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gener ati on of gwmm"mwmww dified vertebrate precursor |ynphocytes and use
thereof for th of heterol ogous binding proteins Field of the

i nvention 5 The presemnt i nvention generally relates to the fields of
genetic engineering and anti body production. In particular, it relates to

t he gener atyggadsisgenetically nodi fied vertebrate prepcrsol13393TpPhocyt es

that have the potential to differentiate into no ture |ynphoid |ineage
cel I s, andMethadier thecgenesatéen of B‘Pnett‘ﬁéﬁ‘)b?“@d{}!ﬁdi Yﬂ{eg‘f&grﬂfe%%?ol ogous

ant | bow%g&gdabg%sgrtﬂhﬁio@for]tﬂe Sttt HeterolyouB\siAding protentc! onal

ant i bod en proven to. be effective reagents for both diagnosis,
prevention and therapy of disease (d ennie and Johnson, |Imunol. Today, 21,

p. 403- 410, 2000). This is due to their unique capacity to bind very
specifMﬁsﬁéﬂlf he IQVeIlipR; ¢yl ar 15 epi topes on target nolecules (antigens) via
thekr yas bribs iflerromgerenally relatesite thedieids of gemsticianginedring andedrtibedyor
functions. via their copstant regian i : r
FundanBReHRn R RO PRS2 e BRe i gl gy maled #REfrats, o
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uni que antigens in conpl m Xt ures 2CU -Zam I ect

ef f ect MANGRCNERYR; CllS: @Hgi% trfea}'ﬁee[h _reog%PrZﬁ?C Fg%ﬁg:}:@sﬁ %ﬁ?ﬂ i mr%rtﬁgap% ul i ns)
consi Sbnﬁ%{odp‘épbih@ﬁ@b}df@h- heavy (H) chain and light (L) chain glycoproteins
that are |inked via disul phide bonds (Fig. 1). Each H and L chain

congprises an N-term nal variable domain that varies between different
éﬂt.i bogjaelsqreurd oftHeGntentiohnal constant region, that is identical in

i fferent antibodies b ngi ng = 2B SidEBed 9 Ibefdighdsgot ype (Fig.
1). Th %Baﬁ?ﬂé‘ﬁﬂ%c?ﬁ%sf R%—Y%aﬁéaé?‘l_p'rgﬁ%rf {rlb'et\)/%r?%%ll e Cdomai ns gener%ht es the
ant i geprdveRtinahdrtherapy obtlisesme (@ienniroend Janao dratphdedey 2L RS ficity (or
i di otype),  whereas. the o et iR VbR pbkfcdI§ b aRicUlF azer and
Capr a, 4§_6» Zwsfﬁﬁs {?a?‘i’eagol P‘l%lrf}nﬁﬂ%i %ﬁ@g@%ﬁl nrg rpeslul tg f?bgm the fact that
VH 13nd giftoped aimiaryet anatecuies (ratigéns) aianthelr ivetiaie dpmgingcanse ghtlift $8M& hat are
des gn%ﬂ%, tovmediAte effector functions via their constant region domains (Frazer and Capra,
| Fundamental Immunology, W.E. Paul (Ed.), Fourth Edition, p. 37-74, 1899) (Fig. 1).
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

, | cohprises 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 determiné its isotype (Frazer and
Capra, s.a.). The variability of immunoglobulins results from the fact that Vi 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
.ségments (Tonegawa, Nature, 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 Vi or Vi domains are generated

35  (Grawunder et al., Curr. Opin. Immunol., 10, p. 172-180, 1998). Due to the multitude of
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30 (variable), D (diversity; only present in the H chain | ocus)?24R296
(joining) gene .segnents (Tonegawa, Nature, 302, p. 575-581, 1983) (Fig.
1). During the differentiation of B |ynphocytes one V, D and J gene
segnent is randomy selected in each cell for the site-specific

reconbi nati on process of V(D)J reconbination, that assenbles the gene
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(Mel cheys@hoal, p. Xdta27, @95). | mmunol ., 7, p. 214-227, 1995). 5 During
evol ution, i mrinogl obulin génes have slightly diverged between different
speckes, such that the constant regions of antibodies differ between
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bodj es resul t. i , effects, even acute toxicity,
or m ghﬂ”t%oﬂHiﬂdy”tPé%Vﬁ?ﬁF%éyﬁﬁ@tﬁPB&P%{%’?@%Sand cl earance of the applied
ant; ody, thereby reducing its 15 pharmacol ogi cal efficacy (O ark, | mmunol
Today, D, 397-402, I i k 1} b Heirfuteliy human
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|i ke Ebakatralization | arideceleanasee opf ethg. appliedt nentibpdwnt rieaTeRYf JIHENGi d8al s after
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I mpr
administration of fully human antibodies to patients usually does not lead to any of the
aforementioned complications.

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
75 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 tafget 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 (Vy and V| domains) from a
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for the treatment of diseases affecting |arger popul ations. FurdhEpafo8,
for ethical reasons, it is inpossible to i munize humans with a given
antigen for the purpose of 25 nonoclonal antibody production, because the
B-lineage cells in humans producing the desired antibodi es devel op and
reside in secondary | ynphoid organs and cannot easily be obtained.
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Howeyer, thjs apprpach has_.the di sadvant.age
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var i1abl antiamisnmd(drie detidase/ials ofibffinity andspetiicitynol ogy, 3, p. 45-59, 1997):
However, for unknown reasons, CDR grafting still often results in the
generation of immnogenetic 15 antibodies and/or the decrease/l oss of
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20 The first method is based on the expression (display) of single chain variable regions
(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 Vi 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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20 The first method is based on the expression (display) of sirfglene#¥fn
vari abl e regions (scFv) consisting of one VH and VL donmain on the surface
of filamentous bacteriophages of E. coli (Hoogenboom and Chanes, | munol .
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range (Hoogen oom and Chanes, s.a.). However, (gher affinities . in
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| ncl udi Rghidh geakothBH tifre- 6&15lﬁﬁfn@rarw @med%ﬁ% ptdveduse of E.coli nutator
strains etc. Whatever the outcone of a phage display library selection

process is, eventually the 10 genes encoding the scFv binding site need to
e S bR bR 1 38 B NPt S, Ron TR e
al | owl ngyt R dige Bﬁtr%fr‘a@b@nll@rrﬁwhammﬁg h:wmnuarst folp dble ésymamfiinoiuniaglemdinhigr
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The does no longer allow assembly of the endogenous murine ant|gen receptor genes. In
20 these mice, development of B-lineage cells depends on the expression of
J- 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
( i 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
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* background that does no 1onger allow assenbl y of the endogenous murine

antigen receptor genes. In 20 these mice;  devel opment of B-lineage cells
depends on the expression of imunoglobulin Hand L chains fromthe human

transgemGz; Qﬁ'ﬁtﬂeﬂﬁeﬂ’ﬁ and B lineage cells of these mce are only capable
of  produci ng human anti bodi es. There are three | variations of this
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maj ority of the arlale re | east artificial
J y ﬁ% lﬁa Qoﬁlﬁq :Bacgcggg in tﬁg%ﬁﬁgé 3t & BiHRche! BRGNS
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transgenlc o rans-c
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response tlnmfmk& irelgtively ggglggge%aﬁﬁggﬂ‘ég SM %i/m éj?;tﬂ%ragogl gegﬂs
approach é?nﬁ %\8 ﬁsgQg&%ssﬁgﬂﬂﬁ'ﬂgﬁrmon%lbﬁﬁlea“rﬁlb@dnegﬂﬁﬁbrrcwrltogachlemarthls

ant i bodi dvant age over the phage dis a% } 3)
t echn@l ogysnsyérdt ratbtfsenlfemnmdt ieposli &8 frensiected \)@H’ &PIGaHS C%l] By Herat ed,

' the |
Gor i nal MEeAiEER T BERRABIbGIE At .sﬁg@h%*ﬁ‘f'nﬁr%ﬂgi‘gg?ﬁcgﬁi‘”%%ﬁ?";;" "o an

i Mune r qagitd procedurdioantires thet benesation ofrad l&aﬁﬁéwfaﬁﬁefammsﬁ'“% 8

t echnol ogy F| rst FOIPeE @RI ¢ mce
is very tsé’d’l"@dﬂt?‘ tang%%c%"t'p 10 % @35]%8{#%3%9@! H ét?{deléLe?'g?ggrEel atjvely
expensi Veye|F8y nfx atraing calfihg aBSskhes cbrsicdms:&amnB)S@melssfobﬂa'é ort3llapfs§éni c
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by - i ntr ogugitsetiheresating m mipeuwitt gl—gwmtypegJarrwnmhqm’[ozmgéggngqufonUC| sar
:jm‘ feg; g(r)]tan&gt}geergq%tgééqe@qgﬁ gulgE hEAYenESodi BHid LW Srh@Binff cabyirdeaet four
human transgenes encoding both the heterologous IgH and IgL chains. Generation of
_the different knock-out and transgenic mouse strains, their screening and eventual
20. crossbreeding is a lengthy procédure that will require at least two years, even if each
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 genergting a novel
transgenic mouse strain for this one antibedy. 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

15  antibodies with physiologic and natural structural features).
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strains with targeted disruptions within the endogenous |gH and?2ygre ¥4 n
gene loci, as well as two strains carrying transgenes or trans-chronoSones
“for part or all of the 15 human IgH and I gL chain gene loci. In addition,
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di splay system (1.% and flexibility in generating hunman anti bodi es,
and t he methbdi$ tty demetiodll§ ynedify vepebrate tecysopdmpbacyPseandstq ggfect their_

nti bodi es), and of the h i obyl | |
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maturat itl’?é}epgcpéﬁér’éginh” lyrhspbemgecéyémerrbf aprddpERE addi®nbiatiing3fpratdin bodi es
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w th physio tural structural .features). -5 22 June 2006 . Sunmary

of the ifunvetionabfragimenp(ssseerecf,raewell@s pmathaddondenaroshgtinphsaid ppding  ~

generate vertebgat recursor : .

o odtict partest ontcBeRel FaemRBicel IFRROF fihelngle. SFE ASekirtlybfcn BRpvides |,

the abi leh¥titQiySHloRFdd obiebiatsl préc@Bonyn Siestyess bhgamdiurg lymphodd ligeage

het er ol ggous anti body, antigen receptor oggoeied of .vari 2b| e_donai s tr?md

const antcetie gisomellcasmpmnasntgjizedceglls plggg%cf(; refroqm r%H‘é%éﬁm oL GAMYNg out the

I mmunogl obul i.ns, W Gl -binding protein displaying either wild-type

i mmune "&¥ 88?&”&8%2@?%#\@ @b’gh%%il)'f ied or artificial effector functions not

derivable from L

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

[\
wn

immunoglobuiin-iike 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 (IgL) that
are covalently linked by disulfide bonds. Each igH chain comprises one N-terminal

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



- germine encoded heterol ogous inmmunogl obulins or antigen receptXdryne 288 any
10 functional fragnment(s) thereof. In particular, the invention provides
‘means and nethods to genetically nodify vertebrate precursor |ynphocytes
“and to effect their differentiation into nore mature | ynphoid |ineage

cells either .in V|tro Lok i TaRpante
of pr odJ&??rﬂj‘@Q g %‘?tMBgnB“ gﬁ’% éﬁqna%lﬁg@ﬁ%§???r}glaaﬁm§ ﬁi’ﬂ?’h@éﬁéﬁleof as
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functional fragment(s) thereof. Furthernore, the pngsent HE venti on pr V|des
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of th et g Séh;éﬂné Féé%ﬂ&h@% Ylshaped ngdesthedeahtibbdy Witk tid highlyf variatiie binding
genefati on

Ay 1 ypesitds. famaniigay which; A faymach e e AEPLRUGRGH serglacaheat: AN A
the same, Lialts oblepO0sidd kb difs HERPIE Lot BRRyGF LbRediB hypRPaRAL €
demapEAaps sbinals

vert ebr af&! participate In specific i e functions
such as affddy tly r#bﬁglg),@ céhipared tmwéénewﬁeoemtaianbbodlfest Hiehis evariabiilityt y
of the i ne systemfor generating antibodies and i nmunogl obulin-Iike or
even ar trekults lonbthedi ng proteins of high binding affinities for any given
anti genic conpound or conposition. Description of the drawings 30 Figure 1
is a schematic representation of immnoglobulin structure and genetics.
Ant i bodi es or i mmunoglobulins (1g) are glycoproteins that in their

noneric formare conposed of two identical heavy chains (l1gH) and two
i@ent“i cal light chains (IgL) that are covalently linked by disulfide
bonds. Each IgH chain conprises one N-termnal variable domain (VH) and
3-4 constant region donmains (CHL-3, or 4), depending on 6 22 June 2006
the anti body isotype. In addition, antibodies contain a hinge region
between the first and the second CH domain, lending flexibility to the two .
antigen binding arns of the heterotetraneric glycoprotein. Light chains
consist of only one Nntermnal variable NO and one C-term nal constant
domain (CO The arrangenent of the two IgH and 5 IgL chains results in a VY
shaped nmononeric anti body wth two highly variable binding sites for
antigen, which are fornmed by the association of the IgH and IgL chain

ba




vari abl e domains. Variable domains differ to a great extent inZ23dureAdlfed
hypervariable regions, if V-regions are conpared between different

anti bodies. This variability results fromthe 6a 22 June 2006 WO

03/ 068819 PCT/ EP01/ 15303 fact that V regions are not encoded by single
genes, but, in the case of VH regions, by a nunber of different V, D and J
gene segnemicsnbgs®m whi ch one each is randonly sel ectedr/md/mtmen

reconbi ned to formthe variabl e codi ng re i on of upper
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only a nunper o ene segnents, from which COdI ng
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domai ns he sane subclass (isotype) determ ne the
ef f e6t odurfingneaiyoBscedf davatopaesnt. Jbeylol sahdindgeneoloceartain andt %élé‘t"f‘ttﬁfotfer ent

ti bod dual B
phooyiatent Y AP EEhe stdhdiE fiph [ARNHodRD bR LARRAS BBmal8 g} (B! ¢
expr essgenerhatedtbyiasracdes,V @ »br@amngﬁmemt Blﬁﬁupéerdﬂﬁﬂi part pbifie gvawingloder s
Eﬁg“ﬁgg 55%%%%‘2 P%%grgh&ﬂamé oPQﬁt&%ﬁ%Q R ﬁse%%e' éﬁp&l%ﬁs BEGHY) ‘Bege‘?rﬂfn%stﬁé‘t ation of

ocated 5 of
the di f b#ecor funchetsant theegntmdgeﬁeé dOFOOt ﬂﬁgt Hebreeny @léf@fﬁbgrﬁat'b‘&*ﬁsbet ween

15 d
regﬁ@ anBleh T o6 gsby AEnAak FpHhde, iRy FhORRES dn bEDnS 2o
am‘dDded/mrcmbgetlteosbtmp ofﬂbeganinboms trtat 6L@qntessed dn m%szasm gypomatia Ce
onst anﬁ)&f%ﬂ? grtaf@? &c ge eve%r?%ﬁft&nrébﬁon%%nnd%ﬁé@%% @t hake | ot ype.

20 Fi gu opnent
differ e@tapata nepreséntBtloH yhmlaam;nstest relglommenﬁaméhec@webea% @bmevﬂr@wgb nt o

di st ded.
The. ear 19oBleR S SR o SEREIsUR e 4 okt bR BlnalorbBep ¥ Ol
bone smatiteow afd mwldﬂwyrpglons can sult ueﬁhe\d@wtlom efrethconstant peaien genesrftom

homet 0pgl ot e L ThEkLy (e i) po IRLFITE B, 2oVBS S5satd BegAg Speci fic

25 mar ké&tst© ( Cai‘femgnate IS ¢haracterize

sur f ace r&en i@&ﬁo@m pito peikietitytelal Ceasvinsigenrepiof Seaditg to themxprelssion opareB cel |'s

are generated t sually carry DJH
g antibody of Ig%tls&ype y y

20 Figure 2 illustrates B cell development 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 lg gene loci

are usually still in germline (GL) configuration. DJn 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 Vi gene

segments that rearranges to a pre-existing DJu 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-i cells. These cells

35 loose expression of the c-kit surface marker, but gain expression of CD25. A further
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rearrangenents on both IgH chain alleles and that are charact el? 26t 46
surface expression of B220 (a pan-B cell marker) and c-kit. At this stage
all other Ig gene loci are usually still in germine (G) configuration.
DJH rearranged preB cells are 30 designated preB-1 cells and can be
expanded in tissue culture under specific conditions. The next

rearr angenglysgég@t i n these cells involves one of thq:dﬁi;pgﬁﬂg;g segnent s
that rearra ' ads . to a

es to a pre:exi
ot oduct PUSIBREZea Sarbelisrt o5 A e Alcgrca EirsyReHsdh e atange
expr ess@dmatuleB eeMBSé)lpSessi‘r@QEemBraae bwidl IGRY ThesesinhH0R|, naiek Badells aafl
di fferent | aé hﬁ reB— rg se cell ﬁ | oose expression of the
c-kit sifAad® haP&k "%tm'ééﬁ%' % pFEREYnYEP Q%ggar]g Mhersdey oighd2 June
2006 1@v&ma€n@886&nE&ﬁTdnlﬁlj’@iLllrla?eO&ursreqﬁta@t.mmrreefaéps@@seﬂﬁeﬁ B%uaeyn of the
| gL chaln eles results the differentia IL$|ont Imature B cells

expr ess '?f‘(ﬂ FrpUate 'B@uﬁ'&f’bPamse?fﬁ@% Plasmg: G8's, dYHNG evibch @nptbee ANA | eave t he

bone nats@mbinglicH ptctebdtGastebivitdhereabmbyBINIYI HaP bB8@SIn MBagR ddMedanti ght
eventual | y encounter antj In the course of an i mMmune response, these B

cells cH¥® '?Wérfeﬂﬁ”?@?e't”éﬁglcﬁﬁ@el%aat'%‘i’bﬁ ISRSRE @éfc'ﬁéﬁpﬁéedph’hg‘ﬁepl%@l’q s, during
whi ch apgisher DNA reconbi nati on process (class switch reconbinati on) may
occur in the IgH constant region |locus resulting in the change of anti body
i sotype that is secreted by the plasma cells. 10 Figure 3 is a schematic

ovenyi epy ggfe 4 he aneireachtia ChRRLEW 8f th@ h@&oﬂ”é’&@?dlr%“tcf e nbénticdedeiad i on of

humani zed precursor B, | ynphocytes rine DIJH rearranged C
greB—I ganeration Hf hu@angsﬁ @f%rsm 8d¥m@iwte§.(vépr€5+s MedneRn agageedost
o]

L tum pQB. Ifcéﬁé”@:ém@e Reedwdm %’t‘al%er%?%&e 496 day¥ BBstkbiturtNer frhthd erm

culture of these cells requires ecial tissue culture conditions,
i ncl udi Pepesmapaw| of cagult 'F‘E@d@rteﬂ éi/e e PRatym cuitire of tb?%@s@@i@efeﬁﬂ"%ser tain

growt h §;§’ééFaPrt§sue9thlhu@5 c@nc@honb'—'u%lu(did@t efrbrauaklc@n ?éedelflme%rsté}?os@f gndi ti ons,
preB-1 cells do not di fferentiate further &ﬁ? In"_order to use these
i (

cel 1% PrﬁﬁeﬂcﬁeOfp‘F%Tﬁfbtglr%hcfPCtH@t SHeNl G§oke- ekin Tk Ynsier thesepr event ed
that f ugdrafbns, [preBluctisvéo amﬁwamse ﬂugh@eqsweﬁ .e_.')am aﬂﬁﬁmﬂﬂﬁéth@@é\ cbg perforned

eSS ol o1 Bl SalERELY S, B Al gl 7St Lo
3b), orproalddties sAddgenbys Id)genen'eaml@emegtst craartie ﬁ@folrmgd nmthbaé lcenna( Fhist hat
ablate I:aunré E etr>e \a/ cc?mpllsﬁgc? g?'mﬂraotdugﬁ]g 8/fs acﬁngg mu?astfonfs) %n bbo¥h gﬁélgst IoP %eone of
20 . IgH and IgL chain gene loci (Step 3b), or, alternatively, by introducing trans-acting
mutation(s) that ablate further V(D)J recombination 6f lg genes, 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 IgH and IgL
chain genes are from human origin, the preB-l cells will only have the potential for the
expression of fully human 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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the two recombination activating genes, RAG 1 or RAG 2 (Step 3&PJumardosd

| atter cells can C then be stably transduced with reconbi nant retroviruses
capabl e of mediating expression of xenogeneic, in this case human, |1gH and
gL chains (Step 4a). These 25 retroviral vectors can also be used for the
stabl e transduction of the former cells carrying cis-acting nutations in
endogeneousvd @/gane | oci In addition, preB cells car pgt/mgpi165383 acti ng

rrutatio I e earrangenent s t i t herefore
pOSSi bI g'&' a% éAot rans é@? %JT[S)OéJthe% E%\n”tpﬁ{r 25%%38125“&@13@% | g gene
| oci , vx/randha negyonwﬂdepgmmé(ta)'ﬁ kteélorrgaa’rg&rdBthtreaandf n‘haogervwscdlbr@amﬂb
xenogenean t he heterol ogous or

J- hodi can .e pr (Ste
xenogenel N gﬁggg'ﬁgr’gé@%‘é%% r’(gé{ 8@@6‘%”5[%% taﬁeap%stratﬁ%v SF8B-1 cells
wi | | onlDy.Bas=eranhed |lgH ehain a¢cu{sos db;lsIEted EXPE esﬁstmat @ftrafriékécwumeent i bodi es,
and gret erefore r.ef errﬁdto as Hu Bcel is a schematic

repr éseritat 13 NGar2Hon ot R PreRUNG: as é NHE”WOQQHEI(BW@@BH%S?JEQ%U usi ng

posi ti vendegyahtualy seeenddf@eThe poritivd @éiBctionOmatkae aﬂl@hg%fele'agorp?or%gogenous
-8 22 Ju 20 68819 HEE%%PF 1/ 15303 gene | oci, @égenom c region of
a

/
appr oxi ‘?ngtﬂP”uﬁg tg%a‘fﬂ”(sg 96’F°’f’%&f thgcliansfegied sefledhon of
appr oxi réﬁér@bélori” okthe(ﬁé@éﬂv@ééﬁct%%%@%@&l@fbetteﬁé fSIORE defl, SAPLBER Wifft 0  an

enpty posjtive-ne i ve targe vect or.. an exanpl e, the targeting
strat egf”k’o“r”r‘é{ve Dgfﬁae P%%?rt't"%ﬁs&ie(‘f Wy Inagkesi 1 '?%dl?@“l%a@lérjﬂ@g@éion Twhigh const r uct
i s tipangtast ef thBtrﬁbnﬂﬂ@d%uls réc@rﬁtblhﬁnoar@eh@taﬁgthatdoﬁectOﬂ‘ocwerv&@b (F‘?g VeCtOf
by honol o %‘e? nbi nation j s selected and eventually screene

OGRS K EECOMPINGIRT SEMEER it SNEPOaTRES SenBbioels ap@gdhert i on of

sitiveat
(ﬁe consdrgstig clonitmct be ng@ie@te@ b?hafch@d ﬁrfe@nlﬁn‘?é‘gtrﬁﬁmco?'tﬂe co-EQﬁuct‘Bg E}fs' on of
t he negﬁtlve selectlgn mar ker woul d be toxjc for the cell, an ells wll

only suf@mnglIoys recaaPIaHat ?Yﬁé‘t%%q’cé'ﬁst ithenPesivR sirug selelion marker replabese

i nt egratn@éhdogéwo@b ré@o@murea i Pefnetn HRBNREMISoAELEPHEO NN AdhyeHe S at the
correct | ocus f or honol ogous reconbi natT on between the

S
05 enBuSTesRa R oSkR sy Froked- By WG dRiFh [ oOORBEROR SGARE, PGS by
hat c rr;gd hbleN@snsidrt ekptbeg6mbi @8 rﬁa‘ontms@ eas Heméte m)élc@é(t?Bn Bpmels%&eh% |
reconbi nation e occur t.he ug sel ection parker replaces
e endcirtueh B5 B FETS Fuertia BERHekFn . tSidft Siaans ohpeserencr
honol ogylleld 6f theileama gepoticts.ve sel ecti on marker is flanked by two | oxP
reconbi nation signals, as indicated here, transient expression of cre

reconbi nase can nedi ate the deletion of the selection
20  Figure 5a illustrates the cloning strategy for the construction of an IgH chain gene locus

targeting vector. The detailed cloning 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 Dri1s.1-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-flneo-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 orga_nisation of the final targeting construct is depicted on the bottom,

and positions of selected restriction sites are indicated.

Figure 5b illustrates the cloning strategy for the construction of an IgkL chain gene
35 locus targeting vector. The detailed cloning strategy for the construction of one possible
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mar ker, such that the sanme targeting construct can be used for 22dr§et®fg of
the second allele of the sane gene locus. 20 Figure 5a illustrates the
cloning strategy for the construction of an IgH chain gene |ocus targeting
vector. The detailed cloning strategy for the construction of one possible
targeting construct for DJH rearranged nurine IgH chain gene loci is

depi ct ed hey®osabssid he exanpl e of a DFL16. 1- JH4 rearr angedegensod ocus. O her

Lar get | oot s Srish Mhufhiie B fraif Gl B B8eh S BER gLl Hle

endogencausgegﬁm@ JxQeH8 se§rapnte ongdpidted herarwln;qwrev'sﬁ@tmgne%farém&a%dn 3215 bp
that are PCR cl oned from genom c n positive-negative

targeti nef GMQSFOL‘SI@SEEMCI"@&OB'FQ”%FL@ aﬁ@l"rg%?@ﬂ”% ggﬁq:@@ 3%19 brghiare| neo- DT4

was CthGR'I OfE Q¥AGHICDNA i Y@!h'e itk ect OFS)
The PCR pri Crrg?es ofg eI shor m %t}dba t]gigiréprgwéaﬁgbgeggélg@&o[@c?tcont ain

Not I3 aﬁkﬂe%%4lar$ é’@tanE@t (=89 F& @@spgﬁL'ﬂféﬁo RT4Mianghesen av one garapiefi nto t he
uni que a«aﬁo&oc!mm@nepty %?éétlngt\ﬁe%rs‘)"/ﬂseﬁ Fig) 5aBPER ;Br#rﬁ@fe-fS}Ttﬁe siﬂs'@an%ot tom

organisation of the final targeting construct i s depicted on the
and posithe RS atms are|dssigaed F%@Qr\tal& Obhaf!ﬁi Asedl rastactionosites ferdclommaefitbe 5b

| 1ustrahes SRe 6l0mg i e tuBl@r ésgﬁt.frgrsﬁ{esuef'ﬂsmﬁnegrbwmrh&ha' n gene

35 locus targeting vector. e al ning strategy
const r uergasisation efrtae ;ﬁaélsimleéng censfractys fepictod@n thgbottyrosasilgositions BP01/ 15303

tar %tlgglggﬁ@ﬁésrt%g?g@%sl gedru%té(gKL chain gene |oci designed for the

targete el'etion o I ne Jx gene segnents is depicted here.
z&ique restriction sites are indicated in the endogenous gene | ocus (top
0

nstr u%@@g |ﬁJ§ﬁﬁtre§Qh9rb?orﬁ’rfg g@aﬁe%"%r:’tﬁg%oﬁ’%&h@ﬁ of'a®RA Cgiaorfel : @f from

genomi g}) osit negative targeting ve
f | neo- Difgeling vastrcahe e(%'@é qigning §lﬁate$}Bf§_ the meostordioned atigopessitds one

exanpl et#?%etmpacrohﬁﬁfct fyrftﬁeerh@me Rﬂ@tg)énwcggeé%éb%mréfiérgeéa defetibh 9 f\|o5a ESR

prlrrers rt and rnms are desi o contaln
Asc 1 r &ex RABtT eenesist depigted héreorT haéwa gene locgiR g tth%mpusang logaiesl omt o
conpat i BERmo88ME 2Ent¥Bniirdsafe 9&0 ﬂﬁfkm&émm%@n& ncargRmARL gy of the

final targeting construct is bottom and positions of 10

sel ect ed'® 828 eBENt A fQh 19e@eng, @a rAtgeRnis T %qﬁﬁgdﬁ%d'% frameaépﬁgﬁbg t he
cl oning b§tﬁ1rg%§1@9¥refé?1"co@élfbf@rﬁb$§|ﬁglébk&ﬂ b@fa shd\fatGRaBed B/ dowAdt@ah N9

vector. The detailed cloning stra for the construction of one possible
of each promoter element ?ndlcated by triangles) is spliced to one large exon
20 containing the entire RAG ORFs. Unique restriction sites are indicated in the
endogenous gene locus (top construct). Genomic regions of 1078 and of 2950 bp up
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.
( ! b for pBSL-flneo-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 | 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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targeting construct for the murine RAG gene |ocus designed for 22HE"@Z}%et ed
deletion of 15 the RAG 1 gene is depicted here. The RAG gene |ocus in the
nouse is |located on chronosone 2 and contains the two very closely |inked
genes, RAG 1 and RAG 2, that are each essential for Ig gene
rearrangenents. The open reading frames (ORFs) of both genes are encoded
by one singlg@ogxgne but a short untransl ated exon dO\ersp'CTmam]swj each

pronoter el ement (indicated by triangl es%%{i S s\gllL g one }ear e exon .20
cont ai mhsspttekdorepasitive FRAGEGRING. SARAGUAAELE r FLYVF LA ‘?rt%géwg‘l‘c P cat ed in

th do hormbio bmkti®078 and of
2550 bp Ul AN BOAE Lo PR AR R e P vel v e PCR cf oned

S ({ i vel ar e .PCR cl oned
from geUe@nnt@j mbia is ithe msertien ehin pdgdena P\/@mféd‘éﬁtg 5@5 'Pﬁ?ldg%/ti,r AP RS or
pBSL-f 1, &gogglﬁgfﬁ{)lp%ﬂlegeﬁ\ﬁdthﬁéﬂ’y Eér%fatmébplﬁgﬁldp@t fwithean Bdendstli ch was

chosen arrous’drfferent enpty 25 targeting vectors). As
in kigno nké?CRh[sr comstaict @ usét tshiosart @n@-acke AroRBteArdHYeR &XPTe$EONgned t o

t t Asc | t t { t d |
s nruaeseitenfpggithﬁréﬁ'ﬂéﬂ{ereqs'l%*{t?rdcﬂw g R i el oM
of the éﬁoﬁﬁﬂl é@?{cﬁe% ICOPSLEHD. ThesdeioCé@tradls it baeriden matigleposi ti ons

ct

f | t d ted. 30 th
detai Qabmmgaenmrstdeaueg@é (oBBLE4 (et nsh 5 e D4k 76 6Hem,
positiv NiEa gasﬁpg\g{?\{e)’fﬁ‘h%r& ﬁtﬂ§rla9€d}ﬁx é@dr&%tdnngas(s@me%pa;reamonw SHEepSBL A

prereq I on of ng R‘ﬂ ectno ) 'tsé tfﬂ ext end
thelgmmsrr@ )eballaodlBrgQI @strlethﬂ\w aﬁrm@cat%@qﬂa&? astio NP R eBINGuan it
| uesqr | B;qu%?or(f% tépﬂ‘?uga q:k'l‘td»ﬂ'? lexbresdist cdsaeftd istidictledas well.are 35 added to

he poli§M hen e used for the insertion of expression -10
22 June 2006 WD 03/068819 PCT/EP01/15303 cassettes for positive and
negative sel ection markers

r f 76Y Bakdddr ed for
the tarfjaenerkp Bwsﬁﬁeﬁﬁ%agﬁgﬁfd é 8 %g fglggfp%ﬁd Eggg@?‘gco{rbl nati on.
Delmt ct e;gbsh%ﬁae §m}feheedtmefbt lgeme d)érganmgadmlt clonlag Sdﬁnsgoﬁmnﬂn %;t@am ti lonal |
restriction sites int ehyqpRene i &g pl asm
pPBSLS wi RAsityA- "@Q?@’ﬁdé@fggt'%lvﬁwﬁkéz n@%} S%@(F%%rginreaﬁgyéf\sl?ﬁged t{) i nsert a.
R-acti n, phRg8Ih &l pﬂsitwemeextmnemaukers archa vid-typefdinhthgriaHexing PEIeSHRY di phteri a

T i v AL e 2 8B, e a0l ek BT OGN cERbir - exampl o
an expression cassette for DT- a(tox176) instead. Restriction enzymes used for cloning
of 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 neomyecin 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

ression
25 in order to generate pBSL-DT4- -2loxP, as cated. In a final step, exp

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 2 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

-11-



cloning site are designated pBSL-DT4 (bottom left) and pBSL- DP4t'#38 2P8°
(bottom right), respectively. The di phtheria toxin expression cassettes

are cloned into pBSL 10 using Xbal and Bglll restriction sites, as
i ndi cated. A diagnostic Nhel restriction site that is unique for the
attenuat ed DTt ox176 expression cassette is indicated as well. Figure 6b
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needed to be inserted in t st ' Retd hi goner
cont ai mnﬁynewn%@étﬂgsqw&h%@;?&?ﬁ?@' Egé };1& ﬁbmoo?ilflg@\%\gg. dioﬁgtgrrfreeg i nto

PBSL- DTgon2%ri Brifdrider dismentaemay ebepBeplacidPusiag Sithle 0@eculdm bipladynal st ep.

expression cLD,r4- 0.10 cassettes for hygromycinB and puronycin
r eslGt dagwianes é2seficaielhed into the unique Mul site of pBSL-DT4- 2l oxP.

Figure 7a shows the schenmatic organization of retroviral expression vectors

or human 30 IgH chains. Reconbi ' kdrowinizg t he
expr esskigie g hawarihg @&’%’Fr?rgaﬂ}zg Kg}t %iﬁieréﬂﬁlé?drgyﬁnﬁjﬁcgorradési gn contai ni ng

lg | OCU@ PEAIR @lkeaRs veabaepicted i RigNTa recansbinast retepyirdyastat 3le¥indns. for t he
vari abl ) i

O e oncsea o v oy st S0 e BRI Lo,
I T Sl i ey e
speci fi fglons fottes Vaiv@ieemﬂaﬁ%‘éﬁa”bﬂeé'ﬁﬁrq?@a'“ﬂ?é%@pﬁhgg‘gi o t(r:anss'é‘? e contains
o ST o AFEE e RIS e B ST B o
encodi ngiekAt. in order to confer a B cell specific expression pattern based on th 8 spédific
promoter and enhancer elements. The expression cassette contains a murine Vx
20 promoter, a leader (L) sequence with VJ exons encoding IgxL variable domains, the
murine k intron enhancer (xiE), exons encoding the constant region of heterologous IgL
chains, and elements from the murine Ig k 3’ enhancer (x3'E), as indicated. In addition,
( ! retroviral gL 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 Bami! and Hindill
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

celllL7 dependent preB cells with retroviral vectors encoding heterologous IgH and lgL
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

12-



constant regions of heterol ogous | gH chains, exons for the nmen3fdwe 2006
spanni ng 5 regions of inmunogl obulins, and el enents fromthe nmurine IgH 3" a
enhancer. Different L-VDJ regions, and even |ibraries of L-VDJ regions may
be cloned into the unique BanH and Hndill restriction sites of the IgH
expression vector using restriction enzynes generating conpatible

over hangs. wai@okeid he nodul ar design constant region pexems/sws enhancer

el enents may be repl aced u3|n cul ar I chpi ques (as
i ndi catredyduced mitjuekoving! S¥RIGRS “E%é&g‘%’ﬁe@ﬁﬁ?q& | g%r%”%a olﬁHl&aﬁlgsf r (Q)w ral

expr es?doﬁ’#é(taééog%btfﬁf sudcREsili rafsdubfwith fishsetedoldgeus gl mmenégfdlébal&t ed in

, I nant retroviral ors.all of human
I ng cleapresgin@ retravialesans i ets ath §|‘fﬁﬁ? é?v‘?rﬂ}?u?‘g?nt%gé?é &fgg(ﬁé% chblrang | gL
chain sp Gk NN 6f thaRelisedhanpertroebeimeniogse@Bigned)l as codi ng
regi ond ﬁtgdrof'%%uedo\aarlé te and constant region domai ns of 1gKL chains. The
tramscriptional orientation of the | gKL expression cassette is opposite to

the retrovi Bfés % é‘c-ERrrBl RiRliew @F &FBREs, fromokkien vadaslendafaia ddding! |

SpECIfI(,@Ué?( i oh pattern based on the Ig ecific g ter and enhancer
el ementrg |oﬁdwearexprmae@anae@@ﬂ@r@a@cﬁ@Pﬁ'igrf§9'a”£ﬁ?“ hE igR f§8 a

| eader e dirRg rhdttslar Vadsi bﬁtrd;)i’éllonﬁal t he
et Cldede BT i Hoieions, saseonie sl aiigd

exohs encodi ng the con tantf %gl on of
het er OI\,ngtgsallows the blaning of retidvied| ypetAtSEnEPding &-BeOmy AiSTY q Peeifisiy. Yhancer

as 1ndicate l t I krafidtiictiorexpiessei on
vec]tooré %%'?ﬁeaﬁﬂm a'?:de(\rﬁirgq gggm %hgflr?hgx%ggg??o%% o 'f{)g Ipl owi.ng the
| ect iveBtopS asd alahgplantationdefcteansgvess eads 4o Migs fbe’é‘ﬁ?S‘if @g?'&ﬂ& 25 and

H:’ﬁg; : :s%reg"lélgl % 8{3?"3%6'15 %9518?@? ﬁ%ﬁ#ﬂ Ry Fla0UrSEbnl Aiternatieely Worpiet@DHi  and

epr‘ESSIOI‘l vect S striction
enzy nesar@engligbiigsgmay benfsmiated &om\mrln@mglsbIOWWPBociy @’é&u] ‘%&ég

modi fi ed OnSt & BRRRAB g SFeRNE |GRYhdIe retemralced usi ng
si npl e hesithe °fb'('}51%o”3%dt ﬁe‘égﬁﬁts‘)%ngsﬁ [ nl di cthng 30 Fi

ur.
i1 pst re’%@p%stoln&/epﬁocs:érdiat:b lh‘lereverhé%%ttle &/99“&[“? F&WQGEF& Pﬂ‘rtuhegllc \Frﬁﬁqdne st romal

fS:—Il {alnd7 %E%%nﬁggﬁmlp ﬁ\a?%égsbé%kned' FHié Aokl Iﬁ%(b@’s&oﬁ%ﬁﬂr&g\/HMt er ol ogous

roliferati stro ependent
preB cetdn dubseguently be emabmtta@ﬁ@ucep@P@J%@F‘?W@gﬁﬁ‘?ﬂegﬂﬁh‘d L? ai’?gré"ﬁene
rearrangenents (cf. Fig. 3) can be sequentially -12

Figure 10 illustrates transplantation of HupreBs into immunodeficient mice for the
20 production of fully human monoclonal antibodies. 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. Ju 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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22 June 2006 WD 03/ 068819 PCT/ EP01/15303 transduced with retr@gi/t 2006
expression vectors encoding IgL chains and I1gH chains, as indicated. After
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expressing retroviral constructs, the cells have the potential to express
het er ol ogous anti bodi es upon differentiation of the cells either in vitro,
or in vivo ysemetsheg. 10). 5 Figure 9 is a schematic OV@CWEﬁWanB sour ces,
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cel | deﬁ‘gﬁa i mmune response involving B | ynphocytes derived from
transpl anted HupreB cells, T helper |ynphocyte popul ations can be isol ated
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the 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 & LTR, a packaging signal, and a 3' LTR, cloned into a
bacterial, ampicillin selectable plasmid backbone with a ColE1 origin of replication (as

indicated). Depicted here are the first cloning steps for inserting a Vypromoter, the
murine heavy chain intron enhancer (EuH), including flanking matrix attachmant

35 regions (MAR) and the IgH chain 3'a enhancer (3aE). Restriction enzymes
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order to produce (hybridoma) cells capable of -13 22 June 2006 WO

03/ 068819 RgJ biR6&d14 15303 permanent |y secreting heter ol egempoiissasan)

nonocl onal anti bodi es specific for_th i nj ected jmuno i ound or
conposiihéonporated gl the t?lmg}i pf PGE; arapiifigd ?rﬁ%mﬁétﬁs?? ﬁ'@p iaSWnbﬁg%O&&%gg@i ral
expression vec i | bl badkb&rg)vEseH om bé uske imtie vamist oti ¢ gene
bcl -2 (rﬁggg}?ﬁa%r%&?fegs{nggg?.%éRgrmval %f IL-7 from continuously proliferating

preB cedlénimgsteps, e highlightado results in the differentiation of preB cells,
but at the sanme tine also | eads to the induction of apoptosis. This

apoptosis can be prevented by coristitutive,@?x ression of an an&{?- apoptotic
genes |Figgeelzb exempiffiesFdlie coRelrysEiprerdit lEYRY PEGSSIOR: NBRYS, & B r al
expressi on vector for ,bgl - t | - HeBNAHhan&e @entainsal | y

cl oned SPf¥S'RA iiaP‘éﬂJ%ic*nC“ i“Séé%p?Fé?&?ﬁtSB?paﬁ‘e%nto a du?;il _gene sexpr essi on
vect or @B,Rﬁﬁcﬁdﬂai Fegitrel @hichartoni avtivationafttee eahancepgydnmtermaingl $ @quences C
flanked by two mul tiple cl.oni i - i i fenes can
be I orélreTiAten JeCoRE SR [HoPrard iR sLorp g o riefflofd lepicl b 447

mamal i apr@hLsvd fe@BneHS $i 2,08, eandp Each of thedh EiSstegiane gpnifibytes fxtenser ti on

of the bcl-2 ORF and the_hygromycin 15 ct i jent 0 pl RES
f or 1@ heenfenceragdtivity of the %Béi PUy Feel ﬂ%?oeé‘hégéﬁoérd'ﬁg g?éi%%??:@?mﬁngur e 11 b
i Ll ustr ! 0 PR RalbRidf @ BaE slamy Bssbleo dict mpofter
onstit %ﬁ?eregﬁg’(%r@?g%ﬁ%e?n?h’e a?itoi -apoptotic gene_bcl-2 (final_cloning
step). Qéfecexmassiobty avfogthibe SECkVelpr¥miite BN i V&R giono X BEE B8 gr onyci nB

cassette, the entire dual r ' tetoflih@0ud e sthed AnttidhSt hygr oB
vect or F’%S'riaE'@If8h%%in%égéovggﬁégéﬁés??raggengﬁﬁci nto  the retrovi ral_transfer

vector plidds AhISRECTBetefomitse glenieg af the HH ane tiSATREaRE of thetd &% al

construct” pLI B-Bcl 2-1 RES- hygr oB t hat ce preB
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Figure 12c shows the construction of retroviral expression vectors for the expression of
20 human IgH chains (preparatory step ll). Following the cloning of IgH promoter and
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
C I 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.
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20 isotypes. The endogenous exon/intron organisation including the exons encoding the
hinge (H) regions for the various g 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 IgkL chains (preparatory step ). Similar to the construction of retroviral
30  expression vectors for IgH chains, expression vectors for IgxL chains require the xL
chain locus speeific promoter and enhancer elements in addition to the coding regions
for the kL 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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al readyarmnganmmn@GthBa@@ﬁﬁﬁaﬁé”e's%?a‘fﬂ'ﬁ% Ee e |c gﬂ? here. The
endogen gﬁgﬁ%f%iUé%%% Qh2aRLS 8k uSEY infké vsHoug claning séemnareelndloateﬁg t he hinge

e various 1gGi sotypes is indicated. Restriction enzymes
|ncor porat ed at the termni of genom c PCR fragnents, as well as unique

conpat i.bl e 1£shid i g @Strdvitalte resblasnedoisafowdbenepreemmh can be
%o 18sed'9ure {3%’ h ér%légﬁg EW’Pﬁ"’%st eps. 5 P
e

are indicated. %Jp £ rpn of a VDJ
arr a'&gﬁ@lnan/@rxLahlamscﬂpmaaratoab(@ﬂp llg) rRaseoviEd eXpressiPd cap ”8§p85ﬁ‘é Q’?
gég;f ffﬁi{]gﬁfgﬁ C?’ét”?li‘ﬁf P%E@é@%tlal {FinsBlickd iR preg' dé% Ehnl;laﬁlssth@rw&)ré he

st on vectors E%esm n of 15
human Idgbre%B%'fbsbéFHb%)ads a’erebb/fcst&i‘@lMtranmedlQﬁ“ﬁrﬁjtebfth% it 'RHPd ¥Egi on genes

for the remainin n i sot pes Ay s9ad drefoies depicted
here. Siansdugtion MlgHQKLcﬂhBWl "?f’rsw 0«591"\/%? %Grecaggstant redgl on genes,

dep| ct edqv 85}0%30% Gxprbdford 8RQBIE is nwneﬂSntbofhetMSaossm yods chgid i nsert ed

CR fragnents, into estr s upstream
of the retwpelctranﬁermﬁ@pbg@er iates, Ag} ﬂsa'}doerﬂPB{ 35 Mih&ibatel. Ypbks up

cloning of a VkJx rearranged variable domain exon into these vectors, these retroviral

constructs are capable of expressing human IgxL 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

C ) 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 lgaL

30 chains (see Fig. 15).”

