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

35  (Grawunder et al., Curr. Opin. Immunol., 10, p. 172-180, 1998). Due to the multitude of

-



35 (G awunder et al., Curr. Opin. Imunol., 10, p. 172-180, 1998). Due to
the multitude of -1 WD 03/068819 PCT/EPO1/ 15303 V, D, and J gene segnents,
and i npr ew0IBOBSIN gene segnent joining, an enornous rep@CT@EPOE153H3

[ yrphborh b g bl ArsEmERRisth, A BChE bR gy, 2h gpermbus,,
Qi N. repefdRtaobf. differemt. V2ihi@R Spetfititles babureé r@matbdt byrthei mmﬂmnsglo@tﬁill | n
genes have slightly diverged between di fferent é@ie h that .t he

constb{mpho@gte@rwodﬂcﬁdlth}’b gi lEynEne syptena ©NeBhday ﬁxﬁéﬁ GeHBkhce,

I mun obu S cies are nost often |nnunogen|c i f introduced

into s’c-}u]I a?1§%y;ﬁmg§$?anot her species. 10 The imunogenicity of

xeg*logenel c nonocl onal anti bodies therefore limts their use in the therapy
n di seas because ur 0 t S

oy TDUING SV r SBTLrPORETAoENES B SIaf CqNERRU BEbedr ARORAES,

the ﬁél:f]éé" SEGH tn ﬁq@dcéhﬁéhﬁ?é?oﬁé dthentitplid e differt b@men spwwyAseajum ng

its 1 armacol ogi cal fi cac%{ Clark, |mmunol Today . 397-402,
2000) cmmsaq@encastmmm@iqht@ﬂsa PN OBE $RATIES rﬁfﬁam%ﬁt¢ftﬁm"&nw}9$§iq efht s

usual | oes | e ti oned conplications. Human
ant i s@IQQHFE%Uﬁ‘é\wep@?%&ﬁ%@gt%ﬁtéf%ggﬁég%%\g?&occas| onal ly been isol ated
f#om 20 the bl ood of individual pat ients for the treatnment or prevention

e and usual | y hi | et h v Qns,
or eaghef‘%‘m‘i'}?@eﬂpéé{t@ﬁ%gpn?%%l gﬁ@ﬁgﬁgﬁ?bédlgg t%@tﬁg Ir{e)w%ma Feeg‘g"en@ms
Hovevge th‘é'i‘ép} ?ﬂﬁlﬁrﬁéﬁ hyisd4de, HRRYUSE @RPOSUrei 6f patientsto kehogdrmic ahnbdsdleat ment
of diseases ‘afftect | ar popul ations. Furthernmore, for ethi

reasommy irestilts in nqﬂ)&iml fg@QiS,l @VERI 26UlRU KNS OF rB'Qt’j‘t v@ﬁ‘%\ht'?@ ntOr dhet he

ur pose of,. 2 | 0 I b n S I'ls
" PonerCeiAiatorty chEerdlel 8L Rl T RHEIRE " antBrgy NS RNC: RRRAE B ary
'vs*ph?hélrn%a%gﬁcan@m@awlqcmns imnunoe Tollag] 24d.p. RROA-H62 nﬁﬂ@O) muecpnpiastent i al
target antigens for therapeg%lwc@ﬂntlbod

{ her agminisieatiumeiful Gusnar Sptheding o 2ateoisriaHY Loss oTeatdl RRGF The
Ther oARTETER oA ERRRILANANSTYS Nave been mmde in the Ziéni "Ract to devel op
procedures for the devel opnent of therapeutic human or humani zed
anti bpgies W ENOUt, thimaR Shifiiondi ntiBEERS AAVEUEECRNSHAR been isolated from
20 the blood of individual patients for the treatment or prevention of rare and usually highly
lethal diseases, like Ebola virus infections, or e.g. for the treatment of individuals after
exposure to snake venoms. However, this approach, for many reasons, is impractical
for the treatment of diseases affecting larger populations. Furthermore, for ethical
reasons, it is impossible to immunize humans with a given antigen for the purpose of
25 monoclonal antibody production, because the B-lineage cells in humans producing the
desired antibodies develop and reside in secondary lymphoid organs and cannot easily
be obtained. Furthermore, many potential 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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containing a diverse repertoire of Vy and V| chain can be constructed, and individual

25  scFv specificities can be isolated from such libraries by binding of recombinant phages

to immobilized antigen (McCafferty et al., Nature, 348, p. 552-554, 1990).

Phage display libraries for scFv binding proteins derived from a natural human
repertoire have the drawback of being restricted to specificities contained in that
30 repertoire, and specificities for many human antigens are therefore most often not
represented in these libraries. Although combinatorial or synthetic phage display
libraries may be used to circumvent this problem, a general drawback of this
technology is that high affinity binding proteins for a given antigen can often not be
isolated. Therefore, substantial efforts have been invested in constructing very large
35  primary libraries by either brute force cloning or site specific recombination procedures.
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immunoglobulin H and L chains from the human transgenic constructs, and B lineage
cells of these mice are only capable of producing human antibodies. There are three
variations of this technique. In one, human immunoglobulin miniloci are used as
transgenes, from which only a limited repertoire of human antibodies can be generated
25  (Fishwild et al., Nat. Biotechnol., 14, p. 845-851, 1996) (also cf. to, EP 0 546 073 B1,
US 5,874,299). 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 gene loci are
30 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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20 constructs Therefore, this technology is not suitable for the modification and
improvement of existing antibodies (e.g. of their affinity), because this would require the
lengthy procedure of generating a novel transgenic mouse strain for this one antibody.

This technology is therefore basically restricted to the de novo generation of human

antibodies.

25
Based on the aforementioned facts, there is clearly the need for a technology allowing

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

30  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

antibodies with physiologic and natural structural features).



anti bodi es due to affinity maturation occurring in the i mune system and
production of antibodies with physiologic and natural structural

f eat ur es)wo-03/0¥8193/ 068819 PCT/ EP01/ 15303 Sunmmary of t he PCaxEPat/13n3 The
present invention provides nmeans and nmethods to generate vertebrate
precwtib_ﬂmgﬂ@ﬁﬂt hat can be used for the production of any

het f
f et Re i eserERBRRIL prepidsdbans HREhfKthod té GefloritenldMebatens @aardnr Or
Meanfy sk dyes Bds chn beersdd forlthy prudtidtipnvafrarybineteolpgesiaBHOdY, \AMEBEER Y t es
and to efféct their differentiation int rmre tur % n‘ggmééhg qgg cells
e| t heecaptotviartificialr bindingi W(S’te'f‘h@FJHE}Ct{fé}?i '?ﬂginﬁ%{‘ %5 Qj
bl I h
f’?ﬁ@%ﬂﬁaas%ﬁ%& H%aﬂg ah@" FBIRIISNES Yehlegaamp méGW%H@brdtenpﬂdc&%or

consi dered and desi gned With respect to the
Speciyphghdsitéy Bhi €8 e@fect:ﬂwadn‘fererﬁtatloa itesmosel mature lywaplkieid pingaeg .cells

Furt h d
conseftet s aUieRT as vbBedhaIetY, SBABEes uriamtes rEVEaRl (BBRBIR dfne
Ve R Rking HiSfophd S BRSASadlts ﬁﬁ%ﬂ%@%ﬂntlk&eﬁélypépt&idsowhmmm%aaj bdeal of

flexP gener at hoi I neage cells wth tx%s
pot egbhsideter axddesignsd Mmthyfeapqctttpptbe specifis agtivities @y charastefintics assiedi n,

h h f
19 andp 1 OISPIES. daTeTarS pisent dVHEmProvds BEREgdotenidand, |

pfllr t 'Cgh?ﬁﬁ&s'd% WOIPSS fs &cihl otyteetsuitaslesfoe baagingfdutihe ynveatianat i on,
oWS expl ol tat on of the selectivity of the i mmuune system for

generatlng ant i bodi es and |nnunoglobulln | i ke or even artificial binding
t hi d ' t d
Conpddiis: e etadenet e Brssatl S e o, o et el 1 Adanly ferieund or
repr PR IIrCBf %pﬁﬁ@ﬂlﬁéb?@ldeilg Vit thed potertiati tyexprassssimpinanyolypesofor
?% %ul I ns are g ycopra%lel ns that in_thei n cth%r are
¢6nrpcm1é|body mm@nnctmwtnr@t@un hadfbin Shart,eepe Ofaﬂﬁ‘et\/\ét qﬁ% g?e'@g ! cha| ns
(1gL) th@tlgﬁégl\fﬁ%@ﬂﬁ%tth&é 'délﬂgqpf%y 89@% IBI'ed\?erﬁé'-B?Qﬁa hEah V\erthél cells

corrprq°§§ vari ab and 3-4 constant regl on
domaigastidiphtt 3n opeciic idepensli fugctions kﬁilCham& taﬁuytyu soatypation, naléﬁj’lﬁt h&n,

bod b
33%;.&p'lq?%ﬁéﬁﬂéfain”ee%pﬂqcp?& B EC RS, Gentne R S
het el SR TBb UMY 50BY&H tficidhi hdingNsrottsing of gt bmfdlm_maﬁlndm fortanyni nal

vari d d one C-termnal constant domain (CL). The arrangenent of
boe tgwer ghtigarc Egimpoohdionsoryositios. i n a Y shaped nononeric antibody with
two highly variable binding sites

Description of the drawings
Figure 1 is a schematic representation of immunoglobulin structure and genetics.

Antibodies or immunoglobulins (Ig) are glycoproteins that in their monomeric form are
25 compoéed 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 (Vy) and 3-4 constant region domains (Cu1-3, or 4), depending on the
antibody isotype. In addition, antibodies contain a hinge region between the first and
the second Cy domain, lending flexibility to the two antigen binding arms of the
30  heterotetrameric glycoprotein. Light chains consist of only one N-terminal variable (Vi)
and one C-terminal constant domain (Cu). The arrangement of the two IgH and IgL
chains results in a YAshaped monomeric antibody with two highly variable binding sites
for antigen, which are formed by the association of the IgH and IgL chain variable
domains. Variable domains differ to a great extent in so-called hypervariable regions, if
35  V-regions are compared between different antibodies. This variability results from the
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surface expression of stemcell antigen 1 (Sca-1). Fromthis, preB cells
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alleles and that are characterized by surface expression of B220 (a pan-B

cell marker) and c-kit. At this stage all other Ig gene loci are usually
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designated preB-] cells and can be engQdede n, %i sg,ue cul ture uH‘d r

speci fynephocytes in the mouse can be subdivided into distinct stages that can
phenotypically and genotypically be subdivided. The earliest committed precursor B
(preB) cells that can be found in the bone marrow of wildtype mice are derived from a
pluripotent hematopoietic stem cell (HSC, left), that does not express lineage specific

25 markers (which is designated as Lin"), but is characterized by the surface expression of
stem cell antigen 1 (Sca-1). From this, preB cells are generated that usually carry DJy
rearrangements on both IgH chain alleles and that are characterized by surface
expression of B220 (a pan-B cell marker) and c-kit. At this stage all other Ig gene loci
are usually still in germline (GL) configuration. DJu rearranged preB cells are
30 designated preB-l cells and can be expanded in tissue culture under specific

conditions. The next rearrangement event in these cells involves one of the Vy gene
segments that rearranges to a pre-existing DJy element. If this leads to a productive
rearrangement on any allele such that a pH chain can be expressed, these cells
receive a proliferative signal, expand and differentiate into preB-ll cells. These cells

35 loose expression of the c-kit surface marker, but gain expression of CD25. A further
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(Step 4a). These 25 retroviral vectors can
t r anséagts. g;nb@faccnmpileha@rbycmltnoducmgrmgbangn@Imumhbnm onubathi alfedes of the
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possi blRatich(S)t bt wbldta st VIdesecsRbinativhtd I@Qje%e,' 83 By REEtHd Bfe o9 9ene
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 xenogeneIc IgH and IgL
chain genes are from human origin, the preB-I 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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targeted with the sane targeting vector Uni que restriction sites are 25
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posi tiavgetimeoaéttee Ther detkiled deshg’ sthBSYy fibnese Q%sﬁf[létléﬁ‘qucéﬁef’%o%%?“e Fig.
6b, pBSL-fl neo-DT4 was
targeting construct for DJy rearranged murine IgH chain gene loci is depicted here at
the example of a Driis.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-flneo-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 organisation 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 IgxL chain gene
35  locus targeting vector. The detailed cloning strategy for the construction of one possible
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and downstream of the RAG-1 ORF, respectively, are PCR cloned from genomic DNA
into the empty positive-negative targeting vector pBSL-flneo-DT4, as indicated (see Fig.
6b for pBSL-fineo-DT4, which was chosen as one example of various different empty
25 targeting vectors). As in Fig. 5a, PCR primers for the short and the long arms are
designed to contain Not | and Asc | 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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cassette is indicated as well. Figure 6b illustrates the detailed cl oning
strategy for DI-a and DT-a(tox176) based positive-negative vectors for
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recombinase. While a floxed neomycin expression cassette can be recloned from the
existing vector pGL2-neo(m)+ (DSM 14705), floxed hygromycinB and floxed puromycin
expression cassettes needed to be inserted in two steps. For this, a synthetic DNA
oligomer containing two loxP sites separated by a Miul site was inserted into pBSL-DT4

25 in order to generate pBSL-DT4-2loxP, as indicated. In a final step, expression
cassettes for hygromycinB and puromycin resistance were PCR cloned into the unique

Mlul site of pBSL-DT4-2loxP.

Figure 7a shows the schematic organization of retroviral expression vectors for human
30 IgH chains. Recombinant retroviral vectors allowing the expression of human IgH chain
proteins exhibit a modular design containing Ig locus promoter and enhancer elements,
as well as coding regions for the variable and constant region domains of IgH chains.
The transcriptional orientation of the IgH expression cassette is opposite to the
retroviral 5’LTR promoter element in order to confer a B cell specific expression pattern
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murine x intron enhancer (xiE), exons encoding the constant region of heterologous IgL
chains, and elements from the murine Ig « 3’ enhancer (x3'E), as indicated. In addition,
retroviral IgkL 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 cloned into the unique BamHI and Hindlll
restriction sites of the IgH expression vector using restriction enzymes generating
compatible overhangs. Due to the modular design, modified constant region exons or

enhancer elements may be replaced using simple molecular biology techniques (as

indicated).

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

cell/IL7 dependent preB cells with retroviral vectors encoding heterologous IgH and IgL
chains. Long-term proliferating stromal cell/IL7 dependent preB cell lines with mutations
interfering with éndogenous lg gene rearrangements (cf. Fig. 3) can be sequentially
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25 and even libraries of L-VJ regions may be cloned into the uni que BanH
and HndlIl restriction sites of the I gH expression vector using
restrictiwpoangssmes generating conpatible overhangs. DuePCa/HPag13303lul ar

desi gn, dified tant . h . :

Fopl 4eea0ucRchiySi REPErACPEEERPn ooy 1200 e cha s A IstL EPEIRRS a3,

Fi gure.:8 ikl PSR i€ fi fogousaligLt aireh tebunc igH-b nhaih
n{;?:]ﬁ{id'g?tkéngﬁ& geéﬁ%/s%% t(géepender?{:Ei \'gl%gt%gllerﬁbvﬂzsr gt ra(i)vi ral E/ge '?o?s
encodixpeesBitpe rattovialisongfruciadtheg cells havadhe (RHGOER R BYRIEPS ix%%ﬁo 048y onal

cell/1L7 dependent._ preB cell.line . Ut Ak i | w th
endogétibedies ypgaiffereq ?%8‘"@&%&[?\%&@&%‘(@@) 8@/27*1%(2‘(%%%5( h? I@<)i| ly -12 WO
03/ 068819 PCT/ EP01/ 15303 transduced with retroviral expression vectors
encoding IgL chains and IgH chains, as indicated After successi vg.

t r angiigerei Oniswat schiamatic loveaien oefosquicgs, Ao tWRieh) yeriatiai ¢omalkhreddidng

retroviral constructs,, the. cell e L . i ; S | ogous
it | 5EEPES G@oRe AT EKe ARG TOBTA oy FEIE B g IGHRERofFhirg: U2
(see dgrond Qurcbsi uRiSated M s99eRIUrbC Theemddaarotlesignr oshe fretroviral ch
vari abl e Honain coding regions can be isolated. Variable domi.p. oging

r egi aestaramlibesitsotoning of @ioviHAlvedPIs &NwORiNGSGr EBLY, a ég‘gi'%af?%%lﬁ%g” iH this

figure. The dul ar__desij t V| i ng of
1077 staaes ERTorS fiiBier NgBly JRBRoRbRaY shiiody OB Hrdaditioh 6T Hleee N0 oe
fr Om\%%to?éida?fd fenstahtationtuTard mniaiced rasilb datp. migenin vivanéseeckigor Oyf singles e
vectors an

transpl antation of trangsduced cells into mce i | e Fig.
10), spiecijictiessipayither ibe subipsipd tl‘t’e?ﬁ'ﬂgy MAPERLesy Pﬁ@%ﬁ"."ﬁﬁt@"ﬁ@%ﬁ%g Ion.
Al ternatively, . co & ib ' hbeytesqPBLe}Y flonpaither
peri ﬁ@‘éﬁbﬁ@% ’ﬁ?k&%o‘ééy{ eesd ?’gﬂlgénw%}?ﬁﬁglzotgﬁéwbheg}lt hq, Si g,k or i mmuni zed
pat i %aﬂh?ﬂéickf'@rﬁnﬂhonmddipaﬁantsg Bnartben glonsshinto dalrand 3’% chaineseiontal on
vectors. In fact, it is even possible.t | i« VH
i6d cnpresspoNoRepeinared 1Sian sy it TR BTG nbTBieR, SyapH yH e
exprggs| ] SRR e tretfolital Agadtpressiansegtard, whith
funcﬁ?bhe@?igééﬁac{eg\é@?%ma&gﬁ? see Fi Hﬁ@lro ‘.J Fi gureprio il k%st at f@d |
t r ansgdreguitRisquentdy belstatsBiranadidcedich ippalbnselpried NHvq tvee29pi Bduct i on
of fully human nonocl onal anti bodies. HupreB cells, |ike normal nurine
preB cells, can be transplanted into nmurine hosts, where they are able to
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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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vector DLLB 8% HRPpBLEAIRES Ny gRE Gbelofds r88IohEs A¥a Bull-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 bel-2 and resistance to hygromycinB.

25
Figure 12a examplifies the construction of retroviral expression vectors for the
expression of human IgH chains (preparatory step l). 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 éelectable plasmid backbone with a ColE1 origin of replication (as
indicated). Depicted here are the first cloning steps for inserting a Vupromoter, the
murine heavy chain intron enhancer (EpH), including flanking matrix attachmant

35 regions (MAR) and the IgH chain 3'a enhancer (3'aE). Restriction enzymes
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used in the various cloning steps, are highlighted. Figure 12c shows the

construction of retroviral expression vectors for the ?x%essi on of ?EO
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ok e e O SRR R ET sed M FoIIGRAS the Roring B R BRAAGter aill no
enhancer elements into a retroviral transfer vector, coding regions for IgH chains need
to be inserted. In order to be able to express membrane bound, as well as secreted
forms of immunoglobulins, exons for the membrane spanning regions of IgH chains
need to be included in the retroviral expression vectors. The membrane spanning

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

30 pABS5, 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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75 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 specific promoter and enhancer elements in addition to the coding regions
for the «L 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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Fi gur hOoWs e construction of retroviral expression vectors for the
expression of human Iga,L chains (preparatory step I). Retroviral

éeiz)éfLSﬁsig?,lLfggd%ogE%\&%iﬁes Séﬁérﬁigﬁfﬁy b 83yito SIPILLSIGH GeQbRIRA thY elbfetsidimsrer ti ng
human IgAL chains (preparatory step ). Retroviral expression constructs for human
IghL chains are cloned by first inserting a fusion PCR product of a puromycin cassette
and a V) 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
75 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 IgAiL

30 chains (see Fig. 15).’

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

of human IgAL chains (preparatory step ). Other human IgAL chain constant region
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and a V2 pronoter into pLIB (the PCR fusion is perforned by single overlap
extension (SOE) PCR as described in the exanple section). In the next
step, a SUB-RP@RMSiusi on 25 construct of two nurine k L chaPoT@Phases

el ements, the k2-4 and the k3-1 enhancer, are inserted into the construct,
as i nghreat Ay bé naedyto vdsmac@dhegcmgjodmgofregine bwmpleczlonrr@guemgi the

ted by PCR cl to th tr I th
| ndi centieee MBsENDH e8I -ﬁ'ai‘@%ymel;z@%e@b&%é@ YpoR g qe A TRATANEE ab e
domai n e nt o e | e of
o cerbl Ao S Tk HieSen ye i tnbss TEOVR SRRIAL Afe EaBabieNG © DL
ConSté éés‘?ﬁq He &ﬁ‘bfé?if'hhﬂ#arﬁmmﬁﬁnﬁ)&oﬂmétsow |fﬁdﬁbatbhe(s§ém’§8ﬁ3)0n of human

| gXL chal ns reparatory step I1). O her human | gXL chai n constant region
- 57 WO 03/ 068819 PCT/ EPOl/ 15303 genes may be used to replace the CM codi ng

b le cl the . uni Not | t

15} iguia d68 shew BRORFRGBIOT Ms@pa;aeﬂgadalf restiMb St Bxbd e o
th th f th
i 7 dobEChBli e PEsEn VBRI, ALt et BiESs R FRRRBSI I ur PP apaE, | 10
15a skuiss Hanéqséerpaesﬂnb\édr@@ufa:rrmgms:onmln ooelirrgnregms forrthe viagblblel gKL
and IgA L chain expreSS|on vectors. retrovi.ral expression Cgp égcts

f or mmalntFh%i*ﬁjCEn benigplated H&P%\‘P&O%ﬁoab%??%ao%&eﬁe(ﬁe%lfed? ntain
d b.

Gon fd AP o fted Bk Ry BuraCTEuSS, ad \ixeqipblohs SRaURE LHnTE. o
the reidaity, rcﬂrlas\/lﬁg‘aﬂw gaﬁ?dlng@gﬁfmnbxp:ﬁmﬁmmmmgh aesdr’tggae PERauplified or
e Srersat sl bEELE erbgiins e’ R GHoRied coelses nfitf s
togetﬁgﬁr?%}l lé Bid Ralyer Lfc?r?erq%h@ ¢ Sdd iﬁdic%?ébf?éﬁﬁctﬁﬁﬂéﬁ%@és thit$ chA BeGaerq -

Restr enzynes at can used the cloning of variable region
exonSfoartael dfldlnmgteﬁvail‘hble cb*gm rexodepiret ndicaied.1 Jhise|dsawing fiemsts seMevi r al

H and | n e on ors h e e
et &@eC‘gﬁfﬁ?’@%ﬁEm}éE P vl B i ErsRia SaERE Bl B Rl
be US F]EHBste' t6fs, Hﬁféi@ntuécﬂﬂné hegoghant gromotereand enaamo:m e?léméhfs ni ty
The s of t bi ndi ng of an antigen receptor (or of any receptor) for

its mgrimuseaintlgen (or its ligand or binding partner), determ ned by the
rati o of association to dissociation rate of the receptor-Iigand
I nteraction. Affinity maturation: A highly regul ated i nmunol ogi cal process

of anpefigifoflbf ¥ems used throughout the specification
20  Affinity: The strength of the binding of an antigen receptor (or of any receptor) for its
cognate antigen (or its ligand or binding partner), determined by the ratio of association

to dissociation rate of the receptor-ligand interaction.

Affinity maturation: A highly regulated immunological process of antigen driven
25  improvement of the binding specificities of antibodies 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 info a
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25 inmprovenent of the binding specificities of antibodi es produced by
antigen stinulated B |ynphocytes in germnal centers. The process is
caused bywewonmtdseo hypernutation w thin the codi ng regi on®Cr@Pot/soyari abl e
domai ns of antibodies coupled with the selective expansion and suryival of

B | yrgyhomgptrizsY ghvapeddisuiphitle hisked fantihpdy naelecwe dhalshastvarindig gomains
| | at ed .pol tid d ] | Il
L ompritmas By he coRHiasie, Re YaRRe B Bipn R P e oot ne and. two

identical light chains, each being conposed of one variable domain and one
(L chains) or several (H chains) constant regi on domains. The two, H and

two LAmtigems Axgs bidrmelecuieoon cherpicaipentinho dbatl 6apdre Hpeund yohe Watialig ¢ v
shaped di sul phide |inked antib nplecul e that has two bi ndi ng domai ns

f Sr né&%?mﬁﬁg"@moﬁgﬁuﬁﬂs & ?rﬁgyo\?g%)abl e regions of H and L chains.
Antigen: Any bionol ecule or chem cal entity that can be bound by the

variable 5 donains of i mmunogl obulins (or antibaqdjes). Antigep receptor:
Ant i ghmtigeneptept;:ra%tig@hﬁ@@@;gotﬁ argaepraprsed ofyAHabIgndemainst COP@@Rf)ns

t he forpner ving the abiljity ine. o ,

rodi degonss fBeBimeLRanBrbcoroRy 1Y R G EBENS; offins"Bupl1s Teblte |
recenilcy P@[ﬁ'&f‘bﬁ@ of t6 &lahsdil€e BRRI Mte ceiis. Artieranecdparsdcomprisedl odlll i ns.
Artificil a? I n(Jl ng protein: A binding protein containing polypeptide
dequeeceptofe agd m@th&i‘@tb@@ﬁU@H“@@é%W&s) not derivabl e from natural
genes or fragnents thereof. 15 Binding protein: The nost general termfor
any type of polypeptide with the ability to selectively bind to an antigen

or i ﬁﬁfbia%mump EtdtbmitA&ﬂddjm'gomteiafdmaiomgf polypeptide seguentes (@got ei ns
include artificia [

inding proteins, fragnents of antjbodies, |ike e.g. a

Si ng|wmmmimsm@ergsn@emqe&gﬁ@h@e(lﬁ%hiefcona gugp '?F‘&s‘i’fog awsa@éﬁsr%ﬁnbi ni ng
vari able and constant regi on donai ns of i mmunoglobulins and T cell
receptors, or vice versa. 20 Furthernore, a binding protein can be the
fysi OBirRiiﬁgg'ot@ﬂ‘n: Vine ibkegdnemail ternwidrhany typet ofopalypertideswish the lability & ept or
mol ecul es. nversly, a binding proteipn can.be the ..fusio f bi,ndi_ng
noi et seleetivaly bifshie @noantiger Pé%ﬂ?@ : WétBe?th B’l‘tRth ﬁgglgﬂg?gﬁﬁe&%?%%Ct%%'gnai ns
of angi i GaP5hHRY pldkihegfragmientd BeRGELAEY, e @afed i C
el erre‘ﬁ‘ﬂ“gﬁ&mé%ggﬁéqf‘@%fjg%r@‘?%?ﬁ'?’?{/}@o? onl i_hregsarre allele.. Oodi,nggﬁge]gi on: A
genetéiagl e vatibble frepnent (SpEv), rapddilag fasianprediats cambieing ¢piaBesaid i nt o
2 pmggr?s%l!\td?égigr? domains of immunoglobulins and T cell receptors, or vice versa.
20 Furthermore, a binding protein can be the fusion product of variable domains with

functional parts of other receptor molecules. Conversly, a binding protein can be the

fusion of a binding moiety from a non-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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Compl enentary determning regions (CDRs): The regions in the three
di nensi onal structure of a variable antigen receptor domain that directly
est abl i shwomawesstot o antigens. The CDRs are usually the ®POTIEPdI/¥BnEe parts

of antigen receptors. -19 3/.0688 / | i ctural
oi ermlnaAWWﬁSP@im%etyh‘?\ﬁ o %?@%ﬁ@%r'%gcg‘%%é&gﬁ%% P%Wéﬁcﬁ': E)g?erég

di mens] t ed 8. YariME i GOéehNEaNLC psgid@domaigs cof idumanoglobtiins,

[ mmﬁ%?%qaﬁngstwyﬁagégr gag%@ﬁc?udrzgll_l ynrﬁg;_t ed uch as I.g-1jke domains

t hat tiganafee sfraotudaliyn refatgd, swuthe@s! Kslikg dqma'i”ﬁn{h?i %%tabéemf&ﬂ‘/ﬁd dR BE¥ng to
the so-call ed -superfam]|ly). td ok ' of const ant
r egi ore@iles eldteliti isxgt% Wrﬁgﬁgéﬁﬁ g)%!tb tg?%%t%ég’é?nlﬂuslr@%gfegﬂg%ﬁ e.g. the
a?i lity to activate conplenent, or to activate certain imune cells by
bfnding to specific receptors for constant [egion .eceptors). 10
Endo@ffeetsr fubeitionsdfunations of épnstant ragionspf Bﬁ@gﬁpéﬁgumﬁﬁ@'&?c}%& Heti c
el ement that can stinmulatg the.acti Vit f e iAr ge
G ot e dmuneesiReng- O 6 POHDaN Sstipe, SarIEhER SERF Aty Tbortoiy

di menstoma i el ' tegion (Ecregaptoes). b
'“Qﬁhﬁm%i"r?z‘%r%‘”aﬁ t@g%deb}flc%c@moﬁsﬂdr@enstdm egion (Egregaptoes). by a

vari n egi on an antibody. Functional fragnment (of an

anti body, antigen receptor or binding protein). A functional fragnent

derivable from i ven poly % fromthe group 20 consisting
df arﬁﬂ%'@é{s’%ﬁq?%éﬁlfg‘%@e(get%%ﬁdsggln@e%@&%' proteins, that shares at |east

one of the desired properties inherent to said pol ypeptide wth respect to

the specific field of application. For exanple, a_.functian f may
be a Erhanpept Adgeretic @emenbéhaticaa stanyeta ﬁl%n%tt‘w Qfa%%'[‘)]f)hrt@é@?hgﬁgé}t
pol ypeptide to bi.nd to cert i ! nd/ or |igands. The sane applies
to frlé@ﬁ&ﬁténﬁ%ﬂi‘98?9@@%8?Pﬂ%ﬁgwlg§??Psﬁgﬂbtions 25 characteristic for
sai d pol ypeptide. A further exanple relates to fragnents being able to
activate or inhibit specific inmunagenjc and/or .physi ol 0gi tQr
flsnctEpitopaf A tneé ishwessionahsirgeira! e@‘gﬂy &3 é%ﬁ‘&“&%‘éi*‘%‘r '%r ?@8@[‘%% t?’éaa‘nol
systens. Genetjc el ene X , gene loci, or fragnents thereof, |ike
prorm‘faé'?Q',e lé'ﬂﬂ%?ﬁcr@pko,n 8{3%1 gﬁ@%@di ng regions, alone or in any functional or
non-functi onal conbi nation. Germ nal center: A distinct histol ogical
structure in peripheral |ynphoid organs. (e.q. _lLynp r Nn)p wher e
cognaFendtionalafragoments éofvadh aHHgPS&n %&@%éhfq Fﬁﬁp{oé' I _BE %gﬁﬁ%qﬂégﬁt A
Iggp St Oﬁgér%teh?néerﬂfé%% frdrfsH! bives bBlypeptiae obélbetedt irom ehpagsium of
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
75 characteristic for said polypeptide. A further example relates to fragments being able to
activate or inhibit specific immunogenic and/or physiologic effector functions of

antibodies, antigen receptors and regular receptor-ligand systems.

