?gg@gfe,”aar%oq 10 % P?/'y'af{'d?:ga% emdigﬁé) ”O(FW er
bei ng operably 'ainﬂkéi‘ﬁi-hﬂnﬁﬁbgloﬁhlih‘?é‘ééerﬂé‘? exogenous genetic elenent. 42 22
June 2006 According to a furTher aspect, the present inventon provides .
imortalized celand comebinationd thereokt ure | ynphoi d |i neage cells, "which (a)

carry at | east one exogenous genetic el enent encoding at |east one
het &rol ogous binding protein or functional fragnent thereof with the ability

to S5 seyRelihghy dpfdrentiatich imtissgencifure | @M de éaﬁév%; ’t@ﬁ{‘ﬁgﬁ"giﬁ) %@%&%ézn q

anti body, any heterol ogous antigen receptor conposed
const antincluggigofes the ngmosainef preBete!l grovdip fastersatilie reegbildner Hd)fobm the tissue
| mmunog| guthlleré %?édiﬁ‘ﬂ{ which will arrest proliferation of preB cells and at the same time will
induce differentiation into cells of a mature B cell phenotype, and including (b) .
20  stimulation of the differentiated B cells by said T cell related and/or mitogenic, T cell
independent stimuli, such- that terminal plasma cell differentiation will be induced. The
initial differentiation of preB cells into cells with a B cell phenotype by removi'ng preB cell
| growth factors is accompanied by the induction of apoptosis. It is thus a preferred
embodiment to use preB cells overexpressihg anti-apoptotic genes, like e.g. bcl-2 or
.25 bel-x.. These anti-apoptotic genes can be introduced into preB cells either by using
preB cells that have been isolated from bcl-2, or bcl-x_ transgenic animals, or by
transfecting or transducing preB cells with overexpression vectors for ariy of the anti-

époptotic genes.

30 As an alternative to the in vitro differentiation of genetically modified precursor
lymphocytes, these cells can also be differentiated in vivo upon transplantation into a
suijtable vertebrate non-human host, resulting in migration of these cells to secondary
lymphoid organs and differentiation into more mature lymphoid lineage cells. Preferably,
said lymphdcytes aré co-transplanted into‘said host with naive or antigen primed‘ T

_ '35 helper
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- defined hereinabove. _According to a further as

*heterol ogous artificial binding protein displaying either wld- tgpe | rune
effector functions or nodified or artificial effector functiongZdgte 2006
derivable fromgerm ine 10 encoded heterol ogous i nmunogl obulins or antigen
receptors, and any functional fragment(s) thereof, (b) carry at |east one
sel ection marker being operably linked to said at | east one exogenous
genetic element, and (c) produce said at | east one heterol ogous binding :
protein lpmphony:hesowaleremagermﬂn cxstrahmlantred Iamotbemundeestoodmoetarbe limited ded

t t t | f al ti t te t
;eregcﬁ?sﬁg iRhteneets Hapspiadion, 5h akalil ine satin Hen Aococind BorreBer <
ther eof dgfaﬁ%aoelrgemstmwfﬁereﬁﬁtyc;m BivoliE384008 b30FHRBERNR HAOR | ©

I n bl ndi ng

el enent enco g encoding a heterol ogous antl Icla

pr ot §i n,hosh witht aigleast ece pkesired amn(mm)og’enmtcnmpabnd rom@asamdaﬂort Hareooftraséso
the present invention

provi degh %H’ﬁ?mgﬁﬁ%@e%he@% HT%Q{HB%'?B@&OQME&EPGH@&”)(:Hﬁﬁﬂ@|'¢ﬁ!; hgmansast

t d t I
Fr agmeniCons JEMAGRIERE eIt RLPSEID mite MR 01 BT doe pei dIR07
di spl ayithg g@nbk@tron/\oﬂ Kigh \effnitynamtitodidd @ricaisé wiché dack opcornpétm‘:leeﬁhméﬁ T
artificial effector funct i ons not derivable fromgermine encoded

het er oI sglsisnon anyfiexgbisityuinithe type and ipgeperties ofthe entibodies prpduceaskby these

appr, aég%l fully human or humani zed anti bodi es or functional fragnent(s)
therl of %e used in the di agnosi s, prevention and therapy of human

di sease by virtue of their ability to bind with their variable region
dormains to specific antigens, and, furthernore, by their ability to nediate
i Mmune dfurhermore,uifcisi ved thakiseidi gertebizte st i2086cwvpatiblet hosigbeing

d i bl e h | bodi es, _ which
L A R A
therapy ( Q%tuhélr@lférgtél%a%‘? addmisinkabh akrbsf ow. For diagnostic purposes, human

nmonocl on ant1 bodi es can be used for the identification and visualization
of dértain S pathologic conditions by the introduction of |abeled antibodies

ant | genfis STeai: SrdaND Bege Dl UirLiFspRctt e 5 BSiam PbaPRBERYS FoL&E She
detect efor HBRELRAE! HRZutddr! RfgHRYRI 11PNs PleféiBR 3P tAENGedOiBte host is
selected from jawed vertebrates comprising cartilaginous fish, bony fish, amphibians,

reptilia, birds, and mammals including pigs, sheep, cattie, horses and rodents 4
20 including mice, rats, rabbits and guinea pigs, with mice being the preferred host

species.

The appropriate hosts serving as recipients for the transplantation of genetically |
modified. vertebrate precursor lymphocytes may be wild-type with respect to
25 lymphocyte development, or they may preferably harbour any of various cis acting
mutations inhibiting endogenous murine g gene rearrangements. These may include
mutations in enhancer elements of Ig gene loci, like the aforementioned EuH and xiE
enhancer elements, deletions within Ig gene coding regions, like the Dy, the Jy or Ji
gene segments and the IgC regions including their membrane spanning. exons.
30  Furthermore, suitable hosts can be used carrying trans acting mutations selectively
“impeding B (and T) lymphocyte development, e.g. mutations in lineage or lymphocyte
specific transcription factors or the RAG-1 and RAG-2 genes required for the

initiation of V(D)J recombination (Mombaerts et al., s.a.; Shinkai et al., s.a.).
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“~WO 03/068819 PCT/ EPQA /15303 disease include,antibodies with t2§ abi%*ﬁy to
~block interactions or certain cell surface receptor-ligand sy e
_pat hol ogi ¢ conditions (antagonistic antibodies), or conversely, to m mck
the effect of ligand binding to cell surface receptors (agonistic

“ant i bodiFesthermors s grané-acting paiutaticrg deadingntoe infmanddeficient Rostshesomprse -
human 5 nonocl onal anti bodi es can be used for blocking the functions of

toxi ¢ stbdationed) the ubiquileashogepressed PNAuiEPRY 9@5’@%@'% reguirediemaM(@N and

because Ty RatiPATEC RLTD- syR Tk ARUE R EREE A dehh Bt Biasein e

renoval kmés%P(‘EINRJP%c,%()' XROGH, IONIBNRgASRNAY @nH IAMER IS Wé 88brakh!TBEts WRRAOSHPNA
anti bodi es can al so bé used for targeting i mmune functions to cancerous 10

cel |5 bypf ¥he taﬁwemempeedfmutamm Iagkmg aithesrBdyrmphpcyter populetieng glorsset on
t he surfage nant ‘cel | s of .au ng conditigns, h

onoc oR BnengonieaPRsySs. aih i, B3 Eefthiantsd WEH: thet Bonracaly modtied
count er ?FéB el end # tm% egdsé ot'd S Toéemaéﬁt@ﬁvﬂﬁcef AtdyObE doaﬂ%ﬁgﬂfahpébd' es,.
allergic anti odles Human monocl onal "anti bodies are s usefu or the

~di agnoswith }fnlséummpamblandl' theteaapygebf popuationk. s daee, T bieelpas ecalhepopsatidrs be
|ntroduc€§ o the vascul ar system of individuals, wthout causing any
adver sePr&eF s, as antibodies are normal constituents of blood plasna and
fluid conponents of hunmans (e.g. nucus, saliva, lynph fuid etc.).

Deposition of biological material 20 Plasnlds carrying genetic el enents used
in accordance to the present invention have been deposited under the
Budapest Treaty with the Deutsche Samm ung von M kroorgani snen and

Zel I'kul turen (DSMZ) in Braunschmelg, Ger many, on Decenber 17, 2001, under
the follow ng Accession Nos.: 25 Plasm d Accession No. pBS-DT4 DSM 14703
pPCK- hygro DSM 14704 pGLZneo(n)+ DSM 14705 pBS-DT4-tox176 DSM 14706 30 -43
22 June 2006 The follow ng experinental procedures describe detailed nethods.
for the generation of human nonocl onal anti bodies using nmurine preB cells
that are genetically nodified in order to confer the potential for human
anti body production. Selected exanples of nethods are descibed as foll ows
al l owi ng the genetic nodifications of nurine preB 5 cells, such that
endogenous anti bodi es can no | onger be expressed, but that human
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“samti-bodi-es~cambe produced from stably delivered heterol ogous retroviral
‘expression constructs.* Furthernore, experinental details are %ﬁ'%’é‘éﬁ?(@d
relating to the transplantation of these genetically nodified nmurine preB
cells into appropriate nmurine hosts, as well as nethods relating to the

| muni zaddrRPrigd nbRST Hen@érstpénarahgsoay Seimedeffd ok Slolbé\ﬂ beau{a&ioﬁletdrﬁﬁ%ory

secreting cells, and their establishnment as i mortal nonocl ona uman
ant i bodyT sediseor rapyhgémbihatian cteredfiCetransplantatipn ohd pelper dzdl pepblatisnsr e

o B e G 1 22 B B T e A gl ™

nodi fie qelrhl% RsedoeRdcdRt "be viewed by way of linmitation, but rather
by way %f Hgtgrr?}atlon! 1@%&2%npl es Exanple 1: Establishnent of long-term.

prol f-erating, nmurine precursor B cells with the potential to differentiate

into mature B lineage cells 20 Stromal, cell and IL7 responsive nurine '
pr ecur sdVIUBNe &1 yerelrate, igsts wheseperipheral Jympthngyte mopuwdations: haue heens

post - coi ' h 0 ] I | of
Pewbor n Al Br (5 Rtdelflicd $yChethonhion MdidhP pit S AR 950
1993) . Igptienhdkcottpansiamtbton RESE & eelll Sopuldatichs2EgnsStaehi bé Ceskd YorCtike
suffocation and the respective organs are renoved under sterile conditions.

Tot al bdmenunization 8thcany slesired cntigienedn wydertmtiggert amimnaune respenseopeni ng
of e nes_at both ends wit sterile scissors and_fl ushi t he_nmar.r ow

i b5 38R sl aans oy lirilletel o (e BeteR naxRres st ol oSSRBRTER | nge
and a Z%e@éro?d”gcﬂéuﬁ&e'bﬁﬂdé&ecifltc‘%ﬁ' WhRd l@BHet%nth%,rplarfeo%E%gti\r/réé 'e‘ﬁ%n@ieﬁooPBGEéﬂ ed

under sterile conditions i's placed onto a steri sh' steel grid 1n a

petri dickines, tthe BfidityrmatératiBs. ofTthe bindings damainsuof the enppded hedarblogous y -
hed 30 th T h tal. grid with the. f,.a b | asti

oo o Srifebis 88k BalBlnS gl Bl HBASerPhude el e, Sa i,

40) and st idd Rl lnds or Bhbirgabrotgihepar ati ons are carried out

~)  al ?ﬁ%@ . ;
with ice-cold™solutions,” an | suspensions are kept on ice until _
trabhSfer into tissue culture. 22 June 2006 WO 0 310 6 8 81 9 PCT/ EPO1/ 15303

Est abli sh t of individual eB cell cl ' f d by limti

i 1 uti oS Wildee AePRrent faiathe faieaaing arudBar aseriafdhe Preet BUeguen il at ed
ST-2 t . ; > i 2 B~ , J.
Col 1. pRyadF'a Flethot Wit tng poafglig3f ahy binaidd Hbicih o Bl siRATRREntl: -

st romal therebf meth dhe (ahElity btel eelectiVely bindi to ag Bntigerutdroliggidat inchudingtaaly

_ | | ati be used or, alternatively, 8220 CDL9 |
cur T ace NI BEBOYES PRRGREVR #Ton Aot clekeBsy FURBRSEY 41 HoneaecHPTRNS Aot | ¢

ggg%k? ?f%bp%fra‘ﬁg r&§ibhs EBRipriRthg(TRER rée fYbYsSAnd! HetEbraPE s fRimAThbE RBLESS,
' any artificial. binding protein displaying either wiid-type immune effector functions or
modified or artificial effector functions not derivable from germline encoded
heterologous immunoglobulins or antigen receptors, and any functional fragment(s)
thereof, in a manner known per se, involving the steps of:
- 25 (a) genetically modifying vertebrate precursor lymphocytes, which
(i) are derived from primary lymphoid organs, and
(ii) have the potential to differentiate into mature lymphoid lineage cells,
by introducing at least one exogenous genetic element encoding at least one
binding protein or functional fragment thereof, or, alternatively,
30 using genetically modified vertebrate precursor lymphocytes, which
0 are derived from primary lymphoid organs,
(i)  have the potential to differentiate Into. mature lymphoid lineage cells, and
(i)  carry at least one exogenous genetic element encoding at least one

binding protein or functional fragment thereof;
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t-hese markers. 10 The long-termculture of nurine preB cells is perfornmed in
a special serumfree nedium containing 100 units of reconbina June 2006
interleukin-7 (IL-7) (see below). Individual preB cell colonies devel op on
strommal cell feeders under limting dilution conditions wthin 6-7 days of

Sngl e pROHEnG o Preletilation, 6 s PR Rail PR B arc5 or, BBRROSRES dato ang
15 then sequenirealnipiRinaniashe mefs 26e1Er Andifyest ol vivo Weidoyi BEHErdg! Ur e

flasks, always pre- coat ed wth 3000rad y-irradiated stro
the initi algenglimasly omodifieceBane| Hiffesentiateds vedetirate tympbocytbet wapable 106
and 2x106 pregycel S cul ture which.re

/. d b
of "t he col ORYERg Sa Plodiil Beothl ot Sndpial Mad'Semtinereeh & AtrEnetaltr o
medi ugm (| SRy 33l ?‘@r‘\é’(f&%’ll 1méd|ﬁé;d<and'Yﬁﬁ'erenMFed v%r%rg?éiynjr@r? éﬁ‘%ﬁB for

t he establlsh nt of | ong- erm proliferating, str ent
muri ne pr e®fqrbdsciagcabadingnpiotein brifinetiona fragmamrtrihereibﬂ; g DI\/EM powder

S SRR aob b Sodol abtai M oo bl
L- - L- 960
5P 20 NGERD 18 robe A 48 TAR Bioschof hARE 1080 hep, L pr ol ne

containing -45 22 June -2006 WD 03/068819 -Vitamn B12 5.0 ng PCT/EPOL/ 15303
- D-biotin 5.0 d| ssolved in 20m. + 10 | 1 MHCl all conponents dissol ved
i n" 24b nin this eap lhmreéer@dﬁhaém@fdeesqmﬁ ragthedsdAvelyingathe agneration

(Lsgzﬂlgl @@ﬁnﬁgﬁsﬁéﬁﬁ&# e&??%dﬁ(a f@rﬂ@%dﬁ%ﬁﬁ?r% e ehrorcg'tér51 c?j?os%‘(%%upyon
conposedthefsteps of:
(a) isolating from said differentiated lymphocytes the at least one exogenous
genetic element, and
13 (b) placing said genetic element(s) in a context enabling production of said

at least one binding protein or functional fragment(s) thereof.

In order to achieve large scale production of the desired immunoglobulin or
immunoglobulin-like protein or functional fragment thereof, the genetic information
20 which codes for the polypeptides of interest can be isolated from these cells and
transferred into different expression systems, where the genetic information can be
maintained, ampliﬁéd and/or used for the production of the desired protein or part

thereof.
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10 - 10 M of solution a.) and 80 pl-solution-b.) a.) Ig human transferrin . ...

di ssolved in 10 M DMVEM (1.3g/100m H20) + 1001 1 M HEPES, pH 72223/un$2006
440ny Fed 3x6 H20O + 185 ml H20O + 200 | 1M HC 15 5 m soybean-1ipid stock
sol ution 200 ng soybean lipids mxed with 45 i DVEM (1.3g/100mM H20) + 5
m 10% B$A. mevai delailpihgxopen meading fname&varepresenzognthe(aowmg:nag(omsomorg/trm)
20 - 2- mer capt Oﬁ)Q 05U r conbi

i nterl eu%'eﬁerplczqq_ug @Sﬁp%rnéﬁéjn%r@oé‘?'g%oq% € P?OABW?BnQY #BP%‘W@ 6?01929‘5@&1 |
Lot ple: disidiphy Getnbb! Melioid BER adifiatish Hit réde‘?:g%‘ﬁnr'ﬁ%%a% 8fd st e

8
25 ST-2 or eeder cel S need rown In a specla

serum cdmtoathei mteﬁdoﬁjdﬁf&seritcéx;nessn(m csystdnas | @lfowing tlhelcdrmln).lous b?oauqlon of
| VDM powder (W|thout bi car bonat e% 30 - 3 g NaHCO3 10 ml 100x non-essenti al
ani no3 acitl hetgratagouriantibodiesner @dmv@r&t@nm 1 RS PXPIESHIAN PYIENSCRBRLISe i

June 2008 ERaaRORAAEES SR YiaBRs, cloBanBie Bbrdti BVARRIT TR . £ To

excl ude -pr odiikarpoticl @xKEdssich rﬁys(esﬁyrnwe eXpesdsiomtinryeddtoodls, iNeadtdeslls usking

20 mfetal calf serum5 Al conponents are dissolved in a final. volune of

1000ni t bepHigviMsinferkern, anmampialiangals. filtered sterile and kept at 40C
until use. Exanple 2: Stepwi se differentiation of nmurine precursor B cells
into antibody secreting plasma cells in vitro 10 Long-termproliferating,

stroppl qakl aBBde/rhentidsRRNMYingUpidteinPbeBuselidralr Rbghent®@i thereof can either
display one unique specificity and can therefore be monoclonal, or can be encoded by
more than one unique specificity and can therefore be polyclonal.

According to a preferred embodiment, said binding protein or functional fragment(s)
15 thereof completely or partially shares structural and/or functional features of a human
antibody, antigen receptor, or binding protein, as can be assembied on the basis of the

_human genetic repertoire or parts thereof.

Furthermore, it is preferred that the binding protein or functional fragment(s) thereof to
20 be produced is selected from the group consisting of:

(a) antibodies being either membrane bound or secreted, and consisting of both
heterologous'heavy and light chain polypeptides in the stochiometric composition
found in natural antibodies and consisting of any of the known heavy (4, 8, v, q, €)
and/or light (x and A) chain isotypes;

25 (b) antibodies with combinations of heavy and light chain polypeptides being
completely human with respect to the primary amino acid sequence;
“(c) hybrid antibodies containing heterologous heavy or light chain polypeptides from
different vertebrate species;
(d) secreted Fab, scFv and F(ab')2 antibody fragments being either completely or
30 partially heterologous;
(e) fragments of antibodies covalently coupled via linker peptides, resuiting in

bispecific or multispecific antibody fragments;
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"potentl al to dififerentiate into nore mature~B |ineage cells (R'?Jr?:ﬁk % al .,
EMBOJ., 10, 327-336, 1991), which can be achieved in vitro. THi¢ne<008
differentiation can be performed in two steps by first inducing
differentiation to cells with an inmature B cell phenotype and, second, by
i nduci ng(fiTF €&l mveptars @f the a; @, bys and thisatyplecaatigee reteptots, oty otwsrrisinding 15
plasma cells. The first differentiation stage is reached by renmoving IL7
fromthe pPedes |withn stiwsturabnfgseqdtapeeséncerdteing r ohmthec eimmunpgiobulins
preB cells ﬁ g har'vested fromproliferating cultures, washed three timnes
with serumStP '3 ¥B cell culture medium | acki ng IL7 and 20 plated at a

density sqg ﬂtmaqéﬁg fpﬁz,-}@ﬁgithgfgcg fresh, 3000rad y-irradiated stromal cells

in the absence of Wthin a peri od of three days the preB cell cease to
prol bferate and differentiate into cells with a phenotype of inmmature B

cells eno i c,change clude e, q. the oss e9
expr o551 ATPARAS, 1 A5RLHE F’g@ifztst RoPlep TaugriGa oS ER s, Seelical TedRsd ©

wi | d- ty g s further acconpani ed 25 by sequenti al
"VH to rgggglgsaﬁrgg%ﬂrs& gH chal n gene loci followed by VL to JL

rearr ang(ameratrs derivédhérang pnnhaary rllyrgpheldl argens @nddiaveather petential to differentiate
expr essi on of surface bouncli gM an |bod on the differentiated-B |ineage -
cel I's (Rol i Mkodpatyre [yrepkpid lie: 9@@9 I357- 336 1991). However, it has to be

not t or, er r r g n

pr e dauitBl ¢ SAY: AniEaste Saby AReBHiPhs bepPy SRMm 30RaRBH"E! Cadt Phe
vitro (& aV\AhEth?blo@bu@ bindingt prdtéinmoofrunct’bnamb@ﬁé}%thelé@ﬁmﬂm aemg,n
differentiation stage can be achieved by stimulating the IL7 deprived cells

with either sglectyeli lﬂdcthamuarttmo anlig&dyinghudings any aeh%ol@apugnawttqﬁiy,

ool i1 orai i 1) RerSieagd'anidetressbhriordbadpf BaienkaTah dho sohBHE”

reconbi nat @églbﬁs vs@mpnsmgl D cafNEceBFY B8E MembRING tStmmﬂrnH‘f*@n@EIdHﬂlTr\@ an
conbi nati on enployed) and eventual | éﬁ' fferentiation to anti secreting

pl adhra cel | betaralogave asfificial Rjndiagtproten displaying eﬁheamldﬁypeennwme effeetoned
three tines in.,preB cell.tissue | lated .0 resh

subconf | uen{ %gﬁf‘aq{ modfggﬁraag@%atl tég%ﬁ °qefﬂhf9’érg'?%3”PLS%"%@@S%H%QSF“H%O/ m
I L4 and 5pgkRtoded he@?&@gﬁ@@%hﬂn@glc@wﬁhb@)ﬁnﬁxgén4*e@e§t@)’§ -and-8A@%unctional :
proliferating plasma cell stage cells can be identified and separated by

fl uorescent fragme\nﬁ(tsééherepf a@@rtl ng (FAGS), based on their .large size which

i 1 er kPl EPER BrEr) ghE EE R BT 6o 6 s pl R isa e St e &1
subsg ant i al egdEaHBLS né:tﬁ;lé]én@#@ to growth factor w thdrawal induced
apotosis. This problemcan be circunvented by overexpressi on of

anti-apoptotic genes, like bcl-2 or
According to still another aspect, the present inventon provides mature lymphoid
~ lineage cells, which

(a) carfy at least one exogenous genetic element encoding at least one
23 heterologous binding protein or functional fragment thereof with the ability to
selectively bind to an antigen or ligand, including any heterologous antibody,
any heterologous antigen receptor composed of variable domains and constant
" regions, comprising T cell receptors and membrane bound immunoglobulins, any
heterologous artificial binding protein displaying either wild-type immune effector
-+ 30 functions or modified or artificial effector functions not derivable from germline
encoded heterologous immunoglobulins or antigen receptors, and any functional

fragment(s) thereof, and '
(b) carry at least one selection marker being operably linked to said at least one

exogenous genetic element.

42



“bet~XL in these cells (Rolink et al., J. Exp. Med., 178, 1263-1270, 1993).
This can be achieved by isolating preB cell's’from mice contai nfhng2gds

| i neage specifically 15 expressed bcl-2 transgene (Strasser et al., Curr.

Top. Mcrobiol. Immnol., 166, 175- 181, 1990), or by transducing a bcl-2

encodi NgAEESRIMG NNk fiethedVasméctV efé OfrebBA0 invEntoh op@vidisMirBfRIridligeat ol -
stromal cell and IL7 dependent nurine preB cells (see below). 20 Exanple 3:
d oni ng derived foromatiae lgmpheis lingagsoeslts which or nurine Bcl2 over expressi on
A prereqéi()site for tion of &enes into lLong-term

:Tge tstabl e _transduc
prolifer _inﬁa,"%t?t) st cen¢ Qﬁag?’l%%e%@ﬁf@nt bl eeBP@@“Qelqt_s'?%Stt [pge
constructi Onhé’tferﬁogsgﬂﬂ’i’r'\&l Uprofdif A fﬁbtioﬁé@ﬁﬁ?ﬁfen‘(qriéfzérgf%m & @'Mlit?[‘tgrs

expressi on cassett a gene of Interest. Retrovira transfer ve
consist of reglectiwelalbiftd terah antigemort lgyandyahciudperpany hERrodeguen@asibody,

f I anki | ral kagi ' |, Psi , | tipl | oni '

(VCS) | nt o v ReshaaPGF G60ae S85RaRE Sampss kot varAtie domalts SRSk easant
MCS) it o v 0P Gi5e! P ! _

ector i n Eceeiors STaBlSnaa” Bl Feeotdls FRERie? RCTRIR SRR, %y

commer ci al | yheterslbgdbeanifierribihdibg Bréteinodispliying Sthdrivitt-tybk idmuhs effedtsr t o
construct a retroviral expression vector containing the anti-apoptotic gene
becl -2, a st riapetigns of neetilipd & Arbificiat effe@onfungiionscnotodenivgble fiona rgermline

o SH g B GEL TR b oAIEA B AnPed LelscABl S5 RcRbndle! -2

al | owi ng si rrddraBRPEISthexgdfessi on of two -48 22 June 2006 WO 03/ 068819
PCTI EPO1/ 1530 construct, which can be selected with the antibiotic drug
hygr omyclibn Bakhy Bt ladshoneaselectiony raiket beig opetally tinsedxprsaidiainieaskone
anti-apoptotic gene bcl é Iqhe gen%ration of the retroviral vector for
coupl ed expr%%ogl JRUBLPENREC FET8N5L R hygromyci nB  cDNAs proceeds in two

stages, (¢ r YroliliGe aeREIRI¥adtf ond PebérRIBR0RE - BREING” bEtSInSoNYEHBBYS] MEgment VoS

expressi on cassette and, second, the clToning of thls cassette into fhe

of tlhe retrdheremf. transfer vector pUB (Fig. 11 a+b). (a) Construction of the
pronot er - bcl - 2- 1 RES- hygr onyci nB expressi on cassette Both the nurine bcl-2
cDNA and the open reading frame (ORF) for the hygonycinB 10 drug resistance

mar ker [ t [ ' e r e tor -
T RES (O ARAS, bl (i BRI WECloh YRty oo b e Ao et

pPGK- hygnactivaiiggl D ve@iebratey pureguesodse yvhphocyteact ton €RURSS us iengiogenoes
pair: SEQ ID NO., 5. (P001 ' - cgTCTAGAcGcat gagaaagcct gaact caccgcgacgt ctg-3',
Prd’ 15 TREmeSIReRin ORIk THETRAANEBERalG corbY oot e RUagah STt gas- 5
20  exogenous genetic element encoding encoding a heterologous antibody, an artificial
binding protein, an antigen receptor, or (a) functional fragment(s) thereof, as defined

hereinabove.

According to a further aspect, the present invention provides pharmaceutical or
25 diagnostic preparations, comprising at least one antibody, artificial binding protein,
antigen receptor, or functional fragment thereof, obtained by any of the methods
mentioned before, displaying either wild-type immune effector functions, or modiﬂéd'
“or artificial effector functions not derivable from germline encoded heterologous'
immunoglobulins or antigen receptors.
30
As will be appreciatéd, fully human or humanized antibodies or functional fragment(s)
thereof can be used in the diagnosis, prevention and therapy of human disease by
virtue of their ability to bind with their variable region domains to specific antigens,
and, furthermore, by their ability to mediate immune effector functions via their

42 o



<containing additional restriction enzynme recognition sites (|nd|cated in
uppercase |etters) for restriction endonucl eases Xbal and hbtlz‘@”QZQQndom
nucl eotides 5' of the restriction enzyne recognition sequence are al so
added, because nobst restriction 20 enzynes do not efficiently digest DNA, i f
the rec n ???e&yeq}ﬁﬁ e o aé?ﬂ'?B ed
DNA frag%e?‘lﬁgdsrﬁ - ese %‘k?ng nucﬁgbo#?%gs&%érée%r nhl{nlgg? GnQEIOFQR bb e,

| et t er s,which cadebe poodiagd acgurdingetorthstinventicon fmnmelageosgnptemtmntmd The
sequence domnséreanl or, 3' of th 1_@”ghll hte restrlctlon sites correspond

to DNA (BRER¥nEEdUENaR r@smﬁgr?éﬁt Q! 'aﬂﬂ%t'a,agur@psssegwmm. on
of PriMmhofod§iMeafitodics BhBeLOEd i %“g@gggaétf&% 863 533 ik Aflof'a o SEtEN oA

experimental” exanples pri r and

f r aggentpaphold§it’ cbAgEiBAs sy (he)intredDERdmidfolabBicduantiBogigs tnt@rthel vaschigr
restrlctlon endonucl eases Xbal and Notl at the ends of the fragnent. The
PCR fragystemi ef tlm@mddl@isblwharegmeaf quuseaxearelat&ai mﬂlgenmﬂwbﬂ!rmn(@lzynes- '

-and is then dlrectlo al | aned i al [ ubl.e est d 30 pl RES
ol s o SXPrEsTEdan Fetan atto BOF IR Bafita dtncier, AbRlFaRa D RE S e Ko )

- The ORFd@huhﬁﬁ,nurlne bcl-2a cDNA is isolated and anpllfled from nouse
spleen nRNA by reverse transcriptase coupl ed pol ynerase chain reaction
(RT-PCR) using the followi ng primers designed based on the published
NCBI - Genbank sequences ML6506 and L31532 (prinmer PO03 binding to position.
1821-53 of ML6506, and prinmer P0O04 35 binding to position 506-535 of
L31532): -49 22 June 2006 WO 03/068819 PCT/ EPOL/ 15303 SEQ ID NO. 7 (P003)

5' - att GCTAGCat ggcgcaagccgggagaacagggt at gataac-3' and SEQ I D NO. 8 (P004)

5' - cgcACGCGTcact t gt ggcccaggt at gcacccagagtg-3 5 containing restriction enzyne
recognition sites (in uppercase letters) for Nhel and Mul. A Nhel/ Notl
doubl e di gested PCR product of 699 bp size is then directionally cloned

into Nhel/Mul double digested vector plRES-hygroB in order to generate

pBcl 2-1 RES- hygroB. 10 (b) Construction of a retroviral Bcl-2 expressing
transfer vector Due to the [ack of conpatible restriction enzynme sites in ‘
the multiple cloning site of the enpty retroviral transfer vector pLIB and -

t he dual bcl-2/hygromnmyci nB expression vector pBcl2-1RES-hygroB, the entire
expression cassette for Bcl-2-1RES-hygromcinB including the constitutive
CW pronoter and pol yadenyl ation site is cloned into pLIB 15 using PCRwith
appropriated restriction enzyne recognition sites. For this the CW-

bcl 2- 1 RES- hygr omyci nB expression cassette is PCR anplified with

pBcl 2- | RES- hygr oB
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as the PCR tenplate using primers: SEQ ID NO 9 (P005) 9 5

5' - at at GTCGACt caat att ggccattagccatattattcattg-3' 20 and SEQ | F2Nere ?LQ?
(P0O06) 5'-ccggATCGATccttatcggattttaccac-3' containing restriction enzyne
recognition sites for Sall and Clal (in uppercase letters). A Sall/d al
doubl e di gested PCR product of 3714 bp is then directionally cloned into the
25 Sal/C al double digested pLIB vector thereby generating retroviral
transfer vewoosnspdid B- bcl 2- 1 RES-hygroB al | owi ng coupl e®cheboiAsmnd

hygr ony ¢iiseBsejnglude sntiendiesxuihthe abiltRée blogk injeractionssefurertaisncedf suriang- t er m
prolifer r el; en p 0 One of

t he vvays egfbg h%%fd %”?ﬂgﬁ]gf e'b ggﬁé’{b gang%s {an{%@hlgﬁc Eﬁt‘%OEEHCeI sisto
use retcoowersed, to mammﬂube |e¢ffact(ch| lgan@):mdlﬁgrtotdeil$up‘ac&:eehepmrsa (ageaistibi nant DNA

t t k f
POt vt b T N8 Gt Kuth o RO BNERES 2" SERRE" KulBmBRE AT o6 °
het ers]cc)I mgelosf@nmwm ko@n bgarses lf?rftilookrmtgeh@ﬁmctnantseafttasm%tgmdcys @ oft abl y
transt ect | NTO a ackKagl n Ce | ne con Ut v e [essin enes
requi r ed? %893'1%8 gpP@éﬂQcFE MG Nflammaliop.a3n dffaf%t ‘?ﬂsein Y@ p'z'aw V\% )

03/ 0688 LftiHyebls ) 87 gebiddRr ubebelchese ﬂhaywméu:éte 1B t&jgird dSKtﬁ@ée afdstangeyd | L7

dependent nurine pre6 cells, the ng retroviral packaging cell |ine

GPE (wa@m)amgfnéforéhe rempvahRyr specia 13 e Innetaimm gapsystemieansed, whi ch
rout i nelyhnb&sad) ahtitdujest cail fsd bé“i!§é’dlfdr't9@etﬂfg e eCRhtHordlto Rbhégb@nci es  of
50-80% This ecotropic_packaging cell |line’in conjunction wi'th (reconbi nant)
5 rdfr ogelisaly \ﬂrrtlam@ffswmﬂ@bm@ms twaltwe@ﬁew sthucherae exprepsaccen thersudetee ef ent
(reconbi t A ansi ent

{r anar oo et cE18, e b 88toinlng ColdhBns b b o < e S 2l a1
phosphafuﬁhﬁr beusafdtioroieulrglizingeor cosntpeacting g‘w patkalegic eﬁ@ct§ aJ autommwr@nt

transfe t C e GPE cel |l s
ar o ar o0 h PRERIBaEES' pSRE rEbbae) RunRACKRAbASAMEIEE S8,

st r onal useflll for thedliapmesis,i reventian @rd tpdrepylof lomanddigegsei becatﬁetﬂn%}manectu on,

adheren h b .0 seeded at
S0vcidonPF JURSyORE P M M e ST B B MR, Wb S R BB T e et 57c
in 10% effgets, 'Ebentl@diasldre)mnmgpl@a@sntmpgofrbénodcp}asma am\fuid sompamsttect ed per T75
(75cnR) tissue cult E cells using standard cal ci um phosphate
pr eci pi P%{P?rbsne Hwﬁﬁsuﬁgltv&gfﬁ%h fﬁéﬁgectl on, the transfected GPE cells can be
used for the transduction of reconbi nant retrovi ruses into preB cells. 20

(b) Ret bgr\)lésrltlon otf[)|o'%q|ca r%ét%ﬂal()f preB cells using transfected GPE cell culture

20 Plasmids carrying genetic elements used in accordance to the present invention have
been deposited under the Budapest Treaty with the Deutsche Sammlung von
Mikroorganismen und Zellkulturen (DSMZ) in Braunschweig, Germany, on December
17, 2001, under the following Accession Nos.:

25 Plasmid Accession No.
pBS-DT4 DSM 14703
pPGK-hygro DSM 14704
pGL2neo(m)+ DSM 14705
pBS-DT4-tox176 - DSM 14706
30
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supernatant or coculture with transfected GPE cells: Two nethods can be used
interchangably for the ‘transduction of reconbi nant retroviruse® {edikéed by
transfected GPE cells: The first nmethod relies on the infection of preé6
cells w t h conditioned cell cul ture supernatant. For this, cell culture

nmedi u omtransfected GPE cells js r.epl cfeﬁ(i4h urs after .
transf ?|f8 W@H@’F%"Hﬁ?%@ép&ﬁe £e eéﬁﬂgﬁéf eigpe 6%‘?@‘09\5 feethe g@naiation phe
' ecomiah m%woeydﬁéﬂ%r&@ea@s ApGaLline bt Eells %Q%Q% ,éaw“ﬁgb@ ‘?nto

cul tur proliteratin reB c Is a ratios

the presimrcte cbnfigrgihel pptdryiaﬂ doe rarmann rmutﬂmd)orproéua:twm Sam:té@re%rﬁplwm
at 37C. Cells are t hen harv ted brene/ret I’OVI rus containi ng nmedi um
| s 30 MEE9R re Heptierd #sfa @i,law g a ffealE prodiicgtians @it uringspreB

309" 2l 4 ’%“%%"%%@?%&@?‘L % e RS, 18RbRL B FesBal st et B0Puan,
The seemnmbdms lt:mh bel pmducedtﬂnen'cstaﬂly wedivefed heffe b @WréhovTr@lnekpﬁés%%n

r econbi nant E__etrow rus producing GPE cells. For this, |og-phase preB
cel |'s 6PRS Héﬁ*%es eghefore, 5 xXpermeriabosictals 0grecgueserier Erealingso  the

gl i - CRATHIAPBAERE YRR AdRsioal s il LR SAREPEA g iR figee lihe

transf BcstsﬁaG?Eelbai; |met2|édshelatl$1gpt@8ﬁ1et mn&hmatmnomﬁéserﬁémwahtéd mice, the
constructs. PreB cells are co-cultured for hours at 37C, theY are then -

ham/estselﬁt@ndofpaatlwbﬁ@@rertmssﬁe"sso@m sheir asta@tﬁm@at asripimprts! gapnecippal

b op cmefeg B LErHoBIniiiorna. el M’ PGS, B, VIO, IndeBAR HEE.
| nact i gerhplete ondndadficionts fommre)gbrduuctmnh@fvmaecblbqwm cdEpetigity ehuieei

in long-term proI iferating, nurine precursor B cells 10 The first step for
the gemonaciosal dntiedias usiiLsnupnes RiskbIGelIfurthat Ate Beartically siedifiad, nie

pr ecur ot BsoBd g it el B8EY WY EP Tnatbieo B AAHEBY Suay Y fillErpy o

can, anon acco gene Fgeting
vmnﬂn n the |nnunoglobulln gene locus in preB cells. In theory, it would be
required to inactivate all three nmurine i nmunogl obulin gene loci, i.e. the
| gH, 1B5XamAles$ | goo chain gene loci. 15 However, the nurine )LL chain gene
| ocus conprises only three functional V-J-C clusters with one gene segment
each and onIy very limted diversity is conprised in XL chains.

Fur t heExample 1:esBstablishm¥ndbf ong-teemBpradife mtiagpnesineXprediasor Berwlld adth. the
Therefore, in practlcal |s sufficient to inactivate the

t
endogenous, nur i RREENHA toa@’ﬁewt'é%m@%@@& IN€3JSFBEY to assure that upon
t st §froR I Tlle%ﬁ’cﬁ Q?ZS%%)SHEﬁg%%g %gbrlec‘bl?ééBr”B%Q% B /MG InP%eea) UNBr \HRST

majorify o produced Trom pre

mouse fetuses at day 15-18 post-coitum, in the bone marrow of adult mice, as well as

in the spleen of newborn animals (< 3 weeks of age) (Rolink et al., Blood, 81, 2290-
2300, 19883). In order to isolate these preB cells, mice are sacrificed by CO; suffocation

| and the respective organs are removed under sterile conditions. Total borte marrow

25  cells are obtained by removing femur and tibia, opening of the bones at both ends with
sterile scissors and flushing the marrow with 2-5 ml phosphate buffered saline (PBS)
using a 5 ml disposable syringe and a 25 or 26 gauge needle. |solated spleen or fetal

liver also prepared under sterile conditions is placed onto a sterile 200 mesh: steel grid

in a petri dish with 5-10 mi of PBS. The organs are cut into pieces and gently squashed

30 through the metal grid with the plunger of a 5 mi plastic syringe. Cell suspensions are
washed once by centrifugation (200 g, 10 min, 4°C) and resuspended in 10-20 mi PBS.