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

of human IgAL chains (preparatory step 11). Other human IgiL chain constant region
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20 i sotypes. The endogenous exon/intron organisation includi ng22Henc308fs
encoding the hinge (H regions for the various Ig isotypes is indicated.
Restriction enzymes incorporated at the ternmini of genomc PCR fragnents,
as well as unique conpatible restriction enzyne sites in the plasmd
backbone, which can be used in the various cloning steps, are indicated.
Upon cl oni Rgh @fossa1ovDI rearranged vari abl e domai n exon, p@betolvessas constructs
are capabl e of expressing conplete IgH chains of the respective isotype
(see Figgned ay bé aee td Jeplateoite Che coding tregion ikynsimpler eloRiag iuslig @Rpr essi on

vectors for the expression of human hai n t p I)

Si mi | arunigyiet Misl- &l@%gﬁtu@ﬂn&rzweﬁeﬁ% '89'0%51'5 6 gﬁaﬁrgsogmi‘\;g%@’a@;e@f or

chai NS,y UPE SRR X tFHfoSthfegé veohsts, @H’B’sbﬁétrb\ﬁmﬂllcbmsttdafs ¥k capable dfocus

speci fi¢ pronoter and enhancer el ements in addition to the coding regions
for t heexstesshgitire giffereet manandgi phateisatypes, 56 IREeRIASLAINYy T8) oned into a
retroviral transfer vector. Starting fromthe basic retroviral vector

pLI B first, a WK pronoter is cloned into pLIB, as indicated. This is

fol | owetlgfy f5Reshons erd ingsrtioh oﬁVF?@ﬁioprgenbecmta:cﬂmtoai'raiihmwaanH Igkb apd June 2006
WO 03/ 06%819 PCT/ EPO1/ 15303 human x . intron _enhanc Cg (fﬁ in% Cﬁ_s upstream
matri x lghls obimErriessia)l Vaslorsmi) relpyral erREeSIARECPNRIUGH [T AUBALGAARD Legi on gene

(1eft S%%&s%attﬂb%e%re@}’r“déﬁénbeerso fal @l@rnﬂﬁ&dri@h )(:odrlﬁg redibvs fongerdariableof a

fusion nouse xi E with t unan XL ,chai n _.const ant
regi on @mmani rT hgsa carl bie isetatachiy WB\&"WW frqmverppqsgoggqg,(sdﬁtee%g dyFa’si ngl e
ove da ?'ng &%@%h?é?te(ﬁ% th@crgtr%\hﬂét Pediéts sOPnEgion ekens andBG]Rgpa“ 9|dglet

murine x 3 ennancer 1.9 i nsert t|0n
éﬁzyrresspemﬁw poaslibseries: enchaing differant SRﬁC'f‘P‘Iﬁ‘@g (Wigh peRd t@%ﬁc?rdgg erdr agnent s,
as, vel |, 45 JUALOUECCARRE Igh16) 'PSilibAd 1206 FEDRY SRpiistiemgeiher i fsksm d

backbon\g ch can be u are indicated. 10

In the various cloni ste
Fi gure diRadtérsticteaderid) seriepests &5 iNGicalsH: B?Str'%tfornc?\'??)‘raias E‘Qb?aé]s%q %% ectors
for t ne xR SRRINMor Carfdbid1ERdh batf Bahdiatepl Thisr @rtaing ddpicts lsbine

Ret r ovi expression constructs for hunman g @ha' n vvr Il be
sequent selédtgd tfmdn@tmwé&ﬂ Igitandplabaehai F’éPre%ﬁ‘RP |?°t?r§ tDrll' Yireable to

be abl ey % r§5>f|t g% Jé&{or§tdiﬁﬂér¥nttdo@mgdeglm arel premafer @nd tehiearfcer slemeotsnd of
transduc I'gKL chain expressing vectors. For this reason a Sv40
pr onot emalibed'ﬁ?d/en puromyci n expression cassette is inserted into the two
possi bl e IgxL chain retroviral transfer vector internediates pAB- 7.1 and
pAB- 8. 1, as indicat ed.
Definition of terms used trErouqhout 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.

)
C. Affinity maturation: A highly regulated immunological process of antigen driven
25  improvement of the binding specificities of antibcdies produced 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 cells
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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cloning of a VKJi rearranged variable domain exon into these véérdts2°%hese
retroviral constructs are capabl e of expressing human | gKL chai ns (see
Fig. 15). 20 Figure 14a shows the construction of retroviral expression
vectors for the expression of human Iga,L chains (preparatory step I).
Retroviral expression constructs for human 1g% chains are cloned by first
i nserting adwss@mw PCR product of a puromycin cassettepcagehi1as3wX pronot er
into pLIB (the PCR fusion is performed by single overlap extension (SCE)
PCR as syeswatib¥cshaped tisulphidaiinkedsandbednmolecyle thad hasivo §inding demsis. pcr
fusion 25 cans i I chaj el ements, the X2-4 and
t he %-fim% ntbégg'tnb@%té&nwéﬁg\{éé%%:eﬁ%%ﬁ?ﬁgﬂégﬁés]'?'r&ﬁg{ns as indicated. Finally,
the coding region of the human CX1 region is inserted by PCR cloning into

this refrovir cl oni e [ ; I ngi gat ringt § zZymes.
Upon clHI9eS: ?Anya Wf%%%aﬁ gh%r’gg:acgpﬁtggt{wgf g%ﬁrract%n%g%(ﬁ%i ir}?t% o{'ét)r 8?2 vectors,
these r@nians dfammiaogidlulio corantbatesabl e of expressing human I gXL 30 chains
(see Fig. 15). Figure 14b illustrates the construction of retroviral
expression vectors for the expression of human |1 gXL chains (preparatory

step 11ntiden@teplerBmntiggikecttire arooshpusked égarable damale apdroengétts WO
03/ 068819 "PCT/ EPO1/ 15383 3gne mago lge sed to replace |tge gX & ig@di ng

regi on 1BGioBs, e SORNE NAHY J8F RPIEh lﬁ‘ﬂiulauaé‘t'ﬂ/lerl‘ﬁ'-  1he, ltsT, O rRdA enzymes,
as i ndi gabed fuddaes & BnaRsae Sgnals i eelisr Angeth revaptorbiommisel cellexons i nt o
t hese vectors, these retroviral constructs are capable of expressing the
di f Fler eacemeir@ndeamirargRAURdiaE) &9?”“&%- i ndi cated (see Fig. 15). 5 Figure
15a shows the insertion of V-region genes into retroviral human |IgH, |gKL
nd ;1g? L chain expression vectors, Al retrovjral X ression,constructs
for hunamificiah kinding Preten: s binding PRlRD GertAinge RYYRsEY %geCi%ﬁ“Ca? FHot contain
codi ng gjfﬁg-le99§p$c%rr s&diRn¥A) hatdRivasie N turdnesmes onfrapents theaeefd by PCR
cloning“fromvarious sources (see e.g. Fig. 9) 10 and may be inserted into

the retroviral vectors as V region exons encoding a single specifity, or

as |4 brggi b ' fr faing ityipest bpiidewigdthiecabiliy BCR
ol T AR e S O g et sty

. [ [ pajrs). .V re ns ar anmpl ified
t oget heselegtively tind fo ar RAYISE Yy 192PPcWIR 4 évﬂth?‘ﬂ)ggdcé{lfﬂéﬁsges‘f g?gmiqﬁ’ Pcat ed.

Restri chih@fg ??&E%Sndld&f[ar@fﬁ:ﬁal indirmestotelre; frabvaents afi angbadies; diké &g. @ r egi on
exons aéir?gl!a rc]:helai%%taﬁgble ;I;Qénﬁen r(?gf!vggangea?slbc ugioﬁcﬁ%%ucts combining variable and
constant region domains of immunoglobU!ins 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 bindfng moiety from a non-lg 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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15 sel ected final retroviral IgH and I gL chain expression vect @2dunegipdét o

t he nodul ar design of these vectors, different coding regions and pronoter
and enhancer elenents nay be used. Definition of ternms 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

bi ndi ng pamtownyssiddet ermi ned by the ratio of associ ati porEpvigdissoci ati on

rate of the receptor-ligand i,nte i . k12 2@ hi ghl
o0l aDemAmAREIKRLRP e TR by irerldcidlisbd pRR LR ot T O Y
bi ndi ng Spephiil Shicies (8f. aatiddiodi esnstarodegienl dognainst ofgermusioniebrliised B

I hocytes 1 n gerninal centers. Th [ J d S i
ey el ooty ILBERERRRS bR, SHIRBhasrehy

ant i bodj es. couRlRdmAR dybem, saichbeiong teteansiated rtpedanial of B

| ynphocytes generating higher affinity antibodies. 30 Antibody: A
gl ySosyl at ed pol ypepti de produced by B | ynphocytes and plasma cells

conpri e By \ nnveegione f ingral ing iA)the: baritext cind t wo
m %ﬁggﬁqrgmétﬁ)éﬁgmﬁﬁfow of &dndtantveeg ndgbeburing i)

i denti ins, each bein osed, of one vari abte?.ﬁgr? in and one

(L chaitms)mmune systesl, €8 thehanilis 1o %eﬁ\gattn%ﬁpmrpl?&?% HoltaPHYE H and
two L chai nsgﬂggoggmﬂﬁn%%ﬁegiﬁc rekBptdR BHEsEADRgINQFORLEABELI PCT/ EPOI / 15303

symet rPgIuge S e linked anti body nol ecul e that has two bi ndi ng
domains fornmed by the conbination of the variable regions of Hand L

chai ns. tigen: A | I | tgal entity that can be bound b
t helQark pggo%s.(?g% Qalshqg? RAth@ePbr S8 y y

n I mmunogl obul i ns (or antibodies). Antigen
r(eceptor: Antigen receptors are conposed of variabl e donai ns and const ant

egi bns, the faqrmer hayi b di¥tettRe BétRdy boprambtey esnentidvarhe | atter
to medi EtHENCR% A9§NS5 lc%}tjérrﬁ(;é[gﬁtEﬁr%gci}f_édtr%&ltmreé%bsducey s?%nal s into cells. Antigen
r ecept q&?e@mﬁwtbs,énd'epeeﬁént of orientatiepEbPeSEd menbr ane bound i mmunogl obul i ns.
9. Artificial binding protein: A binding protein containing polypeptide

sequences (e. synthetic spacer se;uences? not derjvaple from nﬁ)% ural genes

or {4 agempe: PherentimeriioBahetiueurprentel At agetigRssthaly Snieradnises &Y for any
type of vaFr)igllo%%%%?nlgqggi\émn topalli Qﬁtlb%ml Ity to

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.

fymph 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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sel ectively bind to an antigen or ligand, with or wthout addi 2Pd¥¥2006
effector functions. Binding proteins include artificial binding proteins,
fragnents of antibodies, like e.g. a single chain variable fragnment
(scFv), and al so fusion products conbi ning variable and constant region
domai ns of i nmmunogl obulins and T cell receptors, or vice versa. 20

Fur t her nor yo dsokdsidi Ng protein can be the fusion produger@boidssns abl e

domains with functional parts of other ce I I rsly, a
bi ndi ngntjgeat edaativealyrprRhackies. fassita 8y %TF'PJF ﬁ%gga%ﬁ)e fcﬁ%m %ﬁ(\gﬁ lg or TCR

related re drsHNe rdamerBsiymfphawyttesgen receptors. 25
G s ach W@%ﬁ@ﬁi of Yni tBbcﬁé’o“érb@L’f@e EydHnegen

ving an influence only on genetic elements and gene loci in
vicinity or on the sane allele. Coding region: A genetic el enent that has

an ope dl n R 96 §endsndrml b thegi@re 30
oo eRett chgﬁirgﬁoﬁ e fAfle RONNENKR J genedbsipap

m ning regi ons ons_|i e
di ”?nslnﬁ@ﬁﬂed fr%hfmetpareetsz)%nd agéi?qyafﬂﬁ ge E?ﬁsleaé’ﬁ%? &’f&‘ﬁf 8?”%5?%‘53”%’%& directly

establ ish co tac deBltmaainesdtaatid tallst ke moptV@)Ver se parts
of ant {N§eRE? %pbﬁi\ recBigngE0T evdits deElnaanesurpat oo CCTLEPOY 15303 Domai n

A str UFédéhﬁimalﬂ‘Om eitlymphoczyte}i danol tede Eeshwingiof oSS SEPeiq ¥ PaO%barti cul ar

three dimensional . stru g h @tﬂfeth@r epsstimpt theggemlid®mai ns of
im’runoﬁﬁ%ﬂlg‘?ﬁe ?ch gﬁr&é]‘%eﬁ%t%r I%/ rel at eg such as Ig-like domains

t hat cagnftq@rét@ﬁnd in many nolecules of the immune system which belong to
the so-called Ig-superfamly). 5 Effector functions: Functions of constant
redpons of i mmunogl obulins in the context of the immune system e.g. the
%bl | it yyehdrohsgougaBeing difiptentréat, endeger@udct i vate certain immune cells by
nding to specific receptors for constant region (F, recept ors) 10
Endogenous: Being self to a certain cell or organism Emg A genetic
el enentHl},ng,q,Zé‘@anmddyumtmlﬁdm aatipddyi geperatedpbustngrthe ver OgGIBF | ar ge

di st ances, i ndepende f orie n dpsditd. on. 15 Epitope: A three
di mensiosAan- hﬁ'ﬁ‘?ﬂiéf“iﬁoglesgﬂf‘i’w g%%én'ﬂa (iggen that is recogni zed by a

var15abI e binding region of an anti body.

Hybridoma: An immortal cell line that has been generated by the fusion of an immortal

myeloma cell line (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

C . 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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Functional fragment (of an antibody, antigen receptor or bindi 7§ Jpret%Pn) .
A functional fragnment derivable froma given pol ypeptide selected fromthe
group 20 consisting of antibodies, antigen receptors and bindi ng proteins,
that shares at | east one of the desired properties inherent to said

pol ypeptide with respect to the specific field of application. For

exanpl e, a“tdjﬁ%t(,jmq@al fragnent may be a pol ypepti de or pcPeb@asepti de

mai nt ai ni ng the capability of said polypeptide tocﬁﬁi r}%{trﬁ Fert@ig anti gens
G- andfyyeldrhgestisAn Thmogalmel!l dppivaceisors § qell A RIEATE RS THG FhaEST i
effector functions, 25 j Std herdashy pepti de. A further
exanpl é‘”tf"@'i‘té‘f"’egb'{}tg o Fépd%ﬂ%ngggﬁdﬁgt‘dz;@luééql%mggti vate or inhibit specific

i mrunogeni ¢ and/ or physiologic effector functions of antibodies, antigen
receptors and requl ar. rege =1 - i StrefeBE¥fSthe Genes,
gene | Galyclepalsa % tHﬁﬁ‘@Eﬁ ,"'f?‘.‘q@%"g?%tﬁg?@? s@gﬁﬁanper s, 30 and codi ng
I €gisONS5i A9 NEnteni irdimg freions, oaad  therefwe,- Moostt Ikshal dEGH nBiPABE. Ger mi nal
center: A _(JI_S_ti nct histological structure in peripheral |ynphoid organs
(e.g. spyeiftitsfodes or spl een) where cognate interactions between antigen
presenting cells and different |ynphocyte popul ati ons occur, resulting in

the proliferative expansion of -20 22 June 200 /
PCT/ EPQRreBSIg 0 haxsyiey én PrESRIER| géywmﬁec?t% ’racgesrgﬁgl\ﬁg g@' %&&é r%u%tnyOfnat uration
and cl ﬂg@eﬁggﬁ d BERMDHMNEIAR Vob)Jastdrimeites (@yoRAGed RAB-ahtusyaly react i ve

B lymp rmine configuration: The nati j : | f genes
and]@ernesl intiated A4(D)h escombination” PRk /5a8kaNG P‘&’H%“E‘}?ﬁ%b’g’?g%lf‘@%%@%gges@t hgy will

be passe - t SneleAtiledsn bhmeing ltonfigueatger ehd therefpreadoes
econbi tsﬁgﬁgée?@%g?ésmgic_urli_% in somatic cells, like e.g. V(D)J

recombi maekpmess nompleishatiledes. | ead to the reshuffling or |1oss of genetic
information on certain gene loci and therefore to a change of the genes
fromthe germine configuration. 10 t er ol pgous. ' j gl from
endogenprimary Igmphaidrengansd Oans v yhich ?ﬁmBﬁ?ﬁy%%c#g?logﬁjtoﬁg%ﬁhﬁggﬁg ated by
fusing the variabl.e dosgi Of tAeBofumaRoRthe tydiussanddiringdetat fast ant
regiton ﬂS%ﬁeﬂg’.'ﬁ%&g éns €4

the liver.
Repertoire: A collection of different (binding) specificities.

n: A process in somatic cells resulting in the introduction of

20 Somatic hypermutatio 4

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

capacity to support proliferation of preB cells in the presence of additional preB cell

28
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.
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Hybri doma: An immortal cell line that has been generated by th&2f49R° of
an immortal nyeloma cell line (unable to secrete antibody) and a nortal
plasma cell (that nay secrete |arge anounts of antibodies). 20 Idiotype:
The bi nding characteristic (specificity) of an antigen receptor. |sotype:
The structural characteristic conferred to by the constant region of an
antigen reesRledsidet erm ning thei r (effector) functionereednssoarunogl obulin

(1g): Synonymous for antibod o) b Nz Rk rgfidicial
genet | Jransferming: 1O6nBrACESH ' £ B o(qapg% Ep%el“ fo'?qt'ﬂb_ H@mhﬁ@gﬁ d/or J gene

segnent g@%p rfatpden g, ng V(D) J reconbl nat| on t hereby generating a
limted 8mm%l ‘:)@Hala rgpertm re of variable coding regions. 30 Library: A
col | ection, of different genetic el enents. Monocl onal anti body: ﬂ_é\ntl body
with one def e i hEhdtit diahat mtradcdy intdhelgermine okanimetsuie of t he
var | abl GgENE R”S"Hﬁ@la'g egi on of the antibody, 21 22 June 2006 VO
03/ Q688ibﬂsg%6€/|ﬂﬁéﬂe’fdrﬁ3mﬂw rophaneganeratian 9 Y&} cell derived froma cell
at plasma cell differentiation stage without the abili ty to express
endogenous i nmunogl obulin proteins. Polyclonal .anti Bodl A mlxt ure of
ant i bodirggsdueifigng heigroeaserf delivietiag BNASnirmemeEnalian ol piﬁ?‘l'cégﬂ bi ndi ng
regions, and therefor ebifiingr eé@iﬁgwtmgturaip&ﬁenhs trties. PreB
I ynphoc%ftr"é;omﬂmﬁpg gr Og‘ﬂﬁg 4,?]4&%%{%9 is ch aﬁgir:t eri zed %/) ression of
|prhO'\}ﬂ'aﬁpﬁﬂctlésdsftraniafectsdwmma veombinapt miral PHASAISHLEH; H‘p('é'”a RAG 1,
RAG- 2) ual | h t hV(IPJIJDNRQ:@ﬁmmﬁmonh@mratstduemsal one
i nn%odle%‘ﬁ%tpfy gﬂ'@&()&? 'aﬁg aé'n? (ﬁq © but still car | es th ieght chain
ne | ogbteins, @9r this, n&combﬁmgﬂwm&e@nareaﬁr@ dyersh Bahr &Ny gsuseﬂo é)fg ess

onpbete ant)bodie ' bokightioh 9aMS geRBigARBrmativnwdidreld itpnphocyt es
devel opMgM gﬁS‘i\D ngmé@gxgﬁ‘em cel I'l's, |ng m ce and humans e.g. the bone
mar r ow, thgtp@oh{bm@mwreﬂtgdncmm ng fetal life, the | | ver. Repertoire: A
collection of different (binding) specificities. "20 Somatic hypernutation:

A process in somatic cells resulting in the introduc jﬁ of ¢
15 V(D)J recombination: A DNA recombination process during which one of many

V(variable), sometimes D (diversity), and J (joining) gene segments are assembled to a

coding region for the variable domains of antigen receptors.

cially generated nucleic acid construct which can be used to shuttle
further

Vector: An artifi .
20 nucleic acid elements between different organisms and species, and which can

be used to propagate, amplify and maintain genomic information.

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

heterologous).

25 N ey
All references cited throughout the specification are incorporated herewith.
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' “poi nt “riitations into specific regions of the genone at a high ﬂ?ééﬁfé@@?
“(>10"4 nutations per basepair per cell division). Stromal cells:

Proliferating adherent cells derived fromthe bone marrow with the 25

capacity to support proliferation of preB cells in the presence. of

addi t i oRgtaijadegesasiptionf A Hnvesnt r(s) Trans-acting: Having an influence

on gene enment s d; ff chr

Tr ansfeé‘ﬂ:ﬂ@J a'hté? ﬁrg?gt %%@? fﬂrodrﬁl %lgénrgt nuc néiﬁ'g gﬁ?\gaéseqﬂeﬁ?gﬁeﬁ?é s

eukar yObéﬁeF&ﬂo'nSof veREDBHtY lgzmrucmesdthattctam@engsmefm the produptigniofaany

met hods” -22 22 June 2006 WD 03/068819 PCT/EPQ1/ 15 03 Trans[ % Ing TP

pr ocessbiidingrpoetedn o fungtignakfrgment (ehéherephmiththreR! ity rto SelechMan RN,

' | jf t | | t
i rbaueace P (e i MRS Xy ERLGTolegel S Bhustl oy RARR receptor

i nher i t ggnffRBH VTS a0RBRY abinding and enetant regidha cotuwising TTd:Edl maapéw a1d
delivering DNA into mammalian cells via the production eco 3f‘ﬁ%

Vi r usesmevobrarai bpuadpm‘magml@bébms, P”Yl@m%%ﬁ'r ending, %’P%% §%l|ay5}gote
for viial, garth el o5 | s anslRoked uf HirkacaTaHien ddcb RMERShoHCt

conpri s e 8 packagi ng o e viral

construgérﬂ,ggﬂg themVi gé@mirler Ushetded h?éte'r@logeus Bymh’mrs)glafmdnlsblmananMQEWSes )
are -produced that can be used to infect ﬁ%gt cells | eading

to the renermdwclandrarqffumtéo@ﬁirféagrﬁem(ﬁ)dhﬁ%ﬁ ‘FP’BPB%'@St P& @ reconbi nant

viral genone., 15 process during

which o ge%yﬁ?\{g/%égﬁigngbgﬂét%@re&r RIS s‘%?y rﬁ&z]and J (j oi ni ng) :

z,ene segmangy AR dSHRERHEG pimary l?mbm@:i pegamenahdr the vari abl e domai ns of
ntigen receptors. Vector: An artl

iciall ener at ed (%hel C_aci ﬂ const ruct
whi ch can bdijuskave thespotential toxjfataatiate.in % tHTeeE‘EPﬂ PRRR% CHI'Pf er ent
organi sms apd \ & é%@é [afht ehddb Gﬂtléastadﬁé ify.
and mai nt ai Hyd@ﬁfﬂﬁygﬁgnﬁo@ﬁg{?g% : r‘?fé‘gg%e netlgg? Eg deri vedq@?om a -
di f{erent spaing pfabiresr fusetosatfeymentsheceofhaner ol ogous) .
(b) effecting differentiation of said genetically modified precursor lymphocytes
into mature lymphoid lineage cells either in vitro or in vivo, thereby generating
lymphocytes capable of producing said bihding protein or functional fragment(s)

thereof, under the proviso that the in vivo production in humans is excluded.

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
isolated and transferred from these cells into different expression systems, where

said genetic information can be maintained, amplified and/or used for the. produc’uon.

[\
(W)

of the respective immunoglobulins or immunoglobulin-like proteins or functlonal

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-MuLV); or
(€) transfectmg the same with an appropriate vector construct ensuring the

(VS
Uy

expression of at least one transforming oncogene, like e.g. v-abl, or the SV40
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=25 A1 references cited throughout the specification are incorpératef
herewith. -23 22 June 2006 Detailed description of the invention '
According to a first aspect, the present invention provides a nmethod for
the. generation of vertebrate |ynphocytes that can bhe used for th

product i on lafgafyantigenditvgt e evarexpréssien igaes tor ﬁgm@z@l}zq?w&%&fa\m& h
the ability to selectively bind to* 5 an antigen or ligand, including any
heterologou'téa e ?ﬂmany antigen receptor conposed of variabl e donains
and constant regions conprising T cell receptors and nenbrane bound

i mrunogl obulins, any artificial binding protein displaying either

w ld-type i mune effector functions or nodified or artificial effector
functions not derivable fromgermine encoded heterol ogous i nmunogl obulins
or antigen 10 receptors, and any functional fragnent(s) thereof, ,
conprising the steps of: (a) genetically nodifying vertebrate precursor

| ynmphocytes, which (i) are derived fromprimary |ynphoid organs, and (ii)
have the potential to differentiate into mature |ynphoid |ineage cells, by
i ntroducing at | east one exogenous genetic el enment encoding at |east one
15 binding protein or functional fragnent thereof; and (b) effecting
differentiation of ' said genetically nodified precursor |ynphocytes into
mature |ynphoid |lineage cells either in vitro or in vivo, thereby
generating |ynphocytes capabl e of producing said binding protein or
functional fragnent(s) thereof, under the proviso that the in vivo
production in humans is excluded. 20 In order to achieve |arge scale
producti on of the above binding proteins or functional fragnents thereof,
(t is preferred that the terminally differentiated |ynphocytes producing
the pol ypeptides of interest are inmortalized, or, alternatively, that the
C genetic information coding for the heterol ogous anti bodi es or binding
proteins are 25 isolated and transferred fromthese cells into different
expression systens, where said genetic information can be maintai ned,
anplified and/or used for the. production of the respective :

i mmunogl obul i ns or i mmunogl obulin-like proteins or functional



> “fragnents thereof. 30 The imortalization of said |ynphocytes @afune 2006
preferably be achieved by: (a) fusing the same to immortal nyloma cells for
~ the generation of hybridona cells; (b) infecting the same with

(c) o anbeiey, SRIRLng ok e el AAMEDARARF SHEe Y opSiirad il producie faig
35 eXpr%ﬁ(gﬁaEg&?ﬁ{ng} %Oﬁﬁﬁ,ég,ﬂgﬁ{(gﬂﬁw&pncogene, like e.g. v-abl, or

the Sv4 ar ge antigen, that upon overexpression | eads
to the inmmortalization of stably transfected cells; 24 22 June 2006

t hereb enerating vertebrate, | hacyies capable o n r i
sai . bilnd RETRIOR GRbRA R CHe Y By REs o3 DMBInGEs ey Hrene pléc L pdgsec
enbodi nent,, _t \ C i i @<Bigirmtat
Teast o et BRI B T e o

or i gi natfeym fjaREY] aMsbratss ebmptiemgcoanitaginogs fiaht bbayifisdusmplibiansorgptiiah,
anphi bi ans, ‘reptilia, birds, mamal s includin | gs, ,Shee at es
and r oddinds, Masnmais NGWEHBS Pigs SheepasB %%Qﬁ%&gg?&égd%mtéslgck’fn%mé ﬁ??&%ié
precursor, (pr . t f ' ' > hIFRIce bei

br ecur aPoR Sha AP, i e e e o o Co
C the ewpbfdric@narily nmost primtive cartilaginous fish are not only

characterized by the expression of a specific set of cell surface markers
(l'i k@ the conbination of B220 and c-kit in mce), but also by their

Bt | bod A B SaRE  B B Bl B e e e B et o ot he
V(D) J ragerdidhaidraniyraststnerimitive sartiRgBidys Rels-2e aoldomyTchanastanized by the
el RO sems P BB o,
D 11 ort-b TS 20t PR, el B B o A8 e e v 2 1
mechani symishes @drhiabmedyof antibodies for which they express the lymphoid specific
components of the V(D)J recombination machinery, like RAG-1, RAG-2, and TdT
(terminal deoxynucleotidyl transferase). Although some species, like birds, have
different primary lymphoid organs (e.g. the bursa of Fabricius) where these precursor
B lymphocytes are generated, and despite the fact that in addition to V(D)
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
C ,  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 heterologous 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
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- diversification, like somatic hypernutation (e.g. sheep), or 2gdwne 2006
conversion (e.g. rabbits), precursor B |ynphocytes fromall vertebrate
speci es are capable of ¢ undergoing V(D)J reconbinati on and have the
potential to differentiate into nore mature B |ineage cells, such that
anti bodi es generated from VDJ rearranged 25 inmmunogl obulin gene |oci can
be expressq@osbiweroefore, if such vertebrate precursor Bci/mpma:;yt es are

i sol ated or generated that are ,ncgapahl e of '

ant i bocbrwsnlelaWdabq'e‘béW@seF’@H@ﬂﬁ%’pgﬁ%ﬁ’tﬁ tﬁé%ﬁggﬁé&%ﬁ % Eet er ol ogous

| ”{‘}J”O%OB%[ (i GB0E bRE cale ateatlively, nheyodarced seirctivelhestgrawmfrocyt es, t hey

al otential to prodyce heterol pgo t re thus
enconpamse&j feigl |E)Vﬁé ormnsr@%ﬂw qeﬂ\ﬁé‘ﬁ?%wnsﬁ?ﬁg ﬁe&hgpagt%ggﬁ@r%gﬂ{eg t he
i nvent #&B rgg}gl&g%oﬂl,sﬁor@fmy%\h%fﬁédefeﬁdie‘rqwml) BelsparBprowtly fastose p@s pr esent
in pri y oi d ans. In the case of mce, these cells can be

| sob at eslmteTbnknﬁ-étaaﬂ intp ig$- adul t bone marrow, e. g. by preparative cell
sorting using 25 22 June 2006 WD 03/068819 PCT/ EPO1/ 15303 conveniently

| abel ed anti bodi es, binding for instanc cel I rfa kers B220
and c-k ﬁermofrmqp&Spnqul yrentoid CMRBLREL ?V@C\é@hf égh'g%g’l vel y
outgro GWL r' E}Fér%rﬁfa?é th! mfur@rnyrhgrtm Wﬁxl’eé@ew &ﬂklarsimmmryelnem due to
their erative response to rrow derbéﬁ% f eeder

(str orrme)chmsm ﬁor taacﬂl\@rrs)imahloﬂ @étaawbensfa%fwwrsma "\S Fé%ﬁleH“F’P
LQE@LL%‘EFQ'{J%‘% Ll b B Thee ﬁm%%éﬁésont f thbwwbqwaecommmu thadfthe he V(D) J

chrnery otential to differenti talre | ynphoi d
| i neag&wsxlﬁddlssieacrdbedﬁtergerf@tﬁhé geﬂé%@ﬁﬁ"g?ﬁ pBroftpﬁ%:Um%g@WPﬁigCg@fé of antigen
eceptor protei Afvddrs ok Dimdi miteins can likewigeob® | i neage

Iyrfphogh E PO3% &%roq%ééﬂ}e %rggd(%@ygg und$r8t cl)d I?ghgt (th g%té}ﬂggf geSCI’I bed

her ei n abpliedt he genesdrc TmoRhasAiEs o NEETHFe 0F SRIFSE E’%Hﬁ 2 dr t he
pur pose, of t iHnk e eﬂchangalsprhaaﬂ gd can

i kewi &5 ﬂ@ed éﬁf)ﬁ%‘%%cp% tpé gg@gﬂg@ I Eﬁ)ggmﬁ )?Ther ef ?O(Sﬁ‘ brllE, P esent
metjgodso ran verwbrdte;/pred:ewr ogytes frera l éawed, FrieRiates & TuT I ne preB

| ymﬂhoc%/ é,gpstoacjds R AR beghy binet preahdsowlemrpadacryaa eysmnemnrcamymm ynphocyt es

ot ot ot smdcirB s S e ) rBpaR ES S0
p” nci pl &RnPExdrb&idy st@H&ogeﬁw@fahmm@laabytodawme rmuerpln@owSempl ity to
on elements into these cells encoding heterologous antibodies or binding proteins. Since
20 the broad applicability of these _prmmples 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 Ig gene

loci (Fig. 2). Usually, rearrangements occur first on both alleles of the IgH chain gene

loci, with D to Jy gene segments rearranging first, followed by VH to DJy gene
30 rearrangements (Fig. 2). If a productive VHDJH rearrangements has occured on one
allele, pH 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 VL to JL
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prevent expression of endogenous antibodies and to introduce hégdvisi¥3Bus
genetic elenents into these cells encodi ng heterol ogous anti bodi es or

bi nding proteins. Since 20 the broad applicability of these principles wll
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 preqwyGatssB (preB) | ynphocytes. In the nouse, tbherdeyesapnent from
hemat opoi etic stemcells to anti body secreji 5.k listet S @ highly
r egul arexrapgerceys agngitiated, WWE@H?”%&%E%@@L&?&@ %rﬁ%#@%%rsgﬁp rlitﬁigemsnt of

gene Seﬁg???”%ﬁcr%%% e (glgg;{HQ%i At s pn rRGERHBINY SR p. @08-228,01 W9KE If 7 egul at ed

expres$ ogl rn proteins from productive earra d g gene
| oci §1 Bidductie: lgulsnhainl marralﬁmm@]h@eﬁ@ﬁﬁlﬁr@c&ﬁmqr?’?esLOB’?‘F!Mﬁngﬁ gﬁjgs of the

| gH chain gene loci, Wt 9 0 ERIY, Stihfaatioardi aralst ,
fol|om@atlh9¢'e§waf‘ob%ﬁ4q.res§8%$93“§9 Craﬂgérrg@ﬂgté’n%'ms (F9,.2), Ifmgp%orguctive

VH Eqmqm@ggigﬁé)tmaﬂummc@mrwmwl @npropeate Aignajse carpp éﬂg'aé%u? g expres?]ed
on e tell surface, as reB C o o th fgseghit e L chain
( encodéeropipinatian ﬁ}”eﬁ‘ec@ﬁl g&%’écaiﬂ%le% t@%n‘g@‘%ﬁ gﬁldﬁ\c}wgB (gggﬁaF ama et al .,
AdV. | nRes, toBshy G thd Ig@98@) JoEThebtypesr (s Bicsh 19531, d9fPREYEEPI '9H%ecept or

allows the differentiaft]qn.of e| at which VL to JL -26
, , 23gE 1)

22 Juné@%d@%'“VEF@B?d@%gigsgdﬁgégg?%1@§3§bgéa?r%ﬁggn%nts are initiated,

whi ch usually occurs first on the KL chain alleles and later on the ?,L

chain alleles (Ml

T8 esisedy %ﬂm%{g,{;a,gie Hyine 1188 ERVs LIRS bamyinkout the ASHIBAS, 1994) .

genment has occurred, penbrane bound | gM

d/ or J.9bharaBkiikedheme eaprebsiornpBaakan it swtacaIMedernitg APESERel | 5.

ti.mul at1 on of perjipheral,. I NSt d 48 d Rageb| sndnhe h
appr oprdf &t leas] Wféﬁ%B(Wp}’g'ggl(bgj\%lc%?g'ﬂg@ntdg\rﬁgs Bg\gqr:g?%at i 0 he 1 gH

on
chai n a%bli;@ &Sprbifalateionnagsr pdrieds obtippdn shpensiversss essomal Sﬁg}{sﬁ%’ Tes to any
f th I'gA, | gE sub [0 MaGe: . . ofl 9GBIbod! 863, | 0A,
Poe T riLhemtaiRages: ahBO pad 5o R HaiKe ?*g%%fﬁi g?l%]. 10 s
al r gady, pytiosnedgdsf pieeB chie limasr amk clpnesBagetstablisied BMeWILWPE BiFSi ng out
th i

elnvention c are characteri t ‘PLRssd ot &fal. BRRBaN®,C- Ki t
surfacethﬁhld%@”iéFa’ﬂl@"'éf?ﬁr"ég%?rg%%gg Qé&hl eeclg%mone of the | ynphoi g? V(D) J

o B L T e endhora | 7 o
I ng( RoIngee,treanraqgemeB@ of fcheirﬁ)lgl,-i cB_ain@@glg%%rg,noggegiﬁﬁleﬁ%tiﬁléggfréa’rﬁél, o oon
85 P 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

C . retain the potential to differentiate into more mature B lineage cells in vitro, and
| eventually into isotype-switched plasma cells (Rolink et al., Immunity, 5, p. 319-330,
25  1996).