Genetic elements: Genes, gene loci, or fragments thereof, like promoters, enhancers,

30 and coding regions, alone or in any functional or non-functional combination.
Germinal center: A distinct histological structure in peripheral lymphoid organs (e.g.

lymph nodes or spleen) where cognate interactions between antigen presenting cells

and different lymphocyte populations occur, resulting in the proliferative expansion of
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WO 03/068819 PCT/ EPOL/ 15303 antigen reactive | ynphocytes, as well as
affinity maturation and class switch reconbination of antibodi es produced
by anti geworoaactsive B | ynphocytes. Gernline configurati onPCTHPONSI3Y €

configuration of genes and gene | ogi,_.a aey i i f he
par eantigenarigagiive; ﬁwpﬁpp}r)teﬁe ?)%s\ggﬁ 8R %gwgr tnﬁéet'ﬁraé@r?'e% o(thlggst' hé\gﬂgﬁh t he

ger ni i r SSRPBbAR HBdEYENbS apegen reartive B ymphacyted.| s, |ike e.g.
V( D)Tcgﬁbbé%nnatl olnb?%%l@nphocyt Zs, ?ead to the reshuffling or |oss of
genetic information on certain gene loci and therefore to a change of the

genes fromthe gernline_confiquratd : ' i by bes ent

P onermbgerp o L BPYD o0y ISRt of B e pRe ems 16 Séﬁg%%t cd by
fusi i relal ' ahey Wit b Passedbnioduriser gerrrations trieugint

rgégi @ﬁehgéfgaﬁfﬁ@tﬁ?gﬁ@g??ggﬁs A(reyi nmor EI_ cell i nﬁ theilt hﬁs bgerv Eﬁjler at ed
by the beehtime.oDNAn recarobination rEAaNSSEOCSEIING | 1N nEOMEHGHRESt JKE Bt

anti body) and a, nort al as 65 { IR fematiinso®f

ant i mﬁat'%‘nrﬁm%@e%@cg&méngé%ﬁ{ggg%{)gr| stlétg?ﬁ%eci ficity) of an
ant i ggﬂaipegt%%%ci'ém ypRrefbhe ot raicthangk ohathacgenest front oiitegednliee by

t he nst a region of an antigen receptor determning their (effector)

f unceopmfiguratén.| mmunogl obulin (1g): Synonynous for antibody. | nmmunogl obulin
mnilocus: An artificial genetic construct conprising few (i.e. single
Wgit) V, Dand/or J gene segments, capable of undergoing V(D)J

reco -éﬁﬂbgﬂus: B@mgedmemtlﬁbm endogeridusi t ed, oligoclonal repertoire of
vari abl'e coding regions. 30 Library: A collection of different genetic

el enents. Mnocl onal antibody: Antibody with one defined specificity

det er m ned, by t uni.q [ LHC f rmaRlsn@fie ganatiierdbmainsegi on
of tI'i'é"ﬁﬁf'!@éﬁpn%%y'\/%?ﬁﬁ%%@ﬁ@@(ﬁlqzégg?t\fgx}g I\/yggl oma cell: An imortal
cel | _oﬁdﬁbb!{ﬁﬁnér{ SAfiFbdEs to Rlmahaometantirégidn fdosraing.i at i on stage without the

abili'ty to express endogenous i munogl obulin proteins. Polyclonal
apti bodies: A mxture of antibodies having different structures of the 5

var | ARSI AhBIRR iRGtkA i ReTRat a8 BebheeRERRed bTRRE fiibalof andartaint
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

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.

21-



specificities. PreB | ynphocyte: A precursor B |lynphocyte is characterized
by the expression of |ynphoid specific factors involved in V(D)J
reconbi nawoma/0¢s81y. RAG 1, RAG 2), usually 10 has initi aPed/B¥0D)3303

recombi nation on at | east one, i ogl obul i n, heav i still
car r Myeloma celhAn dranertal &ad qeé'g’ggir}wqﬁ@r ﬁ?l’ ﬁgp%ﬁfﬁ/&] é%fgﬁeg%ﬂéﬁjg %éreef ore
does .not L i BS: t Inystelt@. d organs: Organs, in
whi CNV'tIh?H{)ﬁ%gé}ﬁ@S’ té%\g@{'%%ee{‘?jgh]éﬁgﬁ%ﬁrggﬁg :”Bgfu}irll stemcells, in mce and

humans e.g. the bone marrow, the thynus, and during fetal life, the liver.

ny pePalyclonsh anihediescd mixiecot anapies, hafiheBECtet b AR 1 FEG, G

poi nt nut at i {.nt cifd: e n gesANBikaly, adlffepéntl rigadiegcy
(glo-"ﬁ”a taeﬁ{a@ﬁb pbg?oﬁﬁgsgé l??g’pg}ﬂacztlhlgfedf?te?si on). St iyomal cells: :

Pr ol isb@f;mbiﬁ@g, adherent cells derived fromthe bone marrow with the 25
capacity to support proliferation of preB cells in the presence of
additional preB cell growh factor(s). Trans-acting: Having an influence

on gﬁ}gg fyﬁ'g%jﬁgﬁ%tegr/g}ie&ﬁgﬁr ?ﬁfj’rmdd e e QRarsbitéiRAIERY thBr @FIEesiBA . 0f30

Tran SS 0 ng nucleic acid sequences into
eukﬁq%ﬁbhgidcﬁécﬁ;c f/a@&j,igIiﬁ\ml\mi/sindY(E})édemmhlnlaQD?gﬁeJ@thﬁGrdI, RefMa-2nysyally

nmet hods. -22 WO 03/068819 PCT/ EPO1/ 15303 Tr.ans 1.00: 2s

ilfmorhasl initiated & (B IrefoWb'f‘ﬂtéo'bé’f‘a%tl é@ﬁﬁ@ﬂ? 'B‘rm‘é%d@%ﬂtqf”nﬁ%%’s’f %R%ﬁo%,e?ée’r ating
cell line, T : tddnieClodl irgashline ebsefgnratiomt amdl tiwrdfdratdpeshe

ger mq%é?'gfcéﬁ%é;fﬁgqﬁghﬁg e‘;n'gannggQi s therefore i nrﬂeri ted from one
genertieRprdss domepleteramtiboliiesnsduci ng: The process of delivering DNA into

manmal i an cells via the production of reconbinant viruses. For this, a
packagi ng cell line, expressing structural proteins for viral particles is

tran | i Vi whidBNgmphiosytes devetppirosi mematepoietic
r egul aﬁﬁ%wmhgﬁﬁb?g%ag%ish‘ of the vi rafl DNA constr @t i n%tg It t%e vi ral
SisT ucdtefatellspiromicerand Bynamiss.gr e oW, 1R EYMYS é}ﬂ‘ﬁ Wing'e R e an be
used to infect manmalian target cells leading to the introduction of the
genetthe livAf.or mati on cloned into the recombinant viral genone.

Repertoire: A collection of different (binding) specificities.

20 Somatic hypermutatioh: A process in somatic cells resulting in the introduction of
: -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

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

growth factor(s).

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

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

usually associated with using chemical and physical methods.
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15 V(D)J reconbi nati on: A DNA reconbi nati on process during which one of
many V(variable), sonetinmes D (diversity), and J (joining) gene segnents
are asserwbDed/ots312 codi ng region for the variabl e domai n®CafEPANII3gEn

receptors. Vector: An artifici ated nuel ei itdpinse UG whi ch
can E'éafﬂﬁs,fQH"ﬂrbgzsﬁrd}et |REOCSRP | cﬂh%ﬁgﬁgﬁbe%eqnigﬁt gdrbg\ev\eaéééntg%i fferﬁ(ietnt@f

or ganjsf &r86ng agdlivdi ch can further be used to propagate, anplify
and %glﬁrll é’?’%@gﬁﬁgm C ignformati on. Xenogenei c: Being derived froma

di fferent species (often used synonynous to heterol ogous). 25 All
references cited throughout,. t Cifd I } renet h.
|5 Mepuagertichd i RroR oS g AL i IR, ORANRPLPRAMAS THeE

condi [ ' ABBAL frériener gsnatiomiceiie athepr ovi des a nmet hod for
tA$1e é%ﬁgggﬁ)gﬁhgtﬁféfleertebr ate | ynphocytes that can be used for the

production of any heterol ogous antibody, antigen receptor, antigen

comprransgicing: dsparageSS f et O io WHTRhTAEh cchs IESREprodtetor =o'

: ( _ nodifying vertebrate precursor
| yrrpfb??é(&d?ﬁ inX \ﬂfuse@. Forftes, e phuiedifg osfl fné nepressing istriudtusalgaatsinafar (ii)
have The potential to differentiate into ma.ttir lLymphaoid.lin e s, by
i nt r adratpadicies s densiacted withe Aotesogbinantcvie elsrgﬁ‘t %H@B%‘g"’ﬁ'?ﬁ?'aﬁs one
10 het er0] ogous ani i i t Effrd & h §ira0steuetugain, or
flenctrﬁavﬁiﬁfe?'%{_aﬁ_@fi Fog)%%(ggyﬁ ?éf‘g{negwf@) Byf(} ggﬁ%&dm lgﬂr1 ent i af i on of said
geln:atsﬂrgt%ﬁisy By)dﬂhf.g_,e%wmpas@wirhsemhmeygwuoeﬂothe_ﬁacaﬂebeymﬁﬁbltﬁ Iﬂf%@ag:a
of prrocmoiaigngargetioele/Racib iR gHET B oo e bR Ko e TReCy P
bi ndi rotein f ional fragnment(s) thereof. In order to achieve
| ar getﬂgégcfoéntﬂ)'%ah@w(g#ﬁ%%ﬁ%?he above het erol ogous antibodies, antigen
receptors, artificial binding proteins, or functional fragnments thereof, it
is preferred that the termpall ifferenti d vt e r ' t he
s s o b A AR B g e
genety ¢ 1. ' ] t §hg) gemels inbo diceassamitlied do
pr ot eY&é“glﬁlgf’@ﬁ%ﬁggggngﬂ{érrgﬁgf gﬁ gg@ r o%j tgheseeglgiee: s into differ e%

expr egsdimyreayen forthe whdaklesitndaige 96 antgehiRHEORESon can be mai nt ai ned,
anplified and/or used for the production of the respective inmunogl obulins

Vector: An artificially generated nucleic acid construct which can be used to shuttle
20 nucleic acid elements between different organisms and species, and which can further

be used to propagate, amplify and maintain genomic information.

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

heterologous).

25
All references cited throughout the specification are incorporated herewith.
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or immunogl obulin-like proteins or functional fragnents thereof. 25 The
I mMmortalization of said | ynphocytes can preferably be achieved by: (a)
fusing thwogaiessio i mortal nylona cells for the generati ®aTaPohyI3n3 doma

cells; (b) |nfect| ng the sgle with transformng viruses, like e.g. Abelson
mur i D:“—- JEARVEINCGIA - or 30 (c) transfecting the same with an
apprgP b@tﬁ%y ﬁtff?ét rtbetprégélw lhﬂgnﬁ&ﬁpr@mseasneﬁmdffoathé gaeerattme

t r ans¥6 oncogen

va,orthea Ojg];? Lq%é? t hat
upon opveresmtesgiphotytasithab Caheb$ et fari that PR UGHOR (LAY Ubed
cells; -24 WD 03/ 06881 PCT/ 1/ r

Iyrrplﬁlﬁﬁb@% é % %éeg)(r%grduézljlﬂﬁ%ﬁis)g)ll@Hﬁemﬁﬁoggu@ﬂ%ﬁ%ody

a ti Bh‘f risir] thiel sigpsof:pr ot ei n or functional fragment(s)
g@@n{eﬁﬁﬁhﬁfrg?@?er rded ne@rrbodl ngnt t he v br at ﬁ&pﬁpecur sor | ynphocytes

are 29 egtnetioglyensdifing ve@ebratmer%@ﬁ%ﬂfrhélﬁp B‘FY EheW hoi d V(D) J
car 1 | agihoudrd pemet oy TRty ShBAbE oides 4P, T P 8% e 5

i ncl udi ng Pi gaye ﬁt@ﬁ&enﬁalttblcﬁﬁeﬂwtnamnmwmavtmedym:phowblnmgegcettsce rats,
rabbits r?d gui nea pigs, wth nurine precursor e% haqc fnrom
m ce bei by infrodpeisg eatr ls@st Wﬁnﬁ?‘%%}(’é@u%%‘?t'%el%ﬁﬁ'ﬁ 89?%%'% Fawed
vertebra Speci es ung, t | BikhH i rdtgmmmt fuprctionali ve
d8rtil agi BQTBF OUR %ﬁ@rgggt \(/:\at%zgfrE tcotre:élﬁlzfggé?by thg bexpr ession of a

specificy h@{t(sgghéreefjrafnalce mar kers (like the conmbination of B220 and c 15
kit but al by t tent t
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RAG 1, m nal deoxynucl eotidyl transferase
some SDGQ*:rﬂEhod:ytw capablie, othamtducmg‘ saidchgte Qgﬁlﬁlaﬂmlﬂtﬁﬁ atﬁge?tgr,g the

bursa of ricius) where th hocytes are generated,
did desplareflftlﬁleb‘ﬂ@eg Prtgen ’|°r'i [%;{.ﬁgﬁ%g@ ﬁﬁf@]erér'{é;eﬁgonbl nation, other
species also use different nechanisnms for antibody d|ver5|f|cat|on i ke
somatic hypernutation (e.g. sheep), or gene

pr ecunserdes toy mchizvgt B3gé renalel nfodé‘ﬁtt%broétf@esgg‘\é\%}lég@ &‘(ﬂ%a@?&%@ )
ﬁgfgr%ﬂlg@n r cgp‘iorrsecaorm) L0 IngNEhoRAMS, oReruRetGhdI! Alghien®d fthefedl italse i nto
preferred that the terminally differentiated lymphocytes producing the polypeptides of
70 interest are immortalized, or, alternatively, that the genetic information coding for the
heterologous antlbodles or binding proteins are isolated and transferred from these
cells into dlfferent expression systems, where said genetic information can be |
maintained, amplified and/or used for the production of the respective immunoglobulins
or immunoglobulin-like proteins or functional fragments thereof.
25
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
30 (o) transfecting the same with an appropriate vector construct ensuring the
expression of at least one transforming oncogene, like e.g. v-abl, or the SV40
large T ant|gen that upon overexpression leads to the immortalization of stably

transfected cells;
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25 mature B lineage cells, such that antibodi es generated from VD]
rearranged i mmunogl obulin gene | oci can be expressed. Therefore, if such
vert ebr atwopsecssisor B | ynphocytes are isolated or gener @CE&EPOh&i30Rr €

I ncapabl e of ex Ssi endo e e ts
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| ntr qdyg E%{g’o‘&%o dnfiBs8y,! \HHRGeRY reSeptonheyrtiidial gmdeOptdtempoDenfur@tron@I
produce erol ogous anti bodi es and are thus enconpassed by the present

i nverfitagoment{&) éheredfiod according to the invention makes use of vertebrate
precursor B (preB) |ynphocytes present in primary |ynphoid organs. In the
case of mce, these cells can 35 be isolated fromfetal |iver or adult
S:T é@% érﬂérré‘d SmbBYinRé P Eealdriebraty presarsor iympbocyies arsakie tosnpessat

PCT/ 1 303 conveniently | abel e;i S\Ptl bodj es,. bi ndrgr]tg for 'dngrtrgﬂﬂgﬁ to
the dedst sne feampanenk &f shedymphgith VADR e SRMhBELan &MY &n

alternati,vel n C t g’mr ihigahst @ptiliaver or
bone e ety DfaEinafipdehd cAriRohdRs &b oy ASh. P D
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terieukin-7 and interl eukj . Inte f f
2angaﬁét§‘é@b”gm££@é£ Witk G ITenp e s AR B Y RHTRERB s o afieq BRMS

qgffere % e to mature | ynphoid |ineage cells and the genetic nechanism

r tHE S Per si fi cation of anti gen receptor pr otei ns, T lineage |ynphocytes
10 are very simlar to B | i neage | ynphocytes. S therefore to be
understood that the od desc I.be AW tion
of pr%rdmaebpr@urwp%m %C By N A éa\ﬁgﬁj b’gggb%té%rpgé%g%ﬂﬁ% rgrol og(yufs\oa
ant i ng g\folgrollﬂg rﬂhﬁr\l@scé-‘rﬁlé ginduswiisie de n@tp@ilyecharactprrzedtrmjother
| ymp er e present nethods primaril ?l g%p CL
resr)e@tpréssmtnefameemcdetmﬁpetheuﬁa@emqrm gtéh@ CRBRING 9805 FREE 15 to
al | vertebrate or,, | I sed
Flr ¢ bl Brge), KUt 45 B3 et TRIGTE) 33£S 1 YL e R e B sor

Iylrrplt\pé;gatbre Sgér‘n@msf ﬁdf ]gaambar%rels foutwhigb ihéycexdress othet Hanmh@%ntpeq’mnt i on
t 1 t t

ant ?bémseé?;nz o then (600 JECRBONGI B BLRTAT: (0. BRGREnIE Bite o1 eecal 'S

e”COdQ%,ﬁq eral Oﬁﬁcgggﬁdyrr f?é’ﬁ’é ras?). Dﬂtmgju@ﬁ RbAleCi dpecies, N Ardshehiwead

appl i i NCi p es W | reci at ed by those skill eEﬂﬂ
the aﬁrﬁereﬁt*ﬁrnﬁ@rveymbhordrmgans (mgetheybn@atcrf @G@hwherﬁ%éhﬁﬁ%hrchrw rily

| Sompiyoyahesytesn e GRISESd: ne o ERBITRHS P Hibkaibpateioh 22eNB 15 to

anti body SGCL&Id NYother species also use different mechanisms for  antibody
diversification, like somatic hypermutation (e.g. sheep), or gene conversion (e.g.
rabbits), precursor B lymphocytes from all vertebrate species are capable of
undergoing V(D)J recombination and have the potential to differentiate into more

75 mature B lineage cells, such that antibodies generated from VDJ rearranged
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

30 the potential to produce heterologous antibodies and are thus encompassed by the

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
35 be isolated from fetal liver or adult bone marrow, e.g. by preparative cell sorting using
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25 plasma cells is a highly regul ated process and, in vivo, depends on the
ordered rearrangenent of gene segnents in the imunogl obulin receptor gene
| oci and wbe3/osssgul at ed expressi on of i munogl obul i n prot @CHEPDI/0I303

d . | I 1e,. | j. i |
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>€9 ”Sﬁgfc-ﬁifgﬁw;ﬁ%gisggprfeig sbils:T Qitdraweebpythdy tan BiHselgetiee!goutgrmmrafrgement s

(Fig. oductive VHDJH rearrangenents has occured on@g. e ..allele,
H chajunineafetaelivex porebope rBarohe celesuspengiaee die 0 fheig tQng p 'E%I?BYG

airin W th syrrogat ' bfd nes ?5
b wshenpe 9 kafth BE et efIEaH oA €l Shd GlowRaR0N Buak
expr s Htefe HinF MERtSRUkin-8eceptor allows the differentiation of preB
cells'to a stage, at which VL to JL -26 WD 03/068819 PCT/ EPOL/ 15303

rearrangenents are initiated, which usually occurs first on the KL chain
|1 d |at . . ' . ot . _
b e, Sxpressigl gb Bndlipi BheRh ST tpeobjraivon rBEnERY.
has ﬂ'ﬁ;ﬁdd@ﬂial npyTdigar ntiate dol ghbtare/lpmphgld lkeeigbodelis amh the gepeesed by
So-ca Immature B cells. Stinulation of peripher i 5 Ig%]{lgﬁogﬁagtive,
mat uneedlaoish @rﬁhﬁhdlaﬁﬁrlféfyﬁtlpat%fngﬁ‘t@?& ISCERIOT I RS tI'REBIEWT

nbi nat i on hg f ' ' ethat thé
o ac a8 R g e e e O G 1 gGL
| gR2pnethed@Besdritdd heteii\forl e, gemetieumadificaligepf Argaprsor §aymahgeytes) A |
lgA2, IgE) (Fig. 1). 10 I d tli. , ' |
Ui ¢ e Butmsecd pipRgTG A ERRIOS AR ARt SE s g b Tap TReisebee! | <
eXPr SBp|dd! ,1%; ﬁ%@aac( ;Wﬁh&wéﬁcer_h@mfb@r,smé hpresent eswittuts gfrinaarily east

one ecoribi nati on genes RAG 1 and RAG 2, and .t he
abi | ideciittedpwith iréspedtdoftbe systegeof patinedaresk lymnhooyies; €apARg bempblicd

t I [ d/ | L7 | ik . . 7H336,
1501 1o wi verigbraie psgoursef Ypiphoitesith M jafbaYsrpraEE b sqtibin Befole o705,
0 JA 068 REESESE haplierhide oy biker precufs el ey o Sysiar Yoo gemyi 00t
1209l 18e prdsipies of the m’@ﬁ@nfcii%ﬁti%ﬁﬂlﬁ‘éﬂ?@@ﬁ@é %&%V?B%zaﬁ'%g&%ﬁbs

Fig. 2). Ho : ; | ' ic
Fequmrelent SOl o BdBRARUE ipBlisp Ad to IHtrdRe nRlerElogsue R i ce
Wi th AeRERB iRE) thaskessitsy@scodisg thetmrelogelis ardibodies ef Bipding Rroteins.i SWER from

mut ant nouse strains, that are deficient in V(D)J ,r | ' wunder
20" atthe broacapelicAbHAY of HRRSOPLS Y WIpbe AppiSatet ol BEE Ui (bt

ci rcypst ' H?‘r&}é tinpdhtadn SWrirhgrilgelescribed withgespedts preB
cel l gﬂgﬁgﬂgmcphé&i}o entrwg]goﬂ;hgt@i%?fggrlent | ate ?jhto m%re mature B | i neage

cel | gpitRe V& bdmuaime 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 immunoglobulin 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 Ju gene segments rearranging first, followed by Vy to DJn gene
30 rearrangements (Fig. 2). If a productive VyDJH rearrangements has occured on one
allele, uH chain can be expressed on the cell surface as a preB cell receptor pairing
with surrogate L chain (encoded by the preB cell specific genes A5 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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eventually into isotype-switched plasma cells (Rolink et al., Immunity, 5,
p. 319-330, 25 1996). Long termproliferating nurine preB cell Iines and
cl ones cawolg/oesstabl i shed from various | ynphoid organs ofPCaiEPe1/133nx| udi ng

e s ol
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se , h t r 0 A Eig.d EI\/BOJ 12,
82?@% ! é‘i ?uﬂaﬂg @W q@??n@(’%’%s‘ glrdft ‘brégf%ngq(qgl( 549) I:Zmd t he var| ous IgH
and L chain enhancers, including the heavy chain intron enhancer (Ep.H),
the K int h

iBnh AT areadEouting S i e St SRR B SRy ncrot hBTpiaton, |
Cﬁ”yak%'%ggg%cftg |zérf‘§y ARO¥ GO ERBIGNOBIEER20 3ndakingurface atdrkess, the cipression f or

t he

t | t
het erdfleﬂg@aa Ar;]@fgmegfnagﬁgﬁléz@%ﬁ %ﬁéﬂ%@ﬁtﬁ%gﬁ E?ﬁ%&g%g{;oﬁ ﬁrﬁfﬁ@ni e}'}Qeﬁlleanged
erm ine conf ration t: be 15
s Fhoiy tn@reldatrte IR bUSpe R PRE! T SEp e st SHghibl @l areber.
”OVe'lbfp&QLﬁ'ggomhﬁ%t ! EMBDJJgarmerpamd -388) 1 99( DWinkiar cetbaln /06, 89 Rhe

het er ol ogous netic | mrunogl obulin ene | oci er,n sty S| |l e
nseB 20:45-2085n12850 Ifoerege el g*ﬂéé 3o H??;ear?rﬁ:% ﬁ%gdoﬁgh‘z@k ?’ ey egrlnglgng

endo enous | no buI| | stidlatd B, J.) Bke
hﬁYtuﬁHa ﬁ%rﬁgb R aﬁggﬁ;@g&g%:ﬁgg} fg’;{n&g%??ygﬁsn(gmgeneg RAG- 1 jand

ﬁo @@@%@étﬁae@% @m sofRgs Icas@é%nomprmtaéNHmzeamgﬂmenfét(Fgg 2) Cell .
2 or in the ubiquitously expre ejg} Dg%{éﬁaﬁ ctors
KU70 HEW8Ger, )@&F@ngdﬁh&ht_slafglwelgH/chmntailﬁi@ HE Ok S QU esia S rcha i he
A dc(:aeﬁler}E?notr Iggorggbgnslfve ceﬁs (from mice with a preB cell phenotype, as these cells
20 can also be established from mutant mouse strains, that are deficient in V(D)J |
recombination (Grawunder et al., International Immunology, 7, p. 1915-25, 1995). In
any circumstance, irrespective of the potential for Ig gene rearrangements preB cells
retain the potential to differentiate into more mature B lineage cells in vitro, and

eventually into isotype-switched plasma cells (Rolink et al., 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
30 responsive préB cells, 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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25 PKcs), which are involved in the non-honol ogous DNA end j oi ning, and
that are also required for V(D)J reconbi nation. For the production of
het er ol ogwoY3@essibodi es and binding proteins in preB cel PE€TEPOI/YE30E such

t -actir tat | ' : t
FcquiTPEOTUTESRR e SAERERES Ty, LRl T Bhd Aeolioidh hilgandy 0.
30 | i) BeCifsls GholifgRaeletionsTet, a ilinen (ite Ighediversiy, (D)fyeses segrhentsbthe need
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heavylghhd geme segmentsg(Gitan ehalkL/néhimmugehed) BcP471686; H89éhdbed#H chain
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€ expressiomro endggenous | mmunogl obuTins can be isolated from
M ce Gk YHoRStargirbhiohs Nay tr4ldnd {he variaus tyHriaod)L chair enlidndeas,| mclyeliveg at ed
mutations. Alternatively, preB |ynphocytes fromwldtype mce can be
scr eefhechdauy chitimtintoors enhamd:wi(Eul—li),rrihernomtmenhamere(mé, theed! wdEnhgneae
expressi on of endogenous anti bodi es, . . termnally out-of-frame DIH
r ear r @derend $he tve dtenheasoss @%@rﬁaaﬂﬁ&%@.- Mit ati ons 10 abl ating the
eﬁﬁ;essi on of endogenous mnurine anti bodi es, can be introduced into
h topoietic stemcells or into early progenitor cells, fromwhich,
sui t alborhipRgtd BigMinvention,f eredt celly garefing einysofcthe alzovgementiored eis-aetindipon
differentiation in vitro or in vivo. Al ternativel% .thle ert]etiﬁ'lj[sfie ts
r ef er mutatiopshearebatisedrfor & Iniodychan §f BXe9eNPYSH P EFMES FPHW ast
one allel e qf PBB’& y ' @r\ﬁq IRd dePedRitetin non-
nodi fP%’it&o%u %E?‘#%@%@%{’i {e)é/ 01J rgntgggﬁrgll@?%an Ig&_jls_uf I ciant for carrying
out t kerpihgednt.e. igenetiné wonfigirationmSushegenstioady roadifisd preBi eelisd canheh
already carry certain nytatio n.the ather (;het o
I8 ot Wi e 6 novaP R OIS Ry AaearaReg he ™ RsE TR ten o
wi thi g the pr | yypyec cabbsmbthdiienusst &@wcohsliengogous hgenelic
i nven rieon(snlgl %S‘ﬁégt I's tovi)[?‘]un(%erstood that the inventi%n cag be
real i petiunbglobulin dehg feci. precursor | ynphocytes, it is preferred in the

met hod according to the invention, that said vertebrate precursor
| ynphocytes are deprived of their potential to express 25 endogenous

ant | bafbemtieas NuiBld GREBT eslkptoans afso bengehereed f fragmenicé sincapableodf
20 rearranging endogenous immunoglobulin gene loci due to trans-acting mutations, like
e.g. in the lymphoid specific recombination activating genes RAG-1 and RAG-2
(Mombaerts et al., Cell, 68, p. 869-877, 1992 Shinkai et al., Cell, 68, p. 855-867,
1992), or in the ubiquitously expressed DNA repair factors Ku70, Ku8g, XRCC4, DNA

ligase IV, Artemis or the catalytic subunit of the DNA dependent protein kinase (DNA-

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

gene segments (see below).