All cell preparations are carried out with ice-cold solutions, and cell suspensions are

kept on ice until transfer into tissue culture.
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cells will express heterol ogous anti bodies. (a) Isolation of p?%eg%des W th
naturally occuring irreversibly non-functional IgH alleles. ner al |

the nost controlled way for inactivation of the endogenous |IgH and xL chal n
gene loci is to use gene targeting (see below). However, in case of the IgH
chain gene |ocus, another nethod can be applied: Long-termproliferating,

st ronal ceII IL7 dependent nurine preB cells carry DJH 30 rearrangenents on
both of th hayy chain alleles. Due to inprecision ipgrsrerBBo JH joi ning
processEsta m bfmdmmlualrugeBmetlslonwusqﬁemrmedmh litfiteng dugsnia SeegeEent s can

be read |n all thr ossible reading franmes relative to the fixed reading
frame oPlajegeeostgd ‘@‘g'hég vnt, ﬁ@?g Yr’éra@?ﬁé YT-aiRgawagbalarElBOati | y been

desi gnate iaN I '] n noI
i %41%376%113 q088) acSFePA)G (Kobma a'l ). CERaphyshen 18 daddk) agahmun
PCT/ EPOIW&E%@QOmgb%rﬂ@WGd'ﬂltsaﬁﬁa‘s%t@m%6§|bﬂmdlunﬂ seeobeloyv)JrFmtrmontn@ccur s in
r eadi rtinen ynctional H

chai gﬁ’l‘t'R%\P&tmge Oéép‘?rgg%éﬁ” PPBﬂF%qﬂE a3 b%é‘?ﬁfi oﬁhéheﬁ”aé'f"aé-l §2£QS fher ef ore,
stati st ppabl ¥ur'?é¥é9r|%bke|1/;)85|ﬁ\?e181ﬁr?é)a el bnri P%g@' f{L{b‘féécentl &/ m Q§R§[2;dent preB

cells carry H rearrangenents |n r eadi ng h™ st codi ng on

bot h of beadeacrtrvafgm celf 1saiting dFACH s MAGRsusingr emoelciad aotihodiss dpsoifiatferd by

subcl on{h@ f{ge; limting dilution conditions and screening for the desired
non-functional Tearrangenents. To ensure the isolation of stable clones,
rearrangenents need to be screened for two non-functi onal 10 DIJH4 gene

ecdbae iaoneger Jufler B RE B ReR 1@ BE, petielE B Atoa I GRIERER, Do usea

for fumebiem, contgieingd 00 uaits of/ratombmarft intérteukin-T a7 ( s@blbeloeﬁ IndiviHudlener at i on

of target constructs, for the n locj,.15 Two

exanpl eR® Fo I RIS SOFVELR 9N REPTRA &sfﬂgeeldgﬁg‘éﬂ%a l'ﬁﬁﬁ'@t‘i’ @!ﬂ?rl S?P(Jétfonﬁot h the

endogenwittsin 169 daysl dfgedituchat rB79enén homimidified nasbater ashdas aexewples for nmany
ions that would simlarl ad to preB cells wthout the

ot ent | SMORRNEIR EES Pre dob SROUSS R MARY TaRSe e Bich2 el Blaes. GRRg.  a, b .
For | bot e %regg g sy %&%;%88"'%  25ch{2S4nd eWM ggéﬁqu't\é%@%gnﬁhé% skene

targeting vectors ‘need to be constructed con ni ng unique cloning sites

al | owi ngwayaepnemetetdl with GOOODad\ysrmmmed:etsorhaimelllmgbﬁs the initid expampddn, gene

I ocus §OS| tive drug sel ectl on nmar er | i ke neogr)g/m n or E@r onycin, flanked
k

| oxireBi gedsdensties need deikee kapt| hetwaesn!x1hr RBF  2x(19 %k Rre gl ris§Uoxi n, or
hefpes &R rﬁédu\fmrwﬁlchFébxxffwgmumrm@%eth@'é%%émy Wi toGhredhihys, el ect agai nst

random I ntegration e gene

20 Special serum-free tissue culture medium (Iscove and Melchers, J. Exp. Med., 147

823-933, 1978) required for the establishment of long-term proliferating, stromal cell,
IL-7 dependent murine preB cells (formulation for 1 liter of medium):

114 DMEM-powder (without bicarbonate)
25 «10ml 1 MHEPES, pH 7.3
*+33.3 mi 7.5% NaHCO; solution
+8mi amino acid stock solution containing:
- L-alanine 600 mg

- L-asparagine 520 mg
30 - L-aspartate 720 mg
- L-glutamate 1800 mg
- L-proline 960 mg
- Na-pyruvate 2640 mg
+ 1.6 ml Biotin/Vitamin B12 stock solution containing
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targeting vector into the genone of cells. The presence of a IqéP flﬂ%ged
(floxed) 25 positive selection marker will allow the sequenti al d

targeting of both alleles in the same cell clone using the sane antlblotlc,
because , after successful targeting of the first allele, the antibiotic
resi stance marker can be deleted fromcells upon transient expression of
cre reconbi nase del eting any nucl eotide sequence |ocated in between the

cognate | nition sites. The enpty positive- negatipypss@r g9eting
vectors a%g %%gsggnstruct ed aVitdroin|Bi’s (FE@ m@a, b): 22 June 2006 WD

03/068819 Step 1: Extending Eﬁi"%ﬁl‘l tiple gol%@rng site of pBluescript SK(+)
Two conpl enentary synthetic 1 goners / EPO1/ 15303 SEQ I D NO. 11
(PQ07) 5 5'-TCGAccggt acct aggeagsaeniah comt a6 griMedicgagct cagat ct GTAG- 3" and
. SEQ ID NO 12 (PQ08) 5'-agatct gagctc agct agcgat at cgat ggcgcgcct aggt accgg- 3'
are anneal ed by m xi ng  1RBGORPONSRS digedivedt ip 58%3}1 ultrapBredtlof 50nM Tri s/ HOI,
100 0 nhﬁ” denatured for 2 mnutes at 95C
andry;/: 0\]/2\,2 I cooI ed fr stelgggto%éél(%o% el ature within 20mn. This wll
gener-ate the foll ow ng ddud:ystemestrand‘engNA Il i nker with Xhol and Kpnl
conpat i bl e over hangs (| n ers): 15
oo oimaeadb P BTN AR i
[ution

3' - ggccat %gatccgcgc%ﬁt aggt at%?cg%gga] ct CC%%C%CW?_SI The anneal ed synthetic
DNA | 6P Ml t hen | ansfefa oA g ed 20 comercially
av gl ?bl g SBI u?atscr: pt SIK( %)) r(,gfgam N[gandr g@ngdmgnlbr, plasmd SBfSL C?Rt ai ni ng
an ‘extended mul tiple cloning see Fi ired for e
fol | owi ng cloning steps. St e@) 29 hvméeﬁan%nrbfilsegwdewom EMettes for
w | d-type or attenuated di pht hegi in t el ection

. . {)@(1)1@6 HQ@ 1607 ?WH??’E% gﬁisss

mar ker agai nst random i ntegrati ti n construct a negative

sel ection nmarker that allowsp$2ieRd FETI@IRHOS Y85 A EROHCIDOQIBRO B!

integration of gene targeting constructs, an expression cassette for

di phthétdla toxin a (MCarrick et al., s.a.), or its attenuated version,

di therl toxin a xwell et al., s.a.), under control of
@gnstlt tive P- ac%grg’egé gﬁégg}kggﬁﬁdgg used Al t hough ot her negative

—sel ection markers, ||1<e-t2ﬁ@mae$qubearslipmsemxedwu$45 Yy BviEMhe

(1.3g/100mi H,0) + 5 ml 10% BSA. Sonication 3x 15 min in

ice-water.
- +20ml , kanamycin (5000 pg/m!)
20 -30p 2¥mercaptoethanol (1.43 M)
«10°U recombinant mouse interleukin-7 (IL7)

-+ All components are dissolved in a final volume of 1000mi triple-distilled, ultrapure H,0,

filtered sterile and kept at 4°C until use.

25
ST-2 or PA-6 stromal cell feeder cells need to be grown in a special, low serum
containing medium as follows (formulation for 1 liter):
«17.7¢g IMDM-powder (without bicarbonate)
30 +3g NaHCO;
«10mi ‘ 100x non-essential amino acids (GIBCO-BRL)
*10 ml 100x Penicillin/Streptomycin (GIBCO-BRL)
+1ml 5 mg/ml porcine insulin-solution
o+ 1ml 50 mM 2-mercaptoethanol
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ki nase gene (HSV-tk), is commonly used in gene targeting exper?{&eyts q{gth
nouse enbryonic stemcells, diphtheria toxin a and its attenu "Rt Ent
tox176 have been proven to be effective for gene targeting in somatic cells
(Grawunder et al., ML Cell, 35 p. 477-484, 1998). The diphtheria toxin
expression cassettes are isolated as 2.1kb Bglll-Xbal fragnments from

pl asm ds pBS-DT4 (SEQ ID NO 2), or pBS-DT4toxl 76 22 June 2006 WD 03/ 068819

PCT/ EPOL/ 158Q306s619EQ | D NO. 3; see Fig. 6a) and are |j Rfhsh@it o Bal Il - Nhel
| i neari z@mlpBSL resul ti ng1W/nprinpatmuﬂ@fiba'@ld-@mlmdupé%zimg%}(bg}}l 76,

respectively (see Fig. 6 : j I fl anked positive drug
sel ection markers into pgé?_u_r%_ﬁﬁeé 'Btr%g‘%g@@%"?“f?oeﬁ for the generation of
enpty ged@émi ar geti ng vectfetabcalflserumext step for the generation of

positive/ negati ve gene targeting vectors is the insertion of a positive
drug selection marker into the pBSL-DT4 or pBSL-DT4-toxl 76 vector, upstream

of the @il pbrhpetents arepiisesivedin chms edltme oA$000RT tseoklledyeitrapasml,es t he
insertion of |oxP site flanked neonycin, puronycin and hygronycin B

expr essfiteredisieda end kepat dYsuntibusa. of the di phtheria toxin a expression
cassette in pBSL-DT4 are presented. However, it should be noted that
identical cloning strategies can be applied to the pBSL-DT4tox|l 76 vector,
cont ai nExamplé@: Btepwisatiffdrentiation ohmofinedprpbiurbarB cells into antibody Fur t her nor e, ot her

positive drug sel ect.ion rkers_conferring resistance e.g. to histidinol,
nycophenol i c acig" P%B'ﬁf/nrgﬁﬁg[sd'?wif)goci n may be used. 15 In each case, the
posildi veorgrteinbipatiferatig| strdmalcelirand 7 derendérntemwinel proB cklisirdtsid thair | oxP

sites, that. can he recogni zed by the cre re i nas n angd which can
be usedpoq‘?'g'ag&’l @Fge{) eﬁl’%a‘%eei”ém gd'”ﬁﬁ‘ﬁ(@‘%gl 8@1%&'3 ageél{@#l—r » 1 oxP sites
upon :trmvfisﬂnngsa?,rwngsﬁ mbmgéﬂ/e@{mﬂ@.m&m&maagml m&rﬁﬂf’mu@f\t Or% fO(r:I
sequentj al ,use 0 he, sanme, selectign marker. i sertjion of a foxe
negnyci Or%@?%%ﬂ@i indyciog differentatior, t “ﬁ(ﬂf &%I@nwt&fgoﬁfﬁ{' lﬁ’h?’é@}'p& ance
casset t gnds a€cdpl, bysintadingldiefsrentiatid® o eelBawth2Dphenslype ofl altRSHE dedithgf r agnent
fromplasmd pG.2neo(m+ (SEQ ID NO 4) and can be 25 ligated into

Not 12 XoRiAS3 ﬁéﬁri zed pBSL-DT4 to generate the enpty targeting vector
pBSL-fl neo-DT4. ii) Coning of floxed puronycin and hygromyci nB cassettes
Fig. 6h): _Because .f|oxed antibiotic selecti mar kers ot her than neonycin
b s ar Ble, e aretsfon sasuss Brgered 5 Brovgn o be Red e 1 B%p 11 anked
pur ony Cédntified Presepey of Stonf@ e&IR! Forl this reBESHs ok Harldstdd ok lpfdlifdratirdr Y st ep of
i nserti n% two | oxP sites. Thh\% can,_ be achi ve? bY‘l?Ql nserti nﬂ_ into pBSL-DT4
anneal et¥YiERt Waseg HRR Bes Jehsrim HerePreh tehatiiue Medismslapking L7 and

20 plated at a density of 1-2x10° cells/mi onto fresh, 3000rad y-irradiated stromal cells in
the absence of IL7. Within a period of three days the preB cell cease to proliferate and |
differentiate into cells with a phenotype of immature B cells. The phenotypic changes
include e.g. the loss of c-kit, A5 and Vs €xpression and the gain of CD25 and CD40
expression. in preB cells from wild-type mice, this differentiation is further accompanied

25 by sequential Vi to DJy rearrangements on the IgH chain gene loci followed by Vi to J,
rearrangements on the IgL chain gene loci, which may result in the expression of
surface bound IgM antibody on the differentiated B lineage cells (Rolink et al., EMBO
J., 10, 327-336, 1991). However, it has to be noted that the ordered rearrangement of
IgH and L gene segments is not a prerequisite for the phenotypic differentiation of

30 these preB cells in vitro (Grawunder et al., Int. Immunol., 7, 1915-1925, 1995).

The second differentiation stage can be achieved by stimulating the IL7 deprived cells
with either an agonistic anti-CD40 antibody or LPS in combination with cytokines, like

e.g. L4, IL5, IL10 or TGF-B. This treatment will induce proliferation, class switch
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are contained in the follow ng two conpl enentary DNA ol i gos: 33 JRR 266 June

2006 SEQ JO U WN. (POOS] PCT/ EPO1/ 15303

5' - CTAGATAACTTCGTATAGCATACATTATACGAAGT TATACGCGTATAACTTCGTATAGCATA

CATTATACGAAGITAT-3"and 5 SEQ ID NO. 14 (P010)

5' - CTAGATAACTTCGTATAATGTATGCTATACGAAGTI TATACGCGTATAACTTCGTA

TAATGTATGCTATACGAAGTTAT -3' These two DNA ol i goners are anneal ed as

descri bedvi'('i' MW' e 5(b), step 1, resulting 10 in acdapplienst randed DNA

f r agmemecarombaioni tngvai wes I genes isopes dqepeadied diytre oyiokiue cdhbihati@stri cti on
ntain fjwo 5' - CTAG

site. In ifion, the.a | ed. synthetic DNA.oligoners c
21 noi e-Suardl atCoueMRHG AMET P8 Al PP e RRTR B TR eSS Bt 1 bl o
restri af.g.amtisiD49/IDy etimalatis, casnae alasitbethgse frieSPepreBNap tissult@itureor Avrl |
restriction enzyrreseg. 15 The anneal ed doubl e | oxP site contai ning DNA

t

f r agnerifediumy plaked) pafat Eephi wubcogfieant 300Aws: 1-rediatesistromal eelisuint theg i n vect or

pBSL- DT4: 20X Pe (1F . Sk O o) Cj r. hygronyci nB
Fooist Hesencs o HOOGI Y onlRRSAfTCORE St BEnai i BUPRY 48 Bl “or

pPGK- hyigrge, ([Belferatho\@lasma gell BERet eefisl aarede idenfified iand| sepailited [byi ners used
for P "y ' ] b r in_ expression cassette from
pPur ?@8@’{%@#} ﬁéﬁ‘{a#eaﬂ'f)%{ %8% m gansggr%%frr ISTg%og'E? N'z"cgsrﬁﬁli'e} nMvi r us40

ear | y piistincitydngreased for@ardeaitervaNes. 15 (P011)

5' -t cgACGCGTggaat gt gt gt cagtt agggt gt ggaaag-3' and SEQ ID NO. 16 (P012)

5' -t cgACCCGTt t ggacaaaccaca actagaatgcagtg -3' Both priners contain

r eclogniThie Gn witiat differentiatioh &f méigtypecireB rtelis (oo nsicllig ascorvbatied bythiseadfed 30 in

uppercase letters sych,that ,the resulting PCR product can be cloned using
PhPe’ * sabatertiel FvRLass RIS Rt & SRvT it olfhomvas et iogiom e ghBCR pr oduct
the pupfiBEdh RarTBe kirturhVeresient ovesexphdssioh @ ahtrbpoptbtit gérieB kel kg or
pBSL- DT4- 210xP enﬁr%n he ty tar | vecéor gﬁS'S )BSL-f | pur - DT4
(Fig. @5‘_)".{'@@95 RS GOYn GQI%BJM—M S &P 11 819_ ellbs FAR P8 used for
PCR amplpifve@by GBolafing el Udis BRNMYEIES NBdhtdnify 8PS b specifically

15 expressed bcl-2 transgene (Strasser et al., Curr. Top. Microbiol. Immunol., 166, 175-

181, 1990), or by transducing a bcl-2 encoding recombinant retroviral vector into the

long-term proliferating, stromal cell and IL7 dependent murine preB cells (see below).

20 Example 3: Cloning of a retroviral expression construct for murine Bcl2
overexpression

A prerequisite for the stable transduction of genes into long-term proliferating, stromal

cell and IL7 dependent murine preB cells is the construction of a recombinant retroviral

- transfer vector containing an expression cassette for a gene of interest. Retroviral
25 transfer vectors consist of retroviral 5 and 3’ long terminal repeat (LTR) sequences
flanking a retroviral packaging signal, Psi(+), a multiple cloning site (MCS) into which
heterologous sequences can be inserted, and bacterial plasmid control elements
required for replication and maintenance of the vector in E.coli. An example for an
empty retroviral transfer vector is the commercially available plasmid pLIB (Clontech)

30 (Fig. 11a).

In order to construct a retroviral expression vector containing the anti-apoptotic gene
bcl-2, a strategy for coexpression of the murine bcl-2 ¢cDNA and the hygromycinB drug
selection marker is applied by linking expression of bcl-2 and hygromycinB using an
35 internal ribosomal entry sequence (IRES), allowing simultanebus expression of two
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cassette from pPGK-hygro (SEQ ID NO. 1; containing the hygronygj s under
control of the phospho glycerat kinase pronoter) are: 5 SEQ ID (P013)
5' -t cgACGCGTgaat t ct accgggt aggggaggcgcettttc-3' and SEQ I D NO. 18 (P014)

5' -t cgACGCGIggaat t agaact t ggcaaaacaat actgag -3' Both primers contain
recognition sites for the restriction endonuclease Mul (indicated 10 in
uppercase letters), such that the resulting PCR product can be digested and

| i gat edg,gg%%)ﬁgﬁ@ggl s restriction enzyne. After M ul dipg@/ﬁdl@g},opf the isol ated

PCR pr N IEHMR! @ae&aa k@ﬁhfﬂhégﬁﬁﬁb‘iotbsdrd' r%q%vb ?M(T" li neari zed
pBSL- DT4- 210xP generating the tar%é; vecto BSL hyg- DT4

(Fig. slmulta&@ﬁlmsel@tmllﬁgfomher uemrasalm |an@ap@m@f¢q geme)rbch&r The 1 gH and kL
chain g@ﬁb‘?ado‘ﬁcdf *thear%tr?\)ﬁl Vects? fEPqup égﬁ@s&on 8FRE b2 Eﬁcpﬁfg?&ﬂ&%g% ve exanpl es

for cldning of targeting vectors ogenous gene | he cl oni ng
strat egDNAs f mmceyelaemt birog etagag) ﬂrat:tthﬁ sasasmblul off U’re tplrmnmiesb&@thE@ targeted

U ans. SR PnySntT sEAERHT Biehg Splhckecpfl nf o s Besbud Mo 4. doccr i bea.

i) ConkCSusfttheoretrobiral tyahstdnaectont @i ig.Mgavkct ors (Fig. 5a) 25 Inactivation of
t he endogenous nurine IgH chain gene locus in preB cells can be achieved by
generating many different cis-acting targeted deletions on both IgH chain

al l el e) O&n@ifmdtiaﬁﬁof tﬁé‘ﬁfdmb@érlbﬁgzmslhyg?ﬂmy@né 8 Cf)éﬁéfﬁé#é@eﬁé"e del etion of

all DH an ment s descri as one of the

possi bBPtPtth%émtrBept@h%léaNﬁh@d f@ﬁc?@@@er’i%%%”ﬁ G‘W‘%I(@Bﬂai"rr ithe Apeamyeind  pr oduci ng

enﬁj@geﬂ‘r%'fiedléfﬁﬁﬂé%érﬂé}lﬁré BRonedPtolthé @6iaecialy QUATabeOAV pisthoteIRES, Pr esent ed
here using a | oxed" neomycin targeting construct as an exanple (see Fi g.

5a) . FYﬁCtQWﬁRESO(IQ'%CB} Fg?éﬁ@s,t @P@STWQ@CPBF sis aropitfiad oy plgsmid positive
anti bi gheR. nzgﬂoqsrann N@f)“tﬁ‘y"poglrﬂe'f%e%hgm r@é&@ﬁmﬁ @ing Q}h%rwc' nB, simlar
strategi es y 35 Stronal

be applied L7 depen ent nurine preB cells
usual Iy carry DJH rearrangenments on both all el es (see above). This fact
needs $bQpl "22%\Iﬁe(ROQHt%C@iEQ:WﬁFCﬁﬂaaﬁﬁégmlagﬁt@ﬁwgcgm@tmhea@o6 WD
031068850 IPOR. BHBRN2A5308E CAKEGeE tatg cobttanostcRptraditesboaifg-¥he type of DIH
rearrangenent, the DNA sequences intervening the variable gene segnents and

the o+ PRIRg FBfond HSfEfon B redBntf sibl! RKSR"h BBBIEIREY 10 1eP,
al l el elettera) far IregtictiBn eeﬂdrtsl.clemsd@tall ragd Mﬂt(Mgaﬂmm mweleomsr&ngé@
restriction enzyme recognition sequence are also added, because most restriction
20 enzymes do not efficiently digest DNA, if the recognition sequence is located directly at
the end of PCR amplified DNA fragments. These flanking nucleotides are indicated in
lowercase letters, in order to highlight the restriction enzyme recognition sites. The
sequences downstream, or 3' of the highlighted restriction sites correspond to DNA
sequences of the fragment to be amplified. This way of presentation of primer
2 sequences is maintained throughout the description of experimental examples. A PCR
with primers P001 and P002 will amplify a DNA fragment of 1017 basepairs (bp)
containing unique recognition sites for restriction endonucleases Xbal and Notl at the
ends of the fragment. The PCR fragment is then double digested with Xbal and Notl
restriction enzymes and is then directionally cloned into Xbal/Notl double digested
30 pIRES plasmid, in order to generate the plasmid construct pIRES-hygroB (Fig.11a).
The ORF of the murine bcl-2a ¢cDNA is isolated and amplified from mouse spleen
mRNA by reverse transcriptase coupled polymerase chain reaction (RT-PCR) using the
following primers designed based on the published NCBI-Genbank sequences M16506
and L31532 (primer P003 binding to position 1821-53 of M16506, and primer P004

35  binding to position 506-535 of L31532).
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5 alleles therefore have to contain honol ogy regi ons upstream g{z}he st 5
| ocated D elenent (DFL16.1) and downstream of the nobst 3' |oc ec'!l'n?]?—&)gene
segnent (JH4). The genonic organi zati on of one possible D Fu6.1-JH4
rearranged allele with surrounding genonm c DNA sequences is depicted in
Fig. 5a. As a general strategy for gene 10 targeting, a short region of DNA
sequence honology (1-1.5 kb) located upstreamof the region or gene to be

del et ed i sygly9 Zgi nto a unique restriction enzyne reg 0}/-59& site

upstre 5. Resktide +SE6L &Sl r R% L »and a | onger
regi on4n BN’%O spc?ggﬂcgrt%om}} ogy§?>§%€%?g@%%§agg§%§tar é%me'of t he region
or gen i ared.| I restriction enzyne

recognf% ngqgﬁa@ggg?ec cgg(%me%c’%ﬁit%g%cgggﬁ;?aecf af)%%a}gcaig\yg%sel ection marker
and the diphtheria toxin a expression cassette (Fig. 5a) (here Ascl).

Exp6es sordainia§ réstriction gazynveresegnitioni sites (inulpercdsdi Iptsreior BhélwidMIGK) i S

t heref qr I event ed, -LE ho 0 reconbi nation _occurs in the |ong

r egi onxﬁ%&ﬂﬁs@%@ﬁﬁ%ﬁs&%ﬁ%’%@&gﬂ& OEQ%?SP%ISS&'? H&W@FH‘?" ¥&laned endogenous
gene Imghelmmgmc;dwdi?meﬂeoﬁar pIRES-APGroBIIn 6RfeP & énendth [pBRR-IRESL upon
targeted integration of the targeting vector into the 28 chronmosomal DNA. |f

hormol o8¥i%°-r econbi nati on further occurs in the short homology arm the
region | ocated between the double crossover will be replaced by the positive
dr u& sel ection marker. Thus using antibiotic selection on preB cells

t r dhsf BBt e GoRplrUstion pica fefpyer Bel? @drassingdransfesvadiar in strong sel ection for

the ta i i ; b0 . .
reconbpﬁﬁoiqgﬁ IérygﬁF?@hgﬁlégie?ﬁﬁg%ge%%gr?g%h%%n;fﬁée:mglgggcrk(ﬂ@ﬁ%%qg%ne | ocus. A

short empfy setrayiralieanstes yoctarldB aegriherduahcl2BwgromycinBeexpeassoneketoent (DFLI 6. 1

) can N N b inge ] e I 4 Ng priners
es: qriab e Tohaty (38 A RN CRieRe 1 B AR Bt "So"se0 1
NO. 19in¢lmding #e sonstitutiGCCMYOBOT@ter ind qrofyagenyiptiongitadaalmneddnte LIB and SEQ | D
NO, < 20 ' W t - g -3 June 2006 WO
03} %68@&%@%@8% ugﬁgﬂf?{gggko%%&@%gg%{g%dgﬁg ‘I%eré@y}i ction

enzy meba2zlREfishygramyacinB expréssioncdesatié i$ FCR arhplified with pBo@dBE SahygraBhdi cat ed i n
upperc T j S wll anplify a 1465bp genom c PCR fragnent

t hat c%ﬁ‘ﬁ%g’%tcﬁﬁt‘g@{aé%%ﬁﬁ’ﬂ%ﬁl restriction enzyne and ligated into Notl

| i neari zed pBSL-fl neo-DT4 generating pBSL-5"JH-fl neo-DT4 (Fig. 5a). The |ong

o) L29" S 1 NEP @ 1RAGS S1OPRL AR AUNSLEEABAk LD M O SRAIENL O st el

al 50 ag]gnprlsrn avy chai'n rntton enhancer, CR anplified

f 1 Om s iy NBPAATG0sPRAL HRlaRleANR cLOLL QN AP  RLLJEEYS desi gned based on

publ i

containing restriction enzyme recognition sites for Sall and Clal (in uppercase letters).

A Sall/Clal double digested PCR product of 3714 bp is then directionally cloned into the

25 Sal/Clal double digested pLIB vector thereby generating retroviral transfer vector pLIB-
- bcl2-IRES-hygroB allowing coupled bcl-2 and hygromycinB expression.

Example 4: Retroviral transduction of long-term proliferating, stromal cell and IL7
dependent.murine preB cells
30 One of the ways to stably transfer genetic elements into murine preB cells is to use
retroviral transduction (Fig. 8). For this procedure a recombinant DNA construct
containing retroviral sequences necessary for packaging of a retroviral genome (5'LTR,
packaging signal Psi(+), 3'LTR) as well as heterologous sequences or genes of
interest, are transieritly or stably transfected into a packaging cell line constitutively
35 expressing genes required for the production of retroviral particles.
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sequence file J00440 (nucl eotides of the appended Ascl restriction enzyne
recognition site are indicated in uppercase letters): 10 SEQ %% {ae29q6P017)
5' -t t GGCGCGCCgt aagaat ggcct ct ccaggtctttatttt -3' and SEQ I D NO. 22 (P018)

5' -t t GGCGCGCCagct cagcet cagcet caccccaget cagetc-3' 15 The primers will PCR
anplify a 3215bp genom ¢ PCR fragnment from nouse genomic DNA that can be
digested with Ascl restriction enzyne and ligated into Ascl linearized

pBSL-5' JH Wdoemsddibd generating the final H targeti ngﬂff&ﬁﬁfmo

PBSL- 5'rtHel FeRdirtiditoDStfomdl leall a7 dieparrient taristep @B%e her&imbgongt DH fmd JH
nstructli on

gene segments in DIH rearr reB cells
of xL é%@vﬁak%écé@ﬁ'”%ﬁe"\/'g@té?g (@?T@W'%Bt)a’LleﬁrP’n%&B ¢ 1201138, ﬂ?@)l gH chain
locus, c”aﬁ'%exdseﬁ xéh H)‘éﬂﬁ’el} %blt%ﬁt?{ﬂ’e trmhbﬂbﬁtcﬁ%rm celRCH YiRlenties - 2Ct 1 NY

mut ations, inclu .g. deletions of al gene segnents, the xL
chain |0f1t50080°/e~n'lﬁ'@ﬁc%30tf994¢ E)packawgcéﬁbﬂlwm )Gan’slﬁéliqii withi (esodDandr t he 3' x

esar | pigipal dafiiy VeER \AFEORY °proideTepiRGP MDREHE RreBBRRBhIT 0, °f he 1
%ene s egjrovinuses dbler tohteansducs, muteneelisucari tansient tr%ns@normgf therEmtrumtsf lclesc(r]I i bed
neonyc Okt BRREGEh 8 B, Yo GRS bR 480 EhEEhGH BIRH o8 BRIBH, o ni ng

"f | oxedlogur onyci n or hygronyci nB expression cassettes are 30 perforned in
anal ogous fashion. A short region of honol ogy upstream of the JK gene
segnent cluster is PCR anplified from nouse genom c DNA using the follow ng
priioer ga)d eSTiaﬁWt &Eﬁsfétﬂion of the epuifrdpicsrerolitiGidickéging aeYkinreaps: V00777

(nucl e | th restriction enz ogni_ti on site used
{or'C et BRErE5ls are glowt 15 SIESed o s ol SBoyibed B ST2 880 P 52" hume 3006
\5/\P ?3{ Ql@ﬁﬁél%eﬁ’gﬁogﬁ&bt t flﬂ?ﬁﬁ%xarﬁ?? 1., Dn&ltﬂtail§{|ér|:fgIll%)lsfectlonI,E'Elgdhelgan[{IgPE24 ( P020)

-ta at c C aac ct g- an )
2 |1 ot CERBPREEIE g heER si@z?szeﬁa?%?ogg%ﬂgge@ed@t%q%ﬁépnflﬂen@ thds t o
posi t i peshl1R0MRTHEed  lowReruRd 2Redium pasii tultvatedll 4t B¥8C ah MOBIcofenhank entry
V00777, The resulting 738 bp PCR fragment is digested W|th Not| restriction

en§ nefoliewing slay,i @ygéqtrqur@bD%ﬂs transfastadi pes d 78 (PN Hisayetquityreiagksor
PBSL-f LN@SPE cells using standard calcium phosphate precipitation. 24 hours post

transfection, the transfected GPE cells can be used for the transduction of recombinant
retroviruses into preB cells.

20 (b) Retroviral transduction of preB cells using transfected GPE cell culture
supematant or coculture with transfected GPE cells:

Two methods can be used interchangably for the transduction of recombinant
retroviruses produced by transfected GPE cells: The first method relies on the infection
" of preB cells with conditioned cell culture supernatant. For this, cell culture medium
25 from transfected GPE cells is replaced 24 hours after transfection, and is harvested
after another 24 hours of cell culture. The recombinant retrovirus containing cell culture
supernatant is then added to cultures of proliferating preB cells at ratios of 1:8 (vol) to
1:1 (vol) in the presence of 8ug/ml pblybrene and incubation is continued for 3-6 hours
at 37°C. Cells are then hérvested, the polybrene/retrovirus containing medium is
30 removed , and cells are plated at a density of 1-2x10° onto fresh, 3000rad v-irradiated
stromal cells in preB cell medium containing 100U rlL7. Retrovirally transduced preB

cells are then harveéted 24 hours later.

The second method relies on the coculture of preB cells with transfected, recombinant
35 retrovirus producing GPE cells. For this, log-phase preB cells are harvested and
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DT4 generating pBSL-5'Jx flneo-DT4 (Fig. 5b). The long region qf %0
sequence honol ogy downstream of the J, gene segnent cluster c%ﬁ’p' % 88 t he
xi E and the 10 constant kL chain region (Ck) is PCR anplified from nouse
genom ¢ DNA using the followi ng priners designed based on published

NCBI - Genbank entry V00777 (nucleotides of the appended Ascl restriction
enzyne recognition site are printed in uppercase letters): 15 SEQ ID NO 25

(P021) 5'-wh FdebdesCCt gt gt aagacacaggttttcat gt t aggag SPCT,@msﬁQID NO. 26

i S T T 1
NCBI - B,P res 3 C@%ﬁﬁoV?—QNdﬁ ce-l'l_é‘%ndi %%blateggm?ﬁﬁgn%t?@ﬁ P AgEent | s di gest ed

wth enzyne and I near | zed vect or
pBSL- Flodi§ gdshtransfgtian yélmeatmiraigomtss naB ¢dlln@ce Go-gudtupstisfo Bihgurssb) . i)

Gener a cus _tar n_alternative to
nact B3 rgneiarn e Aanartleg At 6 fsne it Hhindiehudna” "

I an%ﬂll@hubquScdmymemcuBmcuéummg ¢O0U ALY iferoreoyeny. |R§mmwhﬁmsaf@m gH and | guL
chain ene loci, preB.c ren ered incapabl e for
rearréﬁ%@ﬁﬂﬁ@“bﬁwﬂﬁéwﬁﬁeiﬁﬂaﬁéﬁgﬁg"FﬁdggHQQS ¥9r|ntrodgc|ng trans-acting
mut ati ons. This can for |nstance be achieved by targeting one of the two

reconbi nati on activating (RAG genes that are 30 essential for |Ig gene
r ear r &xgmpterd: s Inagtivation: o PB@Q@BW% innenpglpbulin heayy ang kght kBpintgaRe RAG 1, or

the RAG 2 genejjp | b'lonBEfeMpgf?lfﬁrattlﬁg,rrﬁtﬁ’fn'é%'?&%réomb@%' obulin gene segrrents and

are therefore unabl e™t o express endogenous i munogl obulins. As.an exanple,
t hd cdmetfirstcstem forothe egenanag@rt Phhetpeiagors.i prefgeably hywan antikngiesgfrome 35

conpl %Lﬁmgfed &%ﬂ E?iE%IE RinRbivdtioR JRIE dndd QﬁousAnﬁJﬁpé "*%%Eiﬁéa[’“‘\ sequence

honol 0 genom c sequence upstream o codi ng
regi orwhm caaoamng@mer mdme@sb@@mh ipyPoane]l Begrting avithin theed by t he

foll O%@gnwgg% I"og&q Iggéggele?‘ﬁqged?ﬂ iRMRId SR Lo ifE0aRk) Sequence

AC084
5' -t attraéié:@ﬁmedwmggiolmﬁncgemetmiam dbe daihtlpd- 3hd IgidciBifQgene MOi. 28 (P024)

s T T L PRI SRR, bbb P2,
one SuCHIE bR UG Moo ORSGRTRY TR AR, B e o
S chains. Furthermore, less than 5% of murine B cells express kL cham gene loci.
Therefore, in practical terms, it is sufficient to inactivate the endogenous, murine IgH
and kL chain gene loci in order to assure that upon transfer of heterologous IgH and
20 IgkL chain genes or gene loci, the vast majority of B cells (>95%) produced from preB

cells will express heterologous antibodies.

(a) Isolation of preB cells with naturally occuring irreversibly non-functional IgH
alleles.

25  Generally, the most controlled way for inactivation of the endogenous IgH and «L chain

gene loci is to use gene targeting (see below). However, in case of the IgH chain gene

locus, another method can be applied:

Long-term proliferating, stromal cell IL7 dependent murine preB cells carry DJy
30 rearrangements on both of their havy chain alleles. Due to imprecision in the D to Jy
joining process, these DJy rearrangements may occur such that D gene segments can
be read in all three possible reading frames relative to the fixed reading frame of the Ju
gene segment. These reading frames have arbitrarily been designated reading frames
I, Il and 1l (Kaartinen and Mékeld, /mmunol. Today, 6, p. 324-330, 1985). Most D gene
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digested with Notl and ligated into the unique Not[ site of a
positive-negative targeting vector, e.g. pBSL-flneo-DT4. A pl aéhi4ieéP%ne
contai ning the short arm of honol ogy upstreamof the RAG 1l coding region in
correct orientation is isolated and designated pBSL-5" Rl1-fl neo-DT4. 15 For
the cloning of the long armof a targeting construct for the RAG 1l gene, a
genom c region of approximately 3kb directly downstream of the RAG 1 codi ng

regi on (Figoodepsioi s anplified by the follow ng prinepcpaiss;fesi gned based
on Cenbank sequence AC084753: 20 SEQ ID NO. 29 (P025

5' -t t Cregmentscaaniaiy stopcodensatl afhgtngigh fceury inreading dismedi@Kpmtingd 30 ( P026)
5' -1t ; t -3 L.t f
Che. actls Mk sap SAAPRHAl ShAtndial f Sha caRERerbe GareSREP M 4R, 7 DIV EREED L °"

ar e ushsavy ohain dlkelel oni ng of the 2954 bp |1 ong PCR fragnment containing the
| ong arm of DNA sequence honogy downstream of the RAG 1 open reading frane.
After Ascl digestion, this PGR product is cloned into the uni que Ascl

res§ri ‘me'reioreﬁist'afisticélly lbb@hl%c!/ @Iﬁt(m. I1‘rzbli,'iﬁf_algé;thlﬁa‘l IcamdLDHél%enﬂﬁml ;ﬂé%"cdllsC' gne
containin e long ar nol. o do tream of, the 1 codi ng region
o ey b EandntaRal B reRQNY LaME minHoS (rodRG o bah ot ther fgH ' M9 "9
PBSL- SehBh- ileR8OTRedR pldBAciEican baCiboldRd LyesubERnmy Bk wm&ﬁﬁg%nﬁﬁlf the

d RAG 1 reB cells. §tep 5:

targeted del etion of the endogenous >1 gene inp :
Tar getGongitients adasaraningsforian desitd nonrfunclineal regrrangements cFaenswge thet romal  cel |,

S5 | LTS fIRRA SPbIdTHbAIS e Rydridrd nfdf tol sl bl flo dolftrladel eti on of
e t wo S

bot h alf es of an endogenous gene | ocus, iTferent rategi es can be
app! i d¥n4 @eBe SearsanggEnts, whichicANno detrgyeyted; bigseavoday Jeatrangemeots- 61 22 June

2006 P P I f t itlve.se ti mar kers for
t he t\aﬁgﬁgﬁeﬁggg?@t‘]ﬁg% \%osgé'l(q% 'ﬁg"?%n?eggl sg{jg"gi Sﬂﬁtcfeob%%{:?rbé?&s ﬁg‘?rher strategy
i S to further tdhgetedmactivatigredfitmgxlccivadt allets. t wi ce for the sequential targeting

of both endogenous alleles. However, in case of the latter strategy
targeting of the first allele has to be followed by the transient expression

of an (b exEEmFsicAbf YRGSy cBﬁ&tru@fs&'oﬂtﬂ@ﬁMhélg&ﬁaﬁdYbﬁL &ifBoeel |'s, which will
|l ead to the permanent deletign of the | oxP site flanked drug sel ection

mabk erTWos G¥HMRIEK 1 fOF raetbedse reshiting 9: oene dargeted einaetivation phybath fised for the
o CRdTiEE M Sho AT OG8PSR e B i o
acting mutations that would similarily lead to preB cells without the potential to express
endogenous IgH and IgkL chain proteins (Fig. 5a,b). For both targeting strategies, first,
empty positive-negative gene targeting vectors need to be constructed containing
20  unique cloning sites allowing the insertion of DNA sequences homologous to the target
gene locus, a positive drug selection marker, like neomycin or puromycin, flanked by
loxP sites and a negative selection marker, like diphtheria toxin, or herpes simplex virus
thymidine kinase (HSV-tk), which will select against random integration of the gene
térgeting vector into the genome of cells. The presence of a loxP flanked (floxed)
25  positive selection marker will allow the sequential gene targeting of both alleles in the
same cell clone using the same antibiotic, because , after successful targeting of the
first allele, the antibiotic resistance marker can be deleted from cells upon transient
expression of cre recombinase deleting any nucleotide sequence located in between
the cognate loxP recognition sites. The empty positive-negative targeting vectors are

30 constructed as follows (Fig. 6a,b):
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10 of an endogenous gene according to the first strategy, i.e. gﬁwegzoos
targeting vectors with two different antibiotic resistance marlg S
(puronycin and hygronycinB) is described. For targeting of a gene | ocus on
the first allele, 20 pg of linearized targeting vector with a puromycin
resi stance marker is transfected into 107 preB cells resuspended in PBS 15
by el ectroporation at 350V with 960F capacitance using a Bi oRad

el ectroporg@b@sosdls @ O.4cmel ectroporator cuvette. ThReppldsssare then
plated in | L7 grow h nedi um,at a  depsity of 5x10 cells/well into 96wel |

pl ate B lres ESENIAIIaRUP'e GiBEIRG Fit @BIVessEpt Hf(*) 3000 rad irradi at ed

pur ony qihg dofipletheltdry SyntRetRIINKTBllgoRftd: S 30 hours post transfection
puromycin is added at”a final concentration of 2g/m . Puronycin resistant

colonies are 20 isolated 7-10 days post transfection and expanded on fresh,

i rradi %‘E%FIDE‘IQ Eyimy in resistant ST-2 stromal cells under continued

sel gectigo ' ol Yl romycin istant preB cell

cl oﬁes5 %glélxctc Py% as)ggggﬁ%%tggﬁg%g}c?éhgegrgé-"t%lggﬁa o tﬁﬁ]gét%taé'gti ng vect or
into o‘?ﬁ lqayg e 8 andar d EER nd genorri C %OUt her,n bl ot hybridization
anal ysPs2I Bt Baget FIagCE ARSI RIR 9IS G S P GINEEGIEDi on of the targeting 25
vector on one allele are again transfected, this time with 20g of linearized
t ar get argannealRdBy Mixitgad 00bmgl 6F duel roligatnémiB S08F biS40A TTrBMCIeTooader the sane

conditio scrj ped. above. Transfected preB cells are then plated in
| LA0gr b\ﬂgﬁ 9%@(:9- JPXre e ﬁw%trfegi%?i%t %PRI\%‘%E NGt oW RePIEd pl at e
cul t ur #smoEBCad robriteMperafed WithiH 20min. aptey will gendfidd tHea@lldvingdbasied pur onycin

and hygronmyci nB doubl e sistant ST-2 stro cells. 30 Doubl e resistant
preB cg@"d@ﬂ%"’ﬁ‘teéw%ﬁ(g@t@ﬂ%' Aspat i?o%“@’ angs dpdicated)in UppeEcase ti on of

2119l mietteidg.omyci n and 400pg/ nl hygronyci nB. Puronycin and hygronycin B
double resistant colonies are isolated 7-10 days post transfection and
expanded on fresh, irradiated and puronycin/ hygronyci nB doubl e resi stant

ST-13 st OofgtiaceBht ScdtRg8Egcdieat Equted cget &adtceR gt ddyaretgtadar onyci n and

400g/ M hygromyei nB.1 1ndi viidual | +162 1221 Pune 12006, Py 9B/ 068819 PCT/ EPA / 15303
pur onyci n/I1ygyoayteigaBedocddogtagsiatbgayaprgriceteydgeitagessrare anal yzed for the
targeted integration of the targeting vector into the second allele again

by standard gengm c . PCRand/.or southern.blot .analysis. 5. .