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 adult
bone marrow, but also other fetal or adult organs that harbour stromal cell, IL7 or IL3

10 responsive preB cels, especially early in life (< 4 weeks of age) (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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15 2045-2051, 1995). If preB cell lines and clones are establ i 2Ré¢erd08%n
wld-type mce, they usually carry DJH rearrangenents on both IgH chain
alleles (At et al., EMBOJ., 3, p. 1209-1219, 1984), or in sone cases
non- productive VHDJH rearrangenents (Fig. 2). However, rearrangenents of
their IgH chain alleles are not required to establish stromal <cell, IL7 or
| L3 responsvoe/iesid s frommce with a preB cell phenot pppEP@AsIdhese cel |l s

20 can al so, be established fro . | ; t eficient
h VD) §ormBRBiA EF STOC el Ty Bben ek et Renugib mabordel ! ¢ ent
1915- 25m21188%) cis/ includiny deletianss arvdtsin the gss gvetsity )genetegpenentical for 1 g

gene rearr t | | tain,t | al | tiate int

Tore oG08 FrREBRIES Ceneet 1 it oD BUBHE DR PR HIGER. it ched

plasma f@Haﬁ (‘émdrf %ltﬁﬁneq;ih@twb G tor theé uHRran8ARnBRAe an2for@@muralong term
45 ri-ne pr cell

prolife i nes and cl ones can be established. from
var i 9usaiyRpjeatky, dagaas3as, prila4156, 1OPR theylgkeangl Igh ihagne segmgntspfhfod, f et al

| een, and adult bons __byt_al.s0. ot heg, f t t hat

Par bour Ko praPean 1saenCol (Gey S EVRRel o 5 8p-23 B REAET (02

P S éoﬁfg?ﬁlﬁ%@énsagﬁ)wi)%ﬂhitr_ﬁufvaiouatlgiﬂ a0 Bhain 8Aharers2 ARMUGHA00,  1993) .
(0] e

Mce us® rt neration of the above nentioned preB cells can be
Wi | d- t yp@ HEa0@ chai€ itroresnhanaer ¢EyH) thans ppitrantesbiandet &bk thibdiseehangehs

carrying nutations inpeding V - June 2006 WD 03/068819
PCT/ EPO(G/<E3 306! th@@’&r%?ﬁ'%ﬁricgﬁ’ (éﬁg'#ﬁé’dgaééenous nurine |g gene loci. The

abO\{§ mentioned nmutations nay be in cis, including deletions of, or within
the I'gH diversity (D) gene segnen

ts, .the 1gH J ae ; net al.,
(nt. )| mscosgiing (e hepinvest b cues LE00 SV Y PEYTE 2o v s PER e sbhlt®
| nel udi Pr%tamgﬁs LU0 bEXRBS 1dk We TiBdution bRBEIRNDISEnetio efementKEeraprising 5 and
Raj ewsky, ture, 356, 5

p. 154-156 992),.the | I . . segnent s,
the KLpahaimalk ghsheierologeys ofsPeedny P@?ﬁn'”&?“%&%”%"gﬁ}”ﬁﬂ? ‘?‘E.ﬁ 821- 830,
1393), ! ?raﬁ%éd igh@gﬁn;g@n&@@@ram@gimﬁ %}e@%eaﬂy reodifiedhpreBagelle Lean| egH ﬁnd L
chai n enhanceérs, including. the heavy chai.n intr EH) .. the K
i nt r16n esdddac e derqoEp pradyetios J R”Mﬁﬁ%‘f'ﬁc't{e\?‘ %a%g%ﬁ% nge%pﬁé'ﬁ%?senhancer s
(E2 2-4aﬁncbrﬁ)9/ﬁgéﬂeraté@ ufori WOGbT cicogbinetierheon nihenthietaologrusB 9€8PYS carryi ng
e

any of t above nentioned cis-acting
immunoglobulin gene loci.

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, 88, p. 869-877, 1992; Shinkai et al., Cell, 68, p. 855-867,

C ) 1992), or in the ubiquitously expressed DNA repair factors Ku70, Ku86, XRCC4, DNA
" ligase 1V, Artemis or the catalytic subunit of the DNA dependent protein kinase (DNA-
25 PKes), which are involved in the non-homcelogous 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).

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

include (a) 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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nut ations can be used for the introduction of exogenous geneti @2d¥EA%? s
conprising part or all of heterologous, especially human i nmunogl obulin
gene loci in non- rearranged, i.e. gernline configuration. Such genetically
nodi fied preB cells can be 15 used for the de novo production of antibody
specificities, because the novel specificities are only generated upon
V(D) J recorfy pakdspn on the heterol ogous genetic i mungglphyhdsps gene | oci.

Alternatively, suitable preB cells can al so erat ed e

i ncapabpreclgge the ?’@é@ﬁsﬁ’ﬁgloﬁger@ﬂa%WHO%mF%%é‘@ﬁ% T %e&é& o‘%ﬂt&due to
trans h AHEShod ddeBrdir)-t thd iAvéniien ynphoi d speci fic reconbi nati on
acti va?@hglF%%ér?gEQRAGl and RAG”?Z (Monmbaerts et al., Cell, 68, p. 869-877,

1992; Shinkai et al., Cell, 68, p. 855-867, 1992), or in the ubiquitously
express %zﬁ thlr 8750 or l‘?b?%acﬂ?@@@ﬂetnd)ﬁ%duﬂ@atlohgaﬁerfér}%g Artenis
lgrgtcal ytic r@c)(]té@ rﬁnéf

or the ¢ It of dependent I of elg Ki naseafﬁ 25
PKcs), with thie expression/of andageneus HBMHBeS/ HRuins IsPIRIRISTRIN 75T 'a'”gand t hat

ﬁretee?'ols%% Feltihdiig de. b okorlike) %re&ﬂm?éu?agfeh%tefﬁurutatnb@s IefHEReIgNpreB

1 es an inding"proteins in preB cells carl}%{l ng such
t r ans- aigtriphocytast dtdmonwjldiEer 84S ofAn dihsigreriied dPe Tytabansel 1t do not

require, the e ssggfmmeg (age bel ow).
30 In t%n%%gg’lﬁ\él %Pés‘gg; éﬁwl’?ﬂqu? ?égﬁ%g%l%ﬁ[ﬁeé%%ggﬁj SmPEref egabl y need

to ni ni feahinglly butedf-frdeme( a)!H meafmgmaetsmn hpthoprayy Ghaing ﬁ!ée Ha¥Boul i n
hea\lﬁ arﬂ?tﬁ{@emﬁt g@{&ﬂ&%ﬂ;‘ OBPEh&'t%déhﬁ&J'%RmQWbb@Eé cdr pehptrédied Oiﬁto

tra I ONns one above nenti oned hOF[DéP/glOUS nut ations in
a_gi venh@neBpaietid steinneells or dntp faagy erageniter cefig om Wiigh 9¢iE8" 0951068819

CT/ EPQ ﬁfgéa](gmg BFe?CJe'ﬂg@aﬁ P(? 8?3%9%65 SRR uBbn BiFERGBARIASH vlRBWR@OYieRUl | ns bei ng

a fundaﬂ@ uirenen met hod according to the invention.
Precursor B |ynphocytes carrying cis- or trans-acting genetic nodifications
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wi I dtype mi.ce. can be. SELEENE e RtaAbeQsicRiht Idh@hfrying out the present

invention, since mutated clones can be isolated, which already carry certain mutations
on the other allele (heterozygous mutations), such that a homozygously mutated 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(e) 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 p, 8, vy, € and a heavy chains, with or without their

membrane spanning exons;
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i mmunogl obul in al l el es precluding the expression of endogenous2ariNeFr8es es,
e.g. termnally out-of-frame DJH rearrangenents on both heavy chain
alleles. Mutations 10 abl ating the expression of endogenous nurine

anti bodi es, can be introduced into hematopoietic stemcells or into early
progenitor cells, fromwhich suitable long-term proliferating preB cells

can be geneﬁ@@ﬁdgs@g’ t her upon differentiation in vitro @tT/kPiMsD.
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and J gene B;q/gam\ggnhaana&sany of the coding regions for the constant region

exons for
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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 enabling 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
recognit'ion sequences for site-specific DNA recombination enzymes, flanking the
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5 parts of the V, D and J gene segnents, and any of the codi ng2?dgiec??86f or

the a, y, and S constant region exons; (d) the cis-acting inmunogl obulin

heavy chai n gene | ocus enhancer elenents, including the heavy chain intron

enhancer and the 3' a enhancer; (e) the cis-acting i munogl obulin |ight

chain gene | ocus enhancer elenents, 10 including the K| ight chai n i ntron
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positive selection marker (such as an antibiotic resistance marker), such
that’a doubl e cross- over event in each of the sequence nDIo regi ons
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the IikE erre sai d gene targetin vectorieI dtlonally
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(DT) (McCarrick et al., Transgenic Res., 2, p. 183-190, 1993), or for its attenuated
version DTtox176 (Maxwell et al., Mol. Cell. Biol, 7, p. 1576-1579, 1987). These
negative selection markers are positioned in the targeting constructs, such that a

20 targeted integration of the positive/negative targeting construct results in the removal of
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

C recombination.

25
It is to be understood, that the use of vertebrate precursor lymphocytes 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 and/or 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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positive selection narker, enabling.deletion of said positive 2éNet308f
mar ker upon transfection and transient expression of nucleic acid
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Res., 2, p. 183-190, 1993), or for. itF att enyat.ed gers.i on @'gl}éoﬁl?@t e or
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(re(esul_\t s in thgrdignoval of the negative selection marker (Fig. 6a,b). Thus,:
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reconbi-nati e understood, "that the use of vertebrate
pregsrsor | yrehemdieg stetwin verd furictioniaifragroerinthereof, obeippr skBer NisG¥REUST

anti bodi es and/or antigen receptors or functional . fr reaf s
preferred. HevAE(a) dasignas m‘égﬁb?'é(ém%g?e PYRARNAR'ES %%Héﬁz%{§?§rﬁﬁj%fér?d to
express ant iMiEIS and/ or antigen receptors or functional fragnent(s) 30
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t hereof can kew se be used according to the invention. R%ggrdl es§ of .\%ige
act ual (g)eneecmbatacgMd&aaeﬁgnmnem%@%%%&i&% TEEHAESOE IEEBF 'Y
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20 recombination and subsequent expression of at least one heterologous antibody
| - or T cell receptor, or functional fragment thereof, being either wild-iype or having |
(a) designed mutation(s) in the primary amino acid sequence(s);
C , (d) bacterial, yeast or vertebrate artificial chromosomes comprising parts or all of
| immunoglobulin or T cell receptor gene loci in germline configuration operably
25 linked to allow V(D)J recombination and subsequent expression of at least one
heterologous antibody or T cell receptor, of 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 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);
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proteins. It is to be understood, that said nodification will PFétea¥iy be
performed after appropriate target cells or clones have been identified by
sel ection and/ or generation as 35 described before. However, it is also
possible to genetically nodify the cells before they -31 22 June 2006 are
rendered i ncapabl e of expressing endogenous i mrunogl obulins or parts
thereof. RKuwdhesyore, it nay even appear appropriate persiomsdasaneousl|y
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| east  dacynal @édﬁ@érﬂ@) hefdoei N or functional fragment thereof, being either
wi | d-type or having (a) designed nutation(s) in the primary am no acid
sequence(s) or being artificial; (c) reconbi nant plasm d-based

m gil?]i nmmg}whi@p@erfédglfdtlt}?q eile@stwneglgal)ganbm&%enmim;lemmﬂeam@sgafad Vv, 5)
an gene segnents gpera i nked to.al l,ow ; on an
subsequegterologere i ! @qut%rag?p ILFeof'lélpg?rgP'}){éogtﬁim%(n&a%%@ﬁgppﬁéceII
(gce_'pt OpindiRg rédidtet i onal fragment thereof, being either wild-type or having
(a) designed mutation(s) in the primary am no acid sequence(s); (d)
bacterial, yeast or vertebrate artificial chronbsonmes conprising parts or
all of G ESRHsliahelsidp drgehetiehodifieatiop) sevegs nifferernt iprocedgessndannize

cubd s quemplossh ey gh oohe venBEaTghe® et el e Syoa BT a0y o T cer
receptor, or functional fragnment thereof, being either wild-type or having
(a) deSiAgfri]r%t(j agg}oggt% ?sn %gecj gnttng s'?éﬂlg?ﬁtyod@morﬁoofafeicgmbinant plasmid DNA
constructs encoding parts of heterologous antigen receptor gene loci in non-
rearranged, germline configuration, similar to what has been achieved earlier in the
70 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 well

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

L— 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, Tomizdka 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 Ig gene loci, that only
interfere with the rearrangement of the endogenous g gene loci, but that still allow the
35 generation of diverse antibody repertoires from non-rearranged and/or germiine
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- sequence(s); (e) bacterial, yeast or vertebrate artificial chr @AdEraoss

conprising parts or all of at. 30 . |east one heterol ogous inmunogl obulin
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V(D) J reconbi nati on and subsequent eere,ss' on of at
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encodi ”@rhgaﬁ&:%aﬂf IdAet &hshageus ignbtaten dreckpsmosgere22qti.2i spaos-1.05Mbp,
rearranged, gernli"ne configuration, simlar to what has been achi

ed
@rl i'er andl ¢dreade IO Xt Vaf (3tr am33 dnnetiatiatlegens seameants Lpsgals Ogﬁttpgéh
receptor gene loci may. include V, D and J gene segnents of the
i mrunogltamdgmly nepeste %%gefh%ﬁﬁgg“@ﬁgs-
any of T cell receptor (TCR) a, p, y, or 8 gene loci. A second approach
relates to the stable integration of megabase-si zed heterol ogous 25

ant ijgen THCepNA  generldsi .camyingidpad(sii lororalipaoft sthef geranlinemirrigreparys

?Pg/ngf CE}HWL&I%C Ior I'ID crel—:‘(ljln;erc%%liorragggg’ Iogfa[)g?nlgn%ré:soemft' &yrt?gdsg&l%'rﬁég%'més
fragments, or that may be cloned into BAC, YAC, or VAC vector constructs, can be
stably transferred into long-term proliferating 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, - -

bélllistic transfer, microinjection; or specific prdtein-adduct formation, or a combination
thereof. Stable transfectants can be selected by virtue of appropriate (drug) selection

C- .\i 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 pluripotent
hematopoietic stem cells as target cells (cf. 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

34
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*~fragnments, or cloned into bacterial " artificial chronpsones (BAEZyuneyddt
artificial___chronosonmes (YACs), or vertebrate artificial chronpsones
(VACs), which has also been performed in the context of transgenic mce
(Geen et al., Nat. . 13- 30 21, 1994:.. Toni
Nat ! . A@gterotggpusups;ef@rabfy hﬁmég’zfrg}@?%'%@d‘)d %ﬁ%”%eﬁ}‘i%ge 'H%r‘?tf%r%fggoth.
approaches h Y. BB ea®@y randeapidly be
ci s-act Pﬁ@ﬁ%gt‘)? @ﬁgeerf) qf%ﬁ_‘lgl ?ﬁten gsgﬁggsm%@?%g%éﬁﬁgne I omy thatp or%l y
i nt er f epodfiddIby Rearidzrd maoigentanbialbgy he endogenous I'g gene loci, but that
still allow the 35 generation of diverse antibody repertoires from
non-rearranged and/or germine -33 22 June 2006 heterol ogous 'antigen
receptor gene loci. The construction of DNA constructs encoding the human
g gene loci relies on the know edge of the organization of all human Ig
gene loci and their al nost conpletely published DNA sequence as a result
of the human genone project. For exanple, the human IgH chain gene locus is
5 located on chronosone 14g32.33 within a stretch of 1.25 Mp. It contains
123-129 (depending on allelic variation) VH gene segnents (41-47 of these
functional), 27 D, and 6 JH gene segnents upstream of the constant region
gene cluster. The human 1giL chain gene |locus is |ocated on chronosone
2pl2, conprises 1.82 Mip, and contains 40. or 76 (depending on allele) VK
gene segnents (of which 34 or 64, 10 respectively, functional), and 5 Jx
gene segnents upstream of a single CK region. The human 1g2.L chain |ocus
is located on chronosone 22qll.2, spans 1.05Mop, C and contains 70 or 71
V2, (31 or 32 functional) gene segnents upstreamof 7 to 11 tandemy
epeated JX-Ca, gene segnents. 15 The DNA constructs carrying part(s) or-
all of the gernmine heterol ogous imunoglobulin or T cell receptor gene
| oci being present on trans-chronpsone fragnents, or that may be cl oned
into BAC, YAC, or VAC vector constructs, can be stably transferred into
|l ong-termproliferating target preB cells using standard gene transfer
procedures, including e.g. electroporation, calcium phosphate or DEAE 20
dextran transfection, |iposone nediated transfer, sphero- or protopl ast
fusion, ballistic transfer, mcroinjection, or specific protein-adduct
“formation, or a conbination thereof. Stable transfectants can be sel ected
by virtue of appropriate (drug) selection C markers included in the YAC,
BAC and VAC vector backbone, conprising genes
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conferring resistance to e.g..puronycin, hygromycin B, neonyci #2(¢ef139p6

hi stidinol, 25 nycophenolic acid, zeocin and the like. A third,
conceptionally different approach, can be used for introducing heterol ogous
genetic el enments encodi ng heterol ogous, preferably human anti bodi es and

bi nding proteins. According to this alternative nethod, heterol ogous
genetic el gealogssyy € 30 stably transferred into nuri nepef/g®i168bd S, using

retroviral .tran cli [ i - f gene
[ her oy R Bl OeL iRl RUETH colSE R d idicsRisi in® 920, ¢
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(2001)),. ,Retrovjr.al f r Yrl of
forei gntea%? W{# @Wes%%ﬂ%‘@ﬁrq%%%a%qqcﬁ%%@}seyp ﬁa;éﬁcg%ﬁgﬁlﬁjrﬂ)tgog(s)l reé)%gj)r si on
vect or strirgenidid@ fotwhengdfg Bunctions. of. transgene. encodedh beteraidgrye wmitibpdies er abl y
human anti bodi es and bi ndi ng_.protejns.  Therefor | 1, _properties of

et ef of BRURIeAIE BBLETAIRn BRar AL Fieb Fan v Eaoude iR AR EL G v be
deifie&eb&n%hammrimmmbe@fwm génetic bgykgddund. 22 June 2006 WD 03/ 068819
PCT/ EPO1/ 15303 techni ques using retroviral transfer vectors. In contrast,

I ntroducing nodifications in the context of a transgenic nouse systemfor
het er ol REYASHiRA! i rBesiral ¥ BlissrS Vabtors Sendoding Yetetaol ows sardibddies ree bdmdvguini ng

Chang: noRTSCTGHE=P PRARSTLAEC BTt S BT o0 RBae A F BT RL%S woul o
reqyd r eot b9 BERRR&rkiedNn Ghe Saesialbrarizeaincoding pgigcibnalrtnding spedafidtiesi ncl udi ng
its breeding onto an |m"runodeufgé ent @(E‘net.l Cc bac Reconbi nhant

. gr.ound.
r et r ovi Pagause REIWR! VRS e dift RIFH G etroolp‘f)(ﬁ%?fgéaﬁlpf"ﬁgﬂtégg'?ﬁ's Bi ndi ng
KT Ot &1 NgerhiRe Bnfigtal relEptr gehicRdi, & kiteroRgoes podiss reytorsoread| torahtabi ndi ng
specifiCities, 10 or C%P be generated ir the.g@rn1o& ILbrarEes.;ncoding
pol ycl odegadyi ) hFaEBRes S PETe PRENe Eaf&@'gr WiaRlG duaipe & SPEPRAO ot | ar ge
enough §@n ich&iAg Regishs: fa3itBEichhstantt regies @h hetefologougemtibodies and ibjreting ecept or
gene |l oci, the_heterol ogou odi ng regions, need to nt.ain y V(D)J
reat? an@@&‘@en@%@ﬁq{%ﬁ‘g‘ Qﬁéf?ﬁf’?\gag \)g’lr%é?ﬁl % t ﬁﬂngaisexﬁﬂes%@ﬂb\(eﬁgc{r% gﬁd Wi th
codi ng r&eIoMYBuE CintibdtRes ONBinditg pregirantheadforaedoes ohadgeysireant fubctitines and
bi ndi ng_15 protein ) | 0 | | d ' ne) f oviral
expr es Sp%lHla?,@&ch\pg?ﬁ @E%)%%E&ﬁﬁlh&%n, bng LoNERrdbre Bé)[lé?éd fRScdMfunkfd
with preB lymphocytes carrying cis- and/or trans-acting mutations that ablate
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
C ! 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, pol and env genes. Transfection of retroviral packaging celis 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 required retroviral elements, including 5-LTR a Psi packaging signal and

a 3-LTR (Fig. 11a).
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het er ol ogous anti bodi es or binding proteins therefore does not 27 d¢$i34€6 a
functional cellular machinery for V(D)J reconbi nation, and can therefore
be used in conjunction wth preB | ynphocytes carrying cis- and/or
trans-acting nutations that ablate endogenous inmmunogl obulin gene
expression, as already outlined hereinabove. 20 Retroviral expression

vectors forwcﬁgmggg{grl ng expression of heterol ogous antiheghime1:863 bi nding
proteins to nurine preB cells are first transfected into retroviral

packagi heg tnal retrqvmlé@ct%? fopApierplagonp gatikegyics bipding Reetaime@rassion raayai | abl e
havi ng éd?f@alﬁ%g%ftﬁﬁetf@u&fm@‘é%ﬁet% EIBRRARI & @rtabrye|;nrkee! éﬁ %@%x Lé}]sw  her

ecotropic, ot ropi c pantropi ¢ spectrum o |ty Such
packagi W@V%IOP qf hﬁ@éOI@@@JSsQr@lB‘PCUe% anghRipding eepteing in Biippagesiels, setactadr ucts  for
the retggyi ral gag, pol and env genes. Transfection of retroviral packaging
cell's with reconbinant retroviral plasmd vectors encodi ng heterol ogous
ant i bodip) oPrasmotel ﬁlgmepteoﬂr@iudglquonstltuw@rprp@gtﬂrs, liker etgqéJI\ﬂ‘QSr(qmmegalmf

mbi t fe | d t bly t d
e et or o SESuENVAT S3ftar Wiy B0 BrAEEh B Bt GhrsbrfOetSed kel ones
(Fig. 8). Phenatetss owBrlaleage ppexifici mromoters, dike eus ebe ICD1OheeMotERt HodR ar e

construct ed figg_m a comgerrgl I |y avail able enpty retroviral transfer vector
cont ai ni ng ? m% I%/ ’F‘%&[ﬁ red retroviral elenents, includi ng 5'-LTR a

Psi paclopgivaripbdd dWnlregiod exmnd’ frdrT RarfyFiagtigehl egdceptoBiged2 Ibuns; #RRAIng\WO

03/ 068819 PCT/ EP 5303 final. retroviral vectors for heterol ogous

ant ?(gody OW'BFR%SI#S%B}%QC’{@Q@Q&I%M on may contain any of the follow ng
neti qcel enkaicer edmmrﬁbla}lodvmglldagh ileved andyB timeags wpecifie axpession nofof

et erol ogoys, anti bodi rot ns i | i neage cells, selected

from 5 (ak‘j“a F%?ﬂ?yérangg%cﬁ%sn?&'”aj ?'k%ﬁs% iréﬂr‘ﬁtc?'\)‘éE ﬁ%@ﬁtﬁ@ﬁgcen i ke e.qg.

CW (cyt ongg@edts: virus), SV40 (si m an VI rus 40), R-actin or PX

(phosphoglycerate ki nase neage specific pronoters, |ike

ronoters
e.g. t HE) ceanst dﬁ%’@@rexo%ﬁ 'R@W'”%ﬁdo'vsgE“ngnthseﬁ?éfeé%ﬁﬂﬁfe’F‘gm bEpy vari abl e
(V)19 egi Onb@ﬁ@ﬂ‘érrM@FErﬁiB?sfd@@édmﬁHxﬁ@ﬁ@E&rW(F@e'?Qb}%‘ﬁHS including 10

ver BB PoRod FRefanE Bk ey 5 hes i b ShoR e "
loci (i.e. the 3'a, the 3'x or A3-1 and A2-4 enhancers), which 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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het er ol ogous antibodi es or bihding proteins, like e.g. 'El AH or 2dE"9 40 on
enhancer elenents; (d) constant regiron—exons, including exons encoding the
secreted and menbrane 15 bound forms of antibodies and bi ndi ng proteins
(Fig. Tm@)exo@ndné@din@rtyeo@aridtéeﬁommanwgh@bthelsﬁ W@ﬁﬁ&hé@f@wfﬁ' vggdors
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June zoe@rregpenmgmomoamp@ma@tawéy Aetsr@iniBgaesion t hese reconbi nant

retroviral vectors nay be nonoclonal for the expre55|on of one given
spebﬁf|C|ty, e.g. of an. existing antibody whose antigen binding
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These VIT ri'€s can
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 eventuaily 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 lymphocytes and inducing

differentiation into mature lymphocyte lineage cells by cultivating the same in the

absence of any precursor lymphocyte growth factor; and
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beisol ated from heterol ogous, preferably human B | ynphocytes B%JPER%| ng
degenerate priner pairs anplifying a nultitude of different VH gene
famlies and JH gene segnents (Fig. 9). The B | ynphocytes may be derived
fromi Q%W&Hﬂﬂiﬁ tbahingl yeshokdtdraifeerentistiore bydfurtheercuitiating z=dd (qe#!s riedhe
ver sus ‘nai ve reﬁ%rt0|re), or fronypatients sufferinq fr8?1auﬁoinnune
di sease (ayredanmsenef atipest aier of thel fellawina CHRPOBSMSI ST TQMt het i ¢
| i braries of V region donmains can be constructed using the in vitro
assenbly of V domain specific gene fragnments that display random
. nucl eotide sequences in regions corresponding to the conplenentarity
determning regions (Fig. 9). 15 Conbinations of retroviral constructs can
si mul t aneously or sequentially be transduced into preB cells allow ng the
“expression and sectretion of conplete heterol ogous inmunogl obulins and
di meric binding proteins upon differentiation of the preBcells in vitro
or invivo (Fig. 8). 20 Vertebrate preB cells - that have been genetically
nodi fied by any of the above nentioned nethods, such that they have gai ned
the potential to express heterol ogous antibodies or binding proteins, need
to be differentiated into mature B lineage cells and eventually plasnma
cells, such that the heterol ogous anti bodi es or binding proteins can 25 be
~expressed and eventually secreted. ‘This can either be achi eved by
differentiation in tissue culture in vitro, or upon transplantation of the
genetically nodified 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
recursor B |lynphocytes in vitro by: (a) arresting proliferation of said

vertebrate precursor |ynphocytes and inducing differentiation into mature
| ynphocyte |ineage cells by cultivating the sane in the absence of any '
precursor |ynphocyte gromh factor; and 37 22 June 20'06 (b) inducing
term nal |ynphocyte differentiation by further cultivating said cells in
the presence of at |east one of the follow ng conponents selected from C
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—370 22-June 2006 (i) soluble T cell related stimul ating f 24 6 si
interleukin-2, interleukin- 4, interleukin-5, i nterl eugi nagtorg, WI%BEC?SI "
interleukin-10, interleukin-13, TG0, and IFNvy i), fact rs ac at i.ng
co-stimul at@ry somtr}ptTocsll wlaEdcéﬂlmsllat'@Qrféﬁﬁoﬁ r@@@%‘i"‘&‘ﬂ@"&% INsBdin &%’Y In-
active, reconbi nant
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CD19, CD20, 7
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and anti -i nmun nat1 ons there 15 Th

vitro different
gﬁn?g a')la?hgsé%%%)cumpﬂeuwwe Radi(©Dg5 pWW-tre@epibEIp (p55,

process, |ncI val of preB rovvth factors
IL7, or 1L3, froDiR0s) tTIsEeceptor2(pi, i al), mga (WD0134r aagtlymphotoxm%
prollferatlon of 'preB cells and at the sane tine wll induce

d| fferentlatlor\'epﬁ@@rcéﬂ‘qis of a mature B cell phenotype, and incl udi ng (b)-

E(g' mul at A0 & e é‘%?té’hﬁge RRbAL el cBIIGRbL e ftferRaatigere lof tfl;@é at, esndinthen

eni c, nt stimuli, such that term nal asma cel |
d| fferenti at i orpotydibnile activatoes). iieding nhmd)rdysamﬁﬁélﬁém(lrfﬁﬂ oHDOQﬂOt%iF‘%Bfrom

Tactors i3 2?&&%&%@5%?@%@&5358 iRose” EBRLLr o pBREREEE fiedER P,
ﬂef erred C errbé)r%bgﬁp?n r}b;gotﬁilﬁﬁe%@lehﬁs over expressing anti-apoptotic

genes, like e.g Cl - XL” These anti-apoptotic genes can b

( e

i ntroduced i nt carpd e&n@aidt&nsrthbmfofby using preB cells that ghave been
isolated frombcl-2, or bcl-XL transgenic animals, or by transfecting or
trahsduci ng preB cells with overexpression vectors for any of the anti-

apopt ot | egﬁﬁﬁﬁo g g@nt‘?ﬁno‘?\' Fneh@f‘tﬁé \(faltbﬁb tchfA ba adhﬁé\,fedllibilfaertwot a'stetpi prooeks,

genetlc I'fre recur sor tes, these cells ca
differ ermmlagﬂleg (ahthﬂ mn@mjmfprgagp@llégﬂp h facterst likg e.g. IL7, or n_ from 91e tissue

culture medium, 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 overexpressing anti-apoptotic genes, like e.g. bcl-2 or
bcl-x.. These anti-apoptotic genes can be introduced into preB cells either by using

oo
wn

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 any of the anti-

apoptotlc 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
suitable vertebrate non-human host, resulting in migration of these cells to secondary
lymphoid organs and differentiation into more mature lymphoid lineage cells. Preferably,

said lymphocytes are co-transplanted mto said host with naive or antlgen pnmed T

35 helper

38



"sui tabl & vertebrate non-human host, -resulting in mgration of t2Reyee ¢¥F|s
to secondary -lynphoid organs and differentiation into nore mature |ynphoid
| 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 lim¢ted [l SchhansBlantéditis o0 bat urderstdod hotetoshentintitede.
Accor di ‘MH"Q%&Cgﬂ%{]ﬁ%r?ér%r@?ggﬁgdcgﬁbodPmant , the differentiation,in vi i

VO 1S
fol | onegh e kmuitarstiisomansplanatios sAdaoily the famedine. ofecHding &g another
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conpat i Pleenhathel describelisherein, theytrahsplantatipnyofi genelcallypunmed fsido A es
of the antibodi es produced by these B cel | died
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with regpect to.the i ' oBteldck oflcarmpétibleamaan TNK
(naturaﬁp%g?f‘%r%ﬂogeqfl@&Pgmygbhé@{oﬁgg?@%%?ﬁg?eof. 15 As al rgady set forth
her ei Nbgf@)endidrly fcatiRgtin tive type sed prpestiendf timaoifadies PEARHCRLDY these
vertebrate ‘precursor |ynphocytes, it is preferred that the vertebrate host
is 18el Botal$.fromjawed vertebrates conprising cartilaginous fish, bony
fish, anphibians, reptilia, birds, and mammal s i ncl udi ng pigs,, sheep,

cattle, horses and rodents 20 including mce, rats, rabbits ,a]nd uj nea -
%gs-,_ WE RSB rdeitng preterecitbat sdichyettebrgieches). IsTReCHPPRERIE Qgét REN%s
erving as recipients for the transpl antati.on cakd b ed
ver t ebr deécigné ciths fﬁsﬂ%ﬁ%cm?t%“%{y)’rb@% \ﬁqdﬁ_gg%ggsé' tecLe Ilgé!p%%l{s%&/%'ng
I hocyte d | : bly harb f [ X
ynp Ocmetg(%‘c’kﬁléeor?gﬁlﬁ%.or%rcérﬂsmaﬁ@?’fﬂﬁ’éf%ﬁrf'i y harbour any of various cis

acting iting endogenous murine | g gene rearrangenments. These
may (knclude mutations in enhancer elenents of Ig gene loci, like the

aforenentioned Ei .H and Ki E nhancer el e | et & i el G GEEE

codi ng regilseady pekforihkerpinbefore ‘Hﬁl‘ B?S%ﬁgi@%Sgggﬁéhﬂ%g\#ééé}lﬁ%el gC .

regi ons ¢ingldudivngtet BeddureBmiynaproGReaNitng erefesed that the vertebrate host is
selected from jawed vertebrates comprising cartilaginous fish, bony. fish, amphibians, |
reptilia, birds, and mammals including pigs,” sheep, cattle, horses and rodents

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 Ig gene rearrangements. These may include
mutations in enhancer elements of Ig gene loci, like the aforementioned EuH and «iE
énhancer elements, deletions within Ig gene coding regions, like the Dy, the JH orJr
gene segments ar*;d the IgC regions including their membrane spanning exons.
30 Furthermore, suitable hosts can be used carrying trans acting mutations selectively
irﬁpeding 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.).



*'30 Furthernore, suitable hosts can be used carrying trans acti RgJ¥fR%0f ons
selectively inpeding B (and T) |ynphocyte devel opnent, e.g. mutations in
" lineage or |ynphocyte specific transcription factors or the RAG 1 and
- RAG 2 gep ir -QEti tdtidrisatd ftoVifhdur Sseriiéitahbsy YpipaRrts
et al. ,}9%&@?{"?%#? nﬁ%’?g gg't”g emutséllgn')s qéSégﬂg tJoune 2006 Furt hePrmr e,
t r ans- agiutatbrzlinathieo obiquitadsiygetpres sedi AT iepainge mes tads @ oequriresk for V(D)J
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VD ressomhinaiian dke) Kdd. Kot e aeantresuauis of 11 Ui¥amepeprethprdiein °
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Vert ebr ’é‘f‘ggﬁé@yé'agcﬁ)’a%&%fé%li#o%r %\/mgn i on%rg ﬁutéa#?%fﬁge Hé%% ﬂgﬁe%rﬂ?er
‘B | yphgcites afpemientiones raltiens dackihgtditiérshdymphpopieopypelatiocmralomenobe
transplanted with the genetically nodified reB cells, and jin the case, of
B- and totbeBl argkfl Mn@hoqﬂ%,cam%%b@otf@m%mgme&nw ﬁ\ﬁ Eﬁnﬁ"%a(”é!c%’r?ﬂifqdol e
T hel per I 0 {1 T ; akl ref. 4 .
30 a poprsenecuboRt BLIE Basd of S Flcbel BeliaPPHig) (T pEI-BhHnted
cel | poRithahistssorapatizieoTy helberekkl, populatigns:oiirienal | belpehecadbfpopulations
“Co-transplantation of T helper cell populations may occur sinultaneaously,
bef or e prefeffabt the actual timepoint of the transplantation of genetically
nmodi fied preB cells. 5 Mirine or vertebrate hosts whose peri pheral _
| ynphocyt e popul ati ons have been partially or fully reconstituted by the
transplantation of nodified preB cells and the optional co-transplantation
of . T helper cell populations can then be used for the imrunization with
any desired antigen, in order to trigger an i nmune response to 10 that
ntigen and to stinulate such | ynphocytes expressing the appropriate
‘het er ol ogous receptor specificty, which lead to the proliferative expansion
of B cell <clones, the affinity maturation of the binding domains of the
encoded heterol ogous antibodies or binding proteins, and the term nal

differentiation into plasma cells secreting the heterol ogous anti bodies or
bi ndi ng proteins.
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A

““15"As Wi il be apparent fromthe foregoing, a further aspect of 22HueA08&ent
“invention is to provide a nethod for the production of any binding protein
or functional fragnment(s) thereof with the ability to selectively bind to

rfund L (s) =t . ctivel y |
Focont ofomessveT DSPELEFL Sy PREORRART Ak Seliaudhy R arieny |
cell r e?eBélg{, Sra8fy f&%iﬁ@t%rf)gh?@ohm@m@@émbmlatma Jof Enyelpet ickll chapulativnsdi ng

protein displaying either wld-type i mune effector function Lfied

L % or ngac{l

or arti fiay etcurfdimuttoneaously.i keforaor afier theaddtuat HBRPGEY o ithi rapeBlaRERt N
het er ol ogous | nogl.abyl i ng ar,_antigen receptors, and any functional '
fragmnpgg?netﬂ%éﬂgg'%ﬁﬁ péearfl.‘?rqar known per se, involving the steps of: 25
(a) genetically nodifying vertebrate precursor |ynphocytes, which (i) are

derijved fromprimary | ynphoid organs, and (|ii) have t he ﬁ&[yenti I t%t
di f f er eMurites or Nvertetmate diosianiuise periphge! dympdhocyle Pep @@ﬁnga‘é& &kt

one exogenous genetic el enent, encodi ng at i .nd| |
Unct 1 oRanEINgnEAY reersbitetsy Gr LrratP0Eoh GoRodies pERReR ) e
modi fied yeriepr: i SPlof | T RISy 68 . poduilations( tan ahendpe | weall forothe
pri mary%Pyﬁé%loPé%@gﬂaﬁ-,ﬁ%ﬁ)ﬁh‘gve thebggtpedrﬁmi al .ntso dri]ff_epent late into
mat ure limpinzatidn withgeny éebsed ardigeqi iin prd@rwtfﬂgqfe@étlﬁm@%i%mto
genetic el ement encodjng at. | east on bi ndi n r ' f t] :
P afienthaingnieen Abdty M85 SILB) 'EFRORERSS arpravdie: MY oaPEEerate,
geneti cal RA C y Cielb@Stol theOpfolifarativé yxphaakibn ohBagell
cells ei eh%rror%gﬂu\?i feggagjﬁ ﬁe"c\?ﬁc\% wﬁﬁ@r%%? tgetrrTe{gti n ‘éemi cal ly qu??i ed
?(nd di f fopsrast ithé exifinier trediumtion] ginfhieokipding dap@nse 06%16 sneaded metseiggous

i ndilng protein or functiongl.fra t ot £ Li:ernatld v 5 | ng
sai d gerdétipediesy Oﬁt)tblf‘a'i“@dpﬁ?%amaif ér}h?itgﬁ@@%\l/edr'ﬁérber@% gsﬁy@%d@é%{@g 8g§abl e .
of produgi-ng3Aind RUtBrISgo I ShiRidHies of dingpmiteisagnent thereof ; (c) -
ef fecti ng expressi on of e binding protein or functional fragnent(s)

t heggof ; Iunder the proviso, that the in vivo production in humans is
e hods Anedlof e GER il oo B NG o SR Rbeh maus s o
di ffer enfrib@higch westhelrfak thd provuetivhesf dny bidingaprbtem or functional fragment(s)
thereof with the ability to selectively bind to an antigen or ligand, including any
| heterologous antibody, any antigen receptor composed of variable domains and
20 constant regions comprising T cell receptors and membrane bound immunoglobulins,
any art'iﬂcial. 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, in a manner known per se, involving the steps of:
25 (a) genetically modifying vertebrate precursor lymphocytes, which
) 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
(i) are derived from primary lymphoid organs,
(ii) have the potential to differentiate into. mature lymphoid Iineage.cells, and
(i)  carry at least one exogenous genetic element encoding at least one

binding protein or functional fragment thereof:
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" | east one exogenous genetic elenment, and 15 (b) placing said genetic
el enent (s) in a context enabling production of said at |east one binding

tei f ti | f t th f. | der t hi seal
ot oduct (mreftcirige difeseatiniamtsabl G80FIFAIY: Mo BGOsan MToRCHER B G,
f ti | f t th i.C b N 1AMy iva 2 ' '
the.polypdpeldes pevifc idsod JRIBCERT 1) PP T VTvo” InHHEST, demeratrier

transferr g%énétﬂ;tafﬁ dirhé@fiedt apd prFferentiateys verebratee rigmphocgtesetdapable  of
i nformati can bg nai ntai ned, anplified a d{ or usegro%or the gﬁodugtilon of
the desi rartoducing saisk bjnging preteineer . fungtienaloragmenb Sierh Abor AEeVEY: t he

open_r eadi rgp; [ﬁaahr{ggﬁragg(;ag@gﬂhémggtn & &iﬂ@#g[mia&@@iveaébiaqg |9m9ho§ﬁbg{¢am«ujs

ant i bodi esM e 1solated by standard nol'ecul ar

bi ol ogy ifacs M8 ibeHiREBrataml orf fupatioral frignherstiberefdfc primer pairs,
and trang:‘%ef:@gg’ucir@ﬁ) the context of different e(ﬁ)ﬁr ?ssi on ?%%ems .al low ng
the con{d)reftecting expression ofthesbindingpraseis yfsnstiana! fisemet(BteisHi ng
proteins. These expression. systen ' i itd R excluded.