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

include (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

-28-



whi ch is achi eved by isol ating/selecting vertebrate precursor |ynphocytes
being deficient in expressing endogenous i nmunogl obulins or fragnents
t her eof , WOWMBO6SSIDY |ntroducing into said vertebrate prec®CI@Pol/yssphocyt es
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and any of the codlng regions for the constant region exons for p, 6, v,
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ers; e cis-acting T cell receptor gene | ogi Zhan
el erfehématopmétmdstem chis TCHANt®, earlB prqger@tﬁa cgllanfrapt which wl}atﬂ@, ong-term

i  pisrates biadioRla AL B oneidiy e ¢eleueRRN i drter e 19 o

(h) the trans-acting DNA repal r genes essentlal for V(D) J reconbination,

i ncluding Ku70, Ku86, the catal yt|c subuni t of DNA:-de o ein
ki nasAlteDistivelictie, geratia effapis eefeed iwbereinhrfor canAlso &%glfﬁgfyng rPHuped

il Oesm?Qoﬁpfe@IsE?og%lC%rlleeh g@%t érec?l?%d’l‘e!th i }Iﬂfs ?8%@% t@ﬁ'stoobeﬁéhé'

vector °c ucts incl u gene tar getl ng
Vect O diRiERDh STRE indctiga o oﬁbn@Meleewebmeuﬁmmtdgycamylsglodlt e peesent one

genetic elenent, preferably fla os|.t | ectio ling
sel ecinvention, $iacs mujated: g}ﬁg@@@@g[ﬁeslgg@gq Shith ey Sy Cle R KiitaBBRY
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(s) thereof,
which is achieved by isolating/selecting vertebrate precursor lymphocytes 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, lncludmg all or
parts of the V, D, and J gene segments, and any of the coding regions for the
constant region exons for y, 8, y, € and a heavy chains, with or without their

membrane spanning exons;
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exanple, suitable targeting vectors contain two regions of high sequence
honmol ogy 25 (>99%, or sequence identity to the targeted gene | ocus,
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tran5| ent ghgansf gﬁﬁémrgf cre- or flp-reconbinase expression vectors (Fig.
6a, b). Thi's procedure allows the repeated use of targeting vectors using
the séire pescisiactingel setlireeentar Bene 1ag anhancer slaspeniSe sdddingdte TER & gene
targeting_pl g ECt ors additionally conprise a negative sel ection

mar ker enﬁbYu?{gJ ENBRIGYH agai nst transfectants in which said gene

tafgm)ng HeE Hefisacth Fe‘éaﬁm'ﬂé’udnmaéﬁ\.”étk@d?bﬁéé’ RAG-9€BATERAB- zonwdmmdt;ogous

reco |on OI’ e arrp , suil tabl e negati ve sel ection markers sel ec I Ng
atiai nst  1theimpréomtenard eahanger elemanigeas melban theineading regionsiandde

CRvS i “thes Foieia Ba oia: e Sr RS eRe oM p! bRy ror e Blitol MRISufEgen: .
Res. 2 Ru7é8ﬁué@0thel8é9c(§%tlc%rubhﬁﬁ dftBNAtde?M@éﬁﬂprotémsklﬁas@TDNAlPKcs)
(|\/B.XV\B|| * et 76-1579, 1987). These negative

sel ect i onDA Kigaseals ¥B&EG4 cﬁf@ﬂﬁrﬂ?m'ﬁe inelbgg; H{?'%@rﬁ@mloiﬁft andserftandest a
20 target e%&tgeﬁwgﬁ%%ekﬁgmﬁe tdn%edf% W@%M@s targeting construct

results if I ve se ron marker (Fig. 6a,b). Thus,

opdy integration of the tar geti ng vect or by honol ogous reconbi nation will

all OWPsrclanre\r/allt;/l?,l thoef atb%sec\?elcltosr constructs mclud%nseﬂe t%?geetfng 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
recognition sequences for site-specific DNA recombination enzymes, flanking the
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selection for targeting and disruption of part of endogenous gene |oci by
honol ogous reconbination. 25 It is to be understood, that the use of
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are r eréd 1 ncap e of eXpressing endo%enops i mmunogl obul i ns or parts
t her egf flp-rdcontiinase expreissianayeatersr(Fig fisarb) ap isopiocadere allaysihe: wpesiad y

effect both steps. . Accordipgl [t 18 pref ' further enbodi nent
that W$feoiHargeling:v @S%H%Jgargéé@ﬁgwgcsgé%@&pbékne?bdi ng. a heterol ogous
ayy i body, an artificial binding protein, an antigen receptor, or (a)
functional fragnent(s) thereof, used for effe_étin t he ﬂesi ed enetic

modi f incaprefared smbadiment, saichgenmtargetindpigspie vesiara @dd IOI"PB)YT‘FP "§Pdlp
consi st of ;. (&) reconpi r | f ; k Sil
ot oot rele i HRKHH A N9 G AaailRt Y SRSRCIS T W BFkIgens od 1o
gﬂsgffar@éiw Slctits Obrait randandly Oinmgrhltetlferirubogiwsglgem?mboby, nan-trllﬁiomcﬂ?gq)us _
i ndi ng” protein, antigen receptor, or function raagnent .t hereqf,. hein
eit here%m%bdnatgqme er @gam&be,( asﬁ)'t%m%ifb%@éwﬁﬂ%??@?ﬂ s')’aﬁ%r? r?&'e%'rnﬁné??'”g’ﬁi ng
id se ' ebh&thits i ' bhacaysettba o thaNA
g@nstF@%ﬁpﬁﬁé@ht@ﬁngﬁga?genﬁéeF ?hﬂir} é%’c@a‘rqgm?gé%iéﬁ nucleic acid
sequeng@es el yirls ikgidine dirmseegeng (HEY-EK),ofor dhe| dpktheriafexin gene

het I ti bod tificiall bingi ' ti
Fnct (BRRMCEARiSoRt 5hndreRtdonierieg. oot Reroo 10t P o tau R ek gned

mut a;gge%(o%) Dok 1% (gra&ﬁ%nyeta!ai.pwacicbllsemﬁﬂcze(p.) 167646780 1987).f Thesé ; (c)
reconbinant plasm d-based m ni -1 rr_r_ruggdql_obul inor T cell receptor gene |oci
wi th naativer selectiogemakerd aied positjered Jagientaygefied AanpiHPik &YCho EN
V%) ) ) 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
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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reconbi nati on and subsequent expression of at |east one heterol ogous
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sequence : ) b rial I
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I dified t nbi d
SubseqUEGRN exqneassion{a) dRnaionab ASOT B dReer olise TanelESRY b vedled "

. f t
(5 CHbBheficmadRGHIdTls) TR B 4 ARG, O Rt e PO D
03/ 0688AS8stitigrof=P01/ 15303 (f) trans- chr onosone el ements which are fragnments

15 AP Ol A T
f’(fo ' nahb&% ceﬁp ?'ée@.g\;{%'r% ogér@'bﬁb‘fﬁhﬁéd Qb @isdreaskpressienhet at déagtoose

i body or eing Wl ype with respect to the qé_Prlmalry
ani no aci Heteeojogous @fibodie adificial n@'ﬂglIé@é@'no@@tlgﬁﬁg@ﬁéﬁ@"géﬁéﬁm%ﬂ anent

nost preferabl cod a_ nat

bi ndi ng pﬁ’agm \ﬁt rﬁg, '%Pltt’;%r WP@&‘%%" Eé\gﬁg ?gyae?'@ i on%ltloﬁ ﬂgﬁgﬁ?(s)
t her eof . Fﬁmlé Hﬁ{d@é@ séqtueh@e(psg of eingchrtificial; t he at | east one exogenous
genetic e encodes a heterol ogous or artificial I[nﬂge tor ca abI

under ¢y necanfbinantyplaamid-Resewh QIVA (GeasEEiSEHEPHEGE RIOMELS!, ERNAPFHGaBd the
i,%p of 9gS tgbgmrzfggygcﬁtg efillenS&y 8hBtaY lifdd e‘?!rsgﬁ?@%bfe%s%nopgt leﬂant

| oyed 'nven are exa fired in the follow ng.
A first a@ﬁé%@@é’rologobemﬁbodytdfrhflsablhlhdlngrprotwmo‘:lntmndﬁcem%rﬁffhaﬁ‘ﬂoq;ﬂl asm d

n non- T aBMERG oGk KRN & EeIBGYR PoASvoR ey dYEe Rl e °
g(r:\{]: g\eﬁdr @Ce&'ﬁéfﬁ‘@bnézgﬂo%%&(ﬁgé@z?rﬁbgwﬂﬁ@gn' c mce. These heterol ogous
(c) recombinant plasmid-based mini- -immunoglobulin or T cell receptor gene loci with

20 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-type or having
(a) designed mutation(s) in the primary amino acid sequence(s);

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

25 immunoglobulin or T cell receptor gene loci in germline configuration operably
linked to allow V(D)J recombination and subsequent expression of at least one
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),

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

35 amino acid sequence(s);
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V, D and J gene segnents of the imunogl obulin H, xL and 2Wchai n gene
|l oci, as well as gene segnents fromany of T cell receptor (TCR) a, P, v,
or 8 genewbamgiosss9 second approach relates to the stabl e i mca@rat/isn3 of
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p. 13- 30 m zuka’ et al., Proc.
722-727, gy afiieo geldeielqueat@(sﬁnts of both approaches have to be stabl y
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anti es

di ver Se y repertol rom non-rearranged and/ or germine

03/ 06RMLHoRAITagPOaNnt(SI0Braodt er ol ogous anti gen receptor gene loci. The
construction of DNA constructs encoding the human I g gene loci relies on
t he knowl edge of the organization of all human Ig gene |loci and their

al oS FyRAERH 6L itks Fb‘r'é’l’eh’éHQEIaﬂNé Saesstnefe egodenowsdnetit enémehuemod@eaone
proj ect. For exanple, the human I gH chain gene |locus_ is | ocated on

chr onbemmlogaqszorsartvﬂcnah recaptor r edpablefof1 updengeig |aﬁlr&fdnﬂéﬁtH@t'9230ﬁébe
(depe di n allelic variation) VH gene segnents (41-47 of these

funct é{% gio,n D, and 6 JH gene segnents upstream of the constant region
gene cI uster. The human 1gKL chain gene |locus is |ocated on chronosone

2pl2, conprises 1.82 Mip, and contains 40 or endi n n all el
Gone’ Bogeenya it e oiRp:nf Gneds mpddgaten. eryprak difelent ppsetieS arn 6

L chain | ocus
950 BRRIRNS-ARTAREE 1BeRion S ard SRR traivuAg, L chal n | ocu
(31 or 32 functional) gene segnents upstream of 7 to 11 tandemy repeated
J2 -C?, gene ments. 15 T ons cts cagryi rt( of
the gérfifs tn%"ﬁ’f@? R dfo PIIrr&I?DNIAa(I)g%I'IIIIO tiop @t rIg&IIgE@%tn& pSI%JSerIIed IﬁoI\(I:’I‘
bei nge IE?[&%I& Eﬂcédlﬁgs éhéoﬁ?slﬁéﬁ?rdlbgﬂ.@n&lﬁlgeﬂw rebeptorrayendeloti omechdmt o
or construc

BAC, or VAC vec can be stablé transterred intoQ
| ong- rﬁrmr}ge@l |g‘®n‘dmer@l’tﬂ§ﬂ§96l0nprsél8”%fém yhadihag ?%%@é}h&ﬁ\@@néaﬂ'?éh%ft@?

d di
PRRE: GenExLAf St thifs ool RAREAS Bftigdft<CeDrisisnBel B include
prot opl gHhnd Ysidhe sdhbhisidfené Irﬁﬁﬁfn%@lobulm H, xL and AL chain gene loci, as well

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

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

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

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

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

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

The genetic elements of both approaches have to be stably integrated into preB cells
carrying cis-acting mutations in their endogenous murine Ig gene loci, that only
interfere with the rearrangement of the endogenous Ig gene loci, but that still allow the
35 generation of diverse antibody repertoires from non-rearranged and/or germline
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in the ~ContexXt of a transgenic nouse systemfor ogous anti

expr eggémehdirgy anVallele) Vedepesseyments ref whiciudid ng 4,0espectivend fuhetiarfaty, e
practically inpossible. Using transgenic mce for changing functions of
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be genrgpaienes.in the formof libraries encoding polyclonal binding

specifiCities. Because retroviral vectors are not |arge enough to
i ncorporate significant regions of gernmine antigen receptor gene |oci,

the NSrolRaAsed OaniRIbanR) Ree o he e helersBguuY ininbgREAROCd
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for the Tceulstegaptor ggineriscidieing pezseinbgo ianarthrbowisemenfidgivients, og tha may

proteins. The exp Si of clones or libraries of re i r . on
vect _OIb§ plgpeg H%&oeégI%bg c &ﬁfY@@dY _°roF°'B§tH&ﬁtﬁgC3'P &ee#?g)\ﬁ_f II@I’E%‘%&B E‘(SS S not
requl p&@tefrhm%lg@@tin celrhed pre@BEdNsNasngl Standak) Jyarre erapisfrt pRedarss, can
therefore be used in gonj unction wth preB | ynphocytes carrying cis-
and/ orindluding - a@. i elpaoparations calgiumabphasphatedeycRBAE-HextaTL JaiR¢iPgene
6)2(8 ' e?i%'oggrheasmgcljlra eacfI y t%lfjitsl’ér,negpﬁgrro-e' rafflbopvrgtop%)st fusion, ballistic transfer,
microinjection, or specific protein-adduct formation, or a combination thereof. Stable
transfectants can be selected by virtue of appropriate (drug) selection markers included
in the YAC, BAC and VAC vector backbone, comprising genes conferring resistance to
e.g. puromycin, hygromycin B, neomycin (G418), histidinol, mycophenolic acid, zeocin

25 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. Retroviral
transfer vectors can only accommodate 7-10 kb of foreign DNA, which significantly
facilitates the cloning of expression vectors for heterologous, preferably human
antibodies and binding proteins. Therefore, all properties of heterologous antibodies
and binding proteins can easily and rapidly be modified by standard molecular biology
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Retroviral expression vectors for conferring expression of heterol ogous
anti bodies or binding proteins to nurine preB cells are first transfected
i nto retrwoisabsspackagi ng cell lines, of which a w de varPCa#BP0i/$5303
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secr ehetgralogous rntihodies 16r binding froeteinsotherafare odnass nghdeguineli shdupetiangi ns
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enhanggps hreBhiyripdctese astirhing f ois- andret i eahypetingt atitationy thae wbktebl e

regi on codi ng eéxons of the heterol ogous antibodies or binding proteins

(Fi g. emdogenous immunoglobulin gene expression, as already outlined hereinabove.

20
Retroviral expression vectors for conferring expression of heterologous antibodies or
binding proteins to murine preB cells are first transfected into retroviral packaging cell
lines, of which a wide variety is commercially available having the capacity to produce
recombinant retroviruses with either ecotropic, amphotropic, or pantropic spectrum of

25 infectability. Such packaging cell lines are stably transfected with expression constructs
for the retroviral gag, pol and env genes. Transfection of retroviral packaging cells with
recombinant retroviral plasmid vectors encoding heterologous antibody or binding
proteins will then result in the formation of recombinant retroviruses able to infect preB
cells and to stably transduce the heterologous genetic information into preB cell lines

30 and clones (Fig. 8). The retroviral expression vectors used in these methods are
constructed from a commercially available empty retroviral transfer vector containing
the minimally requiréd retroviral elements, including 5'-LTR a Psi packaging signal and

a 3-LTR (Fig. 11a).
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tﬁdese reggfﬂlh‘ggﬁwﬁﬁ%g@.f‘g'ﬁ@@%%&s may be nonocl onal for the expression
of one) giertranspealémenty allewthg Glgne®i Shd B lirftd 0 ioge

bi ndin(ngg specificity is int endegd tgo be nodified by ae]Pf@?ﬁIcP:i’s éﬁ%’?ﬁ%’?ﬁi gi\
after trdidgiodegaus antibodies abbipdingapedeicsd lilke eRy. dali oriwiEdniron iemhanost s and
5 subsequgnt ipmuni zation (Fig. 9). In addition, the exon encoding variable
domai ns ?fﬁjeﬁ 'derived froma library of diverse V(D)J rearrangenents.

Thes i [ ' a | y
Torarch (BRI SO kg e shom Sy I seekqds e et gl

mdl ti t uddosddpime oéantihedigeaad binding esoteing (FI9. 7gemeasdgnments (Fig. 9). The
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completely synthetic libraries of V region domainS can be constructed
usi ng t héomatig hyreraysation pf the variablearegiepaoding egens: of the mateladgois

coml one A LE S8 LRI BrABREIRER T o °5) 15 Conbi hations of retroviral
Qonstructs can sinmultaneously or sequentially be transduced
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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anti -
immunoglobulins and dimeric blndlng proteins upon differentiation of the preB cells in

vitro or in vivo (Fig. 8).
20
Vertebrate preB cells that have been genetically modified by any of the above
mentioned methods, such that they have gained the potential to express heterologous
antibodies or binding proteins, need to be differentiated into mature B lineage cells and
eventually plasma cells, such that the heterologous antibodies or binding proteins can
25 be expressed and eventually secreted. This can either be achieved by differentiation in
tissue culture in vitro, or upon transplantation of the genetically modified preB cells into
appropriate vertebrate hosts in vivo.

Accordingly, it is preferred to effect the differentiation of vertebrate precursor B
30  lymphocytes in vitro by:

(a) arresting proliferation of said vertebrate precursor lymphocytes and inducing
differentiation iﬁto mature lymphocyte lineage cells by cultivating the same in the
absence of any precursor lymphocyte growth factor; and

(b) inducing terminal lymphocyte differentiation by further cultivating said cells in the

35 presence of at least one of the following components selected from:
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15 and conbi nations thereof. The in vitro differentiation in tissue culture
can be achieved by a two step process, including (a) the renoval of preB
cell growb oBmcsseys, |ike e.g. IL7, or IL3, fromthe tis®ca/EPOI/ALNE

medi um | ch_ r LEeradd : cel t; B tinme
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rel ated and/or mtogenic, T cell independent stinmuli, such that term nal
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f B cells.i | i th | Welol |
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genes, like e.g. bcl-2 or DbCl-XL. These anti-apopt él c genes can _be
Pt roduced i n2dGRAR, semplerasnhECanorsst DI ANtk (b hakF Aty CBAEA).

{r anaduci ng. preks BPPEELTAT G EPRDN HIZ BT CEBRT. RSy, AR B 1Y f
Gonat 1 cal 1y Ty P SO, PR (COMRCFRD (EDI) TN RRphoat [i59s. 0
di f f er ent i at e@D120w), ViNExpeceptoed{p pb,a8D420bh Oxdd (&DKif)t abd dyrapheteixinab e

host, resulting in _m'ﬁqgation of these cells to secondary |ynphoid organs
aH¥ different {EPHY: 8 0 nore nature |ynphoid |ineage cells. Preferably,

said 35 'gﬁf?}phgce/rénﬁﬁi@g@n&%d&@,sm a8l eshdpnachR bt o\ﬂ'it?ﬂfe naiael Bther
antigen prinme el per -38 WO 03/068819 PCT/ EPO17 15303 | ynphocytes,
wher ei n t he t polyclooel activatpraninetitding lipeplysacehasidet §daSholiparsotsdng iffated t o

t he sinultaneous transpl antation. at t the~s L. .. ' o]
anot her  pref @m&%ﬁﬁgﬁﬁ?gﬁ?qa't%@y%ﬁﬁ%rQ%Y'idg?’oﬁg?enwé:é@@'ﬁ@%ol fﬁ)\gﬂ‘w@fﬂ by

i nruni zati on ghqd %ﬁﬁ%nﬂqﬁjgwﬂmih rehgéstdst one desired i munogeni ¢ conpound
or conposition. 5 Furthernore, it I's preferred that said vertebrate host is

altonpati bl e aodcomwinajiongdhewiobnt with respect to the generation of
endogenous B cells, T cells, and/or NK (natural killer) cells, or a

conbi nation thereof. 10 As already set forth hereinbefore with respect to
t he sghacihi gfroodifferamtiaion dh eissaer adiire faan berdohizvatebyra two siep Ipropess;yt es,

ey (o e, LPrtebr e ot teel AR 5. RS Yo e o
ol T ds glsg%"é’ ﬁ]{}@lﬁe%édﬂuﬂf \AERQilPagest SRMRRatiGRbE pREB BONSEARd abthe s@Rttime
20  will induce differentiation into cells of a mature B cell phenotype, and including (b)
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 removing preB
cell growth factors is accompanied by the induction of apoptosis. It is thus a preferred
25 embodiment to use preB cells overexpressing anti-apoptotic genes, like e.g. bcl-2 or
bcl-x.. These anti-apoptbtic genes can be introduced into preB cells either by using
preB cells that have been isolated from bcl-2, or bel-xy. transgenic animals, or by
transfecting or transducing preB cells with overexpression vectors for any of the anti-
apoptotic genes.
30
As an alternative to the in vitro differentiation of genetically modified precursor
lymphocytes, these cells can also be differentiated in vivo upon transplantation into a
suitable vertebrate host, resulting in migration of these cells to secondary lymphoid
organs and differentiation into more mature lymphoid lineage cells. Preferably, said
35  lymphocytes are co-transplanted into said host with naive or antigen primed T helper
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rats, rabbits and guinea pigs, with mce being the preferred host species.
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r epai r(ngBrakkilier ellsqria eempiation tyereo8o reconbi nation i ke, Ku70, Ku8e,
the catalytic subunit of the DNA-dependent protein kinase (DNA-PKcs),

XRCC4, DNA ligase IV and Artems. Vertebrate hosts wth any of the
gfrq]erm@tailrgaeyllsmtfﬁr&h Weihbeﬂomgvgm tdgs@ethd meelepgen pxﬁﬁlp)lpmprizie smlum&l or
oth B and T ocytes, can thepn . be tran nt e ' t he genetjcally
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hel por b rPoREEanS BHBiee TS WHL KN b RaiERigsE oS8 s ater the
acﬁtsual ti mepoint of the transplantation of genetically nodified preB

cells. 5 Murine or vertebrate hosts whose peripheral |ynphocyte poP_uI ations
have bBeh appaepiiatel posts saMing rasc saeipients dar Bbethenwlaﬂtggpan@fatge@ﬁ igally

popul a paediEplads Hikohin RIS MRy sk UEPIER i RooRht RO ee"
ant i gedeveldprRésieror thdy inggiepreferdvlyieboes paysef varibhsitcid Gatingi grsatinnd t o

stimul ate such | ynphocytes expressing the appraopriate heterol ogous .
r eceptiphibi{pecendagenousimening Khgeneraaangestsiter Bigsremay pasiude Ayatiens i |

Clﬁnesénﬁarp\%e?féclén%ﬁ% of Ig gene loci, like the aforementioned EpH and «iE enhancer
elements, deletions within Ig gene coding regions, like the Dy, the Jy or Ji. gene
segments and the IgC regions including their membrane spanning exons. Furthermore,
suitable hosts can be used carrying trans acting mutations selectively impeding B (and
T) lymphocyte development, e.g. mutations in lineage or lymphocyte specific

25  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.).

Furthermore, trans-acting mutations leading to immunodeficient hosts comprise
mutations in the ubiquitously expressed DNA repair genes also required for V(D)J
30 recombination like, Ku70, Ku86, the catalytic subunit of the DNA-dependent protein
kinase (DNA-PKcs), XRCC4, DNA ligase IV and Artemis. Vertebrate hosts with any of
the aforementioned hutations lacking either B lymphocyte populations alone, or both B
and T lymphocytes, can then be transplanted with the genetically modified preB cells,
and in the case of B- and T cell deficient mice, may be co-transplanted with
35 histocompatible T helper cell populations. The T helper cell populations preferably
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mat uration of the binding domains of the encoded heterol ogous anti bodi es or
binding proteins, and the termnal differentiation into plasna cells
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coding regions for the “heterol ogous antibodies or” binding proteins
i sol aP&deipg, godiibeterniprk diffesentialionl ity plasmedslls isectatitigntheP@Rerologous

anpl !% %d'€§8y\%b§'§§%§'§ eééé priner pairs, and transferred into the context
te

of differen all owi ng the continuous production of 5
tite heterol ogous anti bodi es or bi ndi ng proteins. These expression systens

conpr h vitro transcription/transl ation systens, pr okargot i C
expr |VH b§y§ﬁﬂ§ﬁ§[‘t fromethe fpregoing oz |fUﬁhQirpr@tﬂ{Eﬁ@/§mhﬂd@npﬂbe thenpregentens,

or " o eR S |sqclod §9 g 680 ofthd BSftecl i auiBy Mg SREHIAh iy tebral | o™
arti flympdnbcmeaduabgalpahueeby. amntaf gtve abwaomethodsr féruitied i proghictiorm@fedty( s)

thereh tlﬁaroqc‘?gnouesI tahn lbogy,'S par@’cnapebl n%u pro e?nm faln(t:llgte artgglepctgp or functional
20  fragment(s) thereof, in a manner known per se. In this context, it is preferred that any of
the above methods for the generation of the genetically modified and differentiated
vertebrate lymphocytes is followed by the steps of:
(a) isolating from said differentiated lymphocytes the at least one exogenous genetic
element, and
25 (b) placing said genetic element(s) in a context enabling production of said at least
one heterologous antibody, antigen receptor; artificial binding protein, or functional
fragment(s) thereof.

In order to achieve large scale production of the desired immunoglobulin or

30  immunoglobulin-like protein or functional fragment thereof, the genetic information
which code$ for the polypeptides of interest can be isolated from these cells and
transferred into different expression systems, where the genetic information can be
maintained, amplified and/or used for the production of the desired protein or part
thereof.
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t heref ore be nonocl onal, or can be encoded by nore than one uni que
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chai n pol ypeptides from 30 different vertebrate species; (d) secreted Fab,
scFv and F(ab')2 antibody fragnents being either conpl etel y or partlal |y
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provi des genetically nodified vertebrate precursor |ynphocytes and nore
mat ure | ynphoid |lineage cells derived therefrom as well as imortalized

[ : ' | .. bind .
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are omtalma@mt@amr récaptoh eem fmmtmnaedrdgynmys)ofhér@@f r@;trﬁg,@gelgle&cbhﬁ%q]y

hereinbefg
resembles’ a human antibody, antigen receptor, or binding protein, as can be

assembled on the basis of the human genetic repertoire or parts thereof.

20 Furthermore, it is preferred that the heterologous antibody, artificial binding protein,
antigen receptor, or functional fragment(s) thereof to 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

25 found in natural antibodies and consisting of any of the known heavy (4, 8, v, a, €)

and/or light (kx and A) chain isotypes;

(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

30 different vertebrate species;

(d) secreted Fab, scFv and F(ab’)2 antibody fragments being either completely or
partially heterologous;

(e) fragments of antibodies covalently coupled via linker peptides, resulting in
bispecific or multispecific antibody fragments:

35
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the sptkase @fector functions not derivable from germline encoded heterologous

immunoglobulins or antigen receptors.

25  As will be appreciated, 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 constant
region domains. Some possible uses of human monoclonal antibodies, which can be

30 produced according to the invention, for the diagnosis, prevention and therapy of
human disease are detailed below. For diagnostic purposes, human monoclonal
antibodies can be used for the identification and visualization of certain pathologic
conditions by the introduction of labeled antibodies into the vascular system of
individuals, where specific disease related antigenic structures (e.g. expressed on

35 certain pathologic cells) can be detected. Applications in the prevention of human
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mal i gnant cells. In case of autoi nmune conditions, human nonocl onal

anti bodies may further be useful for neutralizing or counteracting the
pat hol ogi woaBfesstis of autoi mmune factors (autoantibodi espcaliper/gises

ant i bdigeasy m@udmmnhbmjesowéh thermbbisdite ol Iné@factléléﬁ @ cegain pell gudgaesi s,

R e Sy e U
ef f ectsnverselgntd ANkt @ffé@tf aﬁhgmmndm@m %eﬂfsmfamdrem & (agdnl‘stlul d
conponents o humans . mucus, saliva, |lynph fuid etc.). Deposition of

bi ol ogniikadiest & |Q§I5<'3‘29g Iihﬁs RREhoIQdie r PSRNCGe REL 3 digandhehudhersrarei rhuman

et R Eione PSR R0 et foP BICLRY (reCRRoAaReRt it A andeal clbtn ™

(DSNZbaﬂhOgBﬁ@@ngu&mgpo@inﬂreg)ynflmn{aimmaad mﬂattloﬁQO[h tmmdentewehdméﬂ\ owi ng
Accessi on Nos. Pl asm d Acce55| on, No. T4 DSM 147 PGK- hygro DSM

14704ant¢m_d2¢%amf+pa§w|§w§§, begatiseTthey e Bt @ teggmg of: 63%§UM309¢%68819
PCT/ Eg.f?& éﬁ&?& fof e F&prw Bt}gsﬁ%é?éﬁée'aieéél@ fRﬁQ?u‘?r?é{é%nﬁT@‘rZecé dendedphisd

met ho generation man rmnoc onal antib SI ng murine
preB n@lnbslohhaanmmlwnamaiw lbe st foretdrgehngomﬂaunedunchrdrrsrtot tangeroest i al

f or hurran ant i body prff cti.on %ﬁct ed e | es of od ar e desc%bed
ad  ofelsvRY XirusvPTrpec LEUBBHEJ& P$’|S@éft Urgp %ﬁﬁ’r’?%?@ %SEEPF% OTsuch
t hat ﬁ@ﬂg%ﬂ%&ugam bés‘(}dbfsgu rﬁm@%&ﬁfbelm ahhsbd.agrm@y

uce rom st abI

antib S can be pro deI I'vered heterol ogous retroviTal
expr efisthen beawsefulrfor neutréinindger mueterwtmr theepathologis effecis of @upoieseuned

ol 1 stacthrs uranbPERe” AR SRt ERudBn b Rl o otssh e o e
| mTuniZa¥| R tRé cﬁélﬁﬁﬁ;lé et 86d fﬂh@r@pytdimuhﬁ’am i eisbO BebiusEN tHdyoein

secreting cells, thelr establ i shment as imortal nonoclonal human

arft i Ibbelyntm&ucm r:@o Koervassutarceystemi aedndividualsugrithoné gausingdany mdvessss ar e
honartTe ot odes Bls, bt SR RIS KB BIOBL B FROeRORUS ooRIRGRIS L |

nodi f h@fans ie.g. Mrichedsalivagyintbinftid kéc.)i ewed by way of 1im tatl on but
rat her by way of illustration.