Pur onyi?%/ ?%ﬁyé}"ﬁﬁetﬁo 'P’k%’i g%atHFn pl’@éec{ce'f“g & 843@%"”\1"9??"?% t ar get ed

al el esomnrta)grcidlljneavaﬁlalﬂaspB!ueécpiptBK(ﬂ) r (Siesdtagene) resuitngainc plesimid UupBSIEe
cre-reconhi.nase expression vector in r to repeat gene targeting

exper i F@Iﬂ"%'"%r?”o?’ﬁg'?deegewgmp%c‘fgio%% sifg I(@F%gt S?’?\i"I °C rﬁ‘g‘"rego'f%t transiently
t r ansf pidwing cipnia@stepsl s Wi th 20g of supercoil ed cre-reconbirnase expression

vector by el ectroporation as descri bed above. The transiently transfected 10
cells are then plated under limting dilution conditions in IL-7 growh

medi UnBiept20 Insertion of expression cassettes for wild-type or attenuated diphtheria
25 toxin a as a negative selection marker against random integration of
targeting constructs

As a negative selection marker that allows selection against random chromosomal
integration of gene targeting constructs, an expression cassette for diphtheria toxin a
(McCarrick et ai., s.a.), or its attenuated version, diphtheria toxin o (DT-atox176)

30 (Maxwell et al., s.a.), under control of a constitutive B-actin promoter can be used
Atthough other negative selection markers, like the herpes simlex virus thymidine
kinase gene (HSV-tk), is commonly used in gene targeting experiments with mouse
embryonic stem cells, diphtheria toxin o and its attenuated mutant tox176 have been
proven to be effe‘ctivé for gene targeting in somatic cells (Grawunder et al., Mol. Cell, 2,

35 p. 477-484, 1998). The diphtheria toxin expression cassettes are isolated as 2.1kb
Bglll-Xbal fragments from plasmids pBS-DT4 (SEQ ID NO. 2), or pBS-DT4tox176

-54-



several 96 well plates onto 3000 rad irradiated, subconfl uent -Zﬁr mal
cells. After 7 days of culture a set of 48 clones is replica éﬁd’t‘ 0(9ﬁto
normal ST-2 stromal cells for continued culture, and onto either puronycin
resi stant or hygronycinB single resistant ST-2 cells and the respective
sel ection. Previously puronycin/hygronyci nB double 15 resistant preB cell

cl ones that becane sensitive two both antibiotic drugs have likely

under gone vwi¢ &osRePbi nase nedi at ed del eti on of both |gp¢Rpéildked resistance

mar kor SERD 0. 3 Serf ¢ P RRR IR BN e TnBsd pBshaciics can be
subj ecplasmide pBBE-DVUcndi pBSADTYRIRET6, tedbgetiveNqséd Pigestyr es for ot her endogenous

gene loci and alleles. 20 Exanple 6: Construction of retroviral expression
constructs for human i mmuno- gl obulin pol ypeptides In order to re-program

mur i negghonel Bgddion éﬁl%xﬂ%ﬁk&ﬁ,ﬂliﬁsit%%é: Sbibé&tionharkdys iRtb | nébﬁﬂ maOf huran

i mmunogr obul i ns, novel retroviral expression vectors enc n 25

ant§ body pol ypaandirsd.Dd4texHE fgs thg gengratienief empty géne tgrmtingatdctons of reconbi nant
retrovy f e i / : expressi on of
human T’éﬁ‘%’&n?f& f@h@lé ngégn‘:ega?léil\ ﬁ%oﬁ@%&ér&%‘aﬁ%ﬁ"gﬁﬂ? ﬁéerﬁgmgﬁq%ﬂoﬁ f'?ér?ee ntiation

st age, ingértian ofag positive drug- sedaction marker linto dhe pBSk-ETWedrqBSLFDTA Mgl 70Ul i NS, |t

shoul . i.ndin rotein can be cl oned
“nto. (YREn PEfeart BPine et e diens I AN BUE I ol MRS cREBBER s o) 0° of
het er ohsegtions of hakPh site rflabketd neamynin t iromycih endelsygronpidiro 8 eXpreddign ¢l oni ng of
rei oviral, transfer veq%tao({iﬂgfgor t he expressi on of huyman ILg?H and | gL chains

u

deddr i grsteties  wstrearn Yy LRPEN ShISPIBESION SaRsetteyn RBYLAT4 BI& strati on and

not byprégentedo Ho@¥wdrus sRould Be aetbitiea identied) cRWingtraled e bs bﬁg‘gpﬁéﬁomdat e up
7-10kb of heterol ogous DNA sequences, which requifes the st gn of separate

const rtadhespBY-DiTdiqxBES waripr cautaining Hieyatiepuated versionef diphihada tdxin ¢he requi r ed

céll-tpy digfHer RRIEL S SIRUsh Ba ; ; 31068819

PCT/ EPO1, ﬁ@gg% f,~:|c()aeclfe%|h(; pr o?lost?ler, enﬁaﬁﬁregﬁ%nﬁgﬁ%%&% eer'én{és, as well as
endogdngidinol, mygephenokgagid blesmyrial & zegpip s@yderissed! el enents are necessary to
engire proper expression, menbrane deposition and secretion of

i mmunogl obulins, their affinity maturation, in the various B cell
di f f erlBgaFmcasen the pepitive 2ndibigke pelegioningarkercsasheticowill diei flankest by teixBr ol ogous 5

t i bqgll | | VA ; i A5t | gH dL
chai netegingtRaR bRIERugrEch by (¢ Bl Yot indsE shahe SndlE e ™ussfl o Uev o
st abl yto ideletgyither drugnselection mejkeiolecated betweenntheclow? silese Bparetrassientf nurine preB
cell's tl%flgfgé’tﬁ)ﬁdof 'cﬁahregf)ﬁ’lbﬁiﬁﬁar b%}fé’sasgin v%c,ﬂa‘?,t ﬁgtﬁg@;ﬁ@él (SR 3RS sGgogenous

i mmunogl obul'ins (see description ove
20 selection marker.

i) Insertion of a floxed neomycin resistance cassette:
A loxP site flanked neomycin resistance cassette can be isolated as a 1497bp Bsp120I-
| Xbal digested DNA fragment from plasmid pGL2neo(m)+ (SEQ ID NO. 4) and can be
25 ligated into Notl-Xbal linearized pBSL-DT4 to generate the empty targeting vector
pBSL-fineo-DT4.

ii) Cloning of floxed puromycin and hygromycinB cassettes (Fig. 6b):

Because floxed antibiotic selection markers other than neomycin are rarely found, an
30 essential step for the insertion of loxP flanked puromycin or hygromycinB markers into

pBSL-DT4 is the preparatory step of inserting two loxP sites. This can be achieved by

inserting into pBSL-DT4 annealed synthetic DNA oligomers. The synthetic loxP sites

are contained in the following two complementary DNA oligos:

35
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het er ol ogous or human anti bodi es or binding proteins will be express 6i n B
lineage 10 cells upon differentiation of the retrovirally transduced preB
cells. (a) CGeneration of retroviral constructs for the regul ated expression
of IgH chains Because the retroviral constructs for the various IgH and L
chain proteins will eventually be transduced into nmurine cells, the
pronoter and enhancer elenents controlling Ig 15 expression will be from
murine orighidskyPrder to ascertain optimal interactigispiddsipzB |ineage
speci f i SE@UW Noe 18 tFRI86cr i ption factors. The starting vector from which the

r et r ovi ¥ GITAGKTHPES TR TAGAB T ACICATA TAC GAAGETRT AIGEG TATAACRY CGRAPAGCATAL I ovi 1 al

cl oni ngcArTeracGrRGIBRT &'end ech) (Fig. 12a). The generation of a 20

reconbi nant retroviral expression vector for human i mmunogl obul i n heavy
chaiss $BQD NOull4 {Po1ep cl oni ng process, which involves the sequenti al

cl oni ng' @ AGKOIRTerCTNTAATETRIFIIT R rAG ;e M TR CCaS TREAACTR Gthe codi ng regi ons

for therppatrRtErreLca@randy'constant  regi ons of human anti bodies into the
enpty retroviral cloning vector pL1B. In a first step, a nurine VH pronoter

is PCR cloned into the unique Clal restriction site of the nultiple 25
cl oni ngrhepe BvaBNA pliggmersiake anpedigd @s Igsaribed irpxanplecs(b), stepd, resultipgse VH

. >, ; ! :
et rh 2 RUBRHandec OIS SO T 150 Shek VepaBloaty B9nfle "0\ Do
X71119.MigBestrictionGite3in gddfiien) thg'anneatedCrynthetie ONfyeliggotersy candaio twe &at aag- 3', and

30 SEQ ey ) Rt Tm TG@?% g a; act gaac -3
These p¢1?‘rr(g9 qu%z?tfaﬁgﬁ %"?}{ﬂaﬁ%y ac %p Br%‘?}g@g%tdf }ngogr%%hﬁgﬁgch w | |
cont ai mestrigionrsitet dverhapps (genarated gng. t hyo Spsli tNkel,f ¥balCloalAv(lATéGRTPnat t heir 5'
and 3 es)because they are incorporated at the 5 ends of priners P027

and RPOZ877 T addition to Clal sites 35 in both priners, the reverse priner
PO28 contains an additional BanH restriction site -64 22 June 2006 WD

03/ 068819 PCT/ EPQ / 1530 GGAT u rdined) .introduci anot her uni que
Fostri cPPOTErEd JOHPS PrR HEROpPTng: PR, et gt oR st hip (it e

r equi r didedrized pBSL-DT4 redutting irgvetorpBSL-ATUAloxBl (Big. 6gstri ction enzynme di gestion
of the PCR fragnent, the anplified VH pronoter PCR fragnent including the
novel BamH site is ligated into Cal linearized pLIB vector. Ligation 5

pr oduc tBxpressivm cassaitest foe pVidnycionarthggromycit B eesistsnaeechnose PORadmifled opposite to

it 200 LR st Ry (i ok PRoR b B o N s b eR I RgeliRG oo
desi gnas¢spectivaly: Thé Firgmerd 2used fbhePGRe copdificatiop ofstheh€368l i pugoraycin he Lmri ?e
att achnmen

[ h hai h EH) . wi [ 10 Ki [
ool on R SRitts RACT B brole e pfrythr ERE B el of dfrent wi t
its fl amkiamgrush\Bs)y prombtechame:t 0 be required for the efficient

25 SEQIDNO. 15(P011)  5'-tcgACGCGTggaatgtgtgtcagttagggtgtggaaag-3'
and
SEQIDNO. 16 (P012)  5-tcgACGCGTttggacaaaccacaactagaatgcagtg -3’

Both primers contain recognition sites for the restriction endonuclease Miul (indicated
30 in uppercase letters), such that the resulting PCR product can be cloned using this

restriction enzyme.

After Mlul digestion of the isolated PCR product the puromycin marker fragment is
ligated into Miul linearized pBSL-DT4-2loxP generating the empty targeting vector
35 pBSL-flpur-DT4 (Fig. 6b).
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expression of immnoglobulin proteins in B lineage cells. The Cz'z%ﬂriu ng)fogf t he
EH enhancer elenent is perforned by anplifying a 983bp PCR fragmenet rom
nouse genom ¢ DNA using the follow ng priners designed according to

publ i shed NCBI- 15 CGenbank sequence J00440: SEQ I D NO. 33 (P029)

5' - cgGGATCCAACGCTTagagaggt ct ggt ggagcct gcaaaagtcc-3' and 20 SEQ ID NO. 34
(P0O30) 5'-gatcGCGECCGCtctagataattgcattcattt aaaaaaaaaatatttc-3'" Restriction
sites (Bany/ ki Il for PO29 and Notl| for P030) appepssh he 5 end
each pri rren?bg%pﬂ%ghl ighted in uppercase letters. The PCRngr%%%uct can then
be di gket pimevst useBafotPCRnamplificatione of thec 20@h bprhygrossycim8 éxpresisionct i onal |y

| i gat ed i nt i i g&d4r Al : r ting in
vect or Qﬁiﬁ@. fr&ﬁgﬁ S(":é%@glro k)érrfﬁt?(rreadr5 %@2& gé)ﬁ@'éhél?’% ﬁ@é@&ﬂ@?@’? 3rﬁ8 n additi onal
Hi ndl | lcoairblef (herptiesphorphderat Wihaschpraimioter) afeve rise to a unique restriction
enzynme recognition site in pAB-2, required for later cloning steps. 30
Next, a DNA fragnment containing the nurine 3'"a enhancer is added to the
conss r \gHQ IPRB: 27 (Pd18) 3’ a-t@@ha@@@fgaiast&smggeagzga;gra@ga@éﬁettECB’ opti mal and
hi gh | ggl expression and secretion of antibodies at the differentiation
stage : 2) Thac3aéec BE€igdatt 2 -gour DNAsel
hypersg}]Eé?![?§F?}9gq1e)s (H%lc,é HS2, "HS3, agnd 3%&%&’%&%%’5%?@%?8% vari ous
binding sites for late B cell/plasma cell specific transcription factors.

| n r epddotte prigersecontaimiesognition\aiies $ordhp restriptionsndenvglease Whil dindigeted- 65 22 June

200 ( - i & . DNA
Fragmer CPRGSRE et aifithal ¢ (ung PEFChioct kafl 8 dedled 18R 11 ¢

cont ri lusingdhis ofstriafion emzymé. t hat are hi ghly honol ogous in DNA sequence. 5 All
four 3'a enhancer conponents, HSI, 2, 3 and 4, constitute a so-called |ocus

control region (LCR), which is able to regulate the transcriptional
acti vi tAfteoMhd digestion ofche isolatadsPCR paesdichiie mypspmytinBl makiendra@iNentsiequences. A

thor of Jptieqr noThuF e RSN BR(STRR0Y® cent BIRTRE BREY BrESBNGRE "L oh can
be BCRp8ShHihyg-Dd4f(Figrémouse genoni ¢ DNA using prinmers 10 designed according

to the published NCBI-CGenbank sequence entry X96607 (recognition sequences
for additional restriction enzynme sites required for the cloning of

Step 4: Cloning of final targeting vectors for murine IgH and L chain gene loci, as
well as for the RAG1.gene

As representative examples for cloning of targeting vectors for endogenous gene loci,

20 the cloning strategies for gene targeting vectors useful for the cis-acting targeted
mutation of the endogenous IgH and IgkL chain gene loci, and for the trans-acting
mutation of the RAG1 gene in murine preB cells are described.

i) Construction of IgH chain targeting vectors (Fig. 5a)

25 Inactivation of the endogenous murine IgH chain gene locus in preB cells can be
achieved by generating many different cis-acting targeted deletions on both IgH chain
alleles. One of IgH inactivating deletion is for instance the deletion of all Dy and Jy
gene segments, which is described here as one of the possibilities to render the
endogenous IgH alleles incapable of producing endogenous immunoglobulins.

30 Targeting vector construction is presented here using a “floxed” neomycin targeting
construct as an example (see Fig. 5a). For the cloning of gene targeting vectors
containing other positive antibiotic selection marker, lke e.g. puromycin or

hygromycinB , similar strategies may be applied.

35 Stromal cell, IL7 dependent murine preB ceils usually carry DJy rearrangements on
both alleles (see above). This fact needs to be taken into account for the design of
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the PCR fragnent or later cloning steps are highlighted in upp

letters): SEQ ID NO 35 (P031) 15 22 32006

5' - gcat GTCGACACGCGIgggggct cagat at cagt accagaaacaagg-3', and SEQ ID NO. 36
(P032) 5'-cgat GTCGACCTCGAG t ggagt cacaggcctgtctccatgtgg-3' In addition to 5
termnal Sall sites (GICGAC) in each of the primers, the sense prinmer 20
PO31 contains an additional Mul site (underlined) and the reverse priner
P028 cont HyB93/egesgddi tional Xhol si te (underli ned) PsdmEios1sBR331 and P032

wil | I|f a 644 can be W th Sall

rest r| ctd M%?fﬂ‘é 32%9%% %gﬁre p%o é&h‘ reqrqanggp?rﬁeﬁwe SPAYSREES. A clone
W th thﬁitér\'ié‘ilﬁ‘l@tthé Daridite @@@Isregﬂhemla&dltmtm gend seymdﬁt glusteﬂ,%b)ue'll%sdﬁé erm ned by
di agnostic restriction enzyne digestion and DNA sequenci ng éu and is

desi gnaintaiveping- quenees bepwgen th?)tjm geng slyster apd theg Giheeding ﬁg@ﬁh?éﬁé' conponent s
HS3 and b h r t r lgH

expr ossP SR oy BethGH AREs' B Sinfics @l OFarkBing RIS 11003 Fiehaedt, ' P

regi &n aleleskiberBfore haye fof ¢oaadairf hamelogyuregioge wpstreanDdfAthasnast SOlotatep Dt e u3| ng

ey o DR i B AR SR b ABHRYSES 1t B R YaGehl Bl SonPanic  sequence
5' - gcaCTCGAGgggt agat gcagcctgtgttccgtttactg -3 , and SEQ ID NO 38 (P034)
5' - gct CTCGAGCATCCct cccaccaggaagt.cct ct 3 35.-66.22 June 2006 WO

03/ 0688 16 SRPSMISRPAIER3 OF PRS PRSSBIE Dt ol y%é"éﬁ‘qeé’sa"s'ﬁ%‘ﬁ&860‘6’5’"?% 5

term ni éhforrma@lmprsba@éncagesmegubﬂeughtfegi BA. Aﬁpé)%reﬁél‘éﬁs{rﬁbgye'f& génk addition to
Xhol restr|ct|on sites primers reverse prinmer

|
P0340 ¢ oldfesting asshogdegien BHBNAS eﬁ?ee%qm?'egx Grﬂ §f‘? é%@%ﬁeamma‘@r lined)
cont ai njg gan 3p @f@eot t?é)@é}éte&“iﬁ Qé’rﬁéd"rﬂé brdni‘du'eQEstﬁd:tFoﬂ erneﬂﬁé Fé%‘égrﬂlﬁ’én Ligd er cloning

5 purpos fication wth priner pair PO34 on genom ¢
nouse DNJStfer jof ar%@@dtpqsﬁlvase,le@wlaaﬂalﬁ@k(hq*a }“an@ ﬁé@ngé'éfﬁgﬁé fiPHst ed with

th be | d
voct or - SSREce HonT e s ocalébobseam Bt tho Rdn SikREo BF deieills L on s
det er mi ﬂwdbytom spiags tredrition anzyme meogHbigMbite locefed thebyeearibe lexedequenci ng,

d 0 t 3
o PRVE AL Gbr R Er AR nE QRS o iPeibréctidh catiéct ity sdlifele™ L\ 55 &
t enpl at Asafl Exprésutorf of thewegalive selaetios mhrlsérg(dipﬂthammxuhl d)ds thergioreldnghed NCBI -

e oo A BB SPE L P e BIR GET of B Bt et om
homology of the targeting vector and the endogenous gene locus, such that the DT-a
expression cassette will be lost upon targeted integration of the targeting vector into the
20 chromosomal DNA. If homologous recombination further occurs in the short homology
arm, the region located between the double crossover will be replaced by the positive
drug selection marker. Thus using antibiotic selection on preB cells transfected with
the targeting construct results in strong selection for the targeted integration of the
targeting vector by homologous recombination resulting in the deletion of the

25 endogenous gene locus.

A short region of homology upstream of the most &' located D element (Dr451 ) can be
PCR amplified from mouse genomic DNA using the following primers designed based
on the published NCBI-Genbank sequence AF018146:

30

SEQID NO. 19 (P015) 5-aatGCGGCCGCgaacctcctgtgttgcaageacaaatggg -3,

and
SEQID NO. 20 (P016) 5-aatGCGGCCGaggcagcacggttgagtttcagttgtcate-3’
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15 SEQ ID NO. 39 (P035) 5 - ttaaGCATCGCaaccacat gcgat ct aagggat att ggg -3'  and
SEQ ID NO. 40 (P0O36) 5'- ttaaGCATGCgatcattgagctccggctctaacaacté%g’-%mxﬁhe
PCR anplified HS3 3'a enhancer region is digested with Sphl restriction
enzynme 20 and ligated into Sphl linearized vector pAB-4 in order to
generate pAB-5. Any of the vectors pAB-3, 4, or 5 can be used for inserting
the coding regions for heterol ogous i nmunogl obulin heavy chains (Fig. 12b).

EaCthf t h§yoydagerel MMuNogl obul i n isotypes can be exprggﬁgﬂ)l% A Lre_rrbrane
ound_ RGYBLEGE e RORH iR Srdrie sbAfor YD I g, L2

regul ate at'rve splrcing even ert Eleting t he
menbr andoringapurposesex® indichtedrin uppercaseNters. direqrinErs wil arhplifg b 1€486ip

exons. GeRgicEER ARG Mh e fe BERsER WA N ERs RO hrp e A g oo re
vi rt ualihty Notiginearifd pBSL-finbe-DTH dendretirg pBBLbs'y@mo-ﬁhe(mgf.éﬂag,Trffgg&gs ane 19gG 30

menbr ane exons can be enpl oyed for nenbhrane anchoring , , 1g&3 and
| gG& arfe9igbdf csequencs; heraelagit dewpstisamebike dn coangesedanannt lusien @ldo and |1 gA2,

and eac L: ept . e, ' I E M ant i bodi es.

Ther o PPt Nl BERLH KR oA ER Kb Rsh S B8 s Lo BOtsher at 1 on of
35 r eccgehbrgg:rmNA asing therfellowirg mmmrs?séimdmasd onipuislished NUBI-G@gﬁédki on of bt ge
vari ous nenbrane ni ng reqions for humpan, | JgA, 1gM and, |l gE anti bodi es
it o anpaunce i JBATRuRBalEd P ArieadbicRest isyar Sbap® rechdet or's pAB. 5
4, or Site Afe indicated Bopperbsy/ Rttesanpl e, the further cloning procedures are
described for the basic retroviral construct pAB-3 containing the

VHp]room)ter, the EH enhancer and the mnimal 3'aE enhancer (HS1,2) elenents

(Fig. dﬂs%mo ﬁOTﬁﬂPbﬂ'?@i:ﬂGGt@@bé@é&a@Béﬂ G ckegh gt drgtepeoded by two exons,

ML and j§8, |ocated 1.85 kb downstream of the constant region exons

CRHL- C.g¢a IDTR®. Ml(poa.pﬁs%e@é@t@eea&tég&cagaw@ca%éeggmcreelavadeny-' ation
site are contained within a genomc fragnent of 773bp t'hat can be anplified
from nouse genom c DNA by PCR using the foll ow n% primers designed based on
publsi sH&E pricers willifeih rmpbiitg 32150p geraiie RER flagroem Tew MmoEse YeNewmc 41 ( PO37)

5' - cat ANACRHEE 641 B aigERBUHHth ASATELARRABBSHe 2R ligAEd inﬁfﬁ)sé:mngﬁ?ize# (P038)
5' - cat ACGCGIccct caccagaaagrf‘:ﬁg‘tét tcat gt%at aaaat 15 The Mul restriction
f

sites &Bgbddkdinee-DiHcgenera finghdth [ﬂqﬁﬁ%Negérgp%lgﬁ’um-amas@rdm-BT4
that can be used to delete all remaining Dy and Jy gene segments in DJy rearranged
preB cells (Fig. Sa).
20
ii) Construction of «l. chain targeting vectors (Fig. 5b)
Like in the case of the IgH chain locus, the kL chain gene loci may be inactivated by
several cis-acting mutations, including e.g. deletions of all of the J, gene segments, the
. xL chain intron enhancer (xiE), the constant kL chain region (C,), or the 3'x enhancer
25 (3xE). As an example, targeting constructs and methods are described here that can
be used for the targeted deletion of all of the J, gene segments. Furthermore,
construction of targeting constructs described herein is presented only for targeting
constructs containing a "floxed” neomycin resistance marker. Cloning of targeting
constructs containing “floxed” puromycin or hygromycinB expression cassettes are
30 performed in analogous fashion. A short region of homology upstream of the J. gene
segment cluster is PCR amplified from mouse genomic DNA using the following
primers designed according to published NCBI-Genbank entry V00777 (nucleotides of
the appended Notl restriction enzyme recognition site used for cloning purposes are
printed in uppercase letters):
35
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uppercase letters. The resulting PCR product can be digested w tzt] Mztbl
restriction enzynme and the resulting 773bp fragnent is |igat ed?’Hi% IQ/PUI

| i neari zed vector pAB-3. A clone containing the ML and M2 exons in correct
orientation and DNA sequence as 20 verified restriction enzynme mappi ng and
by DNA sequencing is designated construct pAB-3.1 (Fig. 12c). Menbrane
deposition of 1gG anti bodies can e.g. be acconplished by the nenbrane

spanni ng ewt?r@%ggwt he 19G gene. The IgGl nenbrane s ipdg1s5@/91 on s

encode t I . 25kb_downst ream of the C4-J] exons spanning
a regi %r?tal)'f @Qgﬁ\igsdﬁgr%'t@%gé&[%gl%ﬁﬁﬁ%%%%t?‘?ﬁtltaﬁc?%ttt\ﬁ@éﬁ' 1ML and y1M2, a
si ngl e ggger | ap extension (SOE) PCR approach is used, by which the two exons
are fuggh troNa. QWUZGI5’3@@GC(§GCQ:@;@&B&gté§Q@@Eé’d_:’&dbac%?@ctfg}é%itg%’o‘c two PCR

products can be achieved, if the reverse prinmer of the upstream PCR product

and the sense priner of the downstream PCR 30 product exhibit roughly 30-40
bp & &simsr 39 kinds (o pasitiosc!-3@ @ndrryingaT E0f ecrosition nfdilefddnefaNCBl can be
append = Xe! : ' ? rjyner and

o v G5BaE SRRy VOGP E el 85l o8ty PR adlant RF dEREEYith HolirS

downst resintipCRNZyMesIand is Jigatedintodioty inearizedostenty targétingvaster pBSk-fired-usi on of the

two vy : GORS . aRY (Al 6h dBRC ey t : i tical sequences
of 28b%r gé}%ég%yg%%lt g%fb”%x omﬁ#'eg‘ﬂi gPGyI% ?%'?34 gggb%p‘ &gg@]%gm of yl1mp
exon. FbmoRgy GbwAstrekimnof 2206, YAEDBLEHHER IURE TEdRPiting XBOXIE Spaugaces can be
used to generate a shorter PCR fragnment by SOE-PCR containing both the ylM

and Oy 1 enstasrid. ghain tegion{Blibis (R apwiitind o sagusa genomia RNAiusing thaher ef or e,
t P f ik | { i i fol |l ow
p??nerciﬁ‘ag@‘?gﬁ@@eﬁséé%%'gﬁﬁ“ PRSE 81, bR NOROSen o e WEETS 159107 A

PCR fr fycleotidest of3the appeeqesi Ascl cesiriction engyme desopnitiemisiterase ppatediimg  exon 1
(y1 I\/Il)d ;Besrc L f ived from human genom ¢ DNA using prinmers: SEQ ID NO 43
(P039) S acagagggaat cacccccagaggcccaagccc -3' and 10 SEQ I D NO

44 (P040) 5'-gacagcgtcagggacaggtggggacagc -3', with prinmer P039 bind}ng to
N . A . 435, 9462

Real SR RO Poa ¥ P RiscEOAL LT AR 8 PRSI 0B 2905 2462 o

cont 2! SELP 15, PR PE. SRSRPB XN R LY Al el {1 ed From umar

5' -gctgtccccacctgtccctgacgetgtec -3', and SEQ ID NO. 46 (P042)
Primer P021 will bind to position 2129-2158, and primer P022 to position 5456-5483 of

20 NCB!-Genbank sequence V00777. The resulting 3379 bp PCR fragment is digested
with Ascl restriction enzyme and is ligated into Ascl linearized vector pBSL-5"J,-fineo-
DT4 generating pBSL-5'J,-flneo-3'J-DT4 (Fig. 5b).

iii) Generation of a RAG locus targeting vector (Fig. 5¢):
As an alternative to inactivating the potential of preB cell to express endogenous
immunoglobulins by introducing cis-acting mutations within the IgH and lgkL chain
gene loci, preB cells can also be rendered incapable for rearrangement of their
endogenous Ig genes, by introducing trans-acting mutations. This can for instance be
achieved by targeting one of the two recombination activating (RAG) genes that are
30 essential for Ig gene rearrangements. Murine preB cells with deletions in either the
RAG-1, or the RAG-2 gene will be unable to rearrange immunoglobulin gene segments
and are therefore unable to express endogenous immunoglobulins.

As an example, the construction of a targeting vector is described allowing the
35 complete deletion of the ORF of the RAG-1 gene. A short arm of DNA sequence
homology of about 1kb of genomic sequence upstream of the RAG-1 coding region is
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20 5' -ca t ACCCGTttatttggaaggggggcgt gt caggt gt gt cagggtc-3" with Q&UUEJ%BQ41
bi nding to position 8137-8164, and prinmer P042 binding to position

7624- 7654 of NCBI - Genbank sequence entry AL122127. The two PCR products can
then be fused to a 822 bp PCR fusion product by m xing 1/100 of the yl1 ML
exon PCR product with 1/100 of the ylM2 exon PCR product and repeating a
PCR with sense and reverse prinmers P039 and P042. In addition to Mu
restricti ofo3ameBd recognition sites present in bothy f@ﬂﬁh@m?039 and P042
(highlighted in case letters), .which are reqgujr %Eﬁﬁr t he cl oning of
{ e > ScRIGR, Y BT e FA1E esidles Casdp tamo RS Mt aenbanne

conpl ereguénce ACOgursxe of an artificial pol yadenylation signal 30
(underlined) allow ng correct transcriptional term nation of the

i mmunogl obulin transcript in the final retroviral imunoglobulin expression

vect or .SEihD R_BJZmo(Bobwv%a@eéme&kg%@it&@&Eé@&%ﬁ@%i@t&eg@ di gested with

Muls reggriction enzyme and is |igat nto vecto clone with the

cor ectsit IIPGALh AAf 514 albser ok erddd:adoBia st oLl Mo gRay e mRPl g

and DNA sequencing 1s’ designated clone 22 June 2006
WO 03/ 068819 PCT/ EPO1/ 15303 doning of the al nenbrane spanning codi ng
r egi on Nefircliringasitéseappendeg tpdie 5'aendl of featn grimenanerhighlighted o opperéd¥d a f ragnent

t ai nj i . j i it d JyA site. Th
POl ovefh pitfa® 28 for BRI o Mook BEICK flehnbd ot R e SRalR A cor di ng.
t 0 1tohe reagidri spsittaikiCHfl thEdhm@1koperareediog franter (Fig. 55dybPRO PCRSERAJLE RIO. 47 (P043)
5'-at t. t t -3 d SEQ | D,.NO, 48 (P044
o ot ¢ A bR A RO RE SRR RGD e of S BoRbimmeaatHElaeottbRt o med M
cl oni ngestbllt, ewg.qqcmufded-[ml. ll‘Ahﬁlaﬁ‘lnidfemheOéOdrgamhg gmé BRsrt afrlgigomfhbir@ivg?d i nh

ercase letters W, a i a_ P roduct of 7 asepairs that can
bo Gt o BB fuan, oL HERAET bty &L rrBot e iRlen FokolRley P SREBERRRt o M ul
| i near ipBGU-5'Rfhed-DT¥.cl one with correct orientation of the insert verified

by rsestri ction enzyne 15 mapping and DNA sequencing is designated clone
pAELS.B. For the expression of menbrane bound | gE anti bodi es the nenbrane

spanni Fgr the@ianing df die leddlamial e targeting chnstreiciefoc eRAGY dene, £YHbmic e1ML and
elM is PCR '

| oned. For,this . a 858 bp P oduyct js anplitfied from hunman
genoni 69%0@9%"‘?%%'3' b p%&t'ﬁg"%’ﬁgﬁaﬁwﬁe MS rfeamaee%?ram 5 publ i shed
NCBI - G baplifiesie by ehec dolieingy prkhS6 93, desQnk® BdGed 46h (¥MBMk sequence
5'-cat ﬁ%%s%gggacct gggt gcccaccct cagggct gg- 3'
20

SEQ ID NO. 28 (P025) 5"-ttGGCGCGCCataggatctccacatagaagttggtatttgec-3’
and
SEQ ID NO. 30 (P026) 5-ttGGCGCGCCgtgggcacacatatgtcatcccagttacee-3'

25  Recognition sequences for the Ascl resrtiction enzyme are appended to the 5’ end of
each primer and are used for the cloning of the 2854 bp long PCR fragment containing
the long arm of DNA sequence homogy downstream of the RAG-1 open reading frame.
After Ascl digestion, this PCR product is cloned into the unique Ascl restriction site of
the vector pBSL-5'R1-flneo-DT4. A plasmid clone containing the long arm of homology

30 downstream of the RAG-1 coding region in the correct orientation is isolated and
designated as pBSL-5'R1-flneo-3'R1-DT4 (Fig. 5¢) and can be directly used for the
targeted deletion of the endogenous RAG-1 gene in preB cells.

Step 5: Targeting of endogenous gene loci in long-term proliferating, stromal cell,
35 IL7 dependent murine preB cells

For the sequential targeted deletion of both alleles of an endogenous gene locus, two

different strategies can be applied. One strategy is to utilize targeting vectors with two
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and SEQ I D NO. 50 (P046)

o' -aat ACCCGTttattt gt gccct ggget gggt gccgggecctccttgg- 3 Both pri et g dhtai n
Mul cloning sites appended to the 5 end of each priner (highlighted in
uppercase letters) resulting in a 858 bp PCR product that can be digested
with Mul restriction enzyne. In addition, the reverse prinmer P046 is
designed 30 to contain the conplementary sequence of an artificial polyA

signal (uneardsesed) ensuring proper termnination of n%}or%%cri ption in
ragnent is |igated

the fin expre Sion, constru

i nto Md(#prqnl tROS “’%estfl @argerﬁlfBHQh%M?rﬁet"lQogfi'& q‘ﬂ?l‘@ﬁ?rﬁ'ﬂtl 8iele¥ t he insert
verifi ﬁqierfaﬁtnreaﬁérrotrrefrlsﬂategmyrfe WSRPIheNgant tarihg SoMBHERCIWRG o3 tHEeSi gnat ed

cl one pAB-3.4. 35 Fol | ow n cl oni ngeIOf t he vari ous nenbrane spanni ng exons

for I g&eayeghial targrAingrri bptﬁieen paenoyp alicles. flowexernin qase of He latteristia Qhurran
const a 9étﬁ§00f”§1ehﬁr¥€ alidle s 13586 tf@lﬁ)vdeﬂt L5y thED rarsiei NBoRalian Yt i) 208819

PCT/ EP 3 retroviral constructs B- fragnents
encbdi aypresséoncactor fficre-iesgnbinass ivknspral @eldﬂ wh@b wnlhleed tmmeuuerrqmnlNod

[est 1) BhBAs, SYY B! SEORRL SRl AR, sth hISHBABRE b onst vt

5 Cdonrng o roviral exp res I on vec rs T or

i sot ypdmug sglettionymaypbe ysed forrtUeyeeDnMargetmgmfﬁnt otierfallgie. 12d. The fol | owi ng
prinmers can be used for the PCR anplification of the four different 1gG
heavy chai n subtypes using human genomc DNA as a PCR tenplate: 10 For yl
pr i neAs ad exanple theaxperonendal tprogedbiei fohihd sbmntnéietatg@nhg stispiieafisle\L 122127) :

PO47 d SE
"Da o5 prbesios den apdiAhE R b RER R POt R B GRERE Ml ror 2 o
(prl etwd diisregtremtibietiresistance markersipurehgdin aBhydrembeinis) is dasteineg J00230) : SEQ

I D NO. 53 (P049) 5 -tatacCGGcCGCagggagt gggct aaggt gaggcaggtgg-3' and SEQ I D
NO. 54 (P050) 5' -attaGCGECCCCct cagact cggect gacccacggaaagaac- 20 3' For y3

(pri megs ettt 6th gaeasclista the filet Bldles 26 g NEMeareabR) 1122127):
SEQ I D NO. QESIWPOS%QQ -gcat GCGGCCGOccaggt ct g?cccacgd?élg%gég?@g@gf\gg 3" 25

and  a puromycin reS|stance marker is transfected into 10 preB cells resuspended in PBS
15 by electroporation at 350V with 960uF capacitance using a BioRad electroporator and a
0.4cm electroporator cuvette. The cells are then plated in IL7 growth medium at a
density of 5x10* cellsiwell into 96well plate cultures coated with a subconfluent layer of
3000 rad irradiated puromycin resistant ST-2 stromal cells. 30 hours post transfection
puromycin is added at a final concentration of 2ug/ml. Puromycin resistant colonies are
20 isolated 7-10 days post transfection and expanded on fresh, irradiated and puromycin
resistant ST-2 stromal cells under continued selection with 2ug/ml puromycin.
individual puromycin resistant preB cell clones are analyzed for the targeted integration
- of the targeting vector into one allele by standard PCR and genomic southern blot
hybridization analysis. PreB cell clones with a targeted integration of the targeting
25  vector on one allele are again transfected, this time with 20pg of linearized targeting
vector containing a hygromycinB resistance marker under the same conditions as
described above. Transfected preB cells are then plated in IL7 growth medium at a
density of 5x10* cellsiwell into 96well plate cultures coated with a subconfluent layer of
3000 rad irradiated puromycin and hygromycinB double resistant ST-2 stromal cells.

30 Double resistant preB cell clones are selected 30 hours post transfection by addition of .
2ug/m! puromycin and 400pg/ml hygromycinB. Puromycin and hygromycin B double
resistant colonies are isolated 7-10 days post transfection and expanded on fresh,
iradiated and puromycin/hygromycinB double resistant ST-2 stromal cells under

continued selection with 2pg/ml puromycin and 400ug/mi hygromycinB. Individual
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SEQ ID NO. 56 (P052) 5 -gctaGCGECcGCt cgcaggggcccagggcagcegcet gg%égc % For
y4 (primers designed according to published NCBI-CGenbank seque 9 6):

30 SEQ I D NO 57(P053)5' - at t aGCGECCGCggat agacaagaaccgaggggcctctg-3' and SEQ
ID NO. 58 (P054) 5'-taat GCGECCGECccagggcagt ggtgggtgcetttatttcc-3' 35 I n each
case, the PCR products of 1788bp for 71H, of 1959bp for y, H, of 2374bp for
73H, and of 1820bp for 74H can be digested with Nob restriction enzyrre upon

whi ch t hewdiggsdied fragnent i s I i gat ed into Not] |ingaipspeh:RAB-3.2 (Fig.
12d). Constructs contajnin erts in cor rﬁ& or.i ent ation and without
any’ nuiPHiOMyAs/hygroawFIaR oHg Wtamééﬁ pelhglongs @re grARlyzed i the tatertebiva

068819
T i A N S e Ay - 1S

cl oni n@%ammsgwh@ﬂmt aﬂ@'@ﬁ'ﬁ)n exons encoding pH, all-1, a2H and cH chai ns,
i dentical nmethod are enployed (Fig. 12e). The follow ng prinmers are used for
the PCR 5 anplification of the different | gH isotypes using human genom c
DNA5as Parongwio/hagemyEinB dolblé pesisiant prefeedliplonds aith dwal tangetedalimlds maned

NCBI - nk )

5 -t ¢ TED LTIl E e S coped stk epolnagl skdinyagardn  pose)

5' - t aabfdeXoTepsat yene targeting @xparingtsagrt othgugend' lodiand allélesiTthisaddn ker i mer s
ggg‘zggﬁgneswa“%%,“ tt@ﬂgf?eg@gﬁreg CNI?BWIH%B“Q 0 supegco%] %?e-recom l(r)m(a)szezo and

5 -att d 62 (PO58
5'- ? at té mwcﬁiﬂ%%ﬁém eic{ngg@rag@%a‘h%@gg.f ﬁlmrér?rf%\!,%c; S dSaS| gnZad
acdér dreelly 28 tbelblpi%ﬁg m'@gg % s@gggﬁ'&%'ﬂ_ﬂobzgz?wfhseeéw @ 63 (P059)
o> -taag W?&W&QWGHWW%ME%&t STwro%Eal&E@ AfeNO. 64 (PO60)

5' -atat ccaagaat gggt gt act gg %gtc -3 In each case, the PCR products
of- 222deys dfsultyela sat es & repliqa Risted Apia, nogmal BF-2 stromebgelisder sH can be

di-gest ghhithdd'cdiatd, ah&%‘hfo‘ &GihbPPursMgoTPesiicht R RydtSmitilB sRgle! R5RtahP! |

ST-2 cells und the respective selection. Previously puromycin/hygromycinB double

15 resistant preB cell clones that became sensitive two both antibiotic drugs have likely
undergone cre-recombinase mediated deletion of both loxP flanked resistance markers.
Once the cre-recombinase mediated deletion of the two resistance markers has been
verified by southern blot analyses, the clones can be subjected to the additional gene
targeting procedures for other endogenous gene loci and alleles.