transcri pt4 rttrhgrfgpﬁltspoﬁ‘%ﬁ% M,EOE?éc%dr@gtlh@ugi%{rsressﬁxgnu systens, |ike
e.g. E. coli, or eukaryotic expression systens, |ike expression in yeast
cells, insect cells using baculovirus infection,

or manmmal i an cell s.t.%g _
The1@bovre this rocindendd iths pagfagegrtbebany 6f thaiABPYR MEhPHS JHANPE e GNP Yhn
ei t her i, spl ay _oqne, uni gug I Gk d W r baeal by or
can be @%B%&f—‘vﬁ'ca%(’é‘%ﬁﬁ%@ﬁe&ﬁ%ﬁ’ﬁ?@%é’%ﬁ? Piélifg;?@%ggggﬁsﬁﬁﬂfore bye
pol ycl om% s% gfding to a preferred enbodi ment, said binding protein or
na

unctio ragment (s) 15 thereof conpletely or partiaglly_shar

srgr uctural 4ay/ oristlatiog ifmlsaﬂde@ffmeé‘é'gg?d &"ﬁ‘ﬁ?%téasa{lﬁ %&8 st %ﬁ? .33898““5
receptor, or bindin r i can be assenbled on the basis of the
human genetic rep%?r%&%regér@reﬂbaé?@s thereof. Furthernore, it is preferred

thatysthe bingyng pﬂé@:h?i snigigehetic tslemeht(s) Eyawantet ernebiisefproguction i said
produced is selected"tromthe grou ,conzi St io@x%.l ﬁf ; B’ée%%) ?Wéfﬁgf' es being
ei t her menbrane balaastnesRAEGRICIEIRPT TR HEd & et'er ol ogous

heavy and |ight chain pol ypeptides in the stochionetric conposition '
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

C } thereof.
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found in natural antibodies and consisting of any of the known 2Bddr8200p, 6,
y, a, andtor light (K and A chain isotypes; 25 (b) antibodies with
conbi nations of heavy and |ight chain pol ypeptides being conpletely human

with _reﬁ.perﬁﬁré OdétFﬁ‘, Bié "BWeh aghomgadiathee qepresentiog) thy madingarepivssi &y the
cont al ni ng etero

h I'i ght chai I ti f di f '
Vert obr Noferofugeuss an(tbdise oo baIRG EATOLIFY GHth DB, Bo13ts Ry Hatya AERTe"
bei ith | et el s [ (@ - .
ant | boabisloa T BREF, Mk ACR A Ralol S PRAR B behspaneiansated

or rrulti-rﬁggﬁgfé&még{ gpeﬁlﬁéréﬁt%%_ﬁbn%&s?éiné,uam\ﬂi@g.tﬂne ¢antinoastprodeckipn of s
Loy, an

of the .é, I sotype, antigen receptors, and other bindi n%i” o
pr ot ei nghaviheterstagousiartibadisseabbinging proipingt dNRSE SXPIERSIPRMYHIGHIOBUTPHSE 7
superfam |y; and functional fragpments . cardi i thes. coli,
aspect, Wff@tr@ﬂégr@lﬁfﬂoﬁ/ﬂﬂﬁl?gﬂn ﬁyg&erﬂ%sp}&g%éﬁglgaﬁp?e%‘éﬁfgg% %‘g}}ﬁ;g%t 6 C.O'
precursaor Ty ' ar eikgesipredsibnoim peastcells,ymskol ¢eos gimeg
and hav%rt%%@gg%tl rg%%b@ﬁ)&gérrgm i at e pi/rnt o mature |ynphoid |ineage

cell's, HacUlvirarinfection] emsiammaliaxegésious genetic el ement encodi ng at

| east one heterol ogous binding protein or functional fragnment thereof with
the ability to selectively bind to an antigen or |igand, including any

het epol 6gaus ool et SrleRD Qs fErttionan fragraphifs) toenpof echrofeither
varﬁ bl gﬁ'gaor?ab%gvtg @%ﬁ“gg‘%?{gﬁ? %r ?gi ons conprising T cell receﬁbors %gdj'
|

nenbr an@imu?cbriermhliquglspimiﬂqity,arahszan theyeferedr Mmassdonalt PF Fal e BITRASHDY
protein displaying either wld-type i f .0l tions or nodified
or arti frmefethasy @'&%Pﬁﬂuﬁlﬁﬂﬁqf&% %&C%E%%%@Ir%%%rﬁ(yaaéﬁ?ﬂﬁi ne encoded

t(et erol ogous i nmunogl obul ins or antigen receptors, and any functional
fragment (s) thereof, and (c) carry at |east one selection_marker ?ei ng -+
oper abl yA¢ddilieg t® = prefeaed| embodinent, Z@id RiyEAS Uy OYRIAeR’ fungtignah fragrment(s)

15 thereof completely or partially shares structura! and/or functional features of a human

antibody, antigen receptor, or binding protein, as can be assembled 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, @, €)
) . . .
C 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, resulting in

bispecific or multispecific antibody fragments;
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According to still another aspect, the present inventon provi de3 Wg29Pe -

| ynphoid 1ineage cells, which (a) carry at |east one exogenous genetic

el enent encoding at | east one 25 heterol ogous binding protein or

functio 'ch’éﬁqefgé‘;st_ow%f gﬁé a}Aﬁ,tg, Al sadotypey ahitigers ebapitonse landbbther binding

antigen‘or I1gand, including any heterol ogous antibody, any heterol ogous

anti gen regepding eattposedctatalv aesatribéanbenainsproteinsorast dhe  imegunaglobulin

conprising T cell receptors and nenbrane bound i mmunogl obul i ns, any

het er ol ogoskPesfamity;ci al bi nding protein displaying either wild-type i mmne

effector | | fi.ed or artificial effector functions not

derLvab@@aﬁpéﬁﬁgg#ﬁ%@ﬁg&“gﬁ%% gg het er ol ogous i munogl obul i ns or anti gen

receptors, and any functional fragment(s) thereof, and (b) carry at |east

one sel ection marker -being opérably linked to said at, | east gne exo Fq?us
FRgAie

|
-geneti c Asicarding . to4angther aepemboshe Areseal iyanton Rrovidss: 9g8plca!ly

P noage EBFPEAE BB bERPABRIE ISR, 0. .  c\ogenous genetic ol arent '

encodi ngant atecastivathfrorhptieraey dgopisoitiordang apddiaientherpdtentiai tondiffeferdigtent
thereof with the ability to 5 selectively bind to an antigen or |igand,
i ncl udi ng aifjo Featere|yseRheid Reas®8¢!'S.any het er ol ogous antigen recept or

conposed, of riapl S t L egj c ' Oatl
¢ chb: ofe’ s Hronbr B 080Ha SRAGERERT . Bahetic Sl HREUTIT0aC B8 one
bi ndi ng pr ohgigioldgsak ayihdiagepiciein v fuhdtiopel ifragumentethieeedfowithf thec abiits tar

‘modified or artificial effector functions not derivable from ggram%%%d%/o
n 1

encoded het electyRMPineTianYI2WGENNar ligangt iNGIFInG @5 Beteroleq _
@nCt" onal {-&,ﬁ ?%@Logﬁiu&t%ﬁ[g%%én{eﬁ%@éor@drﬁéo?éd Eg@éﬁaﬂgedcﬁﬁbf?&téll?@ CORENSRE

bei ng oper aB St one ~exogenous genetic el enent, an

(c) producersfbsls abmiptiig Preell hetestorogod sndrnbrinegburad Enmumogiandinspany
fragment 15 thereof. Furthernore, there are ,Rrov'bded,vgct or__const r#ct S
sui tabl e f oheterologays astifiaialpinging; pratain Fisnlayne Sithep WIFEYRE dpfWs etiector

| ymphocyt esfJn%ti%Broersﬁu_o%ﬂ%%ggpgl'{ﬁicial effector functions not derivable from germline

encoded heterologous immunoglobulins or antigen receptors, and any functional
fragment(s) thereof, and
(c) carry at least one selection marker being operably linked to said at least one

20 exogenous genetic element.

According to still another aspect, the present inventon provides mature lymphoid

. lineage cells, which
) - . .
C' '~ (a) carry at least one exogenous genetic element encoding at least one

25 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 germiline
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.
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" Trrunogl obul i ns? or part(s) thereof, and genetic constructs car Pgi¥ng 2206

| east one 20 exogenous genetic el enent encodi ng encodi ng a het erol ogous
anti body, an artificial binding protein, an antigen receptor, or (a)

functi 0@!58@58@53( Zl?rxréﬁ@re%‘éﬁfect egﬁfés%‘?\@_ igb@ﬁt%in”??n%’\ﬂ@es Aﬁﬁ'ﬁ’éﬁél‘iﬁézc% Qefls

further sent rnventi provi des pharmaceutical or

~di agnosijefivEH SR dbataRs lynssdidiliseage aklls emsichone anti body, artificial

bi nding protein, antigen receptor, or functional fragnen the{eof,
obt ai nedapycarny att ferstnongo®RXoae8AtFoseaeHer Si&Men] S%P%%HL% af ¢ lggst one

ild-type i ne, ef f ect or,. f ' ji el hF L Gibna

funct ne nDEtBIqtryS: BRI PLabl Br J0AciB el HTbol Wi sbffL 86,
or .a%t | gen erepLeKShindOtoAanvhtigeie ormigard] Hatddingudhy hiteralgoushantivodyed
ant i od! es or funcfional fragment(s) thereof c?n be Psgd_ in the, di agga(l)_ﬁ! S,
prevention any hetercdegoust antigem resenierseomposed of yarigple femaing,and cpn ind
wi-th their var.i able reqion—donmgi jfi ' ; e re,
by theiT abfeopPSconred 1 Hhtanarters 2R8 chetbrafs bUERS imnfpiogldsyndrany
June 2006  p@RsbRdouseHifEianBimains protsireigslagingl eithes el defy pbimanume effe tional
anti bodi es, whichi can be produced according tg the inventi

n, for th
di agnosi s, purtiomsi ahmadified heesiiiciaf effrgian Ld'!°§8§§é"9$r4?"ﬂ’@@& frem B@F@\ﬁl‘e For

di agnosti c purpgses, ,human _non t] | u .

dof 11 cat PORDARA Nt dade s TEnTar By o GG RS S ah Y Suhional
i ntroducti Olpra%&né,ﬁ liggredpt | bodi es into the vascular system of

I ndi vi dual s, ere specific disease related antigenic structures ée. g. .
expr essdpl) ocacyr ataleaspankoselgEiion anarkpr baindera@tdy disked Apptaid &tilgAst PhRet he
Qreve‘nt ion of human 426.22le\i§n§[] %886 WO 03/ 068819 PCT/ EP01/ 15303 di sease
incl ude ant E¥BEPRRUSPEACEREEIBFTS )% 0 bl ock interactions of certain cell
surface oy ecpples ShRPAE IS LB hieferbRigbak aghdingopibiteinoors fratibagbfragtient
antibodies), or conversely, to mmck the effect of Iigand binding to cell.
surffice recépereo§ (agonistic antibodies) in case of the pathol ogi c absence
of a ligand. Furthernore, human

Furthermore, there are provided vector constructs suitable for at least partially
inactivating | vertebrate  precursor lymphocytes to express endogenous
immunoglobulins or part(s) thereof, and genetic c_:onstructs carrying at least one
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.

Q : 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 modified -

‘or artificial effector functions not derivable f_rom 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
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5 nonocl onal anti bodi es can be used-for blocking the functions?2efuePe
subst-ances;—or of pathogens, e.g. during poisoning, inflanmmtion, and
‘infections. In this context, human antibodies are of particul ar use,
because th di ate 1.ag4d| ; b naésh 110 t he
r emoval C%@/&éBg‘é?@I zgé%%é'ﬁasgg?%t g;fgs%x%ﬁez? §§|gn§ntﬁgﬁ?31$t em ﬁﬁ“ﬁ%nsﬁﬁ%éldgglsbnal
ant i bodjyBfcHc@dh dleSprdaeces etcbaing o giet imenitionyfee therdiagoosis t preventien ansd 10
cells by virtue of specific binding to altered self structures exphﬁssed on

the surthecapyfof hamamatiseasel pee daialed OalPWalioh HREABSEORHTPPHT,

I I ti bodi,. " t A Ok I 28k i
T e AR o i BRsgo] Het i B RSl ok i A1 of cean
(aut9anP5

& condiBsitE byate hagbesdtionHeteiabeedoa htibadieanintd dhie esasoutars o
useful ftor the diagnosis, "‘prevention and therapy of human di sease, b

they casydtBrbeofi individuaisd Where specifigs Siseasesialetesh antighaicysHuatues ef&iiﬁf
| . q £t oot SSEH -
bl bod pERBIRSoEHAN SertaincEinefee Sl b2 He bt BEar AbBRatoHRSh the BRéertion

- fuid etgshym@gposition of biological material 20 Plasmids carrying genetic
el ements used in accordance to the .present invention have been deposited
under the Budapest Treaty with the Deutsche Sanm ung von M kroorgani snen
and Zel | kul turen (DSMZ) in Braunschwei g, Germany, on Decenber 17, 2001,
under the follow ng Accession Nos.: 25 Plasm d Accession No. pBS-DT4 DSM
14703 pPGK-hygro DSM 14704 pG.2neo(m) + DSM 14705 pBS- DT4-t oxl 76 DSM
14706 30 -43 ... ... ... 22 June 2006 The foll owi ng experinental
procedures describe detailed nethods for the generation of human
ﬁénoclonal anti bodies using nmurine preB cells that are genetically nodified
in order to confer the potential for human anti body production. Sel ected
exanpl es of nethods are descibed as follows allow ng the genetic

nodi fications of murine preB 5 cells, such that endogenous anti bodi es can
no | onger be expressed, but that human antibodi es can be produced from
stably delivered heterol ogous retroviral expression

&
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constructs.' Furthermore, experinental details are presented re2at?sgf%o
the transplantation of these genetically nodified nmurine preB cells into
appropriate nurine hosts, as well as nethods relating to the inmmunization
of these transplanted mce, the 10 isolation of antibody secreting cells,
and their establishnment as i mortal nonoclonal human anti body secreting
hybri doma Ged bssssies. Al t hough the provided net hods ar ecrepdipkfse and

suf fi ci éRtadevinclutie aptitmdiestwitmthef atildy ¢ blooky inisractisyseari certain d:allrmmfacemnocl onal

ti bodi | t hat ticall i th
o hoda Rt g e Geniga i olRl bRl BRBROhER: | FulREles s Gy o
il :JS]E r@br:\/@fbelyl% iR tes effEmadmigEndmem@aPLdeﬂEima‘ate oécebmrg(ag@nmlc
rolirreratli n erlne curs S WM
BT 01 or cinenes) M sene g BeabaRhiollsoShashes & WbBnror ulRerioke,Ryman

I eSpeNS meRoTbidl BBtIHIKIRE Wah bk USe6 edrltodking the fumdtions dfedxad sliisticesfor ofuse
fetuses, at day 15-18 post-coit in the Pe marr o _of dult mce, as
Sar & ? ol

wel | asPathpganseeSpAUEiy RASORiNGL SYTAMMALRRY 0 t'Q@ell% Bt PYBRT nk et

al ., Bl gthod4 are loa&%se 12%3dse they afediite the tagg)rhg-?lbﬂhéé‘@gfbswn@& cells,
mce are sacrifice suffoc tlonusegﬁsthe res ECtIV? ans are

r emovedatfhaaigess &Tﬁheefe&?ﬁ{ali by, shesializgg: InRgte BNYRE BYSIgNe. RYmanht ai ned

by rendyoRgcibiNahtityAftstdahi fso BO @BEMErakrgbiigy iﬁﬁ?ﬁéﬁe ﬁjhcﬁﬁﬁsho%déerwé h
sterile scissors and flushing the marrgw with 2- 0ghos hg%éﬁbu fered

sal IIDneCQ'PEDS)V'”Q%erﬁg’eﬁf'%bﬁ‘i‘ﬁ'”ﬂltgﬁB%rQSIS§'f§W"?tHr§§ eéﬁ@sge Rfhe needle.

| sol at e%aﬁ@la%@eeler Inf &s@lof ahtoﬁfﬁmuﬁé §&1dﬂf®§aﬁﬁﬁemﬁféﬁ6cl§ﬁ£%hll&d¢e@ﬁﬁ 5yl ons is
placed ont® a sterile 200 nesh steel in a petri 10 m of

¥BS. ) Thurbegemysadyldorciputraliing B %@gergguag é%??tg}"'g@fe&gﬁ@é O%GUtPH‘PrBW% t he

met al gfécfbréM(émoérhﬁo&laynsm;rrgnefarmbédlsé mmri enovptlbRgeantBRtiles SMepensi ons are
washed once by centrifugation resuspended in 10-2m

m  PBS. usefyl forte| diggnepiar Hﬁv%@n&né tgﬂPPY @g?“!ﬂh@” gh)s?ﬁsq @ég%ﬁdﬁ%f‘%ﬂl ons, and

cel hssu & thek @R cult dysentBi irldiiduaRs WstholitnégustigSame agidrdeir e. - 44
?mesgg’géddg\?\e% g’%/ 068819CUPCT EPO1/ 15303 Establ i shnent gofrwlendl Vi Eual preB

ceI | cl effests, ias aptibqdiasrase nByMalicanstitvrytaipl Rieqdoriasma gad Heid| compPrRgnts Ot oat ed

wi th seRymafnfel dieiifous, 3A0RY, aenph-fuidreaclj.at ed ST-2 (Ogawa et al., EMBO J., 7,
1337-1343, 1988%J or PA-6 (Kodama et al., J. Cell. Physiol., 118, 233-240,
1984)

Deposition of biological material
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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~qurine stromal :cells grown in speci-al~stromal cell nedi um (see 2BdbmR@006 For ™
linmting 5 dil utlon pl ati ng, total organ cell popul ations can be used or,
alternatively, 8220+ or CD19+ surface marker positive B lineage cells
enriched by fluorescent or nagnetic bead activated cell sorting (FACS or
MACS) The fujlosomgrexpetimentali rogedsrepaeseike ﬂ@%al'%@@éh%&a ker e gengration of

I I B
red uriureenaoRergtaoar e e (BT E Eaing SrE8 s iy it LA Re Dy Fkied e
bel ow)qrgbngh vwhak thE poteRtisefdr aaham eamtmwgl pmdm:tmhr Cgmebtszbldxdmpldsref

under Irmting dilution conditions within 6-7 days of culture Et 37C, in_a
hum dlrheﬁmdSnaLﬁJﬂasclhﬁddéE felloos, alpwingt Fﬁ%[ﬂﬁ@ﬁé‘c maskficationseot EnHrieg| Ri§Bes

o 8 2 H ST GO AL bl 0 Sangente dnrbbeas e sl e

pr e- Coptpadmd Eaﬁoﬁ’é’rp?r@ndéd ifesthasedlys detivated: eleteroldfdiey réthevirali ewﬂesswn
expansi on, QF B cell densities need to be pt between 1x105

]< laﬁ 2x106
preB canstusts. t |El8®féeméQﬂel; urexpesmental wiEEi!S calf r s¥esemed  (FIatiRgoftor nibe

(1 scoviaranerigfiohr (heSe dEffenfy mifbaimaBhe Breboals, o 2ebroptal My
est abl i sderess walll 49 Agethed & rplatini ftermel mnustzamal ofctiese tramspﬂadmﬂanﬂeatthe
muri ne preB cells (formul ation

DN/EM peolatien (afi amlfmdmseaﬁe@ae(a@@; 8254 tfi?if rﬂst%%q\%%%as dﬁ“‘?Oéap%%WP”a'
. 9% Wo%ﬂh}gdyofec{%tﬁbaﬁ}/ r’%g' E’elﬂllﬂ@% Wiﬁﬁdg‘?ﬂ tt@é’rﬁréiélﬂbﬂgmethods are

L al a aspa - L-aspartate 7
L-gl ut@mpletewaadmufﬁczeaqorfoh thee 96mdtg:tlon NS - matamOQO%m&ngeaaiiy ehuman

G otinN tamn Bl2 stock solurien contaiding, 3 %e) YaReAONy MOMYLOREI
" methods should not be viewed by way of limitation, but rather by way of illustration.

15
Examples

Example 1: Establishment of long-term proliferating, murine precursor B cells with the
potential to differentiate into mature B lineage cells

20 Stromal cell and IL7 responsive murine precursor B cells are found in fetal liver of

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

. m the épleen of newborn animals (< 3 weeks of age) (Rolink et al., Blood, 81, 2290-

2300, 1993). In order to isolate these preB cells, mice are sacrificed by CO; suffocation

" and the respective organs are removed under sterile conditions. Total bone 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. Isolated 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 m| of PBS. The organs are cut into pieces and gently squashed

30 through the metal grid with the plunger of a 5 ml plastic syringe. Cell suspensions are

washed once by centrifugation (200 g, 10 min, 4°C) and resuspended in 10-20 ml 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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- Dbiotin 5.0 ng dissolved in 20n + 10 | 1 MHCO all. conporféntiae 2006
dissolved in 240 mM ultrapure H2O 5 4 m cystei ne stock sol ution

containing - L-cysteine 1.4 g dissolved in 150 Ml H2O, 50 Ml 1 M HCl 5m
10% BSA (Bovi ne serum al bumi ne) solution 0.15 ml human transferrin stock
sol ution conposed of: 10 -10 m of solution a.) and 80 | solution b.) a.) _
1g human t Reigfdessid N di ssolved in 10 M DVEM C (1. 39/ bPPeboiie) + 1001 | M
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??’33? ¥ dﬁ‘r? I P@%?"O WKB%%{“L'J @8%30%%&@%?35)%% (Qgawa et al; EMB@Ue;r 20 m
kananyciz 16500043/ 1958) 3 PA. §QKéHdmazet;T§lr CRRIACEANNL {15 D3l f

reconbi nant use [ nbﬁerl eukin-7 (1L | n a
final v&IURe ?0"?6(96 IEMNpinesrect sirpradl, calll medipor (eeHZ@Jow)f Fot pnidgsterile

- |1 feed | d
0. be. Gt e Biten, &) Ebaiubls, b Beish %aﬁ%na@»@?f@earzaﬁér S

formJI &0i10h studacel markes rpositivd B ¥ te) 30 -
g o shidacel mair dOSI v néhgk s RAVEIRIY EW{I%%% Bﬁf% gnf 4 Loox

ential am no acids
Peni ci | EO%} %‘11’1 V@gd Q@Cﬁoﬁm@df: HRURACS) Using somprantialantibodies E;mscuﬂc for sol ut i on
1 m 50thebk ;amersapt oet hanol -46

10 The long-term culture of murine preB cells is performed in a special serum-free
medium, containing 100 units of recombinant interleukin-7 (IL-7) (see below). Individual
C i preB cell colonies develop on stromnal cell feeders under limiting dilution conditions
within 6-7 days of culture at 37°C, in a humidified incubator under a 10% CO,
atmosphere. Single preB cell colonies are initially transferred into 24-well plates, and -
15 then sequentially expanded into 25cm2 and eventually 75cm2 tissue culture flasks,
always pre-coated with 3000rad y-irradiated stromal cells. After the initial expansion,
preB cell densities need to be kept between 1x10° and 2x10° preB celis/m! tissue
culture medium, which requires subculturing of the cells every two to three days.

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

923-933, 1978) required for the establishment of long-term proliferating, stromal cell,
IL-7 dependent murine preB cells (formulation for 1 liter of medium):

( . 11g DMEM-powder (without bicarbonate)
25 +10mi 1 M HEPES, pH 7.3
+33.3ml 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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22 June 2006 WD 03/068819 CT/EPO /15303 3 ml - 10% pri mat one 22 June 2006
(ultrafiltrated to excluue N ureins >1 u KU) (source: Quest
International, Naarden , NL) 20 m fetal calf serum5 Al conponents are
di ssolved in a final volune of 1000m triple-distilled, ultrapure H20
filtered sterile and kept at 40C until use. Exanple 2: Stepw se
differentiati of nmurine precursor B cells into anti reting plasma
cells in \W‘E?@Qﬁf Long-t er m pvigdrhih@1at i Ng5.09hg onal ce%ﬂ@%ﬁ? dependent
murine preB cells retain theiB .potential .to differentiate into nore mature
B l'ineage cells (Rolink et arPbi¢RBo J., 2§ MIc 327-336, 1991), which can
be achieved in vitro. This dgfsg(ﬁ\p@qﬁh%ipm%p{mmmerforrred in tw steps by
“first inducing differentiation to cells with an i mmature B cell phenotype
and, second, by induci nglidiofrfpenems dissalvad ip 84€ &l ubrapuertz® phenot ype of
anti_body secreting 15. S > first differentiation stage is
reached? r enovi ngc}'gﬁ'ﬁ%g%%lfﬁgédﬁrcggéﬂﬁlgl s in the continued presence of
stromal cells. For this-lreBtard | s arkd4pgarvested fromproliferating
cul tures, washed three tjnes wt cell culture nedium
| acking 1L7 and 20 pl at sgfveﬁ‘m&g;r‘ﬁ{#fﬁogb%ﬁé%%gl cells/m onto fresh,
3000r ad 5ypji r r adi at edo%tBSAHBovinglsefun Blburhine) sdistionce of |L7. Wthin a period
of three days the preB cell ceas I(o .oIiferatg and differentiate into

i fogk ol Bh

| .
cel I's WO{'8 ™ phenot YB@2BransfrrEp §rogk BONEGN ©@MPPRRA Bhenot ypi ¢ changes i ncl ude

gb% the loss of c-kit, XpAnd s¥oieh £x&iessLpsolas 4. he gain of CD25 and
8 .C expression. In preB cells fromw | d- e mce, this differentiation

Lyp €
i(s_ further acconpanied 25 b§)Jdaqudar frarsfeyip disselyed inc!dmEYEMent s on t he
I(gH ¢hai n gene loci followed by4\qiddml H.0Y£86d qg@pﬁ?tgg QAdse gL chain
gene loci, which may result in mﬂ@ expre%s)iron cﬁ? sur acéBbound | gM
anti body on the differenti atbj48rhg Recigs ld£ + 985 RdlH,Ol+ 200 ;dM EMBO  J.,
10, .327-336, 1991). However, it has to be noted that the ordered
rearraf§énent of 1gH and L-gene segments is not a prerequisite for the

phggot yging di f ferenthdehfNpidistocReolifigse preB cells in vitro (G awnder et
at., Int. Inmmunol., 7, 19%%— 1925 199p573. .Th?e geﬁgnq Di}léferenti ation stage
'¢an bé achi eved by sti mulRPiMGSPRE™ trrsdaed VER* R &N EMENi t h ei t her an
agoni stic anti-CD40 ant i(ibagiyooml HiZH + Hmt t0thiBSA. iSonicatieh3xcig mid ines, | i ke

e.g. IL5 [1L10 or TG R’ice-l-\t]vgtsert reatment will induce proliferation, class
sw tch :
- «20ml _ kanamycin (5000 pg/ml)
20 30 2-mercaptoethanol (1.43 M)
~s10°U recombinant mouse interleukin-7 (IL7)
C ; All componerits 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 ¢ IMDM-powder (without bicarbonate)
30 -3¢ NaHCO;
*10 ml . 100x non-essential amino acids (GIBCO-BRL)
*10ml 100x Penicillin/Streptomycin (GIBCO-BRL)
1 ml 5 mg/ml porcine insulin-solution
«1ml 50 mM 2-mercaptoethanol
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-47 22 June 2006 WD 03/068819 PCT/ EPOL/ 15303 reconbi nation to 2¢diiai0fg
gene isotypes (depending on the cytokine conbination enployed) and
eventually differentiation to anti body secreting plasma cells. In case of
e.g. anti-CD40/1L4 stinmulation, cells are washed three tinmes in preB cel
tissue culture medium plated onto fresh, subconfluent 3000rad

7- |rrad|a | cells |nthe5presence of 100 d5pg/n1
ant i rgg%szoé 8Jnrg| “ant l1b%€bjlm‘awne4u|&aﬂlayted to &xoluge, p.@ﬂgééklzlka?l ng pl asma

cell stage cells can be identi rate fluorescent activated
cel| sorting (FACS), bas&tPUsf: '%F@?E‘g%gi@ c{dﬁﬁi' Jresults in distinctly
i ncr easeg) fhorward scattelfema-bmgérumlo The in vitro differentiation of
wild-type preB cells is usually acconpanied by |oss of substantial amounts
of cells due to growth factor wi thdrawal induced apotosis. This probl em
can be Qi spapvrenisate BXsOVE iRxmnarddi@he of 1600 triteoibiict culggnee H,0i ke bcl -

or % IA"& in tgﬁ%se cells (Rolink et al., J. Exmg)m Med. %ﬁ 1263 1270,
1993) . filtefed stexite bred kept bt 43Cuhtibysel sol at i ng preB cells from mce contai ni ng a
B | ineage specifically 15 expressed bcl-2 transgene (Strasser et al., Curr.
Top. Mcrobiol. Immunol., 166, 175- 181, 1990), or by transducing a bcl-
encodi NExa@ioRbiStepviise differextiatiah ofmaotingr precursorttheells inbmgnttbedyn prol i f erati ng,
stromal cell and _|L/Z depende ne preB cells (see below). 20 Exanple 3:
Cl oning of a retSFBWZ?%Plgwﬁf;@%éw?{bconstruct for murine Bcl2

ovel@X lopgseranprliferatinggstrand! eelf and tifvedepteatiérd rourmesutel tcelimreddin desies i nt o

o the iAeT G TR I o et B neBibon s IRORRULE MY 0P T o5 cetle
@nt ai n27p38N1EXN prvetch can leeachisvedinfwiro. Thigatiftererftiation eandsst perRenedin ral 25
g;gz:;gt{gg éfﬂt % Sﬁrﬁgnsbﬁhg %if((; e%;%t?o | fo3lan® withh ?’nrpe!t@r%gB ?:@ %Qﬁdn{ﬁ' epeat (LTR |

packagi ng si
cl oni ngnw 5@0(1&/[@ indudiog d\rfferehtlatlhetcecajlbogthtﬁ;pmqtyeﬂ@éent(b@dy Isecreimger t ed, and
bacﬁﬁe IrPi m d control elenents required for replication and
the vector in E.coli. An exanple for an enpty retroviral
transfer vector is the coomercially available plasmd pLIB (O ontech) 30
(Fig. st bifteRhfiRlont Q %eolgsr{eﬁé’rf‘eﬁ 5 fe‘fﬁdvf?nﬁ' I[?'froﬁ?(ﬁfeeﬁr%B%Hé’ GF e
contain Ftne anl-ao?

a strateg a/ for coexpr essi on of
t he rrumonmuwlprezsmmf atrmnalnellsrﬁgrrtbwﬁl@lbra@harveste from proliferatin

cultures, washed three times with serum free preB cell culture medium lacking IL7 and
20 plated at a density of 1-2x1 0° cells/ml 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, As and Vs €xpression and the gain of CD25 and CD40
C J expression. In preB cells from wild-type mice, this differentiation is further accompanied
25 by sequential Vy, to DJy rearrangements on the IgH chain gene loci followed by V| 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. IL4, IL5, IL10 or TGF-. This treatment will induce proliferation, class switch
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sel ection marker is applied by |linking expression of bcl-2 and?2Rygieci¥éi nB
using an 35 internal ribosomal entry sequence (IRES), allow ng sinmultaneous
expression of two -48 22 June 2006 WO 03/068819 PCT/EP01/ 15303 construct,
whi ch can be selected with the antibiotic drug hygromycin B will
simul taneously select cells for the expression the anti-apoptotic gene
bel -2. The generation of the retroviral vector for coupled  expression of
t he bclred &?%@émow@umg gehd\iSotypeo qeQsknding dVMEneS bRBRRe cgﬂnbﬁfatié e assenbly
of thecﬁ%;q(irmtfr-cﬁcl -r%'-l RE%ES h%t?rorryanB expressi on cassette and, second,
the cl GRYGYES: and, Prertually diffeeentiahiop to iqatibagysestetipg @lasear eolis.rlalcase afsf er
vect or g |tildDam/ILA StidtRlion, Cals 470 WakhatEtHratiREs i BreB cell i
pr onot ed?j-_bcl - 2- | RES- hyfgrorryci nB expressi on casset ?ree E?gt"ktlls?%ecur'rtﬁjﬁ ne bcl -2

T

CDNA arfeedivie, sigted paiadireRy, fsubeasflpenRrI000tad Hféﬁ_dii?ligtbrspm'rn!a:BcellbOirdltm
Oy STSERER ok 30087 1P VRGO o COAD RIBHaERat HnBO3Y 1 4G ravmy ci ne o

i s anpllafgeedoroliferating adasma cplPGladey gells €BEQd RINGNd] doy Sepayated age chain

reacti USRI ' A i~ I D NQ. POO1) .. .

5 - ch%%tagg\}fg%ag@L ga't%gfé é‘ac'cse’gggsggg?%t’h!bo%gfg(eaﬁ'ae Ydichgesylls o, 6 (P002)
5' - cat GEBBEYGEreaseddorvagscettergglegiagt gct gggg-3'  cont ai ni ng addi ti onal
restriction enzynme recognition sites (indicated in uppercase |letters) for
restriction endonucl eases Xbal and Notl (2-4 random nucl eotides 5 of the

redOr i The am vilozgifierentiatiog rof twilditypeesrel roeds & eswdllg aacasifpshied 8¢ ssEofNDST

restri gt n t.efficiently digest DNA if the recognition
sequeng{éds?%t%g?:@ ép(étg‘caf)ﬁ rcggﬁ Ege Ig grom?ae@&% V(‘S'ﬂ] | dPHced iaBatopRA ThiSagment s.
these piohleki nan becireahventsl By everexdiossibr df ianti-aboelic §6rs| et ®)-S,ori N Or der to
hi ghl i t. [ | 6 y Le ni,t} o [ . sequences

donnst P BEsE 2l TRoER of B upeiefoarh Rt PD: 1927 B3 debbha 1o ona
sequenaefevatl byidsdlatrgymprdB toeliddroanphicd | @taiding Sa VBYIirehgdrpeantali on of
priper C Segggﬁiﬁ iS_mai S{éai ned tlhr ug ut t he .d]e criptiaon_ of_experinental
exdgglg TOR "2 JieppesgFi( ??ebﬁbi"ﬁm' 48BN ¥ r agnent  of
1017 b&&ep&i90)s of lby)transdutirgi mbolg emdoding reeanignariti reoidal @sctdraktor@st ri ction
endonugl.g: ; I : e, PCR fragnent
ot honr e Frr o0 S Ol oo opd 17 BB Pl B AR s bR OB nd 1 &t hen
directionally cloned into Xbai/Notl double digested 30 plRES plasnmid, in
order to generate the plasm d construct plRES-hygroB (Fig.1lla).

20 Example 3: Cloning of a retroviral expression construct for murine Bcl?
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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The ORF of the murine bcl-2a cDNA is isolated and anplified fr@h/HRO86
spl een nRNA by reverse transcriptase coupl ed polynerase chain reaction
(RT-PCR) using the followi ng prinmers designed based on the published

NCBI - Genbank sequences ML6506 and L31532 (prinmer P003 binding to position
1821-53 of ML6506, and prinmer P0O04 35 binding to position 506-535 of

L31532): -4 ne 2006 WO 03/068819 PCT/ EPO /153 LB, NO. 7 (PO03)
5' - at t Go; ?ﬁgﬁ%caﬁgc&e@s&%@%@mﬂgw GiBEA Hrug @ %&%&OH 8 (P004)
% o TeSt M'ction

5' - cgcACCCGIcact t gt ggcccagigt at gcacccagagt g-
enzyne SinudiegerusiYoselsett eslls (fon tuprxpreasion |the tantisgpopiotic Neak k@, Mhegl . A

Nhel / ' r f S| I 5, then djrectionally
cl oneglaél:’enrtg 0 ﬁh@??@gﬁ%gﬁg e ogicglgdsf%%%%\r/eesg?’grot@]eﬁ%ﬁlﬂvaM@OWC‘Béder to
gener ateNABCPRCERESIN twa rsteies,1 Birst bihe Cassembiyc bf dhe ofromotee bl iRE- Bcl - 2
exXpEeesgl : A e t.o0 | ack of. conpatible restriction enzyne
Si tés ﬁwgrﬁgélﬁgﬁxﬁﬁﬁségﬁ}cg%ﬁe% asnlht Sé%ﬁdt ﬁ}? CI%W P' HUE Cateeittsl intor RS er vect or
pLl B aME&S dfdhel cedioviral krafénwvgeonpldBriBigexta+dksi on vector C pBcl 2- | RES- hygr 0B,
the entire expression cassette for Bcl-2-1RES hygrom cinB including the
constitutive CW pronoter and pol yadenylation site is cloned into pLIB 15
usi ng RER VGdristragiion opih ptoembieress-PiRE S MRGrRRFYIAE expreesith biQpysi tes. For this

t he - | 2- 1 RES- h Ci expression cassette is PCR amplified with
obcl 2. Pete e Tairie Bk SR Bid e S JBR0I0E G DR thefgapmyeins o ( P00S)
E(SI i@t ?dr@mmam(bmecmhé@gmmb&btrm&@ﬁtyta@a%ble einastemefeirgs NO. 10
PO06) 5. -C T cettatcggattttaccac- 3 taining restriction enzynme
recognY%qodn&gﬁéegFﬁ[?C%gdﬁa qr tﬁﬁdh@ @fgr‘tmw%peib%gﬁsémpgl%f’eff%ﬁ Plasmidsa| | / d al
oubl epRIBI§yyrRdSPQRDINGD tiLtnt paime3dsedcain resctioR@PCH) LG banad dair: ¢l oned into
the 25 Sal/d al double digested pLIB vector thereby generating retroviral

Py orgEpB Nl e @80 s Cop iRt 06 80 B S bhcaacBrore g1 a7bng-
yg_.{ Q%‘?@t N;g%rggggéﬁ%% &ﬁ%cﬁtfccaéb%ﬁf&éﬁsgmﬁ%g«’fécﬁgw-@f| | ng-term
prolife 'ng, s . ells
_ containing additional restriction enzyme recognition sites (indicated in uppercase
letters) for restriction endonucleases Xbal and Notl (2-4 random nucleotides 5' of the
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 nuclectides 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
( ! 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 bel-2a ¢DNA s 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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30 One of the ways to stably transfer genetic elements into nurPdegr%B
cells is to use retroviral transduction (Fig. 8). For this procedure a
reconbi nant DNA construct containing retroviral sequences necessary for
packagi ng of a retroviral genone (5 LTR, packaging signal Psi(+), 3" LTR
as well as heterol ogous sequences or genes of interest, are transiently or

stably tr i@ d into a packaging cell |ine consti tﬂfr' - /1% 35 expressing
t I 22 J 2006

sanes, SE U hedie et o ol Labraral parsy JEEE T 22 vine

d I t t I Kk LT

é‘é?ﬁ%ﬁém’IZFBQII%-‘%CI%CF%@C D oo a0 4 B985 S can be used,

which routinely results in stable transduction of preB ceI | s at
ef f§ ci gty reefrichéh 8MAmeTiBEnitiontsite(iv upsertareiletiere)ebl Nhéinmdimuigonj unct i on

with (reconbinant) 5 retraoviral tra r vectqors will only produce

repl i C%NhSHN%PP&'%ﬁIQGEWQ?%PH@HP) gfséggt P%ﬁz?d%BBe achegthr@)(y F[ﬁ’ﬁg‘auce muri ne
cel | s.infeNhelMMii<doRble digesrsl wetor PIRES-hydTeB & eideP R §enckite pBREMREISDY cel |

| i ne, standard cal ci um phosphate transfection is used as detailed below

10 (a)hygfoBnsi ent transfection of the ecotropic retroviral packaging cell
line GPE: GPE cells are grown in | MDM based | ow serum nedi um al so used for

ST-2 and. PA-6 C-stromal cells and described in exanple 1. One day prior to
t r Hhsfkt | Ganstagher e retpyiral Beld@xgressingdanglenyest®iar vest ed by trypsi ni zati on

and seggled 1R |a§I2°éf eaﬂﬁétmmytnctmncenz rh@%hesl VIR hagpR éwwgsafetmn@dl um and
cultivated at 37C 10% CQO2. ollowng day retroviral DNA is

{ansfwtwtmvalmsf@vsmpuﬁ §%3‘G&Haf b¢2/hyo '“'BOQXPGSE'OBé’IeP@r usi ng -

t andaied CRiEy rmosmaérﬂnr@r@@rd%bat 'cQ§bett84fd‘rOlEfc§2-II¥@I§$ hyér'bﬁiﬁﬁB?Ct ion, the
transfected GPE cells can be used for the transduction ol reconbi nant

r et r ovinglygings thengansiitubive EMV rromoter @nd ReMedBRNFtiop site dsstaned e P8 preB cel | s

- usiqg Jsfr@nlséﬂ%lﬁfjaﬁ?gpr%@éd re@mhﬁw anyﬁ'Iéptéch@'ﬁmtsmél’s FOcCthd theecMivt h
transfected GPE cells: Two pet hods ca &%g us tjiercmﬁg%gl)ééf or the

t r ans RS IRES- 'EIIQIQIBYRHI%P’FP&‘?ﬁSW“rc@F?%Iﬂ B & a’BP Gé"é\ 4 eRRd GPE

cel | s:askhepER t8inplHRd tish prthéres on the infection of preB cells with

conditioned cell culture supernatant. For this, cell culture nedium 25 from

transfected GPE cells is replaced 24 hours after transfecti on, and is
har ves$®e@lID NO. 9 (P005) 5'-atatGTCGACtcaatattggccattagecatattattcattg-3'

20 and
SEQ ID NO. 10 (P006) 5'-ccggATCGATccttatcggattttaccac-3'

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-
(_ "' bel2-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(+), 3LTR) as well as heterologous sequences or genes of

interest, are transiently or stably transfected into a packaging cell line constitutively

35 expressing genes required for the production of retroviral particles.
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after another 24 hours of cell culture. The reconbinant retrovi2?dgne 2006
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 8pg/m polybrene and incubation is continued for 3-6 hours at
37C. Cells are t hen harvested, the polybrene/retrovirus containing nedi um
s 30 rem)v ?ﬁ]ggd cells are plated at a density of 11121%5%9 nto fresh,

??Egra]%gttp%\tfﬁés b <HbhA él&%'l[‘ﬁdédé”? 6 FniilpréEP GaidTHe @ gk g 1000

trans uce s are then harvested 24 hours
| ater. reﬁbﬁra(pamgmgmehchde IGHE e\éarwrtzwé aboduVirtals 820p. P2OH 1841 1988)i t h

| og- priache et BB SO PetyEyfsdh sBle tms By of DIRECESS SEERERGEY (6aato

PCT/ ER§¥1560.38%3 Tihiss es@teapited packabmestlrellphr@Blrc@DwUmillOU uwigh rfregerabinantht ai ni ng

ol o e eBRYEH: nansct e deeaR Gl (I (Rhgte) FETbrl acfieidst RchRbhanTTT 1 °

; rete r ?\éﬂeefnra\lﬂgis\@/gz?lggcttﬁgscﬂ?roeéBnunreiel mllarl-'e:r(tnansemtttm&cﬂm'lr oBthh@lcotfsopla': r gr7rgl t hey
cel I s PRERaskeqing eelllig; 8 é%ﬁtcg[&mhéﬁ‘%ggﬁe 'I%ﬁg{e&% rrVn;s(gu%é@%!rs 3&5&@@ ovi ral I y

transopgg@¢ preB cells are then harvested and can be utilized 24 hours

| ater. Exanple 5: Inactivation of endogenous inmunogl obulin heavy and |i ght
chain gene loci inlong-termproliferating, nurine precursor B cells 10
Theg fi 5t %%/&%Pfraﬁéf&t/@ﬁBﬁthabb&tmpmfremmmrpﬂcﬁ@ngcellp'mef@?&bI y human

anti bodies from c sor B cells of the
endogeRBE<celsare giawp ng'@sMQﬁa Wf% "@gﬁ'm E@Hég(gﬁ{re@c #ng%{(ﬁg 061 e.g. be
{cc%ﬁpétwm%em/arﬁﬁd@ch@éd?ﬁtekmiggw l::t Oine daperiori t?mnsfgbtmnuhdheregm@?ﬂ ?\CUS in

preB cells | u requ ree murine
~ i mmunoRASKBYINg ﬁe@,% ﬁ%’(‘,’?ﬁteﬁy\gé.trylpﬁ'glz?t&a ér{de%i d%daan w \églﬁ]@eﬁé ggrtéa |l oci. 15
\"/bt’]\/e\éefreslht h!tﬂDme"dséfr:é{w-sehmi megiume éndcmdtl\camftbral s74C oml 0% htes Tlu,ﬁglc'éI i onal t

- clusters w one gene se e ver iversity
i s1%onfolowing dayy 29 f%tffa’"ﬁls NAxig tr ‘%Fiﬁdepefl 3539?%%('8 %{J'tHﬁﬁrﬂaﬁg B cells
eX]p][ eS 5 >8tp1§hé’elus Gtsmgf Ltakdard a_élgﬁrﬁf PRésphits Predipitaticl. Rertdys idost S .
sufficlen o0 iphacti e 09enous n gene | oci
i n or déansfectigadip Ha’ﬂ eqjégﬁ Clel}%lﬁ%\‘ usg fﬁﬁ@%ﬂgnéggghonaﬁqﬁ%gnﬁy@b | gkL chain
genes piroGifiies ifds preBtdefis.vast majority of B cells (>95% produced from preB
cells will express heterol ogous anti bodi es.