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 Sammiung 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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15 Exanpl es Exanple 1: Establishnment of |long-termproliferating, nurine
precursor B cells with the potential to differentiate into mature B
| i neage cwbDlog/oag316tromal cell and IL7 responsive nurine pPETEPIUISIB cel | s

are frﬁ@rfdllcmeP%)@lenhw\emal mrbcedures elesttiby aetaileddmpttidasfor s geneidtiomofi n t he
bone marrow o

adult mce, as, well as (_g pl een of newborn nlmals(<
3 weBKBaHF "@@@?IOOR!)EPWCH@S H8ing MU5HA Pf@% ¢ Pz‘*g%ﬂt Q@GG”Q@%\A’{;’ mpgl @Fjdar to
| SOl Bider {0"85ArPIRE Gblehfial Al ARuRGR éﬁﬁqu&eﬁﬁ‘dgir@ﬁo% Rithd P Belnflles 314 L he

respective organs moved under steri tions € narrow
25 celdthods @rebd@cmmﬂ by fobowy ialigwirgrihe gemeticbhadifiopioma gf ohutile preBes at

3%253@5 : Wh?%t%e genaGs ppRagdieqiangd Ieget b xBtEssed. Byl Mhetumana 25
or 2g bS prbﬁﬂ{:ace@n?%'té’(ﬂ ﬁliv&ﬁcgh%éorblrég%éﬂréﬂoﬁ?ﬁ éﬁgséﬁﬂﬂer

sterlpe condl lons s onto ster stee ina petri
di shcongthudis. 10Fuﬁhemm§?BS experiroegtats cwtailacuare npeeseinéaxk s r@laﬁn@eriol ythe
squaﬁhed 30

| of a5 nl plasti
ayr | R@Bspiagiatios, e jbasr gedetsaly Hadinb BHbee seHants it AhatofiaBuBighs 1o
mn, h4&k %Q%él?ﬁé‘ﬁﬁ’@tﬁ@lé@' rélauri@t@ﬂqéﬂmﬁ%&zanehlofqaéée Réﬁ@ﬁ{éﬁtéooﬁﬁc@rtﬁe

carried out W t i ce-col sol uti ons, suspenS| ons are ept on ice
ioit i isolatmsdBantibedy seersting glls,uaad tham amhd@homla;s PamoeRb ntasgdal

i 1 bR e prorelg: . 68|, s aihodhr FcpicTssbiethous e
y- 'rbaﬁh' #ited aRd- %uﬁ@@ma f@:t thk. pr&isHoh of hetddioliddSesgdti@ly diurfidn6
( Kodama et al ., J. hysiol., 118, 233-240, 19843 muri ne_stronal

ge: | ;raposianail rﬁrﬁtb@dieﬁ U§tﬁgoﬁﬁ4”n@|epre$re@“§mtb%@rﬁeg%tlca%rmpﬁﬁlﬁﬂl iges
a: tgh?gli‘?@%§ oquﬁgggﬁ)ﬂe\ﬁ%%%ﬁgudrff“g@g‘ﬂkngf‘ ngﬁéﬁa | veyé?ﬂllu%ggtd%n ‘cells

@prlched by fluorescent or nagnetic bead activated cell sorting (FACS or
E u3|ng commerci al antibodies specific for these markers. 10 The
Iong_ﬁéﬂEM§hlture of murine preB cells is performed in a special serumfree
medi um containing 100 units of reconbinant interleukin-7 (IL-7) (see
bel ow). Individual preB cell colonies develop on stromal cell feeders
undeExhimpig it ngEstiablishment ohidngiterms proliferatimgs muriteyprectirsonls oels with3ne, in a
|ngle preB cell col onies

h dified bat h
alrjtran i In| !t?al : ;C;PJ?%H gletprcgﬁerﬁﬂ '%Teiﬁt%@a ursrgfrg%aeéegﬁ%l 515 then sequential ly
S PaBHBSHhdI bl 3RETR7ARApENEN Yabline Preetsbi B5uellS hé Yoend gkl liver of

mouse embryos at day 15-18 post-coitum, in the bone marrow of adult mice, as well as
in the spleen of newborn animals (< 3 weeks of age) (Rolink et al., Blood, 81, 2290-
2300, 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 ml of PBS. The organs are cut into pieces and gently squashed
30 through the metal grid with the plunger of a 5 mi plastic syringe. Cell suspensions are
washed once by centrifugation (200 g, 10 min, 4°C) and resuspended in 10-20 mi PBS.
All cell preparations are carried out with ice-cold solutions, and cell suspensions are

kept on ice until transfer into tissue culture.
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al ways pre-coated w th 3000rad y-irradiated stromal cells. After the
initial expansion, preB cell densities need to be kept between 1x105 and
2x106 pre®owalobssial tissue cul ture nmedi um which require®CImEPOULI303 i ng of
the cerstabiishmentiafgneiyiaual pecRiopd . CICZIESSpepﬂrédrmmf bynlifritieg ilsisoreinc 96 ingie

di h 923-933, 1978) re red
for t M eS MR rBrEodsht crsed i rarbie. ST 1 Paewia slal, EMRD 2,
d M337Tut 348 0 of
DVEM povcior [ N Ehou b oar bonneagmett 8 Je el Bl E S i, 1
7.5% KBW@%S amal icels SBOWIH kﬁJnSp@Clabsmomabcbllsmédiumms@@fﬁe%\@ Fbr limiting

| a thﬁ ? tr% {_ araqgﬂl ne 520 30 - L-aspartate 72

L-§| uions. Pladtsy. fgtal -or I ﬁ@pwebomﬁgcan bﬁqgamoatelt@ﬁéﬁvem B2206 gl
Bi ot | ut ncontann 45 WO 03/068819 - Vitam n
12 2@3*”*9&%@1&&%35' Ve B ihsatR &l siichiasd syipreacartrar mappktic M
HCl abk 6 atedt celd cystei ne stock
sol u'?l 0?1 ?gﬁ?al nlfleg §§Tﬂg§(§?\qunggélmﬁgg) gl:sfsrgggp ?#ﬁ@iggtlﬁpmﬁ% g Ol 1M
Hoo  thesgmatkeyBSA (Bovi ne serum al bumine) solution 0.15 ni human

transferrin stock solution conposed of: 10 - 10 m of solution a.) and 80 |
solution b.) a.) 1g human transferrin dissolved in 10 m DVEM (1.3g/100m

HXO) ?h&Olﬁhg#eMl'EHEﬁe oHmMurkhe tbréBA'é&gglé:%gﬂ%Pﬁ@IEgzg 3 Jsgégl Ls %-f&%O% i(eé

M HC 15 - ybean-|ipid stock solution -
with medigm Dp@n;gmmg 100 units of recombinant interleukin-7 (IL- 7) (see below) Individual

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 25cm?2 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 cells/ml 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 +10ml 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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(1.3g/100mM H20 + 5 m 10% BSA. Sonication 3x 15 mn in ice-water. 20 m
kananycin (5000 g/m) 20 - 30 | 2-nercaptoethanol (1.43 M 105 U

reconbi nawD oaoerses | nt er | euki n- 7 gql L_p @I cogp nents are @GCIFPOVEI0I N a
final volunme of 1000m triple-dY&@MINBYE ult aq‘?mge H20, filtered sterile
and kept at 4C until use. 25 Sp3ign PA-6 stlgqyrﬁ{g cell feeder cells need to
be grown in a special, low serum containing nmeditumas follows (fornulation
for 1 liter): 17.7 g | MDM powtissolyed inn2Qrhl bi1Qaiddphdi@®) 30 3 g NaHCG3 10
m 100x non-essential am no acids (3 BCO- BRL) 10 100x

Peni ci | 1'in/Streptonycin (3 EEoPergnts dissalves ifg)4@ mbBi@EMEE HaQul i n-sol uti on

ot mat Q08 (ur ra i 11 oateie o KA BRI T0' ko) (Source: “qest

I nternational, Naarden , .NLpystéfheml fetaglggalf serum5 Al conponents are
di ssolved in a final volune of 1000m tri E) e-distilled, ultrapure H20,

filtered sterile and keptdiggohvgstonytaG mi ke, 5S8ahdMHG! st epwi se

differentiation of ol r r cells.int i body secreting plasm
cells Sr{%(n tro 10 Lgﬁﬁﬁ%&@%f‘?%@naﬁ%@@@?&ﬁgﬁ%m| and | L7 dependent
nuri negpise@i cel |'s 1 edughan tragsferril stcvRtdoNlitidnocahpbsaceoti ate into nore mature
B lineage cells (Rolink et al., EMBO J., 10, 327-336, 1991), which can be
abthi eved in vitro. This ditedl efsolativpma.)and B8 Weoludiomel)in  two steps by
first inducing differentiation ¢ ells with an i. ture cel not ype
and, second, by inducing di ff@r)eﬂg ?‘Hma@m?@?%ré'lnl@%i’%dﬁ’ Eﬂ@ﬁdi)lylgiﬁof
anti body secreting 15 plasm celg%e%m&n] H5@L+dlid‘ofuqaqq\nq_§@pt nBﬂt-)age i's

r cel i ’ y

reached by renoving IL7 fromthe S the ™ conti nue resence of

stromal cells. For this preB gg)440mpFdreEied {8DMIM.Q o031
cultures, washed three tines with serumfree preB cell culture nmedi um

| acki HgI1 L7 and
15 +*5ml soybean-lipid stock solution
- 200 mg soybean lipids mixed with 45 ml DMEM
(1.3g/100ml H,0) + 5 ml 10% BSA. Sonication 3x 15 min in

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

All components are dissolved in a final volume of 1000ml 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)
*10 ml 100x Penicillin/Streptomycin (GIBCO-BRL)
1 ml 5 mg/mi porcine insulin-solution
*1 ml 50 mM 2-mercaptoethanol
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20 plated at a density of 1-2x106 cells/m onto fresh, 3000rad y-irradi ated
stromal cells in the absence of IL7. Wthin a period of three days the

preB cel Iwoeasessio proliferate.an e i nto celPlCI/BROL/I5303
phenotypBof i nmature B cgp?}%p”mﬁg)%é% {)ﬁ?@d@ﬁ e RIgIRINRE TE KY) t he
loss of c-kit, 25 and Vpre%)lﬁt\g@rgggétqﬂteaﬁgt,éﬁhq Rabriepl, MID25 and CD40
expression. In preB cells fromwld-type mce, this differentiation is
furt her2Gtonpani ed 25 by fetabeadhseérdsm VH t o DIH rearrangenents on the |gH

chain gene loci followed by VL to JL rearrangenents on the IgL chain gene
| oci, which may result in the expression of surface bound IgM antibody on

th% d'An‘ éérﬁbbhéﬁt%dar@ dissaafircglfinal (Hahiekt €006 tripkVBitilldd,, urﬂrapur%ZFIz@ftS

However, has to be noted that the ordered rearrangerrent of
and |— fitersd §mm@ah@ kept a4cGuuntiiersequi site for the phenotypic
differentiation of 30 these preB cells in vitro (Gawnder et al., Int.

| mmunol ., 7, 1915-1925, 1995). The second differentiation stage can be

hi : : :
oot evalycs | boloPsEliSenlialok SPMRE ibqrSor Bl gehehioMpeBy 200" ¥\ o©
I L10 or TG--1i. sEbralrrgrrﬂ%miemellswh Vitionduce proliferation, class swi tch - 47

WD 03/ 068819 PCT/ EP01/ 15303 mb t | ty
( porkdnSdegn RIRUIess sk SEOrEBeA aRe dh! SARSApBAmUINg o Eals retam Her

di ff eg@géor)tﬁ iefq.rf@rei'fm%rebﬁw Cngﬁgnﬁéwrs s)'nﬁégg? %@hé IRolidk 6£8F, EMBG-

ant i Ion, s are washed three 'times inp 1'r|ssue
cul t ur327-368]i 1891) pivhichccame athiegdd irswbooffhl&rdszerameﬂmaapherpertﬂmrmmjm

stro cells in_the f..10 and 5 nt

nnnogﬁWﬁa"r eaﬁtt?ynfifﬁ 'f‘gﬁ‘gﬁg ;ﬁ%{ﬁgp trq_rb? rrh?) ﬁ\ @Brrg}rﬁﬁar%lEg ﬁg p%%lot)go[ Cage
cell's £an PaifeFHALioN ¢ cbrrs vilhug ohenetybeastdntipbay serbdtin

sorti nag@( EE%%?@G%% hgl rol alrge si ze whi cr?hr esults in di gtl nct | yg

i Nér egdasmé eellar d scatter values. 10 The in vitro differentiation of

wi | d-type preB cells is usually acconpanied by |oss of substantial amounts
of cells due to growth factor wi thdrawal induced apotosis. This problem

can beryd Figdiraigaieptialyn @X@r@écﬁ'ie@nb?fremﬁvirgmpfﬂ@m theneB, cdliskim el - 2
or bcl-xL in these cells {Rolink et 178, 1263-1270,

1093) .conkinged aresanceofisteared asyisi ol s Atpthrels di Naveslefh o drelaTang ng a
0 "SR s o MheBSRIP 32 koo PARORR (RARASE By 7 qre
S[@Sﬂﬂ'ﬁséﬁ*‘%“@*% h apene s freshp 32“9?‘{ @?%ﬂeg‘wﬁwz‘%‘ e 3
d oni rthe @bsanceof dvi.NAlithiexpipesed of tvessdayschefrieBraglli gegassdp proliferate and
over exdegfgrseﬁrlafe into cells with a phenotype of immature B cells. The phenotypic changes
include e.g. the loss of c-kit, A5 and Vs expression and the gain of CD25 and CD40
expression. In preB cells from wild-type mice, this differentiation is further accompanied
25 by sequential V}, 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
IlgH 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-B. This treatment will induce proliferation, class switch
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A prerequisite for the stable transduction of genes into |ong-term
proliferating, stromal cell and IL7 dependent nmurine preB cells is the
const r uctworesotssad r econbi nant retroviral transfer vector PCOrfpai/m3ng an

expr eSSFRRPIAUOR  10e VRlyyus, g RN SAtyRes: (dapending o ing cybkineassiriinatiart or s
t t R
¥ ank; omploved) &y buantually dibrentiaiitid ST, sdcrBAY plasih BiSANGS %

(MCS) 8. m @ntwﬁmallLﬁatmmmab@umllsmmdcarne@emwm bRsB candis§aE taltiR!
required for replication and nmai nt enance o

pl asm d ontr e t he
vect orMEQu ﬁ?‘edl Jsé@ﬁﬂ eS QﬁonﬂHenfe@BQBTadetleffﬁdl’aéﬁidtstmmaleceklrsaan ofhei s

or der %@ﬁgﬂ ﬂgtewgrh‘r éeiL?JrL gavnltar gﬁ%ﬂb?hﬁ?%@ On@?@? g%@n?%ﬁ k?ﬁcg/gfqrh@%) da

ant | - 4oz opraligrating plasr cellsfstajeegzelléoéaﬁo%pfo‘%ﬁﬁflé’@ Qﬁdtéqudi‘yt{?'d”%ybc'
nd the P%S{%@Zﬁ I]%drug sel ection marker is applied b I'ng
expre YPEFFCERL BEYVAICQ {f h%ﬂ" S/ EAE ) Nasgdapn Sbeirriamenalzerwbmtnormlultsnhry
seque I us expression of two -48 WO 03/068819
PCT/ E%T%@@?&?&@M?ﬂ hbggﬁgbe selected with the antibiotic drug
hygronycin B wll sinmul taneousl y select cells for the expression the
ant i - apopt ot 2. .Thy eneration of the retroviral vector for
Eéj ee’f?pY’&Qs‘ﬂ& %‘?‘at'ﬂ’é OSCW'?dZty%%p'i%Eg £l ds mua&momm@@abyi loss vf
stageg bétah§dl ARBUAGS t
expresgl on cassetEe&agg%gse?gﬁd{begﬁg&%ﬁ%b&g?% |s$%§%€élcg?§° oﬁf BPH% MCS
of therokdemaean be ctmcann:feaated/bytamerwr&s(ﬁn gpf abti-apdptotid genEONIKe bEIL2 @R Of

b - 2P BoRThSt i FReTPE 3y &E@Mﬁiﬁﬁoﬁéﬁéﬁ% 00898l Enls sandbeg

O prameed A aroRtRq P B el trand i ST 8. 3835, spasiticaly ore
i B anpxpressetl bebhtransgend (SmaGKelhggab W@Wr 3%8, qfraln

e 1R AR, o B ek Bita, Brhdk2. Bicprige ot 6?5°@b'“3é‘ﬁdetr@wf%5@0t® lnto tge
( POO2]bnG-temAbRNRSIGERE! Sirémal E4ID8RE ILTOGRSEHREN Fh dr%B c&l%r‘(‘%n upper dease

additional restriction enzyne recognition sites (In ate

| etters) for restriction endonucl eases Xbal and Notl (2-4 random

nucl eotides 5 of the restriction enzyme recognition sequence are al so
added, because nost restriction 20 enzynes do not efficiently di gest DNA,
i20 t I“Exaragle@l tGloningequenge retrdvieht epeddstdd | Yeonrktruthe fend nfrinBCRBcI2
anplified DNA fra?rrents These flanking nucl eotides are indicated in

| owner case | et t QVEIEXPRESTi@Rr to highlight the restriction enzyme recognition

sitesp pTQI%qUISIte 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 simultaneous expression of two
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sequences downstream or 3' of the highlighted restriction sites correspond
to DNA sequences of the fragnent to be anplified. This way of presentation
of pri merw@d3sessuences i s nai ntai ned throughout the descr PpTiEPn1/of303
exper CRBAFES, ewhiehl @an Aercrelesieth with nthes dPdiblbtiandirB§0Ayyrdrhy@APIE fujjjja DNA
frag ajr bp), containi ng, unigye recognition sites for
rest mg@{.l ?lg]neéog‘%g'n%g%ggs%%lgxg% }%CFXRBﬁS'%@ gfhﬁeaHWng}tlct gener bgrdniTheThe
PCR f gageritioniof théestralarablectd 9@s et dyprisd, - Lesion

- O PR 9B e o2, 8T hkofnaddhay o

enzynes and is then directionally clone
pl RESCRMNshiRIocesfisoideiwa stagemr 4t thee auisesiily oforibe r primeteRESKIYRESS

(Hg. | ne bcl-2a,c is.isolated and anplified

i ngom ﬁ%@)&n yscpﬁee%erﬁ%&f&} ggs%r@g' SPSARYy %ﬁb@'%@f)ltﬁﬁ passeiter de therai n
react MGS oRheP@Bovivsl transférevedion bIowW (Fiy Prigiys desi gned based on the

publ i shed NCBI - Genbank sequences ML6 and L31532 (prinmer PO0O3 binding to

position 1821-53 of ML6506, and prinmer P004 35 binding to position 506-535

' - ot CocT At O e B et 2N v dioe e sbression essettes ( Pood)
5' - cgBADCDET mArineob gt cDNZY kA IHBCEIEH0 A dIng f@n@@@bﬂmgﬂw tﬁ@%hwcﬂ{k

azy recognition sites (in uppercase letters) for and
el /YOI eEEIANICE MALEE A& charyrdpptiiher canmeggaliypavaileblée ENMVigmomioterdRESal | v

gener o TGS HGROL TR ' B hERLRI (B oF dblies rd pleemi

expr g5GKeygraifSEEr ID/NEX Or byDpelyherase chaipkeabticP(RER) B5RgN@RhéS ﬁéik:on enzyme
sites in the multiple cloning site of the enpty retroviral transfer vector

LI B d | -2/ hygronyci nB expressi on vector Bcl 2- | RES- hygr oB,
Ito he eﬁl?&r'bhﬁsapﬁ%’@ﬁim’c%@i«%m ¢wtm§aagmwmm£@cgmmr,r%%t he
donstTEQIPNOCRPIPEHS o2t GREC put Y eatenyd bt st ¢ gyd Sgad bneey d -8’ pLI B 15

using PCR with appropriated restriction enzyne recognition sites. For this

bl S taiR. afondl RABtEuR eI Boadniigh prtate (indicaiey! | D NpemasB00s)

CroniSUESr SR e Xl A S0 L Y e

r ecod@SHicten Snzyme secagmiitioraseéqUente (dra algpeaddstt betdiaes nost restriction

20  enzymes do not efficiently digest DNA, if the recognition sequence is located directly at
the end of PCR amplified DNA fragments. These flanking nucleotides are indicated in
lowercase letters, in order to highlight the restriction enzyme recognition sites. The
sequences downstream, or 3’ of the highlighted restriction sites correspond to DNA
sequences of the fragment to be amplified. This way of presentation of primer

25 sequences is maintained throughout the description of experimental examples. A PCR
with primers PO01 and P002 will amplify a DNA fragment of 1017 basepairs (bp)
containing unique recognition sites for restriction endonucleases Xbal and Notl at the
ends of the fragment. The PCR fragment is then double digested with Xbal and Notl
restriction enzymes and is then directionally cloned into Xbal/Notl double digested

30 pIRES plasmid, in order to generate the plasmid construct PIRES-hygroB (Fig.11a).
The ORF of the murine bcl-2a. ¢cDNA is isolated and amplified from mouse spleen
MRNA by reverse transcriptase coupled polymerase chain reaction (RT-PCR) using the
following primers designed based on the published NCBI-Genbank sequences M16506
and L31532 (primer P0O03 binding to position 1821-53 of M16506, and primer P004

35  binding to position 506-535 of L31532):
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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
retrovirawotsasssier vector pLIB- bcl 2-1 RES-hygroB al | ow ngcamppl/essobcl - 2

and I9EQAIDWONR (PRNBESSa oBGCEXGDPt ggdycRetcoygtababcaggguatyabaat-3'ong-term
prolidmyrating, stromal cell and IL7 dependent,nurine preB cells 30 One of

the Ve IDNG! BRPOOKY 808G EACECOREL Sr LheYRBLSa LRt R gUALECa PRGB! | S 1S 10

use retroviral transduciion (Fig. 8) r this procedure”a réeconbi nant DNA
construct containing retroviral sequences necessary for packaging of a
r &t r wontaihingeasstrictioh' dnEyme mrolaiionsiteisgiralppsicase letfers)for Niselvaaid Magl.

(' andh MRUNGLSeUER RigeslsdBCRProduch 8 BSREbp e i Hpn BseiohelrIethunes
et EAB QIR Midestid SheloF BIRE P BlorSaih' PP o aafiel RRCEHEED-

mur i rygpoB cell s, the ecotropic retroviral packaging cell |ine GPE

(Markowitz et at., J. Virol, 62, p. 1120-1124, 1988) can be used, which

routinely results in stable transduction of preB cells at efficiencies of
50H  Tcnshelivher & eaplrai B Xoldrebing thahsfardingt i on w th

??ecmi nla@rﬁ?ﬁ %’et lratllgvi ral transfer Avect o?s w11 only produce replication

def i dwnto theclaokiof cantpatibiee rastidtionsesizyate sites in thensailiipde sloningesite bf the For

o c ey lBRE 8nsi Peetbl BHE 804 35% Sual B ARV ERMBHE Sorass R vaitBhe et
transd‘siﬁz-if,@esq{w%, effel I Oftire eXbfedgid cAsstROi 1@ <B%J|-h-|ﬁas‘ah%mi@@@ cells

are grown in | ased | owserum medi um al so used for ST-2 and PA-

st r orta¢ludiag | thesganstidivei GM) iproragtarpand polyadenylatiop siter ist eoned netoepkiBon,

her ent C | Ng: I e rYPSI i d ded at
3006 aiiia EER Pt EBBIRRE rousRbrl Bheiak octnltntEek: 3 6 PR T
37C gL RE grdmecihB éxiressiongadsstie ROPCR atplified alithDMBciPdRES hggRE ed
per T75 (75cn?) tissue culture flasks of GPE cells using standard cal ci um
phos@sdhe R&yRdempplaieiusing PUMBEIr s post transfection, the transfected GPE
cells can be used for the transduction of reconbinant retroviruses into
preB cells. 20 (b) Retroviral transduction of preB cells using transfected
GPE SHQ IDNOUS €P006pEFaias BET CEAC tooralt 4 th @ggadd it dganst ect ®dc @RS | s: Two
et haghg can be used interchangably for the transduction of reconbi nant

retr @EQYDMNOP10¢P0es) Fycdsansd@siac (R sRld st taddend-Br st method relies on

the infection

containing restriction enzyme recognition sites for Sall and Clal (in uppercase letters).

A Sall/Clal double digested PCR product of 3714 bp is then directionally cloned into the
25 Sal/Clal double digested pLIB vector thereby generating retroviral transfer vector pLIB-

bcl2-IRES-hygroB allowing coupled bcl-2 and hygromycinB expression.

Example 4: Retroviral transduction of long-term proliferating, stromal cell and IL7
dependent.murine preB cells
30 One of the ways to stably transfer genetic elements into murine preB cells is to use
retroviral transduction (Fig. 8). For this procedure a recombinant DNA construct
containing retroviral sequences necessary for packaging of a retroviral genome (5'LTR,
packaging signal Psi(+), 3'LTR) as well as heterologous sequences or genes of
interest, are transiently or stably transfected into a packaging cell line constitutively
35 expressing genes required for the production of retroviral particles.
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of preB cells with conditioned cell culture supernatant. For this, cell
culture nmedium 25 fromtransfected GPE cells is replaced 24 hours after
transfectwon3/oessdd i s harvested after another 24 hours of PecalHPovW3dIIre. The
r ecorﬁvrrthettraneduct\orr u"sstmmahceil and dleT dep@ndeménuém@weﬁtcahs the ecatrapindded

}Sof;#étraé.?ai BB e S Rkl ZnCond VAR B 1R 198 1 o

6 hapSe udkd %ﬁﬁch%hhﬁe@n@smwm Baibkeghasdudtion Gobnel e8IRY sreéffielencies

conta| ning nediumis 30 rémoved , and cells are plated at a density of
1 2x 1855048086.f Thish ecatiopicad Packagingi @@lbdmestnr @ﬁﬁjur@épn sWith geednbiiantedi um

P vaetahrels tagsier veeldF WL Bhlv) ASARRCHACRIEY aRfoRit ChBeriEhensy o e

cel | sepblifuddsadisié astinghsdueeanibiingells.3or #ansignt trangfeetioniofighéidcotreplcs. For
this, | og-phase preB cells are harvested and -51 WD 03/068819

PCT/ EﬁBE/g&@gmge@Jlsmo@andafdf calsiinppaesphate transfestionmsdisad 8 detailedng
1000 rI L7 and 8 pg/m polybrene at a density of 2-4x105 cells and are

pl até’ c33’?4‘[0 transfected GPE cells 24 hours post transfection with
retroviral constructs. PreB cells are co-cultured for 6 hours at 37C they

are then harvested and plated onto fresh 3000r irr m&eﬂ%@st r omal
4681 | ga) n premsierl frangfecinn ebeAGatRgICIEIOVIEh IW‘?@QY ’?gle('fEé’?ey troviral I y
transgdy Eg}%%s%r&ﬁh'xﬁ I YRR INBHY &ﬁ%@ﬂﬂxﬁ%’b@ﬁfé’%'f{)ﬂ 37D 2dd *ngsl - ght

| at er nacti i on of endogenous | mmuno I n heavy
chai st@ema cdilo@ndi deédmbgdtlarexammda if é)mtda;gpnmmu tnmsr,feelmn sanlheBanie(BPE 10

The f t st f th f. het | b
Tn! nsakeaing: Salls Hie Paerasten bys BYeanizafios andoSesded Ak Sinen tnie
e”dOQF‘tﬁ%‘Pﬁ”hl\élg'M’bbe@d | Bl-88¥im Thediuhi &t Q:%'ftwa@é@rﬁt QV@rln”HDWPOBOZ eThe be

acconplts y gene targeting wthin the i mmunogl obuI In gene locus in

A5eB fekdving day prgrrzatrot/irralvaAdlsttmrrs@med eer (75 (Tochi yaltssualcljlturtehﬁlm(snur . ne
i mmunogl obulin gene loci, i.e. the |gH KL and Ig chal 9‘\%'6 | oci
e

Howevaér GREe calls i ueingt S&afwlaﬁdggﬁlglqrgcgbog e Eec F&tP%ﬂm
V- J- g%ﬁé;%@%; eﬁréﬁsfﬁ@%&éﬁﬁuﬁﬁ@ﬁ b@ﬁ%ﬁe ik t ’Ha\h \%ﬁg%(orﬁ bf“réc%ﬁ'nlﬂhé(ﬁr sity

is c chains. ernore muri ne B cel

expr gsoviisdsanto greBecelisci . Therefore, in practi cal ternms, it is
sufficient to inactivate the endogenous, nurine IgH and xL chain gene | oci
in order to assure that upon transfer of heterol ogous IgH and 20 I gkL chain

I O GERVISF | tr % &ﬁ:éﬁ%ﬁt ofebRIB t¥elRl (Rir! Irenéra8kY) ®PEdéesdcinga@ preB

express heterol ogous anti bodies. (a) Isolation of preB cells
wi th nat urswbbmam&mtmnaug:uﬂureewéhiﬁaﬂlsieqfﬁd\%@@ {%nal | gH

Two methods can be used interchangably for the transduction of recombinant
retroviruses produced by transfected GPE cells: The first method relies on the infection
of preB cells with conditioned cell culture supernatant. For this, cell culture medium
25 from transfected GPE cells is replaced 24 hours after transfection, and is harvested
after another 24 hours of cell culture. The recombinant retrovirus containing cell culture
supernatant is then added to cultures of proliferating preB cells at ratios of 1:8 (vol) to
1:1 (vol) in the presence of 8ug/ml polybrene and incubation is continued for 3-6 hours
at 37°C. Cells ére then hérvested, 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 rlL7. Retrovirally transduced preB
cells are then harvested 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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alleles. 25 Generally, the nost controlled way for inactivation of the
endogenous I gH and xL chain gene loci is to use gene targeting (see
bel ow). Hye®3©68819 N case of the IgH chain gene | ocus, an®Ch@pPoreishvd can

02 PRRISBYnakS A BEHTRES! SAIP LRI merliATBbtefig [1bU HINIRE" 8 THEHIS PLoS

cell s°C rearrangenents on both 0 avy chain a s. Due

to iﬁangsf‘én% 80 al derdig &7 2-2x96° cbi BhaGrBrMERESontbPARfEEddr EPE agRe RNt S
may occur such that gene segnents can be read in all three possible

r eadhowrsf pestdeanséeciionweth etegviral ceastrudiadPrel celgrareococubumed fogénlkowegnent .
These, 1 [ franmes have arbitrarily been desi ed.readi,ng frames , |, II
Tna a BOGGHy aln Maninauested &h:Aabe S50 /58, BttipFa S5n9uRted s alna: b
ne 6 HolPG6\F ' ; Hf a
%H JC%ILSEﬁ ?%%cgdceﬁr@%ia%nfgaygi%r?gwlgr ane Irﬁ'le}g(%Wﬁr([:lFa{-}recto ?ﬁ%qﬂﬂ%ﬁ%@%g a, s.Cg.U),
suchptdBatelis drertbendanvested rarichcambendlized B4 howrs dared from such a  heavy

chain allele. 5 Therefore, statistically roughly 1/9 (11.1 % of all
stromal cell, IL7 dependent preB cells carry DJH rearrangenents in reading

fra”Exér‘n?I%‘% t hingkavatiPdbN@n8Bg&Rsds Fhniu@globuaif hmgi An@light @hain’ GeRE PreB

cel l i sol ated by subcloning under limting dilution conditions and
screeni ng for lorkindesg-tert proliférating, musne peeguraoyeeelss. To ensure the

libn Phmcitsbrian To FasraeiSauoh el PEARASHERGS, PEFFtehf. Bimel BEFRIeS s,
SECORfifing prR]/UFSYIIBBRNS Sis teCinuetvdtin bRfle dhteRiUREIEMMe g dreylused
up. Such clones can be used for further target ed inactivation of the KL

chai whigh eamsamppy atbeemetheds, -9t Beaconpliehad trugere taigeting within tae| gH

and ] gxlL L0y ' S t: r I ' get ed
nactanBaRbDin BEhe oas R amBRISTY fleafh PR g fonAdRed 21
pfesw&s%aﬁn@xmm@mﬂin@e Godi; i.ecthenggMuigll ang Ighetchamvigénei facl.ari |y
|l ead to preB cells without the potential to express endogenous |IgH and
159KLHolaver, pthet eiuring kLgchdin, @8ne Hocusheompriseget dmly threentfenctianal fV-JsC,
enpty positive-negative gene targetjng vectors need to be constructe

cont elustaig With ene §eee seemeng e@Pf‘@é‘daW%M\Meﬁgﬁ’ﬂ’H@g idhess ity ishemp é’bﬁgences

honol pgous t o, the tar NEo, . SI gLV el i r,
OTOLRRLS FLARERRGHETBEL RS B8 gl B HehVBeflud elchal BBpRET . |
mar keherdfbiee ifligphétheal ki [ safficieat ke snadtivalecthey Bhdsgerdusirdiree kgMase
(HSV-tk), which wll select against randomintegration of the gene

t ar gahd nd. gleaincgerientasi irherdgsriorassore dkatl ypormhrangiee ©f ieteriogousolgbl Bndnked
édc | Oi(g?(?_)chain genes or gene loci, the vast majority of B cells (>95%) produced from preB

cells will express heterologous antibodies.