20
Example 6: Construction of retroviral expression constructs for human immuno-

globulin polypeptides

in order to re-program murine stromal celi, IL7 dependent preB cells for the production
of human immunoglobulins, novel retroviral expression vectors encoding human

25 antibody polypeptides can be used. Methods for the generation of recombinant
retroviral vectors are described that allow the regulated expression of human IgH and L
chain proteins, depending on the B cell differentiation stage, first as membrane-bound
and later as secreted immunoglobulins. 1t should be noted that any type of
heterologous binding protein can be cloned into these retroviral vectors allowing the

30  expression of any type of heterologous and human binding protein. The description of
the cloning of retroviral transfer vectors for the expression of human IgH and IgL chains
described herein, should therefore only be viewed by way of illistration and not by way
of exclusion. Recombinant retroviral vectors can accommodate up 7-10kb of
heterologous DNA sequences, which requires the design of separate constructs for IgH

35 and L chain glycoproteins including all the required cell-type and differentiation stage
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linearized pAB-3.1, pAB-3.3, and pAB-3.4, respectively (Fig. gf)lunezoo
Constructs 30 cont ai ni ng the inserts in correct orientation anf”WtHo ? any
mut ations as determ ned by restriction enzyne mappi ng and DNA sequenci ng
are designated pAB-3.1-M pAB-3.3- Al, pAB-3.3-A2, and. pAB-3.4-E,
respectively. The different retroviral H chain expression constructs
controlled by natural IgH chain 35 pronoter and enhancer elenents still

require tReohisss i on of a variable domsu n codi ng regqpoilish Wil be
presented after fhe cr| tlon OL % hod for Ion| of the 72 22
8 §1en g

June 2¥REENAPOEPEH nepegirp r g e ‘I’_geé'ﬂ 9 8898 essi on

Vect or glich aGeHaRe Thess b@ﬁtr&tdéhﬁ@m are hédes e ePsii@ prapériesrédsionl ver se
speci f?pm ties will be present ed for bot hgmﬁe compl e?epre?bfpow ral I gH and

| gL ch@pmbeansrdepasiiny %@rﬁ@?@de'ﬂ of immungglobiding, thelr iniy mabirationi ipdhe const ruct s
for t h\?ariBP‘QLﬁ @élﬁ@aﬁﬁ?éﬁﬁé%ﬁ's%’ge@f a ek ééhlﬁbﬁ‘%vefsbéﬁrét?dnl o ﬁ&e@l&?o&&”ﬂ ructs

desi gned aln expression, retroviral constructs Igned for the
di § erantibocies amplesra@;éel@wiwdt@l erpyieal sonstrugts forggt anddi ehainsecqni bee t he

presenge tr%{ ggé’é& W\}gp@B i rﬁpbr?he XS@%C%Jn'sﬁ%aé %ﬂf [int8iiieC MRARGST €l ements.

These pr onot er On° enhancer (xiE), and
t he xagenermaofdhe mmte(maE)ceE dfrrauning. prer&eelbaqe@aed whicb laoniemgived ot hese

I ' ' t
s PORME BT VR PSS SPBES Binylcalobl (toR Seechidh e R, L ci g The
foll ovhengologommosht(rdas anfibediea o dindinggproteint hvill rbal:dxpass@ti NBllinedde Genbank

t
Seﬂgeggf*@bin r%‘*g @328% @F&aé’& Q@"&gg"‘f“g@g %4 sEQ 1D NO. 66 (P062)

- CCATCGATGGATCCt ct gagagct ggaagagaggat gctttattagg-3' 20 Restriction sites
ZSE?P.fﬂ Bt ronof Bt RLaS b for B el bt T BRRC S et b s
pr Id rreeré%@ﬁQe mnétadvnsl dRstabel ffrmaabmﬁanym an@atchangtpr@éin§¥vtlleevé@@x1;ﬁc oOR
underl i ne n other uni triction site | e
pr oduci® W’f% %ﬂ[ |”?° B\é‘”ﬂgégﬁ]sﬁ dhe E‘o""?oé‘%eqndc? N %ﬂpﬁr§§§9ntr&#r\9e d al

reggr I@@résaloﬁWZWBEfrdngmatnmamngﬁ irt bvdlePCRasceraimeptimal ineeractions with 8d V, pronot er
is |i qat ed int | near¢‘i§f{d6t LI B vector. Ligation products containing

t he V,INBREHIRES Cl"H’”PﬂgaEl%céP Pentation (opposite to the transcriptional
orientation of the 5 LTR pronoter) are |dent|f|ed by di agnostic restriction

igg _rTeThe stgrtlng 9ec?orc%rom whlcﬁ ueerrcle rovur%l g(p\r/ésrs]%n cons ru S acrg ?;Eﬁér%t%% ig é% 6 (Fig

empty retroviral cloning vector pLIB (Clontech) (Fig. 12a). The generation of a

20  recombinant retroviral expression vector for human immunoglobulin heavy chains is a
multistep cloning process, which involves the sequential cloning of promoter and
enhancer elements, as well as the coding regions for the various variable and constant
regions of human antibodies into the empty retroviral cloning vector pLIB. In a first step,
a murine Vy promoter is PCR cloned into the unique Clal restriction site of the multiple

25 cloning site of pLIB. This is done by PCR amplification of a mouse Vy promoter
element from mouse genomic DNA using the following primers designed based on the
published NCBI-Genbank database accession number X71119.

SEQ ID NO. 31 (P027) 5-ccATCGATtgactggatgcttgttaattctaataag-3, and
30 SEQ D NO. 32 (P028) 5'-ccATCGATGGATCCtgtgtgccagtaactgtagagagaac -3’

These primers will PCR amplifiy a 394bp Vy promoter fragment which will contain
restriction enzyme recognition sites for Clal (ATCGAT) at their 5’ and 3' ends, because
they are incorporated at the 5' ends of primers P027 and P028. In addition to Clal sites
35 in both primers, the reverse primer P028 contains an additional BamHI restriction site
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30 The xi E and the coding region for the xL chain constant dongbg arg

une 2006
| ocated in close proximty in both the human and the nobuse xL“Chain gene
| ocus and the enhancer appear to function across species. Therefore, the
optional cloning procedures for two different retroviral expression vectors
encodi ng xL chains is described, one utilizing the 73 22 June 2006 WO
03/ 068819 PCT/ EPOL/ 15303 human, and the other utilizing the murine x intron

enhancer (d@)@,oﬁssllg shoul d be noted, that both const r];tq?]ﬁ, ﬁéﬂ) be used
i nt er chan .. Cloning of the construct containing man Ki E can be
e

achi-eV&$ fﬂmdagnt@dm FW&B‘#EHWQUPHW@@H@W U‘t%mﬁaBCR[DlWUGbnt ai ni ng
bot h t 5 MAR
Che f OF T uhe 50 e 'ﬁféaﬁii%d‘ @*%ﬂ'@%%% IR g BRI equence
ent ry emwneﬁsggstlo&mth@m regmerto iz amph ed Vy promoter PCR fragment

GCGA t ttt T 10 SEQ I D NO.
o6 ( POBAIE T peralAANOHRORT ARG Tl P RERY R et lioethnal -

resy riprodusts %bhtemlr@panﬁCbrbmotdnem5theeﬂ§klreﬂ erieatation | @Bposite Stoadd N
hi ghlighted in uppercase letter éBanH in primer PO63 and Notl in PO64).

Pri rrertfqﬂQG'EPt'E'éﬁhoélP'Hét'%OftﬂP%5 &3 gen gre Qﬁ"t!ﬁéélbv idéiagapstia restrietiont ri ction site

used i | 4/dR 359 bp fragnent
t hat cégﬁ&'ﬁéeaglegt@?eagsw th g?rq-l%and I{l%te?d'mie? p?&(BQ'l pﬁycfa%ngt hen be

directionally cloned into BamH -Notl |inerized pAB-6 generating retroviral

const et ?&‘% J?;g '18e cl&rﬁﬁ%oftﬁgnl:u% rEr%n ﬁBé\@tcimggt Héﬁéelg,@ﬂ—g v%tg‘jté”“” ne KiE a

PCR product contalinin t containg
t hg hUIﬁBJﬂn@ﬁmtﬁ;glaﬁtacrbyem heg@ﬁ?f(RERs)amm qagdvirad eseton bAQ Prene gusl y. For this,

first PCR i ficat K th CK
per 1 ofABENGeh e b 8, farking e ¥ ko B e e Yo twectgtog) on'

fOrWarerrléfsélHi?rof%Hiuhbélen%r&@tﬁ@ lheBllliﬁ@ag(éf cararrwh@rafdmrﬂj bf Yhe EpHt he second
PCR, which 25 is used to fuse these two PCR ECO ducts, 1/100 o each PCR

r eact ie9hancer elemant awerf@'mi.w aeelifying & A83hp Roﬁ%ﬂiﬁ%ﬂt(fmsvo'.&ﬁd the CK
regi o eﬁ@rﬁﬁsrBﬁApﬂélﬁ@&he( %ﬂé‘\g%%r;ﬁm&ré dagig néd) ak %%Odhbﬁéhe hﬁcpwo PCR

products at the redion of ptermna conpl e tarity ol | owi ng
prismeGenbark srauaren)00640:t he anplification of the nurine |dE (designed 30
based on the published NCBI-Genbank sequence entry VO0777) using nouse

genom c DNA as a tenpl ate:
SEQ ID NO. 33 (P029)

5 -chGATCCAAGCTTagagaggtctggtggagcctgéaaaagtcc-3'
and

20 SEQIDNO. 34 (P030)
5-gatcGCGGCCGCtctagataattgcattcatttaaaaaaaaaatattte-3’

Restriction sites (BamHI/Hindlll for P029 and Notl for P030) appended to the 5 end
-, each primer are highlighted in uppercase letters. The PCR product can then be
4 * digested with BamH! and Notl restriction enzymes and is directionally ligated into
BamHI/Notl linearized retroviral vector pAB1, resulting in vector pAB-2. The sense
primer P029 contains the sequence for an additional Hindlll site (underlined), which will
give rise to a unique restriction enzyme recognition site in pAB-2, required for later
cloning steps.
30
Next, a DNA fragment 6ontaining the murine 3'a enhancer is added to the construct
pAB-2. The 3'a enhancer is known to be required for optimal and high level expression
and secretion of antibodies at the differentiation stage of plasma cells. The 3o
enhancer is known to contain four DNAsel hypersensitivity sites (HS1, HS2, HS3, and
35 HS4) that comprises various binding sites for late B cell/plasma cell specific
transcription factors. In reporter gene assays, it was shown that HS1 and 2, which are
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74 22 June 2006 WO 03/068819 PCT/ EP01/ 15303 SEQ I D NO. 69 (P062

5' - cgGGATCCAACCTTgaaaaat gttt aact cagct actataatccc- 3' SEQ | D NO 27“@”?5%9@6)
-gttttgttggagctcccctttgaagatattctcaggettceccttec- 3' 5 The following priners

can be used for the amplification of the human Cx region (designed based on

t he published NCBI Genbank sequence entry AF017732) using human genom c DNA

as a tenplate: 10 SEQ ID NO 71 (P067)

5' - aat at ct woags@gggagct ccaacaaaacaatttagaactttattaag- §CT/E1§1'1/§;30 . 68 (P064)

5' - gat GCGECCCCaaagattcactttatttattcattctcc-3' 15 The régions o term nal

conpl etasated withip & Q6K oeromic PHBeTagmentoerfenatdeart 8694 oftbri3'a enhander nedi at e t he

0o, afdEbain e CoRBLRN o e iy SORRRTart A tobBbePlS ' I ol ate: he

resul t sequenta.i ne xi E-human Cx fusion PCR product of 1524bp can be digested
with BanmH and Notl and is then directionally cloned into BanmH - Not |
| ineari zed vector pAB- 20 6 generating vector pAB-8 (Fig. 13a). Next the

mur § ne Al BuE3asenhbidte dosipumsits, 18T 0f 3 bie4, moﬁatnut@é écﬁéane@ﬁ)cwcmwﬂ PAB-7 and
pAB- 8 gener ating constructs pAB-7 1 and pAB-8. 1, respectivel The priners

used fegiont h@RmeQd@Pb'ﬁ.tea@guaﬁe ?hGrtraPﬁ@'Pfdg"%aFﬁVdmofrﬁ@yén gemmloces DNA are as
foll Ongeﬁggﬁt?P il @g@dom &hed DR wERbank el SN C O A8

SEQ ID acgc Ct agaacgt gt ct gggc aaacatc -3'
SEQ | Dumn@mogteb@fmyy 5hat@sgdl0@fme@ge;atdmc@ragnttmealg'g‘temgamgﬁgtmac 3' 30

Bot h [ ed in ercase
Iettelro n%éé%c%?%gdth %ﬁlléé F@?ﬁ ﬁ@ﬁéag@?ﬁboﬁgﬁg ctﬂ\léé{ﬁm%é’" ed into the
conpat déﬁlgaeGSalad:cdrdasg rioctthe)npm:lrslml NﬁBIfﬂeBrbanansbqnéﬁ’cd 3. enWCE(QBGGﬂ ones

carr | nsert orientati.on _an t.he co rect DNA
sequgn gcogal °’h%%°é'?ﬂ?%’?38} %c@'tl'oﬁg r%?t HetoB §hafus, Sﬁ%%re\ﬁ”éor ARICIBRAg 0 equenci ng,
are dethe PR feaymphBor/later alodinp Atep8 afe Highlighted Fa)ppefiask fettarspext cl oning step, a
puromyci n resistance marker under control of a constitutive SVv40 pronoter
is cloned into the retroviral xL chain expression constructs. The

SEQ ID NO. 35 (P031)

15 5-gcatGTCGACACGCGTgggggctcagatatcagtaccagaaacaagg-3’, and
SEQ ID NO. 36 (P032)
5’-cgatGTCGACCTCGAGttggagtcacaggectgtctecatgtgg-3'

In addition to 5’ terminal Sall sites (GTCGAC) in each of the primers, the sense primer
20 P031 contains an additional Miul site (underlined) and the reverse primer P028

contains an additional Xhol site (underlined). Primers P031 and P032 will amplify a

644bp PCR fragment that can be digested with Sall restriction enzyme and ligated into

Sall linearized vector pAB-2. A clone with the insert in the desired orientation (see Fig.

12b) is determined by diagnostic restriction enzyme digestion and DNA sequencing,
25 andis designated pAB-3 (Fig. 12b).

Optionally, the further 3'a enhancer components HS3 and 4 can be included in the
retroviral vector constructs for IgH expression. For this a 466 bp fragment comprising
the 3'a enhancer HS4 region can be PCR amplified from mouse genomic DNA as a

30 template using the following primers designed according to published NCBI-Genbank
sequence entry S74166:

SEQ ID NO. 37 (P033) §'-gcaCTCGAGgggtagatgcagectgtgttecgtttactg -3 , and
SEQ ID NO. 38 (P034) 5-gctCTCGAGCATGCCtgageccaccaggaagtectetgtg -3
35
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75 22 June 2006 WO 03/068819 PCT/ EPO /15303 inclusion of an ewHﬁz 8?
cassette for puronycin resistance is preferred, because both c? L
chain retroviral constructs need to be stably co-transduced into nurine
preB cells in order to allow expression of conpl ete heterol ogous anti bodi es.
In order to increase the efficiency of retroviral cotransduction,
retroviral IgL chain constructs are 5 transduced first, and stably
transducedyggldsgsifr € selected for the integration of ltchﬁu,bgllﬁmchal n
constructs using puronycin selection. A secondary transduction of 1gH chain
retr ovﬁﬁ%trlctw@cqnévrge Sites annesred o, ey ¥’ dermind of erels Piineharetighlightedtn al f or

ant i bOGﬁbePéa%@“lE&érQ”ln' Qdci]ﬁ’&PTb 6@b! rddifttion Sitkd gg?’ééﬁ {dht 3R dogit chain

retroviral vector. guro nmyci n expr essi cassette can be cloned from
t he pupramgr@; hherr@@rsgtp@rr@ePO 'é@@rdampmadqlmnehs@dmgrstngtnoscsﬁ:e (—‘Gﬂm@cetu ng some

unwant bI e Cal clonin

sites sta"(q)'ﬁ&tah §c}dlt%ﬂalf ﬁﬂ@%ﬁlc&cﬁia@%ﬂﬂ%gﬁh% eﬂr?%’?gs used for °

t heS S'g?rpm?soﬁCR@lpaﬂcmnoxSE@ IpBrmisOpair BOZPEP034 on genomic m705use FI?Cl)\lé\l) 20

-ccC g a
3 oatll TR 1 SR REeee R gipoahnt RHE BT osited BEF1he e Piion shymes no 76

(7 50(7%2))%50I acntiMﬁ%tn%nﬁﬁ%ggabamagalbmem?%a@t gABQCAC@@rreC\ﬁS ngg;@eqq‘s%% tSEQplcg NO.
C ccag, aca ag.a irs WO

R L R L R S S P R )

PO72/ Riidektigh and DNAGegusmeing Pand it @Bsibmdted ésﬂfectd’r\%om&t p@!%ﬁ%eﬂw' mer PO71 and

forward priner PO72 are desi ghned to contain a region of p perfect

cotbl empa?ﬁayenhe@ﬁ%énasmetﬂ) Shusre el ¢R agplifisd vsiag MplsergeppMiche t wo PCR
produ eﬁ%@é‘ bl . fragnments in
an additi onaﬁat WIW@E f:égct“{ﬁg gg]?r?g&é ?%?g&r@@g%& gﬁggggdig%l one. The

| at t equznhanbrsgqmm anh’y #9860% érgwgmitoncﬂeqsences for( theprestcigtion emzymer s) al | owi ng
the cl uronyC|n expression cassette into
corrpaté)pm' B%&@Mﬁn@ﬁéb‘tﬁ% c};@% pAB— 8.1. This generates retroviral
constructs pAB-7.1Pur and pAB-8. lPur respectively (Fig. 13b), which are the

3515¢°"§E(5H9N%) b@&r‘ba 5CPtéiﬁ%%cy%ﬁécég%%ngtgggﬁ Lj%]cq:ggl oyl ibraries

encodi di verse varl a respect i vel y, can
be i nsﬁéﬂgNOTQS(FW38F§-d{i'£gacfcczlrrGCgatcattgagctccggctctaacaactggg -3

The PCR amplified HS3 3'a enhancer region is digested with Sphl restriction enzyme

20 and ligated into Sphl linearized vector pAB-4 in order to generate pAB-5. Any of the
vectors pAB-3, 4, or 5 can be used for inserting the coding regions for heterologous
immunoglobulin heavy chains (Fig. 12b).

, Each of the human immunoglobulin isotypes can be expressed as a membrane bound

25 surface immunoglobulin or as a secreted antibody, which is regulated by alternative

splicing events either maintaining or deleting the membrane spanning exons from the

mRNA transcript. Although each immunoglobulin isotype has its own coding region for

the membrane spanning exons, the membrane regions of ali human IgG, IgA and IgE

antibodies are virtually identical for the individual subtypes. Therefore, the same lgG

30 membrane exons can be employed for membrane anchoring IgG1, 1gG2, IgG3 and

lgG4 antibodies, a different set of exons are used for both IgA1 and IgA2, and each
different exons are required for each IgE and IgM antibodies.

Therefore, the next step in the cloning procedure towards the generation of
35 recombinant retroviral lg expression constructs is the insertion of the various
membrane spanning regions for human IgG, IgA, IgM and IgE antibodies into any of
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cloning of the variable region exons will be presented furtherzyﬁjng%oe
together with the 76 22 June 2006 WD 03/ 068819 PCTI EPO1/ 15303 oning of H
chain and % chain variable regions, after also the cloning of the
retroviral expression vectors for het erol ogous, human XL chai ns have been
described. (c) Ceneration of retroviral constructs for the regul ated
expression of IgAL chains 5 In sone cases it is desirable to produce

het er ol ogQéos@édkisbodi es contai ning XL chains insteagcokprothsiohai ns. Al though

t th
et rouTPAREioRbAEE, 818 4, Ao F0pRsEnATE RUTRR, (F (EHR) Rk SRS T o7,
COdI nganee@ﬁsorbgd for g bam FQMWMS@CKQAB%CWWNM wesVanmopateretha will only

ocus. SHAEHRATEes S s O ETeT i1 SSAALASE B OGRS (Hhi180) o part i cul ar 'y & r ue
in the nurine system where xL chain gene rearrangenent and expression

precedes the rearrangenment and expression of XL chains during B cell
di f 5 er Eme ipbit chain mMENbrane spasnikg repian s gaensled dyutwosgrens,flild1 endnanMﬂer el ement s

the ObBsatesd. Sk coRmsia o Be OrhAnsrsb o RIS Cekr et ne < Co°
eXpreséﬁ&)gl}ﬂQ;et(ég%lréfbdl e Ehdogkotld SSHadeRRtibn étgta}fg%ﬁntfln(e&%ﬂ@ﬁ\tévely As in

t he case alnr trOV|r expr essi on constructs (see above)

r et r ovgermimic fragmeot fhaBhp thad cas He ampliiest ters reouse gesomicddNA by RER ai n a
puromyci.n r.esi | S ny f first

o1 oni 28 o GG SR TERRAES 1R 35" B ned S QBank HohE oot e 16
fused $emuancé>N'ﬁ_Lmlr®06&r by SOE- PCR using nmouse genonic DNA and pAB-7. 1Pur as
tenplates for PCR anplification, respectively. The prinmers for the two
paral | el SCE-PCR reactions are as follows (wth the VX pronoter 25 specific
pri mer SEQADNGR (P037) SlesityoetbThasegeaivagbet pidabghectayeBt ~-Tenbank dat abase
sequengg entry J00591): SEQ ID NO. 78 (P074)

5' - ccASRAD NQ 142 REBY)t Bicat RegdTagg ot H@galdagead@ t SEEY dJathha t/R3( PO75) 5' - gat

t caggt gagat cccagacat gat aagat acattgatgagtttg-3' SEQ I D NO. 80 (PO76)

g Lg;\t atCﬁt gt ct?gg cacgegeég&ﬁ\e t‘%‘?z‘?fﬁa n@r arq%%hhg%t[e\pm 81 (PO77) 35

uppercase letters. The resulting PCR product can be dlgested with Mlul restriction

enzyme and the resulting 773bp fragment is ligated into Miul linearized vector pAB-3. A
clone containing the pM1 and uM2 exons in correct orientation and DNA sequence as

20 verified restriction enzyme mapping and by DNA sequencing is designated construct
pAB-3.1 (Fig. 12c).

Membrane deposition of IgG antibodies can e.g. be accomplished by the membrane

~ spanning exons of the 1gG, gene. The IgG; membrane spénning region is encoded by

25 two exons located 1.25kb downstream of the C,4H exons spanning a region of 1.9 kb.
In order to shorten the intron between yIM1 and y1M2, a single overlap extension
(SOE) PCR approach is used, by which the two exons are fused to a smaller PCR
fragment. Generally, the fusion of two PCR products can be achieved, if the reverse
primer of the upstream PCR product and the sense primer of the downstream PCR

30 product exhibit roughly 30-40 bp of complementarity. These regions of perfect
complementarity can be appended as 15-20 nucleotides to the 5’ ends of the reverse
primer and forward primers used for the amplification of the upstream and the
downstream PCR products, respectively. However, in case of the fusion of the two
yIM1 and y1M2 exons, by coincidence, two completely identical sequences of 28bp are

35 present 78bp downstream of yIM1 and 256bp upstream of yIM2 exon. These
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22 June 2006 WD 03/068819 PCT/ EPO1/ 15303 As for the SOE fusion

described earlier, first two PCR anplifications are perfornedn para?l el,
i.e. the puromycin expression cassette with priners P074 and PO75 on
pPAB-7.1 Pur as a tenplate, and the Vi pronoter with primers P076 and PO77 on
nouse genom ¢ DNA as a tenplate. Each 1/100 volunme aliquots of the first
parallel 5 PCRs are then m xed and anplified again with prinmers P074 and
P077 The WwooHRYsId N expressi on cassette is thereby fregebot/3ishe 5' end of

f the 36 i d |
Fver s SPITRES B 78 AHG Sl HEREHOSE TEBREL PHERCR RS used T or t he
first rountheramm |aﬂH Ff3Sexohd f&omé RiehibRdrR Q%ﬂmgn%%ﬁ%? #PRh&he C al

restriction sites hat can be used to cl one fusion pr oduct into
Cal | Jhe@fqrg.equor?pﬁs A reglameed iaparglial ony byman genanicdPNA usingnther | i ned) i s

al so i i ; e p P % 0 i tional

uni queq@ﬁwﬁﬁs?}the éé ”%e]‘c%qnﬁé( ()%%grgbmnﬁaer draégsl???ey&?l @eﬁﬁ% gau%%% ng steps. A
vectior At22ate7. Wi PORtfregmeznt oh§iS basepaips contdiming ﬂhsybmeﬁﬁ&rferﬂmmﬂmg inserted in
pLIB in the c rect gﬁ?g ent ati on and \Né\t]h the correct DNA sequence, as
verifi @do’b}(Yr { 1S 0R OB PHEan geRMIAY %F'W'r%%&uenm ng, is designated
vector pAB-9 (Fig. 14a). Next, the two nurine 12-4E and i 3-1E enhancer

el enents are PCR anplified from rmouse genom ¢ DNA, again foll owed by fusing
bot h sSHREEIRNG. 4@(3@@)MtA%nga@Qﬂqg@mtﬂgcwqcmasgwaabecus-éd (based on

t he pul@hidshed NCBI - Genbank sequences entries X54550 and X54608,

r esifec tSERIDNO. BEPMD) KQac8geqtRaF8Yadiggtggggacage -3,

t GCGGCCGCgagt at ccct gt gcagt ggggat actcag-3' 25 SEQ I D NO. 83 (P079)

o goadMIARRAP P G £ 0T ChA, IRRARET FRA6 phangdo RosieR) a5 ' (po1)

30 5' - G4EFAMIBRGT INGR)«(semb aaigwemaagﬁmé@ﬂ@z@@c 3" Like in the preV| ous
approach, first, two PCR fragnnents are anplified in parallel with priner
pair P078/ P0O79 and P080/P081 using nmouse genom c DNA as a tenplate, and in

a ﬁ?COmdSSE%sépalﬂDCfl| f]!ayme‘nb‘c@ftalmh@ﬂ% :H@wane@p@hmn%éﬁbmzeﬂ cﬁntﬁm)' aL e and
35 fus I ficatlaon rimers PO78 and P081 due to the 36bp 22
June. 2668 MeS R Bnen Beseripein paBapiers:

SEQ ID NO. 45 (P041) 5-gctgtccccacctgteectgacgetgte -3, and
SEQ ID NO. 46 (P042)
20 5-catACGCGTttatttggaaggggggcgtgtcaggtgtgtcagggtce -3’

with primer P041 binding to position 8137-8164, and primer P042 binding to position
7624-7654 of NCBI-Genbank sequence entry AL122127. The two PCR products can
then be fused to a 822 bp PCR fusion product by mixing 1/100 of the y1M1 exon PCR
product with 1/100 of the y1M2 exon PCR product and repeating a PCR with sense and
reverse primers P039 and P042. In addition to Miul restriction enzyme recognition sites
present in both primers P039 and P042 (highlighted in uppercase letters), which are
required for the cloning of the SOE fusion PCR product, primer P042 additionally
contains the complementary sequence of an artificial polyadenylation signal

30  (underlined) allowing correct transcriptional termination of the immunoglobulin transcript
in the final retroviral immunogiobulin expression vector. The 832bp yIM1y1M2-polyA
signal PCR fragment is then digested with Mlul restriction enzyme and is ligated into
vector pAB-3. A clone with the correct orientation of the insert verified by restriction
enzyme mapping and DNA sequencing is designated clone pAB-3.2 (Fig. 12¢).

35
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conplenmentarity of prinmers PO79 and PO80 (underlined). The res %tln ﬁ 13bp
PCR fusion product can be digested with Notl and EcoRI restri S yImes
(the respective recognition sites being incorporated into prinmers 5 P078 and
P0O81; highlighted in uppercase letters) and is directionally cloned into
Not |/ EcoRlI linearized pAB-9. A vector clone with the correct DNA sequence,
as verified by restriction enzyne mappi ng and DNA sequenci ng, i s designated

vect or pABwdQs/kekd19. 14a). The conpl enentary regi ons pérdol/iBss PO79 and
PO80 are designed to contain an additional uni que Xhol site (highlighted in

upper cBlenihgtdfethe)g1 imenaoraee spmmTrhg coditthaegiad c@pbe aamievedWMaPOfRf each of
t he enhan ?y } nts, if dei, g In a next ste of the human CX
r egi onéMKy PW@B gepemicRNR\A fragmert centaining ﬁl§1n Bexpsy 95 offe f ol | owi ng

023 d
Bre |7 gﬁ; ;’ %@SE%%&%%S& gan RLH?t'e') ThedoMaRlg FaRBANKan SEEYSSICHRR PBRO23 an

- ccA@@%ﬁ%Q&gdﬁ'@@ét @fg@tdg@agb&f@a@u%h@@wBl@enbsmqsewme Sitry( P083)
5 - Gat @&ddghCecct gt accccacact gagaaccccgggg - 3 These prinmers are able to
anplify any of the functional human CX regions as 1094bp 20 PCR fragnents
if human genomic DNA is used as a tenplate. Prinmers P082 and P083 contain

&.‘egte;'t So RbLEP k) f:'a%'ﬁéﬁ%\‘%é}%ﬁﬁé? Sﬁ%f%é%fq%ﬁgfc%é’%“%%‘qg%? I:'m o pAB- 10 i 1
CT AB-11- X1,
pAR; %eﬂérf%f)&@epe#’ e e B c s apaRt i Gner at | on of 5

Iete IgXL chain retroviral expression vector a V1"JX rearranged
varl abBettr pamers eomnemawmmdmybmedppena@ tdrehal i QH@_dWédch%‘rﬁné‘r“ ndl Il sites

of the vari tructs [ described in the follow ng
sect i of19Hg B@MPpp%maﬁﬁ 5 GER L ETBY P UED Rt G bapePaIB st oha ©
ret rOVbéralbeQﬂWst\mﬂﬂNMﬁQéar tion fﬂhzﬁwamﬁites %enqqatﬁdqltd)f\/lh}m@éé‘hz@& VLJL
chai n_expressi on constructs

vari abl exans _in retrovir

The reng %{a p’@ @s%?rfﬁ‘?? (98?@??‘15%?? hﬁoﬁsﬁrﬁée@fj_eldf%\fé‘?’ﬁt”qtl'eﬂa‘?{‘z)"@ﬁ and | gL
cha'snsma@pmgrah@@wAsséqﬁ@fc.r@qm@sxghawédcmd@q;/acansteng regions and control elenents
for human -79 22 June 2006 WO 03/068819 PCT/EPO /15303 anti body expression,

with the exception of the coding regions for the variable domains. Diverse
L epert por §ig eikprebsicn bfafiembian€ ¥eivi IRECMHbGHESMAL Mt ah e ShMAINgIeBibAS can e. g.
e

for &,H chains, which is encoded by two exons, €M1 and £;M2 is PCR cloned. For this
a 858 bp PCR product is amplified from human genomic DNA using the following
20 primers designed according to published NCBI-Genbank sequence entry X63693:

SEQ ID NO. 49 (P045) 5'-catACGCGtcgggacctgggtgcccaccctcagggetgg-3’

and
SEQ ID NO. 50 (P046)
7 . B-aatACGCGTttatttgtgccctgggectgggtgecgggecctecttgg-3’

Both primers contain Mlul cloning sites appended to the 5 end of each primer
(highlighted in uppercase letters) resulting in a 858 bp PCR product that can be
digested with Mlul restriction enzyme. In addition, the reverse primer P046 is designed
30 to contain the complementary sequence of an artificial polyA signal (underlined)
ensuring proper termination of mRNA transcription in the final expression construct.
The Miul digested PCR fragment is ligated into Mlul linearized pAB-3. A clone with
correct orientation of the insert verified by restriction enzyme mapping and DNA
sequencing is designated clone pAB-3.4.
35 .
Following cloning of the various membrane spanning exons for IgG, IgA, IgM and IgE
isotypes, the exons for the various human cor_lstant regions have to be inserted into
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cl oned from genom ¢ DNA of human peri pheral bl ood | ynphocytes %Qgt%%bglg B
| ynphocytes with di verse VHDIJH and VLJL DNA rearrangenents. Théée"'co
regions 5 for the variable domains need to contain a conmon | eader exon,

| ocated 5° of each VHDJH and VLJL rearranged exon (Fig. 15), which is
required for the proper transport of IgH and IgL chains through the

endopl asmatic reticulum the trans golgi network and eventually to the cell

surface. Dggesedsabe primers binding to the majority opctERdeHe; Sequences of
the human IgH, IgiL and Iga.L variable region |eader sequences have 10 been

descri BA BO3HI PéH thRN DNA fraglRaRehaddind tHeBdrstaaem! | fyi ng the
vari Ouﬂgéﬁﬁﬂ%‘%oﬁétﬁnctésﬁﬂb Bgene seg nents for ?%g cl orql n nd(;f et he VHDJH or VLJL

var i abkegionexensarerdaged indo thRé’@tSlg'ﬁlNoﬂd?ﬁtB‘?t'LO@@nﬂﬂFe F%@W"'Qﬁ sitgrpfeasy nmes used for

t he di k f the PCR products (see Fig. 15) are appended to
the 5 Jfg}?\%b'ggg qud%gﬁ%rite prinmers and are highlighted in uppercase

| etters. Positions in the degenerate priners, 15 which nmay contain nore

t hes paoing o reteirslaxePSsidT BAdt REACGhiheBRE0 AEBER nesetne . The uai ng
| eadery Wgﬁ@g%lsfdeﬁligeﬁ%ml('g gw?ﬂeqoia%gnﬁrxrﬁ%lo@h%alseﬁférytﬁaimvt es are as

fol | ows

5' gccammmc:enogngdrn@f@at@ﬁggrad@@eigyw&@tn)&uz@typgs yeing humgrgenamisiONAB9 ( PO85)

5' gc%@ttgg@ fct)ttgggetga(cg)ctgg(cg)ttc(ct)t-3' SEQ ID NO. 90 (P086)
5'-gc t g %ac)(ac)(at)act(gt)tg(gt)(at)(cgt)c(at)(ct)(cg)ct(ct)ctg -3
25 A forward priner for the anplification of human Igx |ight chain variable

dommi i, ncl udi Je der e nom ri pheral B

Ly Hpndayre dnaers Bobipit ARG S Bitohdo NREB bl ppAleho At 20r2Pf ! P

5' - gc GGATCCat ggadatg(ag)(ag)(ag)(agt)(ct)cc(act)(acg)g(ct)(gt)ca(cg) ctt -3
22 June 2006 ﬁ ﬁ_’ CTI EPO | 15303 A forward i mer,, for, the

anpl i F3EAdR HNE- “BERLEYEE H‘E’C%ﬂ?gflﬂc?/%ﬁq%ﬂ%t%%%ﬁaﬁg -3,i#¥ udi ng | eader
sequerﬁ%Qﬂ[Pm t%’r(ﬁ er’néﬁ?"cG CEtrgatPpher 3t tBe# Y5A7199859eY is as fol | ows:
5 SEQ I D NO 92 (P088)

5' 1 PCASF ST B S61(RB0rEAY k6 PEIbIRG NEBICENDahK sdqlehed)dopiab).ct ) - 3'

SEQ ID NO. 53 (P049) 5/ -tataGCGGCCGCagggagtgggctaaggtgaggcaggtgg=-3’

and
SEQ ID NO. 54 (P050) 5/ -attaGCGGCCGCctcagactcggectgacccacggaaagaac-

20 3/
For y3 (primers designed according to published NCBI-Genbank sequence AL122127):

SEQ ID NO. 55 (P051) 5'-gcatGCGGCCGCccagctctgtecccacaccgecagtcacatgg-3/

25 and
SEQ ID NO. 56 (P052) 5/ -gctaGCGGCCGCtegecaggggeccagggeagegetgggtgott-

3/

For y4 (primers designed according to published NCBI-Genbank sequence K01316):

30
SEQ ID NO. 57 (P053) 5’ -attaGCGGCCGCggatagacaagaaccgaggggcctctg-3/

and
SEQ ID NO. 58 (P054) 5'-taatGCGGCCGCccagggcagtggtgggtgctttatttece-3/

35 In each case, the PCR products of 1788bp for y;H, of 1959bp for y. H, of 2374bp for
vsH, and of 1820bp for y,H can be digested with Notl restriction enzyme, upon which
the digested fragment is ligated into Notl linearized pAB-3.2 (Fig. 12d). Constructs
containing the inserts in correct orientation and without any mutations as determined by

restriction enzyme mapping and DNA sequencing are designated pAB-3.2-G1, pAB-
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Note, that instead of a BanH restriction enzynme recognition siztzgjug%)%@ded
on

to the 5° end of prinmers P084-P087 for cloning purposes, a recogni site
for the Bglll 10 restriction enzynme can be used instead (conpare to Fig.
15), because Bglll generates the sanme conpati bl e overhangs, as BanH . In

case of cloning of VLJX regions the forward prinmer P088 contains a M ul
site, because the retroviral construct accepting the fragnment already

contains i Mok Aa 19BarTHI restriction sites. Alternativ | mer
simlarly to PO83 may be used containing an Ascl siteq)g?(/gl&@gl‘p{l% t he sane

CGCCG ;éz'@‘\éeé{&%?%??' d;,qld;f;p}]arggtg‘,{ gs_'bgaigﬁgzyrre. Reverse priners for the

anplificatio una in gene segnents: are as follows.
Hndl Il sites, highlighted in uppercase letters, are appended to the 5 ends

A+ ovorTal e Tbding BE kiR Bioh AR AtoBNG A%\ AT 3ol had pnaffghe POo°S 2
f:ont ai) gﬁetny'calilﬂdsetgob-?éien;Md\XEl@. ??)ﬁ(r:)rmeigﬂwgg% gnmersgarg&m@md? thNACH om hunman B
57 "B; ahtsieatian pEtnh Qe R i DSoNuhes viing ditap peabmiz DA s adsraplates r ever se

primer for the anplification of variable region exons containing JH2, JH 3,

and JH6_ gene segnents, usin enom ¢ DNA from human B | hocytes is as
fol | onwd© 3gﬁsé@§%q$ N@eggnngo&gyrdlng to published NCBI-Genbg[nrlzp seqzence

5'-tat WM&N gaggagacggt gacca(tg) (tg)gt(gc)cc(ta)(tc)(gt)g -3 81 22 June
2006 WO 03/063819 PCT/ EPO1/ 15303 A reverse degenerate primer for the
anplification of variabe x region exons containing human Jx1-4 gene

se nt 1 ks’ f e i Fql,lows: 5 SEQ ID
R e e A B G e e AR

reversé@ngrimer for the anplification of variabe x regi on exons contai ning

he h ' ] f h B | h [
Fol 1 one o e SR B s ot A et Ao P OE Rl 20 ot coct tggee
-3' A reverse degenerate Pri mer for the PCR anplification of variabe region
| ookt it PR Bl bectonbe SEBBEREHISSLE Gy EREER erlibnces O™ "N B

5' -15at A00Z20]awl08g2Hcggt caget t ggt ccc(ta) (cg) c(tg) cc- 3

SEQ ID NO. 61 (P057) 5’-at taGCGGCCGCtgtcaccaggectetectgtgetgggttec—3’

and

- SEQID NO. 62 (P058) 5’-tat tGCGGCCGCcggatggaagegtggggetgettgggg —3'

20
For eH (primers designed according to published NCBI-Genbank sequence L00022):

SEQ ID NO. 63 (P059) 5-taatGCGGCCGCcacggggtcececagetececcatccagg—3'
v and
25 SEQID NO. 64 (P060) 5-atatGCGGCCGCtcccaagaatgggtgtactggggete =3

In each case, the PCR products of 2229bp for uH, of 1667bp for asH and azH, and of
1908bp for ¢H can be digested with Notl restriction enzyme and can be ligated into Not!
linearized pAB-3.1, pAB-3.3, and pAB-3.4, respectively (Fig. 12e). Constructs

30 containing the inserts in correct orientation and without any mutations as determined by
restriction enzyme mapping and DNA sequencing are designated pAB-3.1-M, pAB-3.3-
A1, pAB-3.3-A2, and pAB-3.4-E, respectively.