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
C ) of preB cells with conditioned celi 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
subernatant 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 p'olybrene and incubation is continued for 3-6 hours
at 37°C. Cells are then harvested, the polybrene/retrovirus containing medium is
30 removed , and cells are plated at a density of 1-2x10° onto fresh, 3000rad y-irradiated
stromal cells in preB cell medium containing 100U riL7. 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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(a) isolation of preB cells with naturally occuring irreversi bl2¢June2006
non-functional IgH alleles. 25 CGenerally, the nost controlled way for

i nactivation of the endogenous IgH and xL chain gene loci is to use gene
targeting (see below). However, in case of the IgH chain gene |ocus, '

anot her nethod can be applied: Long-termproliferating, st romal cell 1L7
dependent reB cells carry DJH 30 rearrange th of their
havy chai rﬂh’ogﬁ £

Due to inmprecision in the Dto J mmr&g_aﬁrocess
t hese r@usperﬁi&drlanf@@hmw@ gelycuterey mediyem cemaining O e e gnend 3¢ be read

It bl f f

the o robBeE & gty of 781" kel AE Srd BhBh'afe hiheited BFE A "Secl ot o

522"528“&5%5'%“"3*6;"?"“5”’“*‘"°"'*a'“"%’5"55“”&“33 ey 8%'}”'6%‘*“‘”"6'“%@%%’ /15303
S

segnmedt §7&)rﬂ’%)f Aresthen hé %tﬁg angfpl%{ecb@ {Fﬁgt SBQP’%‘MJF@' ?&PE&’EP g frame 111

(Kgar LLiem preBledbtiédidm SnRdinin $@mhr|Lhaér r@cé\)é[r[}ﬁtRétfb@iraW tdidticesan never be

expressed from such a heavy chain al herefore, statistically

r oughpieBlgalls @ieithengaryested Iangtcﬁﬁﬁﬁlumb’-éﬁlz"' hpyrs If@bendent preB cells carry
DIJH rearrangenents in reading frame |11 with stop coding on both of their
IgH chain alleles. These preB cells can be- isolated by subcloning under

| i mi t Exgmaiel5yt insstivatioh@f eneagenayrd inypuraginbylip heavyt and Hghdicha® @RM8- f unct i onal
rearrangenent s g |ﬂd¢?@‘°té’r'h?prtoh€ratlh§%@r‘rfecﬁ?ed?xfrso‘ibaééhé? clones, rearrangenents

need to be screene non-functi onal DJH4 gene rearrangenents,
wa()ctharfmsitstbre forethe raeseratign ok HeleERiagpus cRIFfesathehumeR antbesiesafie® the | ast JH
gene {l@s% UREHe Y tmfého@wsﬁd 8RoURe niRE 1§19Tanaf gLt her

tar ge [perlc |va?gﬂlso e xcl_I chai n al |e°§3 (b) Genegr’atalnongof targeting

const whclhsca‘noﬁnlonﬁr other me@ngHeanae RgEreplished By ers targetingoVieumiRgl es f or
met Nogs bR $6dllﬁgeh@ oBRR prét 88IsCH thedy il Wallld BE rﬁunr@@%d’inéélﬁate%’ﬂd()genous | gH

and | gxL cﬁ% ng OCI are presented as exanples for many cis- acting
mut at ttoes nutiae imowindglebulin| genetlgcii badhe dg*ﬂ)r lge- cad |'§Mvmclna1@@ﬁn@ HeCipotential to

¢ A gor g a: Aok ayiris b PRAT ooPE 1ods iRt SR e umatrdl voFEL PO
vect ochisteeedithi ond gereosegtnent éah andmrw \mryltymmi djmrquescbmpnwgi isi-es al | owi ng
the i I’cl:Sae"I:'él ls?)urthefrmc[))rlélA IesgclHa nqjg/s ?omrrlprmggguc%"st %x;grgses t)i a|n gene loci.
| Therefore, in practical terms, it is sufficient to inactivate the endogenous, murine IgH
and xL 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.

( 1 (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 xL 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 Jy
gene segment. These reading frames have arbitrarily been designated reading frames

1, Il and Il (Kaartinen and Mékeld, /mmunol. Today, 6, p. 324- 330, 1985). Most D gene

52-



gene | ocus, a positive drug selection marker, |ike neomycin or 23duedpéfn,
flanked by |oxP sites and a negative selection marker, |ike diphtheria
toxin, or herpes sinplex virus thymdine kinase (HSV-tk), which wll

sel ect against randomintegration of the gene targeting vector into the
genone of cells. The presence of a |oxP flanked (floxed) 25 positive

selection_nmarker will allow the sequential gene targeti f. .both alleles
in the s clone usi ng the sane antibiotic, bgicg}l%goelﬂ?”pft

succesgdrhénts abitaini sigp 6bddnbaf a DiJy functidrl edoars infreading frinetll (Kaagtiest ance nar ker
can be deleted fromcells urE)on %rl-fl si.ent ?e}/)égbessi on of _cre rgconbi nase

del et iand Mak§laneia) eBich deet SdHRRIAR E3) PEYeR B RERIRSSeAn EOPSY A Pe | oxP

recognit.i SiJyge. The. enpty positive-negative targeting vectors are 30
constrﬂh%\}tygga@saq%ol lows (Fig. 6a,b): -53 22 June 2006 WO 03/068819
PCT/ EPO / 15303 Step 1: Extending the multiple cloning site of pBluescript

SK(.+) QRO AF e1o, a0 BB NS PR (P007) 5
MG R ’Mlsaﬁé%' T8 &%V%‘é;é{’éaf?}“?é?ﬁ” éggﬁ'ﬁt,%’ag??ﬁ R 3'°é"§nd SEQ I D

NO. 12argyg%88;ga§'ramg@§m$dag@4 femadi yathaster sedine B oth ahHedcaldg-3'  are

anncal ed, el *HHiee 1908l oin B35AL 99 Wbclfind PlefmRTHIoh O 100

10 Na&f® xture 1's then denature m nutes at 95C and
sl owl yorditione Gintirsoree6ig forghe desined awop-dingtionad redrianpemedsy T enswssth@i | | generate

the fol &3\6\% :gﬁ aﬁ%@&?«!‘ée elssf‘era?rgxﬁe%%%éd%ec{e %’!réél?%e&h&l wRHbnlfRtioRaTPat i bl €

over h&® h uppetcase letters

5' 10TCBAG4 gehe cedramgements cabicly aanrtot Getravrrtedgeyy 8ea0adrly deaupRgements
AR RN RN EN R AR NN | LI

€ - GoCERBBANE a5 g GEPSGEVITY SIS AEED e PagHEd S9aenran ke USRA Lol o
synt hetdner fahdfetéd Mketivation biesill érgint @kdlesnt o Xhol - Kpnl 1inearized 20

comerci al |y avail abl e pBl uescri ptSK(+) (Stratagene) resulting in plasmd
pBSL containing an extended nultiple cloning site (MCS+, see Fig. 6a)

requi red f@kndkifon dredrbhgenshuemifoghs hipse Bl emd Bid trevelotl on of expr essi on
Calsssm'rtw%S ei:r;plgg lfg; tangtﬁogsr rgstu}tiﬁg ui%t Sgnedlt rgteg%r %naactivation of both the
endogenous IgH and IgxL chain gene loci are presented as examples for many cis-
acting mutations'that would similarily lead to preB cells without the potential to express
endogenous IgH and IgxL 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 phromycin, flanked by
loxP sites and a negative selection marker, like diphtheria toxin, or herpes simplex virus
( i thymidine kinase (HSV-tk), which will select against random integration of the gene
targeting vector into the genome of cells. The presence of a loxP flanked (floxed)
25  positive selectidn 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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25 toxin a as a negative sel ection marker against random i nt egrRrarisP08¢
targeting constructs As a negative selection marker that allows sel ection
agai nst random chronosonal integration of gene targeting constructs, an
expression cassette for diphtheria toxin a (MCarrick et al., s.a.), or
its attenuated version, diphtheria toxin a (DT-(Xtoxl76) 30 (Maxwel| et
al., s.a.) r. control of a constitutive O-actin p an be used
. Al t hough %?Egog&#egati ve sel ection markers, like the @lﬂ&ég{sgﬂﬁm ex virus
t hyni diSfep 7:ki naExlegding thera/tin/ ¥loning site ofplibescapie®K(ith gene targeting

experi | ' emcells, diphtheria toxin a and its
attenugﬁgggm eﬁrﬁ”%%@%aﬁ?%ﬁ@ggﬁﬁsproven to be effective for gene
targeting in somatic cells (G awnder et al., MIl. Cell, 2, 35 p. 477-484,

1998). g EiDq\h(g h@bbﬂrtoxi n expression cassettes are isolated as 2.1 kb
Byl I5I 2 | -f g t rom%%%sm?%%c}éBgéDT%gE | D NO. R@ ,or pBS- DT4t oxl| 76
-54°2221 {F& C‘gseeg@%% §9 BERYS CERBUDORE, 3.8 dee Fig. 6a)
and arg-Fi 14 FO8%)BgI 11 - Nhel 1 neari zed pBSL re ulting in plasmds
PESL. DY AR BRES (RO X P SEa PESIRIAIFER o (et aRrg-J6a) . Step 3 Insertion
of loxP flanked positive drug selection markers into pBSL-DT4 5 and
pBSLDT4eannédied fbyrmiking wepebrsfi eieh dlig@dit i SDRNEF S0MN Stris/MLI VeSS The next
steg for th% g’engratl on of o§| tivel gegatl ve gene targeting vectors is the
i 89, thp

i ndBr t NgGh B8Y- J8&impidEr i§r eratwed dor 4lnees AheD Crand ey corlad or

PBSL- Difém teB*E 16 rooth aéperatiips Witkia offin. I s AiGdrRaté theerlbagideiicassette. As
representatiye exanpl es L%e i sgrtl on,gef | oxP site flanked neonycin,

bur oy RraHdsh VA kshyEF xhel asd el corapatible qusdhanes Gadicaied MosipeBse he

i pht hegtérg):t oxi n a expression cassette in pBSL-DT4 are presented. However,
it should be noted that identical cloning strategies can be applied to the
pBSL- DT4t oxl 76 vector, containing the attenuated version of diphtheria

t oxf n §X%TCCRUEENEITRBEgcHEdteht PRsidticyet sfdtggagteeddaentamd@rs conferring
resistance elgllkid!lhistldiinel )| midephenpliild 1a¢i il 1Bl eonycin, or zeocin may
be used. B3-pocesciyatasesyddgtapositiegveatedadoitopagtctebeci’i on marker cassette
w il be flanked by |loxP sites, that can be recognized by the cre
reCO”bTﬂéa%nEQE%”E’ynﬂ?é?Q \rgwlc Ninké iPethbR ehgatéd iR %te;-mﬁ fhiiz&F! ection

mar ker | ocated between the | oxP sites upon transien
20 commercially available pBluescriptSK(+) (Stratagene) resulting in plasmid pBSL

containing an extended multiple cloning site (MCS+, see Fig. 6a) required for the
following cloning steps.

Step 2: Insertion of expression cassettes for wild-type or attenuated diphtheria
25 toxin a as a negative selection marker against random integration of
C 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
Although other negative selection markers, like the herpes simlex virus thymidine
kinase gene (HSV-tk), is commonly used in gene ltargeting experiments with mouse
embryonic stem cells, diphtheria toxin a 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
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transfection of a cre reconbi nase expression vector, for sequeid2iaie 208e of
the same 20 selection nmarker. i) Insertion of a fl oxed neonycin resistance
cassette: A loxP site flanked neomycin resistance cassette can be isol ated
as a 1497bp Bspl201- Xbal digested DNA fragnent from plasm d pG.2neo(n) +
(SEQ ID NO 4) and can be 25 ligated into Notl-Xbal |inearized pBSL-DT4 to

generate 3 targeting vector pBSL-flneo-DT4. ng of fl oxed
pur omyci n@naﬁ’ﬁ?}”y r%l nB cassettes (Fig. 6b): BecauSP!CLr%Emc)l]Qgj(g!i antibiotic
iSSE8t

sel ect(SER FeRe r6%) Haﬁar@é@ﬁgﬁé.'rﬁo@g@l Nagldingarized nBSL sesult®g iessent i al
step fesBsgﬁLaﬁegém'aﬂa watlaxf#earagsécmgmg%cmg 2 hygronycinB marker s

into 4 1s the preparatory step of “inser two | oxP sites. This
can be achieved by inserting into pBSL-DT4 anneal ed synt hetic DNA

22%?%“6@%% P RS SR R A s

PC® EPQ / 15303 and pBSLD T4tox 176 for the generation of empty gene target/ng vectors

gﬁ\ T'CI':I\ TAA ﬁ%@%&é?%gﬁﬁ@ﬂ#{%ﬁ? mg TRl iSma A

dmmcaﬂmeﬂmmmmmmmmmmm%@m -tox176

TAATGT ATCCTAT. T |l ed
descr |V58t8r’|uﬁs€§?éprﬁ% ?%tﬁengt gérﬁgsu&\}’\g%s% 2\& r%&@se tglre?%%ggggéfer aﬁged DNA
f r agmémdertionnofioxPngited Wankeox Fesnyices meqaycit eddbwygaomquaeex;%sduorf estriction

site. ddi ti led s nthetlc DNA ol ner ontain two 5'-

ST sees sirslirirm Plane TRe i eh SeBlFeTRT GBtScyo gk PERLA EaatEnt o
Cormatpiré&eﬁtedr HeWeVer! it BRouid be notee tie imtié e ngtéhdte@le@ caﬁ%e%ashed Nhel , Xbal,
r-Avrll restriction enzymes). The anneal ed le 1oxP site containing

f radieerBSL-DTHexH§ YQ}S&"e‘EP"“ﬁ'?'EQ thseattenyztagd yprsioacef gpsiheda toxiresul ting i n

vect or Aot gositive Idru® BelechdPBERERN cEF t ofycrn or
hygro@@ﬁ%@ﬁs?@t a)r?(::e’es lcan rg@ PC?IS anplifi dC Z?jiﬁﬁéslrﬁgs% aes%s{%Pur

( O onthséifinolp myperienalcAc, PSEmYFEiD Mi@eodin may beaedenyl at es,
15

ﬂ

In each case, the positive antibiotic selection marker cassette will be flanked by loxP

sites, that can be recognized by the cre recombinase enzyme, and which can be used

to delete the drug selection marker located between the loxP sites upon transient

transfection of a cre recombinase expression vector, for sequential use of the same
20  selection marker.

i) Insertion of a floxed neomycin resistance cassette:
~ AloxP 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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respectively.. The prinmers used for PCR anplification of the 138gump2006
puronycin expression cassette from pPur (containing the puronycin ORF
under control of the siman virus40 early pronoter) are: 25 SEQ ID NO 15
(PO11) 5' -tcgACCCGIggaat gt gt gt cagttagggtgtggaaag-3' and Cj SEQ ID NO 16
(P012) 5'-tcgACCCGItt ggacaaacca ca. actagaatgcagtg -3' Both priners contain
recogniti it for the restriction endonucl ease M ihdicated 30 in
uppercm)qf&%@@?i%ﬁoowch that the resulting PCR produ%:{%m‘gpgﬁb Og cl oned usi ng
this restracetinonTesmymecatidrarabhetrrdrgestdsratatherdeeatraé@daPCR product

t he purayaricdmckesT Iy aggent is ligated into Mul |inearized
pBSL- DT4- 210xP generating the enpty targeting vector 35 pBSL-fl pur-DT4

(Fi g - @Bq 1D R6, 22(Rbyoe 2006 WO 03/ 068819 PCT/ EPOL/ 15303 The priners used

for PCR _afRtirnnedtd @RATRRTENEr2eATARRARY I BRIcIABARXPIRE8I ON cassette from

PPGK- hyghoctaeQrhBrNAackragofnt ai ni ng the hygronyci nB ORF under control of
t he phospho gl ycerat kinase pronoter) are: 5 SEQ ID NO 17 (P013)

5' -t cgACGCGTgaat t ct accgggt aggggaggcgcettttc-3' and SEQ I D NO. 18 (P014)
5' - t cgADSSEWRNA phapmers ag&;@mabgaatda@qriga@ in- xampBo5(h), stépne resultiogt ai n

re ni.t | it ISl £4a5 i pdi ed 10 in
upp@?céﬁs'g%g@tbgﬁéyé&g%%q{ at Eﬁgﬁt?@fégﬁ??i’%%@psﬁg%agd @a%%@ﬁgi gested and

| i gat edMlulurestrigtiontsite. ineadditiont thereneealscheynthatic &INADligomerg esntziotwo -t he

i sol at RPCR. nt .0, ' r f I [ : into Mul
| near (AT SCRiHRbe) (sMERETURICR LAkl OO iy BRUFE 1
pBSL- f IrépriptiDT 4it¢ Fovgrhadps . (gShesated :e.@l yniSpel, ddheli Kbdl, toarAyet iresirictiest or s f or
nmur i neeh%éassd KL chain gene loci, as well as for the RAGL. gene As

at v

epr esen e exanples for cloning of targeting vectors for endogenous
gerie loci, 20 the cloning strategies for gene targeting vectors useful for
the ci cld r LOR . e l;: I chai n gene
| oci | Zrhg %Hg?gfigjo?@gﬁgﬁl LE!{HIE ?%th?ﬂ%ufbf DNASHESHGE SR MEn ighted Mo S

linearized pBSL-DT4 resulting in vector pBSL-DT4-2loxP (Fig. 6b).

Expression cassettes for puromycin or hygromydinB resistance can be PCR amplified

20 using plasmids pPur (Clontech) or pPGK-hygro (SEQ ID NO. 1) as PCR templates,
respectively. . The primers used for PCR amplification of the 1366 bp puromycin
expression cassette from pPur (containing the puromycin ORF under control of the
simian virus40 early promoter) are:

25 SEQIDNO.15(P011) 5-tcgACGCGTggaatgtgtgtcagttagggtgtggaaag-3’
and _
C ) 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 Miul digestion of the isolated PCR product the puromycin marker fragment is
ligated into Mlul linearized pBSL-DT4-2loxP generating the empty targeting vector
35  pBSL-flpur-DT4 (Fig. 6b).
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mut ati on of the RAGL gene in nurine preB cells are described. i2§June2006
Construction of IgH chain targeting vectors (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 del etions on both IgH
chain alleles. One of IgH inactivating deletion is for instance the
deletion Qf all DH and JH gene segnents, which is de | here as one of
t he possi BYPP%BE t 0 render the endogenous | gH all ellgcg'rﬂ!lpﬁlegf)oébl e of

pr oducfmg ;ﬁmtb@g@e@wsm Hofanargﬂ)liﬁbaﬂidmsf th2020G gpthya@mient Brexpedtsionuct i on i sI
presented here us a " " ofrycin.targetin construct as an exanple
(see FFiﬁsegﬁ)ffO”FBkggﬂyga j g:)cﬁgg n(éonE| B2 enbyq%%y%r;@ OF@%HE“S‘?’ni ng ot her
pOSi t i ¥entAshof Ak Phbsph glyesrat kimasergrlsdbter)ldr&e e. g. puronycin or  hygronyci nB,
simlar strategies may be applied. 35 Stromal cell, |L7 dependent murine
preB cells usually carry DIH rearrangenents on both alleles (see above).

Thi g faeh IpAedS17@ohs) t AkeBgAMELTdEE Ottackghgt ash e @i roP7 22 June
2006 ¥y 03/ 06881(;]; P%T/ EPC]?1530§%Eargetﬁcng§3eé(;gﬁgg§s.§b egardlcess of the type

of DJHsE@:aIUJ@?.ggT%@M) t e+ DN RIS RS €S galaBE S %iaasa#esecti@@i@ble gene

segnments an gene segnent cluster,” as we as t nterveni ng
sequences between the JH gene cluster and the Cg coding region are still

pr esenBotbnprirears cpefBineceaniion isiiesifar the eastricion endongelgass Miyl viedicated for DJH
reapra I K i r-eqip upst ream of
0y B itheral \Ref, 1R 1k BB lify BORAONR GallReBloRce el ifRa 0T 5

| ocat edsioghthigeiestrickagrenzyme.JH4) . The genoni c organi zati on of one possible D
FL16.1-JH4 rearranged allele with surrounding genom c DNA sequences is

epitted in Fig. 5a. As a general strategy for gene 10 targeting, a short
regi onAtiér Miuhdigestiesrf éhenisplialed RCR produgt tRe hygreaweinl meder &agment ishe regi on

or geng,ho4 Bio ARLLTiRshri-Ed gtagpfzgrd-ﬂ%ﬂ: et tHeeéﬁwggffeai{:ﬁﬁgﬁ%ﬁfE?

recognition site upstreamo "fl oxéd" positive mar ker (here

NotlF) , PRl-layd-BR 6119.68hi on of DNA sequence honol ogy (>2.5kb) | ocated
downstream of the region or gene to be deleted is cloned into a uni que
restriction enzyne recognition site | ocated between the "floxed" 15

posi t i Stensk| ect CioRnaef e tasaryng Mectans e Mefnedgk 6re wi §hai geesrbas casset t e
(Fig. 5a) (hereyefsch)he R £§sHeOn of the negative selection marker
(diphtheria toxin a) 1s theretore only prevented, if honol ogous

r econbAp &eRreseriative examples fas cloging of deostindorectogfos egaeganeus 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, like e.g. puromycin or
hygromycinB , similar strategies may be applied.

35  Stromal cell, IL7 dependent murine preB cells usually carry DJu rearrangements on
both alleles (see above). This fact needs to be taken into account for the design of
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horol ogy of the targeting vector and the endogenous gene | ocus 22stta?00Rat
the DT-a expression cassette will be | ost upon targeted integration of the
targeting vector into the 20 chronmosomal DNA. |f honol ogous reconbi nation
further occurs in the short honology arm the region |ocated between the
doubl e crossover will be replaced by the positive drug selection narker.

Thus usi ngy,gpbddioti ¢ selection on preB cells transf eﬁéﬁﬁoﬂs’s& t he

targetlng construct results in strong selection for the targeted

i nt egr aerestinovedters. Regagdiessnyf W bpe of ByH mRaArsNgeBeRt: ?’@c@?‘r‘bﬁﬁ%qnﬁﬁs resul ting

in the gehghingth@laddb gcke MRS AR ThedS §End B&HFent em§tlapra§ WeB s QR Of
honol ogy upstream of the nost 5 |ocated D el ement (DFL16.1 ) can be PCR

anpl i f i isténfenipg sequercegdedyaes tidn oeiengjustareandinedw ﬁ@ﬂ"m tegisnsaregedll gned based

on t he 4 (PO1.5)
- aat Cﬁg%&)égggacgg-’ ﬁ%%lg a’B ;acag'ggg%gga gé'ﬁ‘jgs@emﬁgr@E@éb%%QN@%gzo (PO16)
- aat @u@é@@mg@mgam@gmmmmm@e@ reglpoatupstﬁaam obthe2osd l5htac2l@GED WO

03/ 0688 P estriction

enzyme ¥ ]’ %rg;{‘é‘f“*‘d d nsﬁ%{r gtﬁ]geoosslt ‘O‘mﬁgd %Fﬁé?‘%dsf?sg‘gﬂ t{d é’re i ndicated in

uppercase letters. The primers will anplify a 1465bp genom ¢ PCR fragnent

that c be di ested |ct| n ated I nto Not |

| i neari eﬁ%@ > TORREE B?z?f'éﬁ% ss?’l ng FBsH gegjréﬁ{qqdnaglgg H ("E%nd H). The

| IOngt 5 gefhﬁﬁlnﬁ:ﬂDNA sequentes mmp:lgﬁg)rfndagmst; r ana afenefae st}lra]leg)eﬂ@’ ge@rregt R

cluster, also sin e eavy ,chaj,n ron .enhancer an be

amplq f |t@@‘*?’?%ﬁ\sﬁﬁggﬁgm@gﬁ%ﬂgéewc%@?'ﬁaogﬁg }élk%’)olﬁfﬂﬁgb‘?ﬁt AL gned

%aseddqgglggbl} gérhﬂ; INCE’ét lete¢ ideloried inte quaie r’esthetlon'i\EHMﬁrﬁe féwghlﬁ@ib%fs of the

ugggpcg‘é"é ‘F%’f‘ P{e?s oxe OrIJoOs vg%@g%nrﬂ%%? ?rg,g\[{)tl)])salnd% Ignrgeer reglon(:;il 'n

5' - t t CEegléddedionrdet (58.5kt)dbcataaigiphvasrdant bl the réljion anyen&tddd d2ldted 1322 (P0O18)

o | AR ORGSR S ek e Tl PO

15 positive selection marker and the diphtheria toxin o expression cassette (Fig. 5a) (here
Ascl). Expression of the negative selection marker (diphtheria toxin o) is therefore only
prevented, if homologous recombination occurs in the long region of DNA sequence
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 5’ located D element (D164 ) 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-aatGCGGCCGCgaacctcctgtgttgcaagecacaaatggg -3,
and
SEQID NO. 20 (P016) 5-aatGCGGCCGaggcagcacggttgagtttecagttgtecate-3
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DNA that can be digested with Ascl restriction enzyme and |i gatédunem08% Ascl
| ineari zed pBSL-5'JHflneo-DT4 generating.the final JH targeting vector
pBSL-5' JH-fl neo-3' JH-DT4 that can be used to delete all remai ning DH and
JH gene segnments in DJH rearranged preB cells (Fig. 5a). 20 ii)
Construction of xL chain targeting vectors (Fig. 5b) Like in the case of

the I gH c % ys, the KL chain geng :oci may be in%}t/t%?ﬁg% sever al
E'eénéﬁi@rc‘%pﬁe Ltg%ﬁaf’ﬂ“qpﬂﬁ?%ﬂ%éﬁﬁgmsﬁzy% BFRolir™ slsro pirhdeeR Tofai n

&hai n region

(CK), ‘éfonin@%uﬁ:dﬁe@ ahandiested @ u;ﬁférc(aae u&t)ers Ate primexsawl amplifps d4656p0

Car got MG TR Pt Lo SReIG P NetTent Chon e, i bgdted

const r 4 Nefl lindarizad gBSLJﬂgedzpmgénmt fgct@sm NefihebeD® (Fig. Sapreagiged only for
targeting constructs containing | oxed" neonycin re5| st ance mar ker .

Cl oni ngegyn toarsgguerwg haraHegyr d@wtr@aﬁ\t af Miengh "ganBxeREMeRhr dusjen ralssr

h B f Jashi A
O SR e PBa RRE o SR R Y R oR BT P
anplifi eﬁbrﬁuecmnmﬁgathgefmwing ;jamrsusesrg;]eurbesédnbm publisted ucameabm| gned

accordl v, VOO777. .(nucl eotides.of the
appendé& '-NHF? ?‘%ejsop?‘%gﬁug%ifﬂg ra@%’éf tﬁs&ﬂreg?r{cggqjgwn?eol;e SR g pur poses
are prs!té‘é@dnduéhtb@ﬁ&fp@é@@sd lettére):s) : 35 -59 22 June 2006 WO 03/068819

PCT/ EPOI / 15303 SEQ I D NO. 23 (P019)
5' -l0at GoeaCCaet t at ctttctcctttattaacggttgctg-3'" and SEQ I D NO. 24 (P020)

5 -t at GEGA0AECAZHBO DY) Bagt CaGrGars giaghg ggd @ tclecagdrdtrat POA® bi nds to
osi ti @pg 1- 30 and prinmer P020 to position 711-738 of NCBI- Genbank entry

V00777 SEQ® KOsk (Fo18) 5733 cbpcdeCRabc agnrittayst dicgest edt vdddichdt |
restriction enzynme and is ligated into Notl |inearized enpty targeting

vect or BSL fl ne BSL - fl ne Fig. 5b). The | ong

¥ dbon T8¢ PBIUBTS B PArt &P ot 21g0" B0 TE PG 69 MR R sl SeB8Ent i uet or

conpr i §NAOthahearkbédigasted tith Ascl restriction enzyme and ligated into Ascl linearized
pBSL-5'Jy-fineo-DT4 generating the fi_n_al Ju. targeting vector pBSL-5'Jy-flneo-3'Jy-DT4 -

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

( 1 %L chain intron enhancer (iE), the constant kL chain region (C,), or the 3'x enhancer

‘25. (3'xE). 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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10 constant kL chain region (Ck) is PCR anplified from nmouse geRoe2d49RA
using the follow ng prinmers designed based on published NCBI-CGenbank entry
V00777 (nucl eotides of the appended Ascl restriction enzynme recognition
site are printed in uppercase letters): 15 SEQ ID NO. 25 (P021)

5' -1t GGCGCCCCt gt gt aagacacaggttttcatgttaggag -3' and SEQ I D NO. 26 (P022)
5' -ttGGOG(ﬁ@ gccaagtttact gggtaggttg -3  Priner bind to
posi ti %ﬁ% 51 i mer P022 to position 5456- %&%‘%1/%4320

NCBI - RNQea% rﬂ?g d‘@f??GGCﬂ?éFtrtéEaWi%Cgéwtﬁgcwmqqtag}rent i s

di gest gfgqwi th Ascl restriction enzyme and is ligated into Asci |inearized

t or gpiRfSip ) o Gafaca : o, - DT4 (Fi g.
\ég;: Olrll) Geﬁgr]gﬂpodr?@g? %{%G oggghgg%%%?%ﬁgt%cea&t%k%&& c) As(alng

alternative to inactivating the potential of preB cell to express
endégeRemer ROtieds topesitied 0 iandr Ritmesi e0ctos pesitionnd InTASaoi BEBI-wi t hin t he

| gH ang 0 ncapabl e
For T oo o o VOpEFTIE ol TR PER;Riariert s Wkl BAF fgh
t rans- gastiiotign eozme antsis hgaie@mtpamotﬂ bearia @mpw tareetlr@odecmveﬁswlnecar geting one

of theptuo ﬁ,@l t g ssential for
| g gene re%rr%ggn{g'g 90 Fr?g%p FF'% é?%ewﬁﬁﬁﬁgi etf%@‘%%qg qcﬁer t he

RAG- 1, homolohe dBAﬁstﬁea@ermetm u) géne segheit ¢lostéreesmpiithg theTRIBOHdofe! i n gene
seqnents and are therefore unable to express endogenous i mrunogl obulins.

Oanceneians ik, chareregisnEkLEROh agirlitied Hergapeysg dpaemist DNA usingcthebed
a' ' oW fillowing 3|5|e?50rﬂéls@h@d dedsed i on Qﬁblfshéﬂ CﬁEBP@er‘iH’éﬁkW @609y A short

of DNA sequence honvl o‘gg/ of about 1kb of genom ¢ sequence upstream of
t e RA@UE'G@B@R%@* theAnpRndey AccsdesctipfiRnZyne gecaantion/sie 8 $rifet/ IEPO / 15303
anpl i f Ugsbrbasetibreerd)ol | owi ng primer pair designed based on publi shed

NCBI - Genbank sequence AC084753: SEQ I D NO. 27 (P023).

5'-tat aGCGECCCcttetgetecctcttectttagtactggattce-3' 5 and SEQ I D NO. 28 (P024)

5' 15 at sEQGEHNOH (POGT) Ragetarelgggencrrkeseadrtdttc Nyt aghoni-Bg sites
appendgggyto the 5 end of each priner are highlighted in uppercase

SEQ ID NO. 26 (P022) 5'- -ttGGCGCGCCtgcettegecaagtttactgggtaggttyg -3’

Primer P021 will bind to position 2129-2158, and primer P022 to position 5456-5483 of

20 NCBI-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,-flneo-
DT4 generating pBSL-5'J,-flneo-3'J,-DT4 (Fig. 5b).

i) Generation of a RAG locus targetihg 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 IgxL chain
gene loci, preB cells can also be rendered incapabie 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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letters and are used for the cloning of a 1095bp PCR fragment c8nt2f #%g
the genom c 10 reagi on upstream of the RAG 1 open reading franme (Fig. 5c).
The PCR product is digested with Notl and |ligated into the uni que Notl
site of a positive-negative targeting vector, e.g. pBSL-flneo-DT4. A
plasm d cl one containing the short arm of honol ogy upstreamof the RAG 1

codi ng reg j orrect orientation is isolated and I
pBSL- 5’ Rl-*vgr?gb& For the .cl.oni ré% of the | ong agﬁq?}g?&gbt%grgeti ng

1I'neo- .. 15 r
const r @plifieg byrae I%{@rwf‘gg%rﬁﬁ?’ RRiGEptigRed basedi @h PuBIshed NGBHGENBRRK 3k Db

di rect IgggsneesAcogam®»f the RAG 1 coding region (Fig. 5¢c) is anplified by
the fol Igvm' ng priner pair, designed based on Genbank sequence AC084753: 20
SEQ I D NO. 29 (P025) 5'-ttGECECECCat aggat ct ccacat agaagttggtatttgece-3' and

SEQ ID £ m 9%9@:% t -3 25
Re(?ggnifg;!%'r\@g%@@g??o%attt he Asc trtgs ti c??g%aée%tza?%%g (gagctatﬁfa)%(r:\ged to the
5' d ' ' f, th 954 bp |
O e UL L S Lo

the RAG 1 open reading frane. After Ascl digestion, this PCR product is
cl oned Notitalortimgesitesi appendesictb thee 6t eridcafieanh primer efe highlighteddt appercase

-5 R1- - i k.ni he, | f.h I
ownot 1EbTs Bt 8 I (0714 BahG of 2 30LE I kbl diaighP wkidmhic o 0% °°
izlsdba{ fﬁhgﬁaﬁdup&imfmgofamem-maﬂn Eéaﬂ%m_g fftanma(B%(I:ﬂee)Egge ((EFI':E? gr%@Abt ?_ndé(r:\gni lrale

irec . . ! .
0 1t LiebeRdhlat R U5 BT of B PARTERANE iishd, &
auent b ‘ﬁw"gbIETe“' ol BOLh B Lel et ot an opAbGaneIe (ane | 0cUS
tuo-arPRisARPPEE FAGET Bhind Tedon PoseBlorrlitef b PRRERSRESRgRaa T Lo
t-ar get pB§LaBRt-fem-I4 h two -61 22 June 2006 WO 03/068819 PCT/ EPOL/ 15303

di flgerent positive selection markers for the targeting of the two different

al I'el es.
For the cloning of the long arm of a targeting construct for the RAG-1 gene, a genomic

region of approximately 3kb directly downstream of the RAG-1 coding region (Fig. 5c)
is amplified by the following primer pair, designed based on Genbank sequence
AG084753: |

20

SEQ ID NO. 29 (P025) 5'-ttGGCGCGCCataggatctccacatagaagttggtatttgee-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 2954 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-fineo-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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Al ternatively, another strategy is to use the sane targeting c@Ad¢naidPc
twce for the sequential targeting of both endogenous alleles. However, in
case of the latter strategy targeting of the first allele has to be

foll owed by the transient expression of an 5 expression vector for
cre-reconbinase into preB cells, which will lead to the permanent deletion

of the lo | anked drug sel ection marker, such [{J]z;g], ;Sane
anti bioti )(:Wogllr t&g’* JseI ection may be used for the secon ar e{ll ng of the

ot her diffdrente posiivea aelestianpingrketsh éorethgetargaiing 281 theotwed diferandralieles. sequenti al
targegdd{/‘e%q%v%li?%h&hé’r' Ltﬁt@% st ebe Afl QBHROGRRNT, GBRANREAAIEIBA O Lhe first

strat S ng I ng vectors wt ferent antibiotic

resi stspgoentiabiakgstisg @bbntbaydngenalﬂﬁjaIMﬂ}r bayevenB) case ofdbe fatteestrategior t ar geti ng
of a ene I ocy

with TE9BHREE P98 Tl ihele! hSY 18 8L dowéd 1 AL dAIRAY '&ngﬁgﬁi%té g vector

ance nmarker 1S ansf ect cells
r esus pprEsdioh lve&BISfoﬂ.ErebgcommnaseoptommB ogllsawhign oVl lead to t%OErnuamatl tance

using a, Bio LORQrat.or I The
ol 19 eicdonit g P e Mana B SxieRiorE ARl SuEh WAL B sHGhe

cel | S/d@ Kelbdtion V! Usep Fartiee sadond taegeting af ihd oftier hilade. subconfl uent |ayer of
3000 rad irradi ated puronycin resistant ST-2 stromal cells. 30 hours post
transfection- puromycin is added at a final concentration of 2g/m.