(a)  Isolation of preB cells with naturally occuring irreversibly non-functional IgH
alleles.

25  Generally, the most controlled way for inactivation of the endogenous IgH and kL 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
I, Il and 1l (Kaartinen and Makeld, /mmunol. Today, 8, p. 324-330, 1985). Most D gene
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25 positive selection marker will allow the sequential gene targeting of
both alleles in the sane cell clone using the sane antibiotic, because ,
af ter sucwegsieds1e argeting of the first allele, the anti PCatHEPO1/1383 st ance
mar ker can be deleted fr upon_transient sion

| ] f )
[ ecoRBOMEELs QRN AEPPaFRAGNSe fidb D AR inneficars o deading frasee Wl diBattinen

veor oG MksTa S RLEh Mot hERtpT Y RRR AR EkEY B BBRSRHR IPhRgHET
PCT/ Ry ¢h3iadlisleep 1: Extending the multiple cloning site of pBluescript

SK( +) wo conpl enentary synthetic DNA oligonmers: SEQ ID NO 11 (PO07) 5
5' - TCGAccggt acct aggcgcgccat cgat at cgct agct cgagct cagat ct GTAC-3' and SEQ | D

oA B By K B € P 8" b

10 Negtry DB réarrdigementsuinereadinghframge Hhwdthestopocodingi erubeth af tbeic Ighd

slowy cooled from65C to roomtenperature within 20mn,_ This wl| generate
he Khinoaleige. d5hFa Preb:GRIBRTDRR ISP DY THPORRINT sk R T8 B! <
over ; r _E BB

5" “redgle 20U neng RERR SRed AT feRbna Raranoemenia, Tp ensyre the

|'111 idolatiadn of sfablé tldniek| rédrtdnigeniants ineedtblba screened for two non-functional

i e 18, S BRh S A HRCSp o BLE 0B s

) 1 ab . : : g
e Detafie, e (At A En8 SeUfRAR s Soc ek AP kGRS bar BR debsgnm
r equifeitbritafgetéd indctivVheon btthelidnchedn stleles. Step 2@ Insertion of expression

cassettes for wild-type or attenuated diphtheria 25 toxin a as a negative
sel ection marker against randomintegration of targeting constructs As a

| I | r ker ' ' ] ;ch I
i odhh 1 Seereline Blegind s BRAT LM RERE Q0 PRRLIAL GRRERR O OO

g'sphtmw | ahnined for ndtheds i @Euﬁhgain .gened. thrgeted i Irmctivatioruaife botter thieon,
I phtheria toxin a (DT-atox176) 30 (Maxwell et al., s.a.), under control of
a comrstbgendus IfH sutd gl ohain egenealochareipeesented tasoaydmaieaseior fagay icie

sel e%tcitir?gr;] m”&ghgﬁg thelttiv!;oeukt:i hs‘i:"m{?afenrlf ?esadsflonéreé)é gél{s%itﬁm%gip%?ential to express
endogenous IgH and IgkL chain proteins (Fig. 5a,b). For both targeting strategies, first,
empty positive-negative gene targeting vectors need to be constructed containing
20  unique cloning sites allowing the insertion of DNA sequences homologous to the target
gene locus, a positive drug selection marker, like neomycin or puromycin, flanked by
loxP sites and a negative selection marker, like diphtheria toxin, or herpes simplex virus
thymidine kinase (HSV-tk), which will select against random integration of the gene
térgeting vector into the genome of cells. The presence of a loxP flanked (floxed)
25  positive selection marker will allow the sequential gene targeting of both alleles in the
same cell clone using the same antibiotic, because , after successful targeting of the
first allele, the antibiotic resistance marker can be deleted from cells upon fransient
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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ki nase gene (HSV-tk), is comonly used in gene targeting experinments with
nouse enbryonic stemcells, diphtheria toxin a and its attenuated nutant
tox176 hawe ibmess19 proven to be effective for gene targeti RGTIEPOFDIZBL | C

cel l Sg vvunde . .2 .35 n _AT77- 4 98). The diphtheria
t oxi n ssi Oﬁx@ég@&t[lgswrggfflg@cgénlgéésg%égppﬁlgeﬁg/ éﬁ(l? Xbal fragnents

f r om Pplvadohest ghﬂ@ﬂd IFNN@IIgBDnerQF pBS- DT4t 0x176 -54 WD 03/068819
PCT/ EPOl/ 15303 (SEQ I see Fig. 6a) and are ligated into Bglll-Nhel

| i nearized pBSL resulting in plasmds pBSL-DT4 and pBSLDT4t ox| 76,

respe 3vnaj sﬁe(FFd 6a). Step 3: Inserti on of |oxP flanked positive drug

ers BSL-DT4 5 BSLDT4tox 176 for the ggneration of
O OFS B R A KR Fod 24 HEC YRR T g and
poslt targeting vectors is the insertion of a positive

dr ug @eacéatttqttgaq@tmwm@cqm@tgﬁmtmqgcmgmmg@%r 76 vector,
upstream of the diphtheria expression cassette. As representative exarrpl es

expr <28, e BynRiia TgbBroL BT Ee e S @o%ﬁﬁﬁﬁtﬂéié%“ e
CAp S eNA€l, ipHRBSThETrhb AR |spmeﬁmre¢uredoré?\aefmnufessaﬂ0% dr gf %
i dentical cl oni ng strategi es can be applied to the pBSL-DT4toxl7 vector

cont dfemriegpChéo seermniganReratuse svitrin G0nainp Thisewilh genetate the follawingetoubie,

i ot 1ot A S ERhoPnd RBERSnPRRLE! SUahS (B RBER BtbodrBare, cacn

case,lettéw@):positive antibiotic selection nmarker cassette will be flanked by
| oxP S|tes that can be recogni zed by the cre reconbi nase enzyne, and
whi ch can be used to delete the drug sel ection nar ker | ocat ed bet ween t he

118X P S tess AtROYY Feild £ssion
ST oxg o et | eEpLen @@%wﬁﬁépﬁﬁn Islatmﬁl%’ St % Ker: neog;g{ tion
resi stance cassette can o a(‘{f'g%st%lsgt a11'?:9&'/“ aa%%i di gest ed DNA

fragment from plasmd pGL2neo(n)+ (SEQ I D NO. 4) and can be 25 |igated
i nt o Thet | anfisled | spathietied ONBSL1iRKer tio demer Ratetindnteniholikrd elihgsrizart or

p SL-f | neo- DT4. on of f d CI n and hygronyci nB cassettes
6. COBRIST G ARl REdRSTTRSRI S $ETatAGE0R) e donBIRStHEln PRSIy o1 1

d h ked
SLreomlﬂr%bflgpoﬁggegﬁggetﬁ%nﬁgﬁﬁ:dﬂmgts‘?t@ ey, eséé"?‘?étbé’)nréﬂuule(dx?od bnke

following cloning steps.

Step 2: Insertion of expression cassettes for wild-type or attenuated diphtheria
25 foxin a as a negative selection marker against random integration of
targeting constructs
As a negative selection marker that allows selection against random chromosomal
integration of gene targeting constructs, an expression cassette for diphtheria toxin a
(McCarrick et al., s.a.), or its attenuated version, diphtheria toxin o (DT-otox176)
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 targeting experiments with mouse
embryonic stem cells, diphtheria toxin a and its attenuated mutant tox176 have been
proven to be effective 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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pBSL-DT4 is the preparatory step of inserting two | oxP sites. This can be
achieved by inserting into pBSL-DT4 anneal ed synthetic DNA ol igoners. The
synt heti cwbhogPB6ssi1® es are contained in the followi ng two eommEPenessvary DNA

5 - RGBT iR AR S TR e P Rt et i Rbcratting i
CATTATIASBRISPBBL-DBA aadpBSISERI bR M) reddedtR@jsee Fig. 6a).

5' - CTAGATAACTTCGTATAATGTATGCTATACGAAGT TATACGCGTATAACTTCGTA  TAATGTAT
GCTATACGAAGT TAT -3' These two DNA ol igoners are anneal ed as described in

exanpbproh) , ShgBbn SERHE iked Rodilve Oy Nefoctid ARt DR RISy

conta es separated by a un que

addi It i on, the ?mpBSstTylmxmfﬁr m&ﬁgegieratm??wgmpltygenegmgeﬁng vEa s o

SIn stra over nan C can I rect e | gat e Into co ati e
oot T inst Seie Tot dha ghrieratam of draite! rg;egas&essene mmatmgmtorsgfs e |
restriediigA ofed ﬁ/)e dléﬂgssglaﬁt&prﬁéﬁ'k@r‘jlrﬂBHﬁé 4&? lpesu TRLBG1 FANA

ragment 1s the | gat e nto pe I nearli ze I ng I'n vect or
pBSL- @M@Qﬂpsﬁeamuqﬂhel@lphtﬁgpa expnesalomamettesA{screpmsentatwerexamri‘lwtlmryc| nB

Pe h3Sian( SLis S8, kel mem e Purdubein Badhlgromyein BresbRsSt s
d t t
uged & rseﬁ’ O@Bgﬂégﬁ] éﬁtﬂrq%“d%tﬁem% g}&@ﬁp Ms%mfp'cas?&ig ﬁﬁsln pDg2sspd te

fromp e puromyci er contro SIm an

VI rusm@sematedyl-nomver et }ahaulel béZBotﬁE!QhadencaEcl()ﬁ’mglstrategles can be aE)plled
-tchCGCGT gaat tgt ttaggg%{gt ggaaa and SEQ ID NO. 16 (P012)
ot g A@@@@éL a6 t@GRINGe Ll t@uam Megsiomet dipbtheriai toxin o

7 0 H
LS‘;Z?@%@H@‘?&@?%;?OZ?%PS% e, 5t h%éléé’@a??ﬁ%%&@%ﬁsm BREREE et usi ng
t hi s histiinel| ntyicophenaljonacid Ableemybinuor degeinthay befusede i sol at ed PCR product

t he puronycin marker fragment is ligated into Mul |inearized
p1I§SL DT4- 210xP generating the enpty targeting vector 35 pBSL-fl pur-DT4

(Fi 9-1n6ch 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:

A loxP site flanked neomycin resistance cassette can be isolated as a 1497bp Bsp120I-

Xbal digested DNA fragment from plasmid pGL2neo(m)+ (SEQ ID NO. 4) and can be
25 ligated into Notl-Xbal linearized pBSL-DT4 to generate the empty targeting vector

pBSL-flneo-DT4.

i) 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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-56 WO 03/068819 PCT/ EPO1/ 15303 The priners used for PCR anplification of
the 2007 bp hygronycin B expression cassette from pPGL-hygro (SEQ I D NO

1, co 'Wﬁmsﬂsmﬁ&;owci nB ORF under control of the plresmrol/tH3ygxer at
Ki nas?,%‘lr)d r};” re/5 SEQ | D NO. 17 2\{5’013%
5' -t cgACERERgAA FEF%@%@S@E@S@E%E@EF FETATACGRETAERAC DT NETATRGCRTAY)
5' -t cGRICACRGGAAETEHAact Bdcaaaacaat actgag -3' Both priners contain
recognition sites for the restriction endonuclease Mul (indicated 10 in

upfer GE@ IDNOet4&[RP0Ot)ch that the resulting PCR product can be digested and
|1 gat etcrushnaat brecrashhircrhoncenzxoerréitRrAMOETAT 8RS FrOBTR! the

i sol ateg TREeAPaEchRgrvgrgnyci nB marker fragment is ligated into Mul
| i neari zed pBSL-DT4-210xP generating the enpty targeting vector 15

pBSL-fl hyg-DT4 (Fig. 6b). Step 4: Coning of final targeting vectors for

mur i n@hegéltwo ONA oligbmiers aesnanhesled assdesueibbd as ekampld8(H3Akeb Ta8Sulfifg
re resentgtl ve exag*pl gﬁNf ofr cl onj ng of .targeting vectors for endogenous
géhe D& doubg siraaded dANAGiragmenkgreiaining tye dexi? Silgstsenaratedt by @ urigual f or

the Cimuﬁ@f%ﬁ;&io as’it%.etlﬁ%ddmﬁnatéﬁé’%nﬁéaI%Q%@W%gﬂ&%ﬁgggné&dcdrﬁﬁn t%a;g@ gene

| oci, and the-trans-actin nmut at i nNeéin nurine preB
cel | s CAiAdG dsisglerdteahded) dvenisangsct whithofcahgHiretty rbd diggéed nipto esdropstiléi 9.

5a) 25 lnactivation pof the endogenous nurjine | in gene |locus in preB
ool 1 s et Sl rBrBanGs (GENERBEY Ry ity Stk 1 Mhehy Rbdls Yic AvHG Tesirighend
del et bapgmes) both 1gH chain alleles. One of IgH inactivating deletion is

for instance the deletion of all DH and JH gene segnents, which is
dEscri bed here as one of the possibilities to render the endogenous |IgH

| leles i b . d i bulins. 30 Targeti
Vect of MEoGSATEA oNbIel ISty sBMEHES JATASMEN: dodheRelaned inicaspel | ng
const fihédrized pEBIERTANe8 ultmean Medtor pBISL-BTE-Aibee ¢Fignspy of gene targeting

vectors containing other positive antibiotic seléction nmarker, like e.qg.
puromycin or hygronycinB, simlar strategies nmay be applied. 35 Stroma

bot h 5t PGsSBACGESRlTA PaxdhEch T MardiRlehE g Ridiee Xo PERCRIGTPTE e

desi gosia§ pladmidéCpPar QERSIScH@Y PPGK-APHFO3SEQ 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
SEQID NO. 16 (P012) 5-tcgACGCGTttggacaaaccacaactagaatgcagtg -3’

Both primers contain recognition sites for the restriction endonuclease Miul (indicated
30 in uppercase letters), such that the resulting PCR product can be cloned using this

restriction enzyme.
After Mlul digestion of the isolated PCR product the puromycin marker fragment is

ligated into Miul linearized pBSL-DT4-2loxP generating the empty targeting vector
35 pBSL-flpur-DT4 (Fig. 6b).
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targeting vectors. Regardl ess of the type of DJH rearrangenent, the DNA
sequences intervening the variable gene segnents and the D gene segnent
cluster, we mobis1as the intervening sequences bet ween t h@CTHPgERB0E| ust er
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(DL 1B e K e P e oy o o RAAing G REAVEIE HRFUndE e
genonientoolgfrine phosphaglyoerat knasetpronote) Be:1- JH4 rearranged allele with

surroundi ng genom ¢ DNA sequences is depicted in Fig. 5a. As a general
strategy for gene 10 targeting, a short region of DNA sequence hom)l ogy

(15 1. QE'@)DINoa’mﬁ O T GBAAIRTTRA AU AR dR PR iRl Riad a, &3¢l oned
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ES?&T%E@F@ER% e RO e R A s A o e B i et od | <

cloned into a unique restrlctlon enzyme recognhition site Iocated bet ween

the " Bhf8Amels cBARIH 'réf@og?rﬂid?ﬁﬂé@fdfat'h'éer"esﬁwf'loh*‘éhdﬂ)'n%@é é'rﬂlutl Yifidicated

expression cassette (Fig.” 5a) (here . Expression o e rnegative
st} ecin vpperaase lettars ) Isugh that th@xﬂeﬁuﬁlﬁgl%C herodficr earohe \digested emdeligatéd

honol g reco ti ccurs in the long region of DNA sequence

honol Y gih'strﬁé%hgﬁgpgﬂagvect or and the endogenous gene | ocus, such that
the DT-a expression cassette will be |ost upon target ed integration of the
targeting vector into_ the 20 chronpsonal honol ogous reconbi nati on

L ur L IhéftebMJulr digestiemef %W'M%Pmé@%th? ngr@@vgn& caanket frggmendris t he
Thus. (adftRE °BRY Ml rieaBged HBSTER42IokBC B Retabiy et Bl oG] yBtor "

t B gepBBQ-fihyasDTA(Figt byl ts in strong selection for the targeted

integration of the targeting vector by honol ogous reconbi nation resulting
in the deletion of the 25 endogenous gene |ocus. A short region of

h I I

nopl i SERHAED o EBnHg blndRabelng VBERS for BlREEAY bt chel b8 Tadlcas baced
on the publi sheﬁemgg(fomgbam@1weence AF018146 30 cSiEgElQDI gONolgng(()l%’O%)
5' -aat tcctqgtgtt

5' Ziﬁm@a%@é&é%@%@% 8583%535%? g gectonss%?\mdogﬁoa%ggne loci,

PLoT/ EfpLl éﬁlé‘fe ro@ﬁ?ggef %éjﬁeﬁrpd)%@?&s Nodduf f5it ek ii@Bc i ¥oReted

recogn|t|on tes
mutation of the endogenous IgH and IgxL chain gene loci, and for the frans-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 DJy rearrangements on
both alleles (see above). This fact needs to be taken into account for the design of
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cl oning purposes are indicated in uppercase letters. The priners wll
anplify a 1465bp genomc PCR fragnent that can be digested with Notl
restrictiwo Oengsma and ligated into Notl |inearized pBSLPCIImPot/ZBd3
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heavy mtfewemmg\trrewammalgeae segarente aRCEha Dpyeheé sdgfeatrcimstsrcas g@ticrs theDNA

using the follow ng prinmers designed based on published NCBI - Genbank
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CR anplify a 3215bp genom c PCR fragnment from nouse genonmc DNA that can
be di giement (Mrtda. 1)oé|@qi pwESHEam erth@mqra’&é% oaated ga@@aeusegmemédn4)q neari zed
pBSL- 5" JH-fl neo- 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 genhesgarorpmic rgani2atibn efonapossiblepD eBs ¢0)14 edrfangedSdlele with sujroundin
Construction of Xlg. chain targetin vectgrs (Fig. 'gb) Like in the casg of

t he | gienemi¢ rONAcasquencescis siepicieddneFidocha.ndp Begeneral isteategy Hor geseer al

e . o ol
Ul oihigtodd ShbrttRaion Y AR Beboe HEMBIORT - 5 ) IoCoteh RRtEalEfine. i on
(CK), réglohftﬁ G@nk terthedekte® s Cidh&&Elnto Asuriquexaspiction ieazgeiel regogoitioh Isitet S
and net hods are described here that can bhe used for the targeted del etion

of al lupstreameof A Tlnxed” BagHER SElecHDR MAKabere th@mmétlpmﬁwﬁgm@f@. Ag
const Idiehande AGIoRSL A 8k) 1bcatBl BBERERLaRNOY E%g@ﬂoﬁédégtp FLOSbIAUESS

cont aihi ng a neonyci n resi stance mar er targeting
const raimtesl iném taauniqae rérstrmtled ‘ermaymanesogniiorhgie dmatedB)awpemSBe dfioxed”
cassettes are 30 perforned in arf{)gllﬁtﬁgous f.ashi on. A short ion_of honol ogy

updt r ROsitYe SEIRCHioR HaFker adgihe! Ha doxin g pmeéﬁ'an.qasesattﬁ 2619} Ry here

p - e ey Ot e datyB e eI T RN s B BT R Rty b,
legf%’g?)é'?\%ig%d“ if I SlobBusi F&€€brhbinatib® HcBArP i BRS fsnPryio®df MIA detudmeer case
homology of the targeting vector and the endogenous gene locus, such that the DT-«
expression cassette will be lost upon targeted integration of the targeting vector into the

20  chromosomal DNA. If homologous recombination further occurs in the short homology
arm, the region located between the double crossover will be replaced by the positive
drug selection marker. Thus using antibiotic selection on preB cells transfected with
the targeting construct results in strong selection for the targeted integration of the
targeting vector by homologous recombination resulting in the deletion of the

25 endogenous gene locus.

A short region of homology upstream of the most &' located D element (Dg 461 ) 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-aatGCGGCCGCgaacctcctgtgttgecaagecacaaatggg -3,

and
SEQID NO. 20 (P016) 5-aatGCGGCCGaggcagcacggttgagtttcagttgtecate-3’
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WO 03/ 068819 PCT/ EPO1/ 15303 SEQ ID NO 23 (P019)
5'-tat GCGECCCcttatctttctectttattaacggttgetg-3' and SEQ I D NO. 24 (P020)
5' -t at GCG800G0essayt ggt agt act ccactgtctggetg -3' 5 Prinmer POCI/EPONGS0I O

osit r it r
07 et & ol Qe ot et R o
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"ot oueBimSNACEL faeimedt Rl bE uBtiiee Ml Nt ERt S onl shmd dhd (980 0TS,
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anplified from nouse genom ¢ DNA using t follow ng priners deS| gned

bas edregiom udfl sequahcrCBbmaiogyaslovastreamvali7the  Jungene ctegraentoclusies, aplpended
Ascl restriction enzyne recognition shte are Rr b%(kl ;# gefr case

| ett ee@mpriging ke i gavy chaiip ntson enhancer, ca amplitied from mouse

5 -1 SR G RIPAMA b SLERBRe pashg oftLutshel RO peiaf =
IOOSI t $&juehtadile UB844@nsudieotives ¢T0RE dppepded tAsoh résthitticnt 8Azyrhe rébognition
NCBI - Genbank sequence V00777, The resulting 3379 bp PCR fragnent is

di gessitalarejngicaedin YrATEasa |ett)tﬁr$9nzyrre and is ligated into Ascl linearized
tor pBSL-5'JK flneo- DT4 generating pBSL-5"J,,-flneo-3"J,,-DT4 (Fig.
5@ iii) Ceneration of a RAG |ocus targeting vector (Fig. 5c): 25 As an
al t er 8EQ MENG 21RO T)VEit g edEequng tere g ad t gf cqireR ared d t ¢ ot edpr es 3
endoggp@®us i mmunogl obul i ns by introducing cis-acting nutations within the

| gH aggq gk (‘POM?Betlt@@CGCQC@Bgéﬁl:la@c@éag@{:éﬁcaécégﬁﬂéégdtbr@apab' e
“for rearrangenment of their endogenous |g genes, by introducing

trans-acting nutations. This can for instance be achieved by targeting one
of5 t hEhe WDII‘II@'SOMI“IFP@RI amplifyta 321 Sl geROBIC @’é}i%ﬁragmntafr@namese @enpalic f or

lg ge ran nts cells wth Ny €

RAG. 10K T8k 3Rk Sisatne ith PS5t Festfifen Bptibd A fle B nbcarRRHEgE ne
Segnepis| A, ﬂﬁé@-meg@iﬁc%ﬁng nﬁéﬂfmat 0y SigicliRg VRRENISBSLS’ Jimmwgugmrm ns.

As an exanpl'e, the cohstructTon of a targeting vector is described allow ng
the fat mnrﬂeaheeaﬂdadn deiaie alif rentainiogrDwfanthd G segments M Bdarreaganged DNA
sequence%E qgnnby gg/ of about 1 kb of genom c sequence upstream of the RAG 1
codi nBr&eEf i3 33)60 WO 03/ 068819 PCT/ EPO1/ 15303

20
i) Construction of «L chain targeting vectors (Fig. 5b)
Like in the case of the IgH chain locus, the xL chain gene loci may be inactivated by
several cis-acting mutations, including e.g. deletions of all of the J, gene segments, the

kL chain intron enhancer (xiE), the constant xL 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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anplified by the follow ng primer pair designed based on published
NCBI - Genbank sequence AC084753: SEQ I D NO. 27 (P023)
5' -t at aGBOO®CeHsIct gct cctcttctttagtactggattc-3' 5 and SE@®CIEBPNOISIEB ( P024)

5' -t Z _ 153
asEOPAIERCY (FIAT) 3051 60LA80RRCARAUINE I L L IRLLAELARLAB S des

appen of each primer are highlighted rn“dppércase letters
and aamd used for the cloning of a 1095bp PCR fragnent containing the

genonSEQLID NEaP4o(iP0203 t5-eancatcCheCRAGgt goregtaeadicagtitarnggtEigg3’ 5¢) . The
PCR product is digested with Nod and ligated into the unique Notl site of
aOSﬁOSi tive-negative targeting vector, e.g BSL-fl neo-DT4. A plasnid clone
c

t dPAMeg ROED binss tamassiondRd agyg Pper r & nosiiorac! 1-788dph GBI on

o BRI SRR, ODI27] TR 1380 RORCSeR POk dolSteh R B 1°
gene, redtrittiodBrizymeeah@ s ﬁ@atwﬁﬁt@Ncﬁtﬁliﬁé&’riz’E@erﬂpnﬁtﬁrd‘;eﬁr@WQﬁéﬂ BBSLAineobe

di Fi g. ' lified b h |1 '
fes) gAEA. BRiskralon RS-k TR ol BOPB)7be. OSSgvD QlDRED seroenpe

5 -1t t at ct t ttggtatt -3 d. SEQ,.ID NO 3 P026
> 1 1 RROBN IR YT Aol Di%ne detE: SEUTAE I Sten SORBEISI oIS 1 or
t ti | t ' : | d
€ (RS cRRLPROENER) & RCRBAHITRA Roiaise Fofoffic BEE hhg e, 1
Lﬂgtng m'l‘blgw'fmfg _Emnmtel_esqu@emt‘%nénbrrb@ecdomnstmueas«m_ i ein‘ N(;IGI)B_IRféhbt]ar:rkpeafntr;eavgg@TTrarre.
er cl . digestion, | roguct is cloned intg the unique, )
oot rcleotes i b appehdrsl ot B Gl enYRgotaspan HAN e, Arel REFGaRe In
cont aﬁﬁé?@a%é‘%tt‘e%)g arm of honol ogy 30 downstream of the RAG 1 coding

region’in the correct orientation is isolated and designated as
pBSL-5' R1-fl neo-3' R1-DT4 (Fig. 5c) and can be directly used for the

T OcoERJONCL e D) s ERECHERE PR bngotErRrpP P FerERFhoog: Bhal cel |

35 |3 Yependent mur i ne, preB cells For the sequential targeted deletion of
bot h SEQILLN, 26470220 6y6REESCERGTFBELSICERRIta Rr BTGt g0 F BB E]] e can be

applied. One strategy is to utilize targeting vectors with two -61
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).

iiiy Generation of a RAG locus targeting vector (Fig. 5c):

25 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 incapable for rearrangement of their
endogenous Ig genes, by introducing frans-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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for the targeted integration of the targeting vector into one allele by

stSandard PCR and genomi ¢ sout hern bl ot hybridization analysis. PreB cell

1 "o trblBiha I TE ol A o ol Byeingl hshApRIring RAGVEELAC LBeRBPIC, | ! ©

are agai h transfected, s tinme I neari vect or
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Toa Ui amelned i he "BHIoGina0 R BrlheAroioned BaSE o GRRPA SEHER Goat ed
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doubl'e resi stant ST-2 stromal cells. 30 Double resistant preB cell clones
&0e selected 30 hours post transfection by addition of 2g/m puromycin and

400q/ h [ ' in B bl i stant | oni
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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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human i mmuno- gl obulin pol ypeptides In order to re-program nurine stromnal

cel | ;Foogh%{g%‘?iﬁﬁg&eé‘né%@# f'or%gﬁedrl fhe st Efﬂéepéé’gﬁ%filmﬁarii’éd fing vector with