The different retroviral H chain expression constructs controlled by natural IgH chain
35  promoter and enhancer elements still require the insertion of a variable domain coding
region, which will be presented after the dsgcription of the methods for cloning of the



A reverse prinmer for the PCR anplification of variabe region Igég eé%ﬂg
containing J2,7 wusing genom c DNA from human B | ynphocytes is une WS
20 SEQ I D NO 98 (P094) 5'-tat AAGCTTaccgagggcggt cagct gggt gcctcctcc-3' For the
PCR anplification and cloning of variable domain exons contain rearranged
VHDJH and VLJL gene segnents with the above described priners P084-P094, 25
equi nol ar anounts of priners are used, if nore than one forward or reverse
priner is wohshegabed for a particular variable regi onpeddbofas® ©f cloning of
variable regions for Hand xL chains, the PCR fragments are digested with

BanH petbvirkiniL! thaimdxpressiordiveetots) dseshiise sinilaedtrateyies Bartdxpidssiy | | doubl e
di gested, vectars for LgH and .l gKL chai ression. In case of cloning of
vari abHBIapeg Serss hec 't'EM’ﬂ'rPé, ’???é‘?ﬁl%lda' ?Cﬁgg}ﬁﬁ?@? ¢ Eetrgiralilgidapdd with M ul
and H il dhkinadX@reasien doriseaetsonal |y cloned into Mul/H ndl Il double digested

vectors for IgXL chain expression.. 22 June 2006 WO 03/068819 PCT/ EPO1/ 15303
Exanpl e 8: Sequential transduction of retroviral expression vectors for

o transduct . xpresst on o
Thesr o( LHBrBh o Rfoyrabckiichice B relgRiibied Bhonted iy oMl ® i  me. pr e
cel | s Sinsilarlpderthel esostiuotsddésignadt far ligH rchiir sexplession, Fetrovicd) ecopemut i al

t dyct.i f retrovif i nstrycts encoding | gH and | gL
A, B 4G nllon s SRR S aT o Yo RO i 2nd, 1L
packagb.@lge&%l (ﬁ%eﬁméh kihenie LS ispattid ;ﬁom'a{e%hd SARANERE BRMentd. GhEQY! ruses into

preB cells. The only difference is.that two retroviral expression
const rimclude ar éx penatert thel ¢ Yight rchaindoteerdenhantére(xif) caratcthe k3iehharedr bel ow. 10

Stroma Il and 117 dependen re ells are first infected with
suplr né@%ﬁtelqm d}@ 5%@8&f§$icf‘?ﬁﬁ‘8eq§lt esenelemAaly £ap ben2sconPlishedeash t r ansf ect ed
Wit h tiBowLiFiPMBRa). construct  encodi ng heterol ogous I gL chains. As

descri bed above, the I gL chain expression vectors additionally contain a
puromycin resi stance marker. Therefore, stably transduced cells can be

sel eCtR%&XeWﬁ:r&ﬁ&EFiE@@R@m@ﬂ@é B3 a RYOIHW k@ragﬂeﬁhﬁirﬁ hpgye 15 cul ture medium
d I's are c

24 hours post transduction. Transduced ce _ ul'tured and expanded for
an addgenosraPNpaising dhefollevgpgprirgers designedpecandinmin the publighedNCBM Non-

trans RsEGhEs bstrydd76BE el i m nated due to the puronycin sel ection and
a %0%@8‘%“ gﬁ% n tra%uce@epopul ation of preB cells will be obtained after
48 hours of culture. 20 At this point, cells are incubated w th supernatant

of t h%@@% Nd?iteﬁ (ﬁ@eﬂy@%&ﬁ:o%ﬁ*r&céodpfse%g%g{;lgtﬁg%%%%&gg%g @g%g@t ly been

transfected w retroviral vect ogous 'TgH chai ns. These
cel | s SEQ IDINh 66PO62)n cul ture for an additional period of 24 hours upon

whi ch & hey  6ERRGh Pl bLEL Al R 2948 debDF EXRILESSI on of the hetrol ogous

20 :
Restriction sites appended to the 5’ end each primer are highlighted by uppercase
letters. In addition to Clal sites present at the 5 ends of both primers, the reverse
primer P062 contains an additional BamHI restriction site (GGATCC, underlined)
introducing another unique restriction site into the PCR product which will be used for

25 later cloning purposes. After Clal restriction enzyme digestion of the PCR fragment, the
amplified V, promoter is ligated into Clal linearized pLIB vector. Ligation products
containing the V, promoter in the desired orientation (opposite to the transcriptional
orientation of the 5'LTR promoter) are identified by diagnostic restriction enzyme
mapping and DNA sequencing giving rise to construct pAB-6 (Fig. 13a).

30 ‘
The «iE and the coding region for the xL. chain constant domain are located in close
proximity in both the human and the mouse kL chain gene locus and the enhancer
appear to function across species. Therefore, the optional cloning procedures for two

different retroviral expression vectors encoding L chains is described, one utilizing the
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i mmunogl obul i n heavy chains. The cells are then harvested and gBy, P%P
for the 25 transplantation of imunoconprom sed m ce, where thé§e"CelTs can
reconstitute B |ineage conpartnents, and where they are able to participate
within an i mmune response giving rise to heterol ogous anti body secreting
cells. Exanple 9: Transplantation of long-termproliferating nurine
precursor B cells into 30 mce for the production of heterol ogous

anti bodi esy§lymemb cell and IL7 dependent preB cells gxp¥ssshig heterol ogous
IgH and L chains fromstably transduced retroviral expressi on vectors are

t t th
't g R SEE g e PUHRER (i dFSnafieriiER T sy B Ftea? 002 !
such tth@ttbdtﬂileomstmmspdaarb:eemked dntershangeablpuBloning oé the cddB3trad c@ntmnm’.)oe WO
03/068819 PCT/ PO|/§5336% ende t or @g?lpendepft i nmune. r esponses upon
ant | gelhe Buganil <60 BR 25rievsits PPGIGRY 2 Ed TRBREN kb SEHPEiC AUTB o 3 nont h
ol d mi 56 Aty B3AAhS Yuibh 4 Bhetherhiriar? R G0R indisking b'S agkapbpn & and 4-6

hour post |rra|at|on he m ce are intravenously |njec 6 to 107
pr eB dMRsuslegdb@efnﬂtUdﬂg PriPes. (designgd ebagedaemi published Nﬂ&hﬁﬂnhmlatl on of CD4+

T- hel per. . cel | |l's are isolated from pool ed cervical, axillary,
rresentsgw%n%g%tryngw nzﬁa?l ynph nodes of syngeneic mce by depl etion of B

cells and CD8+ T cells by use of sheep-anti- nouse |Ig antibody coated

Dynabﬁgd@ ytica AG La Roche, Switzerland). 106 10 of these
routi %%?MO% pure CD4+ T-hel per cells are coinjected with preB
cel | s.5.GabtnPaehotiontcaggyalabonetydta thetansfaic t i 63Bashd T cel |

o artnments of transpl anted hosts for 6 weeks foll ow ng

s NGRS ( le 10: Inmunization of preB cell grafted nice 15

I rrrrunlg_@gt@@@dﬁgchwaaw&&ﬁ@ﬂtdﬂt&et&é-anspI anted and reconstituted with
HupreB cCells and T hel per cells is done essentially as described (Harl ow and

Lane, Cold Spring Harbor Laboratory Press, p. 150-173, 1988). In brief,

10- 50%dﬁfon§ﬂ¢e§tﬁ§tibnlsstes dbsenaby Rrthes’ 8EDBledRPrinreatel ApiOMghTghREd<ed Wi t h
250p1 conplete Freund' s ad uvant a nd the anti -adj uvant mxture is

i nj ectiedppercasepletersdramMy ! Piﬁeérp ndeNatsin K rﬁsg)e Primer R963so8tains
' UK anfe %cgi%ﬂl:é tbr%tabduﬁor%@ml ﬂafstr@n&n gaaruseam Fﬁtér'cl@ﬂmﬁ‘sl%%@ Thé PcRnconpl et e

Freun vant . rst boost, mce are analyzed for

ant i gmﬁlmeﬁ)émpﬂfb’ca ﬁ%’i%%%’é@jﬁ% taﬁt‘iaﬂcﬁﬁ €'§e$tﬁd e B@@T"Urﬁ“dTN‘ét g r esponder s
are b%ﬂﬁ% eé?:ﬁfiﬁénnbef EtiohBBK8omdd mﬁwaﬁmnMomn‘én?éaogAsfs GEMrathiy |

i nco reund ad] uvant both intraperitoneally and |ntravenously 3
days Iratr@ﬂral emstsest PABH €igai32)i sol ated from nice and 25 used for the
generation of hybridoma cells secreting heterol ogous antigen-specific

20 For the construct utilizing the murine xiE a PCR product containing the murine «iE is
fused to a PCR product containg the human Cx region by the SOE-PCR approach
described previously. For this, first PCR amplification of the murine «iE and the human

' Cx region is performed in parallel, with the xiE reverse primer and the Cx region
forward primer exhibiting a 36bp region of complementarity. In the second PCR, which

25 is used to fuse these two PCR products, 1/400 of each PCR reaction is mixed and
amplified with the xiE forward (P065) and the Cx region reverse primer (P064) resulting
in the fusion of the two PCR products at the region of 36bp terminal complementarity.

The following primers can be used for the ampilification of the murine «iE (designed
30 based on the published NCBI-Genbank sequence entry VV00777) using mouse genomic
DNA as a template:
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nmonocl onal anti bodi es. Exanple 11: In vitro stinulation of HUD?%% Ce%d?é wth
for the differentiation into anti body secreting plasnma cells S I

cell and IL7 dependent HupreB cells can also be differentiated into anti body
secreting cells entirely in tissue culture in vitro. For this, continuously
proliferating HupreB cell cultures are first differentiated into surface

i mmunogl obulin positive B cell by withdrawal of IL7 fromthe tissue culture
medi um andwidBp&est | nued culture on irradiated stro ||ls for two to

t hree days. Th/e@gjgsence of growth factors in the 35 2@5?’5&1@% ts in the
arr est sgty 1prNd).i foaPabs) T catchideaab oG L 98 fft tdbbf &I R aL | ichis 84 22
June 2006 WO 03/936881)9 PCT/ EPO / 15303 acc(%frrpani ed yalfggét%:cc?\ggti on of
apoptodis, unless an anti-apoptotic gene, like bcl-2 is expressed in the
differ i hAg Y 51 i I I t arvested, and

repl at Sgboﬁi??égﬁ?l?%ﬁ; i Bkt Bl ﬁ?%ﬁtﬁggﬁ%&ﬁ%gghce of 100

u rl'L4 and 20pg/ m of an agonistic anti-CD40 nonocl onal anti body. Wthin
5-6 days of culture the cells differentiate into large proliferating cells
of pl a¥he felleWingpprimers yqae, bé haed dorethebaraplificatincoEtR hames GUTRYKe Of

anti bo&;ee_s éégmthe eter '%ﬂglﬁ@ I% rg}eng | oci and that can be used for
gener a{dedignes based; oty o%}l?ﬁ%h Bl GRINanK seAuRnse ety rARQ1Tg3Ayisinglona cel |

cl oneshyurdéh ferdAiR BNA3s afteppia: of nmyel oma cell's with plasna cell's derived
fromHupreB cells for the generation of hybridomas produci ng human

nmonocl onal anti bodies For the imortalization of plasma cells derived from
Hups eBse@libfvo. ¢t {(Peg7yupon in vitro differentiation (Exanple 11), or after

| muni @at-icgp-of faa@&@aiaégagscseﬁe@gpg;cé&)aua%is* he plasma cells need to
be fus€taHNG. 88 (PHBAY tyetroma cell Tine. The nyeloma cell lines that are

0 CA
used f5’rgatteec;§c@st(:agaﬁ&ea&@%t&%st%rteﬁé'-gﬂ of the HGPRT gene, —involved in

t he sal vage pat hway of nucl eotide biosynthesis. Wile these cells grow
indefinitively in regular tissue culture nedium they will die, if de novo
nutd eothedeegions of tergiinal icomplepehtatityolp RitiErs IPOA6 andeP@h7 areeurdedigedni nopt er i ne
to the,t:i : ' 3 e ssing,. the HGPRT
gene %ﬁ{bfiﬁ%\@/ﬁa{&gﬁ hg%ﬁ%’ﬁ% @Fq‘hgrprggvgmaﬁau%:F@%%Fgé%lseéﬁhaégﬁeg %&9 Vgtrth nopt eri ne,
especiiners PDE5 anttiP@64candl a mbgure df the twemiirst POR pradutisiasa templateldpeenment ed,

becaus e HGPRT .gen rod C utilize e substances for the

synt herg?"gt}'}l?f mﬂ&')JF%.T ng&“ﬁﬁaﬁﬁ%ﬁm ﬁQRrPE%C;ué%Pf &%ﬁ@”@é&?'ﬂ@%ﬁ@ﬂ“ hus, in HAT
sel ectBamHinandiNoth {ndds then rliregiohzifyaianed irite BamiFNOo lihexriz8€ védist gABLn di ne) , only
250';2%% cells s rer'A\Q?Bméj. 1%5)9I iferate, that resulted froma fusion of the

m)7r g%‘ﬁ{atlng vecto

Next the murine x3'E is cloned downstream of the human Cx regions in both pAB-7

and pAB-8 generating constructs pAB-7.1 and pAB-8.1, respectively. The primers used

for the PCR ampilification for the x3'E from mouse genomic DNA are as follows
. (designed based on published NCBI-Genbank sequence entry X15878):

SEQ ID NO. 72 (P068) 5-acgcGTCGACtagaacgtgtctgggccecatgaaacate -3, and
SEQ ID NO. 73 (P069) 5-cgatGTCGACagctcaaaccagcttaggctacacagagaaac-3’

30 Both primers contain Sall restriction sites (highlighted in uppercase letters), such that
the resulting 827bp PCR product can be cloned into the compatible Sall restriction sites
of pAB-7 and pAB-8. Vector clones carrying the insert in the correct orientation and with
the correct DNA sequence, as determined by restriction enzyme mapping and DNA
sequencing, are designated pAB-7.1 and pAB-8.1 (Fig. 13a).

35
In a next cloning step, a puromycin resistance marker under cdntrol of a constitutive

SV40 promoter is cloned into the retroviral kL chain expression constructs. The
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HGPRT' , antibody secreting plasma cell and the imortal, but HGPRELG.oghd
therefore am nopterine sensitive nmyeloma cell. These cells are called
hybri doma cells, and, if subcloned, will secrete a nonocl onal antibody of
the specificty encoded by the plasma cell fusion partner. 30 For the
generation of hybridoma cells, either plasma cells fromthe spleen of

I mmuni zed mce transplanted with HupreB cells, or plasnma cells generated in

vitro by @gbie 0O and IL4 stinmulation are used. In g case a honobgeneous
cel |l suspensi on&?ﬁs generated and washed twice with IR@%’&%H?‘Bthhout any

suppl eRBIéisn ofah expressioR adsette ¢aTpurdntyetiresiofintH QeefeHEd, hecaid Hols USpensi on
steps. 85 22 June 2006 WD 03/ 068819 PCTI EPOL/ 15303 5x106 nyel oma cells

( Sp2/ O'gRoPNdkIoL sh@invetrayieal gonstiyets need) tarhensfebly cg;trapsduped. igtpomuninezs:  or
X63Ag8, 8RR t&hlIoH exprebsiohBIEBMPkte hé&glo%&s antifBdiée I orde?P {?) and 5x107
spleen cells (or 5x107 in vitro differentiated plasnma cells) are conbined,

m xed inprgase: thetefiigienss of sgfeavifal-gotrapsstyction. refraviral. Igh chainggonstredsmapsol yet hyl ene
gl ycol 0 | faRSHUCcBd b PR [ t he cell

el T aq rergHeg ot ams Hab tiaRtloBd LIS GlolEh 1 ho Medha@i Gt oL i cc

i ncubathabm consiutts afsinpENDMYEN $elealianh duseconday| teamedtctionrad IgHostlain added, and
cells . L I; : : 1.0, fter rempval of the
super o ayE! RAcHE AN nEEBle oe RECeIR w080l 0Tyt S ifT RN e e st roma
cel | geawhtchll thatlis tnangdiesd withh el IgHhchairenepbéral yectaront ai ni ng 100 U/ ml r econbi nant
10 I1L6 and 1x concentrated HAT supplenent. The cells are distributed in 50
96-wel |l tissue culture plates and are incubated at 37C until individual
hyty i doeapelomyein expresbien dadsetlei tare e asiohedsfodratthel guesmyditr résistagoepansi on and
characterization.in t{ssu re. .86 22 June 2006 Clainms . 1. A method for
t he ge‘f?@hét‘ﬁgdﬁ @I’or\%&"i }Hr gpg%%p‘%&%we%on?%é‘f‘wﬁéﬁgb'at%deFtHFt'qnhe product i on
of anyer2ymeisitgs pRdbeding suitablenCial closihg SitesotoEné €ads bihthe emiplifiéd PCRhe ability

to selectivgly bind to an antigen or ligand, including any heterol ogous

ant i bdB9MeNE any antigen receptor conposed of variabl e domains and const ant
regions conprising T cell receptors and nenbrane bound i nmmunogl obul i ns, any
artificial, bindin [ I n_di.spl aying either wild-type i mune effector

f ubct i-U}?sorlﬁ?e’?rB?ﬁdffP'ng§&%e#H?'?'? P?@Iaé%/ effector functions not derivable from
gernm i ne encoded heterol ogous i nmmunogl obulins or antigen receptors, and any

funct iS?En '|Dkb‘?‘9ﬁ30t7%?) t her eof

B’-ccATCGATctgtggaatgtgtgtcagttagggtgtgg-3'
SEQ ID NO. 75 (P071)

20 5-tcaggggatggtggcggccctaggcctccaaaaaagectectcactactte-d
SEQ ID NO. 76 (P072)
5-cttttttggaggcctagggccgccaccatcccctgacccacgecectgace-3’
SEQ ID NO. 77 (P073)
5'-ccATCGATccagacatgataagatacattgatgag-3'

25
First, two PCR amplifications are performed in parallel with primer pairs P070/P071 and

P072/P073 using the same pPur template for the PCRs. Reverse primer P071 and
forward primer P072 are designed to contain a region of 36bp perfect complementarity
(underlined), which will allow the fusion of the two PCR products by a second PCR
30  using aliquots of the previous PCR fragments in an additional PCR amplification using
primers P070 and P073 alone. The Ilatter primers contain Clal restriction sites
(uppercase letters) allowing the cloning of the resulting 1351bp puromycin expression
cassette into compatible Clal sites of pAB-7.1 and pAB-8.1. This generates retroviral
constructs pAB-7.1Pur and pAB-8.1Pur, respectively (Fig. 13b), which are the

35 constructs into which single VJ, regions or VJ, region libraries encoding unique or
diverse variable domains of xL chains, respectively, can be inserted. The procedure for
cloning of the variable region exons will be presented further below together with the
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10 conprising the steps of: (a) genetically nodifying vertebragﬁJHrQ%M sor
| ynphocytes, which (i) are derived fromprimary |ynphoid organs, an %

have the potential to differentiate into mature |ynphoid |ineage cells, by

i ntroducing at | east one exogenous genetic el ement encoding at |east one 15
bi nding protein or functional fragnent thereof; and (b) effecting
differentiation of said genetically nodified precursor |ynphocytes into

mat ure | ynpkisdsshioneage cells either in vitro or in viuoo Otlpes{neby generating
| ynphocyt es capabl e of producing said binding protein or YRt onal

f r agmestogisy of Hhehairodnd Alndeain vaiiableregionsy afteraalsa the dloning ofdhepred@vieali on i n
humans i s exclu cor |ngto claim1, further

th
conpr i & sgqg\evegfo‘g%fog)geliemlﬁgoy%rﬁ% Othcﬁ@ms fYq kgedresaribed. | yrphocyt es by: (a)

fusing the same to nyeloma cells for the generation of hybridoma cells; (b)
infecting the sane with transform ng. viruses; or 25 (c) transfecting the
same W Feneration of retroviral eanstruets fon terrggixled exsressiomof ngL chaémst one

) ey . ynph bl e of
b Bon P e R B B B B bl SR e A hgran (-
ther eofpstedd &KLﬂhﬁln@AMgﬁ%ﬁbﬁ'ﬂ s dfficiéntab %ﬂi?ég the: hum‘ﬁ(r:(g n%%‘#]git vertebrate

precursor |ynphocytes are able to _express at |east one of the
| ynphoregiog(imtie reé@quqaﬁtr% PAREEAPHeand %B-%Tﬁtglwthtwyforfm hm\ad vertebrates

ramnal & ePAgebisR; § Beneit aooertBPAL bl ARSI BRlamTE ohltcRéici mo i ce.

rats, aaﬁﬁvetl&)yadmdtrlmg\ﬂ& elpgsssioniof ALNakaingeoy A5 chAif Gehs Meus RHEYHS | ynphocyt es
frommce bei ngﬁﬁ&e%eerred 87_22 June %006 4. The method according to any of

cl &Y msPreMPSr 80 he@meat%'ﬂ'f ischasiiculasly dwigria dhe mugnepsyste, avhere e depri ved
of theyr cngiheﬁs@dealreatr@n étﬁ5§noe@Q&Qé’s"lﬁ?n”?re%?&éé’o%f?‘earf%ﬂgé]rﬂéntagﬁdbgen

receptors or unctlona fragment ('s) the I's achi eve

i sol at expegssioh ot AL nbpinedyrinigrBacedl diffesantiatioor. | ynphocyt es bei ng deficient in
expressi ng 5 endogenous i nmunogl obulins or fragnents thereof, and/or by
introducing into said vertebrate precursor |ynphocytes at |east one vector

const r'ﬂfetmdlﬁml7g.nﬁdalrtgbneflm&pwmidnﬁanmetaﬂ@tﬁaréfthé A% enidiRepane! e of at
| east one_genetic el ement, sel ected fromthe C%roup consi sting of:

(afot hige A3di enhanery, whish gre {qqgtep ﬁ‘?ﬁ%&gt@%g FMeand @kaiCA3gonstanbcus,
I nCl UdiBin exons and regulate the expression of A2, A4, and A1, A3 light chain isotypes,

respectively.

As in the case of xL chain retroviral expression constructs (see above), retroviral AL

20 chain expression vectors are designed to contain a puromycin resistance gene
expression cassette. Therefore, in the first cloning step, a SV40 promoter controlled
puromycin expression cassette is fused to a VA promoter by SOE-PCR using mouse
genomic DNA and pAB-7.1Pur as templates for PCR amplification, respectively. The
primers for the two parallel SOE-PCR reactions are as follows (with the VA promoter

25 specific primers P076 and PQ077 designed based on the published NCBI-Genbank
database sequence entry J0O0591):

SEQ ID NO. 78 (P074)
5-ccATCGATctgtggaatgtgtgtcagttagggtgtgg-3’

30 SEQID NO. 79 (PQ75)
5-gatgtcacgtgagatcccagacatgataagatacattgatgagtttg-3’

SEQ ID NO. 80 (P076)
5-tcttatcatgtctgggatctcacgtgacatcttataataaacctg-3’
SEQ ID NO. 81 (P077)

35 B5'-ccATCGATACGCGTaattcacaaaccaagtctattattttcaata-3’
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10 all or parts of the V, D, and J gene segnents, and any of thegugorioag
regions for the constant region exons for p, 6, y, E, and a heavy chains,
with or wthout their menbrane spanning exons; (b) the coding regions of

t he i mmunogl obulin K and/or A light chain gene loci, including any of the V
and J gene segnent coding regions, as well as any of 15 the constant region
exons; (c) the coding regions of the T cell receptor a, (3, y, and 6 gene
loci, including.all or parts of the V, D and J gene 3egpRitss and any of

t he codlng regirons for the a, 3, y, and 6 constant region exons; (d) the

ci s- acisnigr |th@ﬂ.8®i§;lfo$wn |HCRaeaiE§cr«bbduearI@enﬁrst MmsPGaﬁanmmatmhgrmét s, 20

i ncl udin heav hal intron.enhancer an ﬁ nB (e) t he
cl - & PRIRITEEIE FBUAEh i1 el FATEVIT o Ssuane S SSe e Wi puieds PO 2o s
i ncl udpops bABAK-7. 1Rl as Ghampl eﬂbh@fheanhaaﬁ@fer(dﬁtﬁnmé@@o%'én@@hfﬁlcef and the

A2- 4 and A3:1 enhancers; f) he cis-acting rece% or gene | oci
enhanc&h MmausersRREMICIONA asia ignRlale. Fagh /t@\eplumeahqwts efribe frstparalieters; (g) the
trams- cludlng
thorr bebsare WA i SRRE) LU WA oBReR g7 R TR vt one

(h) thexpressmeas’settagns[ﬂﬂeb;efmed tgytheesensisafding Mal prémotel/(Hekduseesiandi nat i on

i ncl ud Ku70, Ku86, the cat t.ic subunit - dependent protein kinase
30" ( DACTAESfeneaRATed shdEier oot o Rifa BAies PDLE S0 SERaPAGL RBTS  pr oot e
and enhmaemnedaltmrwus*ed fergheirst roasd parellet PGReg regi ons of said genes. 88 22
June 2006 5. The nethod according to claim4, wherein said vector constructs
include gene targeting vectors conprising regions of DNA sequence honol ogy

t 016ai HotAtprinRes PO7404R weiontalred:@m@eﬁncmaé@tbs Bt Ea b Qs 8RS theecONbi nat i on,
pr ef er abl y flankin ve sel eﬁ@don mar ker enabl i ng sel ecti on of

posi t i PERt fusiest B@@gﬁt igto Lﬁ INBRHZ§ P %@SF’@PM MBI crestiighon, silfher ei n sai d
gene  t amaalihd) 1§ 8RbMicorRtbd e Advelse FRIEPHOTS dhilPhise & aDMiic@PoNi ti on

sequences for site-specific DNA recom bination enzymes, flanking the

posi t i viqueeMbid sited’ afdhecék promvé&ﬂrewedéqréwmn cloning steps. /poxgetm denesel ecti on
o ko WP PUBASLASA' HimBRd NSABCR HagfER! FESRA NP I Gordfl 201 @

sequences €n one of "the“co na € T ecaonbl na 7. The
met hodorentatiodi argl wmh dhanicoréct oPNA | seghencei rassaanﬂe@exyeresmcmt enzyme asm d

et O SpPiNafd BRR'Seu B! s EndlBH AV AL Bh! Py o ke enabl ing

sel ect

Next, the two murine A2-4E and A3-1E enhancer elements are PCR amplified from
mouse genomic DNA, again followed by fusing both sequences by SOE-PCR. The

20 following primers can be used (based on the published NCBI-Genbank sequences
entries X54550 and X54608, respectively):

. SEQ ID NO. 82 (P078)

5-catGCGGCCGCgagtatcectgtgcagtggggatactcag-3’

25 SEQID NO. 83 (P079)
5'-tctcaggagagaCTCGAGactcctttgtgetctgatagecacacatgac-3'

SEQ ID NO. 84 (P080)
5’-gcacaaaggagtCTCGAGtctctcctgagatggttcataggcctgee-3’

SEQ ID NO. 85 (P081)
30 5-ggGRATTCtctagacataaggaacaaagtcagtgtgee-3’

Like in the previous approach, first, two PCR fragnments are ampliﬁed in parallel with
primer pair P078/P079 and P080/P081 using mouse genomic DNA as a template, and
in a second PCR round aliquots of these PCR products are used as a template and
35 fused' by PCR amplification with primers P078 and P081 due to the 36bp
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transfectants in which said gene targeting vectors are randomqy ji i ggeat ed
into the 15 genone by non-honol ogous reconbi nati on. 8. The nmethod accordi ng
to any of clainms 1 to 7, wherein said at | east one exogenous genetic

el ement encoding a binding protein or functional fragnent(s) thereof, is
carried on a genetic construct selected fromthe group consisting of: 20 (a)
reconbi nant retroviral DNA constructs conprising pronoter, enhancer and

codi ng nu%(g%ﬁ)&ﬁg d sequences operably linked to all %@gﬂﬁﬁgi on of at

| east one I'ng protein or functional fragnent there el ng either

wild-t Ié?ﬁenté‘tﬁ%bmirﬁéé POEPAeB0\Uh@driidf.s) in the primary amno acid
sequence('s) or eing artificial; 25 (b) reconbi nant plasm d-based DNA
constructs conprising pronoter, enhancer and coding nucl eic acid sequences

oper a [Nk I | Pt eNBi gl tein or
funct ?tﬁr%aréspﬁlg rr/taa;tsa"ltJ hﬁ‘%gﬁérﬁzﬁrﬁfgﬁ%i té?\g%e \%!glgg,é? y‘@@ Ngirl glﬁﬁgﬁ?a) desi gned
mut at i resk(istjoni enzymes {thenmespectivel resoarition siefubeing insprporatechintmgriets fici al ; 30

C) T j | n QU bul i receptor gene
oot e Poat, ARFdG HEdibisel ERATEAA N dfclinaly tned, BEE": 0" o' ow
V(D) J NoteEenRbilineetrizet pAB®. 8 vbetericlems with theewsiectrDNA sejuehem s verifiedhet er ol ogous
anti body qr. .T cell receptor functieonal fragnent thereof ei ng either
wild Mﬁ?"gl?ﬂéanfﬂﬁ% ’WE’EQ apd ﬁ@@ﬁ #8”%%@ éss‘ﬁeﬁwgateﬁﬁ?‘é?ﬁ Qfﬁl 49 ('ip'ﬁ' the primary
ahm' no fa). drhescompemertary rediohs ibqnm'ﬁré. 9?79 ya@@na@ﬁreédﬁfs_ﬂgabd a@r eoﬁtéfni ficial
chronosongs. conpr.i sSi rts qr . of i pmmu obul i rT ce|ll receptor
gene 1 BcractionglormYe Rl e (afiahted in disasrasivs, ettes). i it 13w s (D) 5

r eg@ Myepataterananst of ehstesfitednhanareimants, iffdeaired. east one het er ol ogous

anti body or T cell receptor, or functional fragnent thereof, being either

w | d-type or having (a) designed nutation(s) in the primary amno acid

sequeng gk stef)ankaf iR iuan 0)ERGIoNSlis MEkddERloahE refrblitd] consiucthrmmosones
conprising parts or all of 10 at |east one heterol ogous inmunoglobulin or T

cel | récaisingr theefallowingu Primers eesignedd basech iy mublished sNgREGenlRN | ow V(D) J
recontggggér{cgg_ma?iz§m¢m expression of at |east one heterol ogous
or cell

anti bo receptor, or functional fragnent thereof, being either
wi ld-type or having (a) designed nutation(s) in the primary am no acid

?,3?2?;?%5 g%fgo-lgfi (Pos2} ' aBSscABEYEANER RoRIRPIgayltsdic e [ agnent s - of
SE(g ID NO. 87 (P083) 5-catGCGGCCGcecctgtacecccacactgagaacceegggg -3

These primers are able to amplify any of the functional human CA regions as 1094bp

20 PCR fragments if human genomic DNA is used as a template. Primers P082 and P083
contain restriction sites for Clal and Notl, respectively, allowing Clal-Notl double
digestion of the PCR fragments and their directional ligation into pAB-10 in order to

. generate (depending on the amplified CA region) either pAB-11-A1, pAB-11-A2, pAB-

11-A3, or pAB-11-A7 (Fig. 14b).

25
For the generation of a complete IgAL chain retroviral expression vector a VAJA
rearranged variable region exon has to be cloned into the unique Mlul and Hindlll sites
of the various pAB-11 constructs, which is described in the following section, together
with the generation of complete IgH and IgxL. chain retroviral expression vectors.

30

Example 7: Cloning of VyDJy or ViJp variable region exons into retroviral IgH and L
chain expression constructs

The retroviral expression constructs for the different human IgH and IgL chains

described so far contain all the coding regions and control elements for human
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chronosones harbouring parts or all of immnoglobulin or T celd; yg88d60r
gene loci in germine configuration allow ng V(D)J reconbination and
subsequent expression of at |east one heterol ogous antibody or T cell
receptor, being wild-type with respect to the prinmary am no acid
sequence(s). 20 9: The nethod according to any of clains 1 to 8, wherein the
at | east one exogenous genetic elenent encodes a native or nodified human

ant i body, bi nding protein, a hunman antigen r or (a)
functionalaplrag%mrrﬁgnt(s) t hereof. 25 10. The net hod accor |:q]8{5?03 any of clains

| to 8antiboely expressdien, atithiteesxception &fthaeodingsregipen &arithe edriabierdonminndes a

et or ot Bb e (i) AL ERER Ao SREREL legit AR b £ bRy Br e

pr ecedichged [f@hmgenorhier BNA afhleuntkint peniphital dtidoan lymiploeytesv ecdrdiniag eB pr ecur sor

| ynphocgytes i.s effected.jp,vit ~A(a) arrestin roliferatjon of said
vg ?}t)ebm‘ﬂ@oﬁﬁﬁ%wg glyerlsg Mﬂﬁd‘é 9?49?“2#&“1( Wé[ﬁ%’?gf?g‘e"kﬂ- 1% Pg§ee?ﬁdi'r!9t 8RS nt o mature
: ymgﬂowttﬁe viiebieg he?meitmé ey te uérit]a?iw_at %mnbm létahér eﬂihrs (mlbﬁt%dﬁj’ o@{é\éclﬁ” ecursor
o} r actor; and_, i cjng term na ocyte
dﬂr]? er %bﬁ*&g’?dngb{PafrﬁPQ%‘?x°Ezf'é'i @'t‘pmé" §a{gﬂi‘~”@élf?’sth? ,nro);/)rgrrgtr Qrﬁ%ofiroésence of at
| east qqeaRd IgLhéhalral thRvkIn thecorppIRS AL @ﬁb@%?fﬁeftrﬁmgoggn@&oﬁvaﬁd 2006 5 10 15

20 (i) solubl'e T cell related stinulating factors, corprising Interleukin-2,
i nt er | vty to ith epll swkacs. Beaeneraie psmersbinding e dhe enatority 0 Jeadet er | euki n- 13,
TG p, e (Hiaanf 18GL tiymat, i CR6LI r tors of B
cells, S%@%Béél:sgl? fyntge Hé’g%r?i gﬁi Kgna?l?blg% g%r%glre %8? | vlgwe?;sg@?%]fzﬁgﬁsw’? | gands

spd0i f beerf descA@tDand 2@7used(iCoeObinatigrwith (EPa®)ate paimereamplifying ¢kt ors 1

o7, tis hursht e o R st e ot GRS Ve e Fat (coos).
TNg- Ir ecegitgp rdg.ic(n_pSRecd@ﬂtkﬁa?itesﬂgﬁ?s@_toﬁpm @n2yroes’ 5u;ec§[dir26?)dérfghr‘tysn§0T( (c::eDI1I34) ,
ndeperaa e PR GORRAE o P 14l A dprtab®l o b o BRI Db B8 | el udi ng
| i popl peraersaad rarel bighlighgd inl uppercas letters. Positions in the degenerate primers,

15  which may contain more than only one nucleotide are indicated in parentheses.

Forward primers for the PCR amplificationof hhman lg heavy chain variable domains
including leader sequences from human genomic DNA of peripheral B lymphocytes -
are as follows:

20
SEQ ID NO. 88 (P084) 5-gcGGATCCatggactggacctggagg(ag)te(ct)tct(gt)c-3’
SEQ ID NO. 89 (P085) 5'-gcGGATCCatggag(ct)ttgggctga(cg)ctgg(cg)tte(ct)t-3’
SEQ ID NO. 90 (P086)

5'-gcGGATCCatgga(ac)(ac)(at)act(gt)tg(gt)(at)(cgt)c(at)(ct)(cg)ct(ct)ctg--3'

25 '
A forward primer for the amplification of human Igx light chain variable domains
including leader sequence from human genomic DNA of peripheral B lymphocytes is as

follows:

30
SEQ ID NO 91 (P087)

5’-gcGGATCCatggacatg(ag)(ag)(ag)(agt)(ct)cc(act)(acg)g(ct)(gt)ca(cg)ctt -3’

-80-



from gram negative bacteria, polyanions, poly-dldC, pokeweed ng.tgaeshos( P ,
and anti-i mmunogl obul i n reagents; and conbi nati ons thereof. 12. The net hod
according to any of clainms 1 to 10, wherein said differentiation in vivo 1is
ef fected upon transplantation of said genetically nodified precursor

| ynphocytes into a suitable vertebrate host. 13. The nethod according to
claim 12, wherein said | ynphocytes are co-transplanted into said host with

nai ve or gﬂ)td %% Qorimed T hel per [ynphocytes. 14. Thecigbfiaehsccording to
claim12 P wherein said differentiation in vivo is 25 followed by

| Muni & gbiward Prinfepifer thesampiificatied of @@fdan aGR IIAAS ch&if VaREMBOgRRAiRs Conmpound or
corrp05|t| on. 15. The rret hod according to any of clainms 12 to 14, wherein

sai d vBFluding leedenrsgyencs fram RuRREENAMIC HUétOfB%’imﬁrﬁilgf'WBP@WteﬁM&aﬁ respect to
t he gefgﬁd“%tl on of endogenous B 30 cells, T cells, and/or NK (natural
killer) cells, or a conbination thereof. 16. The nethod according to any of
clains 12 to 15 wherein the vertebrate host is selected fromjawed

verg e ng cartilagi nous fish, bony fish, anphibians, reptilia,
bi r%s%g(%g‘fNQPQ? Ijs[,)glsncl udi ng pigs, sheep, cattle, horses and 91 22 June 2006

r odent5-gtACGCE Taty(ag)cotg(cg)édt( cticatotn( dtit(cBet(tglat) (088’ pi gs, with nmice being the
preferred host species. 17. Method for the production of any binding protein
or functional fragment(s) 5 thereof with the ability to selectively bind to

an antNdgenthat insiegdiofl a Banuﬂludsmgtuamnqnzbmtaeé@dgamom%nta@bpém@u to Q¥ 5@nt i gen
recept constant jye corrprl Si ng T

or, C ose b e, domai ns_and S
cel | eé‘@eB{)gB@eé?ng%ﬁe‘\érﬁé 4 HB0RE PYRIRER oG BHOSTIHRD S%ﬁ@%ﬂﬁ Beh al bi ndi ng
pr Oy eirgsteidtionl engyme cen bélased'\/lnbtéaﬂ YewnpardIToLFig. 1) issta0se BgiNGenertesor , nodi fi ed
or artjficial effector functions not derivable 10 from germine encoded

het er dh®§aME GOMAFHRIG I WBUADSS a5 BARE Je F236eePPBRg, of Md Tegigns thect i onal
frag rr&a%ﬁ ﬁrﬂé‘f"ﬁ%@ cohtBing aMRNEfe, kBQNEe f?:‘érretfcﬁmal' db\ﬁeﬂro(dt aecﬁ?hﬁ%th%t eps of . (a)

geneti cal yi ng vertebrate precursor (i) are

der i vé@gmeatrnabpa%w\ igsrimermal &ag&Hsreswﬁ@nls%/q& Alterrmtmely he pieemtial to
differ ‘ﬁﬂﬁdrl ttS Pd&%ﬁ?h@rﬁeﬁy&ﬂm i hh PREOS ecﬁrlohﬁcm@fhéb Lhediseag at |east

one exogen enetic el enent encod|ng at e |ng protein or
f ukfct ioyerkeng E&&Mmﬁfﬁi@m edymepr, alternatively, using genetically nodified
vertebrate precursor |ynphocytes, which

Reverse primers for the amplification of all six human IgH J chain gene segments: are
as follows. Hindlll sites, highlighted in uppercase letters, are appended to the 5' ends of
the primers including some flanking nucleotides for cloning purposes.