Pur onygd 8n eRshisik athe eﬁpﬁrmnm pa:“cedm@ forstbé aequebnial 18rgetings oftendh alIastf ection

and expanded on fresh, irr d -and | stromal

cell s er?&eﬁ?"deg‘?ﬂq”ﬁ@éﬁé E‘éqoé‘ﬁ %)nt?'ﬁﬁﬁfslll Sﬁg‘ﬁéfmé ?g%@?iet% I%ﬁél 'Y Ehal pur onyci n
r esi stigpldiffr&ls apilidticbastasceanarkersdpymgcif and hygromyainig)tie desanibedyr at i on  of

he targeting vector into one allele by standard PCR and genom ¢ sout hern

bl ot hybridization analysis. PreB cell clones with a targeted integration

of thqz&r%r?%dgn& 22Genk 850u8 'on Qe fi8Ealizld, @D agaf magmcrltatg"ean§f/e¢tmeﬂith this time
with 20g of li'nearized targeting vector containing a hygr ci nB

reSI staap!memyamI«eslstamemartkﬁrelsst%fe@@ﬁdptp,1@n§re§5cellgé%1,sp ddﬁ BS |
[0St eehied phafiof B 4By G Jo0RP cl Rhete Wkl TBR b BBt Ay £ dens Ly

Into tures coat ed confl uent
I ayer @#cm 30atroperdtor (cperticalTeg ﬁﬂl? @fﬁ/@?er'? %Iﬁﬂd HY dr o ARt 34D 12 & esi st ant

T2 o7y ! AR Ry B i A8 o) b bamAAgeg) el o 0
hygr orgaoongd er.\mmeq'pummacld reg:qamr%z ﬁtrBﬂélcﬁﬂHIS 0 "r‘@ﬁ §9%Mtanéf@Fféﬂﬂ es are
e oy AR SER PR B DR BN e g 2010 21
sepgectisated 1-10 apg post pansteggion mnaredpmegbmfreslygnmwted de puraiygidual - 62
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 20ug 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* cells/well into S6well 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 .
2pg/ml puromycin and 400ug/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/ml hygromycinB. Individual
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22 June 2006 WO 03/06.8819 PCT/ EPO /15303 puromyci n/ hygr omyci #B e
resistant preB cell clones are analyzed for the targeted integration of
the targeting vector into the second allele again by standard genom c PCR
and/ or southern blot analysis. 5 Puronycin/hygronyci nB doubl e resi stant
preB cell clones with two targeted alleles may then transiently be
transfected § constitutive cre-reconbi nase exprelséll/ﬁra] Ys‘i’fit or in order
to repeat gene argetl ng experiments on other gene | ocCi d/ | el es. This
can be pumimyen/thygmmﬁsBéi@Ubly resisi# fpeal P?i'gdqneé@r%ém')ézeﬂnf@ﬁhgwgdﬁdsuper coi | ed

cre- rec n e 0 ed above.
The 11 IGTENEI Y 0F SREFRR, MufRbdhy eyt R b A R BRI
diIutl@ERGnMdMBoMMsnmhﬂhhaW&gromnh nedlun1|nto several 96 wel |l plates onto
3000 rad irradi ated, subconfluent ST-2 stromal cells. After 7 C days of
culture a set of 48 clones is replica plated onto normal ST-2 stronmal cells

f or 5 coputomyeif/nyglotnyciaB doobllecedistamipréceliponespdthriwe ¢sgetedinlicles maygr onyci nB

singl e resista an | | ection. Prevjously

pur ony & Hﬁfﬁg}ﬂ?@w&%ﬁﬁ?&%& th alg) %{é@ e @3%?& pé%\agglef(prgf%%ge 4P becane
sensi t prer tovvepémtgbnatﬁrgétlngtexperdmm@somather gedeelbyl andcdielgeriEhis cen beconbi nase
nmedi at ed del etion of both | oxP fI 61 resi stance @rar kers. .Once the

cr e- r e8enfPh HaRsieRtYitranatecing %"chﬁ‘? 1?ar9 \Rb SPRRIFAlEd fiesTERMPERSE has been

verifi gehréssioROWEch by é?é&iop@ﬂﬁbly§§$iesérib@d eV STHeaariRRn8y bhRgbaed t 0 t he
addi ti onal gene tar(getlnggr[_)lroce ures for. ot her endo nous, gene | oci and

al 18 e§e"32@'eEtJ39’|*¢H'%e ungey, ipitipg [dilgion opondiliopp Ay T Pstructs for

human Lo as wihi pRidd &t@waeaﬁwaiMed @umdﬁﬂﬁerﬁenzastwmwm mtei pe stronal
ell; I'L7 dependent preB cells

i rrrrunogﬂ)@tﬁflqul’i%fe neRtaf 413é-’t"?rt9§|'5r QP %&3?#&5 UCt IE'@F§F§ %tﬁ’é‘?ﬁ!llcgE* ®iman 25

ant i bodynipRdd BaRkd, A8 dnteither p@r@ﬁhymh@éd’@ﬂ& dr BlygroR®cigB NGRS reBRtmit
reconbi nant retroviral vector ul at ed

xpr 65 STancele Wishille [GRESNG oISt PIEP O PHE G EYRRATAG Eh SPHEF B cel
di fifer efalskamt bRIB 8éIPEIEnes ihabbecamenginibitivd) ewvdboth chntibiotlc Haigehaas likegr et ed
B e K TN
expr es ginod thef cremgcompirase fmétidted déletippusf than tivdhesistanise mekirkeys pastbeem. The
descri Bcter%ﬁgg b():()fsouthem 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 rhurine stromal cell, IL7 dependent preB cells for the production
C J of human immunoglobuling, 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. It 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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the cloning of retroviral transfer vectors for the expression @R JmeaaR6| gH
and I gL chains described herein, should therefore only be viewed by way of
illistration and not by way of exclusion. Reconbinant retroviral vectors
can accommodate up 7-10kb of heterol ogous DNA sequences, which requires

t he design of separate constructs for IgH 35 and L chain gl ycoproteins

I ncl udi ng required cell-type and dlfferentlatlon stage -63 22 June
2006 WO ﬂ#h%@g%% PCT/ EPO / 15303 sgec ific pronoter, EE?O and contr ol

el emengrecifigsprasioter.agnhanae/g@ith gentrol e ts, &5l wele aslagldagmousr Hegeneont r ol

el emen r res eposi tion
ond S oo Sy ARESE ohfol MAHERs RO REEesTHp Eo0lsa proPEl BRSSP

var i ouseBbragiel degpsifiair an segtation Oémgw,gloashmelhleﬂaé’ nity glaturation mstber etion of

het e”" |080U%E B it RAALER difodd B5NRICH! high 14 sgégg% ol ﬁ?trgPY' g constructs

f or can rans nt o H whi ch the
conSst ramtrbedles abplgsmantcel@ dndazvmluaﬂ mtltohleal cg«mlmms forff Igthand Intbmnsadarpb@B cells. If

e dogestaraedia, huf afes RRls MR WRGE 1S BirsHE8sChanY FeBRtS i The e br o1 agous

or I lhungermometj mf??@lm@t&ﬂprmedﬂmgf okriespraB celld Trlellseemmm%egepmeﬁiof i lnfage 10
B

Coner AP BRtiie) SRS RhpNaR pirtiindailié, (& psstPATEARtEh (Bhecenuh, “or *i i

chai n&et@eblg::sseorc Imnmareianmhodrealor bivatireg prute?rrr? wwrbeﬁfbﬁ)éas?g? frgs I{nﬁgbﬁpgrrlr_)t gragzd

gﬁfﬁaﬁé s‘é‘ﬂ)(&%&ﬁ?rgntiagﬁ gﬁhpl?ﬁt&é\)ﬁ@@itgaﬂgg%eggiq%oﬂww Il be from nmur !One origin

|n order to ascertain optlmal interactions with B |ineage specific nmurine
ransc vectLﬁr f,rom whi ch é/ge retroviral

ti t t
expres@ b G%Bﬁ’??c é)frrgfr%\qrg c&ga@cﬁggtl}egeq ed@%ﬁfﬁ?'?’é?frl FPaiPs | oni ng vect or
pLI-B (Kaoanseﬂie)ret(d'wrgl cohga)cts fohthegarieusdgH and fchain p2éteine adindvientaally r et r ovi r al

1 oni 1 PRRAEERS g, e REI, YRR Gt Ror R &%ﬁ%@%‘f@ﬁ‘@%élséﬁﬁ

enrﬁanoaa(preebmrmmll be fras metine asgin fireorledtonascerain aptimbbintdrivtionawitoBs vari abl e
and cqﬂgéﬁépecﬁgg‘{ gtrggsc}pig 8%“ bodies into the enpty retroviral cloning

vect or rst st a nmurine VH pronmoter is PCR-cloned into
t he uni que d al restrlctlon site of the multiple 25 cloni ng si'te of pLIB.

Thi s i edeagndYe &Rro%rﬁlhicf\ 'tﬁ‘é‘klr@ﬂra@éxp?eé%‘rl%%né(h‘dg Qr@'g:gﬁ% ate% SNt from
nouse genom C usi ng follow ng prinmers desi ase on the

empty retroviral clonmg 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 muitiple
25 cloning site of pLIB. This is done by PCR amplification of a mouse V, 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 SEQID NO. 32 (P028) 5’-ccATCGATGGATCCtgtgtgccagtaactgtagagagaac -3’

These primers will PCR amplifiy a 394bp Vy promoter fragment which will contain
restriction enzyme recognitionl 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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publ i shed NCBI - Genbank dat abase accession nunber X71119. SEQ | [82Nepe 20P6
(P027) 5'-ccATCGATt gactggatgcttgttaattctaataag-3', and 30 SEQ ID NO 32
(P028) 5' - ccATCGATGGATCCt gt gt gccagt aact gt agagagaac -3' These prinmers wl |
PCR anplifiy a 394bp VH pronoter fragnment which will contain restriction
enzyme recognition sites for Cal (ATCGAT) at their 5° and 3' ends, because
they are i ted at the 5 ends of prinmers P027 an P028. In addition
to G al S|\?§§£@8JI§ in both priners, the reverse pri met "g%ffg 158Bnt ai ns an
addi-t i (GGATE rdrderiped)rintoaducing ahotber urique2@stiiotion ste 0o tMOPCB/ 16ARt 9

PCT/ ERP e restriction
site |%é ﬁi%a% c?@?ﬁ!aré@z&zfuw%a?w& gﬁg H] (élgF &l???'éd folr |

f ur t hesnzgmendigestish egisthe AGre ifra@inent, rtbstanilpht” edV, mompter mlgeﬁ%tgh?m of t IheBP%_IRI
fragnent, the anplified VH pro e mant I ncl udi ng_the nove a
si tg jaciydi %tt%ngmloé@"é\ll S qpf’?egé) t‘icgdf‘tg%l f'%ﬁd PHIB ¥gGtesn aiedduct s

cory aipibdttd keenteiiny HEOVGRT ploMotdieind gl Heglrear bﬁmaﬁoh%pﬁ ﬂféoﬁi e L O the

transcriptional orientation of the 5 LTR pronoter) are identified by

di agndsnseriptiesal arigpiation: ofethq)ﬁ#@Ronrg@gten(m identifiedex diagnosticesictiod are
desi gng %Frﬂe B@@ﬁﬂon(s':dng Dl@ﬁ?@queﬂ-&?g éﬁfﬁ@?ﬁ%bﬁﬂs& ?@%ESF%%”Q of the murine

i ntron heavy “chal n enhancer trix attachnent
regi ons (I\/ARs) into retrovi raI vector pAB-1. The EH enhancer elenent with

its flg el
of 1 mAROGT T o LSl o e Bt LARH rery Bingrlnfe il 1 e~ "
entiandianking emaatnx aﬂschmeritonegeds ummp)lmtbyneltrgviml 98ctop d?ﬂi’] fTRgMBMAE from mouse

nom ¢ DNAu n th J‘ol W n i\ners desi gned accoy di ng ubl i shed
fca " et it ek iR RO TR iR B 7ea ol 1 chideh!
‘-cg%amwmgg@mmtmfe@@amcstmréa@@@snsccrha clomfg of QheSIERHI D NO. 34
(PO30) 9 t] g¥ atpﬁ cattcatttaaaaaaaaaat atttc-
Restr %P?'@ﬁ? Sleraent (i me ndlY @My f"QP@)’?@ bih & Ko fregmgipt m@o%ﬁﬁpended to

t he 5geﬁ6}dlc Bﬂlﬁhuﬂﬁg s fcﬂlbﬁlnb Srithérs NdeRfinkd d¢BiBing apeplidtid Ncelhe PCR
produc t hen be igested with BanrH and Noti restriction enzynes and

i st3di saquenes PH¥EG into

SEQ ID NO. 33 (P029)
5-chGATCCAAGCTTagagaggtctggtggagcctgcaaaagtcc -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

~

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 Hindll! 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 éontaining 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 3'a
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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BamH / Not| linearized. retroviral vector pABl, resulting in ved2dungMEe2,
The sense priner P029 contains the sequence for an additional Hndlll site
(underlined), which will give rise to a unique restriction enzyne
recognition site in pAB-2, required for later <cloning steps. 30 Next, a
DNA fragment containing the nurine 3" a enhancer is added to the construct
pAB-2. Th ' ancer is known to be required for optimal and high

| evel -exp%@gﬁgﬁw and secretion of antibodies at thep‘é#/wg}sé%ti ation stage
of pl agp@Recithis a 016k gEnaminDEAdRYmMEest, kordemattiesst 60%aof thef 3¢i enhivseel
hypersensitivity sites (HS1 , ,wand 35 HS4) that conprises various
bi ndi n@ptiity wah ¢l Pa?t@b‘g'%epﬁ ﬂgﬁaﬁicgﬂlﬁr aé%i’&lhﬂx domp a?]téscmnﬁbi%n factors.

I n repgigiéicegene assays, it was shown that HS1 and 2, which are -65 22
June 2006 WD 03/.068819 PCT/EPO /15303 |ocated within a 0.6kb genom c DNA
fragment, confer at |east 80%of the 3'a enhancer activity with little
congr ')Sa%gpfa %f\lglé'rﬁ%r dtpchehfiatsar £ Iurd oRaimk a0kt oV cortifluence. 5

Al'l” four 3'a enhancer conponents, HSI, 2, 3 and 4, constitute a so-called

| ocus regian (ldIR), whigh imalle GRiegulats bR tiagsciiptienal activiy of agiven pene logusscri pti onal
activi, f i C |dadepepulen ﬂg&lg S gequences’ . A
basi c '?‘é’tpg%ﬁqﬁl'gﬁ\f?%ﬁgﬁgg‘?'gﬁ %/%8 'lcl)({ég'f gr I mt[r%})r?(\)/gélo%)l I n'oﬁg\évy c@gi ns shoul d
t her efimmaunaglobidiadieavychainssholid thdefore atdegsbpentain thendS1,3 regiensedtliser whi ch can

be PCR,,anplified from nou g ' ' 10 _designed accordi ng
to t ﬁ&%@Bh”&ﬁwhﬁ&ﬁﬂgﬁﬁkg@@%@ﬁm@ ‘%’%289(& oblg§5 ﬁp( Pgegé’ﬁﬁgfson sequences
f ofp adglsighedabcdoriiig i tot it putitiytiel NGBIGenbauk r sshjuboce téntrycIX9660Wwy of t he
G0 | o YeabBIGES 1§/ SUMRHatb SRR eRa Ol Hed Fido'ed PBERRESF ! o1t ere)
5' - gc ah&EPCRARMERETYgIBY Olohing gtEps breatgdightad irempeatsge Bitersknd  SEQ 1D NO. 36
(P032) 5'-cgat GTCGACCTCGAG t ggagt cacaggcctgtctccatgtgg-3' In addition to 5
termnal Sall sites (GICGAC) in each of the priners, the sense priner 20
PO31 cesrid N©.am(Ratd)ti onal Mul site (underlined) and the reverse priner
PORS8 S ertecTtsrgacadtiddognatcaduiktsidtcanderddagged, af® i mrers P0O31 and P032

will aspd il NOa36 @eR2p PCR fragnment that can be digested with Sall
r est r i FicdgenCTIGAZAECEARL toiggat exkagntotgtctecatgtgg-3'

In addition to 5° terminal Sall sites (GTCGAC) in each of the primers, the sense primer

20 PO031 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,
C;.a"") and is 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'c. 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) 5'-gcaCTCGAGgggtagatgcagectgtgttecgtttactg -3', and
SEQ ID NO. 38 (P034) 5-gctCTCGAGCATGCctgageccaccaggaagtectetgtg -3’

35
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Sail linearized vector pAB-2. A clone with the insert in the de3i/peaR008
orientation (see Fig. 12b) is determ ned by diagnostic restriction enzyne
di gestion and DNA sequencing, C and is designated pAB-3 (Fig. 12b).
Optionally, the further 3'a enhancer conponents HS3 and 4 can be included
in the retroviral vector constructs for IgH expression. For this a 466 bp

f ragnent the 3'a enhancer HS4 regi on can lified from
SRR SR

nouse geno as a 30 tenplate using the foll ow I'S desi gned
accor dreggri¢tonpankymes biteb amnd@mmmeks' tsreipi edfi @ecle ptimgr &Mﬁx@&ght@&@m | D NO. 37

P033 a tcecgttt d I D NO. 38
§P0343”F§‘er‘%r§?g‘%%gxx %?@8&6@%‘3@8& S%t(@%sg;g‘\‘s pregafiig h o5 June 2006
WD 03/&ﬁﬁé’rf &&heeavel:‘sla@rmmm Bemlbi_hsﬁ'? |agmnmzspm resthetsonem%damelco tgg ?
termni of, e r.i.mer ar | ed.i er case ters n addition
to Xho'-l'”dreg‘ﬂsal £y W”%laf‘e§°ed{t %&i@a“‘w‘?g&ﬂ?" SR B8AYired, Pf BISCIORIRG rever se
prigrerpuroeke sCPORadmwr@lﬂoﬁMhtprmalpaﬁpbss BREPO3£ bh @@n&h’b@n&@@ﬁ@
under | | ne# cont S §r} gl onal * uni %ue restriction site required for
| ater Wil g %ﬂﬁ’o <ER fragpens st can %19 gHedivth the irpatrictionienzys3 and P034
on genoisl @naWhich iPNen lightel inte ot |melan.@ed4!é6tobaAB£5?pI élaﬁwﬁm thell#d4 can be

digested with the restrjction enzyne Xhol d which is then [1gated into

Xhol |inseshrin bR desked origastian ia g¢tgimuned oK @ﬁ@qqggf restigian: engymehe desir ed

or i entgd<hion ahd Ebﬂh%émé?\%ﬁwgbéfndjisaﬁgi@ﬁété@aé fsctdrichstalet NBYLSP ggesti on and
DNA sequencing, and is desi gnat ed as vector construc Z?(Flg 12b). 10

ThY) | abte @sh3entiaeeer frag 1S3, 48, bec BAR ranpified almﬂglmo@@ GRSOMIE mouse

[(gnom s%w |tﬁéE>llB‘0van£r}:h’Per§9é§n %%%% In 5 ugﬁsﬁbam accor di ng

publi ban ce entr ognltlon sequences for
t he r €Senbiapkissguenss \amtry X607 aresognitiinnsaqueaes gt &u: restrighiyecozys® | etters):

15 SE a;-}pm irusperdR8 sﬁ;:(}aaccacat gcgat ct aagggat att gggg - 3'
and S%gr{?ﬁ% éﬁg@g% %gp_e tta% GCgat cat t gagct ccggct ct aacaact ggg - 3'
The PCR anplified HS3 3'"a enhancer region is digested with Sphl restriction

f order to
genep%,% (3% 53@ i 0? 't@&QGC%H@Cag&%tbégﬁc\f‘%ﬁﬁgéatpﬁ%gggbn3
SEQ ID NO. 40 (P036) 5'- ttaaGCATGCgatcattgagctccggectctaacaactggg -3

The PCR amplified HS3 3'a enhancer region is digested with Sphi 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 all human IgG, IgA and IgE

antibodies are virtually identical for the individual subtypes. Therefore, the same IgG

30 membrane exons can be employed for membrane anchoring 19G1, 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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vectors pAB-3, 4, or 5 can be used for inserting the coding redgldue 408f

het er ol ogous i nmunogl obul i n heavy chains (Fig. 12b). Each of the human

i mmunogl obul i n i sotypes can be expressed as a nenbrane bound 25 surface

i mmunogl obul in or as a secreted antibody, which is regulated by alternative
splicing events ei ther maintaining or deleting the nmenbrane spanni ng exons
fromthe &ﬁ@nscrlpt Al t hough each |nnunoglobulhﬂ€#§gﬁxge has its own

paman MGaEelg il 0 £ T BRI SRR P o 0™ O

i ndi vi digatestrbéd forsthe Dasic eéteoviral n‘:d?retrwrmﬂ-’geoﬁemmgfthé A BrofoRdls tHean be
enpl oyed for nenbrane anchor g&@ and 1g&4 antibodies, a

|
di f f er ERkl esbangsr aasmesmarr@al@swﬁeﬁf@nc%tl& Qbﬁlﬁm&ﬂfé (FigAt2c).and each different
exons are required for each IgE and 1gM anti bodi es. Therefore, the next
step in the cloning procedure towards the generation of 35 reconbi nant
ret 50vThe1IpHI chadx prersizane spamm;tgr egios is entodedi lm,s&vd exuhs OfMY hdvign2,ous

nenbra anni n i ons f G | gM and |1 gE anti bodi es into
any o oaieh 85 W Aovpatem whiissr ghsa b eediebexes0ah-G e Theubs paB. 3. 4,
or v rocedures are
descrl edﬁ?ﬂ%ﬁe‘?{o?%ﬁdg @8%’? g rnalJS é@ﬁ%@#g%t’&%i@ %%cc ai erqlvl’ﬁ R Ae
VHpr ongeremic fragmeBHofetithpdieat can dbet dmeplifiech froml mBuseEgemohenDRIA HyHSER2) el ement s
(Fig. l2c). o n ed‘g@ two exons,
ML and W% th?of-(l:;g eﬁb &E’g&i gé]te?%g?né}*%ﬁiﬁgd%ﬁ% ﬁg'ibé?ﬂg ﬁon exons
CH16 C, MUeﬂ'tﬂaNMl,Oﬂaﬁﬂ M2 exons including the endogenous pol yadenyl ati on
site are contained within a genomc fragment of 773bp that can be
rrpllfled from mouse genom ¢ DNA by PCR wusing the follow ng priners
desi gn8EQURANG 4In(PPAT 5'steedCEICBIcoBtpbaindaggont tepgghfcseniercsd NT- 01 0168:
SEQ I DarO. 41 (P0O37) 5'-cat ACGCGIcgct gcat caggcttt caggggcccagece -3  and

SEQ | CSEQ.IDAND.(220P938)55 -cxa b ACIETCt c capraggeagtaght jeaiaggat gdaat g- 3' 15
ThésM ul restriction sites appended to the 5 end of each priner are

2: ggls![ i { ﬁfﬁ{l' @ﬁrﬂ'{?&fég Cc{eﬁ&éda to theT Celd g\uajeéchn&'l e(;%rgrh?g ‘ﬁSﬁteS airrll be
uppercase letters. The resultmg PCR product can be digested with Mlul restriction
enzyme and the resulting 773bp fragment is ligated into Mlul 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 1gG antibodies can e.g. be accomplished by the membrane

C ) spanning exons of the IgG; 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 y1M1 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
y1M1 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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enzyne and the resulting 773bp fragnent is ligated into Mul | i2AdenE 2588
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 C

spanni ng the 1gG gene. The 1gG nenbrane spp(plzi'l;a gion is
encoded b;e/%8g:§06 v]v% exons | ocated 1.25kb downstream of the %ﬁﬁ exons

spanni rigguencegjicam bafused ¢o generate agh@der PeRdragmeshby BOE-PER cantaiingeen y1 ML
and y1 ngl e o I [ PCR approach i s,used, by which
t he tm&%&&hﬁs%ﬁg 2 Ssy\égfzt g)pogg)s#?rgl e&gﬁ'@%gf%%ad@\qt Pe%@@n(gr]ﬁ 9aNEhe fusion

of two TReiefpe othuc PSRsaare herfachedeinedarallél drheumen ejesemicPDNABIsI tHehe upstream
PCR pr ct and the sense prinmer of .the dpwnstr 0 product exhibit
roughl JoI8BIngo PERT STApR R ofy ter R AT bl repence

conpl enenpzi7t K PER fagnppengEibakepdits bhtainmb aRd i floferiRald 8pannignds of the
reverse prinmer and forward. prinmers used for the anplification of the

upst r eg#emh 1M is arerlifed fremmhuperopratigdINA usiegpiéoersvel y. However, in case
of the fusion of the two yl ML and yl M2 exons, by coincidence, two
conpletely identical sequences of 28bp are 35 present 78bp downstream of yl
ML and SESBIONQP43 (RESA) BicaydCosTaxepagddmseace& a3 gdeanadeos -3W0 03/ 068819
PCT/ EP@hd 15303 sequences can be used to generate a shorter PCR fragnment by
SCB-0PCRECDI MO A {P040ph fyatchgcytkaiigaceb gt hgbBaee@ns’, f or t he nmenbr ane

spanni ng region of yH chains. Therefore, two PCRs are perfornmed in

paral | el.,, on_hu ' ' f.ol | ow rimers desjgned based
6n « he A BTmEh ERSRERAE, foithlol S ardl snihriBt Tio Rindi B SsoRt “or 315
basepaig3s-84a2 cfiNCBigsenbenly Sequenderentry A4pa2t87ng exon 1 (y1ML) is anplified
from human genom ¢ DNA using priners: SEQ ID NO 43 (P039)

5' - cat ACGCGTacagagggaat cacccccagaggcccaagccc -3 and 10 SEQ ID NO 44

(PQ40) AS5550ms8pa8ig PCRYigIMERY gordgiaing dieegmenBranevépahnipg ier@f 2 BARR) kiapdi ng to
posi tiG§n 97&70- 3741 and %)ri rreE P040 binding to position 9435-9462 of
NCBI - GRR BARINEIIIRIR ALEan AenQMIAPNAERS PHBEIR 555 hasepair PCR fragment
cont ai ni ng the nmenbrane spanni ng exon 2 (yl1l M2) can

SEQ ID NO. 45 (P041) 5'-gctgtccccacctgteectgacgetgte -3, and
SEQ ID NO. 46 (P042)
20 5-catACGCGTttatttggaaggggggcgtgtcaggtgtgtcagggte -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
C 1 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 immunoglobulin expression vector. The 832bp y1M1y1M2-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. 12c).
35
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be anplified fromhuman genomic DNA using primers: SEQ | D NO. 4%22(Pum2006
-gctgtccccacctgtccctgacgetgtc -3', and SEQ ID NO 46 (P042) 20

5' - cat ACGCGTt t attt ggaaggggggcgt gt caggt gt gt cagggtc-3" with prinmer P041

bi nding to position 8137-8164, and priner P042 binding to position

7624- 7654 of NCBI - Genbank sequence entry AL122127. The two PCR products can

then be f 822 bp PCR fusion product by m xin the yl M
exon PCR g‘%gﬁ%’%@? with 1/100 of the yl M2 exon PCR p?cﬁéﬂoglqan{j repeating a

PCR W tQiosirnsf thedx! nerrirase Bpamiicg codidg regidn Pesh2 be | Acriddit hppdpe Kul
restriction enzynme recognition sites present in both prinmers P039 and P042

(hi gh! iagiieeng; #0n dieiag aeeomist PNAS fraginend ioatedning bgusinglel ekar farfvdMel oni ng of
the SORA4 g{/) fts e‘EBo nggé’%BgApéxfe”ETr ePfBﬁr%v rgtg‘ﬂh g rh yusgﬁqglt g‘@%’égg

conpl enen ce 0 n artl Icra eny at’l

(under Iamwﬁk)atlanl eelgrgdcamoeimg ta dves published NCBi@entiankt segnende thiey

|nngno in transcript in the final retroviral imunoglobulin
expression vVector. The 832bp ylMLylM2-pol yA signal PCR fragnent is then
digested with Mul restriction enzyme and is ligated into vector pAB-3. A

| ' i the i fied by, i ct |

enzyme e N8 RIPORY, & &35%@.5% bdegadtt gﬁgeﬁéé%qv%%éa'giw 2 (Rig. 120).

35 - 692 PCT/ EP 1/15 03 he al menb
i e R Tt e R AT e Yo e e A WA e

mc DNA a fragment containing the si ngle exon for al M including its
endogeBoths pmbmmamd Whe dlmildg)\sitesgamand”ed d0 dhe Sused 6f0éadhhbmné%CR

ém | 'f Igg%gtfg g@%%%%l ?ﬁrdh?v%bﬂ@? F%Qproso}l}ct otj\}%%lbasegablrasnthatsequence

ntry
-at cé@GﬁG‘l&igesﬂaygwm Mad atgigivacanzagadhat-is theraight&ERtd MINGine4fzegP044)

Vi ut cPORT Y S Ean i e HSRAEOE it veutd, BR reotlion et gt oa |

uppér camppingtahe DNA seqdemiirid is degignsted clofd@PABBAduct of 768 basepairs that

For the expression of membrane bound IgE antibodies the membrane spanning region
for g4H 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'-catACGCGtcgggacctgggtgcccaccetcagggetgg-3’
and
SEQ ID NO. 50 (P046)

( 1 §-aatACGCGTttatttgtgcectgggetgggtgecgggecctecttgg-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 Miul 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 Mlul 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, 1gA, IgM and IgE
isotypes, the exons for the various human constant regions have to be inserted into
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can be digested with Mul restriction enzyne that is then |igat2ddunedd§em ul
| inearized pAB-3. A clone with correct orientation of the insert verified
by restriction enzyne 15 mappi ng and DNA sequencing is designated cl one
pAB- 3. 3. For the expression of nmenbrane bound I gE anti bodi es the nenbrane
spanning region for s,H chains, which is encoded by two exons, elML and

sl is P For this a 858 bp PCR product is |f|edfromhurran
genom ¢ D&ogl'js/?dr%glgt he followng 20 priners designed 5?@%"&4 ?‘?&3 to published

NCBI - C r 3 S
-ca?%@f%gfgéﬁag@{ét ‘gpg‘]%tg éct)éc%(gcgﬁig'sg%ﬂ'& Pa entggeém(:gc%@s rB R@St% (PO46) C
aatré@@ﬁ:@%rlsaaretogmgdm glggmtqylggioydegg@twmwne rroghitidosite ¢freianier s cont ai n
Mul ni dtothe 5' end of each primer (highlighted in
uppercoég'é %@?ei@) ?02’ lIr']‘.‘(till ng'in a 858 bp PCR product that can be digested
with Mul restriction enzyne. In addltlon the reverse prinmer P046 is
desi gned 30 contain the conple sequenc f oan artificial polyA
si gsnaIC'?WHQlé’% f‘?t?%@l EXRRSR n%?oﬁé\al g} ['}hﬁ alpRRgYRESa N de¥ i ption in
the f :\ﬁ i lel§'o%B|cf“eGW§thd~‘QQd Tr?éneudwmﬁ pAhBR A iRl BA@ERER | S | i gat ed
into I ari zed . A clone with” correct orientation of the insert
veri f |ampnﬁ9atro@sqfrthecfpub¢1ﬁ@rmtyge heaypehed subtyperssing dyman genemicdNFesi gnat ed
cl one AéBFéRé}emg%feFol | owi ng cl oning of the various nmenbrane spanni ng exons
for and I gE isotypes, the exons for the various human
constant regions have to be inserted into -70 22 June 2006 WO 03/ 068819

PCQJ it 31 e R eGP PARedKCe atnbd afonck AR e uni que

irestriction enzyrre recognltlon site of each of the pAB-3.1to0 4

.ConStr g‘l?lg -g eéd’G%\ébE@c a chnc yged C)rsa cq{
i €38 95395 din Fi
e R e R oo 1
four different IgG heavy chai n subtypes using hunman genomc DNA as a PCR

t ergol &oey2 (primers designed according to published NCBI-Genbank sequence J00230):

SEQ ID NO. 53 (P049) 5’ -tataGCGGCCGCagggagtgggctaaggtgaggcaggtgg-3’

and
SEQ ID NO. 54 (P050) 5’ -attaGCGGCCGCctcagactecggectgacccacggaaagaac-

20 3¢
For y3 (primers designed according to published NCBI-Genbank sequence AL122127):

SEQ ID NO. 55 (P051) 5'-gcatGCGGCCGCecagetetgteccacacegcagtcacatgg-3/

25 and _
SEQ ID NO. 56 (P052) 5/ -gctaGCGGCCGCtcgcaggggecccagggcagegetgggtgett-

) 37

For y4 (primers designed according to published NCBI-Genbank sequence K01316):

30
SEQ ID NO. 57 (P053) 5’ -attaGCGGCCGCggatagacaagaaccgaggggcctetg-3/

and
SEQ ID NO. 58 (P054) 5'-taatGCGGCCGCccagggcagtggtgggtgctttatttee~-3/

35 In each case, the PCR products of 1788bp for y,H, of 1959bp for v H, of 2374bp for
ysH, 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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10 For yl (prinmers designed according to published NCBI-Genbank2dutiriee
AL122127): C SEQ ID NO. 51 (P047)

- gcat GCGGCCCCcct gggceccagcet ct gt cccacacc-3', and SEQ ID NO 52 (P048)

- gcat GCGGCCECt gggt getttatttccat gct gggtg-3' 15 For y2 (prinmers designed
according to published NCBI-CGenbank sequence J00230): SEQ ID NO. 53 (P049)

5" -tata ggagt gggct aaggt gaggcaggt gg-3'  and SEQ 1 D NO 54 (P050)
5' -attam cagact cggcct gacccacggaaagaac- 20 3' PEYEPYASHHriners

desi gn nbank sequence AL122127): SEQ ID
NO. 55%%%2'1‘?@5ag’é\%m%agg%q’gq%ccacaccgcagtcacat gg-3' 25 and SEQ
I D NO. 56 (P052) 5" -gct aGCGECCET cgecaggggceccagggcageget gggtgett- 31 For y4
(prinmeg esi gned cordl n t o. publ i shed ,NCBI - Genpank sequence K01316): 30
S 1 Dr RO esotRGeafe SonEh Bab e el R At G bt o dat A Ghang. 3 and
SEQ | DidgfticdhheftRacets eawpmyaat(s@azamcmmmmtsggﬁwea tratd peg 3' 35 In
each case ?Eg ﬁ@%d E or ylH, of 1959bp for 72 H, of

237 bpamPfcaM’ hHTgen B?SVREGH‘SW HuRZA QSQOWICgQMéaa\AﬁmnIaNot|
restriction enzyrre upon which the digested fragnent is |ligated into Notl

| i nearized pA (Fi 2d containing the inserts in

correc °br|r'"g Fp&'l"? gﬁ'-ﬁggflﬁ]d h?zﬁ‘i?rgﬁﬂytl ‘éﬁ'ﬁﬁ% H&BlEeabanknesgavsncer est ri cti on
enzy e ABBpgI4ANY and DNA sequenci ng are desi gnated pAB-3.2-Gl, pAB- 71 22

June 2006 WO 03/068819 PCT/ EPO /15303 3.2-&, pAB-3.2-G3, and pAB-3.2-4,
respectively. For the cloning of the constant region exons encodi ng pH, al

H, 162HSE@ND N 501RDSS) 5'- dtdeBtEcalccart g%egeayéa%%@c&fd { t%26)- The

following prinmers are used for the PCR lificatioh © e different
gH i s889pes usi ng human genomic DNA as a terrpl ate: For pH (priners

desi gnegQADN.B0TR08E) HUDIdataedcdieRla fenhiank 880K R gt et ggg-3-

For asH and a2H (primers designed according to published NCBI-Genbank sequences
15 J00220, and J00221):

SEQ ID NO. 61 (P057) 5’-at taGCGGCCGCtgtcaccaggectetetgtgetgggttee—3'
and
- SEQID NO. 62 (P058) 5-tat tGCGGCCGCcggatggaagegtggggetgettgggg =3
20 .
For eH (primers designed according to published NCBI-Genbank sequence L00022):

C , SEQID NO. 63 (P059) 5’-taatGCGGCCGCcacggggtccccagctcccccatccagg—-S’
N and
25 SEQID NO. 64 (P060) 5’-atatGCGGCCGCteccaagaatgggtgtactygggete =3

In each case, the PCR products of 2229bp for pH, of 1667bp for ayH and aH, and of

1908bp for eH can be digested with Not! restriction enzyme and can be ligated into Notl
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 d%crlptlon of the methods for cloning of the



AB019441): 10 SEQ I D NO. 59 (P055) 22 June 2006

5' - att aGCGECCGECcaccccagt aggccagagcat cgtgcac-3' C and SEQ ID NO. 60 (P056)
5' -taat GCGECCGCcacccct gat agccat gacagtctggg-3' For a,H and a2H (prinmers
desi gned according to published NCBI-CGenbank sequences 15 J00220, and
J00221) SEQ I D NO. 61 (P057)

atta Lcaccaggcctctctgtgetgggttce-3'  and 62 (P058)
5' -tatt%gbat ggaagcgt ggggctgcttgggg -3' 20 Fo?ggﬁ)o /ﬂ)’iJ?3ners desi gned
accor didigbviral %bbhéﬂﬂ%iamgﬁbn G@e@m%&aw@mak%@ S fo?‘E&pH% ﬂg 63 (P059)

5' -t aat acggggt ccccagct cccccat ccag t% 64 (P060)
- at atbidugpICdiverse & ichies ui/t ke Rreseyuieytor bothahe mm@at@rfef&/yé lgHraed PCR
produc;gﬁ_dp,fam@g%lggloﬁ%ns@ddsof 1667bp for alH and a2H, and of 1908bp for sH
can be digested with Notl restriction enzynme and can be ligated into Notl
linearized pAB-3.1, pAB-3.3, and pAB-3.4, respectively (Fig. 12e).
tr 7 |on and w thout any
Congt YA erdRyEB) AR GRS 1A DaR FRLGER LERLF LG, 20 1t hout o
are deSinglady éd the\Boastiuchy dpﬁ@?e:ﬁ Br Igi chpABemrébsM r@tfbﬂurﬂﬁ&rﬁtréct&
respect | vel The r.et rovi r H chai n _expressi on constructs
cont r of ﬁyfo Qi%ﬁ'&‘?’ef‘gﬁ%h%?% SPES ﬁr%‘?fﬁsép"aﬂfdg’élnﬁaﬂﬁ%lfe%l"érfﬁﬁt s still
requir reE&fée'édeélfhéd){aLQﬁalﬁldfﬁﬁl blific PR £RHAG ridhts, WHeEh Wi Il be
presen?ed after the descri ptIOI’lgO ﬁe nmet hods forr]ce(rgleegém ngS of % 72 22
June 2ipolgde W@@f@ﬂg@l@hmg*ﬁmﬁmlﬂt?s%enlanlcelv(xral amgthecnkﬁilemhenqeresm on

ool s ey e, B SBlueBld KeMolT el SERERG ot e ESreliisid & | git and
(SL ¢ hiallows(Fiy. d8si)n constructs. 5 (b) Generation of retroviral constructs

for the regul ated expression of IgxL chains Simlarly to the constructs
desi gned for IgH chain expression, retroviral constructs designed for the

di f f ermRmnidusé Marprerhatgeis AORCamhplified 49 8 298bPRCRIfrageisht SdAimbass equi re t he
genomic DNA using the following primers (designed according to the published NCBI-
15  Genbank sequence entry X52768):

SEQID NO. 65 (P061) 5'-ccATCGATcctggtctacagtgtgaggtactggac -3, and
SEQ ID NO. 66 (P062)
5’-ccATCGATGGATCCtctgagagctggaagagaggatgetttattagg-3'
20 :
Restriction sites appended to the 5 end each primer are highlighfed by uppercase
. letters. In addition to Clal sites present at the 5 ends of both primers, the reverse
(’ primer P062 contains an additional BamH! 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 KL chain constant domain are located in close
proximity in both the human and the mouse L 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
73



presence of defined icL chain | ocus specific pronmoter and enharféetne 2006

el ements. These include a VK pronoter, the x light chain intron enhancer
(xi E), and the x3' enhancer 10 (0'E) el enents. The sequential cloning of

t hese el ements can be acconplished as C follows (Fig. 13 a,b). A nouse Vic
pronoter is PCR anplified as a 290bp PCR fragnent from nouse genomni c DNA
using the I i.hg prinmers (designed according to the published NCBI- 15
Genbank se‘gﬁé’%{%\g’gntry X52768): SEQ ID NO. 65 (P061) FCT/EP01/15303

5' - cCATCGATcct gat cf acagt gt -3 ._.and . D NO 6 P062

5' - cc AHEEAT %%d"i’?bg@‘é@&ﬁ@%g‘?@ﬁ%gg@‘g?“ggﬂaf‘a?’t(562?5?5'1‘0%'\'9?«&9?%(' cti o)n sites
appendpat Both chestiictsecsh Ragsedinterhangeatlyh Chingalitiesl cdnstrustnsungasieg | etters.
In addition to Clal sites present at e 5' ends of both priners, the

at th :
rever sbe hpmiapedE paB Deasniexehy ampifyinna BREIfragment freragenpes beman t e ( GGATCC,
Asie 3 ( \ arm e A
ooV o POHGE SRR MONEER T L RAAIAS 5 bRl
r ess r iMAR ousieg zherefolibwjeg t frivers f(dedigneBCRasada gnepithlisheade NGBS enbasid V,

pronmoter is |iga j Clal linearized pLIB vector. Ligation products
cont ai%ﬂ%’ﬂ‘%ﬁé‘%ﬁﬁﬂ%@?er in the desired orientation (opposite to the

transcriptional orientation of the 5 LTR pronoter) are identified by

di agn i i.GtiQn enzyme mapping and DNA sequencing giving rise to
const%&b@yéﬁé&? 13a). 30 The idE and the coding region for the KL
chai n s-epstRItCTdATBCEHT icaghoapiagdct quttitas aggyadtioi By andt both the human and

t he chai ne | ocus and the enhancer appear to function across
) ]é)c%&#bpeggt(@)&?he optional cloning procedures for two different
(gtrb\a’-@atsm"oessh@gamtmtatemabdémchc@hai ns is described, one
utilizing the 73 22 June 2006 WO 03/068819 PCT/EPO /15303 human, and the
other utilizing the nurine x intron enhancer (idE). It should be noted,

t hat baidhioaainsstrictnssiteaappendad éxithier end baeaphaivimer afd agdimbigbfightdte const r uct
contai.ning the hu xi,E.can b hi eved, by I fyi PCR.fragment from
genoni'® “H‘?ﬁ?ﬁ?‘?e Ig{iﬁgﬁlﬁﬂwam Q{&neﬁ?@%ﬁ@ rﬁ‘ﬂh‘&np @E %(H%er{]ﬂjg%h??%“sa( exon
i N udhengequehce fopaatadditional Miul restriction site used in later cloning steps. The PCR

primers amplify a 2359 bp fragment that can be digested with BamHI and Notl, and

which can then be directionally ‘cloned into BamHI-Notl linerized pAB-6 generating

retroviral construct pAB-7 (Fig. 13a).