I mu roviral "expressi vectors encodi ng human 25

ant | BpOrdA R FBLSIARe GRENRR i¢itRMsTREAqitS forpreBeccienesaspantiedf in PBS

recompbl nant” retroviral vectors are described that allow the regul ated

g5 pr dnsélectroporationrat BGEV awith 860dh sapagitancei usig a&ieRad eieaioporzopasdia
differentiation stage, fijyst_as nbr ang- bo r e

R AILACHEPOAE RS bERS it e wer e JPA % i B at

bi ndi [ of-ei N~€ | ot I 4 ' he 30
excpr GBSk gy BRyABe i Sbul Bals Stk coated fith salionndcnoy gt
descriguo e pfadidted miromiyoin ekistantr Vi airomahosliser30/beursr gostdransfection
expression of human IgH and I gL chains__described herein, shouJd.therefore

onl y fomiyeineis asidedest afinallganscentation ohRrIMYt PEIPTRKGIN resisiant calgnigs are
SR AR 8 Rl EFRERof BRSPSl Tt g Iprepcy
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 96well plate cultures coated with a subconfluent layer of
3000 rad irradiated puromycin and hygromycinB double resistant ST-2 stromal cells.
30 Double resistant preB cell clones are selected 30 hours post transfection by addition of .
2ug/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 2ug/ml puromycin and 400ug/ml hygromycinB. Individual
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35 and L chain glycoproteins including all the required cell-type and
differentiation stage -63 WO 03/068819 PCT/ EP01/ 15303 specific pronoter,
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anpl i f c?é?g?r‘?é'cfig re%o%l@&sé’ﬁé&fél@@ﬁd@fetnoﬂ'cﬁ%m |XPOfA HRRSR S BEAUE MakRésUsi ng

t he foI primers desi gned based he published NCBI - Genbank
dat ab@see alme:eeemnombuntee rwe?djatw dedetipn of i@ twa resistance markers has been

o CopriRaroLaseRen Bl e, i BRRg s b8 Sibietib o le plitioff SER

arrpl 'fa'rq EQdM'ésﬁépﬁﬂhb%nﬁbw ore 1oBi avid hllglestain  restriction
enzynme Tec gnltlon sites for Cal (ATCGAT) at their 5 and 3' ends, because

tHey are incorporated at the 5 ends of prinmers P027 and P028. In addition

to d E@%ﬁorﬁs@g@ﬁbgt Bg @Wo%rralt R pFRSIS RSBl FORUM anifiuRb-

addi t
globulin polypeptldes

In order to re-program murine stromal cell, IL7 dependent preB cells for the production
of human immunoglobulins, novel retroviral expression vectors encoding human
25 antibody polypeptides can be used. Methods for the generation of recombinant
retroviral vectors are described that allow the regulated expression of human IgH and L
chain proteins, depending on the B cell differentiation stage, first as membrane-bound
and later as secreted immunoglobulins. 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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'?gzt gdefﬂgi@bnsdiﬁﬁ%nﬁﬁi’dﬂ‘u#Hieﬁ@iﬂobiréwtrﬁ@é’cﬂnc@ﬂ%ré@dellépr P030) appended to

t n each prinmer are highlidghted in uppercase letters. The PCR
product can then be x'25 digested with BanH and Notl restriction enzynes

and is.dirgctiopally ligated into antdl /Not |, |jnearized retraoyiral vector
 oAsL B s energion ol ticdiapren S bt B0 CeuIplech N peS6n o e Bl
' sequesk@userthae@did construdts 76 thle \Eriogis (g deel L aﬁﬁlmfmm@wm élent@ame rise
to a unique restriction enzynme recognition site in pAB-2, required for
| at erbe Haoadueedinipanuboe NeXs, the pramplesanshenbangsli plementscontiolling @ a

ha | t ACt -2 3. Iy o be
Aaqur yoees S 3 BeaforhduFREUrdtTan oBfE, 6 askshtamy SRRl HiBradtoos W .0 e
at tHmed?éEQEQMEkﬁmmﬂﬂuanagﬁﬁmm1hbmﬁna cells. The 3'a enhancer is known to
contain four DNAsel hypersensitivity sites (HS1, HS2, HS3, and 35 HS4) that
conprises various binding sites for late B cell/plasm cell specific

The starting vector from which the retroviral expression constructs are generated is the
empty retroviral cloning vector pLIB (Clontech) (Fig. 12a). The generation of a

20 recombinant retroviral expression vector for human immunoglobulin heavy chains is a
multistep cloning process, which involves the sequential cloning of promoter and
enhancer elements, as well as the coding regions for the various variable and constant
regions of human antibodies into the empty retroviral cloning vector pLIB. In a first step,
a murine Vy promoter is PCR cloned into the unique Clal restriction site of the multiple

25 cloning site of pLIB. This is done by PCR amplification of a mouse Vy promoter
element from mouse genomic DNA using the following primers designed based on the
published NCBI-Genbank database accession number X71119.

SEQ ID NO. 31 (P027) 5'-ccATCGATtgactggatgcttgttaattctaataag-3', and
30 SEQID NO. 32 (P028) 5'-ccATCGATGGATCCtgtgtgccagtaactgtagagagaac -3’

These primers will PCR amplifiy a 394bp V}; promoter fragment which will contain
restriction enzyme recognition sites for Clal (ATCGAT) at their 5’ and 3’ ends, because
they are incorporated at the 5’ ends of primers P027 and P028. In addition to Clal sites
35 in both primers, the reverse primer P028 contains an additional BamHI restriction site
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transcription factors. In reporter gene assays, it was shown that HS1 and
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wit hef
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S ospiisirest
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pAB-3 (Fig.” 12b). Optionally, the further 3" a enhancer

conpenbanserHsenment i parforecd My aoylifying tah&83bpt PER fragmerndt Bemc orasiseuct s

for
Hs4 B

GoBHE AL Banfle Pty Rl DEEEREH  af RS urded MGRL

¥$i n@drtainkdeoeehss Jposa@r s desi gned according to published NCBI - Genbank
sequence entry S74166: SEQ I D NO 37 (P033)

5' - gcaCTCGAGggQgt agat gcagcctgtgttccgtttactg -3 , and SEQ ID NO 38 (P034)

5 - Q%Wﬁﬁégﬁgcccaccaggaagt cctctgtg -3' 35 -66

20

’25

30

35

5’-cgGGATCCAAGCTTagagaggtctggtggagcctgéaaaagtcc-S’

SEQ ID NO. 34 (P030)
5-gatcGCGGCCGCtctagataattgcattcatttaaaaaaaaaatatttce-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 BamHI and Notl restriction enzymes and is directionally ligated into
BamHI/Notl linearized retroviral vector pAB1, resulting in vector pAB-2. The sense
primer P029 contains the sequence for an additional Hindlll site (underlined), which will
give rise to a unique restriction enzyme recognition site in pAB-2, required for later

cloning steps.

Next, a DNA fragment containing 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

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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is regulated by alternative splicing events either maintaining or deleting

the nmenbrane spanning exons fromthe nRNA transcript. Al though each
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rrenbr rrpl oyed for menbr ane anchor|$g lgGl, 1g&, Ig& and

| gG4 %’rﬂqaﬁcﬁi’cﬁ\c CACAIICEH GRS T4 T9E8F P or both 1gA and | gA2,
and each different exons are required for each IgE and I gM anti bodi es.

Tner ShAdrian ST Iplar Sy it OGRTY iR eaEh diffe bARIESHENBIBBNRIAL Of of

35 r VIT ressSi on constructs IS e 1nsertion of the

VR | opg31 rwmbmn@eaﬁpad‘dﬂimgalrNQMIOlsﬂef@mdbdmed)Iaﬁd tthrewegm gnimey 028
antibodi es 10t 0 daMhnal xhol Site (underlined). Primers P031 and P032 will amplify a

644bp PCR fragment that can be digested with Sall restriction enzyme and ligated into

Sall linearized vector pAB-2. A clone with the insert in the desired orientation (see Fig.

12b) is determined by diagnostic restriction enzyme digestion and DNA sequencing,
25 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 3’0, 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’gcaCTCGAGgggtagatgcagcctgtgttccgtttactg—3 and
SEQ ID NO. 38 (P034) 5’-gctCTCGAGCATGCctgageccaccaggaagtectetgty -3

35
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WO 03/068819 PCT/ EP01/ 15303 the vectors pAB-3, 4, or 5. As a
representative exanple, the further cloning procedures are described for
t he basi cwoaBassi1y al construct pAB-3 contai ni ng the VHpromtrumnSsm EH
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eantd BYA seqpesciigacad is dgsiongtad apyertar eonstryct pAR-# (FigeriZbine
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spanni a region of 1.9 I n order to shorten the intron between yl1 M
N

and yaemnmnkasequryice entey |>%&66@Zt gaspamtion Seayercss dppihmcestiistion @mzyme whi ch

of - stowere aoaR etttk bEuBRafBseash, e’ Toverse primer of the upstream

PCR product and the sense priner of the downstream PCR 30 product exhibit
roughl y_30- conplenentarity. These regions of perfect

0
&dnpl rlDaNOt98&8%3%5abﬁéﬁG%T%aﬁsczeaﬁgegéét:taégggét@ﬁégsggeﬁds of the
rever@gd priner and forward- priners used for the anplification of the

upst ISE@IBrOL #e (PadS)fst teanGPBRGEgativet sgagetpegycetyachienkygy, -3'n case
of the fusion of the two 71 ML and yl M exons, by coincidence, two
conpletely identical se uences of 28bp are 35 present 78bp downstream of y1l
ML aﬁ@ezgéﬁ)anwfle@m% oygnh@n@sgor@glorh&@gestgg with Sphl restriction enzyme

20 and ligated into Sphl linearized vector pAB-4 in order to generate pAB-5. Any of the
vectors pAB-3, 4, or 5 can be used for inserting the coding regions for heterologous
immunoglobulin heavy chains (Fig. 12b).

Each of the human immunoglobulin isotypes can be expressed as a membrane bound

25  surface immunoglobulin or as a secreted antibody, which is regulated by alternative
splicing events either maintaining or deleting the membrane spanning exons from the
mRNA transcript. Although each immunoglobulin isotype has its own coding region for
the membrane spanning exons, the membrane regions of 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 1gG1, 1gG2, IgG3 and
IgG4 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 Ig 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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PCR fragnment by SCE-PCR containing both the yl ML and yl1 M2 exons for the
menbr ane wWpan/68sge r egi on of yH chains. Therefore, two PCRET&Pe1/p#03 or ned
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alPCreefuencsaNE0tRH8:r ever se primers P039 and P042. In addition to M ul

restriction enzynme recognition sites present in both prinmers P039 and P042
(highlighted in uppercase letters), which are required for the cloning of

the SEEQ IBND ACGRIBA dBIcia t AWATErc J7 Al dd aiad dag g e @i e d EBE‘

conpl gpgnt ary sequence of an artificial polyadenylation signal 3

oSN 0 Al ated e UL o

exXpression vector.. The 832bp yl ML yl M-polyA signal PCR fragnment is then

di gesTieel Miul reMrigtion esitesi appeantieth iy ke @ cerids of isg@hestirsE @re EGhHIRhteA B 3. A
clone with the correct orientation of the insert verified by restriction
enzynePRRIFBPH JEHPIS %@ §@§1‘ﬁ iffeRi Rrogist §ARt R digested puth @X@ restgictianc) .
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clone containing the uM1 and M2 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
spanning exons of the 1gG; gene. The IgG; membrane spénning region is encoded by
25 two exons located 1.25kb downstream of the C,sH 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 y1M1 and 256bp upstream of y1M2 exon. These
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anplifying from human genom c DNA a fragnment containing the single exon for
al M including its endogenous pol yA site. The follow ng priners can used
for this WOR3/0esspd i fication, designed according to the pulpPCirstred15303

5 ot SAUARERS: Gt B caedos Jeplalt fancel FER telimedico SUEPOR C@ﬁtmawg

5' - at LARCHT JRFCERA! 91mgt§ﬁdﬁsc?<ﬂagié3h%rﬂb?§nee§@ﬁﬁﬁ’ihp n@arrd&f Igﬁf

M ul cl oning SI tes appended to the end ed in
upper daeeefore; tteos PCRral ané | perforpieds in aaRIHRI mmhumamgeﬁﬁﬂlld)mtpajmﬁg tthat
t|on n. ligated into Mul

f?gegfqllgg/gwesgﬁ\%ngrst Rd%/lﬁslgh@d %%‘rﬁle oPPe %"Ep&trgﬁ% Oﬂ&(ﬁl Qfe?ﬂ?qn s SQAQUEBELT | ed

bys re n |

o 3 PP AP ER g @?Sﬁﬁ?’“ﬁﬁ%ﬂﬁ Wy e Bt S b ane
SDannemnwmm) isfarnplified o manamgeadmic DNACasiag d?h‘néﬁé? exons, sIML and
EIM2 is PCR cloned. For this a 858 bp PCR product is anplified from human

genom ¢ DNA using the following 20 prinmers designed according to published

b ca R NG o @5@93§”5@%@?@?@3@53@5&9%a§9ac§?;&§cgg Sbecrerosec(Wac) 25

5'-aa ttatt cet gggct gggt gccgggecctccttgg-3' _Both priners contain
MQl % G446 éﬁ@é&agéggﬁégggaéﬁagéag@aéﬁagm -%er (highlighted in
uppercase letters) resulting in a 858 bp PCR product that can be digested

dest ol P PSR IPBrE Bonitsh B2R0 579, e kB PR b e & Besiidn y
si gnab4a 330462 bf NGSBI-Genlsank sgquenepanttyeAl1 ZRta7on of nRNA transcription in
the final expression construct. The Mul digested PCR fragnment is |igated

into Mul linearized pAB-3. A clone with <correct orientation of the insert

cfonch g Hase B PER g BpniiRb dfe FrEbline, SEMERG %0 2 pRANE R Xons

for | g&anmplified froMh AnthdrodendrmitDNAUsIAd'@rieergs for the various human
constant regions have to be inserted into -70 WO 03/068819 PCT/EPO1/15303

SEQ ID NO. 45 (P041) 5'-gctgtccccacctgtecectgacgetgte -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

25  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 Mlul 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. 12¢).

35
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retroviral constructs pAB-3.1 to 3.4. For this, DNA fragnents encoding the
constant region exons are cloned into the unique Notl restriction enzyne
recogni tiwo osjosss1df each of the pAB-3.1 to 4 constructs. PETEPONIS3G3 Of
retrow ral expression vectors for all inmunoglobulin H chain isotypes, y 1,
@P jhen os raemibcarel spanking cpging TegionocaBubagaghieved by RCRe
used for

he, BOR panpl ) flcat four diff G h h
oo i o, AR e SN o REohaH cohilahs thelsIca i B i

desig d e o 127) | D
N O T b DRSS ARG RS ar Hset o e BT o
52 (Pam)m@atmr;admgggmgdm thﬁ tmbhmegtmat-@eﬁbahﬁ sequerite( phtryer s
[ %@%&1830(”(1' ng to published NCBI-Genbank sequence J00230): SEQ ID NO
) tat aGCGECCGCagggagt gggct aaggt gaggcaggt gg-3'  and SEQ I D NO.
54 (P050) 5' -attaGCGECCECct cagact cggect gacccacggaaagaac- 20 3' For y3
(prinmers designed accordi ng to publ i shed NCBI - Genbank sequence AL122127):

SEQ | BERQUD BI©. (470FP0A3Y' - (-attGBEErCittcagycctfhgatacaouegragiceacat-§9- 3' 25
and SE@ I D NO 56 (P052) 5 -gctaGCGECCGCt cgcaggggcccagggcagegcet gggtgett -

3' FOoSEQAID NO. 8 (P0desi gried taeceod cecpyklkicshed feRARAK: uence
K1Q)1316)m4[§%8l SEQ(ID .957 (P053) gwc o’y e F81

-attaGCGGCCGngat agacaagaaccgaggggcct ctg-3'" and SEQ I D NO 58 (P054)
5' - t aBethCetrerramigjned gVt ¢ggaingcsitesappended tasthenStarid ofisacht pemBER

d 88 f 1 7 3H, d of
D oongdiBhissl icibarehsd Hiterslads BT Rty L EGR Atpadctiorthd Bosedalsnatn
t he %ae@bedgégt@anwmm 13| IregipicBeh ighizgmbothat lid ey iligatbd o Rl (linkdrizddd) -
Constructs containing the inserts in correct orientation and w thout any

nut at PARSS. A elererwithagripgt ariestation obiherirsert vesilisinby aeatrivkion sepysrei ng
36, 3130 RAE G PR el nd s Hesicha L P SRAE8. 801 0i'ng of the const ant
regi on exons encodi ng pH, al H, a2H, and cH chai ns,

For the expression of membrane bound IgE antibodies the membrane spanning region

for e4H chains, which is encoded by two exons, /M1 and /M2 is PCR cloned. For this

a 858 bp PCR product is amplified from human genomic DNA using the following
20 ‘primers designed according to published NCBI-Genbank sequence entry X63693:

SEQ ID NO. 49 (P045) 5'-catACGCGtcgggacctgggtgcccaccctcagggetgg-3’

and
SEQ ID NO. 50 (P046)
25 b5-aatACGCGTttatttgtgccctgggctgggtgecgggeccteettgg-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 Miul digested PCR fragment is ligated into Mlul linearized pAB-3. A clone with
correct orientation of the insert verified by restriction enzyme mapping and DNA
sequencing is designated clone pAB-3.4.
35
Following cloning of the various membrane spanning exons for IgG, IgA, IgM and IgE
isotypes, the exons for the various human constant regions have to be inserted into
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i dentical nethod are enployed (Fig. 12e). The following prinmers are used
for the PCR 5 anplification of the different I1gH isotypes using human
genom ¢ DM@ camess1e enpl ate: For pH (prinmers designed accor écm@Eprhoi1pobl i shed
NCBI - Genbank sequence ABO19441): 10 SEQ ID NO 59 (P055)

5' - ajdtpddnaPeorsliaceceABL R Y dochdaFort thiy, daNA-Bagments 8RCOdibgNRe Edhst&itS6) 5'
- t aat GCGECCGCcacccct gat agccat gacagt ct £g3 For alH and i%ZH@é’gri meaggﬁ
desi (rgien £x00% are glongd nte the iAot EERIILLIRN SHZYRRSIESOgRHON G Af eaghy

J002 ; . 57)
'-aﬁg.&f?%t tc%?&j:sgg’fg%ét ctctgtgctgggttcc-3" and SEQ ID NO 62 (P058)

5

5' -t att GCGECCGECcggat ggaagcgt ggggetgettgggg -3 20 For sH (priners designed
according to published NCBI-Genbank sequence L00022): ~SEQ ID NO. 63 (P059)
55 - t Sderangebosiedi RygTassivnrRtett Jenat dagyinpglotiig B Shemgsplynes, 164 Y( Po60)
5' -atat cccaagaat t C -3 .1n e case he, P

prodact s® Ay, %Hef’@?e(gﬂgp%rq?gG?%'%g@gé‘ﬁgﬁgl-P%Srsa%—F b&n@s%* ¥°r§taﬁg§%Rf or sH
can . o . p Not |

T neaEEAED M ful iflord AT R RIR STBTRE LS HameneRrino DA
Consts acPER3@nuuateai ni ng the inserts in correct orientation and w thout any

mut ati ons as determned by restriction enzyne mappi ng and DNA sequenci ng
are designated pAB-3.1-M pAB-3.3- A, pAB-3.3-A2, and.pAB-3.4-E,

19> p%%f }Yg gb%@qe}gggﬁggfléf gﬁ%rdfr@ foMidBhe I NCGBI-GeAKARRIE S84 G EORE 22E1A);

ntro H charrn '35 pronoter and enhancer elenments still
require the insertion of a variable domain coding region, which wll be

| ted aft cripti f_the methods for cl oni f he 72 WO
03/ OB IDMA, BB Er e GO AT GO RH T T ST DA Ret S Because

si i BEQ DMNPebR 2048 Bespr BT CTRI FUIBF £ bR VEFSRA kFREIIFEITFes will be

presented for both the conplete retroviral IgH and IgL chain expression

nstructs. .5 (b) Generation. r i ] at ed
i8pr Eot b Rowpelsiesiatng Ahoraul o AMGHEA NGERPEShEHK Seafine AU T Ton
chain expression, retroviral constructs designed for the differentiation
St a0 R TS NOC55POEIS 500+ 9t abOKECEHBEGE 9888558t EAGgt gaggcaggtgg—-3"
and
SEQ ID NO. 54 (P050) 5’ -attaGCGGCCGCctcagactcggectgacccacggaaagaac-

20 3¢
For y3 (primers designed according to published NCBI-Genbank sequence AL122127):

SEQ ID NO. 55 (P051) 5'-gcatGCGGCCGCccagctctgtecccacaccgecagtecacatgg-3/

25 and
SEQ ID NO. 56 (P052) 5/ -gctaGCGGCCGCtcgcaggggcccagggecagegetgggtgett-
3!

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'-taatGCGGCCGCccagggcagtggtgggtgetttatttec-37

35 In each case, the PCR products of 1788bp for y,H, of 1959bp for y» H, of 2374bp for
vsH, and of 1820bp for y,H can be digested with Notl restriction enzyme, upon which
the digested fragment is ligated into Notl linearized pAB-3.2 (Fig. 12d). Constructs
containing the inserts in correct orientation and without any mutations as determined by
restriction enzyme mapping and DNA sequencing are designated pAB-3.2-G1, pAB-
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presence of defined xL chain |ocus specific pronoter and enhancer el enents.
These include a VK pronoter, the K 1light chain intron enhancer (xiE), and
the x3' ewbanwess140 (K3'E) el enents. The sequential cl oni R¢gTEHPOl/S8%

el enents can be acconplished as follows (Fig. 13 a,b). A nobuse Vx pronoter
i s PCR2a®D| pABSR-B3, ardoehB-F T4, regpantivelyr om nouse  genoni ¢ DNA using the
follow ng prinmers. (designed according to the published NCBI- 15 Genbank
sequence entry X52768): SEQ ID NO 65 (P061)

gg%@@wt@égga%g%g ?gﬁ%g’gg%t g@ttta ta %g-l Bﬁgoﬁggfﬁ gﬁl on'sites

appemdedtldiab rihdthod’ arereinplmged mFlgreQe}ar'&mfcglbwlr@g]pamer arepseddoethd PORer s.

In addit onto %%es Beset at Ih 5' ends of. gﬁk grlners t he
réver%fép tﬁ%t'ﬁﬂro ABRsSY PS&HF&“S agenPe ésiemplete: (aeatce,
underlined) introducing another unique restriction site into the PCR
product which will be used for 25 |ater cloning purposes. After d al

rest rfort i joid e(przimms didgeigniedn adcording POR foubdjskeed , NCBI-Ganbank i edgience

pr o a&ﬁb igated into Clal linearized pLIB vector. Ligation products
cont ?1%341 He V,, pronoter in the desired orientation (opposite to the
transcriptional orientation of the 5 LTR pronoter) are identified by

di agnostic restriction enzyne mapping and DNA sequencing giving rise to
donst BEQX IDHME- 69 ((P0§D) b3a)tt aBTGCHIEGRcECand aghie Jgodiagg goedicat gtac-Bihe KL
chain constant domain are located in close proximty in both the human and
t he e KL chain gene | ocus and the enhancer appear to function across

Speciggq lphﬁoe%er(eose fes aptd oned 6 UG JIAGRAH R avz%ct(ygfgf-ejrent

retroviral expression vectors encoding KL chains 1s descr
utili zi ng the 73 WO 03/068819 PCT/EPO1/ 15303 human, and the other

il h d hat
ol BB NS b S ERRes nide

t E b hi db lif PCR f t f
20, IR 11 e el e b el 1 1 o, g 1o

i ncI uding a 5 located 5 MAR using the follow ng primers (designed based on
publ IéEBdID%l. -GﬁBBg%(S’-gEQ Sg(ggc&%tQ/tc;g&gggggtctSEt%\‘lzgcy%g@gcé Pé)63)
and

SEQ ID NO. 62 (P058) 5'-tattGCGGCCGCecggatggaagegtggggetgettgggg =3’
20

For eH (primers designed according to published NCBI-Genbank sequence L00022):

SEQ ID NO. 63 (P059) 5'-taatGCGGCCGCcacggggtccecagetecceccateccagg—3’
L and
25 SEQID NO. 64 (P060) 5-atatGCGGCCGCtcccaagaatgggtgtactggggete -3’

In each case, the PCR products of 2229bp for uH, of 1667bp for ayH and oxH, and of

1908bp for eH can be digested with Notl 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 df;;cription of the methods for cloning of the



5' - cgGGATCCTGACCGCGTaccagggagaagact gatttattagagatttc -3', and 10 SEQ I D NO
68 (P064) 5'-gat GCCGECCGECaaagattcactttatttattcattctcc-3" Additional
restrictiwoosiotssso appended to the 5' end of each priner areTapai/ms303
highlighted in uppercase letters (BanH in primer PO63 and Notl in P064).
Pri myetrpoicd @ntd\am; %remo@ecﬁ;éwée hagause siadlar éﬁﬁ&hegmauforr @XPresSintn

Fragiiiis ABANELSE sieditifies BUFGE presiiney R thdfe ottt o,
dir quLQ;lhaH gxp;rbgggﬁi conseudtertl - Not | |inerized pAB-6 generating retroviral

construct pAB-7 (Fig. 13a). 20 For the construct utilizing the murine xiE a
PCR product cont al ni ng the murine xiEis fused to a PCR product cont ai ng

LR s (5] Eapr et BBV R S o et le AP B i o ket as.  cgi on 1 <

perf %lgﬁ%rl}/ ntopﬂf@'cbﬁétruatfst aeéngﬁeerlfﬁr rlQM%ﬁ@InDé*pS’fEEsnéﬁd réfp6vifdl EGtRRts

f or war mer exhibiting a bp region of conplenentarity. In the second
PCR, ddsigried?fori theudifférentiationestagesspeoific BgRessmtuof dgxll/chamsofecparehteCR
reaction is mxed and anplified with the xi E forward (P065) and the Cx
regi gHiesencs o dpﬁn%ﬁL(@mﬂom@sww% promotefcand snbanear elamenis Hogse

or - e YE aeEabtRb e v AffonrHFRRERE B, Al ing RneingREd S0
o Bty P Sebeha oang TOMERC TRBH I S K ST BN o0

(PO6SplIdNs @M@%A@Tgaaaaat gtttaact cagctactataatccc- 3' SEQ ID NO 70

(PO66) 5" -gttttgttggagctccecctttgaagatattctcaggecttccttec- 3' 5 The foll owi ng
prinmers can be used for the anplification of the human CK regi on (designed

gonai oA (EPRmaETts PER PRt SN RREPCRTAYmERDAorinbuss! o uman

5' - a?\b‘mlt:W%Metfowmogqnmaat(ﬂmlgaedBttaltchraagag} Bie pBTgh&®D NEBI-68
P064 GCGGCCGC? ctttatttattcattctcc-3
5 enbank sequence en ry%?ﬁ'} %
SEQ ID 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 highlighted by uppercase
letters. In addition to Clal sites present at the 5 ends of both primers, the reverse
primer P062 contains an additional BamHI restriction site (GGATCC, underlined)
introducing another unique restriction site into the PCR product which will be used for

25 later cloning purposes. After Clal restriction enzyme digestion of the PCR fragment, the
amplified V, promoter is ligated into Clal linearized pLIB vector. Ligation products
containing the V, promoter in the desired orientation (opposite to the transcriptional
orientation of the 5'LTR promoter) are identified by diagnostic restriction enzyme
mapping and DNA sequencing giving rise to construct pAB-6 (Fig. 13a).

30 |
The «iE and the coding region for the kL. chain constant domain are located in close
proximity in both the human and the mouse xL chain gene locus and the enhancer
appear to function across species. Therefore, the optional cloning procedures for two

different retroviral expression vectors encoding xL chains is described, one utilizing the
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15 The regions of term nal conplenentarity in prinmers P066 and P067 are

underlined, which nediate the fusion of the two PCR products in a second
PCR carriwooousssse t h prinmers P0O65 and P064 and a m xt ur e Pefi/HPaE1330® fi r st
PCR products as a tenplate. The resulting nmurine Ki E-human CK fusion PCR

prodyg #@Zﬁﬁpotﬁéﬁ dﬁﬁzﬁ%qaétrﬁ@hm khintrBardihamedr WEE). RrAoUR! bbeatoted,

di rect| onél cloned into BanHl -Notl |inearized vector pAB- 20 6 generatl ng

vect thatpith Ebo(nlétrgctsleat) beNdﬁe;d interchangeablkaClening ef HifcEORMTHE (GOBIRNED t he
human CK r in both and.. bAB- eratin Qns 7.1 and
oAB. $18 NumEd el £9BIF aanBveH ExADOUREG & erRrAbme KRBT et RS * he
K3'E resa

publ VA PRBaiPaZE e, e GE2End he Hinas @gé%sﬁaﬁﬂ%%?z (PoaEfe

5- aquKiST Qgﬁgm@amb@tng quosrs c ideapigreadhtivasedl oramiblishsgl | RCBOGetthanR069)
5' - cgat GTCGA gctcaaacc gcttaggct acacagagaaac-3' 30 Both prinmers contain
Sal | Se@@@%&:@ﬂtﬁh/‘\fot é43 @ ighlighted in uppercase letters), such that the
resul ting 827bp PCR product can be cloned into the conpatible Sall
restriction sites of pAB-7 and pAB-8. Vector clones carrying the insert in

the GEQ$DINOI6R(POE3)N and with the correct DNA sequence, as determ ned

by restriction enzyne mappi ng and DNA sequencin are df ated pAB-7.1
and @ABQQGEATG?—TQMEEGIC?r@ggﬁagaﬁg?t:t@Iaf‘iﬁ ﬁ§t§9383t§t5ur r@/%rn resi st ance

rk C of a constitutive SV40 pronoter is cloned into the
H@tr%ﬁﬁiﬁm @%g xpr ession constructs. The 75 WD 03/068819
PCT/ @-?é/t@@&@;&CGaalaa@laamcafct&rttaﬂpatt;sacbhctass@tte for puromycin resistance

is preferred, because both 1gH and IgL chain retroviral constructs need to
‘be stably co-transduced into nurine preB cells in order to allow

EXprmlt%a‘i’freé‘tﬂ%ﬁéﬁe%"%@Eéﬁ’dé?ﬂﬁi%eaﬁ’tér*itP@f B8&ch 'pﬁrrﬂir%‘é dgain highlighed t he

efficiency of retrovira transduction, retroviral IgL chain constructs
are 5nuppeschsecdttérs @amhthah ptlatﬂr)PQG&adeM@b i £1064).aPemee IRESBegontainst he

J3c ortm syt aars e aifrat ol MR S U BTG SIS TR BCR, i e
to C‘?rﬂn?e g"érhppﬁea %tscnbp Faghtntanhi Bafbed drmbisedd WXhi Bameicind Notl, tanalt i s

t ransduce chain retroviral vector. 10 The urogm n expression
cassafttieh czamn tternlbendutectmmlly relongd ochﬁmtélsttldm@élzedd%% gpoerating

Si 1 odeEnIl INSEUCFAGH (% B oni ng o1 165 10 Che ends of the ampl 111 od

PCR fragnent.