20
A reverse primer for the PCR amplification of variabe region exons containing Ju1, Jx 4,
and Ju5 gene segments using genomic DNA from human B lymphocytes is as follows:
}SEQ IDNO 93 (P089)  5-tatAAGCTTacctgaggagacggtgaccagggtgecctgg-3’
25

A degenerate reverse primer for the amplification of variable region exons containing
Ju2, Jy 3, and Ju6 gene segments using genomic DNA from human B lymphocytes is _
as follows:

30 SEQID NO 94 (P090)
5-tatAAGCTTacctgaggagacggtgacca(tg)(tg)at(gc)ccita)(tc)(gt)g -3'
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(i) are derived fromprinmary |ynphoid organs, 20 (ii) have the,paienbdel to
differentiate into mature |ynphoid |lineage cells, and. (iii) carry at |east
one exogenous genetic el enent encoding at | east one binding protein or
functional fragnent thereof; (b) effecting differentiation of said
genetically nodified precursor |ynphocytes 25 into mature |ynphoid |ineage
cells either in vitro or in vivo, thereby generating genetically nodified
and di ffergnlidsed vertebrate |ynphocytes capable ofppf@gihciopd said binding
protein or functional fragment thereof; or, alternatively, using said

genet i gadJeysentistieherate pirmerdof the memptifictionl of edriabb katgioh ¥rEOcNtasing 30 capabl e
of producing said bindinq protein or functional fragment thereof; (c)

ef f ect hw@arbgvp%%n@ﬁewﬂeﬂ #&SIRY §aNeTHicHNA &om bymaruBdymphraytesr dgaent (s)
thereo&ﬂmMgder the proviso, that the in vivo production in humans is
excludeé. 2 22 June 2006 18. The nethod according to claim1l or 17, wherein
step (b) is followed by the steps of: (a) isolating fromsaid

differ [ enpu engtic el enment, and
(b)  pl e Nt T A g AR DB RISRR 3 or ot on of sai
at |east one binding protein or functional fragnent(s) thereof. 92a 22 June
2006 19. The net hod ccorpi' ng to.claim17 or 18, wherein said binding

pr ot ei A "YerFERIERGTIAGINE am tﬁ?ﬁﬂ'ﬂ ngarlahgr“erﬁg'°ﬂie§?ﬂsagp§tqyﬂﬁg the bieaspecificity
and is I ; i aim17 or 18,
wher ei %ﬁggpgégéﬁ%%mgrggp@ﬁ %&?’ﬁ@#ﬁ%ﬁ?ﬁﬁ"%ﬁ’ggﬁﬁﬂﬁ?ﬁ)ﬁher eof displ ays
nore than one unique specificity and is therefore polyclonal. 21. The

q . . said bindi Lo
il SEGT N B e A oE T e G T 01 0 B St etur el
and/or 16 functional features of a human anti body, antigen receptor, or

bi ndi t ei b | ed t he .basi f t ti
reper tBTRER: oienpts Riecpr BRPCR AMMIBRHH S 0BH RgdBAhAORE ¢l ai ms 17 to
21, Wh&hRiiding ve1-Phesk Segnidh@lRing gehomicUMNA FremdHunfahadiBiphéSed Redeof to be

produced is selected fromthe group consisting

follows:
15
SEQIDNO 97 (P093)  5-tatAAGCTTacctaggacggtcagcttggtcee(ta)(cg)c(tg)ce-3'
A reverse primer for the PCR amplification of variabe region IgAL exons containing JA7
using genomic DNA from human B lymphocytes is as follows:
20

SEQ ID NO 98 (P094)  5-tatAAGCTTaccgagggeggtcagetgggtgectectee-3”

- For the PCR amplification and cloning of variable domain exons contain rearranged
ViDJy and ViJy gene segments with the above described primers P084-P094,

25  equimolar amounts of primers are used, if more than one forward or reverse primer is
indicated for a particular variable region. In case of cloning of variable regions for H and

kL chains, the PCR fragments are digested with BamHl and Hindlll and are
directionally cloned into BamHI/Hindlll double digested vectors for igH and lgkL chain
expression. In case of cloning of variable regions for AL chains, the PCR fragments are
30 digested with Miul and Hindill and are directionally cloned into Miul/Hindill double

digested vectors for l'g)»L chain expression. .
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15 of: (a) antibodi es being either nenbrane bound or secretedps i 2006
consisting of both heterologous heavy and |ight chain pol ypeptides in the
stochionmetric conposition found in natural antibodies and consisting of any
of the known heavy (p, b, y, a, e) and/or light (K and A) chain isotypes;
20 (b) antibodies with conbinations of heavy and |ight chain pol ypeptides
being conpletely human with respect to the primary am no acid sequence; (c)

hybri d ant&; 02/?))8 g cont ai ni ng heterol ogous heavy or | pghkpithce pol ypeptldes
from di f &% ertebrate species; (d) secreted Fab, scFv and F(ab')2

ant i boExarﬁp_slagnEquﬂerhtmﬂ transeiuttiver ofaetmplirat expression Ristapsirfor Rétesvidyeuser ol ogous;
(e) fragrrents f ané’_ ﬁd.l estcova ltléﬁ/ cfoldpl ed vi Ii ker pepti des,
resultingiin 9"5';38 NS INKGRY 'E%é qdite é‘f‘u‘ﬂ”ﬁé’é& gnents; (f) T cell
recept pré rafovrrmraasdmlory of S8 el HnNAPIE7 RPENEND NiBIRE res Ssell@ﬂgs ot her

bi ndi ng proteins with stréctural resenbl ance to proteins of 30

i munoffbeescrbeduPedetaihin xampla & ik the ﬁﬁquefnﬁ'ﬁ'gtﬁ@ﬁﬂ§Ctt°ﬁeqfef§fr0V"2LB |
Gengt '&;éHrés\éthJtm@& SHRbAIRE gt i) E CHAIRS iddntiBRRAY, o@éare\'tgg&ﬁ? @Qe are derived

fromprimary |ynphoid organs and have t he pot enti a rentiate
i nto nta@rmf@twryﬁbnh@moﬂwm@ag@ae@g|C§"s aryl the candision® t6infds) recambjnaat | east one

exoge ggg@ t I ndi ng

pr ot elnr(r%%gr unc 'itgdﬁ ﬁn%ng ﬁeﬂﬁﬁwhglrﬁgf) g\na"?hthgg%’vo qgt{r&)}rgi g%ﬂegsé?bqact i vely bind
t 0. an_constrgenarersequedialy, tranndlllC@dm@h%mytoheltwtlmlecbgebw anti body, any
heterologous antigen receptor conposed of variable domains and 5 const ant
regions conprising T cell receptors and nenbrane bound i nmunogl obulins, any

hetter dbtogoalcethand L7 depéndenhplieBgefls aredirst infestpd awjth lsgpexhatb&trfron\xv'GR[— type i mmune
ef fect or n f | 0 r f.u ct| not
deri ya‘fﬁcggéi?%&el eﬁﬁ?ihﬁgggaﬁg%gﬂd %e ?‘eirr%)rlts(g&%%ds Wﬁﬁ#ﬁﬁc{gf Wal cRe rb'Ft antigen
r eceptanceding rittenolygdusnigli chails. fAsanan@)abbmsrteeﬂgLaaflﬂmlex;(res)snmarry at | east
one sel o] r g .oper I to i | east exogenous
gonet etb nniienss’ Ritell” <" Rifdsn, RREHo mafet, Thaelle s vy ar | east
one excgwduces @dsean cbeedmmmit byetiteoakiduganaqﬁ 2iest paromycit 3o hl@é ¢gissleogous bi ndi ng
prPSt e'crbltgrre fmu I(I:JH (}qaho ga‘%gta '}Fants&?é’tigr?.f Tygntsguéelaecglgl Ia'ret >f:u{h?red and

expanded for an additional period of 48hours in puromycin containing medium. Non-

transduced preB cells will be eliminated due to the puromycin selection and a 100% IgL

chain transduced population of preB cells will be obtained after 48 hours of culture.

20 At this point, cells are incubated with supernatant of the ecotropic packaging cell line
GPE that have transiently been transfected with retroviral vectors encoding
heterologous IgH chains. These cells are then kept in culture for an additional period of
24 hours upon which they cease to proliferate due to the expression of the hetrologous

immunoglobulin heavy chains. The cells are then harvested and may be used for the

25 transplantation of immunocompromised mice, where these cells can reconstitute B
lineage compartments, and where they are able to participate within an immune
response giving rise to heterologous antibody secreting cells.

Example 9: Transplantation of long-term proliferating murine precursor B cells into
30 mice for the production of heterologous antibodies

Stromal cell and IL7 dependent preB cells expressing heterologous IgH and L chains

from stably transduced retroviral expression vectors are intravenously injected into

either B cell deficient JHT mice, or together with CD4" T-helper cells ihto CB17 SCID,

RAG-2 or RAG-2 deficient mice, such that the transplanted cells can mount T cell
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selectively bind to an antigen or |igand, including any heterq%$&9g§mm
anti body, any heterol ogous antigen receptor conposed of variabl e domains
and constant regions conprising T cell receptors and nenbrane bound

I mmunogl obul i ns, any heterol ogous artificial binding protein displaying
either 20 wild-type i nmmune effector functions or nodified or artificial

ef fector functions not derivable fromgerm ine encoded heterol ogous

i mmunogl o | antigen receptors, and any functig®pabyfiEggment(s)
t her eof %dszbg%s%arry at | east one sel ection nmarker bel n(g ]oper ably Iinked

t o saigdpéideheasit inBERendEnt OBIFHGHES ré@aﬁééscu‘sé Rfigenic StidRlatibimey fhal | zed cel |'s
derived frommature |ynphoid |ineage cells, which (a) carry at |east one

exoge80EPIyBAG M. el enent encoding at | east one heterol ogous binding
protein or functional fragment thereof with the ability to selectively bind
to an antigen or |igand, including any heterol ogous anti body, 30 any

het er Gloothis)d.&tet3 genthoklmwise @re sidhigibally drrasiatediwitin BO@-60@ regiiyHgradinidn const ant

regi ons rising T.cell e I. nbr an n i nogl obul i ns, an
noter gre dou Bl HoP P ind, B8 iedRio S T A0T wif SRt TOVRE. Cype | mrune.
Sf f ecbéllts fb}gMénMind?Bsmm bééesofdaniﬁitianal itrjfahsplaitatbhfcﬂ@m* 1ft-)ht!|u§‘é_ ricems ggt _

eriv ¢ fromgernine enc et er ol ogous i nog| obul i ns or antigen
recep &As,ce%&reaﬁ?meg:}m 88@?‘?1‘?@( ﬁB"{'g’?» F’ﬁé‘%fg%}rfi a'%A'"QE'“Qh’M@pQOOG (b) carry
at | easdesOsteyhgdrRid miee byraemetionostiB eIl BRd BDBY T Icbmksdudetor Shédb-aiti-| east one
exogenous genetic el t, aqp roduce said at |east one heterol ogous

bi ndi AUSS & antiogy C?WW@H%‘T Sr(i‘@éﬁ&gm'yﬂ%ﬁ&»i@%%&&s‘@zﬁmd& Wonst ruct

CaHr YioNthedd rb@mely A6 tHENS0%CoRt SN T-RASH Helld are BHIREEBS wrhQhres N OF
functional fragnent thereof with the_ abi Iitgato selectively bind to an

ant i géelisoCell|nagulations; #e allewerd; toyrRronstityte Sugnd 4 sell gomngamepisceigher conposed of

var i alhRspiafied Asstfer 8 vedkdBllctfPtraRflapRast ant regions conprising T cell
receptors and nmenbrane bound i mmunogl obulins, any artificial binding

protein displaying either wild-type imune effector functions or nodified

or ar Ekdrhsiedb: ﬁﬁ%gﬁiéﬁbngpﬂggicgmgraﬂ@a miter i vable from germine encoded
| mmunogrobulins or antigen receptors, and any functional 5 fragnment(s)

t Hér ebPMuRiastions cef IMBHIAREPHIBIEY CORR | tEansplignted - and reconstituted with
HupreB cells and T helper cells is done essentially as described (Harlow and Lane,

Cold Spring Harbor Laboratory Press, p. 150-173, 1988). In brief, 10-50ug of antigen is
dissolved in 2501 PBS and vigorously mixed with 250u] complete Freund's adjuvant
and the antigen-adjuvant mixture is injected intraperitonally. After two weeks, mice are
20 boosted intraperitonally with 5-20pg of antigen, this time mixed with incomplete
Freund’s adjuvant. 10 days following the first boost, mice are analyzed for antigen
specific heterologous antibodies in the serum. The best responders are boosted again
 four weeks afterwards with 5-20ug of antigen in incomplete Freund’s adjuvant both
| intraperitoneally and intravenously. 3 days later, spleen cells are isolated from mice and
25 used for the generation of hybridoma cells secreting heterologous antigen-specific

monoclonal antibodies.

Example 11: In vitro stimulation of HupreB cells with for the differentiation into antibody
secreting plasma cells

30 Stromal cell and IL7 dependent HupreB cells can also be differentiated into antibody

secreting cells entirely in tissue culture in vitro. For this, continuously proliferating

HupreB cell cultures are first differentiated into surface immunoglobulin positive B cell

| by withdrawal of IL7 from the tissue culture medium and the continued culture on

irradiated stromal cells for two to three days. The absence of growth factors in the

35 medium results in the arrest of proliferation and the induction of differentiation which is
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(a) reconbinant retroviral DNA constructs conprising pronoter22 ambapeer and
codi ng nucl eic acid sequences operably linked to all ow expression of at

| east one of said binding protein or functional fragnent thereof, being
either wild- type or having (a) designed nutation(s) in the primry am no
acid 10 sequence(s) or being artificial; (b) reconbinant plasm d-based DNA
constructs conprising pronoter, enhancer and codi ng nucleic.acid sequences
operably linked to all ow expression of at |east one i ndi ng.
protein o™3Git8#onal fragnment thereof, being either %&mﬁglqmge or havi ng
(a) deédcaﬁﬁgfzga;lbgmeq Adeioh B 4deptadlsl URkeYs akAfadfhslic dehesh@UION s) of being
artificra econbi nant pl asm d-based m ni -1 nmmunogl obulin or T cel

r ecept eXpregeecini the differgntiatingseksar r anged Vv, D and J gene segnents operably
linked to allow V(D)J reconbination and subsequent expression of at |east
one of said antibody or T cell receptor, or functional fragnent thereof,
bei ng Thet Hiferentidted tceifsearer themharvgsted Oarichyeptided gndreshitradiated (stpmiah t he pri mary

am |d se nce X ‘ | Al 0 ertebrate | ficial

chr Fhfsg c'g:j!ﬁ |p§§Sﬁécep§P%gd)gﬁ&]F H"gpd%ﬁ%ﬁ ‘8 %‘oﬁ??r}@'&anﬁ?@éﬁ recept or
gene I @6hoddnabehtidddye VWithif iScBinays @f auitercathey cellsi diffe@ntiste aihtooyrg4 D) J

reconbi natign a d %p? uent  expres n of at Ieasg one of sald anti body or
T cel | PpligafGFelisf H%?egr@?n&y%Mtar? ARedesecisls lafpeameuntset wi | d- t ype
or haviftgodiay fretdsthe heftrotbyoas lI%Qéﬁé lochakd hapEaBé Yiséd ¥t Genbiation sEquence(s) ;

(e) bacterial, yeast or v i cial chrompsomes conprising parts
or al | heggrologeus '@&%QCl"cS‘ﬁbaﬂt'ﬁ?Finﬁ?ﬁT B@%yﬁrdﬂma]- celbflPngSecept or gene locus in

nogpfied arrangenment designed to allow (D)J reconbi nati on and subsequent 30
expression of at |east one of sai ﬂbolntl cell receptor,

f unct i Exemple 12: ysionwof Myeloawr cellseyi %?’F%E?'Pé\ﬂef'&@q fiora Hyprel Gellsgoy a; desi gned

mut ation(s) in g &@nepéﬂoﬁ%f NybAabrigs probiGeiSERHRATRbRdcloral dntlbbaies- chr onosone
el ements which are fragnents of chronpbsones harbouring parts or all of

i nunoberdheiimmortalizationedt|plasaiacistls AeReRramb ElupeR ceds, EprHRIeinadii i gur at i on
al 1 owi gerdilidy (EGHEN 1! bOIRGRHAmBHESRAU Hans Biéd micEXRARR foypr ession of

at Ieas one nt'i body or T cell receptor, beln?wldtype wth
r edpecthe tpiastraecqlls ingad o Bmfl?‘i@dél%ﬁ‘cﬁnsléﬁ'ﬂ@?%é'w magadrlisen TRamyeloma east one

genet i g ql8E%Rlt 4§ (RBETHY dolt MRSh ok e bRASISIANGH thaBLEFRTQgengRr ker

involved in the salvage pathway of nucleotide biosynthesis. While these cells grow

indefinitively in regular tissue culture medium, they will die, if de novo nucleotide
synthesis is blocked by addition of e.g. the drug aminopterine to the tissue culture
20 medium. In contrast, cells expressing the HGPRT gene can survive a block of de novo
nucleotide synthesis by aminopterine, especially, if additional thymidine and
hypoxanthine are supplemented, because the HGPRT gene product can utilize these
~ substances for the synthesis of pyrimidine and purine nucleotides, respectively. Thus,
| in HAT selection medium (containing hypoxanthine, aminopterine and thymidine), only
25 those cells survive and proliferate, that resulted from a fusion of the mortal, but
HGPRT", antibody secreting plasma cell and the immortal, but HGPRT", and therefore
aminopterine sensitive myeloma cell. These cells are called hybridoma cells, and, if
subcloned, will secrete a monoclonal antibody of the specificty encoded by the plasma
cell fusion partner.
30
For the generation of hybridoma cells, either plasma cells from the spleen of
immunized mice traﬁsplanted with HupreB cells, or plasma cells generated in vitro by
anti-CD40 and L4 stimulation are used. In each case a homogeneous cell suspension
is generated and washed twice with IMDM medium without any supplements, by

35 repeated centrifugation (500g, 5min) and resuspension steps.
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97 22 June 2006 WO 03/068819 PCT/EPO /15303 SEQUENCE LI STI NG <bL1Qgz. Mrjschers
and Grawunder, CGeorg Friedrich and Uf <120> Method for the generation of

het er ol ogous blndlng proteins using genetically nodified vertebrate
precursor |ynphocytes <130> Heterol ogous Binding Proteins <140> <141> <160>
98 <170> Patentln Ver. 2.1 <210> 1 <211> 4953 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: pP&K-hygro;

Tenpl at e f é %flcatlon of hygronycin B <400> 1 aaattgtaaa cgttaatatt
ttgttaaaat P egcyttaaa tttttgttaa atcagctcat 60 tttt tPAtEY 3 ggccgaa

at cggCceaRB iy EbMmblcBI@p2l00 e MIBRAC EBRTAmhol { £958Y1.83¢ 1ogbt gt tcca
gtttggaacap@ggtccact attaaa aac gtggactcca 180 acgtcaaagd gcgaaaaacc

gt ct at@adep B Jfpameyaett le gt Jaamanat.chi @ 1249-155%it tHAYend Sxi1@'ggggt cg

aggt gcotA Aag 98 Q08 i} mgamasﬁtla%e%aag&ag%susggage ORPIRE! hidd g“gacgg
ggaaagccgg cga cgt ggc gagaaaggaa gggaag cgaaaggadcC gdgdcgct agg

gcgc: gepnirdugpdoagatnc atgb00gatoy &t ming d nﬂtoéa:cwb:cpalyimeneq;ttymgm) tBOOt aat 1g_';cg
c . C ac g gcgat cg
coqiuieh 3 HIBM tefnil J8 I8} SoBaRth S Rl 30, bET tilsaddocgat o
agt t gg‘gswen@dcb;gtggpihg tAftmc%gﬂm@scngad:gtmrgtmnﬁ@ﬂ Dmmﬁvltﬁaﬂt gaattg
t aat ac cactat t acc c 6 gt _cgacggtatc
gat aagsg‘\o plemegts alg 5 {?’8/ %fg’aa %&lsééﬁa%%gﬁ'ﬁgk @‘gfdfw%fgéb%@sga@ gyt at gt gg
aacag e rerfelapefithé sgperiatantCtheaell bédteg&aéﬂ.tp@n&’éiﬁm PRecsIMDEgpARECCacagt
acttagaacc acaaa aaé@aa 8a aaaa a,840 tcccacgaga atttatagat

ct at actoRa iy vglbg%glu @g q a qntagjping 100 U/ml recombinant

10 IL6 and 1x concentrated HAT supplement The cells are distributed in 50 96-well tissue

_ culture plates and are incubated at 37°C until individual hybridoma clones can be

identified and isolated for further expansion and characterization in tissue culture.
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tggitttget tgtttaaatt atgatatcca actatgaaac attatcataa agcaatagta 960
aagagccttc agtaaagagc aggcatttat ctaatcccac cccaccccca cccccegt a&@“i’l?ﬂ?os
tccatccttc cttcaaaatg taggtactct gttctcaccc ttcttaacaa agtatgacag 1080
gaaaaacttc cattttagtg gacatcttta ttgtttaata gatcatcaat ttctgcatac 1140
tct attcctQLaﬁ@ﬁ:cctcgga cgagtgctgg ggcgtcggtt tccactatcg gcgagtactt 1200

Sune- 2008 voroRRESE Tor BETpERE Rioh e R eIt Brhb R il SRECEAT R ugrR Jer e
atcgaccct g CoesnRtiant ofd&ml BMdHIR pictdl oRfinlioRel fragRreeR@yehErcbitOMHY hbility
ggt caagacc aat gcggagc atatacgccc 1380 ggagccgcgg cgatcctgca agct ccggat -

gcct cecget ¢ gimgemptivelygbioddot gntartigeo orcbigand, siaghding oy cheteraogeas aadibody,
agat gt ggc gacctcgtat t aat ccc 1500  cgaacat,ggc ctcgctccag tcagtgaccqg.
CUgt tht 609 oebk: AgNGEn FERBIRIC SOmIeEY O Pattee SOMAcohY Foeaedagaions
gccggacttc QESQ\?ﬁth;CTté‘éJlgﬁé%E?ﬁﬁs%@@me@ﬁ&%ﬁé%%dﬁﬁrﬁﬁﬂm@gf&JHE&QSHg%cia}.. .
acgcactgac ggtgtcgtcCc atcacagttt 1680 gccagtgata cacat ggfgga tcagcaatcg '

neceuet oot cLagolanas (eoueenesn 1800, can casate. catyectce geonaseact
g g { aag g g g 99
gcagaacagc gga%ﬁﬁﬂt%@e@??%ﬁ&%{ﬁﬁ Teboder ?fmagéﬁi@%%a%’&?dg@&t Z‘@é\%’@ ous
gggagat gca a tcg c
S9a0c0000c c5ATRpEgRR.he dr2ahfiden deherly SERE Ry ThiGRIBE HadieRRER ideot
agct@ ttac cegppasiagahbatemaeticc 2040 ctcctacatc gaagctgaaa gcacgagatt
cttcgccctc cgagagct gc atcaggtcgg 2100 agacgctgtc gaacttttcg atcagaaact
tctcgacag? cR @FEGHEF! ¥ Ggcre Oe Rrect t p ttg?’?w € agg%cgaaag

) ascecalarciogoe isbeate Ectter dnpheaigsavhen
gcccggagat gaggaagagg ,agaacagcac. . ca c gaa gcgtgcagaa
Poccooacct coodhooaioeniaRARRE B3RV IRRIRBIA®. Bagcooge coct gagcec
gcccccggac ccagifcChhfe Hap6@ntibbtoldifEre Rides e AfRUES GARSIIIGnA3gE CRaS! a

ttggccgttg ccccaaagge ctacccgett 2400 ccattgctca gecggtgetgt ccatctgcac
gagact agt g agabytigtroducing cat deastgora @3ogenais)igeoetc alengaot egacdioggalyigast one

ggggqggaaa cttcctgact g ag 25920 ta t gg_cgcgaagggg ccaccaaaga
acggdagccgg ttgg ’&98@8@@?’3@3@0@%9@%{3?@?& ta@‘ggaggccag aggccacttg
tgtagcgcca ag) @efeehss gHamsttRtbn 804Rid dnafdralymbefiRaaprésursét A9BABEytes
gcgcctccecce tacccggtag aattcctgca 2700 gcccggggga tccactagtt ctagagcggc

cgccaccgeg gt ggdganatradynphoigt lineapeocelisceitharagtvitragyggn tvien, tthe tedyggenerating

t aat cat tcat tg . tttcctgt 2820 . t.gtta t t tt
cgtaatcal g gt catagel g, LiLocola 2820 9aa LA §eRdR AR TGS

thereof; under the proviso that the in vivo production in humans is exciuded.

20
2. The method according to claim 1, further comprising the step of immortalizing the
differentiated lymphocytes by:
(a) fusing the same to myeloma cells for the generation of hybridoma cells;
(b) infecting the same with transforming viruses; or
25 (¢) transfecting the same with a vector construct ensuring expression of at .

least one transforming oncogene;
thereby generating vertebrate lymphocytes capable of permanently producing said

binding protein or functional fragment(s) thereof.

30 3. The method according to claim 1 or 2, wherein the vertebrate precursor lymphocytes
are able to express at least one component of the lymphoid V(D)J reconﬁbinatibn-
machinery and originate from jawed vertebrates comprising cartilaginous fish,
bony fish, amphibians, reptilia, birds, mammals including pigs, sheeb, cattle,
horses and rodents including mice, rats, rabbits and guinea pigs, with murine
precursor (pre) B lymphocytes from mice being preferred.

Lo
LA
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cctggggt gc ctaatgagtg aggtaactca cattaattgc gttgcgctca ctgcccgctt, 2940
t ccagt cggg aaacctgtcg tgccagctge attaatgaat cgggccaacgce gcggggag%g’”%%ﬂ?e
gcggtttgcg tattgggege tcttccgett cctcgectcac tgactcgetg cgectcggtcg 3060
ttcggctgcg gcgagcggta tcagctcact caaaggcggt aatacggtta tccacagaat 3120

caggggasaa Jheanetalaéesrding Reny ahaR0GECh tg Graangredt saihagtstoiate rsor
aaaaggccgc gttgctggcg tttttccata g ctcggccc ccctgacgag catcacaaaa 3240
at cgacgctc gﬁ@ﬁ arggeepigsc o 85@@@@3@%& n&xales® &Njeegnous BBimdies

Cogecttrer Bhuet AN BERElTSGE MEIOREE R RERRE) AR B Ao BRI I o RRR by
9t cogt 0t @ aiABIEAECH TP FORES Ble PREEISOORBURARES BRI LLABRAE HY 38R sing

accgctgcge cttatccggt aactatcgtc ttgagtccaa cccggtaaga cacgacttat 3
cgccSatct gtgtc agdw irrggfaagl@ggﬁns bagegggmms g‘mggoéta:r:chio??% ggtcgm?rm%ggg said
cagagttc aa gg cctaactacg gctacac aggacagt.a ggtatc

gcgcet ct get gﬁﬁéargg%tﬁgreaeaqrc@gﬁ* it &'%S?a‘g)%f cYngQrt agesggned to
aaaccacggc ; t c 3 ;
aagoat otoa RuBREATnaRflate ot BsLhOGRRRIEH P RASE PR ROBRT I ik i

actcacgtta seliggrid frém theepbgpgahsistihgafkaaag gatcttcacc tagatccttt 3900
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggt ct?aca 3960

gttaccaat g @t d8€ cgingRajeas of dhe inFuagebuingheawt chaingeralewss, 4o0¢loding

ceadt gct o aat it doe LEEUIRE.IF ST SEhEGR PRARIE R B Helfidnd Bdiossy,
June 2006 WO 036P 888 dnBtatERldrl BX8Rs faeqads cage, Goghagaeavy GRGGHU: AGRIR or
gtggtcctgc aactttatcc gcctccatcc 4200 agtctattaa ttgttgccgg gaagctagag -

taagt agtt c gccaythoaéthelgmargepas SPEBINGEXRASjt t gc catt gct aca ggcat cgt gg

tgtca t tt t tt 4320 t t tt .
Pacat gat o (dcdae g sedans gtrsaBamupiRRBLEE T anefdofiil eliiis bo
tcagaagt aa gttgeaGeing 4Hyobt MHeCaGrtt4@enkGgatdAtadoIHE 28§RFsT aS WaRES Ghy of

en
ttactgtcat gccatccgta adatgctttt 450% ctgtigact gg tgagtactca accaagtca
t ctlfagaat a gt gtthe gogstanysewoagxonas60 gcetcttgeccc ggegtcaata cgggat aat a

20t ot cang Gar She FOBgSIHATRGAISI LSO TBEAGOT Codt TgRRACS 8RR 0. BLAcag o
aaaa gecoe asashdanse e e cBaT 1. SERnENE, B A8 I Sod e RaR o
tttttcaata ttathgaagcyaind alcongtar 8&dlon exons;
(d) the cis-acting immunoglobulin heavy chain gene locus enhancer elements,
20 including the heavy chain intron enhancer and the 3’ a enhancer,
(e) ‘the cis-acting immunoglobulin light chain gene locus enhancer elements,
including the « light chain intron enhancer (kiE), the 3’k enhancer, and the A2-
4 and A3-1 enhancers;
(f) the cis-acting T cell receptor gene loci enhancer elements, including the TCR

a, B, v, and & enhancers;

[§)
LV ]}

(9) the trans-acting recombination activating genes, RAG-1 and RAG-2, including
their promoter and enhancer elements, as well as their coding regions; and
(h) the trans-acting DNA repair genes essential for V(D)J recombination,
including Ku70, Ku88, the catalytic subunit of DNA-dependent protein kinase
30 (DNA-PKcs), DNA ligase IV, XRCC4 and Artemis, including their promoter

and enhancer elements, as well as the coding regions of said genes.
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gttattgtct catgagcgga tacatatttg aatgtattta gaaaaat aaa caaatagggg 4920
‘ttccgecgecac atttccccga aaagtgccac ct.g 4953 <210> 2 <211> 5130 i@ﬁzm
'<213>-Artificial Sequence <220> <223> Description of Artificial Sequence:
pBS- DT4; Tenplate for anplification of Wt diphteria toxin A <400> 2

Citttancea e RuBhd dncehlRRE, ClIRCE, WPl Saledl epalteiiindire gene
tagggtt gag tgideting GetdrstdHHpAsAgaeIWCac DNA agaenas r@trﬁsueggggtasa'lz@gat least

acgt caaagg gcgaaadacc gtctatcagg gcgatggccc actacgtgaa ccatc
aat caagttt toneggneticelengnt ecgbinadgchemnakogdusgeaantdiin aticmqiygfeyably3idnking a

cccgatttag agcttgac aaagccg aacgt gqc gagaaaggaag agaaag360
cgaaaggagc @3‘5&@{%@3@“8’%@8@8&%%ﬁ@ﬂ&%@i%%@@%ﬁlggﬁéﬁgg%%@amo
caccegccgc gcttaatgcg ccgctacagg gcgcgtccca ttcgecattcaggct acgcad80
actgitggga agggcgatcg gtgcgggcct cttcgctatt acgccagctg gcgaaggggg 540

gttgtgcttgc JhggnetiddaedirtpgotoadiairoS; aggatin siidarad Rgeung vetwire Lldktionally

aaacgacggc cagtgaaatg taatacgact cactataggg cgaattgggt accgggcccc 660
ccct cgaggt €§BEWisEatcPaiAt ofa A gregasiniipia SEALERERRJOE cSitRygRgRific cRNA oecom-

ctagttctag tac cl C ; C t ‘ t 780 .
(tggaatcia HARRa g, HEkEE REBEFhRE SEiiBh AN ShaRi BEeBior saic
attttatatt Haekiveagasctidr haaRbE updrotraasfetioht 48 Gradientabgheasih 39 Gucleic
cacagaagta aggttccttc acaaagagat cgcctgacac gatttcctgc acaggcttga 960
gcchf at act eaidaseguehceatencogigeat legst one chithg gognateassombinase eoaymes0
agttctacgc ttaacgcttt cgcctgttcc cagttattaa tatattcaac gctagaactc 1080
ccct cagcga agggaaggct gagcactaca cgcgaagcac catcaccgaa ccttttgata 1140

aactcttgcg %E%éﬁbﬁ%d&bﬂiﬁ@ Q@%i%SW@QW@r&ﬁ%&i@g@% téé_c,@?n?éib%nﬂ@ggctors
ttaatagttt cggcattatc cacttftagt gcgagaacct tcgtcadtcc tdgatdcgtc 126

actttgacca edditivoaiygconmprise ayategalvgg getectionatmarker sanajiagt setentioh32gahsp2
June 2006 V\gégg{ﬁ%%‘&% ?rﬁvﬂéﬁ@g{glé% rggtclr?‘gq %8&%% a?é trér%ér%ycingeggtr% etcia En(’:t‘g1 the

aaccctttcc
15 genome by non-homologous recombination.

8. The method according to any of claims 1 to 7, wherein said at least one
exogenous genetic element encoding a binding protein or functional fragment(s)
thereof,’ is carried on a genetic construct selected from the group consisting of:

20 (a) recombinant retroviral DNA constructs comprising promoter, enhancer and
coding ‘nucleic acid sequences operably linked to allow expression of at least
one binding protein or functional fragment thereof, being either wild-type or
having (a) designed mutation(s) in the primary amino acid sequence(s) or
being artificial;

25 (b) recombinant plasmid-based DNA constructs comprising promoter, enhancer
and coding nucleic acid sequences operably linked to allow expression of at
least one binding protein or functional fragment thereof, being either wild-type
or having (a) designed mutation(s) in the primary amino acid sequence(s) or
being artificial;

30 (c) recombinant plasmid-based mini-immunoglobulin or T cell receptor gene loci
with unrearranged V, D and J gene segments operably linked to allow V(D)J
recombination and subsequent expression of at least one heterologous

antibody or T cell receptor, or functional fragment thereof, being either wild-
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tgtgtaccag-attttggctt ttgtatacct ttttgaatgg aatctacata accaggtE%g %g%@s
gtcccgtggt acgaagaaaa gttttccatc acaaaagatt tagaagaatc aacaacat€a'l

t caggat cca
aagagcagcc
gcgcgegecc
ggcaaacgct
aacgggcgca
accacaccca
gacaacggcc
cgcagct aac
t gcccagt ga
cctgcggcgce
acaaagaccc
ct caagat gg
cacaccgcga
t gt ct acacc
gccagt gt cc
t gat cct cag
ggcgt ccctg
gt gct cgcgg
acgctliicagc
ctccgegt cg
cctccttttg
cgagat t gag
gt acaggaat
ggt accgagc
tttagt gagg
attgttatcc
gggggect a
agt cgggaaa
gtttgcgt at
ggct gcggeg
gggat aacgc
aggccgegt t
gacgct caag
ct ggaagctc

20

30

[}
(W)

10.

11.

t ggcgaact a tcaagacaca aaagaaggct atagtcacct cggggccgcc 1560
gctgccgeec tgcccacttc cggcaagccg cgggctcgag ccgccagggg 1620

aagct qgs@@r%%gg@gggs ﬁ%ﬂ@ﬂ@&‘%ﬂ)nﬁ@%cﬁé?ﬁ‘ﬁné {rP8giq1680

ggcccggagg cgga caggaagcc acctccgc cccctcccca 1740

agct capeiengef)f gcgecc gacgggeggce ttgtgcgcge gcgggaggcg 1800
gcaggaagcg_ caaacaaggc gcccgtgcca ctgtgacccc gccccttccg 1860

ccll c hasdrrial c weast oF ygrigbrafe Ajtifieiat eloaRABe s goaRyising pagizoor all of
1980

e A SRR B Rl bR K AR ISR pera

CCYCCOGREN tacglrcﬂ@:zggp ¢ESSPBREABNIZR mgaauaﬁ@asabﬁés%%rgjfggat least

agaggccatt gaggcg cgtagcgtct ggttcccaat actgtgtact
acct aanechetgcolbgoesaaativodyoadgcell geceptggodrcfuaictianal ffagnzd? @hereof,

ccctagtgtg fccccaagcc ccacgcaccg,agce agcg..ggecccacgag 2280 .
goggoRElT CEERT HRNES GloiaYIag 4ehies aner G 44 1A0( 4o die Primy amino
gctccgﬁﬂpge§§ cac cctccacccg cccatggtgt ccgttctgag 2400
gaccctgcag tgag tta gccacgagag agcgaaggcc cgctgggccc 2460

Ct (e C Glagtiriad Opetay be U8 rteBehs it ldsReaRBohte S aorgrRItd paR2Gr all of
gt ggacgcga ctcgacagtg gctgcgegtt gcgccgccgg gttttatagg 2580 .
ggccaét dgastgenatheieratpgptisact muogg oady o docaly ceerntoygeresdcus in

ctcactca cctcgccqa, cacaqgt g.catttrttta ccccctetcc 2700
aaaaagaﬁﬁﬁeggﬁﬁﬁagaﬁgt5%&5&5%@@63‘ﬁ%d%@adéac%a Bayan fpdstdhsequent
gaagaggptdsandaft & 1oh<YCHRE G8eteroI858G¢ L £ HoRIGE CT a8l é828tor, or
agcctccgec cttgtggaca ctgccccatt caatgtctcg gttactaggg 268

t cgaafunationghdraggeeyctheseefyiring ¢thprt witddype tart havisge(aodesigned
gttaat ttgacqt aatcatqgtc. atagctgttt,. cctgtgtgaa 3000
gctca@é@%ﬁoﬁgﬁgb&%éggn?Q@@%ﬂggaﬁwa é@@ﬁggga'tgtaaagcct 3060
at@agtaagtHragpkeaeat ele@ﬁéﬁ&c%kﬂcgﬁg%fréacﬁﬂgr%%‘ﬁ%?t/tdfcch&%?&ogous

cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg 3180
t gggcgbIanos@gs thashourng treaist ga adt efgimrgeigogtabydincor {Tccatt4eceptor

L i Al A A M SRR o
gct ggegbsdqidritCakstagsiohCae CAC st t 8¢ erdlo§aGe a3 HE0T cell
t cagaggt gg cgaaacccga caggact ata aagat accag gcgttccccc 3480

cct cgtepapton being wid-typegath cespact de thepdgiriy amiopaaid gegaaoce(s).

The method according to any of claims 1 to 8, wherein the at least one exogenous
genetic element encodes a native or modified human antibody, a human binding

protein, a human antigen receptor, or (a) functional fragment(s) thereof.

The method according to any of claims 1 to 8, wherein the at least one exogenous
genetic element encodes a heterologous or artificial receptor capable of

undergoing affinity maturation of the binding region.

The method according to any of the preceding claims, wherein the differentiation

of vertebrate precursor lymphocytes is effected in vitro by:

(a) arresting proliferation of said vertebrate precursor lymphocytes and inducing
differentiation into mature lymphocyte lineage cells by cultivating in the
absence of any precursor lymphocyte growth factor; and

(b) inducing terminal lymphocyte differentiation by further cultivating said cells in

the presence of at least one of the following components selected from:
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‘cggt gt aggt cgttcgcetcc aagct ggget gt gt gcacga “getgcgectt atccggt
tatcgtcttg agtccaaccc cactggcagc agccactggt aacaggatta gcagagcgag
agttcttgaa gtggtggcct aactacggct acactagaag ctctgctgaa gccagttacc

tt cggaaaaa gagtggt caccgat 1t t g :

gat ct caaga agat@ct ts?g“%{?c?f G gg'ééeg“g&?@’@‘g'ghaécﬁéé@ﬁ't %85@@%c@2@&“k'“'2'
ggt aagacacgact t at cge@f@akmi-at (tanegkiaisCinesaAis®, Ittt akihl 9ot mtElangsd40
ctcttgat ccggcaaacaaa3900 gattacgcgcagaaaaaaag 3960 cgctcagt ggaacgaaaact 4020
cacgttaagg gatttt gJgiGF4, gagialftNay; caaaaaggat cttcacctag atccttttaa 4080

attaaaaatg aagttltgaa tcaatctaaa gtatatajga gtaaacttgg tctgacagtt 4140
accaat gctt aat diht gé‘gobiaéﬁft"éﬁtwﬂ Gy A &Y (f?&?P%Qfgt of ¢ c%%l?SagCQmmngz

Jung 2006 WO 03/ 008BERisticT alfbbidids 3 3acthVed TELERMInSACREASH SoLEAR! RACERA0,

cgat'acggga gggcttac ct'ggcccca gtgctgcaat gatatcgcga gacccacgc

caccggct cc agattt atByal g(Ga8apaBr-2I2M8630 woaysie otk rdagueptaad 1CICHBFR04md 2
gtcctgcaac tttatccggec tccatccagr 4380 ct attaattg tt c%g aa gctagagtaa
)t 6 bak

gtagttcgcc agtt aat 8gP2Ngt§lahde DU, LFAS: febR G20t B3t @P32,
i

Cat gat coce cat ot gL AadRaRyChy b a7 PR R L), FRRATED )

gaagt aagtt- ggccgcaghg t(EHEACt TR pto{rggté@% ggecﬂ%%yt Wﬂ?—@%te?fér?t ‘('-:(?75,
)

ectttctccec ttcgggaage gtggegettt ctcaatgetc acgctgtagg tatctcag tJéJ%g%)qg -

ctgtcatgcc atccgtaaga tgcttt'tctg 468 ggtga gtact'caacc aagtcatt
gad@at agt g t at gcggEdad 20b) aQixe 4L (CD7T34), acttignpbghoxinii mateptyy agdt aat accg

cgccacatag cagaact{ta aaagtgctca 4800  tcattggaaa acgttcttc gcgaaaac
tctcaaggat ctt '('ﬂbgét%e‘ F’g‘gggf‘@cfgcwéﬁ'-rcﬁﬁﬂ%‘%%{eﬁ%rﬁ Iqene tgfg%écéﬁg&ther
gatcttcagc atctttt ’ CCAULYnAR92 t?ggjt aa&{h aaa a :
at gccgcaaa aaagggagﬁgcgngagcéacacor 98@(:'“3%%4 gt tlgs aa %@? %aggpg?'c? %%@?‘?t t% ns
t% c?ﬁ atta tt g?agcf:rbrn gfamarg@%tlve%eriat poyanioas, gpalyeduil, amokevetad gatdgen
gratttagaa aaa aaa?é\?\l_l\ﬁ),%%%ggnti-icmmunoglobulin reagents;

15 and combinations thereof.

12. The method according to any of claims 1 to 10, wherein said differentiation in vivo
is effected upon transplantation of said genetically modified precursor lymphocytes
into a suitable vertebrate host.

20
13. The method according to claim 12, wherein said lymphocytes are co-transplanted

into said host with naive or antigen primed T helper lymphocytes.

14. The method according to claim 12 or 13, wherein said differentiation in vivo is
25 followed by immunization of said host with at least one desired immunogenic

compound or compaosition.

15. The method according to any of claims 12 to 14, wherein said vertebrate host is a
compatible host being deficient with respect to the generation of endogenous B

30 cells, T cells, and/or NK (natural killer) cells, or a combination thereof.