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 ampliﬁcatio'n of the murine xiE and the human
( ! Ck region is performed in parallel, with the «iE reverse primer and the Ck region
forward primer exhibiting a 36bp region of complementarity. In the second PCR, which
25 is used to fuse these two PCR products, 1/100 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 amplification of the murine xiE (designed

30 based on the published NCBI-Genbank sequence entry V00777) using mouse genomic
DNA as a template: ' '
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5 MAR using the follow ng primers (designed based on published 2RéBe88Bbank
sequence entry AF017732): SEQ ID NO 67 (P063)

5' - cgGGATCCTGACCGCGTaccagggagaagact gatttattagagatttc -T, and 10 SEQ I D NO
68 (P064) C 5' -gat GCGGCCGCaaagattcactttatttattcattctcc-3" Additional
restriction sites appended to the 5° end of each priner are again

hi ghl i ght e OOE/QGSMQpercase letters (BamH in prinmer P0O63 and Notl in P064).
Pri mer P063 contains 15 the sequence for an additi on3FTRF0S3PEstriction

site " nj . %%:ﬁ Al i 2359 b
fragneﬁ?atlgawd'?ggpgg)gi_!éi%pgg%gﬁﬁ%%ﬁéga a?%&ltglgél?ca?r%acg ?a(a:ar?cggh tﬁen be
direct¥onally cloned into BanH -Not/ |inerized pAB-6 generating retroviral
constr = 7 j 3a),...20, For the canstruc tilizing the nurine xi E a
PCR pr épA@J%ﬁ#ﬁb%ta’gtt tadlografeltt % L{Cézcﬁ@f? GEEET cont ai ng

the h n Cx region by the SOE-PCR approach described previously. For
thiss, first PCR anplification of the murine xi E and the human C 1 Cx regi on

i s perfr rgigwing prics |cah. benub&d Fhrethsi dmplBEatione o iHeTRiman & RégiGK T egi on
forward primer exhibiting a 36b($ regi on of conpl enentari ti. I"n t he second
PCR, \idesignedobased qistbg Rublished NeBleSenhapk spavenserntiwtAF01773)usifg each PCR

react i i drSgdfbmRIDNAGs ai@hpibdeed Wi th the xi E forward (P065) and the Cx
regi on reverse primer (P064) resulting in the fusion of the two PCR

products at the region of 36bp term nal conplenmentarity. The follow ng
prigTerse§ v Nee 7y g7 or the anplification of the murine 1dE (designed 30

based 1 the-fhkh U@g&aﬁaaa@&&%ggsmt%@%é{ XY00777) using nouse
enomgE 158 APaeaNPT ate: June 2006 WO 037068819 PCT/EPQ /15303

%EQ | B Nk cO%LRIER g + -6 SERATEAAGGTTgRaagel gt t t aact cagct act at aat ccc- 3
Q I D KO

70 (PO66)” 5" -gttttgttggagctcccctttg_aagatattctcaggcttccttc- 3' 5

The following priners can be used for the anplification of the human CK
r eldi onfhe regions of terminal complementarity in primers P066 und P067 are underlined,

which mediate the fusion of the two PCR products in a second PCR carried out with

primers P065 and P064 and a mixture of the two first PCR products as a template. The

resulting murine xiE-human Cx fusion PCR product of 1524bp can be digested with

BamHI and Notl and is then directionally cloned into BamHI-Notl linearized vector pAB-
20 6 generating vector pAB-8 (Fig. 13a).

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 amplification 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'-acgcGTCGACtagaacgtgtctgggecccatgaaacate -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 xL chain expression constructs. The
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(desi gned based on the published NCBI Genbank sequence entry AR8PYTE32906
using human genomc DNA as a tenplate: 10 SEQ ID NO 71 (P067)

5' -aat at ctt caaaggggagct ccaacaaaacaatttagaactttattaag-3' SEQ | D NO 68
(P064) 5' -gat GCGECCCCaaagattcactttatttattcattctcc-3" 15 The regions of
term nal conplenentarity in prinmers P066 and PO67 are underlined, which
nmediate th fo%é g)lg of the two PCR products in a second PCR carried out with
primers PO 008 5064 and a mixture of the two first BERERMNAROTt s as a
tenpl a i g)gr;flé [ ' | %Wpé% : | of 1524bp
can beingliua%-{it6 ]:a%lﬁ w_thgs’oggﬁgil%g tt'gggr %ﬁﬁand i!ssgtﬁrclé#% ?&é@%ﬁ\%ﬁ%sﬁoned into
BarH - lgbt 8nd Igheehiainy eafrovieal tconstpists needl ® bee stablt ¢avgansducest inpoABuBiné Fi g. 13a) .
Next t | Bl : regiQns in both
DAD. 7 DBl Bl &l B pleR Ol e i et vel .
The pringeese theeefficierny af Hetre@R eqtfAnsduction,i retioviral Igl-hehakBtdhstructsamuse genonmi ¢

entry SABRyER! iR HARR SaaRTaM 0 ikeldaTore NiBLiafoh B7E 151 " e
5' - ac ggBIOCHGLHG S AlsiogPUoRYeR celsatignasacanday’ frarsddctidBER IgH BiRin 73 ( P069)

5'-cg t -3 ot h ,prjnmers contain
al | riepviet s SAFAER B B EbROARE AR Yo auPodlpoBeRB ¢ nac ¢ he

r esul téach calkthapisP@Rsquced with ao dgH blesir tetnowick! vedttar. t he conpati bl e Sal |
restriction sites of pAB-7 and pAB-8. Vector clones carrying the insert in
the correct orientation and with the correct DNA sequence, as determ ned

byl esEhei purionmycie nexpression psaejtennan DilAclorsssifremcihagouramecidassigaated pAB-7. 1

1d pAB-8. i S N next. ¢l oni step . a puronycip resistance
r?fgr k¥erv%ﬁfr%l)(.[ié‘?F(LEo@:tlorn%%&%)fbyagglgrE@ﬁt(E%iélt{p 8%81”&@8%& E'rté)rf’%' %‘égﬁgﬂ‘ into the
r et r ovenzgine sites had adding s@ibleoblat onsing sitesto fibendy bf 22 shuliie@PQR WO
03/ 06 %ﬁg/ EPO / 15303 i nclusion of an expression cassette for puronycin

resi stance I's preferred, because both 1gH and IgL chain retroviral
constructs need to be stably co-transduced into nurine preB cells in order

tosal g p?ﬁ‘r%?ﬁ@dq@rtﬂé setbish ecrelgr ol ogous antibodies. In order to

SEQ ID NO. 74 (P070)
5’-ccATCGATctgtggaatgtgtgtcagttagggtgtgg-3’
SEQ ID NO. 75 (P071)

20 5-tcaggggatggtggcggccctaggcectccaaaaaagectectcactactte-3
SEQ ID NO. 76 (P072)
5-cttttttggaggcctagggccgecaccateccectgacccacgeccctgace-3
SEQ ID NO. 77 (P073)
5'-ccATCGATccagacatgataagatacattgatgag-3'

25
(_ ) First, two PCR amplifications are performed in parallel with primer pairs PO70/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 latter primers contain Clal restriction sites
(uppercase letters) allowing the cloning of the resulting 1351bp puromycin expression
casselte 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 kL 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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increase the efficiency of retroviral cotransduction, retrovira@2JEea2%®Rain
constructs are 5 transduced first, and stably transduced cells are sel ected
for the integration of the IgL chain constructs using puronycin selection.
A secondary transduction of IgH chain retroviral vectors will then give
rise to cells with the potential for antibody production in each cell that
IS transdu&%c%ms%]? an IgH chain retroviral vector. 10 The puronycin
expressi on''cassette can be cloned fromthe puronycin PEVERHARNEE vector

pPur  ( Eloming e A)chialn HEEPERIfriableNegiSRTRAENNSH HRCIbTHE5MA rerﬂ%gfréli ction |G
n

enzyne sites and adding suitable Clal cloning sites to the ends of the
anpl i f PXREESSER Veriosive heterolaors dumen Ab chains dave beentdescr®@B. f usi on PCR are:
SEQ ID NO. 74 (P070) 5'-ccATCGATct gtggaatgtgtgtcagttagggtgtgg-3' SEQID
NO. 75 (P0O71) 20 5'-tcaggggat ggt ggcggccct aggcct ccaaaaaagcct cctcactacttc-3'
SEQ | DYdNGenéréati¢rP6ft@lroviral constructs for the regulated expression of IgiL chains

5 -cttitttggaggccta ccgccaccat cccct gacccacgceccctgacc-3' SEQ ID NO. 77
(P07 3) InombcoePeesiie BSIRER Bareisa PSIei pgpUS Frilodies Cartaininghk sheinsvo PCR

anpl i fj i e I N | jer. pairs P0O70/PO71 and
072! FBT ST R S B ANRUIRA MBNORY ittt o Bl BB h RO 800Pa e po7L
and fregiaariol ther retrevirgb@pastructs pARsT §Retand pAB tRur withr agi dthehuRlp per f ect
conpl e Lty . (underldne i will. allow.the fusion of the two PCR
pr oduc%%?}ﬁ]g ré%'gé%dg %&E’a@o&?ﬁg?éﬁ@h%%%ﬁ‘% CEPrEEHE" RREIP ML ABlRPE r agnent's i n

an addidhieasa oy RGRaITRY tfd Okdsaion 48 WIhaits! ELE RARQeRo il Geahone. The
latter primers contain Clal restriction sites (uppercase letters) allow ng

(t h&d c| SAMALGT 8pd eRkaNceEBlirMeRts: 1hs s RAticWary Huei in theprbrssystem, odeset te i nt o
conpat jibl.gaj S| . i - Thy roviral
“const rlﬂ'cltc ?'EA _n% Héaﬁﬁp %’P\gﬁ?&g %’f"?@%&dﬁf\%%?%%%t P@%Irgﬁ%ﬁ{%{@@ﬁ@ whi ch are
t he 3xpmssion atils chainsdyongdhcedidifigrestistian. r egi ons or VIK region libraries
encodi ng uni que or diverse variable domains of KL chains, respectively,
can be inserted. The procedure for cloning of the variable region exons
wi | | BEhepnaineritlechafrugeniedocus sbeaific enhendes elamdnts dleehe X854 enhancer and

15 the A3-1 enhancer, which are located close to the CA2, CA4, and CA1, CA3 constant
region exons and regulate the expression of A2, 24, 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
< o 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 P077 designed based on the published NCBI-Genbank
database sequence entry J00591):

SEQ ID NO. 78 (P074)

_ 5’-ccATCGATctgtggaatgtgtgtcagttagggtgtgg-3’

30 SEQID NO. 79 (P075)
5-gatgtcacgtgagatcccagacatgataagatacattgatgagtttg-3’

SEQ ID NO. 80 (P076)
5-tcttatcatgtctgggatctcacgtgacatcttataataaacctg-3’
SEQ ID NO. 81 (P077)

35 bB-ccATCGATACGCGTaattcacaaaccaagtctattattttcaata-3’
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22 June 2006 WO 03/068819 PCT/ EP01/ 15303 cloning of H chain arfd %1€ %%&in
vari able regions, after also the cloning of the retroviral expression
vectors for heterol ogous, human XL chai ns have been described. (c)
Generation of retroviral constructs for the regul ated expression of |g2L
chains 5 In sone cases it is desirable to produce heterol ogous anti bodi es
containingwéﬁl&ﬁgha I nstead of xL chains. Although it m ght be sufficient
to repl ace™ng n CK coding region in the retrovi PAFERB#SIT ucts pAB-7.1

Pur andAp A thel SOE fuwidn PORS Bésctibey lunep fr&xt\f qﬂCﬁg ar O”S W&’e”e‘“
endogeno XL, chai nPQi &resm on pattern wl %s
S

cont ro|Fr% Qgneddn B3 dhe puroRlychhexprRssion Oﬁﬁsethiawmh qpemersl PCUsafpeci fic 10
r onot rl e in the nurine
Eystem@%gyeﬂ%qgfgrc In ’gﬁe%l% ?@P?A}n} ﬁ%l' Jrﬁ' Q‘%er'%ég?%ﬁncbf’@??edes t he
r ear r arffjeTigre Qﬁmml%ﬁfiﬂeﬁ@s‘a templete. ach H&600voliiig AlguBtsER ke fﬁétfﬁa?éll‘épt | ati on.
The sur, C |c enh elenents are the X2-4
enhe‘ljncepr(ﬂ:@s tqég?hﬁ(eg%gfh@nhanazg%& “"'M'E‘PF’%?’@%BE%P 847.dheperamycirhe CX2,

CX4, amdprensioCxsssettnss the’rebyrf&g;dotb the G1Rd @R the! @O B Stert B&a@ég oF iz, sion ]9“ >L<2
se Oor X

X4, an cha| S respectively. ASTn

chai n % %%86%(5%‘:1‘& %F%Fte%pén ﬁ?fﬁ?ﬂf@‘(%rs? RéBerB#RAednd sepse primerd?076L 20 chai n
expres$mnnierlmedltbasnsaseﬁ fdetheding dound pariitiPERA Puronycin resi stance gene
expression cassette. Therefore, in the first cloning step, a SV40 pronoter

controlled puronycin expression cassette is fused to a VX prormter by

SOHO PCRotSpringers B34 ang) POP t
OlfSPingerr03€ angPOPMEnt NG A RSB Sitch (R caihe &@Fi&% 6% gl PSR

lif
(roboti BRE i¥n, SRRREF i ¥l neitied LIB pRongidtionab Mpetmsticiomrsitar < FO76

and PO%gggse@nedldmaaaﬂp&rateﬂhﬁtoggxgé)réé prafeNSEH7 GEiRG K 1o dAtARAS S, Seduence

entry

5 - ccA‘fﬁ%@@"dég a‘ePPaN@tpé%{@?tﬁh@ggtegtfgrg‘ueher BirgEe pDANGCtoT Bloh&075)

5' - gat @it BDbGBFRERALA | D NO 80 (PO76)

5' -tcttatcatbt ctgdg lqgﬁc%g?g?ggﬁg?ggﬁgﬁg i gg%gb%ég’ lengﬁh caEget 81 ( PO77)
15 onentatlon an h the correct DNA sequence, as verified by restriction enzyme

mapping and DNA sequencing, is designated vector PAB-9 (Fig. 14a).

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):

N

SEQ ID NO. 82 (P078)

5- catGCGGCCGCgagtatccctgtgcagtggggatactcag-3

25 SEQID NO. 83 (P079)
5'- tctcaggagagaCTCGAGactcctttgtgctctgatagcacacatgac-3'
SEQ ID NO. 84 (P080)
5 -gcacaaaggagtCTCGAGtctctcctgagatggttcataggectgec-3’
SEQ ID NO. 85 (P081)

30 5-ggGAATTthtagacataaggaacaaagtcagtgtgcc—3’

Like in the previous approach, first, two PCR fragnments are ampliﬁed in paralle! 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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35 5' - cCATCGATACGCGTaat t cacaaaccaagtctattattttcaata-3' -77 22 23dwee 28006
WO 03/ 068819 PCT/ EPO /15303 As for the SCE fusion PCRs described earlier,
first two PCR anplifications are performed in parallel, i.e. the puronycin
expression cassette with prinmers P074 and PO75 on pAB-7.1 Pur as a

tenpl ate, and the VX, pronoter with priners P0O76 and PO77 on nouse genom cC
DNA as a tenplate. Each 1/100 volune aliquots of the first parallel 5 PCRs
are then m¥Y&F"4Hd anplified again with prinmers P0O74 XEHEPUAB3 The

pur omygj j i used to the 5 end of the V2.

pr onot gérﬁplle)@é%g@%é?ﬂ?ﬁe ggtﬁgdﬁgég‘%{e‘%m&@f ect conplenentarity in reverse

primer PO75 and sense priner PO76 (underlined) that is used for the first

round P 1 of.b: pri ner 74 and PO77.contain al_restriction
sites 1 ﬁ%?géc@‘nngb%sbgdggg fg?'gﬁeﬁfﬁﬁ%& %%Ré?u Qﬁedp}"’ﬁﬁm‘?tﬁiaﬁf‘%@%l

| i near festiigtiorL eBzyms dhiziraspestiae rdtaghnitionsdites WeingninsdrpratedUin@ephrhélgd) is al so

i ncerp i r i PO/7 giving, rise to an additional unique

M u? s??ig %Hd o@@hehﬁ;%@éﬁtg? grﬁm‘{ag%m?g%d?t?eéﬂ ?'gq ¥ dregsienally elaned) itpeps. A

vect or Noti/BoaRI linkaiizet pABR Morectir ion withane terfect DNAQRGIGRe! s8GFRRY | nser t ed

in pLIBIrien rit{i]e Crfzr@?:t 15 or h@“ﬁﬁtﬁl on and with the correct DNA ‘sequence, as

verifi &g By HALETIY IR BIPPLIGAD FIMEAG NG 13 deRp0atedesias PAB: 10 Eigdesi gnat ed
vlect or 14a)BTi® (;d?hmeméﬁm]zy reglews in mrllﬁerk\fm)?wddﬁ@oaﬁ?aréﬁeﬁﬁﬁed)%% n:t:aiﬁngagcer
el enents_ar.e PCR. iLfie I pm use genom ¢ DNA, again followe y
f usi ngé%gﬁﬁtloggﬁ@ﬁgé(hgilsng&_g%@g_te UPPEEEaES) 161§ nih %gﬁrderaﬂow;sthe be used

* ( b3 edseparatdemuybl of shekl oNBEnEaDbREIkMERgLEAEEREd. entri es X54550 and X54608,
respectively): SEQID NO 82 (P078)

CB' - cat GCBBCCGCgagt at ccct gt gcagt ggggat act cag-3' 25 SEQ | D NO. 83 (P079)
.(SIPE)t88§I05' Cgtgg,a a@%ﬁ'CGAth’;z:i ctcctigghg?ﬁgﬁg?eg%ggﬁcoggﬁgtb 28 I 8D4NO 85
(pos1)'% S%"g- M%%t%@?&%t@ﬁﬂ@%&%% c @iyt Riblizhed 3NCBlHGenbank he pr evi ous
appr oaszluerfces £187023endP08Y0fv)agnnent s are anplified in parallel with

15
SEQ ID NO. 86 (P082) 5'-ccACGCGTaaaagcttgtctaggtggageccactecttgec -3°

SEQ ID NO. 87 (P083)  5-catGCGGCCGccctgtaccecacactgagaaceecgggg -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

C ) 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 VAJi
rearranged variable region exon has to be cloned into the unique Miul and Hindlll sites
of the various pAB-11 constructs, which is described in the following section, together
with the generation of complete IgH and IgkL chain retroviral expression vectors.

30

Example 7:  Cloning of VuDJy or ViJy 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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priner pair P078/P079 and P080/P081 using nouse genom c DNA as 28 J¢nem¥0%t e,
and in a second PCR round aliquots of these PCR products are used as a
tenplate and 35 fused- by PCR anplification with priners P078 and P081 due
to the 36bp -78 22 June 2006 WD 03/068819 PCT/ EPQO /15303 conpl enentarity
of primers P0O79 and P080 (underlined). The resulting 1513bp PCR fusion

pr oduct cagvob()%/ gsi 1gested with Notl and EcoRl restriction enzynes (the
respective (ER8FEPti on sites bei ng i ncorporated into BFETERNES30E PO78 and

PO81; hanghodygxpesssion, wmpmems@nbebf #ehdmg dedionsor ﬂh%waﬁmé h%! Bkﬁ”ed into

NOtI/EC[?R%aéI nea ri ze& %{ ¢ A vector, clone with the correc sequence,

as veri P'éesst ip 'F@ ﬁ?%@"‘?ﬁ’&wgﬂf?gaa’ﬁdemdg@qmemn@g hes

desi gnadka'cédvmn Qrenpviie DNA( bf gumarl”p’é)lpheTblebl%QHfﬂ* P@Ey croﬁ‘t%’i B' n priners
an additiona unlque site

P0O79 an d P080, are, desi ain
(hi ghl iR i YRRMOGYtER Wi WﬁB;S’&’Fé%r\thJétaPégQ DN, rereragementa) These ching mglmpar ate
r ernsvalfoyomweeaﬁébl@fdotriams%l@an@Q;bntain%&hﬁwn' IEad%?%&&?q fext step, any

of the ons s cloped into the retrowra congt? pAB 10
usi ng t QUHB”&W( ﬁ%ﬂffﬂﬂs xon (igs i 8)n Which dss eequised fou e pbres truﬁaiorﬁgfnbank

se en R T6l28h amiot SE&X

?&A@Z@%ﬁ ctt é’? gﬂiﬂé egéec?!:cact'%:c%tiltg@ "’B%PQ’%@?'Q'LSF%@”‘@?‘"( P083)

' - cat g éHEf ag%{afécmmggm@g Phiheempjpiityesfsleade? abl e to
a lif umdt igPn h 094b 20 PCR fragnments
i ][rp hunéﬁ@gégﬁ%gmotm% i's fgglegé é'sé*{gaipkgsﬁﬁ?o% 9@0%%? efp‘tfsge'}ﬁ?a hayg 3 cgnt ain
redfri BeerbAessribed apgarechsad ar@nmtallon with plegenerateypringdrs @mp |n§1 @b - Not |

doubl e n t |rect ligation into
Cp AB- lov?rﬁiug?ng?ra ﬂtJS%fn(EJ’eJhn @#ﬁgﬁg?@g&gﬂné ﬂg{hSr}g‘RJf‘ PeYL Xaf'%@f—‘ on) either
pAB- 11c%ing m@nﬂ&zogrpm sitep- B8 resjmctlpABarﬂz&més 7 ub&d dor théDdirecdndror the
gener a P@Pﬂ% vector a VXJIX
rearr aﬁlggﬁg \ngtrh ?a | e rg&&ﬁ#éxosﬁq? o f §E) %n%\éé t@h&??ﬁ‘f?ﬁ %EGQ%'PE%% M ul and
Hi ndl | Pragrs 28d 3¢ highlighled ingippefsa® fettersoResitierst is thevbegdheiate pamersi bed in the
f0|15 OWhigh ﬁ\%?tcbﬁlam rhGefhdMEdnly éMetrmcfegﬁ’degﬁ'Q%ﬂéa't M PhreffRL St € 1 9H and 1gKL

chain retroviral expression ‘vecto

Forward primers for the PCR amplificationof hﬁman Ig 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'-gcGGATCCatggactgg_acctggagg(ag)tc(ct)tct(gt)c-S’
SEQ ID NO. 89 (P085) 5’-gcGGATCCatggag(ct)ttgggctga(cg)ctgg(cg)ttc(ct)t—3’
_ SEQID NO. 90 (P086)
' 5’-chGATCCatgga(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’-chGATCCatggac'atg(ag)(ag)(ag)(agt)(ct)cc(act)(acg)g(ct)(gt)ca(cg)ctt -3
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30 Exanple 7: doning of VHDIH or VLJL variabl e regi on exons i R2dune 2006
retroviral IgH and L chain expression constructs The retroviral expression
constructs for the different human IgH and I gL chains described so far
contain all the coding regions and control elenents for human -79 22 June
2006 WD 03/068819 PCT/EPQO /15303 anti body expression, with the exception
of the coc{wg JGgsqLons for the variable domains. D verse repertoires
(libraries)?8Y%ons encoding variabl e regi on domai nsPEHRP1H% be cl oned

from gaNRAl4rd Dbiin& fob YR, RS r I hqgcyt es.cont ai ning B

| ynphocytes with diverse \%‘hagﬁd@#\ﬂ%% ﬁﬂgrgﬁfbé{ﬂ’éﬁ%.d%mﬁe codi ng
r egi on¥clyding leadeessgupncenirem domaingenermiedNAoofpenipkéral Bweé gagder exon,
| ocat efé,g&é,s.of each VHDJH and VLJL rearranged exon (Fig. 15), which is

require or the proper transport of 1IgH and IgL chains through the
endopl asmatic reticulum the trans golgi network and eventually to the

cell Sgéé%?"q %gﬁ@ﬁgate primers binding to the majority of |eader

sequences 0 n IgH |gxL and | gXL vari abl e region | eader sequences

have 18-goa6GCEEtg(ag)ecgl@oiatic(et)actatelchitictieRer)iafad-on Wi th degenerate priners
anplifying the various human JH and JL gene segnents for the cloning of
the VHDIH or VLJL variable coding regions. Recognition sites for

rest ri Nate othat imstead of asRainfibrestrivtionlefi8eid @Badnition! Gial AMpeRied ReHEER Pr oduct s
(see F 'oflg}i are %E@g;df to,the 5 end of the degenerate  priners and are
hi ght i ght 8d 1" upgé 1'8Y ClGNT PYRPTESo R 19990pikeN (Ritgefaerthe Bt i ners, 15
whilch restyictiorerelyme wan be tisad) instday (0oHRpA18 % B! i SepaERisk Bl QR

..pargntt eses. For\/\/ﬁ@drf@rl ner s foh t he PCR anplificationof human 1g heavy
chai'n U PATEI LRsHRIE rverhangs. 28 Bambbdadese of gloninesoffViein legivas tigenoni ¢ DNA
of _petfoma primét POSEBARYESSMIASE, B8cd Rk ieBiro QD AR IS
5'-gc%ﬁl’%t gga(ét g?’i’%c‘ct ggéﬂ%ga%)@;c(ct tct(gt)c- 6 %5’ 89 (P085)
5'-gc 3539 E2YRPY (et tstriction stesctAltersetivelgE® pbn&iO. 90 ( P086)
5' - gc GEATRAEab REEBandY 06 )Usat) entdigig bA(Akc) 688 bhoaabihg (AL Lamk) §68Ct (ct) ctg

5 20\5/erhang as Mlul restriction enzyme.

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, Jy 4,
and Js5 gene segments using genomic DNA from human B lymphocytes is as foliows:
) |
SEQ ID NO 93 (P089) 5'-tatAAGCTTacctgaggagacggtgaccagggtgcoctgg-B’
25

A degenerate reverse primer for the amplification of variable region exons containing

Ju2, Jn 3, and Ju6 gene segments using genomic DNA from human B lymphocytes is
as follows: '

30 SEQID NO 94 (P090)
5’-tatAAGCTTacctga_ggagacggtgacca(tg)(tg)gt(gc)cc(ta)(tc)(gt)g -3
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A forward priner for the anplification of human Igx |ight chai rP2/4rg 2i9Pe
domai ns including | eader sequence from human genom ¢ DNA of peripheral B

| ynphocytes is as follows: 30 SEQ ID NO 91 (P087)

5' - gcGGATCCat ggacat g(ag) (ag) (ag) (agt) (ct)cc(act)(acg)g(ct)(gt)ca(cg)ctt -3
-80 22 June 2006 WD 03/068819 PCT/EP01/ 15303 A forward priner for the
anplificat] human 1 go, light chain variable donmains including |eader
sequence f%@[‘}i’/ﬁ%ﬂﬁn genom ¢ DNA of peripheral B | ynph8EVERNAFPE a5 fol | ows:
5 SEQ IAReMsO defditBa prim ' ificati i ' ini

5' -gcACGCGTatg(gg)cct g?(cg)r Eoéttgeca(rg?gfggttlogt%(Vgt”ﬁe('(C:tr%g(':%n(%xg s(cht)am(n@t)-S' Not e,
that i hymeadxd genBasegmentssusirigcganomie BNAnom ewogniB iypiphoicytes agpgnded to the
5' enﬂi"?\;vs.pri mers PO084-P087 for cloning purposes, a recognition site for

t he Bgl 10 restriction enzyne can be used instead (conpare to Fig. 15),
because Bgl Il generates the sanme conpati bl e overhangs, as BanH . In case of

clonin f r=Jal rward pripmer P0O88 contains a Mul site,
becgusgEmg\@%?Péeﬁﬁ{%ﬁ@%qﬁp&c\é\@%@%ﬁ?@)(‘ftﬁtggth?tﬁg@S%C 3 ready contains
internal BanH restriction sites. Alternatively, a prinmer simlarly to
PO88 y be used cggt ai ni nlg an Ascl site producing the sane CCCG 15
over hafid®REsaPimer L the emplitication A yarialgey eagian exonsreprtaining theduaapl i fi cati on
of all ;& derldWEBmehOldi it SR & oS SRR S ivrdh s:follows. Hndl Il sites,
hi ghl i ghtgéed ilggaugpel# é'ggs%éhl%etl ters, 0are appééwcr@(gggy(t)&[ hseao%#p s of the
primers including sonme flanking nucleotides for cloning purposes. 20 A
regers N . Gk g i i-abe .regi on exons contai ni ng
H\fg JﬁEg,lbrﬂat?lgé?p H%éjzgnﬂéwg‘egneﬁk: éﬂtgékfﬁg&éﬁg%%@détb%?’f rom human B
| ynphocytes is as follows: Cl1 SEQ ID NO 93 (P089)

L A PR PATL AR e e RS SRy >

containing JA1-3 gene segments using genomic DNA from human B lymphocytes is as

follows:
15
SEQIDNO 97 (P093)  5'-tatAAGCTTacctaggacggtcagettggtece(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 (P09'4) 5'-tatAAGCTTaccgagggeggtcagetgggtacctectee-3’

M

) For the PCR amplification and cloning of variable domain exons contain rearranged
ViDJy and ViJ. 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 IgkL chain
expression. In case of cloning of variable regions for AL chains, the PCR fragments are

30 digested with Miul and Hindlll and are directionally cloned into Miul/Hindill double

digested vectors for l'ng chain expression. .
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JH2, JH 3, and JH6 gene segnents using genomi c DNA from human B2NymdP8eyt es
iIs as follows: 30 SEQ I D NO 94 (P090)

5' -t at AAGCTTacct gaggagacggt gacca(tg)(tg)gt(gc)cc(ta)(tc)(gt)g -3 81 22
June 2006 WD 03/068819 PCT/EPO /15303 A reverse degenerate priner for the
anplification of variabe x region exons containing human JK1-4 gene
segnents u om c DNA from human B | ynphocytes is as follows: 5 SEQ

| D NO 95 (@83%&39 t at AAGCTTacgt t t gat ctcca(cg)(ct)ttgﬁFE’EFﬁ’tﬂ(‘?@%) ggcc -3 A

rever seExempies: fSequériial aamiduétionadrirerovithl ¥@); [ﬁ\ﬁ%ﬁ declord n‘ﬁh'@x contai ni ng

t he human JK5 nt. usi ng _genom C Hocytes is
as foll ows! &%ﬁ CB? g@a@%mtqwgycally modified murine preB cells

5 -tat AA@CFETraﬂgttgﬁwu@ﬁ&p t A reverse degenerate
primer for i?he P&rR anpl | f?ggtmﬂ C%ﬁ%bgglgg(aeep%nedengquag@r%iGﬁgs 8vnt ai ni ng
IX1-3 §ERB g qelailg eanee 8. BaAtier sequentiaintrAslydiBh a8 We@silap aS

f ol
0 BOV\&XpéSSI&E&HsﬁJ&@eﬁgooﬁ gqgl?l)andl cfll 35 lde)ngﬁl giotecols arp used;for e pri mer f or

5 -t tAAGCTTacct aggacggt cagcttggtc
t he Pcﬁaaﬁfﬁﬁf’mfé'lqs @plc\/@ack@m@g cellyi and thg)donemmsmclﬁfébﬁl Bbr’ﬁ%m 7 using

e
genonm getkN\udes0 Y- t as foll SE 98 (P094)
5" -tat AAGCT T%e%cmgh gg%q Cgﬁagﬁ%%@%g@ﬁ 'Jeﬁ‘fe & éﬁ) tF&‘lO fﬁ@vm@ws'dm cation and

cl oni n§ORR 'W&W%%ﬁ%eﬂ&ﬂ%nlrﬁn@%ombpmammtmmeanm@cngagl,v VHDJH and VLJL gene
segrrents with the above described priners P084-P094, 25 equinolar anounts
igers are used, if nmore than one forward or reverse priner is

i n&&caﬁgemﬁb‘ie"énﬁéﬂ dengndent vt cdllsare firgt mfectddmﬂﬁﬁﬁ)eﬂfatéﬂt fiokn@pef variabl e
di gest ed h BanHl d
CLES gl 5 N PSSR T s oty o

Hi ndj | are direction
vect or%nqqgl“gl 'gqleralezaomSgl@LL @h%ll‘lm A%)dpserlbsdoabovbmhba?_ @lﬁa:ﬁ'e%le@% off variable
regi on\seo&ag 3dditichBR NS ta‘irl" are 30 sted wth Mul and
Hi ndi || ar e |?’Ject lnona &ﬁlﬂfﬂked | n[sganlﬁaumal—lf%dl ereferan| gably
trans uced cells can be selecte by the addition of 2ug/mi puromycin to the tissue

15 culture medium 24 hours post transduction. Transduced cells are cultured 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

C ) ?4 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 mtravenously injected into

either B cell defncnent JHT mice, or together with CD4* T-helper cells into CB17 SCID,

RAG-2 or RAG- 2 deficient mice, such that the transplanted cells can mount T cell
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di gested vectors for |1 gXL chain expression. -82 22 June 2006 \A®JOB/1968819
PCT/ EPO1/ 15303 Exanpl e 8: Sequential transduction of retroviral expression
vectors for heterologous IgH and L chains into genetically nodified murine
preB cells The retroviral transduction of stromal cell and |IL7 dependent
murine preB cells has been described in detail in Exanple 3. For the
sequential_transduction of retroviral 5 expression constructs encoding |gH
and 1 gL chiPRA¥%¥ %entical protocols are used for the PEHER¥ESS on of the

ecot r Qi Kgg ; h Ltians L.nfect reconpi pant

ot ouPondat (a0 ARRpEREhE it DRSSARE eBR el Beh BEPAER PR et rovi
expr edgineplantedmeice.uct s are sequentially transduced by the protocol outlined
bel ow. 10 Stronmal cell and IL7 dependent preB cells are first infected with
supernatant from GPE packaging cells that have transiently been

t r ansfRec thés] Wb th3 trvathr e mise arelsublethally atiate€ wltheIvobonsd ilﬁFa%ﬁa‘PérPgous I gL

chﬁi ns. d/ﬁS' ﬂescri Fed- agov , the |gL chain expression ve tors additional ly
ont aid9 & OPYRAST Frafia ‘?’E'?'ﬁﬁ'&'@eﬁﬁ?r'R'é?".e”q‘i‘Fé)f'@ﬁéﬁeé',W'@t%Dyto 10" prefduced cel | s

can beehelesasmshdby it PES A daté enadiichROtaNspBAEASH 6f CDLOT hBBe! dagUe 15

cul tur 4mad| um 24 %(ﬂeudﬁqﬁ%t transduction. Transduced celTs are cul tured

and @parﬁ?@ﬂ FHso tAogied) ceputal. Rxillary, Mmmsentesic iand pnguina) timphc ont ai ni ng

medi URodéNDOF synbemscie by epRtisebl B ciis!dndlthee i c!éhE'B? 6 Qe g—g“@-e puronycin

:

sel ecti on ?nd abAJéOO% IcgJ5 %hai n transduced popul atfon of 'p ells will be
“obt ai MAYSEAq Bptbegy Geaied Dyrabeads (Milan Apalyliga A L Reshet Switzered)at@ i ncubat ed
Wiioh efies8abatteloolcBak 0l PECCIMICKABRESAE dre kbRfecteiRlt B3k Nave

transi ertl been tt,ransf ected with retroviral vectors encodin het er ol ogous
(1 gH chRlisnCellmrpylations pre allpwed fie feqeapiituterB and Tupedl ewmpasimentiiof thenal per i od

of C Béndpanted HeRe fonBinebks faRywing 8afsplptdliog] | ferate due to the expression of
the hetrol ogous i mmunogl obulin heavy chains. The cells are then harvested

and may be used for the 25 transplantation of imunoconprom sed m ce,
wher eEkdrasie 10¢lrhmunigdtion eEpreBldell gtfteBnli¢ereage conpartnents, and where they

are aple to partigi.pate within an imune response giving rise to
ot or BBybatls: phURPUSebriofigSE anes Vinenhied ord TReanshbtes atthon of
| ong- HepreBpeadlsi éner Bihelpgr calisiiselope @ssertially & deddriBed (A IowdandLef, for the
Pr odugh &bl AFbe I 3bEIRN PRI 2980593, 1988). In brief, 10-50g of antigen is
dissolved in 250ul PBS and vigorously mixed with 250ul complete Freund’s adjuvant
and the antigen-adjuvant mixture is injected intraperitonally. After two weeks, mice are
20 boosted intraperitonally with 5-20ug 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
C'_ | 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

iradiated 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
84



Stromal cell and IL7 dependent preB cells expressing heterol og@ddunegdq0and L
chains fromstably transduced retroviral expression vectors are
i ntravenously injected into either B cell deficient JHT mce, or together
with CD4+ T-hel per cells into CB17 SCID, RAG 2 or RAG 2 deficient mce,
such that the transplanted cells can mount T cell -83 22 June 2006 WO
03/ 068819 PCT/ EPOL/ 15303 dependent or independent imrune responses upon
anti genic O BU8%EY on of the transpl anted m ce. For tH{T&POIISH3ItO 3 nonth
old m ; y ' with 300-600 rad y-irradiaton 5 and
4-6 hoﬁ’?°€"3§?’ﬁ?¢?§ﬂﬁﬁ’%ﬁbé hggdﬁ%é%%a#‘@}eﬁ%?? Z0%ABRRIPNE Gerieetitechbiiis h 5x106 to
107 pr ePpresead ig thediffersatiatiog cells. PBS. 1 n case of additional transplantation
of CD4' T-helper cells, CD4+ cells are isolated from pool ed cervical,
axi || ar1y, mesenteric and inguinal |ynph nodes of syngeneic mice by
depl et ilog diferentiaded cellsnare GBEh-harvested, Sarty repffodPbn ?ﬂ%&ﬁﬁr‘r&‘dﬁti d erusF g
antispocéﬁué:g%tﬁg I@/gll%lggﬁ%s f(MQlﬂP Ar)éi ytica AG La Roche, &g, sfroma and). 106
10 of t ese" i SLiTn yomer & 193 HMe0dk4, and 28peml of tesl agamistie| dnsi-GD4 coi nj ect ed
wi t h pmeBocinhal eantibodyCeWithinop6l 84ysoBs catg . nstitute Band T
cell C‘Bmﬁf’er{tfﬁg%teﬁ og t he tﬁa S }:ant ed hg?béoef/&;g %ﬁ%éi%ge i) @Weng
transpPantan gneeR Prlﬂf'gafﬁ. P zHhet are e o e®oretel lhrggranfduaes 6 ce 15
| muni zatibiodies fim thenheteREPUDR e 8¢ Gt ! nd reconstituted with
Hupr eBh&g}oll@?gﬂgT hel e?.gglél 'I@s@s dog@detgéer}'ﬁaﬁ i %]Psse%a@r GERHBRf (Har | ow
and Lane, BPt ﬁ'bﬁﬁﬁﬁ‘bﬁ ¥ SeCEBB9abidoma eeadl clgmes.150- 173, 1988). In
bril€f, 10-50pg of antigen is dissolved in 250pl PBS and vi gorously ni xed
with 250p ] e Ereund' s adjuvant and the antigen-adjuvant mxture is
Ci nj eat Ex ?’.%?gg‘t‘ﬁ‘%”o?fé’i’ﬁ'/‘?m%%@ withalagwalcs!ls derived drom PloproBastietbr
i nt raperit onal |the gendration2@ hgbridbmas bi@RE; | | ' i th incomplete
% 5l dRBing hiinan thﬁﬁclphéﬁ%ﬂ%odgﬁse