20 For the construct utilizing the murine xiE a PCR product containing the murine «iE is
fused to a PCR product containg the human Cxk region by the SOE-PCR approach
described previously. For this, first PCR amplification of the murine xiE and the human
Cx region is performed in parallel, with the «iE reverse primer and the Cx region
forward primer exhibiting a 36bp region of complementarity. In the second PCR, which

25 is used to fuse these two PCR products, 1/100 of each PCR reaction is mixed and
amplified with the iE 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 «iE (designed

30 based on the published NCBI-Genbank sequence entry V00777) using mouse genomic
DNA as a template:
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15 The primers used for the SOE fusion PCR are: SEQ ID NO 74 (P070)

5' - ccCATCGATct gt ggaat gt gt gt cagt t agggt gt gg-3' SEQ ID NO. 75 (P071) 20

5' -t cagggyetoggsssgrggccct aggcct ccaaaaaagcct cctcactacttc-3' PCSEROY/BB3NO. 76
(PO72) 5 -cttttttggaggcct agggccgccaccatcccct gacccacgcccctgacc-3' SEQ ID
NO. BEQ M N). 60 (RAGHEEE V@ TRRCREA HegagCatgctag thitegttcaono  PCR
anplifications are performed in paral I eI with primer pairs P070/P071 and
PO72PRP073 usi ng the sane pPur tenplate for the PCRs. Reverse priner P0O71

and L 1@ EHHRI A o R M Rfy 3R tRRLf ect
corrpSfEr%W?arlty nﬁrﬁ?%ﬁ%ﬁ%&on of the two PCR

prod cts by a second PCR 30 using aliquots of the previous PCR fragnents in
ah additional PCR anplification using prinmers P0O70 and PO73 al one. The

| a“ﬁ*heptdutsw ?Hté’rls“c& e rte%ar fcfrt {ren aRiglifgatidn RIFEmM@aRaniaAt OX $egigh! owi ng
t he cloning e resulting 1351 by puromycin expression cassette into
Coﬁpweéigmed]babemdreme)fpubma NCBldGpnBaigk sequanee gatyr AF@$773R)r usingal
constructs pAB- SDINEW and ﬁéf 8.1 Pur, respectively (Fig. 13b), which are
t he @9"&%19;@’?%‘&’9 {35 JRBRS ngl e VJ,, regions or VJIK region libraries
encodi ng uni que or diverse variable domains of xL chains, respectively,
can be inserted. The procedure for cloning of the variable region exons
W) | | SEQ pDN@NT e(POGIMt her bel ow together with the 76 WO 03/068819

PCT/ BP-@éfcaﬁaQBcahaggggagt:tHcahaaaaaudam;t@@@aot\?’a&t’a@ae—& egions, after also
the JEQIDNOTG8 (ROG4troviral expression vectors for heterol ogous, human
XL chal %%GE% echeshadaserhbedtatetabenerattos-df retroviral constructs for
t he regul ate expresSion of 1g2L chains 5 In sonme cases it is desirable to
.produce heterol ogous anti bodi es containing XL chains _instead of xL chains.
A5t haehrddions ghterbeinalitoimplamentadty épprioers 0GR wad RPG7 @iei unfleriinggl,on in

o cottisy mapteriae iy pelte B bor audad B2’ seedl BEE Bar Bl WG, 1 ™"

only qﬁ’ﬁwer@%eﬁs &fd Y62 AHd & nhikilige bhthetwdy EEPOR pfod¥ictsBgianteniplatyl Thbai n

gene T ocus specific 10 pronoter and enhancer elenents. This is particularly
t r ue resulting nmmnetelE}herrEan Owhitision RCR paoduogeqfd 524bpr aaiy deedigesieg with

=Pt eBSaSnlwt(-)IlnarFt)cri ?\I%?Idaeﬁd tsht en'di rec?‘o|9taeltmcr;]onec51 into BamHI-Notl linearized vector pAB-

20 6 generating vector pAB-8 (Fig. 13a).

Next the murine «3'E is cloned downstream of the human Cxk 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

25  (designed based on published NCBI-Genbank sequence entry X15878):

SEQ ID NO. 72 (P088) 5-acgcGTCGACtagaacgtgtctgggecececatgaaacatce -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 control of a constitutive

SV40 promoter is cloned into the retroviral xL chain expression constructs. The
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expression of XL chains during B cell differentiation. The nmurine XL chain
gene | ocus specific enhancer elenents are the X2-4 enhancer and 15 the
X3-1 enhawomm%s&fm ch are located close to the CX2, CX4, amdT@EW1/(3483

const ant ?I on exons and regul ate the expressi on of sz X4, and X1, X3
i ghunaiwmormo antexpErssion @@%ﬁ@é&euf@épyrom&Clnﬁeﬁlﬁt@N@Qd%PEﬁ edcharausepetvi r al
expr |on nstruc [ 2l e

veot 5913 St o ehaiiclyRaE PRt Tls el Y e ptath e el SAUE@IRSRRIAR |
cassg}ég cell§@f efdyrao dllowidprésgion of comiphatesieterolaydiig4intioaliest. én ordert tool | ed

ur o ci n expression Cassett is fuse to a V, PCR usin
ﬁousgmycrgm iha Bain of Retoniral Paraasauctiog: ooV IOP SRR GoRTIGS B

B T B, it cauR sl e Bhudslf b al? %@%Fféﬁe@ﬁﬁﬁegf‘%%m‘fﬁgned

base@hain tbnstmdnsiwmgj mmhyﬁanwlektlorda;ﬁam@qqmmsduem" yf Jgbbehyin SEQ
I D NO. 78 (P074) - CCATCGATCt t gt gt gt
NO. Tetrew 5!)36@3 y\é\‘ﬂ ﬁéh@'gﬁd&%a a g&?’b% 5 @E@Jﬁ%@%ﬂ@&m@gﬁ@m SEQ | D

NO. P JeBELIHIS AS9d RS befor at aat aaacctg-3'  SEQ I D
NO. %%ctﬁlggg%atgg’ﬂ?ﬁg i%&%aattcacaaaccaagt ctattattttcaata-3' -77
WO 03/068819 PCT/ EP01/ 15303 As for the SCE fusion PCRs described earlier,

& pr g6 BHICTRGB BPTRPAN JrASSEHS. B rp e FEN b Asurp Ry reaBe” ™ o1 !

t enpl f r 7 rastis&iomenom c
o 4865, Bl (Chorgenp i ToCE: S‘S%"E“n%é*é‘l":‘%u%‘%@@o?“?ﬁﬂte??@?"?; o P

are tenepmei sqeas andl agidplg suitablagiahclaning pitesrta thepends ah dhepamplifiedcPCR
puronycin expression cassette is thereby fused to the 5 end of the V2.
pro agm Meecause of the 36bp designed perfect conplenmentarity in reverse
primer P075 and sense priner PO76 (underlined) that is used for the first
round parallel PCRs. 10 Both prinmers PO74 and PO77 contain Clal restriction
45t edhehprimesnusns {psdee SO fusien PRE aBER f usi on product into d al
|l inearized pLIB. An additional Mul restriction site (underlined) is also
I ncorporated into reverse prinmer PO77 giving rise to an additional

SEQ ID NO. 74 (P070)

5.ccATCGATctgtggaatgtgtgtcagttagggtgtgg-3’

SEQ ID NO. 75 (P071)
20 5 tcaggggatggtggcggccctaggcctccaaaaaagcctcctcactacttc -3

SEQ ID NO. 76 (P072)

5 cttttttggaggcctagggccgccaccatcccctgacccacgcccctgacc -3
SEQ ID NO. 77 (P073)

5'.ccATCGATccagacatgataagatacattgatgag-3'

25
First, two PCR amplifications are performed in parallel with primer pairs P070/P071 and
P072/P073 using the same pPur template for the PCRs. Reverse primer P071 and
forward primer P072 are designed to contain a region of 36bp perfect complementarity
(underlined), which will allow the fusion of the two PCR products by a second PCR

30  using aliquots of the previous PCR fragments in an additional PCR amplification using
primers P070 and P073 alone. The latter primers contain Clal restriction sites
(uppercase letters) allowing the cloning of the resulting 1351bp puromycin expression
cassette into compatible Clal sites of pAB-7.1 and pAB-8.1. This generates retroviral
constructs pAB-7.1Pur and pAB-8.1Pur, respectively (Fig. 13b), which are the

35  constructs into which single VJ, regions or VJ, region libraries encoding unique or
diverse variable domains of 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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unique Mul site 3" of the V2, pronoter required for further cloning steps.
A vector clone wth the puronycin-VX pronoter fusion PCR fragnent inserted
i n pLI B iwotohmessay rect 15 orientation and with the correctPCDiROFEIFORNCE, as

verified by restriction enzyne |, i ng and, DNA sequenci ng, . i s desi gnated
vect dlonpngobH ehan anghjl CR@wtvartalb”iepF% rr\i:r%%t% 350 JiE Siaingaohthe rebRHakr

el enents are PCR Lifjed fr ' i.n.f ol | onwed by

f usi F&Pﬁ&?w%‘@ﬁ%ﬁﬁéhﬁtﬁ@%P%WﬁW@ ﬁ%\%\lﬁae@?’%ﬁg&e an be used
(based on the published NCBI-Genbank sequences entries X54550 and X54608,

respectively): SEQ ID NO 82 (P078)

5' - cqt)CEaaNation afratrevical gogstiutts dufae deguaie @ expr2Ssiea@n IPANChaBd ( P079)
5' -t ctcaggagagaCICGAGact ccttt gt gct c}l at a%cacacat_gac_- 3 /SE_Q I D NO. 84
(Posdp Ssmeg%%eéaﬁg@éi@ﬁ@@e&@tmgw% g‘@rjﬁ gete antihggiest gpntaiging Heohainsno, 85

ppr distped pf drchals PRRBIALE ARAT B SEIAR 1 ThHEE: hertiTan Gat BRoRgr her
pai r ré’%ﬁ/i@gﬁé rafteviPASYRe%Et L BABY . MPUF @naesRpis: 1 B with éhc}i 6MHe2h@mand 10

a second PCR round aliquots of these PCR products are used as a tenplate
and 35 fcodind tBOIAER anperiddt candogenaiis Hlpohabr expessdicm gatkesil willenty behe
36bp -78 WO 03/068819 PCT/ EPO1/ 15383 conpl enentarity of primers PO79 and
P080 achieyed Iheantroling the RHPresRipn 51 abpCiaiRs fR)s Mbrchtin dgde loaws 1spegiligest ed

hth | I LEiJ e4: e e tiv | 1] sites
g ometst e Ao Serls: MR IRCURHY BTG chifog, SEEE, e cace

| et t g SkhaindgbhRe didREdrigentdnty and cngtlesdlbr PlaicetBEORd iregangetle \Eang. A

vector clone with the correct DNA sequence, as verified by restriction

enzy expraspionngf 2dndhaing dsicigg dhcelhdifferentiadiengnat ed vector pAB-1 0 (Fig.

14a). The conplenentary regions in primers P0O79 and PO80 are designed to

contain an additional unique Xhol site (highlighted in uppercase letters),

in or %rmﬁzl‘??é?‘gi_%ﬁa"iﬁ‘_@e?é@oc?%pejie%ffﬁ érm%g\ggr S%Tn?ﬁgg@r@thé g;-fém%&%rr.and

el enent’s, esired n a next step, human regions is cloned

15t O thd@3rebARANES WhIKTS brelRicafBelodé totheCieCha) b 0Q1pCBERIGhstaigsi gned
based on published NCBI - Genbank sequences D87023 and D87017):
region exons and regulate the expression of A2, A4, and A1, A3 light chain isotypes,

respectively.

As in the case of kL chain retroviral expression constructs (see above), retroviral AL

20 chain expression vectors are designed to contain a puromycin resistance gene
expression cassette. Therefore, in the first cloning step, a SV40 promoter controlled
puromycin expression cassette is fused to a VA promoter by SOE-PCR using mouse
genomic DNA and pAB-7.1Pur as templates for PCR ampilification, 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 J0O0591):

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 B-ccATCGATACGCGTaattcacaaaccaagtctattattttcaata-3d
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15 SEQ ID NO. 86 (P082) 5'-ccACGCGlTaaaagcttgtctaggtggagcccactccttgec -3
SEQ ID NO. 87 (P083) 5'-cat GCGECCCGccct gt accccacact gagaaccccgggg -3' These
primers aweoalobss1ao anplify any of the functional human CRCTEPOORSORS

1094b 0 PCR ats if_h i . DNA i d t enpl at e.
e mobs BB RORSBEION JHe RS ndpuhad. Gagibre firsts tWor PEFolaraplications. are

: 4 cal ; . - i i f . . f t d
ey Podthdd A Repidll e e BRlmiaH bbros o 238 wit Bafnes RS aNg o
the aRPVBfarepABY.1Egr as h eiipiate, BAB-tAd W lpropddiel IwitR priffis Pb76Xshd PH77

pAB- 11-, %/ (‘Fig. 14b). 25 For the generation of a conplete I gXL chain
r et r 0@ MBPUSS BRRABICoRNAeas rtemplatex Eackal 1 60 yelume aliquots afdie firstepanalldias t o

et . on. _ PR : e
oonst PO, aré heh il diCarbltiod B8ai il bl BO74ind B67 ¢ ohs RirdmYeiah « ne
gener expressioh septtetie thaebgfdséditd tkd & hd 6f fHAVV/LPromdlE L TecAls¥ SFRL S- 30

Example 7: Coning of VHDIH or VLJL variable region exons into retrovriral
| gH ad@bR degigapd pexipcksempleraanteribiotrevaise pranenk D7 laneaenssirimercPOBS r uct s

for t ' . I | scribed so far contain all

t he c@@f’%@fn{egé;%ég R ror e 306t o PR PR o %90V 03 GoBois

PCT/ EPO1/ 15303 anti body expression, with the exception of the coding
regions for the variable domains. Diverse reFertoi res (libraries) of exons

i odPAl RAPEELPE74 agHl ST Td0eentAln Clah restyctionesites thes ¢an henusashtenclon®tbe of

Voo 1T G oG * ygRueE dntol TBAP ieGRzERABY A SootigTRN IRt fRsiticibn V3l Lo
domai (undedindd) ds alzot imcorporateininto restes pexest, POPE 3jieeg Yiseofo SG@ditARIH and

VLIL rearranged exon Fl‘ﬂ}b 15), which is required for the proper transport
of I¢yHaUgMIbbsite Baphibher Vi drgfRotaideauisrp fardhehercclosingesteps) A tvieetdrrciore gol gi

t t.ual t h | | . t W bi ndi t
he i 20E pui el Prodelet-i 8B PEH S8 et THGEY deLIEhd (i Somest +abl o
| afYidreaetsy o e ' r i Lation
le?'hoﬂ'eééﬁneraﬁi@gme?? SoNRol DIACHqRi) A vefified iy, tBeficlich SRR
segneneepingrandhiaNA saguescHig, isneesigimatedotectarIpABed (Rigl #4a)xodi ng regi ons.

Recognition sites for restriction enzynmes used for the directional cloning
of the PCR products (see Fig. 15) are appended to the 5 end of the

degengs@t ¢he two murine A2-4E and A3-1E enhancer elements are PCR amplified from
mouse genomic DNA, again followed by fusing both sequences by SOE-PCR. The

20 following primers can be used (based on the published NCBI-Genbank sequences
entries X54550 and X54608, respectively):

SEQ ID NO. 82 (P078)

5’-catGCGGCCGCgagtatcectgtgecagtggggatactcag-3’

25 SEQID NO. 83 (P079)
5-tctcaggagagaCTCGAGactcctttgtgctctgatagecacacatgac-3’
SEQ ID NO. 84 (P080)
5'-gcacaaaggagtCTCGAGtctctectgagatggttcataggectgece-3’
SEQ ID NO. 85 (P081)

30 5-ggGRATTCtctagacataaggaacaaagtcagtgtgcece-3'

Like in the previous approach, first, two PCR fragnments are amplified in parallel with
primer pair PO78/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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primers and are highlighted in uppercase letters. Positions in the
degenerate priners, 15 which may contain nore than only one nucl eotide are
i ndi cat edwpDro3pessent heses. Forward priners for the PCR anplpCiiiepat/izsnof hunman
| g heavy chain variable domains including |eader sequences from hunman
genorgompementarihy of prigess PB79 pngHR8A amdeslinedls fol | ows: 20 SEQ I D NO. 88
(P084) 5'-gcGGATCCat ggact ggacctggagg(ag)tc(ct)tect(gt)c-3° SEQ ID NO 89
(P0O85) 5'-gcGGATCCat ggag(ct)ttgggctga(cg)ctgg(cg)ttc(ct)t-3' SEQID NO 90
(PO8Ghe resulting 1513bp PCR fusion product can be digested with Notl and EcoRl

5’ - gcGGATCCat gga( ac) aC)(at)a.ct(gt)tg.(t.gt)(.at) cgt)c(at)(ct)(cg)ct(ct)ctg
-3 regriglion eRgyaesr (the respactivaeregagnitioncsitesonetly gatoraigd intgharinaersi n

1871 BB, AR PR, RIS W IR GIGRE8) L D R BRBE p R i
5" - JNGBAEESRI rgserized (A0B-0ad) ertor( elghe (with) the(dutiact DNA 86qland, ealeribgt t - 3°
-80 WD 03/068819 PCT/ EPO1/ 15303 A forward_ prinmer for the anplification of

huna®yIrgsirictiog enzyma apping AP NOsaencing: isidesignated dectarapR1O«(Fig.om
hurma ' i l ; i OWS - 1D NO
02 (e, M SoMiebnRRlRIEhstin BrinigtR a5 Shd, Pt ars eviBHBd tB.sowiby)

ct (ca@h dadifiofaltyniqle Mtoé,siter(atghiliggtee!am g;bp?caeeﬁlﬁ_ tterrel)zggidfdrgggt?b ];ané{wftlﬁe _
recognition site appended. ,.to the 5 en priners - or clonin
plrp gg@ga?%rer@%@l fqa&f; &i“ﬂ"eef’g‘?‘n‘%q{eﬁl@@@%’ 'ﬁ@ﬁ‘@tri ction enzynme can beg
used instead (conpare to Fig. 15), because Bglll generates the sane

conpati bl e overhangs, as BanHl . In case of cloning of VXJA regions the

f or win d et seap, ROYSofcthethainten EANMeglonsi is elonseCmits the fetrovizal coristaict pABst r uct
accepting. the fra&rre,nt al ready rnal BapH restriction sites.

ontains, int [
Al t eflRatiSing ythen TalowEa REMATS A(0SsItePoBRSEAL, OB e PLBIEREdo NGB HGRIPEAK AsC
site S B%q:ﬁ 15 overhang as Mul restriction enzyne.
Reversggﬁ)prl rrsg?gﬂ?%% ét Ee anpltfication of all six human IgH J chain gene
§égnents: are as follows. Hindlll sites, highlighted in uppercase letters,
are %‘é‘%fﬂf?‘?\?ot gG %3882'3 ef‘;"(-jc;scA%;GCGTaaaagcttgtctaggtggagcc:cactcc:ttgcc -3

SEQ ID NO. 87 (P083) 5-catGCGGCCGccctgtaccecacactgagaacceegggg -3

These primers are able to amplify any of the functional human CA regions as 1094bp

20 PCR fragments if human genomic DNA is used as a template. Primers P082 and P083
contain restriction sites for Clal and Notl, respectively, allowing Clal-Notl double
digestion of the PCR fragments and their directional ligation into pAB-10 in order to
generate (depending on the amplified CA region) either pAB-11-A1, pAB-11-A2, pAB-
11-13, or pAB-11-A7 (Fig. 14b).

25
For the generation of a complete IgAL chain retroviral expression vector a VAJA
rearranged variable region exon has to be cloned into the unique Mlul and Hindlll sites
of the various pAB-11 constructs, which is described in the following section, together
with the generation of complete IgH and lgxL chain retroviral expression vectors.

30

Example 7: Cloning of VuDJy or Vi J. 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

_70-



the prinmers including sone flanking nucleotides for cloning purposes. 20 A
reverse primer for the PCR anplification of variabe region exons containing
JH1, JH 4wo canesiHs gene segnents using genom c DNA from ram@apPoB15303

57 T aeoteer RSt s sXRILR AR o egansyfos e variable daeinse

pri mepivepde tHperiviesi (ﬂnbf:amelsyrbft@‘xohgrer@bh%egﬂIMe&égm G6MbRs¢dle.gHle JH -
3, and JH6 gene segnents usi ng genom ¢ from human B | ynphocytes is as
¥

fol | oolenedCTER@EMMG SINA Folobyman peripheral blood lymphocytes containing B

037 ocHB EoRER Il PHBSEE URDPE AL A Traan gkl iesBicebigregiots, T on

of5 vafor ahe VidriaBlei @omakEAesd b adontdlo a kevranod |'féad’er9@>&m 96864TBAS dSédth
genom c_DNA from human B | ynphocytes is . as, follows: 5 SEQ I D NO 95 (P091)

- t aYuRBCand Myt f%f&!’tg%’a@ﬁ%’) (Fig) 18) gyhickcisreguireg éer the' praperiyansporbof mer

f | i f JK5
gene. SE,ATR 16%, ShalCthudton B RRBodasRRtE e P, B R Bl BemiiRaa *To
SEQ | éventually (oPm)ceﬂ surwceAcmagmemtet pamets bhaticgttot thecinajigitg of Jeader

reverse degenerate primer for the PCR anplification of variabe region IgXL
exonsSEqUeAEas wif dgerqmgn dehle 1wl @@ﬁtlgkhs\raf@b@rﬁ@gm lenger settanceanhadre

1@2‘?%%@@& aaé Adé%%&cﬂf ‘gjﬁ?@@?ﬁ%%)‘%@gagﬁe§””2\erﬁe%P%f¥'% h?er for

the RidfioagHurhals aliand of geee lséQmeh@fd?rthéQ%mﬁ?QﬂﬁhéQﬂm rbrr\gLJ‘%loYanab% ng
genomc DNA from human B | ynphocytes is as fol 20 SIE 98 (P094

-t &M@T%@BQaMﬂ@@géﬁ%(j@bé@%tﬂ@ft'% -enzymas t H§e<ﬂ>CfRf éh@ldlﬁc(tl@ﬂabn and
|
Sesmﬁn'ﬂ% ¥ R RS prOleed (600, PEYGR dbdeifiehAnInd 5 SR OE A deolndrafitre
of dprpmmgrsf anck atseni_%hlnghtemmeupmnawetfensV\Hoshhons nmﬂm} sslelgemet:ramr pPﬁners o

i cate or a r cu ra n..case .o clonin (0] varl a e
31 SHBRR S8 oahBR feore HEn ARV N8 TR B T ifdicaRE 1A NaEatBecas. Ch Bt and

H ndl Il and are

Forward primers for the PCR amplificationof human 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-gcGGATCCatggactggacctggagg(ag)tc(ct)tct(gt)c-3’
SEQ ID NO. 89 (P085) 5'-gcGGATCCatggag(ct)ttgggctga(cg)ctgg(cg)ttc(ct)t-3'
SEQ ID NO. 90 (P086)
5-gcGGATCCatgga(ac)(ac)(at)act(gt)tg(gt)(at)(cgt)c(at)(ct)(cg)ct(ct)ctg -3’

25
A forward primer for the amplification of human Igk light chain variable domains
including leader sequence from human genomic DNA of peripheral B lymphocytes is as
follows:

30
SEQ ID NO 91 (P087)

5'-gcGGATCCatggacatg(ag)(ag)(ag)(agt)(ct)cc(act)(acg)g(ct)(gt)ca(cg)ctt -3’
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directionally cloned into BanH /Hi ndl || doubl e digested vectors for |1gH and
| gKL chain expression. In case of cloning of variable regions for XL

chai ns, tWwe oBORsiy agnents are 30 digested with Mul and HiPadidPo1/a53d3 ar e
directionally cloned into Mul/H ndl ||l double digested vectors for IgXL
chai M efepvaskipsimer- 87 e asigidisstion REThEPan/ IB30UGht EkaipvaridbleSeauenis al

tran i oviral expression vectors for, heterol ogous IgH and L
chai naCEHIE gBhel Fd R Tl P Rors e PR etariohendl 5 bimaocutes is as
transdliowson of stromal cell and IL7 dependent nurine preB cells has been

described in detail in Exanple 3. For the sequential transduction of
retroviral 5 expression constructs encoding IgH and I gL chains, identical

przot r the transfection of the ecotropic packaging cells
ar51d ﬁ%bggfﬂlét?%ﬁgoéﬁ infect reconmbinant retroviruses into preB cells. The
onl y SligchA@GOCT atg(ag)mgg(bg\ﬂao@(tct)@mclt@bt)géﬂyétﬁsgzggﬂgggs@nst ructs are

sequentially transduced by the protocol out l'ow. 10 Stronal cell and
| L7 dependent preB cells are first infected with supernatant from GPE

packagi:Ag | .ently been transfected with the retroviral
consﬁkgJd utgt ”FagHh%&%ﬁgéfh%?/@hﬂg%%b&fm%ﬁﬁmsf?%%“'{i%%éﬂfﬁb%ftpe&lsf@ﬁet,o thee5' gL
chai enexpf gaimers PO8ALROST afddi ¢lomiRg! birpeeas aia i i koS

g&r ker. Therefore, stabl transdugeg E:ﬁebl(gl S carqé%deb@fe?fﬂe/géf%dfﬁf/ tﬁél:@g@di tion

2 PSPPI PORYER IFANGDS %lée@ii%%ta@d 1sompraiiceFige dBlinbennuseuBgllpgesterates

ber i SOF SIS ol RRBi S ahbs ) adi et H Shed R A ORBE O Vavb asdasnen O
cel | $oriardl pienet POBSedredindLeMI@l difee b@@é%ﬁeﬁeﬁgbﬁgﬁé&{éﬁ@gﬂgﬁ%@%@hgtur .

chai n transduced popul ation of preB cells w )e obt al
of ciifglmeant 2leady Rntainwiipternale Bashl cestrictiomtsiieswiAlteraatesiyataptingdr t he

ecot } i e J . ransi,ently been transfected
W t hgﬁ’@zéﬁﬁ’ﬁdﬁﬁﬁ \%g}agr éé ednéc?@gp%@gﬁwg{%%o:&%ga@e |dePH‘H59n@_e sf?f@@eégﬁés are
t henokerangrascMlul vestritiion enzyddi ti onal period of 24 hours upon which they

cease to proliferate due to the expression of the hetrol ogous
i mmunogl obul i n heavy chains. The cells are then harvested and may be used

2 PS8, MARBREMaLIIIESIGTOTMISHNATh 68 T JURL g L o

reconstitute B _ artnments,

par t peifgloves. Windilirsites, highligtedrie spperasgilsttery, aieseppendert 1otk ergs 3t | body
secrgti cells, Example 9. Transplantation of long-termproliferating

mur i ﬁ]éa %8&@8‘“"@%@&[’9 f%ﬁ‘{(@g @&?GFF% stfgF g'PH@grﬂLHg%‘?ﬁi-on of heterol ogous
Znti bodies Stromal cell and IL7 dependent preB cells expressing.

heterol ogous IgH and L chains
A reverse primer for the PCR amplification of variabe region exons containing Ju1, Jy 4,

and Ju5 gene segments using genomic DNA from human B lymphocytes is as follows:

SEQ ID NO 93 (P089) 5'-tatAAGCTTacctgaggagacggtgaccagggtgecctgg-3’
25

A degenerate reverse primer for the amplification of variable region exons containing
Ju2, Jy 3, and Ju6 gene segments using genomic DNA from human B lymphocytes is
as follows:

30  SEQ ID NO 94 (P090)
5'-tatAAGCTTacctgaggagacggtgacca(tg)(tg)gt(ge)ce(ta)(tc)(gt)g -3’
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fromstably transduced retroviral expression vectors are intravenously
injected into either B cell deficient JHT mce, or together with CD4+

T- hel per woeldmessmt o CB17 SCID, RAG 2 or RAG 2 deficient ®CTEPOFIRSH3 t hat
the transplanted cells can nount T cell -83 WO 03/068819 PCT/ EP01/ 15303
depenfiéaverse dageageraantmentern ke apyyifisatian ghuariabe ikgegion exonautontatningf t he
transpl ant e jce. For this, 1.5 to 3. old mce subl et hal | y ‘
1 actunay i Th G806, e ea ysg oeBeRiEMNA th hirgsn B ridiacihes o as i on
the npggyvere i ntravenously injected with 5x106 to 101 preB cells
resuspended in PBS. In case of additional transplantation of CD4+ T-hel per
cells, CD4+ cells are isolated frompooled cervical, axillary, nesenteric

and i [ I S, AGf eneic mc l,.etign of B cells and
oo SEIPNO o (1 Sl G T RER LRt elcablettilingocBie dacy Sabends
(Mlan Analytica AG La Roche, Switzerland). 106 10 of these routinely nore
than 90% pure CD4+ T-hel per cells are coinjected wwth preB cells. Cell
popul Atréerse prisneil fosibe anaplifisaiion of vatiab® aregioh erdrs comaringreing huedar he

transpl anted hosts far vveekspgﬁxlhgw ng transpl antati on. Exanple 10:

6 (
| munf<PA8SnSREMBRLYSIng Iengmig gehdman Blymphadytass ioes follows:

i mmunoconprom sed m ce transplanted and reconstituted with HupreB cells
and T helper cells is done essentially as described (Harlow and Lane, Cold

S0r | rRE@QADINO 96(ROSE) &' YatRrGBGT T acgttadtcictagtdRgRktiggedys’ ef , 10-50pg of
antigen is dissolved in 250pl PBS and vigorously mxed with 250pl1 conplete
Freund's adjuvant and the antigen-adjuvant m xture is injected

intr i er . S ) L . intraperitonal ly

w th S oiRsge edeneferprif BERECPCR BinatfiEatoh SEaliabe ShbBRL S ant

10 dasptdiRingUN109 geRe deghidnt Q8. geAREIcaIIGA Fth YWRthr BWyrﬁBhbé@Bs gRecific

het er ol ogous anti bodies in the serum The best responders are boosted again

four fokowss afterwards with 5-20pg of antigen in inconplete Freund s

3gj uvant both intraperitoneally and intravenously. 3 days |later, spleen
|ls are isolated fromm ce and 25 used for the generation of hybridoma

cel | SERIDNONY (FUIS)0l 0gLESAAGT TIRICCHRRIcha Eﬁg@l‘éb@@é}'@?&(tb%@@’es-
Exanple 11: In vitro stinulation of HupreB cell's with for the
differentiation into anti body secreting plasma cells 30 Stromal cell and

secr & BT EL Pt iFETCR APuRiaR8p 4y BlabF e gbhAbRE ePhs cRBlERBE AT ous
pr ol ifsHAGémsmicHORASForaUmat Btiyhehosytes fis s Foliid-erentiated into surface
izrgrrunogl obulin positive B cell

SEQ ID NO 98 (P094) 5-tatAAGCT Taccgagggeggtcagetgggtgectectee-3’

For the PCR ampilification and cloning of variable domain exons contain rearranged
VuDJy 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 BamH|l 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/Hindlll double

digested vectors for I.gkL chain expression. .
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by withdrawal of IL7 fromthe tissue culture nmediumand the continued
culture on irradiated stromal cells for two to three days. The absence of
growt h f awoDmBm6ssm t he 35 nediumresults in the arrest of mpCalEPhEI®dI ONn and
t he ipductio It; di ffer ntiation ich i,s 84 WD 03/068819 PCT/ EPO1/ 15303
accon’%‘ﬁ-ﬂ@é@—g ﬁ@“‘?’?\téﬁj FANSAUBHO™ 96 Selsavieal expressiomueetars - fap Meterplagoysne,
like bcl-2 is | Jhe differentiated
cells_are then %ﬁ\é}@g?e et anggré{&{ﬁ @?’%@%‘lﬁ:ﬁéa e ggusstromal 5 cells
e.g. hetWQOwésEm@uﬂuommf srlrumat ice# amidILZUHQthd@it RUring t £l R~ CD40
| s

_rmnocb d% d A {]] ags of culture the cel Ifferentiate
into §$’3 € 3 b?(?f'ér §'R qrgp pIFR% eo”ﬁqueﬁﬁéhﬁﬁyﬁdudﬂmof aetrovitale tod
SeLr ebgpredsion cANBHIES é7ﬁfcodﬁ1”gt IdH)QhSQr%L E@?@Fb@8@?’35}0@8@%@?@%@%@@& Jﬁ an

that can be used for generatlion of et
secr etrangfentjen ofitha ecetropic paskaging cesaand ehezzonanwn@rtoomféaterbe@ﬁpﬁ%nlts

rvor OATESFE 0 AR Rl Bl cPOMIrEFRnaBods dbakdior riravsbrasaression on of
bl as neortsthicts R seRéntibMMEEd RE2 B trie pRISAH butRRA defoy! ! ' ©

differentiation (Exanple 11), or after I nmuni zakl ron of transplanted mce
(Exanple 10), 15 the plasma cells need to be fused with an inmortal

el | d f he cel| f
L FRa ) sol afiT 117 UBoBHEe AR crlineir® ol Bt St Srpesintant fopniey of
nucl epackagiry eshstthats uhavewmmsaemﬂnﬁ%@eﬁeﬂréﬁsfee@w Wltﬂdfﬁé rﬂéﬁMPJl ycd g%g“' ar

tissue culture nmedium they wll die de novo nucl eoti de

bl oc KFANNG dgterplagoys lalg Chﬁlﬁ@ d?\%giaﬁﬁr ihe@t 2haves the idie dhlamstwpcaslsmﬁ e 20
d t | ock of
o noectdrd Fidliohglly B8hiam CEPIERIRIG 1EsEHITE, J5afE | Thelordaatiebbhal

t hy miteansduged cemgzpmambehsedecmuebys b | elatitivne of 2lp|gﬁﬂUfaardrh§cuh@8F{ﬁegﬁ§§Je
Broduc can utjli subst ances for _the synthesis of pyrimdine and

ari litH[&l @895”%554 legécpp%ﬁg,ansﬁﬁggon iTRangdticed sells ofmrerrmuiturad and

S Vi e T A Al o0, B s T e] Sy B B NGy

HGPRIransdueedh peRB cells will b@etmnated debltoalmelpul'mnymrelaitlonmﬁd #@W lgLand

e RSB B IV BB 5 b BB B St s, by o

the specificty encoded by the plasma cell fusion partner. 30

20 At this point, cells are incubated with supernatant of the ecotropic packaging cell line
GPE that have ftransiently been transfected with retroviral vectors encoding
heterologous IgH chains. These cells are then kept in culture for an additional period of
24 hours upon which they cease to proliferate due to the expression of the hetrologous
immunoglobulin heavy chains. The cells are then harvested and may be used for the

25  transplantation of immunocompromised mice, where these cells can reconstitute B
lineage compartments, and where they are able to participate within an immune
response giving rise to heterologous antibody secreting cells.

Example 9: Transplantation of long-term proliferating murine precursor B cells into
30 mice for the production of heterologous antibodies

Stromal cell and IL7 dependent preB cells expressing heterologous IgH and L chains

from stably transduced retroviral expression vectors are intravenously injected into

either B cell deficient JHT mice, or together with CD4* T-helper cells into CB17 SCID,

RAG-2 or RAG-2 deficient mice, such that the transplanted cells can mount T cell
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For the generation of hybridoma cells, either plasma cells fromthe spl een
of inmmunized mce transplanted with HupreB cells, or plasma cells
gener at edwDr3®ses1® by anti-CD40 and IL4 stimulation are ®s&FdEPoi/mS3eAch case
a honogeneous cell suspension is generated and washed twice with | NDM
medi depandeiutor aindepap@erdmimoginebyespmsespegoad aotigenict stimuiation( 60the 5ni n)
and ﬁrg‘ﬁ%éﬁegsd' on _steps. 85 WD 03/068819 PCT/ EPO1/ 15303 5x106 nyel ona cells
(Sp2 159 W% M I stein, Eur. J. ImmunoL, 6, p. 511-519, 1976; or
X63Ag8. 653 Kearney et al., J. |Inmmunol., 123, p. 1548-1550, 1979) and 5x107
spleen cells (or 5x107 in vitro differentiated plasma cells) are conbined,
m xeffoaihis, téntord manthl okheiice ate Saitigthally iBadiated withi300£6G0 EP4-ireddistony! ene
gl ycol ( 1500, 5 di.l.ution in | MDM pediumis,. slgwy added o the cell
/a4 Mou gt Beadai B9 it SbniTavenila b siecten a5 108 it s
i ncu | fin PHEM i A ddMiH sl , and
cel | g%ﬁ?ﬂ‘?&%ﬁ%ﬁ'@ cehtlgﬁégégjmac% SOOaé t@g@ﬁ%ﬂfﬂ;ﬁ@ﬁo%% T?}é\él \?gﬁg@#! t he
supefh¥t acells aree isolated feam qroaled cesdealn axillann raesenteric eind MoMinzddgsiphst r oma

- ecoRfiehar sTRSHrAL biee 5 Bpkro, 1 ERISabd crid E el BY e crahispsansi-
i st ridugkad dribdBy Watsel Dyrdtsssde (MikzhtArSytd2AES LaRbéHe Svidpahay @f 37C
i g P\;yb [ Dyé l w . teg)jf

until individual ri doma cl ones can pe “identified and isol at or
Fur t pethesepentingly Brde dhar £0% mwatCh iTahelpes gells are woinjeged wotio preB 8819

"y ROy (8 PRguia RS e, O, 1 PecdMsthitg EG T e ppfiienieh 35 e
-ant i radgplantad igssts fadpeeks f@lrot:\iirﬁ%trbaéplbhmﬂibng protein, or functional

fragnent (s) thereof, conprising the steps of: 5 (a) genetically nodifying
vertebrate precursor |ynphocytes, which (i) are derived fromprimry

| yrpieniyof 6 hmifEalibh bf BT AGARANCE ot One exogenous genetic
H enknmuaizatidnag ofitintrearsdconmerontisécr wiice duanspidritbd dgnd arddopstituted ewitior |
L L R
ther B 38@.%%ﬁ?ﬂﬁ?@ﬁ%ﬁ%@%}ﬂ?ﬁﬂﬁf1‘9?92-?32?f‘né;'ei%f’(?“ﬁ'e%féa?%@%g'gﬁsV' e
ant i disgglved 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
four weeks afterwards with 5-20ug of antigen in incomplete Freund's adjuvant both
intraperitoneally and intravenously. 3 days later, spleen cells are isolated from mice and
25 used for the generation of hybridoma cells secreting heterologous antigen-specific

monoclonal antibodies.

Example 11: In vitro stimulation of HupreB cells with for the differentiation into antibody
secreting plasma cells

30  Stromal cell and IL7 dependent HupreB cells can also be differentiated into antibody

secreting cells entirely in tissue culture in vitro. For this, continuously proliferating

HupreB cell cultures are first differentiated into surface immunoglobulin positive B cell

by withdrawal of IL7 from the tissue culture medium and the continued culture on

irradiated stromal cells for two to three days. The absence of growth factors in the

35  medium results in the arrest of proliferation and the induction of differentiation which is
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antigen receptor, artificial binding protein, or functional fragnment(s)
thereof. 15 2. The nethod according to claim1, further conprising the
step of iwomshedsizi ng the differentiated |ynphocytes by: PCA)EPOUSING t he
same to nyeloma cells for the generation of hybridoma cells; (b) infecting
the saeompanied byrbednductipn ot apaptesier unless @n antaapopiotic rypneh ke drb2vgt h a

vecto SSI on of at l|least one transformng
oncogéeﬁ&%de{rﬁghy ge%rghg%'%%) rtebrate |ynphocytes capable of pernanently

produci ng said heterol ogous antibody, antigen receptor, artificial binding
pr ot or functional fragnent(s) thereof. 25 3. The rret hod according to

cl ai rr* he glifferentiptederells: Aee than beruestedrandireplated ;znpﬂnesfyureedlateei atvbmat o

s oxs 8.1 3 he desEAEY U Bl 14 MR A6/ A o atey A %8?%3
fish, mbnmionalslantlbomml Within, 5+eeplaybi of cRItuRS thaBeBIR! Hiffdieht enﬂﬂd?' %?%
ui nea

sheep catt]| e, I& gs and rodents I ncluding mce, rats, ra ts an
0

pi gs, pro fﬂ'%?‘? plasma el ppeastype Mkﬁi@y&@% to rs@metedargeean’@uptsebérred
o3, ek Foh BOnCElbdosfa Sendd8e R M SRS (e’ GefBhetaricht Of hoi 1

pot erhétaiolagnusxporesioradayiody searatingolybddoraa dédlr cloeRgs.gen receptors or
f.uncti onal fragnent(s) thereof, which is achieved by isolating/selecting
rtebrate precursor |ynphocytes being deficient in expressing 5 endogenous

i mu Tg?ﬂé'ﬂr:‘?u%hrf 3 Tﬁrﬁat%}fse\ﬂfth f’é&?ﬁé’rceﬁ’é’ dk Qé&’%ﬁ% P@B'r%g:gggghed ‘o

vertebrate precursor |ynphocytes at Bast ' one vec of cons
functi onal ly i ngenelraéloatofmasdomae padadilﬁfmeg btiman meaeclonabarﬁﬁmtﬁesl

I whi ch . | d f J h di
Feo L tBF ot lraion S wirsme Res Jecer ot ek &hs! sitnerckpen o | or
par t fiftdrehtigion (Exarape ﬂ1)9©ﬁ*%ﬁé?9ﬁﬁ1ﬂn$zat%ﬂdofatf‘é'n%§aﬁt38 f&@'(g&aﬁﬁg%qfoﬁ for

t he const ant I’qél on exons , eavy C al n
vbSt hdbe plassna cedatiessktos berfuserg Withoais imirtal eyeloniangelt kg OTise ofyaloma

e TR Ak S 1 by BT 80 P Bl o B B Dok ¥
involved in the salvage pathway of nucleotide biosynthesis. While these cells grow
indefinitively in regular tissue culture medium, they will die, if de novo nucleotide
synthesis is blocked by addition of e.g. the drug aminopterine to the tissue culture

20 medium. In contrast, cells expressing the HGPRT gene can survive a block of de novo
nucleotide synthesis by aminoptering, especially, if additional thymidine and
hypoxanthine are supplemented, because the HGPRT gene product can utilize these
substances for the synthesis of pyrimidine and purine nucleotides, respectively. Thus,
in HAT selection medium (containing hypoxanthine, aminopterine and thymidine), only

25 those cells survive and proliferate, that resulted from a fusion of the mortal, but
HGPRT", antibody secreting plasma cell and the immortal, but HGPRT", and therefore
aminopterine sensitive myeloma cell. These cells are called hybridoma cells, and, if
subcloned, will secrete a monoclonal antibody of the specificty encoded by the plasma
cell fusion partner.

30
For the generation of hybridoma cells, either plasma cells from the spleen of
immunized mice trahsplanted with HupreB cells, or plasma cells generated in vitro by
anti-CD40 and IL4 stimulation are used. In each case a homogeneous cell suspension
is generated and washed twice with IMDM medium without any supplements, by

35 repeated centrifugation (500g, 5min) and resuspension steps.
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15 the constant regi on exons; (c) the coding regions of the T cell receptor
a, R y, and 8 gene loci, including all or parts of the V, D and J gene
segnentS\Nennmanv9of the coding regions for the a, R vy, PamEP8I/cBNBt ant
regi on exons; t he cis-acting i munogl obulin heavy chain %ége | ocus

enharfxdp m;ah@nwells :észlchthilengndﬂ\éllaﬁ@av?uehlaulwnwmqlo@ enhahddP, 48d6t he 3'

2nﬁ2%?§?§%ﬁ\%éf§ﬁ?iﬁeearﬁﬁi Ao ERARRYG 1% o, 1B B0, ARG CREY e
K ephaniteslls A5k ir\Ritrb arﬂéré@ake@rmmar@en@ faret dumbinedaoiiked a'ﬁd06| |

receptor gene loci enhancer elenents, including the 5 TCR a, _1i and 8

enharﬁe@tTQ‘UQQ@)agtaH”e af P409- fort§ mgine ceshef Aa%¢%np M@thybﬁn%glyg@hé‘%EG and

oo utpRCh: B, ek iR RioRly MR R, oft R S wifld YL ceft? 7 |
V(D) Jesgspemdeddsy ta“pplngEQt\ft@nlzuﬂlnt@eKmmbat{uBmOmlhe>f GENY edismbwithdutof
el %@BZ&"{Q&E e Wy A0Gea FEBRISC S%we@%sce%gﬁ@@m At oy
regi g @%Fgﬁﬁ%ﬁjpﬁgﬁ&ﬂptﬂ@%ﬁ%@t RGEsEHOdddP RO ¢ Ixt?t‘ TR

accordih erein sai tor constructs inc e genez¥%rgeting
vect atrontpopll geowth mediuom gdesicribti is eqampdmmmntmgmgttﬂ(]shwrdl egcohdzsant one
enet c elenent en i r honol o S reconbi abI flanklng
o6 engcheancenTale BATC RTEBENhg Tecr g oy ol Ff A58 uRILissBant o
5 6. cﬁhsrﬁmeg A areliiGulel! & B UHIRTRUDiIBAI HyBRAGMEAEHABS hr 8R! OT S
addi t1onal | conprise a palr o recogni tion sequences
Si te-|c$¢nirfleﬂ|mdjswate;tfmﬁurtbhera&xpamsm&nfbsharat@milziatlgn imtissussculiure. sel ecti on
mar ker, enabling deletion of said positive selection marker upon
transfection and transient expression of nucleic 10 acid sequences
encodi ng at | east one of the cognate reconbi nase enzynes. 7. The net hod
according to claim5 or 6, wherein said gene targeting plasmd vectors
additionally conprise a negative selection marker enabling selection
agai nst transfectants in which said gene targeting vectors are randomy
integrated 15 into the genone by non-honol ogous reconbi nati on.
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8. The met hod according to any of clains | to 7, wherein said at |east one
exogenous genetic el ement encodi ng a heterol ogous anti body, an artificial
bi ndi ng WO®B®68819 an anti gen receptor, or (a) functional fPcagmeny3sd
there&)‘ imés carried on a 20 genetic construct selected fromthe group
consi‘s‘%rrrg of : (a) reconbinant retroviral DNA constructs conprising

pr ondtt. er ,A eméthod dor thed geserdition ofwdrtsbrataclymphegytescibat cparkduged ifok ek t o

| i f at |east het.eral tib tificial . bindi
D ot o . IARVGEN (AL BRY ofetalod e TtEiRgy: TR e s bor g g ither
wi I d-typ Sr?‘(’e(i)ﬁr‘,%‘gifﬂﬂctfél)al ﬂ‘ﬁgﬂnﬁﬂe@) Ef?ﬁe@%b@%ﬁi@ﬁ@thé%téb@oﬂ” mary anino acid

sequence eing artiffcial; reconbi nant pl asm d-based DNA
cénst r uct(a) c @epetisallygmpdifying ¥ertebraiapeegursemmpbecyigsnwhich ¢ aci d sequences

bly linked t .| i I het I ti body,
arti fictal bURRCBRRLT R R SRR egrRe Bnd  anct i onal fragment
thereof, bei 1. Ravd e mtteﬁtiéma%i%reggaﬂgnato(m)am_eg'ympﬁgid l%%agut@fson(s) in

the primry no aci d sequence(s) eing artificral; (c) reconbinant
pl asmi d- basedyrntidducing abigashane exegenousgengticelemant gagedingat leagtiane

Fecomi natt o0 EbHse A ERP Ly Een. 1BERARY el L rHfel Bl o
gpti body or TFug&idnal ﬁ*ggmbﬂf(g) ieréofandonal fragnent thereof, being either
w | d- -89 WD 03/068819 PCT/ EP01/ 15303 tvy desj gned

C e or havin a

nut ati on((b) iaffectieg phiffergntjation 96 sald @en§8‘éﬁ|b’nﬁ'@@éf)9,°g Péﬂc)%%@ftb/ RhocYiRsast or
vertebrate artifici Sl a : | ;
i mmunogl obul iuﬁ}t%rﬁéltﬂteeﬁyhﬁgggp@?aggggél?szcél?ﬁ’lleﬁ {S’teﬁﬂ (ir)ngll clgn?{vgwtgﬂeobr}’ 5
operably | i nkedetatingl lypvphdciled tepabibi ofapicsiuchngdssidbkeguelogoes mntibstpn of
at | east one heterologous antihody or T cell receptor, or function
fragment t handaen ety o theial RAGIR plREoor AuRga) tipSineatBhingrect.
\r)‘gt ation(s) in the primary am no acid sequence(s); (e) bacterial, yeast or

rtebrate artificial chronmbsonmes conprising parts or all 10 of at | east
one I®t ertieometivod ancordipigatoudiaim dy furtheeldomprising the sfepeoflivunartalizingrihd f i ed

arrangenept desi d to allow (D)J reconbi nati on and subsequent expression
of at Ieég‘%ergﬁﬁa%gﬁﬁm(gﬁ%ﬂﬁggé(nti body or T cell receptor, or functional

fragnment (@ eff@Qﬁ% thekBmestbtrigslonid CElfsyBetH gdiaratien bRhylsieddraaeels;
mutation(’s) in the prinmary am no acid sequence(s);
(b) infecting the same with transforming viruses; or
20 (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
heterologous antibody, antigen receptor, artificial binding protein, or functional

fragment(s) thereof.

25
3. The method according to claim 1 or 2, wherein the vertebrate precursor
lymphocytes are able to express at least one component of the lymphoid V(D)J
recombination machinery and originate from jawed vertebrates comprising
cartilaginous fish, bony fish, amphibians, reptilia, birds, mammals including pigs,
30 sheep, cattle, horses and rodents including mice, rats, rabbits and guinea pigs,

with murine precursor (pre) B lymphocytes from mice being preferred.
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15 (f) trans-chronosone el enments which are fragnments of heterol ogous
chronosones harbouring parts or all of inmunoglobulin or T cell receptor
gene | ociwpDro3gessmd i ne confi gurat ion allow ng V(D)J reconbipcatiPon1zing

SUbseﬂue”T'hé?}‘rFHtﬁéé'a&@oﬂfln&tto aﬁ?séf c‘Pélﬁsh?ttS’@‘)'vﬂ%%ﬁl &4 \;éc}f%‘bré’(é pcfeﬁﬁ}sor

receptor, being Wl respect to the primary am no
sequence(lymphoaﬂeg arﬁhdepﬂmnbd)fathemrphtegtlalotoaaxpm‘sscéadogeﬁo%oaﬂtlbwéé ei n

the at | easf, one exo eti.c femant native or nodified
e, ant SR ATUGaT IeERIP T PP BT Ao TaRt | Walkh s Aabiabiad by ( a)
f
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claine 1t wherelnh the at | east exogenous hetic ele
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or ecedi ngr S APHEDTRATEP PR SraPho e Al TSt P e v a0 PaPP Ut GAGE 16 sor
| ynphocytfafctichafyfifgétR@te at Yadst @nEYaIle(eaéJf 81 Ic@st bRg fg@ retic@&mbhe Wifith §&! d
vertebrate precursor |ynphocytes and inducing differentiation'into mature

I yrrphocyt%b@ﬁ@ér@m the geoupycangistingsfing in the absence of any precur sor

o 17 or onthc 1% By rCH=Ron< B b IHASRER BenEChain' G RELS, tocting of

ligast one of dilhsr partd efihegvcDBANSicheSsdgraeRtd, bh@@ny@ﬂh@@o@%@
PCT/ EPO1/ 15303 (i) soluble T cell related stinulati ng factors,” conprising
¢

i nt er | euki n- Jor tha senstaat region; axens &ikinOB Y, iEntand auReanys chains emitbugr n- 10,

I nterl eukin- ngthou]_ﬂ:elF r?herﬁﬂ%n!a syaﬁgmé'éxbngam ors activating co-stinulatory
n

receptors of cel conprisi goni stic anti bodies or active,

r econbi na(b) Ith@mdm§pe:gzorhs mfftbe Gilaﬂﬂmo gibulin(1CBAor Blight (CHEBGYens ¢oal! ement
receptors @; and tb% LFA- 1 CD11 a), LFA-3 (CD58), CD19, CD20,
CD30, CD32, ng@hny: enq rp@gﬁ ing |r§g@n§cy I .as any of

PA-1(CD81) eceptorl (p55, CD120a), TNF- receptor2(p75,
ﬁ CD120b) , &eggﬁ?%longggn 'ynphot oxi n-P receptor; and (iii) B cell

m t ogeni qcf ath@ceding regidnsi ofctapehdehtecaptargg s yofan‘dya)geﬁe lcehdnclatiimgrall
pol yclonal activators, includi | i popl ysaccharjde (LPS), |ipoproteins
from gram ne@aars Wdbedfila arﬁo?ﬁﬁ?'ﬁ’ §RYMepk, yand ary of the coding regions for

the a, B, v, and 3 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
A2-4 and A3-1 enhancers;

(f) the cis-acting T cell receptor gene loci enhancer elements, including the

25 TCR q, B, v, and & enhancers;

(g) 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,

30 including Ku70, Ku86, the catalytic subunit of DNA-dependent protein kinase
(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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exogenous genetic element encoding a heterologous antibody, an artificial binding
protein, an antigen receptor, or (a) functional fragment(s) thereof, is carried on a
20 genetic construct selected from the group consisting of:

(@) recombinant retroviral DNA constructs comprising promoter, enhancer and
coding nucleic acid sequences operably linked to allow expression of at least
one heterologous antibody, artificial binding protein, antigen receptor, or
functional fragment thereof, being either wild-type or having (a) designed

25 mutation(s) in the primary amino acid sequence(s) or being artificial;

(b) recombinant plasmid-based DNA constructs comprising promoter, enhancer
and coding nucleic acid sequences operably linked to allow expression of at
least one heterologous antibody, artificial binding protein, antigen receptor,
or functional fragment thereof, being either wild-type or having (a) designed

30 mutation(s) in the primary amino acid sequence(s) or being artificial;

(c) recombinant plasmid-based mini-immunoglobulin or T cell receptor gene loci
with unreérranged 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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chromosomes harbouring parts or all of 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
differentiaﬁon into mature lymphocyte Iineage cells by cultivating in the
absence of any precursor lymphocyte growth factor; and

(b) inducing terminal lymphocyte differentiation by further cultivating said cells in

35 the presence of at least one of the following components selected from:
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| i neage cells derived therefrom obtainable by a nethod according to any of
claims 1 to 16. 20 24. Imortalized cells producing heterol ogous
ant i bodi ewp oan648ii® ci al bi ndi ng proteins, antigen receptoPSI/EPOI/iU0Et i onal

fragments th?geowu%mar@é}l Qe%@é‘d)réiinﬁlgailﬁ’g At eI, cszirafbrrﬁn@ iheeriki?3;
Vector constructs for use in a nmethod accordi ng to an clainms 4t
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25 26. Genetic cdntetleukin-4,ointarleaikind,t indereyiiad, aﬁtﬁﬁlﬁuKkﬁlg1Q,olntﬂr£ﬁtﬂﬁer'1327

Phar naceuti cal ﬁ_éﬂl_ noa i:ﬁ )reparation, conprising at |east one antibody,
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het erol ogous | m%%?'@?[%é)”%?& Féﬁég)encgrﬁ&%%ent recep?ors 1 (CD35) and 2
(CD21), LFA-1 (CD11a), LFA-3 (CD58), CD19, CD20, CD30, CD32,
CD37, CD38, CD70, CD71, Iga (CD79a), 1gB (CD79B), TAPA-1(CD81),
Fas (CD95), TNF-receptort (p55, CD120a), TNF-receptor2(p75,

10 CD120b), Ox-40 (CD134), and lymphotoxin-@ receptor; and

(i) B cell mitogenic factors, T cell independent antigens of type 1, and

other polyclonal activators, including lipoplysaccharide (LPS),
lipoproteins from gram negative bacteria, polyanions, poly-dldC,
pokeweed mitogen (PWM), and anti-immunoglobulin reagents; ’

15 and combinations thereof.

12. The method according to any of claims 1 to 10, wherein said differentiation in vivo
is effected upon transplantation of said genetically modified precursor
lymphocytes into a suitable vertebrate host.

20

13. The method according to claim 12, wherein said lymphocytes are co-transplanted

into said host with naive or antigen primed T helper lymphocytes.

14, The method according to claim 12 or 13, wherein said differentiation in vivo is
25 followed by immunization of said host with at least one desired immunogenic

compound or 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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rodents including mice, rats, rabbits and guinea pigs, with mice being the

preferred host species.

Use of the genetically modified and differentiated vertebrate iymphocytes,
obtainable by the method according to any of the preceding claims, for the
production of any heterologous antibody, artificial binding protein, antigen
receptor, or functional fragment(s) thereof, in a manner known per se.

The use according to claim 17, wherein the method according to any of the claims
1 to 16 is followed by the steps of: ,
(a) isolating from said differentiated lymphocytes the at least one exogenous

genetic element, and
(b) placing said genetic element(s) in a context enabling production of said at
least one heterologous antibody, antigen receptor, artificial binding protein,

or functional fragment(s) thereof.

The use according to claim 17 or 18, wherein said heterologous antibody, artificial
binding protein, antigen receptor, or functional fragment(s) thereof, displays one
unique specificity and is therefore monoclonal.

The use according to claim 17 or 18, wherein said heterologous antibody, artificial
binding protein, antigen receptor, or functional fragment(s) thereof, displays more
than one unique specificity and is therefore polyclonal.

The use according to any of claims 17 to 20, wherein said heterologous antibody,
artificial binding protein, antigen receptor, or functional fragment(s) thereof,
completely or partially resembles a human antibody, antigen receptor, or binding
protein, as can be assembled on the basis of the human genetic repertoire or

parts thereof.

22. The use according to any of claims 17 to 21, wherein the heterologous antibody,

artificial binding protein, antigen receptor, or functional fragment(s) thereof to 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
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composition found in natural antibodies and consisting of any of the known

heavy (U, 3, v, a, €) and/or light (x and A) chain isotypes;

(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 partially heterologous;

(e) fragments of antibodies covalently coupled via linker peptides, resulting in
bispecific or multispecific antibody fragments;

() T cell receptors of the a, B, v, and & isotype, antigen receptors, and other
binding proteins with structural resemblance to proteins of the
immunoglobulin superfamily;

and functional fragments thereof.

Genetically modified vertebrate precursor lymphocytes and more mature lymphoid
lineage cells derived therefrom, obtainable by a method according to any of

claims 1 to 16.

Immortalized cells producing heterologous antibodies, artificial binding proteins,
antigen receptors, or functional fragments thereof, obtainable according to any of

claims 2 to 16.

Vector constructs for use in a method according to any of claims 4 to 7.

Genetic construct for use in the method according to claim 8.

Pharmaceutical or diagnostic preparation, comprising at least one antibody,
artificial binding protein, antigen receptor, or functional fragment thereof, obtained
by a method according any of claims 17 to 22, displaying either wild-type immune

effector functions, or modified or artificial effector functions not derivable from

germline encoded heterologous immunoglobulins or antigen receptors.
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