16. The method according to any of claims 12 to 15, wherein the vert'ébrate host is
selected from jawed vertebrates comprising cartilaginous fish, bony fish,

amphibians, reptilia, birds, and mammals including pigs, sheep, cattle, horses and
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‘cgtgcacatt tccccgaaaa gtgccacctg 5130 <210> 3;, <211> 5130 <212> @BleAzgo%lb‘

Artificial Sequence <220> <223> Description of Artificial Sequ%zn
pBS- DT4t ox176; Tenplate for anplification of attenuated diphteria toxin A

- <400> 3 aaattgtaaa cgttaatatt ttgttaaaat tcgcgttaaa tttttgttaa atcacttcat 60 -

tttttaacca gbagalc qRdudingIetenamts Ceaibigt @ada{;m@éagfg%, L RARCRIRID the
tagggttgag tgttgttcca gtftggaaca agagtccact aftaaagaac gtggactcca 1

acgt caaagg dqueferrethbestgpecitscagg gcgat ggccc act acgt gaa ccat caccct 240
aatcaagttt tttggggtcg aggtgccgta aagcactaaa tcggaaccct aaagggagcc 300
cccgatttag agcttgacgg ggaaagccgq cgaacgtggc gagaaaggaa gggaagaaag 360

cgaaaggager QAShYE! #4819 tKE ArbaustRsh Yok Qﬂﬁ’&ingﬁﬁt‘b‘iéi@lc% @h@ﬂ&ﬁﬂcﬁgﬂ’geg'it(s)_

caceccgccge gcttaatgcg ccgctacagg gcgcgtccca Ttcgeccattc aggctacgca
act gttt ggga dbergodatitigths gbititygtocselettividy bind tcaegardigengoy bgeed) gggludig any

gat gt gct gc gaggcgatta agttgggtaa cgcca tt ttcccagtca .cgacgttgta 600
aaacgacggc 3@3& g%QL& %&&%gaeya@ 9?5’?% OEQ%PPgQGtOfé’@é'@g&cge@aﬁﬁoa”d
ccct cgaggt at a atat€g t C g 7
Cragttetag SONbEIagsofRRGcarhRisEhC LT RN, REEPERST S R sRunc
ttggaatcta dmpiaragebulmepadnpgadifictahgbinding preteinadisplayngcicithepawidlype -
attttatatt taccttagag ctttaaatct ctgtaggtag tt'_t(_?tccaat t at gt cacac 900

cacagaagt a dggluneeffectae bnsgiagacr seditiedenantijatal effectpr funelipns hetderbmble

a0t 1lr acgo (RHGGETTGe BpERYGPPERraRbba il rraRalERTs Skl Ebbfilduhd

ccctcagcga @@ggmﬂéhalgﬂggﬁ@nﬁ(éﬁ the@of agc acmapheAtkeddn peftdd davsivingithe 22
. June 2006 WO 03/068819 PCI/EP01/ 15303 aactcttccg ttccgacttg ctccatcaac -
ggttcagt ga GeRst@faacc taactctttc 1200 ttaatagttt cggcattatc cacttttagt

Scaga e dar: deaeicaRhaTR veneBire FieciRTieIREAS SWichor act aaa
aaccctttcc aatcgy cibGevdaiftdns primaty ymphoid organs, and :
15 (i) have the potential to differentiate into mature lymphoid lineage cells,
by. introducing at least one exogenous genetic element encoding at least
one binding protein or functional fragment thereof; or, alternatively,
using genetically modified vertebrate precursor lymphocytes, which A
(i) are derived from primary lymphoid organs,
20 (ii) have the potential to differentiate into mature lymphoid lineagé cells,
and. .
(ili) carry at least one exogenous genetic element encoding at least one
binding protein or functional fragment thereof;
(b) effecting differentiation of said genetically modified precursor lymphocytes
25 into mature lymphoid lineage cells either in vifro or in vivo, thereby
| generating genetically modified and differentiated vertebrate lymphocytes
capable of producing said binding protein or functional fragment thereof;
or, alternatively,
using said genetically modified and differentiated vertebrate lymphocytes
30 capable 6f producing said binding protein or functional fragment thereof;,
(c) effecting expression of the binding protein or functional fragment(s) -
thereof;

under the proviso, that the in vivo production in humans is excluded.



it gt gtaccag
‘gt cccgt ggt
t caggat cca
gcgcgegecce
t gcccagt g
‘gccagt gt cc
ccgecagggg

ggcccggagg
acact gcgcc

ctgtgacccc
gggagagaag
ccccacccgg
gaggcagt gat
gcaccggctc
ggct gcaaag
cttacct ggt
ct aggcgt aa

attttggctt ttgtatacct ttttgaatgg aatctacata accaggtté&“égo6
acgaagaaaa gttttccatc acaaaagatt tagaagaatc aacaacatta’ 5

t ggcgaact a t caagacaca aaagaaggct atagtcacct cggggccgcc aagagcagcc
ggcaaacgct aacgggcgca accacaccca gacaacggcc cgcagctaac

T Setsdaccste 8Fn 1Grer9atedfin 8p38Y B Mlowed! 5% Bfe2&teps
tgat cct cag gctgccgecc tgcccacttc cggcaagccg cgggct cgag

ofagct caggg gacaaaggaa gcgcagaccg gccgcattat taccataaaa

C acct ca aa, a cct C ccGtc ca agctccqgcct - :

ad et font St ateteried rtrhcansa e ot Jad5t aa8 Rxagerel gcca
chgéﬁéﬁaﬁkﬁﬁéﬁﬁﬁﬁegg gcagccgcgce tcccagcctc taggaagagg -
agct ccctcc ctagcgcaca tagagagcgc acgcgcagtg gcatcccagc

(b} g ptaxing sagenstglemerg(s) dageconiaxt enarlag peghmiicoasdfsaid at -
cgta cgt ct gé;tt,cccaat_ acC taat aC gcttttaa a CCfcgcaagCC
ccclaaft §Ng QIReing Pigiein et aeelg‘r%aaggabﬁgrgggggaat gt
gctccgcggce ccggcaccac gaccctgcag tgaggtacta gcggtcactg
ggcgggt gt g - gtgctcgcgg gtggacgcga ctcgacagtg agtctacacg
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«Cet.ccacecyg cccatggtgt gccacgagag agcgaaggcc. gaccggcaac gaaggagct

. gctgcgegtt gcgcggeccgg acgccacagc ggccact cga gccat aaaag gcaacttt ﬁﬁgﬁgeﬁbcggg
ctccgecgtcg ctcactcacc ggcctcgeccg cacagtgcag cattttttta cctccttttg ’
aaaaaaaaaa aaaaaaagaa gaagaaaaaa aaaaaaagcg cgagattgag gaagaggatg

aagagtt 149 PRIMEBEE Bcebrfg &5 8laimPd ?%?an%e?&ﬁcsta‘?@%%iﬁ%i}%t%ﬂ%ﬁfunctional
ctgccccait caatgtctcg ggtatcgage tcgaatttta gagcggecge caccgcggtg

gagct ccagc fragmeot(ghtigreot dispiags @negenigge cpecHiaity andds thededget monbclonal.
attgttatcc gctcacaatt ccacacaaca taggagccgg aagcataaag ggggtgcecta

at gagt gagg taactcacat taattgcgtt gcgctcactg agtcgggaaa cctgtcgtgce

ngoggtaa TDBdleLoRReLRang Rl 1Y S dat N B Bina W B GB petiona
tcagaggt gg frageeai@y ttheeof ASHIegs mefd thah cshe Unii@o’pee6ificRYHrH a9 dherefore
cgttcgctcc gctgcgectt atccggtaac cactggcagc agccactggt agttcttgaa

gt ggt ggcct pelyetoget. gaa gccagttacc ccaccgetgg tageggtggt  gat ct caaga
agatcctttg tccgcttcct cgctcactga ctcgctgecge gctcactcaa aggcggt aat
acggttatcc atgtgagcaa aaggccagca aaaggccagg ttccataggc tcggcccccc

t gacgagept Tﬁ@%ﬁéﬁ%@gé’cdb@&ﬂg%aérﬁf BRGRLRLCRD to Ol Wéﬁwcﬁé%ﬁéiﬂ? rotein or

gcttaccgga gtggcgcettt ctcaatgctc acgctgtagg aagctgggct gtgtgca g%

accccccgtt functional fragment(s) thereof completely or partially shares structural and/or
10 - functional features of a human antibody, antigen receptor, or binding protein, as

can be assembied on the basis of the human genetic repertoire or parts thereof.

22. The method according to any of claims 17 to 21, wherein the binding protein or
functional fragment(s) thereof to be produced is selected from the group consisting
15 of:

(a) antibodies being either membrane bound or secreted, and consisting of both
heterologous heavy and light chain polypeptides in the stochiometric
corhposition found in natural antibodies and consisting of any of the known
heavy (4, 3, v, q, €) and/or light (x and A) chain isotypes;

20 (b) antibodies with combinations of heavy and light chain polypeptides being
completely human with respect to the primary amino acid sequence;

(c) hybrid antibodies containing heterologous heavy or light chain polypeptides
from different vertebrate species;

(d) secreted Fab, scFv and F(ab’)2 antibody fragments being either completely or

25 partially heterologous;

(e) fragments of antibodies covalently coupled via linker peptides, resulting in
bispecific or multispecific antibody fragments;

() T cell receptors of the a, B, y, and & isotype, antigen receptors, and other

binding proteins with structural resemblance to proteins of the
30 immunoglobufin superfamily; |

and functional fragments thereof.

23. Genetically modified vertebrate precursor lymphocytes, which
(a) are derived from primary lymphoid organs and have the potential to

35 differentiate into mature lymphoid lineage cells,
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tatcgtcttg agtccaaccc ggtaagacac aacaggatta-gcagagcgag gtat gt akgggne 2006
aact acggct acact agaag gacagtattt ttcggaaaaa gagttggtag ctcttgatcc
ttttttgttt gcaagcagca gattacgcgc atcttttcta cggggtctga cgctcagtgg

gccccttccg aatacgcacg cgcgcctcga ccgagccggc accggtttgg actgtgtact

at caaat gcc (bP9GsHIAL g ledt bAECERbge G (et é@ﬁ%@géﬁ@odrﬁ?aﬁga%‘t one

gttttatagg
ttttgttcce

cgctgattgg ccccctctcc agagagaaag aggcccagat

ccthatgtaegous binding peateincor fundtional frgggm;'aggegﬁoftwmtt}cgtatbdnty to

tacta

acagaat cag aacce?egtlve?y b|n%ct{?l)aéar‘;j1 aatn?lgeﬁcogthtgca%%cgnclug' cctg ﬁgteropogous antibody,

10

20

N
(¥4}

30

(c)

any heterologous antigen receptor composed of variable domains and

constant regions comprising T cell receptors and membrane bound

' immunoglobulins, any heterologous artificial binding protein displaying either

wild-type immune effector functions or modified or artificial effector functions
not derivable from germiine encoded heterologous immunoglobulins or
antigen receptors, and any functional fragment(s) thereof, and

carry at least one selection marker being operably linked to said at least one

exogenous genetic element.

24, Mature lymphoid lineage cells, which

(a)

(b)

carry at least one exogenous genetic element encoding at least one
heterologous binding protein or functional fragment thereof with the ability to
selectively bind to an antigen or ligand, including any heterologous antibody,
any heterologous antigen receptor composed of variable domains and
constant regions comprising T cell receptors and membrane bound
immunoglobulins, any heterologous' artificial binding protein displaying either
wild-type immune effector functions or modified or artificial effector functions
not derivable from germline encoded heterologous immunoglobulins or
antigen receptors, and any functiona! fragment(s) thereof, and

carry at least one selection marker being operably linked to said at least one

exogenous genetic element.

25. Immortalized cells derived from mature lymphoid lineage cells, which

(@)

carry at least one exogenous genetic element encoding at least one
heterologous binding protein or functional fragment thereof with the ability to
selectively bind to an antigen or ligand, including any heterologous antibody,
any hetero’lbgous antigen receptor composed of variable domains and
constant regions comprising T cell receptors and membrane bound
immunoglobulins, any heterologous artificial binding protein displaying either
wild-type immune effector functions or modified or artificial effector functions
not derivable from germline encoded heterologous immunoglobulins or

antigen receptors, and any functional fragment(s) thereof,
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1620 1660 1740 1800 1860 1920 1980 2040 2100 2160 22%%Ju%%%%6 2340
2400 2460 2520 2580 2640 2700 2760 2820 2880 2940 30 3120
3180 3240 3300 3360 3420 3480 3540 tatctcagtt 3600 cagcccgacc 3660

gacttatcgc 3720

(b) carry at least one selection marker being 6perably linked to said at least one

exogenous genetic element, and
(c) produce said at least one heteroldgqus binding proiein or functional fragment

thereof.

~26. Genetic construct carrying at least one genetic element encoding a binding protein
or functional fragment thereof with the ability to selectively bind to an antigen or

ligand, including any antibody, any antigen receptor composed of variable domains
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ggtgctacag 3780 ggtatctgcg 3840. ggcaaacaaa.3900 agaaaaaaag 3960
aacgaaaact—-4020 6 22 June 2006 WO 03/ 068819 PCT/ EPOI/ 15303 cactf{uaadefr
gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa 4080 ,

att aaaaat gaagttttaaat caatctaaa gtatatatga gtaaacttgg tctgacagtt 4140

accaat gct t agngagicgreanacegingt orasEahgt T t&dint ideepidreataggat rﬁ%@&%ne bound
ttgcctgactgcccgtcgt gt agat aacta cgatacggga gggcttaccat ct ggccccadzo

gt gct gcaat gdﬁﬂhﬂ’g@@dms?a??car;tiﬁaiat?g‘nﬂn@ pagein ?éﬁpf@n@?i?mgni@%e immune
agccagccgg a ccgag,. ctattaatt. ccggga cc gct acaggce
gctccggttcf?%gg)dag"@gt'oﬁ a%fcf‘%‘?fi‘ﬁe‘ig‘%t @&ﬁ.@:&j e‘%%f%?‘f g\t’ @%@&ét@%&%able from
cgcagaagt g : CGntiab &g c t .
F900gagtt a O5TOLRE deficodkd ARRNASUISbARS [t RntBRl DIty T CERE 48} gunctional
tccaf ccagt fraggugés) theregétdalatteddromanaamoopgonsiethg @f.ca gaagt aagtt
ggccgcagtg ttatcactca aattctctta ctgtcatgcc atccgtaaga tgcttttct

tgact ggt ga dehctecemrRinaplyretsevical BNGaa0BHIC!s 22QBRGRHE l@@@ﬁ@ﬂg@ﬂgﬂfﬂﬂﬁr and
cLLgecea0e OLcoRlangs AR te Lt TG AR RRRRL K 9P ARG 180 et
one of said binding protein or functional fragment thereof, being either wild-
type or having (a) designed mutation(s) in the primary amino acid

10 sequence(s) or being artificial;

. (b) recombinant plasmid-based DNA constructs comprising promoter, enhancer
and coding nucleic.acid sequences opefably linked to allow expression of at
least one of said binding protein or functional fragment thereof, being either
wild-type or having (a) designed mutation(s) in the primary amino acid

15 sequence(s) or being artificial;

(c) recombinant plasmid-based mini-immunoglobulin or T cell receptor gene loci
with unrearranged V, D and J gene segments operably linked to allow V(D)J
recombination and subsequent expression of at least one of said antibody or
T cell receptor, or functional fragment thereof, being either wild-type or having

20 (a) designed mutation(s) in the primary amino acid sequence(s);

(d) bacterial, yeast or vertebrate artificial chromosomes comprising parts or all of .
immunoglobulin or T cell receptor gene loci in germline configuration operably
linked to allow V(D)J recombination and subsequent expression of at least
one of said antibody or T cell receptor, or functional fragment thereof, being

25 either wild-type or having (a) designed mutation(s) in the primary amino acid
sequence(s);

(e) bacterial, yeast or vertebrate artificial chromosomes comprising parts or ail of
at least one immunoglobulin or T cell receptor gene locus in modified
arrangement designed to allow (D)J recombination and subsequent

30 expression of at least one of said antibody or T cell receptor, or functional
fragment thereof, being either wild-type or having (a) designed mutation(s) in
the primary amino acid sequence(s);

(f) trans-chromosome elements which are fragments of chromosomes
harbouring parts or all of immunoglobulin or T cell receptor gene loci in

33 germline configuration allowing V(D)J recombination and subsequent
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gttcgatgta
tttctgggtg

ggaaatgttg
attgtctcat

cgcgcacat t
Artificial

pA.2neo( +) ;

acccactcgt gcacccaact gatcttcagc atcttttact ttcaccaq&%u49é®6
agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac 49
aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt 5040
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc 5100
tccccgaaaa gtgccacctg 5130 <210> 4 <211> 4514 <212> DNA <213>

Sequence <220> _<223> Description of Artificial Sequence: .
Tenpl &PEE$HPN St TsaganaAr 5910 Bxbdy & |%§£lkr@&epmog§mngmme

agt et atta agogt tAFt & Pechle U oe et PPV ERH sgBiglMst ao0cunt aco

cggt cagccc
ggcat gcgeg
gcat cagcca
t catt caggg
tcttcagacc
ct gcgaat cg

at WhgesiaCsaidt Rlaxdt dtie EHfeERCaRMeniC (AR gioly! PkeD A6 a8t least one
ccttgagcct tccagatcat cctgatcgac tgtttcgcett ggtggtcgaa

t gaelgghommarkerggcactt cgcccaatag gctgcgcaag gaacgcccgt
caccggacag cgccatggcc gcgggatatc cgaattcgag ctcggtaccce
taataacttc aatatgatcg gaattcctcg gtctttttat tgccgatccc

ggagcggcga

97



actagtgcgg ccgcctgcag tcgacctgca gccaagctag gtatagcata cattabacga ,qqe
agat ccgaac aaacgaccca ctcagaagaa ctcgtcaaga taccgtaaag cacgaggaagd
aagctcttca gcaatatcac gggtagccaa cgctatgtcc cagccggcca cagtcgatga

at ccagaaaa gcggccattt gcaggcatcg ccatgggtca cgacgagatc ctcgccgtcg
ggcgaacagt tcggctggcg cgagcccctg atgctcttcg 4380 4440 4500 4560 4620
4680 60 120 180 240 300 360 420 480 540 600 aagaccggct tccatccgag
t acgt gct cowplsaed9§C9a660 tgggcaggta gccggat caa gcgtatg¢€§w§§%§cgcatt720
tttctcggca ggagcaaggt gagat gacag gagatcctgc780 cagccagtcc ccgcett

cagt gacaac gt cgagcaca SE@EFGgEEag® cacgat agcc gcgctgectc gtcctgcagt
gtcggtcttg acaaaaagaa ccgggcgccc ctgcgctgac 840 900 960 7

<110> Melchers and Grawunder, Georg Friedrich and Ulf

<120>

proteins using genetically modified vertebrate

precursor lymphocytes

<130>

<140>
<141>

<160> 98

<170>

<210> 1

<211> 4953
<212> DNA
<213>

<220>
<223>

PatentIn Ver. 2.1

Artificial Sequence

Heterologous Binding Proteins

Description of Artificial Sequence: pPGK-hygro;

Template for amplification of hygromycin B

<400> 1

aaattgtaaa
tttttaacca
tagggttgag
acgtcaaagg
aatcaagttt
‘cccgatttag
cgaaaggagc
cacccgccgce
actgttggga
gatgtgctgce
aaacgacggc
ccectegaggt
tgagaatgaa
acacatttgg
tcccacgaga
tggttttgct
aagagccttce
tccatccttce
gaaaaacttc
tctattectt
ctacacagcc

cgttaatatt
ataggccgaa
tgttgttcca
gcgaaaaacc
tttggggtcy
agcttgacgg
gggcgctagg
gcttaatgceg
agggcgatcg
aaggcgatta
cagtgaattg
cgacggtatc
gtgtatgtgg
aaaccacagt
atttatagat
tgtttaaatt
agtaaagagc
cttcaaaatg
cattttagtg
tgcectegga
atcggtccag

ttgttaaaat
atcggcaaaa
gtttggaaca
gtctatcagg
aggtgccgta
ggaaagccgg
gcgctggcaa
ccgctacagg
gtgegggect
agttgggtaa
taatacgact
gataagcttc
aacagaggct
acttagaacc
ctatagatca
atgatatcca
aggcatttat
taggtactct
gacatcttta
cgagtgctygg
acggccgegc

tcgegttaaa
tccettataa
agagtccact
gcgatggcece
aagcactaaa
cgaacgtggc
gtgtagcggt
gcgcgtcececa
cttecgetatt
cgccagggtt
cactataggg
tgatggaatt
gctgatcteg
acaaagtggg
tgagtgggag
actatgaaac
ctaatcccac
gttctcacce
ttgtttaata
ggcgteggtt
ttctgeggge

tttttgttaa
atcaaaagaa
attaaagaac
actacgtgaa
tcggaaccct
gagaaaggaa
cacgctgege
ttcgccatte
acgccagctg
ttcecagtea
cgaattgggt
agaacttgge
ttetteagge
aatcaagaga
gaatgagctg
attatcataa
cccacccececa
ttettaacaa
gatcatcaat
tccactateg
gatttgtgta

Method for the generation of heterologous binding

atcagctcat
tagaccgaga
gtggactcca
ccatcaccct
aaagggagcc
gggaagaaag
gtaaccacca
aggctacgca
gcgaaggggg
cgacgttgta
accgggccecc
aaaacaatac
tatgaaactg
aaaacaatga
gcecttaatt
agcaatagta
ccceegtage
agtatgacag
ttctgcatac
gcgagtactt
cgcccgacag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260



WO 03/ 068819 agccggaaca cggcggcatc agagcagccg attgtctgtt gtgccgagheooos
agcctctcca cccaagcggc cggagaacct gcgtgcaatc catcttgttc cccatattgg
gcgaagt gga acaagacgct aggctttttg cctgggtgga gctagcttgg ctgcagggtc
cctgggaccg gggcggggtt cttcctcttg gaggettttt ctggacgtaa gctcgcetcgg
t gt t cgaggc caaacgcgtc cgccgccccg tgctcgacat actgcatctg cgtgttcgaa

t gggt ggaaa cattccaggc ctgctcgaca ttgggtggaa gcaaaaccac actgctcgac

agacct aat yyRdokdsgf ata gatcggaatt cctcgagtct caaaaccagggelibknst ctt
actcctcttc taggg a tattaa tattgaatat tctagagtcg acctgcaggc atgctcccgg

aagt t gat a
ccgecatHgectes ﬁtgcg?aactg AHEeHeLt Eg“cﬁﬁﬁcﬁﬁﬁ?ﬁ?aa?ﬁéifg@%gyzf’cccaacgcg
t t ggatt§tdrcIte et FP UYL o 98 YRRt AT 2EEL TG BRIGRICa P E2RoeRgt 8t aget gt t t
at t gt t983%6ICGE tCRICARACE WEHEIPRAACAL e AFe e gHcIcogEIcgectt H4at gagt gagce
t aact cagtataagaaReceeadt CtagrueIyg(rIaimt taut (lacgicgtatcugedageat 150aat gaat cgg
gt t t gogieattchggyopttey tcedgadct otttte et cmesgat ccggeb@aegacysagcyggt at ca

gcatcagctc atcgagagcce tgegegacgg

gccagtgata
gaccgattcc
cgatcgcatc
ggtcttgcaa
attccccaat
cataacgatc
ctcctacatc
agacgctgtc
. ttttcatggt
ggcagacgtg
cgceceecgeee
agcccagaaa
ccattgctca
tcacgtcctg
tagaaggtgg
tggaatgtgt
aagcgcatgc
gcccggggga
ccctttagtg
gaaattgtta
cctggggtgce
tccagtcggg
gcggtttgeg
ttcggetgeg
caggggataa
; aaaaggccgce
atcgacgctc
ccectggaag
ccgectttcet
gttcggtgta
accgetgcege
cgccactgge
cagagttctt
gcgctctget
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgcctg
ccagtgectgce

cacatgggga
ttgcggtecg
catggcctcee
cgtgacacce
gtcaagcact
tttgtagaaa
gaagctgaaa
gaacttttcg
ggcgggatgce
cgcttttgaa
ctgagceege
gcgaaggagc
gcggtgctgt
ctcgacgega
cgcgaagggg
gcgaggceceag
tccagactge
tccactagtt
agggttaatt
tccgetcaca
ctaatgagtg
aaacctgteg
tattgggcgce
gcgagcggta
cgcaggaaag
gttgctggcg
aagtcagagg
ctecectegtg
cccttecggga
ggtcgttcge
cttatccggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actgccecegtce
aatgataccg

tcagcaatcg
aatgggccga
gégaccggct
tgtgcacggce
tcecggaatceg
ccatcggcegce
gcacgagatt
atcagaaact
aggtcgaaag
gcgtgcagaa
ccectgagecece
aaagctgcta
ccatctgcac
gctgcggggce
ccaccaaaga
aggccacttg
cttgggaaaa
ctagagcggce
ccgagcettgg
attccacaca
aggtaactca
tgccagctge
tcttecegett
tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctcteetg
agcgtggcge
tccaagctgg
aactatcgtc
ggtaacagga
cctaactacg
accttcggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac

gCct cachrasegag @3t tgcacgaggt gccggactte

acgcactgac
cgcatatgaa
acccgctegt
gcagaacagc
gggagatgca
ggagcgcggce
agctatttac
cttcgeecte
tctcgacaga
gccecggagat
tgcegggect
gceceeeggac
ttggcecgttg
gagactagtg
gggggggaaa
acggagccgg
tgtagcgeca
gcgecteece
cgccaccgcg
cgtaatcatg
acataggagc
cattaattgce
attaatgaat
cctegetcac
caaaggcggt
caaaaggcca
ggctcggecc

cgacaggact’

ttecegacceet
tttctcaatg
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggtc
tatcaaaaag
aaagtatata
tctcagcgat
ctacgatacg
gctcaccgge

ggggcagtcec
ggtgtegtec
atcacgccat
ctggctaaga
gggcagtteg
ataggtcagg
cgatgcaaag
ccgcaggaca
cgagagctgc
cgtcgeggtg
gaggaagagg
ccggaggace
ccacccette
ccccaaagge
agacgtgcta
cttecctgact
ttggcgcecta
agtgcccage
tacccggtag
gtggagctcc
gtcatagctg
cggaagcata
gttgcgctca
cggccaacgce
tgactcgetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gcegettace
ctcacgctgt
cgaacccccc
cceggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta

tcggeccaaa
atcacagttt
gtagtgtatt
tcggcecgeag
gtttcaggca
ctctcgcetga
tgccgataaa
tatccacgee
atcaggtcgg
agttcaggcet
agaacagcgc
ttcgggegee
ccagcctctg
ctaccegett
cttccatttg
aggggaggag
ccggtggatg
ggggctgcta
aattcctgca
agcttttgtt
tttectgtgt
aagtgtaaag
ctgcccegett
gcggggagag
cgctcggteg
tccacagaat
aggaaccgta
catcacaaaa
caggcgttcc
ggatacctgt
aggtatctca
gttcagcccg
cacgacttat
ggcggtgeta
tttggtatct
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggee
tcagcaataa

1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140



gggat aacgc
tt cgat aggc
cctcgtgcegce
cgttcgctcc
agccact ggt
gcgct cactg
June 2006

tthCQ&ﬁ&&A

t gt aag (tqﬁ&;tt 7
acaga@ g‘&cgg
cggttagctc
tcatgcttat
ctgtgactgg
gctcttgeee
tcatcattgg
ccagttcgat
gcgtttetgg
cacggaaatg
gttattgtct
ttcecgcgeac

1<210> 2
<211> 5130
<212> DNA

aggaaagaac
tccgecccccce
tctcetgttce
aagct gggct
aacaggatta
ccaacgcgcg

gctgcgectt atccggtaac tatcgtcttg

ct cgct gcge

acggttatcc

at gt gagcaa aaggccagca aggccgcgtt gct ggegtjuhe 2006
gacgct caag t cagaggt gg cgaaacccga
cctttctccec ttcgggaage gtggegettt

ct ggaagct c

cggt gt aggt
cact ggcagc

agttcttgaa gtggtggcct aactacggct aagcat aaag
aaaggccagg

t gacgagcat 22

5@51/15303 at agccgaat 1020 aat ggccgat 10epr@prhtant at 1140
ggﬁmg@t §Qagrhdf0 gagatdes agalldl: gtacagesands380 geat acattald4o
ag999ga k%t§a59§tt&@&t AL8GGagl baUra RECHIERELA 162054880t gaa 1680

tgé%gé%g

gtcccaa@éé

cttcggtect
ggcagcactg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
atttccccga

CHL20R8.

ccgatcgttg
cataattctc
accaagtcat
cgggataata
tcggggcgaa
cgtgcaccca
acaggaaggc
atactcttec
tacatatttg
aaagtgccac

<213> Artificial Sequence

<220>

€£ atgatc
tcagaagtaa
ttactgtdat
tctgagaata
ccgcgcecaca
aactctcaag
actgatcttc
aaaatgccgc
tttttcaata
aatgtattta
ctg

ccccatgttg
gttggcegea
gccatccgta
gtgtatgcgg
tagcagaact
gatcttaccg
agcatctttt
aaaaaaggga
ttattgaagce
gaaaaataaa

<223> Description of Artificial Sequence: pBS-DT4;
Template for amplification of wt diphteria toxin

<400> 2

aaattgtaaa
tttttaacca
tagggttgag
acgtcaaagg
aatcaagttt
cccgatttag
‘cgaaaggagc
‘cacccgeegce
actgttggga
gatgtgctgce
aaacgacggc
ccctecgaggt
ctagttctag
ttggaatcta
attttatatt
cacagaagta
gccatatact
agttctacgc
ccctcagega
aactcttccg
ttaatagttt
actttgacca

cgttaatatt
ataggccgaa
tgttgttcca
gcgaaaaaccC
tttggggteg
agcttgacgg
gggcgctagy
gcttaatgeg
agggcgatcg
aaggcgatta
cagtgaattg
cgacggtatc
agcttgcaga
aaatacacaa
taccttagag
aggttccttc
catacatcgc
ttaacgcttt
agggaaggct
ttccgacttg
cggcattatc
cgectecage

ttgttaaaat
atcggcaaaa
gtttggaaca
gtctatcagg
aggtgccgta
ggaaagccgg
gcgctggcaa
ccgctacagg
gtgcgggect
agttgggtaa
taatacgact
gataagcttg
tctgcattec
acaattagaa
ctttaaatct
acaaagagat
atcttggcca
cgectgttcce
gagcactaca
ctccatcaac
cacttttagt
ttttccagag

tcgegttaaa
tcccttataa
agagtccact
gcgatggecce
aagcactaaa
cgaacgtggce
gtgtagcggt
gcgegtecca
cttcgctatt
cgccagggtt
cactataggg
atatcgaatt
accactgctc
tcagtagttt
ctgtaggtag
cgcctgacac
cgttttccac
cagttattaa
cgcgaagcac
ggttcagtga
gcgagaacct
agcgggtttt

tttttgttaa
atcaaaagaa
attaaagaac
actacgtgaa
tcggaaccct
gagaaaggaa
cacgctgcegce
ttcgecattce
acgccagctg
ttcecagtcea
cgaattgggt
cctgcagccc
ccattcatca
aacacattat
tttgtccaat
gatttcctgce
gggtttcaaa
tatattcaac
catcaccgaa
gacttaaacc
tcgteagtcee
cattatctac

tgaaaaaaag
gtgttatcac
agatgctttt
cgaccgagtt
ttaaaagtgce
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggg

atcagctcat
tagaccgaga
gtggactcca
ccatcaccct
aaagggagcc
gggaagaaag
gtaaccacca
aggctacgca
gcgaaggggg
cgacgttgta
accgggccce
gggggatcca
gttccatagg
acacttaaaa
tatgtcacac
acaggcttga
attaatctca
gctagaactc
ccttttgata
taactctttce
tggatacgtc
agagtatccc

4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4953

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320

Ta%c%@ggl@&gacgggcgmgag& 1800ccLeggscottc 1920



cacaaaaatc 2100 caggactata aagataccag gcgtttcccc cgaccctgcc gg&tpﬁgﬂgg
tacctgtccg ctcatagctc acgctgtagg tatctcagtt gtgtgcacga accccccgrt

cagcccgacc 2160 2220 2280 2340 agtccaaccc ggtaagacac gacttatcgc 2400
gcagagcgag gt atgtaggc ggtgctacag 2460 acactagaag gacagtattt ggtatctgcg 2520
ctctgctgaa gccagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa 2580
ccaccgctgg tagcggtggt ttttttgttt gcaagcagca gattacgcgc agaaaaaaag 2640

gat ct caagawagiosseht t g atcttttcta cggggtctga cgctcagt ggcfapfaagact 2700
cacgt{ aggfcpaldt {19dcCoRbARGAL {at 18R AAYNRLt ChicaGet@gsg@t cClittaa 2760

atta Qéagca%a&tttc{gtgé‘@katég‘éﬁéé&t@%@ga%@t sl QacOhaaartif9.4Cct gacagtt 2820
?fggg{;t% éttggf% g;?:%%%g tQ‘EtacG&tcaJCc%éaagé‘&Cga%EggEtht QJcQ%%aggagﬁsotog?BSggtcgg 3828
gt get °° a'fgzg % tca% ccacget gccc gg'%c %tg?ct at ¢ ca caat aaacc 3000
agcca@aééﬁ’dgcéa%&? Ef%g "gﬁcc?ﬁ ﬁa‘%@&aaﬁ‘f'i?c? [t ?‘igﬁ‘fa@%gc ccatccagt 3060
ct at t FAEIGeIt ﬁ@eﬁgwagagaaa@agqcaaag@f%gﬁceﬁé&a abctaaezgt %%t gcgcaacg 3120

3180
3240
3300
3360
3420
3480
3540
3600
3660

t t gt t ZPFERCIAQIIACERIARATCCIARISEHRIY (G FI2AREYRIPEFCRIYEICEERFERR §74fct t catt ca
gct ¢ cggidoco@camteratataacagycTra (e eggcaicg eiot g egcc adogdaugtay t80@aaaaagc gy
t t agcideadatedaggizemh opgeaat @gddt giccagtgamgttaagicteccggregtagt geebt at cact ca
t 9ot t k@RI R0CREIGER! caarict &l Odch fecot@t ertgre catdegi-aagavbgctttt ct g
t gact ggi 9. Lt @eh£H9a5Co@ gl dget ccgtdastiageseiraC@re&gangasecgagt t get
Ct 1 JCGea96t !l GR8Ja86430a Gcadth ah & cbal-0acalRgCagaresdd figaagt gect ca
tcat t&g BeRACHL &L L 0y HONEGRARBEeabbd-CARNGFLaaCiARE ST hobt gagat cca
gttegg g§‘ %C%QE&E&Q" aQ&éf}Pé%‘E3&@5gcg?cttC&gEP&QQataéc‘EBEgttécacCE165t caccagcg

ttt th??%H? éﬁ

cgcgcatErraE
June TOTEItce

tgatcctcag
ggcgtccectg
gtgctcgegg
acgccacagc
ctecegegteg
cctecttttg
cgagattgag
gtacaggaat
ggtaccgagc
tttagtgagg
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgeggeg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagctc
cctttctccec
cggtgtaggt
gctgcgecett
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgcetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt

1C C?ﬁaga Ctg

§ayc
c¢e

gctccgegge
gaccctgcag
cttacctggt
gtggacgcga
ggccactcga
ctcactcacc
aaaaaaaaaa
gaagaggatg
agcctcegec
tcgaattcta
gttaattccg
gctcacaatt
atgagtgagg
cctgtcgtge
tgggcgcetet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctecgtgege
ttcgggaagce
cgttcgcetce
atccggtaac
agccactggt
gtggtggect
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag

Slefed

Atttaa

a%Féaggéfgééa@&

ccggcaccac
tgaggtacta
ggcgggtgtg
ctcgacagtg
gccataaaag
ggcctcgecg
aaaaaaagaa
aagagttttg
cttgtggaca
gagcggcecge
agcttggegt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccataggce
cgaaacccga
tctectgtte
gtggcgettt
aagctgggct
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct

4

Cca gca({cg ?gtc
et ?%ﬁg;%a

cctccacccg
gccacgagag
gaccggcaac
gctgcgegtt
gcaactttcg
cacagtgcag
gaagaaaaaa
gcgatgggtg
ctgcecccatt
caccgcggtg
aatcatggtc
taggagccegg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcggecceccece
caggactata
cgaccctgcec
ctcaatgctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg

a tt

agcgaaggcc
gaaggagctg
gcgeegeegqg
gaacggcggg
cattttttta
aaaaaaagcg
ctggctccegt
caatgtctcg
gagctccagce
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctcgctgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accccecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatce
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcegt

a(fca

ccgttctgag
cgctgggecc
caaagaagct
gttttatagg
cgctgattag
cecectetece
agagagaaag
aggcccagat
gttactaggg
ttttgttcce
cctgtgtgaa
tgtaaagcct
ccegetttece
gggagaggcg
tcggtcgttce
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgttccecece
tacctgtccg
tatctcagtt
cagcccgacce
gacttatcgc
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag

cgcg%&%?acaaaga%gg%{fz Egggcgacac

2460
2520
2580
2640
2700

2760

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3500
3960
4020
4080
4140
4200

at cagggt t

ta ttc
5? %?559( E%g%”&cagg?gcgt

3720
3780
3840 8 22



WO 03/068819 PCT/EP01115303 aaggagaaaa taccgcatca ggcgaaattg t 65 g%%ga
tattttgtta aaattcgcgt 3900 taaatatttg ttaaatcagc tcatttttta ac

cgaaat cggc aaaatccctt 3960 ataaatcaaa agaatagacc gagat agggt tgagt gttgt

tccagtttgg aacaagagtc 4020 cactattaaa gaacgtggac tccaacgtca aagggcgaaa
aaccgtctat cagggcgatg 4080 gcccactacg tgaaccatca cccaaatcaa gttttttgcg

gt cgaggt gc cgtaaagctc 4140 taaatcggaa ccctaaaggg agcccccgat ttagagcttg

acggggaaagvedggsgaacg 4200 tggcgagaaa ggaagggaag aageegeaassegagcgggcgce

t 2000©@g6dtga FCaag tedta tadAabeta Cayatacadys Clyg e HEgt RAGFcaCAGARCCCY ccgcgctt aa
t 9COCHgedyta 2 ABBACHTH L gadRE Byt Chaaddy 6136 GRalth £ Wb HG8&2a6H 0t t § ggaagggcga
thgta%%Qa@ch%CJaﬁégfc&%tcgé Qgt %E&G&%G%t&%%%%@?&&f&%& gtgc tgcaaggcga
ttaagéttgggt éaﬁ cq: gq ggg 6 éttg&t gg%geg tgaggggqggtt a@qgcgac ggccagt gaa

ttgtaa ac ) %ﬁ <211> 41 <212>
‘igf:‘faéagﬁf LSk e Ef‘>° 5 EatE)e%EF‘iaﬁ‘f‘ia 0%t Artificial

Seque%’é"ecggtl-*’rcl‘i‘féarcg’t‘fﬁi a95%9e%-t8 ‘i?@‘{aétcﬁgaféﬁgtéﬂgéﬁé%@éc%tﬁé%lctcac cgcgacgtct g
41 <ZXfescterttLIguestafy ategrighca [RpYLasnt 3 99PGIFIFP ditatcaskguidite <220> <223>
Descriigpttiatgucocamtyqat i et tgkctSa dlieifeecc PEFI9ETa90 0Bc400 B8 at gcggecg ctattccttt
gcccttogeragt 9g ajeerciagg g catto vagaatagpd Fatog@ocga2tPagt BiMA 203> Arti fi ci al
Sequencgcstid2 QecaatR2@ gaiesorch phcwrmted cAgaacftiteiaabhgtGepaesce: Prinmer 003 41

tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgetg ttgagatcca 4860

gttcgatgta acccactcgt atcttttact ttcaccagcg 4920

tttctgggtg agcaaaaaca aaagggaata agggcgacac 4980

ggaaatgttg aatactcata ttgaagcatt tatcagggtt 5040

attgtctcat gagcggatac aaataaacaa ataggggttc 5100

cgcgcacatt tccccgaaaa 5130

gcacccaact gatcttcagc
ggaaggcaaa atgccgcaaa
ctcttecttt ttcaatatta
atatttgaat gtatttagaa
gtgccacctg

<210> 3

<211> 5130

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: pBS-DT4tox176;
Template for amplification of attenuated diphteria
toxin A

<400> 3

aaattgtaaa
tttttaacca
tagggttgag
acgtcaaagg
aatcaagttt
cccgatttag
cgaaaggagc
cacccgeegce
actgttggga
gatgtgctgce
aaacgacggc
ccctcgaggt
ctagttctag
ttggaatcta
attttatatt
cacagaagta
gcqatatact
agttctacgce
cccteagega

cgttaatatt
ataggccgaa
tgttgttcca
gcgaaaaacc
tttggggtcg
agcttgacgg
gggcgctagg
gcttaatgcg
agggcgatcg
aaggcgatta
cagtgaattg
cgacggtatc
agcttgcaga
aaatacacaa
taccttagag
aggttccttc
catacatcgc
ttaacgcttt

agggaaggct

ttgttaaaat
atcggcaaaa
gtttggaaca
gtctatcagg
aggtgccgta
ggaaagccgg
gcgetggcaa
ccgctacagg
gtgcgggect
agttgggtaa
taatacgact
gataagcttg
tctgcattce
acaattagaa
ctttaaatct
acaaagagat
atcttggcca
cgcctgttee
gagcactaca

tcgegttaaa
tccecttataa
agagtccact
gcgatggecce
aagcactaaa
cgaacgtggc
gtgtagcggt
gcgegtecca
cttcgctatt
cgccagggtt
cactataggg
atatcgaatt
accactgcté
tcagtagttt
ctgtaggtag
cgcctgacac
cgttttccac
cagttattaa
cggctagcac

tttttgttaa
atcaaaagaa
attaaagaac
actacgtgaa
tcggaaccct
gagaaaggaa
cacgctgcge
ttcgeccatte
acgccagctg
ttcccagtca
cgaattgggt
cctgcagcce
ccattcatca
aacacattat
tttgtccaat
gatttecctge
gggtttcaaa
tatattcaac
catcatcgaa

atcagctcat
tagaccgaga
gtggactcca
ccatcaccct
aaagggagcc
gggaagaaag
gtaaccacca
aggctacgca
gcgaaggggg
cgacgttgta
accgggcccc
gggggatcca
gttccatagg
acacttaaaa
tatgtcacac
acaggcttga
attaatctca
gctagaactc
ccttttgata

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140



<400> 7 attgctagca tggcgcaagc cgggagaaca gggtatgata ac 42 9 22 June 2006
03/ 068819 PCT/ EPOI / 15303 <210> 8 <211> 39 <212> DNA <213> Art{44ugf 4906

Sequence <220> <223> Description of Artificial Sequence: Primer 004 <400> 8
cgcacgcgtc acttgtggcc caggtatgca cccagagtg 39 <210> 9 <211> 42 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Primer 005 <400> 9 atatgtcgac tcaatattgg ccattagcca tattattcat tg 42 <210>
10 <211> RO o3e68h2> DNA <213> Artificial Sequence <22ferpmeaddes Description