Fr eund; ' 0 days follow ng the tfirst boOOST, anal yzed for

ant i ge'rzl_(§r t@%@‘r}‘.g ﬁ%lizathne %w&%e”é\rg@ﬂl’ﬁﬁjﬂr% Hupretheeliseeither uftve ilogiss r esponder s

are_bodierenliaiga (Exaripen e korabirohi@tdiSottidnnrigdA £ e ARLL980 i1
[

I n e ' | uvant bgth C.. intraperitonea ravenously.
3 gg%??ﬁéﬁa ésé@?é‘éﬁgg@?guséf’é”‘%"s‘%ﬂ iraertal myeloma celblite. TS nytaing or t he
gener atell dined thatyase iugeddorctbk cs! Siestorelaick gheh eXRESBIIO e AIEPRT yerRECT T C
monocligileddRtthd dhvage pathway of nuclectide 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
Q | substances for the synthesis of pyrimidine and purine nucleotides, respectively. Thus,
" in HAT selection medium (containing hypoxanthine, aminopterine and thymidine), only
25 thpse 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 monocional 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 transplanted with HupreB cells, or plasma cells generated in vitro by
anti-CD40 and IL4 stimulation are used. In each case 3 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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Exanple 11: In vitro stinulation of HupreB cells with for the 22June2006
differentiation into anti body secreting plasma cells 30 Stromal cell and

| L7 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 nmunogl ob 0i n@glsi tive Bcell by wthdrawal of IL7 fromthe tissue

cul ture med®fAPEHd the continued culture on irradi at ®TEPaassad cel |'s for
two to f jn. the, 3 iumresults
in the5§f¢§§e@§cﬂ'§¥?ﬁ?§?ﬁ%ﬁaﬁ, %tﬁ}éw’fh"rf f ol o 5}1635199;«”5%& on whi ch
is 8402Zﬁgﬁ@@@ogeammeo:a).oesmmm/. BERE) p.1534181580¢ Agp@naKe 507t he

i nduct j f i7s; ti,.- tofi . like bcl-2

expr osSoges eRPRP SR S 1P R0 @ lssRRO B} b, SRBied. cibediond ar o t hen

har vesc@dr,ifua@djagzélplamﬁ@l@g imr 5 rma'a.ghhr ofaali5a%e polpdthpemd g|y5,0|0(p_k;bz6§8@. int Ihe .I
resen : 114 a of_an agopistic anti- nonocl ona

gntfbo‘g@tﬁ_@\i"e{ ﬁl&r%méed("ﬂbs'sogg%ﬁl Ezﬂiegi Ph&'ecﬁq’lfige tr wbjle ihe aeldls iare o | ar ge

e B g e (ot ol SOMIER Rl iR L e

cangbeé’j\li}}g)?aég']i (t)sﬁrsgf}o&{]%?&%f%fxd cﬁ@t AP 8?’%’85%@ Cﬁﬂ%glgleérﬁgﬁg%fquﬁddm. secreting

hybr i difter rembval of the ssperhtali sipéel pbllet i rsiupehdel mqﬂé?%?mﬁ@ln!bésgg th pl gsma
ybridomas produci ng

cells riyv HupreB cel.ls for th eneration of h
human %r?%acgeg'réﬁg‘&ﬁ]ﬁ%d@%?deeﬁw ip RXETRIESh EaNta NG 10 Ym! soembinaot| | s deri ved
f rim HUuP e 1 ebicentrated HAT supplerient. Thé tells 2# HisebRRd A5 @B PR € 11), or

fter j nj ion of tran a m ce (Exanple 10), 15 the plasma cells
(ﬁeed‘} @ b%@éaa i ¥R 'Qﬁuatiaiﬁ?ftﬁ{]é?%n\/@ﬁd videgl | hyprigema Hipsesneandrea cel | | nes
t hat ddentifisdend isolateli éorderther eMsarnsivnland khirbee 26868 FiRe efinthe HGPRT gene,
i nvol ved in the sal vage pat hway of nucl eotide biosynthesis. Wile 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
am nopterine to the tissue culture 20 nedium In contrast, cells expressing
t he HGPRT gene can survive a block of de novo nucleotide synthesis by
am nopterine, especially, if additional thym dine and hypoxanthine are
suppl ement ed, because the HGPRT gene product can utilize these
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“distributed i roystht@giusing at least®necexeagnoys geeeliag

substances for the synthesis of pyrimidine and purine nucl eoti d2dune 2008
respectively. Thus, in HAT selection medi um (containi ng hypoxant hi ne,
am'nopt.eri ne and thynidine), only 25 those cells survive and proliferate,
that regiitRd froma fusion of the nortal, but HGPRT+, antibody secreting

plasma TefT and the imortal, but HGPRT-, angd‘t']herefor an nopt er | D& ¢ th
sensitite mhemetrod &1 theTgereration & wererals HE}%WB%EB%@W%% Urgd g the
bel d, wil : . ' hE ; il
The.plasma PRAuctRls o palEhy HPaBineBF Hipaithe e ertBgah i T v 8eey
either pl asg seRldively B! leanRdrRienobr igamuininohuting Gyt hetesplbgatie cantibody,
r pla

HupreB cells, o ma cells generated In vitro.qgg_%/ .anti - CD40 an(g | L4

stinul ati onaayeantigen recepierh coAROSEchAfoyerabigs ging 8pdnSPBRLant sregions,
generated and washed_twi ce with I ' ' t: I : iaP5 |
repeat ed ceRPFPIEYE Fo%lfwg?orgﬂ’@%ﬂb%ﬁgﬁégﬁgilrgﬂqﬁg&lg\g?ﬁﬁﬁgma o

2006 WO 03/091%%?918[&% EROLy kP& typee Inmaneadffect¢rSpaLionebt erodified or -
Eur.  J7 | munol .

M stein, , 6, p. 511-519, 1976; or X63A 8%‘)‘% Ketar ne et
al ., J. | mmattifigial, effegtor functarss 1Egodenvate HAM ss?fwlnessﬂ%% JIFIErq 8¥°“3
5x107 i it di f tiated,.pl ' ]

cent 1 f uged TAGWNPSIAE06GOF Grert [Reepiare: G Ch B0l sh 5 e i Pan e Bl ereot
(PE@ 1500 % f’*;d"éﬁ"ggofhé erg/lal}:/l mediumis slowy added to the cell pellet,
whi le eP ar

the c r.esuspen'ded by tapping. After 2 m nutes incubation,
10m of DIVEI(Aa)r@ehetma\twmmjfymgsM@@e@mpse%\*féorslb’mrlp%ﬁﬁfed‘fh'%d cells are

eventual ly centrifuged at 5009 for 5.m . r val of the
supernatant, t(Re @égIdeﬁ‘é(?fjZﬁorﬁ??”mﬁgﬁgga'ﬁfgéhﬁ ?@Eri) of | MDM based strona
cel | xgrowt h ”gsq Ugia(\/égﬁerdd@@ﬂiélmo QR hBatd) intcconatweniymphbablingage cells,
reconmbi nant 1 L6 and | x concentrated HAT suppl erregatrg?The cel.l

s@grle ot
i PRI & ‘G
until individual hybridama clo oleb-fd and isol ated for
further expan 'Bﬂ'”érﬁfogﬂﬁroég‘f%a\%i‘gfﬁgﬁpféﬁ]t{ti ss&g dcr{tjthur e. 86 22.June 2006
4. The net hog) ageand narrérenaatiowlofc aidmyehetioald; mbdified npestugsaredyraphagyes
precursor l'ynphocyt'es are deprived of their potential to expL ess H
endogenous antintpatyre lymphoid lineage cells either'in vitro or in vivo, thereby generating
lymphocytes capable of producing said binding protein or functional fragment(s)

thereof: under the proviso that the in vivo production in humans is excluded. .

20
'2. The method according to claim 1, further comprising the step of immortalizing the
differentiated lymphocytes by:
(@) fusing the same to myeloma cells for the generation of hybridoma cells;
& ! (b) infecting the same with transforming viruses; or
25 (c) 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 Iymphocytes
are able to express at least one component of the lymphoid V(D)J recorhbination
machinery and originate from jawed vertebrates comprising cartilaginpus fish,
bony fish, amphibians, reptilia, birds, mammals including pigs, sheep, cattle,
horses and rodents including mice, rats, rabbits and guinea pigs, with murine

precursor (pre) B lymphocytes from mice being preferred.

(U8}
(]}

87




“and/ or ant+gen receptors or functi onal fragnent (s) thereof, whi22Hunes2006
achi eved by isolating/selecting vertebrate precursor |ynphocytes being
deficient in expressing 5 endogenous inmunogl obulins or fragnents thereof,

andfor by 1-Hhd iR @nd3lany Bf LERANA! £ 1BCGHERIN SAIPIRtatiat: Bled rast

one vector coOnstruc g o0’ functionally'inactivate at |east one
allel e of aymphesiteznargeaiedrivedebe ieeit ,potbntidl fos expedssc eadofenous rentipodigs
consisting of; (a) the coding regions of the i m’rug?ﬁl obl#I in, heaVé C.haig
gene | ocus, and{er @atiggn regepiars & arianasfragneeqi(sptherget  whicheSsaghiened by

and any of ; codin i r i :

o and a oo R eErate pre oSt ety LR HeNEehn Brpfessifg
thescodi ng ém%@mau@finirhembgmnmgé ebfthhmektatiireof, And/ghby rteiducienimtd eaid
i ncl uding any otr the V and gene segnent coding regions, as well as an

15 the consvmabrata;ip}facess@nsl;yrm‘)ocwtﬁﬁ l@ddle@@fr@@ﬁ? oY\?Cth (t:cp{bstrpc\t;eqiqa&g@@@%t[og];
, P, , 0,. i, . i . J .
Segment s, "aactA G refivals ot B A Cend allelOhr BEfeRy Fng' denelic Hehe WiiFis

region exongiiegtdd fd1A tAbJraGH cBEsisHAY Pl obul i n heavy chain gene |ocus
enhancer elenents, 20 including the heavy chain intron enhancer and the 3

a enhancer ; (a) e the loedirigs regions ¢f ithenimoy rsglebuling hgavy ehaimggesdoguss irciuding

enhancer el enents i ncludin e |, i chalp_jntron en el ~ LKi - the
3 I]<8enhancer, éﬁfodrtﬁ*@%??%? gﬂﬁ@ﬁéﬂ @%ﬂ%n%%?ﬁ?”gé' %1‘“)(a ?rﬁég@pfsé é%@‘:ﬁhgr%?"’i”% I
receptor gene kgekh&HpRREAt RigfdeExensifaeludsng, teheand®® haavy,chaing,, withdorS
enhancers; (g) the trans-acting reconbi nation activating genes, RAG 1l and "

RAG 2, includi wgthauhdheir prasnbiage m@ﬂwéﬁ@féﬁi el enents, as well as their

o0 09, o0, B Rt e b S, P BBk R PR s W
DNA- dependent ﬁ’rﬁ&b@?nf@] hyasthe YoardPDyeRkcsogmeENchdipasegions, ¥BAEE! asdany of
Artem s, including their promoter and enhancer elenents, as well as the
codbng regi ons the coar@nyEe@ION QN2 June 20Q6 '

(c) the coding regions of the T cell receptor a, B, vy, and & gene loci, including all
or parts of the V, D and J gene segments, and any of the coding regions for
the a, B, v, and & constant region 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-
C o 4 and A3-1 enhancers;
(f) the cis-acting T cell receptor gene loci enhancer elements, including the TCR

a, B, v, and & enhancers;

[\
W

(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, Ku86, 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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‘daims 1. A method for the generation of vertebrate |ynphocyteg2¢¥52%8&n be
., used _for the production of any binding protein or functional fragment(s)

thereof with the ability to selectively bind to an antigen or |igand,
i ncl udi ng any heterol ogous anti body, 5 any antigen receptor COnMpos

t ed of
vari abl® dohee msethod acowsdingt to SIRIBhS. WhaFsin SRk VECKY OG%B%%dPE‘Uaﬁdge”e

menbr ane bound ,j mmunqgl obul i ns, any . | Liclal I.ngll LB

di spl ayi ng terqetng W‘-‘ﬁg[st GpEPr ég%%%(??mfﬂu%ec%eg?se @?ﬁ%@ﬁgiéggr at .least
artificial gfd géﬁé’d’c blensd dtdmaniplg fde horedibgolis rracpmbimatine, prefectsly flanking a
het er ol ogous munogl obul i ns or "antigen receptors, and any functional

f r agnent ( s)pdditiveesélectia® marker £52hting Belestiop of PrSItVE) traesfeEtadss y nodi f yi ng
vertebrate precursor |ynphocytes, which (i) are derived fromprinmary
Iyrréhoid organs, and (ii) have the potential to differentiate into mature

| ynphoi @ | 'f‘@é‘%tﬁga ls.coR¥ng 16 'PaiHE BN@nateihestid gene teraapitpusctoenatiditionally
el ement “encodi ng af l'east ohe 15 binding protein or functional fragnent

t her eof ; ancbripdisefd exdii mj DN eeengnitiohoneatencasd fokrderwradifc BYif reerm-
precursor |ynphocytes into* mature |ymhoid l.i e% ' ! i

o i vi vo, bR Bp2yERsr BETIGE (e rmnion e cclpRTraRer naufild defush of e
bi ndi ng prof el OF i RERhASTEctibm P trandiier exdressioov of autleid
the in vi vo;g%érlg\ld%g }‘%&lﬁgbn urr%ﬁ;lgﬁias excl udeld. 20 2. The netﬂgod according to
cl gigm 1, f uséiberquenpes ehogdingeatdeas aie phthe cegnatpiigcem@inaRe EBEYRERat ed

| ynphocytes by: (a) fusing the sane to nyelonma cells for the generation of
hybridonma cells; (b) infecting the same with transformng. viruses; or 25
(c) transfeshl pgedbe a%EHF‘diH\%wcPawﬁstaps, GPIRSSIR Walid gBRYtE REptETassidReobrat
| east/ ohe transform ng oncogene; thereby generating vertebrate I%irrphocg_t es
capabl e of pedittensiyt lcpmpraduc megadive sbliestiphgmErbekianadiinguaeiEcyRAl ag
fragnent (s) thereof. 30 3, ,The nethod acgcordi ' '

the vert ebr §a@sigriaats %Wﬁfwgﬂﬁr@s ar%?tén%m%gt%{%gé§t%&%%ﬁf@’gﬁﬁﬁé the
co nent o I%r%}p_' MiEddud peimbinatioan nachinery and originate from
] amrﬁgg verte%?éf?@g onpr ;hgpng@éa?ti | agi nous fish, bony fish, anphi bians,
reptilia, birds, mammal s including pigs, sheep, cattle,

8. The method according to any of claims 1 to 7, wherein said at least one

inst

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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horses and rodents incl udi ng mice, rats, rabbits and guinea pi g2 Jung 2096
murine precursor (pre) B lynphocytes frommce being preferred. 87 22 June
200& 5. The nethod according to claim4, wherein said vector constructs

el ude sene Lol LoRoNEEL ) 3eSATRE 8 R ARl 0SSR "ol ooy

reconbi nati on, prsgtq@@ﬁgg.%).f | anking a positive selection marker enabling

sel ection of positive transfectants. 5 6. The method according to claimb5,
wherei n sai d @é¢ndachergd! yeast \oevedebratddirtifioiabchsomaesorpes senepjsing partsDall of
recogni tion sequences for site-specific DNA recom, bination enzynes,
flanking the posifyWenagpligin oml eal kecepten generecide Germiine sendighgptigepeiably
seliecki on mar ker 1RaR b AR} SAHHS PeBARRITARN SRG SREEBShPRABleJUIS GrCar 115t
aci d Sequences encoding at | east oné o € coghate reconbi nase enzymes. /7.

The net hod accor dineghéterslbgbtd anfbody oMeell feseptdr genturictivaatl fragmdrshebof,
vectors additionally conprise a negative selection marker enabling

sel ection agai nsteing aiisereeidhipe enhawingKaydesiggedenviatigeis)rig thedriraryaaraino
randomy integrated into the . 15 genonme by non-honol ogous reconbi nation. 8.
The met hod accor éf;}ggs?%u%?@f clainms 1 to 7, wherein said at | east one

exogenous gerx@?]i ®altRE e epULREbMAmEIAHEHHidE SiRhfidbrRés fc@ﬁﬁ;&ris@fg@Farts or all of
fragnent(s) thereof, is carried on a genetic construct selecte romt he

gr oupOconsi st i ng abfleastoofia)heteromgsiusam musogebulial oDNACelbmeceptor gene locus in
“conprising pronoter..enhancer an codi ng, nucl ei ci d sequences oper abl

i nked to al | ow &%‘?'E%@i%ﬁ”@?”ﬁ”%d&é et 2o WaV 1) sPspEinasion anst sytpsrent
(f ragnent thereof gxprisRtheidiher ivddtdoh¥PReirologhayi Astikedy drpsiToae re_ceF;or,%or

mutation(s) in the primary am no acid sequence(s) -or being artificial;.
(b) reconbi nant pndieng! HeagsoemNhereakt beiogseithefpwilditige pprohsviag, (@nBaaigaed

Meast one bi ndi ng RPAIS] I ARARD ARG beld SRR @ et hg e ther
wi | disype or(Hhhaviang-dradbmdeshanediembnts OREeh i narehefraghemty asf nhetarobgous

" sequence(s) or being artificial; 30 (c) reconbinant plasm d-based
ni ni - i mrunogl obulhPBPsaMes| harpeeang drartfeRé dlbef immunoglobulin or T cell receptor

gene loci in germline configuration allowing V(D)J recombination and
subsequent expression of at least one heterologous antibody or T cell
receptor, being wild-type with respect to the primary amino acid sequence(s).

20
9.  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.

25 10. 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.

11. The method according to any of the preceding claims, wherein the differentiation
30 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:
90
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“Wth unrearranged V, D and J gene segments:operably |inked to #PNeng3009)J.
" reconbi nati on and subsequent expression of at |east one heterol ogous

anti body or T cell receptor, or functional fragnent thereof, being either

wild 89 22 June 2006 type or having (a) designed nutation ,sg in thF .
primary amno &i dselefisentecs);relatgy sHorwdating  fagters: epmpaisingoriatesieukin-2,

tificial ch i S : | : i |+ |
eceptor gene | oot TR nEt e SF Peruby B, IIERELRALIE, bRy S

V(D) J reconbi nati omeq:n_g aHBSPAUent expression of at |east one heterol ogous
anti body or T cell recéptor, or 'functional fragment thereof, being either
wi | d-type or héi)i nfacters destivgtied cotstindatay iraceporpr ofrmBy calisnoCORFANSINg

, bacteri.al, t It ebr at tifici h
Conbr1 i ng har & oRSamEtirantipes BeARVBndSRUDENA U RRODEORbI T R 4Dr
T cell receptor gege_{ A Bﬁ@di(@bgngag]bﬁ-gggm eshasred1t cpBEPVENY D J

reconbi nati on and subseguent” expressio | east One heterol o%ous

antibody. or T cel (CD2tEpLBA;1 dCDT1a)cLiFdwal (CPaghemDtheCb30, GPISAg CPBRer
wi | d-type or havin a) designed - tion( LN the pri i i
sequence(s); 15 (f&Q(ﬁarQDéﬁrQﬁ«?@@@&,ésgn@D?AﬁvbDGQP@%nﬂ@ﬂ?@P%>’
het er ol ogous chropgpso r a rts al - 'gmrp L {4po0r
cell receptor gengggogleﬁlgn&gte)?ﬁh Hr%gegorq?i éﬁ?%ﬂ‘gr‘}%oia Wi nggv'%%)ggtd}z (p75,
reggmbi nati on and COMPOEIUORI4ERIPDE34), anddimphoteedsiB moephert andl ogous
antibody or T cell receptor, being wld-type Vr\{gth respect tg thi Bréi n'%r%(
anmino aci d seqlihcB(aall mitegenic faptoreel REl iens &fY anbiggny bAYRE 4 ARd Plk
8, wherein the at |e ne (o] ti | t. enc va (BVT-p
Cmodt 1 ed hurmn ant PRGGT o0 ACABRCS! rar M, IfosTySaEetarRrRERS) - IRt
receptor, or (a) f#pai geaal ndgaayesmddiena,t pelyanions? polBd!dlepokaveetd mitogen
according to any of _clains 1 to 8, wherein the at |east one exogenous

genetic el ement entfOAdd), Bnsart-BNEYHas'cBUIIREREERISAI recept or capabl e of
unggr goi ng affiamjt ,ﬁrﬁhgﬁaﬁg 8fst he binding region. 11. The nethod
accor nyo the ?rgb ]

ding to any o precedi ng clainms, wherein the differentiation

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 composition.

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 vertebrate 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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arresting-proliferation of said vertebrate precursor |ynphocytes and —
i nducing differentiation into mature |ynphocyte |ineage cells by '

cultivating i
(b) induci nfP

said cells
selected fr
factors,

i nterl euki n-6

e LR et el b R

agonistic a
B7-1° ( CD80) EH

e T e

'B%feé-gdt{ggjﬁhgéi@gpe of at |east one of the follow ng conponents

e 2006 (i) soluble T cell related stinulating

conprising interleukin-2, interleukin-4, interleukin-5,

e R b s A

LFA-1 ( CD11hejeroldgbus 4rtibsay, ampantig@breceptnscompnses of gasablechamainsoamd

CDr1,

| CD79 | go, (CD79R), . TAPA- ] ’
(55, CD12089TSIPRE 18GeNEorePNIISNG o EBI20BFeP B 4G PeTE bRy BooHd
| ynphot oxi nyf L{n%gf‘o%fﬁ 'st;%@ (é:aLr*ti'ﬁl:iag Srﬁthgﬁ AregaA @nsrpwig?smtﬁeﬁewnd-type-

I ndependent "an

gens o , and ot her” 'pol ycl onal “activators,

i ncl udi ng | imenineseftadter futetioh$sy madifiebooeaificial effectar juactionsyaet derivable
bacteria, pol yanions,

ant 10 mmno@'PBbGﬁF'ﬁ“’P%gglﬁgég‘:g gg@rgﬁgg\é\gﬁ%mﬁﬁm'W%;%tigae%%ec?ﬁgorﬁﬁ%dod

is effected u

according tg, %ngfioﬁélg‘frgﬁ?w%n?(g%ch?re\ﬁﬂefnebnﬁ%ﬁhgr KriofngY @Y1 s, | iBRoiving! theo

on trans at said genetically nodified precursor

!{yino_cyt i;ste\'l\pﬁ@f: a- suitable vertebrate host. 20 13. The nethod accordi ng
to claim 12, erein said | ynphocytes are co-transplanted .i.nfto said -host
with naive &) aﬁ?ﬂ%@@?lﬁflrmﬁg@' N@ﬁﬁgpt?m%éﬁ @mﬁ@cﬁﬁs’mc thod -

according to
foll oned by i

15

20

30

MLrEré?de(?fvea%ro%@ﬁﬁéérgtlﬁa})ﬁﬁﬂ;&blﬁh&%rﬁdit ioninvivois .25

ini zat'1on of  sai : th at I east one desired i munogenic
(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

(iy are derived from primary lymphoid organs, |

(ii) have the potential to differentiate into mature lymphoid lineagé cells,
and.-

(iii) carry at least one exogenous genetic element encoding at least one
binding protein or functional fragment thereof;

effecting differentiation of said genetically modified precursor lymphocytes

into mature lymphoid lineage cells either in vitro or in vivo, thereby

generating genetically modified and differentiated vertebrate lymphocytes

capable of producing said binding protein or functional fragment thereof;

or, alfernatively,

using said genetically modified and differentiated vertebrate lymphocytes

capable 6f producing said binding protein or functional fragment thereof;

effecting expression of the binding protein or functional fragment(s) -

~ thereof;
under the proviso, that the in vivo production in humans is excluded.




%Cohpound or conposition. 15. The nmethod according to any of cl ad2wyng20460
" 14, wherein said vertebrate host is a conpatible host being deficient with
respect to the generation of endogenous B 30 cells, T cells, and/or NK

(natural killer el]s, or.a.conbinati t her eqf . : C L Ng
to any d@-cITde eﬁ"?dlt%éﬁq'”ﬂﬂgr%?'ﬁ' ﬁéq\?ewgﬁ(?'ﬁtséeégg)t Eﬁ?”@é?%&t@% %%g%n
] aned verte%gates conprising cartilaginous fish, bony fish, anphibians, -
reptilia, birds, and mamal s includingcgigs, sheep, cattle, horses and 91
22 June 200a) r matating froo saidndjfferentiatecatymphemiies sherdd lgastheae @xggenaus h
m ce being the - reter{eﬂﬁgost species. 17. Method for the production of
any bi ndi ng prof8NelGe'eMBN: P8dal fragment(s) 5 thereof with the ability
to sgl ecti ngy ﬁ{a’&% Qarangeé?rrﬁtlcgaarrfyntdso GRAoritad et BIhRpiduREhHar sl e -
anti body, any’ antig receptor conposed of variable domains and constant
regi ons conpri slgagt nedlinding peptedr or fundtioraltfragreenisnhereéofrunogl obul i ns,
any artificial binding protein displaying either wild-type imune effector
functions or nodified or artificial effector functions not derivable 10
fromgernm ine encoded heterol ogous i munogl obulins or antigen receptors,
and any functional fragnment(s) thereof, in a manner known per se,
involving the steps of: (a) genetically nodifying vertebrate precursor
| ynphocytes, which (i) are derived fromprimary |ynphoid organs, and 15
(ii) have the potential to differentiate into mature |ynphoid |ineage
cells, by introducing at | east one exogenous genetic el enent encodi ng at
| east one binding protein or functional fragnent thereof; or,
alternatively, using genetically nodified vertebrate precursor tynphocytes,
which' (i) are derived fromprimary |ynphoid organs, 20 (ii) have the.
~ potential to differentiate into mature |ynphoid |lineage cells, and (iii)
carry at | east one exogenous genetic elenent encoding at. |east one
bi ndi ng protein or functional fragnent thereof; (b) effecting
differentiation of said genetically nodified precursor |ynphocytes

N
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~25~imto mature |ynphoid |ineage cellTs either in vitro or in vi8Jurdrqo §6y

generating genetically nodified and differentiated vertebrate | ynphocyt es
capabl e of producing said binding protein or functional fragnent thereof;

‘or, alternatively, using said genetical]l dified and differenti
o 16aubeien SaickPipe

C

e

¥er t ebr& F’Tlhﬁn'ﬁﬁ aecordmactapaBi® 1ot o S Sal Hé Hﬁ’t%'f’oqrgf[f"ﬁgg?na'
uncti ona r 8 : f ect.i ; b ; i
brot el nor TPERETT AhEEcE lsnid ofe LS o SeifEBPaRDIS Hlerthifemonedonal |

vivo production in humans is excluded. 92 22 June 2006 18. The nethod
according to claim1 or 17, wherein ste

(a) | s@0at i Thg rmtegbm%ap@or@iirfg@r@lﬁﬂ'maﬂear ﬁ’@ﬁ@ﬁ%i@fm s8id Roing Preieh Qanctiorar
xogenous enet | el.e . i i b i
Cxeponous, AEISLAGoCIAUED! e f Pl At DRkSospeLiEnr b et

functional dqi@gagat (s) thereof. C 92 & 22 June 2006 19. The met hod

according to claim17 or 18, wherein said binding protein or functional
fragnent (s) thereof displays one unique specificity and is therefore

monocl gnal .. 20. The nethod accor di 1 ' 7.0 18 .o AR
bi ndi n%qpr o-l_frlﬁ megpo lﬂ‘?@f’f‘ﬁ?ﬁ%?o % ngﬁiﬁf ﬁsﬁtﬁér 3@ r%?lﬁs% a%ﬁﬁg?ﬁﬂi{ﬁ Bne
uni que Specf}JH:t%ﬂé{ REGmicpt(shanetadte coppistelyormal padiblly Tétearest bpdctacelorddiy
to any of clains 17 to 20, wherein said binding protein or _fél,nCt i onal
; r ﬁ(gtmant ( F)frnufmrmiffeabm ﬁ:n‘ea hugrampantibedy,yarganeEecetere (A RINdIRRRGLeINg GS
u i-onal features of a n £ , | . : H B Gl D0,
protei n, . aLALNE FESET %?@%%Rggﬁe%géihsﬁgéh g%ge Kg‘rﬁgél)érgcgﬁeetef Bgllrtgg}g?%gif're
or parts thereof. 22. The nmethod according to any of clains 17 to 21,
wherein the binding protein or functional fragzrrent(sl) thereof .to be, .
produce@®. i STheehethed docordingdo@mupf Gaigissi T g 2lisvipgrein 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 (u, 8, v, , €) and/or light (k and A) chain isotypes;

20 (b) antibodies with combinations of heavy and light chain polypeptides being
completely human with respect to the prirhary amino acid sequence;

(c) hybﬁd antibodies containing heterologous heavy or light chain polypeptides

C 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;
(f) T cell receptors of the a, B, v, and § isotype, antigen receptors, and other
binding proteins with structural resemblance to proteins of the
30 immunoglobulin superfamily; |

and functional fragments thereof.

23. Genetically modified vertebrate precursor lymphocytes, which
(a) are derived from primary lymphoid organs and have the potential to

33 differentiate into mature lymphoid lineage cells,
93



(a) antibodi es—-being either menbrane bound or* secreted, and coriisné 2aPof
both heteroloegous heavy and |ight -chain polypeptides in the stochionetric
-¢conposition found in natural antibodi es and consisting of any of the known

h , b : d/ ht nd_A) ch '

ant bott es Y iedrAtn e Pnerst SHoabiodnaoPhafi CREIINpERSREE: dbs atngne
conpl etely humgg bt‘é’rdl@c{;é%%ﬁ%né (brét'é?ﬂ BF ¥l tYor?éi“f%rﬁ@htﬁt B8t é‘ablhtm
hybri d anti bodi es confal ni ng heterol ogous eavy or c ain po ypept

from di fferent ssecttlalpbindteaneamntiged)orsligare, edclEdmg athe{aeT@ld‘g(cats aatibody,

anti body fragnments being either conpletely or 25 rt al | eterolo ous
(o) Franment oA fietettoGals cHfeBI Irec b GamRRsea ot YAt Segnaine - ahd

resylting in mmﬁl@ n s”%drh?ﬁﬁﬁ fie gafi ko taréggﬁ@t ?mer(wg}aﬁr c8blind
3 ot%er

receptors of the a, sot anti gen recept ors
bi ndi ng protei rimrmbmbglsbuhm warat hemelmgbaamwuabbm@mmprmtbm Héspl@¢ing either

[ | obul i f f i onal f ts th f. 23. .
Gonot 1 cal 1y modiiS-Bpe ERTBe AEeeso biATCeanS | ROR PERa! SR Sffertan nctions
derived from prdd’fa'alénwmﬁh(?ﬂo‘ﬂn Oggﬁ'ﬁfﬁv@”&] tlﬂﬁeP&B&é‘Gé aﬂmr‘h‘ﬂno@ﬁabulms or

dlfferentlate into mature lynphoid lineage cells, 93 7.......... 7.
e, .ant;gezz'ed:apmrﬁcmﬁj éhy fmmtmaatfragemt(s)rtbemaﬁgembus genet ic
el egEnt encodi ng at | east one t er ol ogo bi ndi ngpﬁalo ein or functional

frdfment t HEt e EhleER Oaﬁuslei’fi INgMagkg! ’PQ&R‘FF dote A€ 3Yepasgione
| i gand, i ncl udlég%ggﬁg gte ﬁ&g?y@mantl body, any heterol ogous antigen

receptor conpose mai ns and 5 constant regions conprising T
,fcell receptors and nmenbrane bound i mmunogl obulins, any heterol ogous

e R SRRk e AR AL Lrer i Lype | e effector
ey e OSSR A MAOURe) BRSO Tl B LIRSTLE B
marlker bei ng oﬂr@taltmllqgcbusqhmdlrtg)pwem @xtfdr‘@:algnabfregment 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

20 wild-type immune effector functions or modified or artificial effector functions
not derivable from germline encoded heteroclogous immunoglobulins or
antigen receptors, and any functional fragment(s) thereof, and

( : (b) carry at least one selection marker being dperably linked to said at least one

exogenous genetic element.

o
(9]

25. Immortalized cells derived from mature lymphoid lineage cells, which

(a) 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,

30 any hetero’légous 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

33 antigen receptors, and any functional fragment(s) thereof,
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exogenous genetic elenent. 24. Mature |ynphoid |ineage cells, WaiJome 0%
carry at |east one exogenous genetic el enent encoding at |east one 15
het er ol ogous binding protein or functional fragnment thereof with the
ability to selectively bind to an antigen or |igand, including any
het er ol ogous anti body, any heterol ogous anti gen receptor conposed of
vari abl e donai ns and constant regions conprising T cell receptors and
- menbrane bound i munogl obulins, any heterologous artificial binding
protein displaying either 20 wild-type i mmune effector functions or
modi fied or artificial effector functions not derivable fromgernine
encoded het ergl\og i nogl obul ins.or antigen receptors, and any,
functional fr8 neﬁgf%)a {REPEERE SElRCtian %P?&8§P9| @agf’atﬁximggaeteﬁ% atdeaadone

bei ng operably | ié%?geﬁ&sspbﬂgﬁ? élé‘rﬁ%ﬁ%% exogenous genetic el enent. 25
3 ,

25. Immortalized ce der Fve rom mat'ure | ynphoid |ineage cells, which
(a) carry at (®aspratheeesaigestdesspenettsteicgous birivlagipgotdih dr&‘@ﬁbtri]&ﬁ‘@ fragment
the .

het er ol ogous bi ndj ng pyotein or functional fragnent thereof with
ability to selecth&®Py bind to an antigen or Iigand, including any
het er ol ogous ant.i body, 30 any heterol ogous anti gen receptor conposed of

vari abl e donmai ns and constant regions conprising T cell receptors and

nmb ' I | i . het I tifjcial .binding. .
e e B MRk PR Mg ATl B0l SO £ bt W Mg i
or artificiapegfhherddd) 'e'n‘?rﬂﬁe%‘?%ﬂ‘?'ﬁﬁé’%‘ﬂ'ﬂﬁ&&?%@@f r@cjyrlﬁnﬁ%oﬂ'?%ntig?n or

het er ol ogous | mmunogl obulTns or antigen rec ors, 5% any function
\ff ragment (s) lidemeohclu@in@2nyuardib2@yo abhlantgen yeeéplceasimpneed ef estialsle domains
_marker being operably linked to said at |east one exogenous genetic
el ement, and (c) produce said at |east one heterol ogous binding protein or
functional fragnment thereof. 26. CGenetic construct carrying at |east one
genetic el ement encoding a binding protein or functional fragment thereof
with the ability to selectively bind to an antigen or
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~l.igand, --i-ncl udi ng any anti body, any anti genw;ecept or corrposBEPbACEMEN;tS'ﬁET
domai ns 95 REPLACEMENT SHEET 13 SEP 2006 and constant regi onslg%gp)rmgi ng
T cell receptors and nenbrane bound i munogl obulins, any artifiti‘al

bi ndi ng pr Obﬁan_c@hWr@yirégoﬁ'st empidifg t MPecélinmigeeptdt f egidor miwmtsidnensoding
modified or artificial effector functions not derivable from gerniine
encoded i mimoginogidbuisspengrartifieinl bincking ereteimgisrdzying @itheromid-tyme immune

f h | d fromth i sti ng. of - i
retrovi ol BXACIEBUPFIRRS SeompdiSe o PO dr SRt LBt G, et AEATR AR
aci d Sequengéﬁnﬁ’rﬁ’&r{vﬁédﬁédi %ﬁﬂ(rﬁcﬁa’%ébb% EPIREgEANrédepddrd, €888 aRPefutctivALr

bi ndi ng protein or ncti ona ment thereof; being either wild- type or
havisng (a) fragimeme@) ther@of,sEegtedriramhehprgroapcoasistiogadi d 10 sequence(s)
or being artificial; .(b) reconbi t plasm d- based .DNA . consiruct

conpri si ng }6@)0n’iﬁC@mb'éﬁﬂtafﬁté?""aépﬁ“@bﬁpﬂﬁtmﬁtél %‘?’E’P”a@@dpg‘gaﬁt‘?{c@i@ﬁ@feétﬂw
linked to allo : | i Siad T el

functi onal fr ag O REI s Ao b erays i oper TR LTSN heReat Bt least,
mutation(s) in ¢ohe ofrsaihibynding pootedn dor fihclengleinagrhent thereef,npeiagt either wild-
(c) reconbi nant plasm d-based m nj-i mmunogl obulin or T cell receptor. gene

loci  with unre¥PBarffeddyind (d designra s HRR(shpley dbey RNARBH #BYRY | 8D
V( at]) reconbi ngé‘{l‘?&’ézg) i%)esiﬁgtéqpﬁdg[gpressi on of at |east one of said
- cé receptor, or

antibody or T uncti onal fragnent thereof, being either
wi | d-type orbhapddmbindft prsniiétapeedDNA abner(sts ¢amplisingr proangtearenbaaced
sequence(s); (d) bacterial, yeast or vertebrate glrtifici al chronbsones

_ gonpr_i sing part&n@coging pecleicAtotRBIRNGES eperabielinkedipllow GRTession; of at
gernmine configurati ally . L t r j '
subsequent expr lxleég gI{ gﬁgoﬁp%ﬁltﬂéég'tng ' %Jrf\)gggf &sg’jﬂgﬂgﬂﬁ( E%%r;e@? qu'i:ég)ﬁl’l b?@ggg?%?i
or functional fwaig érhemeply (Beidesi@tecti mintationi($)d-in yihe @rinteryi @gnite) acid
designed nutation(s) in the primary amno acid sequence(s); (e) bacterial,
yeakt or verteb$%1‘ﬂ‘éerbﬁet($)f@rcb%m9@|ﬂ%ﬁég10rres conprising parts or all of at

least one i qounogl ORhLA Bfashif S dseteHRtifmERoGob i er e8P H:édS8r gene loci
with unrearranged V, D and J gene segments operably linked to allow V(D)J
recombination and subseguent 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 conﬂg'ufation operably
( o 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 all of
at least one immunoglobulin or T cell receptor gene locus in modified
arrangement designed to allow V(D)J recombination and subsequent

30 expression of at least one of said a-ntibody 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

35 germline configuration allowing V(D)J recombination and subsequent
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arrangenment designed to allow V(D)J reconbination and subsequer?? Jgue 2006
expression of at |east 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 am no acid sequence(s); (f) trans-chronosone

el enents which are fragnents of chronosones harbouring parts or all of

i mmunogl obul i n orexpression céatast ogenef $aidi antibodysogEradlli neeeptorf bgingawildtype
allowing V(D)J recgnbi natjon_ and.subsequent .96 22 June 2006 expression of
at | east one of &4 reéHFFLHHSF‘eo?””T‘a%Pﬂ’"?%@gﬁfﬁﬁagU%bqegﬁ)vwiId-type with

respect 10 { Ngn BrdiaTLayd &%s?;c%(%dﬁ%@%@gﬁ(&%m@%ﬁ?@@@i it 1623t 128 ane

genetic elenent i's opera east one Ion marker
selection marker.
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