S, ihikor e 1y i spaecan T g 141 e
e r

Lon_ o t1Tl %' I

Descrgg

gttgacca
gcagcgtegt
tgtgtaccag
gtececegtggt
tcaggatcca
aagagcagce
gcgcgegecee
ggcaaacgct
aacgggcgca
accacaccca
gacaacggcc
cgcagctaac
tgcccagtga
cctgeecgege
acaaagaccc
ctcaagatgg
cacaccgcga
tgtctacacc
gccagtgtce
tgatcctcag
ggcgtcectg
gtgctegegg
acgccacagc
ctcecgegteg
ccteettttg
cgagattgag
gtacaggaat
ggtaccgagc
tttagtgagg
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggceg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagctc
cctttctece
cggtgtaggt
gctgcgeett
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga

cgcc%ccagc
atttattgtc
attttggett
acgaagaaaa
tggcgaacta
gctgecgeec
aagctcaggg
ggcccggagyg
agctccgect
gcaggaagcg
ccgecectege
taggaagagg
tagagagcgce
ccgcecgece
agaggccatt
acctaatacg
ccctagtgtg
gcgggaatgt
gctecgegge
gaccctgcag
cttacctggt
gtggacgcga
ggccactcga
ctcactcacc
aaaaaaaaaa
gaagaggatg
agcctcecgee
tcgaattcta
gttaattccg
gctcacaatt
atgagtgagg
cctgtegtge
tgggcgcetet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaagce
cgttcgctcec
atccggtaac
agccactggt
gtggtggect
gccagttacc
tagcggtggt
agatcctttg

¢lal ey

ggtactataa
ttgtatacct
gttttccate
tcaagacaca
tgcccacttce
gacaaaggaa
cggacctagg
acactgcgcce
caaacaaggc
ccaaccccgg
gggagagaag
acgcgcagtg
gcecegeecge
gaggcgtgat
gcttttaaca
tccccaagec
ggctgcaaag
ccggcaccac
tgaggtacta
ggcgggtgtg
ctcgacagtg
gccataaaag
ggcctcgeeg
aaaaaaagaa
aagagttttg
cttgtggaca
gagcggccge
agcttggcegt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccataggc
cgaaacccga

tctectgtte’

gtggcgettt
aagctgggct
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta

agcgggt’ttii

aaccctttec
ttttgaatgg
acaaaagatt
aaagaaggct
cggcaagccqg
gcgcagaccyg
gcaggaagcc
gacgggcggce
gececgtgceca
gcagccgege
agctccctcee
gcatcccage
ccggcaagcce
cgtagcgtcet
cccgcaagece
ccacgcaccg
agtctacacg
cctccaceceg
gccacgagag
gaccggcaac
gctgcgegtt
gcaactttcg
cacagtgcag
gaagaaaaaa
gcgatgggtg
ctgcecccatt
caccgcggtg
aatcatggtc
taggagccgg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcggcecccecec
caggactata
cgaccctgcece
ctcaatgctc
gtgtgcacga
agtccaaccce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga

ca

aatcatcgtc
aatctacata
tagaagaatc
atagtcacct
cgggctcgag
gcegcattat
agacctccege
ttgtgcgege
ctgtgaccce
tcececagecte
ctagcgcaca
ccccaccegg
gaataggcaa
ggttcccaat
gcaccggctce
agegggagceg
ctaggcgtaa
cccatggtgt
agcgaaggcc
gaaggagctg
gcgeegeegg
gaacggcggyg
cattttttta
aaaaaaagcg
ctggctcegt
caatgtctcg
gagctccagc
atagctgttt
aagcataaag
gcgctcactyg
ccaacgcgcg
ctcgetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accccecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcge
cgctcagtgg

> rtiricra
R i
ttatctac agagtatccc

ataatttcct
accaggttta
aacaacatca

¢ggggcecegcece
c¢cgccagggg
taccataaaa
cccctececa
gcgggaggcg
gcecectteeg
aatacgcacg
cgcgectega
ccgagccgge
accggtttgg
actgtgtact
atcaaatgcc
ggcccacgag
agttggctgt
ccgttectgag
cgctgggece
Caaagaagct
gttttatagg
cgctgattgg
cccectetee
agagagaaag
aggcccagat
gttactaggg
ttttgttecee
cctgtgtgaa
tgtaaagect
ccegetttece
gggagaggcg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgttececec
tacctgtceg
tatctcagtt
cagcccgace
gacttatcgc
ggtgctacag
ggtatctgceg
ggcaaacaaa
agaaaaaaag
aacgaaaact

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020



t cgaccggta cctaggcgeg ccatcgatat cgctagctcg agctcagatc tgtac 55
2006 WO 03/068819 PCT/ EPA /15303 <210> 12

Artificial Sequence <220>

<211> 47
<223> Description of Artificial

<212> DNA
Sequence:

2]219%22%06 une

Pri mer

008 <400> 12 agatctgagc tcgagctagc gatatcgatg gcgcgcctag gtaccgg <210> 13
<223> Descri ption of

<211> 78
Artificial

Pri ner

<212> DNA <213> Artificial
Sequence:

gaagtt at acwgegisgheact tcgtatagca 60
<24zt daBif gs2 1 Byt At jdghtrbBllca Baguen et i22QF atcR233a Deser i ption of

ArtifiagdaadaaBpqu@neRaa RebBY220 5021340302 glshabltagatansiqtt c@iat aat g tatgctatac

78

gaagt Lalat e dhahaaet tagtALadbgkebQtg kataet meatgéaacgst&so 78 <210> 15

38

Sequence <220>

<R3 LA Sed e fMehdd ik Rleg OGN GEoct 2Rl

gtgctgcaat
agccagcecgg
ctattaattg
ttgttgecat
gctcecggttce
ttagctectt
tgcttatggce
tgactggtga
cttgcecegge
tcattggaaa
gttcgatgta
tttctgggtg
Vggaaatgttg
attgtctcat
cgcgcacatt

<210> 4
<211> 4514
<212> DNA

gataccgcga
aagggccgag
ttgcecgggaa
tgctacaggce
ccaacgatca
cggtcétccg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccecgaaaa

gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtagt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttcettt
atatttgaat
gtgccacctg

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

caccggctcce
gtcctgcaac
gtagttcgee
cacgctcgtce
catgatccce
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcage
atgccgcaaa
ttcaatatta
gtatttagaa

agatttatca
tttatcegee
agttaatagt
gtttggtatg
catgttgtga

~ggccgeagtg

atccgtaaga
tatgcggcega
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa

pGL2neo (+) ;

Template for amplification of loxP site flanked

neomycin

<400> 4

cgacgtcgcea
igtcgaccata
cttggctgga
agttatatta
acacccgtgce
aggcgataga
cggtcagcce
tgatagcggt
tccaccatga
ggcatgcgcg
tccagatcat
tgtttegett
gcatcagcca
cccggeactt
gctgcgcaag
tcattcaggg

tgctcecegge
tgggagagct
cgtaaactcc
agggttattg
gttttattct
aggcgatgcg
attcgccgcec
ccgccacace
tattcggcaa
ccttgagect
cctgatcgac
ggtggtcgaa
tgatggatac
cgcccaatag
gaacgcccgt
caccggacag

cgccatggcee
cgaattcgag
tcttcagacc
aatatgatcg
gtctttttat
ctgcgaatcg
aagctcttca
cagccggcca
gcaggcatcg
ggcgaacagt
aagaccggct
tgggcaggta
tttctcggea
cagccagtcc
cgtggccagce
gtcggtcttg

gcgggatatc
ctcggtacce
taataacttc
gaattcctcg
tgccgatcce
ggagcggcga
gcaatatcac
cagtcgatga
ccatgggtca
tcggetggeg
tccatcecgag
gceggatcaa
ggagcaaggt
cttcecgett
cacgatagcc
acaaaaagaa

actagtgcgg
tcgacctgcea
gtatagcata
agatccgaac
ctcagaagaa
taccgtaaag
gggtagccaa
atccagaaaa
cgacgagatc
cgagcccctg
tacgtgctceg
gcgtatgcag
gagatgacag
cagtgacaac
gcgectgectce
ccgggecgece

a tctggcccca
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttctg
ccgagttgcet
aaagtgctca
ttgagatcca
ttcaccagceg
agggcgacac
tatcagggtt
ataggggttc

ccgcctgeag
gccaagctag
cattatacga
aaacgaccca
ctcgtcaaga
cacgaggaag
cgctatgtcc
gcggecattt
ctcgeegteg
atgctcttcg
ctcgatgcga
ccgeegeatt
gagatcctgc
gtcgagcaca
gtcctgeagt
ctgcgetgac

4260
4320
4380
4440
4500

4560

4620
4680
4740
4800
4860
4920
4980
5040
5100
5130

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
560

009 47 <400> 13 ctagataact tcgtatagca tacattatac
tacattat ac gaagtg@Eirpdtissed10> 14

<211>

<211>



<223> Description of Artificial Sequence: Prinmer Gl 11 22 June_2006 WD

03/068819 <400> 15 tcgacgcgtg gaatgtgtgt cagttagggt gtggaaag <49 2606

<211> 37 <212> DNA <213> Artificial Sequence <220> <223> Description of

Artificial Sequence: Prinmer 012 PCT/EPO1/ 15303 38 <400> 16 tcgacgcgtt

t ggacaaacc acaactagaa tgcagtg 37 <210> 17 <211> 39 <212> DNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<211> 39

013 <400> Wwoes/esgmaegcgt g aattctaccg ggtaggggag gcgcttt e pdidlznz1l8
<212> .BhQg 562d 39 daltt 1a6agahg D8 QUENER L £ L2 cagte A8aycachoy i on of Artificial
Sequeng&stcih ré@éaa@c:bﬂc %anﬁé-cQ:Q? st&totLEa et dgarhaganGedd ggcaaaac aatactgag

39 <21:Q<.>at;t9cgg %g(g,]caggg

gcgaagtgga
acaagacgct
aggctttttg
cctgggtgga
gctagecttgg
tacgaagtta
tctagagteg
gccgectgea
ttctatagtg
attgttatce
ggggtgccta
agtcgggaaa
. gtttgcgtat
ggctgcggeg
gggataacgc
aggccgcegtt
gacgctcaag
ctggaagcte
cctttectece
cggtgtaggt
gctgegectt
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
. ttgectgact
gtgctgcaat
agccagccegg
ctattaattg
ttgttggcat
gctceggtte
ttagctectt
tggttatggc
tgactggtga
cttgceegge
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt

cctgggaccg
gggcggggtt
cttectettg
Qaggcttttt
ctggacgtaa
tattaagggt
acctgcaggc
ggtcgaccat
tcacctaaat
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgcetcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaage
cgttcgctcee
atccggtaac
agccactggt
gtggtggect
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
ccecgtegtg
gataccgcga
aagggccgag
ttgccgggaa
tgctacaggc
ccaacgatca
cggtccteceg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactegt
agcaaaaaca
aatactcata
gagcggatac
tccecgaaaa

gotedicd

cgcegeeeeg
tgctcgacat
caaaaccaca
gcttecctett
actcctcettce
tattgaatat
atgctceegg
atgggagagc
agcttggcgt
ccacacaaca
taactcacat
cagctgcatt
tccgettect
gctcactcaa
atgtgagcaa
ttcgataggce
cgaaacccga
tctecectgtte
gtggcgcttt
aagctgggcet
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataatagtg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctctteettt
atatttgaat
gtgccaccty

cgaggc
actgcatctg
tgggtggaaa
ctgctcgaca
gcaaaaccac
agacctaata
gatcggaatt
ccgecatgge
tecccaacgeg
aatcatggtc
tacgagccgg
taattgegtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcegeeecec
caggactata
cgaccctgcee
ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcece
gtcctgcaac
gtagttcgece
cacgctcgtce
catgatcccce
gaagtaagtt
ctgtcatgcece
gagaataccg
tatgacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
tatgecggtgt

cacacgcgtce
cgtgttcgaa
cattccaggc
ttgggtggaa
actgctcgac
acttcgtata
cctcgagtet
cgcgggatat
ttdgatgcat
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctcgcetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accceecegtt
ggtaagacac
gtatgtaggce
gacagtattt
ctcttgatce
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttateegee
agttaatagt
gtttggtatg
catgttgtgc
ggccgcagtg
atccgtaaga
cgccecggega
cagaacttta
cttaccgcetg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
gaaataccgc

accttaatat
ttcgcecaatg
ctgggtggag
acattccagg
ctgcagccaa
gcatacatta
agggggatcc
cactagtgcg
agcttgagta
cctgtgtgaa
tgtaaagect
ccegetttece
gggagaggcg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgtttecce
tacctgtecg
tatctcagtt
cagcccgacce
gacttatcgc
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggccecca
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttetg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccageg
agggcgacac
tatcagggtt
ataggggtte
acagatgcgt

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840



<223> Description of Artificial Semippce:

<213> Artificial Sequence <220>
<400> 19 aat gcggccg cgaacctcct

Primer 015 12 22 June 2006 WD 03/068819
gtgttgcaag cacaaatggg <210> 20 <211> 40 <212> DNA <213> Artifici al

Sequence <220> <223> Description of Artificial Sequence: Primer 016 <400>
20 aatgcggccg aggcagcacg gttgagtttc agttgtcatc <210> 21 <211> 40 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial sequence:
Primer 017wBGIbdski@ / 15303 40 40 <400> 21 ttggcgcgcc gbappmaiges cct ct ccagg
tcttt abfdabasAl t82ddatc2 Ggcgeddtky 4lacotdd 2atiMrtsZk3trohbdel $dogi @l Sequence <220>
<223> DS ef it tredbt&gc Achitht @b Acc SRE4BNGSaat Bfok B QL& +<4R0> 22 ttggcgegec
agct cagel . A9GLEAGGLE ﬁ%&%@%&t‘&&gﬁ%@%@t%g aacaagagtc 4020

cactattaaa
gcccactacg
taaatcggaa
tggcgagaaa
cggtcacgcet
ccattcgceca
attacgccag
gttttcccag
gggcgaattg

gaacgtggac
tgaaccatca
ccctaaaggg
ggaagggaag
gcgcegtaace
ttcaggctgce
ctggcgaaag
tcacgacgtt
ggcec

tccaacgtca
cccaaatcaa
agcccecgat
aaagcgaaag
accacacccqg
gcaactgttg
ggggatgtge
gtaaaacgac

aagggcgaaa
gttttttgceg
ttagagcttg
gagcgggcge
ccgcgcettaa.
ggaagggcga
tgcaaggcga
ggccagtgaa

aaccgtctat
gtcgaggtgce
acggggaaag
tagggcgetg
tgcgeegeta
tcggtgeggg
ttaagttggg
ttgtaatacg

cagggcgatg
cgtaaagctce
ccggcgaacg
gcaagtgtag
cagggcgegt
cctetteget
taacgccagg
actcactata

4080
4140
4200
4260
4320
4380
4440
4500
4514

<210> 5

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 001
<400> 5

cgtctagacc atgaaaaagc ctgaactcac cgcgacgtct g 41

<210> 6

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 002
<400> 6

catgcggecg ctattccttt gcecctcggac gagtgectggg g 41

<210> 7

<211> 42

<212> DNA

<213> Artificial Sequence

<220> i
<223> Description of Artificial Sequence: Primer 003
<400> 17

attgctagca tggcgcaagc cgggagaaca gggtatgata ac 42



<211> 40 <212> DNA <213> Artificial Sequence <220> <223> Desczzi Bgé%geof
Artificial Sequence: Priner 019 13 22 June 2006 WO 03/068819 < d >
tatgcggccg cttatctttc tcctttatta acggttgetg <210> 24 <211> 39 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Primer 020 <400> 24 tatgcggccg cacagtggta gtactccact gtctggctg <210> 25
<211> 40 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial woagmesiee: Prinmer 021 PCT/EPQ /15303 40 39 sdP8s14303t t 99cgcgcece

t gt gt aagac acaggttttc atgttaggag 40 <210> 26 <211> 38 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner

022 <4903 26

<211> 39
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 004

<400> 8
cgcacgcgtc acttgtggec caggtatgca cccagagtg 39

<210> 9

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 005

<400> 9
atatgtcgac tcaatattgg ccattagcca tattattcat tg 42

<210> 10

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
,<223> Description of Artificial Sequence: Primer 006

<400> 10
ccggatcgat ccttatcgga ttttaccac 29

<210> 11

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 007

<400> 11
tegaccggta cctaggegeg ccatcgatat cgctagetcg agectcagatc tgtac 55

10



ttggcgcgec tgcttcgecca agtttactgg gtaggttg 38 <210> 27 <211> 4L jgeelzbos DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Primer 023 14 22 June 2006 WO 03/068819 <400> 27 tatagcggcc gcttctgcectc
ctcttcttta gtactggatt c <210> 28 <211> 42 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Primer 024 <400>
28 tatagcggcc gcgttggcta agctacctgg gaacaatggg gg <210> 29 <211> 42 <212>
DNA <213> Wptosddsgibal Sequence <220> <223> Descri pti opcBpofdidsif i ci a
Sequence: Prinmer 025 <400> 29 ttggcgcgcc ataggatctc cacatagaag ttggtatttg cc
<210> 30 <211> 40 <212> DNA <213> Artificial Sequence’<220> <223>
Descriptonp of Artificial Sequence: Primer 026 PCT/EPO /15303 41

<211> 47

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 008

<400> 12
agatctgagc tcgagctagec gatatcgatg gcgecgectag gtaccgg 47

<210> 13

. <211> 78

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 009

<400> 13
ctagataact tcgtatagca tacattatac gaagttatac gcgtataact tcgtatagca 60

tacattatac gaagttat 78

<210> 14

<211> 78

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 010

<400> 14
ctagataact tcgtataatg tatgctatac gaagttatac gcgtataact tcgtataatg 60

tatgctatac gaagttat 78

<210> 15

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 011

11



42 42 <400> 30 ttggcgcgcc gtgggcacac atatgtcatc ccagttaccc 40 5% %ﬁS
<211> 36 <212> DNA <213> Artificial Sequence <220> <223> Desc¢fi'B9 RO of
Artificial Sequence: Priner 027 15 22 June 2006 WD 03/068819 <400> 31
ccatcgattg actggatgct tgttaattct aataag <210> 32 <211> 40 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
028 <400> 32 ccatcgatgg atcctgtgtg ccagtaactg tagagagaac <210> 33 <211> 44
<212> DNA slesnesdid | ficial Sequence <220> <223> Descrlg ion of Artificial
Sequen%% Prlner 029 <400> 33 cgggatccaa gcttagagag g éﬁ?@ﬁ? gcct gcaaaa

gtcc < 05°34 <211> 49 <212> DNA <213> Artifici al se%uence <220>
tcgacgcgtg gaatgtgtgt cagttagggt gtggaaag

<210> 16

<211> 37

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer 012

<400> 16
tcgacgcgtt tggacaaacc acaactagaa tgcagtg 37

<210> 17

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 013

<400> 17 .
tcgacgcgtg aattctaccg ggtaggggag gcgcttttc 39

<210> 18

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 014

<400> 18
tcgacgegtg gaattagaac ttggcaaaac aatactgag 39

<210> 19

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 015

12



<223> Description of Artificial Sequence: Priner 030 PCT/EPOl/}géR% ? 40 44
<400> 34 gatcgcggcc gctctagata attgcattca tttaaaaaaa aaatatttc <f > 35
<211> 47 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Priner 031 16 22 June 2006 WD 03/068819 <400> 35
gcat gt cgac acgcgt gggg gct cagat at cagt accaga aacaagg <210> 36 <211> 44 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: i 32 <400> 36 cgatgtcgac ctcgagttgg a c ctgtctccat
gt gg gg%p%ié?ﬂﬁgggl> 39 <212> DNA <213> Artificial Sg%ﬁ@&?gg@220> <223>

Descr i QtLoR O ALLiti 6l . Primer 033 <400> 37 t
b LR st o et 8 S 5] st coni

<210> 20

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 016

<400> 20
aatgcggecg aggcagcacg gttgagtttce agttgtcatce 40

<210> 21

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 017

<400> 21
ttggcgecgec gtaagaatgg cctctccagg tctttatttt ) 40

<210> 22

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 018

<400> 22
ttggcgegee agctcagctc agctcacccc agctcagcete 40

<210> 23

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 019

13



<212> DNA <213> Artificial Sequence <220> <223> Description 05 Awt|%$ i al
Sequence: Prinmer 034 <400> 38 gctctcgagc atgcctgagc ccaccaggaa 69 é
<210> 39 <211> 39 <212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: Primer 035 PCT/EPO1/15303 47 44 39 40 17

22 June 2006 WD 03/068819 <400> 39 ttaagcatgc aaccacatgc gatctaaggg
atattgggg <210> 40 <211> 40 <212> DNA <213> Artificial Sequence <220>
<223> Desc ,Of Artificial Sequence: Priner 036 <400> 40 ttaagcatgc
gatcatt@@%!ctccggctct aacaact ggg <210> 41 <211> 39 ESHBRIVERR <013>

Artifi<d ISequence <220> <223> Description of Art|f|C|aI Sequence: Primer
037 tatgcggecg cttatctttc tcctttatta acggttgcetg

<210> 24

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 020

<400> 24
tatgcggecg cacagtggta gtactccact gtctggetg 39

<210> 25

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 021

<400> 25
ttggcgegece tgtgtaagac acaggttttc atgttaggag 40

<210> 26

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 022

<400> 26
ttggcgcgee tgecttcgeca agtttactgg gtaggttg 38

<210> 27

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 023

14



PCT/ EP01115303 39 40 <400> 41 catacgcgtc gctgcatcag gctttcaggg chcca%gc 39
<210> 42 <211> 42 <212> DNA <213> Artificial Sequence <220> 2’2%3
Description of Artificial Sequence: Primer 030 <400> 42 catacgcgtc
cctcaccaga aagcagtttc atggataaaa tg 42 <210> 43 <211> 41 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
039 18 22 June 2006 WO 03/068819 <400> 43 catacgcgta cagagggaat cacccccaga

ggcccaagcCy osgekdls 44 <211> 28 <212> DNA <213> Artificial Sequence <220>
<223> Descri ptllg%n of Artificial Sequence: Priner 040 E’@F%ﬁawi‘lSBOB 41 <400>

44 galt¥¥egt’ca gggacaggtg gggacagc 28 <210> 45 <211> 28
tatagcggece gettetgcte ctcttcettta gtactggatt ¢ 41

<210> 28

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 024

<400> 28
tatagcggec gegttggeta agctacctgg gaacaatggg gg 42

<210> 29

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 025

<400> 29
ttggcgcgec ataggatctc cacatagaag ttggtatttg cc 42

<210> 30

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 026

<400> 30
ttggcgcgec gtgggcacac atatgtcate ccagttacce 40

<210> 31

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 027
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<212> DNA <213> Artificial Sequence <220> <223> Description of2 td Jobs i al
Sequence: Primer 041 <400> 45 gct gtcccca cctgtcecctg acgetgtc 2 10> 46

<211> 46 <212> DNA <213> Artificial Sequence <220> <223> Descrl ption of
Artificial Sequence: Prinmer 042 <400> 46 catacgcgtt tatttggaag gggggcgt gt
caggtgtgtc agggtc <210> 47 <211> 37 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Priner 043 46 19 22 June

2006 V\D 03{,06afasy <400> 47 at cacgcgtc tcaggcctta gatzl%ggﬁq,@% @agaccc <210>
}é}h ? <212> DNA <213> Artificial Sequence <2 3 Descri ption
of Ar t uence: Prinmer 044 <400> 48 attacgcgtg acccccgt ct cctcattcag

agt ct &ﬁcgﬁiﬁ)ﬁcﬁ atggh {thttaggfct aataag

<210> 32

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 028

<400> 32
ccatcgatgg atcctgtgtg ccagtaactg tagagagaac 40

<210> 33

<211> 44

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer 029

<400> 33 .
cgggatccaa gcttagagag gtctggtgga gcctgcaaaa gtcce 44

<210> 34

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 030

<400> 34
gatcgcggcc gctctagata attgcattca tttaaaaaaa aaatatttce 49

<210> 35

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 031
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<212> DNA <213> Artificial sequence <220> <223> Description of, Antbddeci al
Sequence; Prinmer 045 <400> 49 catacgcgtc gggacctggg tgcccaccct cagggct gg
<210> 50 <211> 47 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer 046 PCTIEPO /15303 37 38 39 <400>

50 aatacgcgtt tatttgtgcc ctgggctggg tgccgggccc tcecttgg 47 <210> 51 <211> 37
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Whipiksi1#47 20 22 June 2006 WO 03/068819 <4 at gcggcc
gcect gggrescagetctgtc ccacace <210> 52 <211> 38 <21%Qﬁ¥§@?%¥%13>

ézglLé%%%gefg%%éﬁg&%gi%aggmjg%%gicgggggéagéon of Artlf}FIa| Sequence: Priner

<210> 36

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 032

<400> 36
cgatgtcgac ctcgagttgg agtcacaggc ctgtctccat gtgg 44

<210> 37

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 033

<400> 37
gcactcgagg ggtagatgca gectgtgttc cgtttactg 39

<210> 38

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 034

<400> 38
gctctcgagc atgectgage ccaccaggaa gtcctctgtg 40

<210> 39

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 035
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37 <400> 52 gcatgcggcc gctgggtgcet ttatttccat gctgggtg 38 <210> §&§> 40
<212> DNA <213> Artificial Sequence <220> <223> Description o Artl icial

Sequence: Primer 049 <400> 53 tatagcggcc gcagggagtg ggct aaggt g aggcaggt gg 40
<210> 54 <211> 42 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer 050 <400> 54 attagcggcc
gcctcagact cggcctgacc cacggaaaga ac 42 <210> 55 <211> 42 <212> DNA <213>
Artificial wgesuense <220> <223> Description of Artifjeidyseg8uence: Priner
051 214¢d2 skune 2006 WD 03/068819 <400> 55 gcat gcggcc gcccagctct gt cccacacc

I%(C::?'/gtEI%g% bat gg]aggca§§gc ﬁggc;gaggg atﬁ&&fg DNA <213> Artifi cg Sequence

<210> 40

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 036

<400> 40
ttaagcatgc gatcattgag ctccggctct aacaactggg 40

<210> 41

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 037

<400> 41
catacgcgtc gctgcatcag gctttcaggg gcccagccc 39

<210> 42

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 038

<400> 42
catacgcgtc cctcaccaga aagcagtttc atggataaaa tg 42

<210> 43

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 039
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<220> <223> Description of Artificial Sequence: Prinmer 052 <429> 5%
gct agcggcc gctcgcaggg gcccagggca gecgetgggtg ctt <210> 57 <211 39© 2099 5>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer 053 <400> 57 attagcggcc gcggat agac aagaaccgag gggcctctg
<210> 58 <211> 40 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer 054 <400> 58 taatgcggcc
gcccagggcawgloggésgiggt g ctttatttcc <210> 59 <211> 40 seigpo/ANs <213>
Artifiqbml 45Sequence <220> <223> Description of Artificial Sequence: Priner

055 4Qa§gg&gaa%ga%gggngcagg@awgkg§égﬁa§19 <400> 59 atfsagcggcc gccaccccag
t aggccagag catcgtgcac <210> 60 <211> 39

<210> 44

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 040

<400> 44
gacagcgtca gggacaggtg gggacagc 28

<210> 45

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 041

<400> 45
gctgtcceca cctgtcecetg acgetgte 28

<210> 46

<211> 46

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence: Primer 042

<400> 46
catacgcgtt tatttggaag gggggcgtgt caggtgtgtc agggtc 46

<210> 47

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 043
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<212> DNA <213> Artificial Sequence <220> <223> Description ogzgﬁ%;%ﬁgial
Sequence: Prinmer 056 <400> 60 taatgcggcc gccacccctg atagccatga cagtctggg
<210> 61 <211> 41 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer 057 <400> 61 attagcggcc
gctgtcacca ggcctctctg tgetgggttc ¢ <210> 62 <211> 39 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner

058 PCT/ EPGd/o3bésy8 40 39 41 <400> 62 tattgcggcc gcecgg .gﬂ@/ﬁ%&gtggggc
tgcttgegmyg 439 <210> 63 <211> 40 <212> DNA <213> Arti |C|af equence <220>

<223>  Passdt Pt tRyYctta Ahtdghda6d ddgaS@Auence: Primer059 23522 June 2006 WO
03/ 068819 <400> 63

<210> 48

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 044

<400> 48
attacgcgtg acccecegtcet cctcattcag agtctgtg 38

<210> 49

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 045

<400> 49
catacgcgtc gggacctggg tgcccaccct cagggctgg 39

<210> 50

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 046

<400> 50
aatacgcgtt tatttgtgcc ctgggetggg tgccgggccc tccttgg 47

<210> 51

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer (047
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taat gcggcc gccacggggt ccccagctcc cccatccagg <210> 64  <211> 38, 92123gDNA
<213> Artificial Sequence <220> <223> Description of Artifici aI equence:
Primer 060 PCT/EPO1/ 15303 40 <400> 64 at at gcggcc gctcccaaga at gggtgtac
tggggctc 38 <210> 65 <211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Prinmer 061 <400> 65 ccatcgatcc
tggtctacag tgtgaggtac tggac 35 <210> 66 <211> 47 <212> DNA <213>
Artificial ‘2 u e <220> <223> Description of Artlfl;ccikz bm _{fbauence Pri mer

062 <4002 /6 Ccatcgat gg atcct ct gag agctggaaga gaggat gct gg 47 <210> 67
<211> 43¢ cch?NAcc 3> Arti fIcCI al Sequence <220> <223> Description of
Artif P& 3‘fgg§eduen =i rg D6F3T 22 June 2006 WO 03/%F68819

<210> 52

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 048

<400> 52
gcatgcggcce gctgggtget ttatttccat gectgggtg 38

<210> 53

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 049

<400> 53
tatagcggce gcagggagtg ggctaaggtg aggcaggtgg 40

<210> 54

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 050

<400> 54
attagcggcc gcctcagact cggcctgace cacggaaaga ac 42

<210> 55

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 051
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<400> 67 cgggatcctg acgcgtacca gggagaagac tgatttatta gagatttc 5210208
<211> 39 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Prinmer 064 PCT/EP01/ 15303 48 <400> 68 gat gcggccg
caaagattca ctttatttat tcattctcc 39 <210> 69 <211> 45 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
065 <400> 69 cgggatccaa gcttgaaaaa tgtttaactc agctactata atccc 45 <210> 70
<211> 44 ‘,ﬁ;mssg\m <213> Artificial Sequence <220> |33435,/2sCription of
Artifig Sequence Primer 066 <400> 70 gttttgttgg agctcccctt t gaagat at t
ctcaggc% 1 cc§4ct§ 1QC>C'3371ac <2éL > 49 <212> DNA <213> Artificial Sequence
<220> %Cf%% ipt iPon of CARETF P RI%9Sequence: Primeé? 067 25 22 June 2006

<210> 56

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 052

<400> 56
gctagcggec gctcgcaggg gcccagggca gcegcetgggtg ctt 43

<210> 57

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 053

<400> 57
attagcggcc gcggatagac aagaaccgag gggcctctg 39

<210> 58

<211> 40

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Seqguence: Primer 054

<400> 58
taatgcggec gcccagggca gtggtgggtg ctttatttcee 40

<210> 59

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 055
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WO 03/ 068819 <400> 71 aatatcttca aaggggagct ccaacaaaac aattt agaaee dobbatt aag
<210> 72 <211> 39 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer 068 <400> 72 acgcgtcgac

t agaacgt gt ctgggcccca tgaaacatc <210> 73 <211> 42 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
069 <400> 73 cgat gtcgac agctcaaacc agcttaggct acacagagaa ac <210> 74 <211>
37 <212> YA Artificial Sequence <220> <223>]§§&§%bg@50n of

Artifig éhence Primer 070 PCT/ EPO1/ 15303 49 39 74 ccatcgat ct
[ <210> 7 <211> 51 <212> DNA <213>
gﬁggﬁﬁggat gg gleaatlag getalag 375240 75 1< 3
<210> 60
<211> 39
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 056

<400> 60
taatgcggcc gccaccectg atagccatga cagtctggg 39

<210> 61

<211> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 057

<400> 61
attagcggcc gctgtcacca ggcctctctg tgctgggtte c 41

<210> 62

<211> 39

<212> DNA

<213> Artificial Sequence

5<220>
<223> Description of Artificial Sequence: Primer 058

<400> 62
tattgecggec gccggatgga agegtggggce tgcttgggg 39

<210> 63

<211> 40

<212> DNA i
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer059
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<223> Description of Artificial Sequence: Prinmer 071 26 22 June j2@dHos\0

03/ 068819 PCT/ EP01/ 15303 <400> 75 tcaggggatg gtggcggccc taggcctcca
aaaaagcctc ctcactactt ¢ 51 <210> 76 <211> 51 <212> DNA <213> Artificial

Sequence <220> <223> Description of Artificial Sequence: Primer 072 <400>
76 cttttttgga ggcctagggc cgccaccatc ccctgaccca cgcccctgac ¢ 51 <210> 77
<211> 35 <212> DNA <213> Artificial Sequence <220> <223> Description of

Artifi CI al (ﬁg, k@gbce Primer 073 <400> 77 ccatcgatcc 3gagsaads agatacattg
at gag _ 1 <211> 37 <212> DNA <213> Artificial Sequence <220>

<223> cr| L on tegt 1:c!:al é%uence. Primer 074 <400> 78 ccat cgat ct
gt ggaaty §ggf ?%ca?gfg[gg §oteTgg 57 <F10> 79 <211> 47 #12> DNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence: Priner

075
<210> 64

<211> 38
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 060

<400> 64
atatgcggee gctcccaaga atgggtgtac tggggetce 38

<210> 65

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 061

<400> 65
ccatcgatcee tggtctacag tgtgaggtac tggac 35

<210> 66

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 062

<400> 66
ccatcgatgg atcctctgag agctggaaga gaggatgett tattagg 47

<210> 67

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 063
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27 22 June 2006 WD 03/068819 <400> 79 gatgtcacgt gagatcccag agaf Hab®Bsd
atacattgat gagtttg <210> 80 <211> 45 <212> DNA <213> Artificral Sequence
<220> <223> Description of Artificial Sequence: Prinmer 076 <400> 80
tcttatcatg tctgggatct cacgtgacat cttataataa acctg <210> 81 <211> 45 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Prinmer 077 <400> 81 ccatcgatac gcgtaattca caaaccaagt ctattatttt
caata <21Qﬁ0§%m&i211> 40 <212> DNA <213> Artificial GiASH3 <220> <223>
o}

Descru %}qg Artificial Sequence: Prinmer 078 PCT/EPOL/ 15303 47 45 45 <400>
82 catg ccg cgagtatccc tgt cagt%% ggatactcag 40 <210> 83 <211> 48 <212>
DNA €999 cctd acgcgtacca gggagadgal tgattTatta ‘gagatttc 48

<210> 68

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 064

<400> 68
gatgcggccg caaagattca ctttatttat tcattctcee 39

<210> 69

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 065

<400> 69
cgggatccaa gcttgaaaaa tgtttaactc agctactata atccc 45

<210> 70

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 066

<400> 70
gttttgttgg agctccectt tgaagatatt ctcaggcttce cttc 44

<210> 71

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 067
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<213> Artificial Sequence <220> <223> Description of Artificig,pegspnce:
Primer 079 28 22 June 2006 WD 03/068819 <400> 83 tctcaggaga gactcgagac
tcctttgtge tctgatagca cacatgac <210> 84 <211> 47 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner

080 <400> 84 gcacaaagga gtctcgagtc tctcctgaga tggttcatag gcctgcc <210> 85
<211> 38 <212> DNA <213> Artificial Sequence <220> <223> Description of

Artificialwoapmsgpce: Prinmer 081 <400> 85 gggaattctc tpegas@isng Jaacaaagtc
agtgtg§§>§glo> 86 <211> 41 <212> DNA <213> Artificial Sequence <220>
<223> sciiption of Artificial Sequence: Prinmer 082 <400> 86 ccacgcgtaa

aagct PP BoraHAL T CPRER LT EYE TR 3T EPY <211> 3949<212> DNA <213>

Artificial Sequence

<210> 72

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 068

<400> 72
acgcgtcgac tagaacgtgt ctgggcccca tgaaacatc 39

<210> 73

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 069

<400> 73
cgatgtcgac agctcaaacc agcttaggct acacagagaa ac 42

<210> 74

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 070

<400> 74
ccatcgatct gtggaatgtg tgtcagttag ggtgtgg 37

<210> 75

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 071
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<220> <223> Description of Artificial Sequence: Primer 083 PCEhERA/AS303
48 47 38 41 29 22 June 2006 WD 03/068819 <400> 87 catgcggccg ccctgtaccc
cacact gaga accccgggg <210> 88 <211> 35 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Prinmer 084 PCT/EPO /15303

39 <400> 88 gcggatccat ggactggacc tggaggrtcy tctkc 35 <210> 89 <211> 35
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Woiosress1085 <400> 89 gcggat ccat ggagyttggg cr@@asei/gys ttcyt 35
<210> 9fg> $211> 35 <212> DNA <213> Artificial Sequence <220> <223>

Descr i Lt QRaf el dsbddeCl RbocSBIURNG S et Pl IRE Q80 51

<210> 76

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 072

<400> 76
cttttttgga ggcctagggc cgccaccatc ccctgaccca cgececctgac ¢ 51

<210> 77

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 073

<400> 77
ccatcgatcc agacatgata agatacattg atgag 35

<210> 78

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 074

<400> 78
ccatcgatct gtggaatgtg tgtcagttag ggtgtgg 37

<210> 79

<211> 47

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer 075
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<400> 90 gcggatccat ggammact k t gkwbcwysc tyctg 35 <210> 91 ?2131? 3806 <212>
DNA <213> Artificial Sequence <220> <223> Description of ArtificCl S
Sequence: Primer 087 30 22 June 2006 WD 03/068819 <4D0> 91 gcggat ccat
ggacatgrrr dycchvgykc asctt <210> 92 <211> 34 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Primer (88 <400>
92 gcacgcgtat grcctgswey cctctecytyc tyws <210> 93 <211> 40 <212> DNA <213>
Artificialwoemignre <220> <223> Description of Artify&i@hSaguence: Primer
089 <4083 93 tataagctta cctgaggaga cggtgaccag ggtgccctgg <210> 94 <211> 40

<212> < <223> Descrjption of Artificial
S2127 ol 22132, ALL el Bl R UUANERT 2R g i

<210> 80

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 076

<400> 80
tcttatcatg tctgggatct cacgtgacat cttataataa acctg - 45

<210> 81

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 077

<400> B1
ccatcgatac gecgtaattca caaaccaagt ctattatttt caata 45

<210> 82

<211> 40

<212> DNA

<213> Artificial Sequence

'<220>
<223> Description of Artificial Sequence: Primer 078

<400> 82
catgcggecg cgagtatccc tgtgcagtgg ggatactcag 40

<210> 83

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 079
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tataagctta cctgaggaga cggtgaccak kgtsccwykg <210> 95 <211> 39, ﬁé;%&MpNA
<213> Artificial Sequence <220> <223> Description of Artificiaﬁ equence:

Primer 091 PCT/EP01/15303 35 34 40 40 31 22 June 2006 WD 03/068819 <400> 95
tataagctta cgtttgatct ccasyttggt ccctbggcc <210> 96 <211> 39 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Primer 092 <400> 96 tataagctta cgtttaatct ccagtcgtgt cccttggcc <210> 97
<211> 39 w@dsossdNA <213> Artificial Sequence <220> pghdpayianscri ption of
ArtifigialgsSequence: Priner 093 PCT/EP01/15303 39 39 <400> 97 tataagctta

cct agqg&gggatgg%ggttctge%gé t%gt%\é'gst%léct%tg’a%agca cacatgac 48
<210> 84
<211> 47
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 080

<400> 84
gcacaaagga gtctcgagtc tctcctgaga tggttcatag gcctgec 47

<210> 85

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 081

<400> 85
gggaattctc tagacataag gaacaaagtc agtgtgcc 38

<210> 86

<211> 41

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer 082

<400> 86
ccacgcgtaa aagcttgtct aggtggagec cactccttge c 41

<210> 87

<211> 39

<212> DNA

<213> Artificial Segquence

- <220>
<223> Description of Artificial Sequence: Primer 083
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<210> 98 <211> 39 <212> DNA <213> Artificial Sequence <220> ziﬁgggmm
Description of Artificial Sequence: Priner 094 <400> 98 tataagé% a

ccgagggcgg tcagcecttggt gcctcctcc 39 32

WO 03/068819 PCT/EP01/15303

<400> 87
catgcggceg ccctgtacce cacactgaga accccgggg 39

<210> 88

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 084

<400> 88
gcggatccat ggactggacc tggaggrtcy tctke 35

<210> 89

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 085

<400> 89
gcggatccat ggagyttggg ctgasctggs tteyt 35

<210> 90

<211> 35

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:, Primer 086

<400> 90
gcggatccat ggammwactk tgkwbcwysc tyctg 35

<210> 91

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 087
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22 June 2006

WO 03/068819 PCT/EP01/15303

<400> 91
gcggatccat ggacatgrrr dycchvgyke asctt 35

<210> 92

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 088

<400> 92
gcacgcgtat grecctgswey ccteteytyce tyws 34

<210> 93

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 089

<400> 93
tataagctta cctgaggaga cggtgaccag ggtgeectgg 40

<210> 94

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 090

<400> 94
tataagctta cctgaggaga cggtgaccak kgtsccwykg 40

<210> 95

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 091
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22 June 2006

WO 03/068819 PCT/EP01/15303

<400> 95
tataagctta cgtttgatct ccasyttggt ccctbggec 39

<210> 96

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 092

<400> 96
tataagctta cgtttaatct ccagtcgtgt cecttggec 39

<210> 97

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer 093

<400> 97
tataagctta cctaggacgg tcagcttggt cccwsckec 39

<210> 98

<211> 39

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer 094

<400> 98
tataagctta ccgagggcgg tcagctgggt gcctectcece 39
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